




Executive Summary  
The purpose of this first State of the Poudre River (SOPR) is to provide a description of the current 

health of the Cache la Poudre River (Poudre) from approximately Gateway Natural Area to I-25. The 

Poudre is a complex natural system that has been altered by nearly two centuries of human influence. 

This has resulted in dramatic changes to the physical structure of the river, water quantity and quality, 

floodplain, forests, and wildlife communities. The human footprint continues to expand, placing 

additional pressure (or stresses) on the river ecosystem and the natural processes that sustain it. This 

river health assessment provides the City of Fort Collins with a new tool to track trends and benchmark 

progress towards its vision of sustaining a healthy and resilient Cache la Poudre River.    

While the Poudre flows 126 miles from its headwaters to its confluence with the South Platte near 

Greeley this study focuses on a 24-mile reach from the lower canyon through Fort Collins.  The study 

area was divided into four zones (Canyon, Rural, Urban, and Plains) and further into 18 study reaches 

based on natural changes on the landscape and human influences.  

Overall Grade: For the 24-mile study area the Poudre River received an overall grade of C. This grade 

indicates the even though the Poudre has been altered and degraded by a suite of local and system wide 

stresses that impair its health, it continues to support basic elements of a functioning river ecosystem.    

The framework for this baseline assessment includes nine indicators of river health which are informed 

by 25 indicator-specific metrics.  Collectively these provide a thorough evaluation of how well the 

system is functioning.  Metrics grades are developed by collecting and incorporating many types of data, 

which were then translated into an A-F grading system. Indicator and metric numerical scores and their 

corresponding letter grades were calibrated to categorical definitions relating to degree of functionality 

or impairment.   

Recommended ranges developed for each metric (as established in the River Health Assessment 

Framework, City of Fort Collins, 2015) ŀƴŘ ǿŜǊŜ ŘŜǾŜƭƻǇŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ /ƛǘȅΩǎ ŎƻƴŎŜǇǘ ƻŦ ǿƻǊƪƛƴƎ 

towards a functioning river ecosystem.  The recommended ranges consider the contemporary real-

world context and reasonable expectations for future change and the potential for improvement. They 

should, however, be used as a guide and aspiration rather than a directive.  Also, when interpreting 

results for a comprehensive scientific assessment such as this, it is important to consider that 

uncertainty and variability exists across scientific disciplines, data sources, and river reaches. The 

methods and grading guidelines provide an explicit description of the analytical approaches used and 

can help the reader understand this variability. 

This report is structured to allow the reader to understand the project approach (Sections 1 and 2) 

followed by identification of potential influences, or stressors, on river health in Section 3.  The health 

assessment scores (Section 4) reveal the ramifications these anthropogenic stressors are having on 

ecosystem condition. Results indicate there is considerable variability across aspects of river health as 

scores vary widely (from A to F) at smallest unit of measurement (metrics scores by reach).  In Section 5, 

the focus shifts to an overview of river health, describing the link between stressors and degree and 

type of impairment for each of the four zones.  Poudre River health indicator grades for each zone are 
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cƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǊŀƴƎŜǎ ǊŜŎƻƳƳŜƴŘŜŘ ƛƴ ǘƘŜ /ƛǘȅΩǎ tƻǳŘǊŜ wƛǾŜǊ IŜŀƭǘƘ !ǎǎŜǎǎƳŜƴǘ Framework 

(2015)τto highlight areas where there is the greatest gap between the /ƛǘȅΩǎ Ǝƻŀƭǎ ŦƻǊ ǘƘŜ ǊƛǾŜǊ ŀƴŘ 

ǘƻŘŀȅΩǎ ŎƻƴŘƛǘƛƻƴǎΦ ¢Ƙƛǎ ǎŜŎǘƛƻƴ ŀƭǎƻ ƛƴŎƭǳŘŜǎ ŀƴ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ causes of impairment and explores which 

problems are tractable to practical solutions.   Section 6 looks toward the potential future applications 

and improvements for the project.  

Key findings by topic 

¶ The Poudre is characterized by major changes in flow volumes and timing. Reductions have 

significantly altered peak and base flows, the effects which are exacerbated the further one 

travels downstream. Diversions also cause unnatural fluctuations in flow volume, which likely 

affects critical habitat and reproductive needs of fish and insects in the river. 

 

¶ The river channel has seen drastic changes over the past two centuries causing widespread 

fundamental alterations to the ecosystem. The river used to meander across the floodplain. 

Forcing it into a single, permanent path has disrupted various processes dependent on natural 

river movement including the regeneration of riparian forests, the movement and balance of 

ǎŜŘƛƳŜƴǘΣ ǘƘŜ ǊƛǾŜǊΩǎ ǊŜǎƛƭƛŜƴŎŜ ǘƻ ƭŀǊƎŜ ŦƭƻƻŘǎΣ ŀƴŘ ƻǘƘŜǊ ŜǾŜƴǘǎ ƭƛƪŜ ǿƛƭŘŦƛǊŜǎ ƛƴ ǘƘŜ ǳǇǇŜǊ 

wŀǘŜǊǎƘŜŘΦ  IƻǿŜǾŜǊΣ ǿƛǘƘ ǘƻŘŀȅΩǎ ƭŀƴŘ ǳǎŜǎΣ ǘƘŜǊŜ ƛǎ ŀ ƴŜŜŘ ǘƻ ǇǊƻǘŜŎǘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛƴ ǘƘŜ 

floodplain. Understanding this new physical dynamic and its relationship with extreme flow 

events is central to successful management for river health. 

 

¶ Water quality in the Poudre is quite good, despite the presence of some stresses, and is 

ǎǳǇǇƻǊǘŜŘ ōȅ ǘƘŜ /ƛǘȅΩǎ ŎƻƳƳƛǘƳŜƴǘ ǘƻ ƳŀƴŀƎŜ ǎǘƻǊƳǿŀǘŜǊ ǊǳƴƻŦŦ ŀƴŘ ƳŜŜǘ ǊŜƎǳƭŀǘƻǊȅ 

requirements for treated wastewater effluent. The City and others closely track water quality, 

implementing quick action if undesirable changes are detected. 

 

¶ While non-ƴŀǘƛǾŜ ǘǊƻǳǘ ŀǊŜ ǘƘǊƛǾƛƴƎ ƛƴ tƻǳŘǊŜΩǎ ŎƻƻƭŜǊ ǿŀǘŜǊǎ όƎŜƴŜǊŀƭƭȅ ǳǇǎǘǊŜŀƳ ŦǊƻƳ /ƻƭƭŜƎŜ 

Avenue) the populations of native fish are in sharp decline. These declines are most likely due to 

fragmented habitat and extended periods of extremely low base flows. Other stresses likely 

influencing fishery health include rapid fluctuation of flows, non-native predatory fish and 

altered water temperatures. 

 

¶ The riparian corridor has experienced a system-wide disconnect between the river and its 

floodplain. In many places riverside forests form only a narrow band that hugs the river banks 

providing little support for overall river health. However, where the riparian corridor is 

connected to the river there are pockets of healthy forests including a mosaic of diverse 

habitats, which are ideal for supporting wildlife.  Restoring the river-floodplain connection and 

active management of aggressive non-native trees is making a positive difference across City-

owned floodplain properties.  
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Zone Highlights 

Canyon  zone: B-  (Munroe tunnel, above Gateway Natural Area, to the canyon mouth)                       

Through the Canyon zone the river and riparian corridor are confined by canyon walls. Highway 14 

fuǊǘƘŜǊ ƭƛƳƛǘǎ ǘƘŜ ǊƛǾŜǊΩǎ ǎǇŀŎŜ ŀƴŘ ŀōƛƭƛǘȅ ǘƻ ƳƛǘƛƎŀǘŜ ƭŀǊƎŜ ŦƭƻƻŘǎΦ IŜǊŜ ǘƘŜ ǊƛǾŜǊ ǎǳǇǇƻǊǘǎ ŀǉǳŀǘƛŎ ƭƛŦŜΣ ŀ 

narrow riparian forest, and floodplain, but this zone marks the beginning of an approximately 20-mile 

reach of river that is heavily impacted by multiple diversions which begin to reduce flows and fragment 

aquatic habitat. The upstream forested watershed provides the City and surrounding communities with 

a reliable and high quality drinking water source, but in the lower Canyon zone warming water 

temperatures emerge as a potential concern for aquatic life. 

Rural zone: C   (Canyon mouth to just below Overland Road) 

As the Poudre leaves the canyon the river has its first opportunity to connect to a wider floodplain, but 

impacts from berms, armored banks, and channelization disconnect the river from its floodplain. Native 

cottonwoods dominate many riverside forests; however, encroachment from agricultural lands affects 

the health of the vegetation.  Cooler waters released from Horsetooth Reservoir lower water 

temperature in this zone. The impact of multiple large water diversions severely alters peak and base 

(low) flows. 

Urban zone: C   (just below Overland road to Timberline Road) 

Gravel pits and associated berms ŀŦŦŜŎǘ ǘƘŜ ǊƛǾŜǊΩǎ ŀōƛƭƛǘȅ to access the floodplain on the upstream end 

of the Urban zone, while encroachment from roads and development through the City have impacted 

the diversity and extent of the riverside forests and habitats. Nevertheless, pockets of excellent riverside 

forests exist (near Shields Street) where high spring flows have access to the floodplain. The river once 

ŦƻǊƳŜŘ ƳǳƭǘƛǇƭŜ ōǊŀƛŘŜŘ ŎƘŀƴƴŜƭǎ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ǎȅǎǘŜƳΩǎ ŎŀǇŀŎƛǘȅ ǘƻ ƳƛǘƛƎŀǘŜ ƭŀǊƎŜ ŦƭƻƻŘǎΣ ōǳǘ ƴƻǿ ŀǎ ŀ 

single, confined channel it has reduced resilience to flooding.  Diversion dams and the lack of large wood 

in the channel negatively impact habitat for aquatic insects and fish. While introduced non-native trout 

appear to be doing well, a major concern is the local loss of native fish. 

Plains zone: C   (Timberline Road to I-25) 

As the river flows through large areas of land managed as conserved open lands river health improves 

slightly in the Plains zone. Yet the legacy of land use and water diversions continues to have a significant 

influence on river health. Diminished peak flows and significantly impacted base flows have created a 

smaller-than-natural river channel that is frequently disconnected from its floodplain. Low numbers and 

diversity of native fish are a major concern, but fish passage structures allow for better aquatic habitat 

connectivity. 
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So what? 

! ά.έ ƎǊŀŘŜ ŦƻǊ ǊƛǾŜǊ ƘŜŀƭǘƘ ƛǎ ŘŜǎƛǊŜŘ ǘƻ ŦǳƭŦƛƭƭ ǘƘŜ /ƛǘȅΩǎ Ǿƛǎƛƻƴ ŦƻǊ ŀ ƘŜŀƭǘƘȅ ŀƴŘ ǊŜǎƛƭƛŜƴǘ ǊƛǾŜǊΦ  ¢Ƙƛǎ 

holistic and science-based river assessment can help the City evaluate operational, management, and 

ǇƻƭƛŎȅ ƻǇǘƛƻƴǎ ŦƻǊ ǇǊŜǎŜǊǾƛƴƎ ƻǊ ŜƴƘŀƴŎƛƴƎ ǘƘŜ ǊƛǾŜǊΩǎ ƘŜŀƭǘƘΦ   ¢Ƙƛǎ ŀǎǎŜǎǎƳŜƴǘ Ŏŀƴ ŀƭǎƻ ǎŜǊǾŜ ŀǎ ŀ 

benchmark for monitoring river health and changes in the future. Broader communication and 

engagement of diverse Poudre River stakeholders can strengthen our ability to manage for a healthy 

river now and in the future.   

This report presents and discusses the comprehensive set of projects findings.  Other project 

components (a summary report card and online mapping tool) are available at: 

www.fcgov.com/poudrereportcard.  
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Glossary  

Alluvial channel ς a stream or river channel with soft bed and banks that maintains form through 

dynamic equilibrium between the forces of erosion and deposition.  (See threshold channel.) 

Armoring (bed) ς the formation of a more scour-resistant layer of large particles on the surface of a 

river bed. 

Armoring (channel) ς the application of resistant materials on a river bed or banks for to reduce scour 

and erosion.    

Augmentation (of flow) ς addition of water to a system.  (See depletion.) 

Avulsion ς the sudden change of river location. (See migration.) 

Benthic macroinvertebrates ς ƻŦǘŜƴ ǊŜŦŜǊǊŜŘ ǘƻ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘ ǎƛƳǇƭȅ ŀǎ άŀǉǳŀǘƛŎ ƛƴǎŜŎǘǎέΣ ōŜƴǘƘƛŎ 

macroinvertebrates refers to insects and other small invertebrate (without backbone) organisms that 

live in or on the river bed.   

Channel maintenance flows: Flows large enough to initiate scour and deposition processes, including 

associated channel migration, which in turn maintain river conveyance capacity by scouring encroaching 

vegetation within the bankfull channel. 

Channelization ς mechanical alteration of a river or stream that confines flow within a single course. 

Often times these actions can be combined with planform straightening. 

Depletion (of flow) ς removal of water from a system (See augmentation.) 

Embeddedness ς the degree to which interstitial spaces between river substrate particles are filled with 

fine sediment.  (See interstitial space.) 

Encroachment ς the intrusion of artificial structure, development, or land use on the floodplain or 

riparian zone.  A second use of this word is when vegetation encroaches or moves into the existing 

active river channel. 

Entrenchment ς the degree to which river flows are vertically contained within a channel. 

Flushing ς the mobilization of sediment particles from the river bed substrate matrix by the physical 

force (referred to as shear stress) of moving water.   

Flushing flows- the mobilization of median bed size material to support habitat and life cycle needs of 

aquatic insects and fish that rely on clean interstitial space.  

Geomorphic (geomorphological) ς relating to the form of the land or topography. 
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Interstitial space ς the open space between particles, here referring specifically to open spaces in the 

river bed between substrate particles. 

Mainstem ς the principal or dominating stream or river in a drainage, in this case, it refers to the Cache 

la Poudre River.    

Migration ς the gradual change of river location.  (See avulsion.) 

Reach ς a discrete segment of river between two points.  In this study, 18 discrete reaches are defined 

for the purpose of assessment.   

Riparian zone ς the area between a stream and adjacent upland that whose vegetation and hydrology 

depend on the stream. 

Threshold channel ς a stream or river channel with hard bed and banks that maintains form by resisting 

erosion.  (See alluvial channel.)  
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Metric definitions   

The definitions provided below are intended to explain each metric concept in general 

terms.  Definitions specific to this study for each metric are presented in Appendix A.  Metrics are listed 

per the structure of the Poudre River Health Assessment Framework. 

 

Peak flows occur when the river is at its highest flow; usually in the late spring or early summer. 

 

Base flows are the low flows that occur during drier times of the year ς diversions can cause base flow-

like conditions at uncharacteristic times of the year. 

 

Rate of change of flow describes how fast diversions lower or increase the quantity of water in the river 

channel. 

 

Land erosion considers the amount of sediment produced in the watershed by hillslope 

processes and land uses resulting in exposed soils. 

 

Channel erosion includes sediment production caused by channel erosion along the mainstem and its 

tributaries. 

 

Sediment transport represents the ability of the river to export sediment from a reach in balance with 

what is coming in.    

 

Water temperature compares the monitored temperature of water in the river with applicable water 

quality standards. 

 

Nutrients examines overall load of water-quality impairing elements and compounds, most commonly 

involving nitrogen and/or phosphorous. 

 

pH of water is a measure of its acidity or alkalinity. 

 

Dissolved oxygen ŎƻƴǘŜƴǘ ƛǎ ǘƘŜ ŘŜƴǎƛǘȅ ƻŦ ƻȄȅƎŜƴ ƛƴ ǘƘŜ ǊƛǾŜǊΩǎ ǿŀǘŜǊǎΣ ƳŜŀǎǳǊŜŘ ƛƴ ƳƛƭƭƛƎǊŀƳǎκƭƛǘŜǊΦ 

 

Floodplain extent is the amount of 5-year floodplain remaining in the SOPR riparian zone. 

 

Vegetation structure and complexity considers the composition and condition of four habitat strata, 

canopy, sub-canopy, shrub, and herbaceous, along with patchiness and interspersion, and native forest 

regeneration. 

 

Habitat connectivity examines the amount of natural or semi-natural habitat in the SOPR riparian zone 

and the ease with which animals can move through the riparian corridor. 
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Contributing area evaluates the ability of the area within 200m of the SOPR riparian zone to support or 

degrade river health, as a result of land use and land cover 

 

Planform ǊŜŦŜǊǎ ǘƻ ǘƘŜ ΨōƛǊŘΩǎ ŜȅŜΩ ǾƛŜǿ ƻŦ ǘƘŜ ǊƛǾŜǊ ŀƴŘ ŘŜǎŎǊƛōŜǎ ǘƘŜ ŘŜƎǊŜŜ ƻŦ ōǊŀƴŎƘƛƴƎ ŀƴŘ ǎƛƴǳƻǎƛǘȅΦ  

 

Channel dimension focuses on the cross-sectional shape of the channel which can be altered by the 

processes of degradation, enlargement, and widening. 

 

Channel profile is the downstream gradient or slope of a river, including any abrupt drops caused by 

dams or other grade control structures. 

 

Dynamic equilibrium is the long-term (decadal) tendency for a river to maintain its form or character 

under a characteristic flow and sediment regime. 

 

Channel recovery describes the ability of a river system to rapidly recover from changes arising from 

singular extreme events or disturbance (e.g., floods, fires, landslides) in an acceptable length of time. 

 

Coarse-scale physical structure includes the characteristic diversity of different water velocity 

conditions (fast versus still water), depth, and physical cover such as structural elements (e.g., large 

wood jams or rocks), overhanging banks, and vegetation for the selected reference condition. 

 

Fine-scale physical structure evaluates the amount and diversity of microhabitats within the reach, 

primarily bed materials and algae. 

 

Aquatic insects considers the abundance of indicator taxa against desired amounts. 

 

Aquatic habitat connectivity is the degree to which a zone is segmented by cross-channel structures, 

usually related to diversions. 

 

  



x 
State of the Poudre River Assessment 
City of Fort Collins, 2017  

Acronyms  

303(d)  The 303(d) list of impaired waters in Colorado as defined by Colorado Department of 

Health and Environment 

cfs  cubic feet per second 

CDPHE  Colorado Department of Public Health and Environment 

CPW                Colorado Parks and Wildlife 

CSU  Colorado State University 

CSU-LFL  Larval Fish Laboratory at CSU 

EP  Ephemeroptera and Plecoptera (mayfly and stonefly; sensitive taxa)  

ELC   Environmental Learning Center 

ERM  Ecological Response Model 

FACStream       Functional Assessment of Colorado Streams method 

HEC-RAS Hydraulic Engineering Centerτ River Analysis System  

LiDAR  Light Detection and Ranging (a remote sensing method) 

m  meters 

MMI  Multi-Metric Index (used for aquatic insects) 

MWAT   Maximum weekly average temperature 

RHAF               River Health Assessment Framework 

SOPR                  State of the Poudre River  

  



xi 
State of the Poudre River Assessment 
City of Fort Collins, 2017  

Table of Contents 

 

Executive Summary  ....................................................................................................... i  

Glossary ................................................................................................................................................................................. vi 

Metric definitions  ............................................................................................................................................................ viii  

Acronyms ................................................................................................................................................................................ x 

1 Introduction and overview  .................................................................................... 1 

1.1 Introduction ................................................................................................................................................................... 1 

1.2 Why assess river health? .......................................................................................................................................... 1 

1.3 Community benefits of a healthy and resilient river .................................................................................... 3 

2 Methods ........................................................................................................................ 4 

2.1 River health is measured through function ...................................................................................................... 4 

2.2 Assessment framework ............................................................................................................................................ 6 

2.3 Study area ....................................................................................................................................................................... 7 

2.4 Scoring process .......................................................................................................................................................... 13 

2.5 Field application of the River Health Assessment Framework .............................................................. 14 

Flow regime .................................................................................................................................................................... 14 

Sediment regime .......................................................................................................................................................... 14 

Water quality ................................................................................................................................................................. 15 

Floodplain connectivity ............................................................................................................................................. 16 

Riparian condition ....................................................................................................................................................... 17 

River form ....................................................................................................................................................................... 19 

Resilience ........................................................................................................................................................................ 20 

Physical structure ........................................................................................................................................................ 20 

Aquatic life ...................................................................................................................................................................... 22 

3 Ecological stressors ................................................................................................ 25  

3.1 Watershed and contributing area stressors ................................................................................................... 26 

3.2 River and riparian zone stressors ...................................................................................................................... 33 

4 Assessment results for the indicators and metrics  ..................................... 41  

4.1 Overview of river health grades .......................................................................................................................... 41 



xii 
State of the Poudre River Assessment 
City of Fort Collins, 2017  

4.2 River health grades by indicator ......................................................................................................................... 42 

Flow regime .................................................................................................................................................................... 42 

Sediment regime .......................................................................................................................................................... 46 

Water quality ................................................................................................................................................................. 48 

Floodplain connectivity ............................................................................................................................................. 52 

Riparian condition ....................................................................................................................................................... 55 

River form ....................................................................................................................................................................... 61 

Resilience ........................................................................................................................................................................ 67 

Physical structure ........................................................................................................................................................ 69 

Aquatic Life ..................................................................................................................................................................... 70 

5 River health scores and key issues by zone  ................................................... 80  

5.1 Overview of Poudre River health........................................................................................................................ 80 

5.2 Canyon zone ................................................................................................................................................................ 83 

5.3 Rural zone..................................................................................................................................................................... 88 

5.4 Urban zone ................................................................................................................................................................... 93 

5.5 Plains zone ................................................................................................................................................................... 99 

5.6 Potential opportunities for improving river health ................................................................................. 104 

6 Looking forward  ................................................................................................... 108  

6.1 The future of the State of the Poudre project ............................................................................................. 109 

6.2 Potential improvements to the SOPR methodology and data ............................................................. 109 

Wrap Up ........................................................................................................................................................................ 110 

7 Literature cited  ..................................................................................................... 111  

 

  



1 
State of the Poudre River Assessment 
City of Fort Collins, 2017  

1 Introduction and overview  

1.1 Introduction  

This State of the Poudre River (SOPR) report is an ecological assessment of current-day river health, 

designed to represent a wide range of legacy and modern-day influences. A healthy Poudre River 

corridor offers many important social, environmental and economic benefits to the City of Fort Collins.  

Maintaining river health is directly addressed ƛƴ /ƛǘȅΩǎ ƎǳƛŘƛƴƎ ǎǘǊŀǘŜƎƛŎ ŘƻŎǳƳŜƴǘ, Plan Fort Collins, 

which states that ǘƘŜ /ƛǘȅ ǿƛƭƭ ǿƻǊƪ ǘƻǿŀǊŘǎ άΧǎǳǎǘŀƛƴƛƴƎ ŀ healthy and resilient Cache la Poudre Riverέ 

(City of Fort Collins, 2010). The methods used in this river health assessment are detailed in the Fort 

Collins River Health Assessment Framework (RHAF) (City of Fort Collins, 2015).  

The SOPR details the results of the first health assessment for the Poudre River.  Two related products 

provide other avenues for audiences to engage with the results from this project.  The River Health 

Report Card is a succinct, colorful summary of key findings and river health grades.  An online mapping 

tool allows audiences to explore the assessment results at various spatial scales and on specific topics of 

interest. All elements of this project are available at fcgov.com/poudrereportcard.  

The Cache la Poudre River (Poudre) runs approximately 126 miles from its headwaters in Rocky 

Mountain National Park to its confluence with the South Platte near Greeley.  The study area of this 

assessment is limited to the section of river that most directly influences Fort Collins and extends from 

ǘƘŜ /ƛǘȅΩǎ ǿŀǘŜǊ ǎǳǇǇƭȅ ƛƴǘŀƪŜτ near Gateway Natural Area in the lower Poudre Canyon τ to Interstate-

25.   

1.2 Why assess river health?  

The Poudre and its riparian floodplain habitat are a naturally complex system that have been altered by 

nearly two centuries of modern human use, resulting in dramatic changes to water quantity and quality, 

physical structure of the river and floodplain, riverside forests, and wildlife communities.  Today, our 

human footprint continues to expand, placing added pressure on the river ecosystem and the natural 

processes that sustain it.   

The City, across its many departments and divisions, is involved in a variety of projects and planning 

efforts that affect the river in many ways. This work is often aimed at mitigating specific, known stresses 

or enhancing particular benefits, also known as watershed services. Watershed services include the 

provision of consistent and clean water supplies, flood mitigation, fish and wildlife habitat, and diverse 

recreational opportunities (Figure 1.1).    

The task of understanding, managing, and communicating the health of this complex system becomes 

increasingly important as the pressures that threaten its health and function also continue to grow. 

However, historically, there has not been a centralized or structured way to measure the collective 

ƛƳǇŀŎǘ ƻŦ ǘƘŜ /ƛǘȅΩǎ efforts on the overall health of the river. To address this need, the City of Fort Collins 

Natural Areas and Utilities Watershed Program have developed this first holistic ecological assessment 

http://www.fcgov.com/poudrereportcard/
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of Poudre River health.  It will provide the City with a comprehensive reflection of ecosystem health, 

enabling the City to benchmark progress towards achieving and sustaining river health in the broader 

context of sustaining watershed services. 

By integrating hydrological, chemical, geomorphic (physical), and biological data into a holistic 

assessment of river health, this project provides a common platform for tracking river health in 

meaningful and measureable ways.  A useful aspect of the SOPR is that it is easy to interpret at all levels 

of technical experience.   It incorporates a wide range of information into a river health grades and uses 

the common A through F academic-type grading system. To track changes in river health over time, the 

SOPR assessment should be conducted periodically (every 3 to 5 years).  

This accessible communication platform can expand stakeholder involvement and enhance dialogue 

around river management. Engagement of diverse interdepartmental and regional stakeholder groups 

can strengthen our collective efforts toward the goal of managing for a healthy Poudre River and 

illuminate opportunities to improve watershed services 

 

Figure 1.1: The watershed services provided by the Poudre River include consistent and clean water supplies, 
flood mitigation, fish and wildlife habitat, and recreational opportunities. 
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1.3 Community benefits of a healthy  and resilient river  

Figure 1.2: A healthy and resilient river is a river that sustains basics functions (such as water quality) during the 
years with average precipitation and also provides protective benefits such as (floodwater attenuation and 
infrastructure protection) during extreme wet or dry years. 

 

The health of the river system is a reflection of its ability to perform its normal suite of functions, 

thereby providing the benefits our community values and depends upon (Figure 1.2).  Resilience of the 

Poudre River is interpreted from two perspectives in this assessment:  

ǒ As a component of long-term river health, resilience is the ability of the system to maintain or 

regain its fundamental characteristics and functions after a major disturbance such as an 

extreme flood, drought, or fire. 

ǒ From the human point of view, resilience is the ability of communities to keep functioning 

during and after major disturbance or natural disasters.  In this sense, resilient systems are 

those where human safety and infrastructure are not threatened by the river's response to 

disturbance.   

 

The 2013 flood event provided excellent examples of river and community resilience across the 

Colorado Front Range.  In general, reaches where rivers had ample natural floodplain capacity and room 

to move and adjust recovered quickly after the floods, and damage was minimal.  Reaches where 

floodplain development and infrastructure relied on artificial stabilization tended to have the greatest 

river health impacts and the most infrastructure damage.  
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2 Methods   

2.1 River  health is measured through function  

In taking a functional approach to understanding river health, the underlying question is not how the 

ecosystem looks, but rather, how well the system is functioning.   A functional assessment conveys 

information about the condition of, and inter-dependencies between, many different components of 

the river ecosystem.  It affords the advantage of not only revealing the current stressors (human 

impacts- past or present- that impair river health), but also how management actions and other changes 

may affect the future health and resilience of the river.  The methods used herein are adapted from the 

Functional Assessment of Colorado Streams (FACStream) protocol (Beardsley, et al. 2015) and are fully 

ŘƻŎǳƳŜƴǘŜŘ ƛƴ ǘƘŜ /ƛǘȅΩǎ άRiver Health Assessment Frameworkέ (City of Fort Collins, 2015).  

 

The River Health Assessment Framework (RHAF) is structured around indicators of river health which 

are informed by indicator-specific metrics, to provide a thorough evaluation of how well the system is 

functioning.  Indicator and metric scores and their corresponding grades were calibrated to categorical 

definitions relating to the degree of functioning or impairment (Table 2.1).  The grade ranges take into 

consideration the conditions necessary to support a functioning river ecosystem in the contemporary 

context with reasonable expectations for future change and potential improvement.  An A grade 

represents the highest level of functionality and F the lowest.   

 

Table 2.1:  General guidelines used for calibrating indicator and metric grades in the Poudre River Health 
Assessment Framework. 

Grade Score Descriptor Explanation 

A 90 ς 100 
Reference 
standard 

Condition of the indicator or metric is self-sustaining and supports 
functional characteristics appropriate to sustain river health.  Little or no 
management is needed to sustain and protect this level of function, 
given the minimal from the modern landscape.  

B 80 ς 89 
Highly 
functional 

Condition maintains essential qualities that support a high level of 
function, but there is some influence of stressors at a detectable, yet 
minor, level.  Requires limited management to sustain and protect 
against stressors. 

C 70 - 79 Functional 
Condition is altered by stressors that substantially impair functionality,  
basic natural river functions are still sustained.  Periodic, and at times 
intensive, management is required maintain ǘƘŜ ǊƛǾŜǊΩs functional role. 

D 60 - 69 
Functionally 
impaired 

Condition is severely altered by stressors that impair basic natural river 
functions and the overall health of the river.  Active management is 
required to maintain ǘƘŜ ǊƛǾŜǊΩs functional role. 

F 50 - 59 
Non- 
functional 

Condition is profoundly impaired by massive or overwhelming stressors 
that render it incapable of supporting basic natural river functions or it is 
otherwise unable to sustain biological river communities.   
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These reference definitions provide direction and the foundation for development of metric specific 

grading guidelines which are presented in full in Appendix A.   

The final step in development of the RHAF was to determine a recommended range for each metric 

that, if achieved, would contribute to an overall healthy and functioning system.  These recommended 

ranges are reproduced in Section 5 of this report to provide context that ǿƛƭƭ ŎƻƴǾŜȅ ŀ ǇƛŎǘǳǊŜ ƻŦ ǘƻŘŀȅΩǎ 

river conditions compared to conditions needed for a healthy river.  It is important to note that while 

these recommended ranges represent a goal to work towards, they are not an edict or mandate for the 

City.  Initiatives aimed at improving any specific metric must be considered within the context of other 

City goals, as well as legal and jurisdictional limitations.  River health goals can at times or in specific 

places be in conflict with other City goals which may take priority, particularly for the provision of 

essential services such as drinking water, public safety, and protection of infrastructure. 
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2.2 Assessment framework  

The framework consists of nine indicators and 25 metrics (Table 2.2).  Some refinements of the original 

Poudre RHAF were implemented during this assessment in response to data availability and field trials 

(these changes are outlined in Appendix B). This SOPR baseline assessment is the first application of the 

Poudre RHAF and ƛǘ ǊŜǇǊŜǎŜƴǘǎ ŀ ǎƴŀǇǎƘƻǘ ƻŦ ǘƘŜ ǊƛǾŜǊΩǎ ƘŜŀƭǘƘ ŘǳǊƛƴƎ ǘƘŜ 2015 and 2016 period. 

Table 2.2:  Summary of indicators and metrics included in the State of the Poudre River baseline assessment.  

Indicator Metrics 

Flow regime Peak flow, base flow, rate of change 

Sediment regime Land erosion, channel erosion, continuity 

Water quality Temperature, pH, nutrients, dissolved oxygen 

Floodplain connectivity Floodplain extent 

Riparian condition Vegetation structure, habitat connectivity, contributing area 

River form Planform, dimension, profile 

Resilience Dynamic equilibrium, recovery potential 

Physical structure Coarse-scale structure, fine-scale structure 

Aquatic life Aquatic insects, aquatic habitat connectivity, native fish, trout 

 

The RHAF indicators serve as the framework to organize information from river-related scientific 

disciplines and to make it easier to understand the ramifications for river health.   The metrics are the 

backbone of the RHAF and represent aspects of the river ecosystem which can be practically measured.  

They are defined in the RHAF and the grading guidelines for each metric are provided in Appendix A; an 

abbreviated list of metric definitions was also included in the glossary as a quick reference to assist 

readers throughout the rest of this document. 

  
Figure 2.1:  Team member and geomorphologist, Johannes Beeby, conducts a rapid assessment 
of the river form, resilience and physical structure metrics. 
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2.3 Study area 

The SOPR study area encompasses the Poudre River and its associated riparian area from just upstream 

of the Munroe Diversion (above Gateway Natural Area in the Poudre canyon) to Interstate 25.  The river 

varies greatly through the study area with a range of geologic and ecological settings and different types 

of human influence.  To account for this variability and meaningfully convey the state of the Poudre 

River, the study area was divided into four zones: Canyon, Rural, Urban, and Plains.  These four zones 

were further subdivided into a total of 18 reaches to define relatively homogenous assessment units 

(Figures 2.2. 2.3, Table 2.3)    

As a natural ecological transition zone, the changes that occur to the river through the SOPR study area 

are extensive and even greater changes are brought by anthropogenic impacts (Figure 2.3). The Canyon 

zone is relatively steep (average slope of 0.65%) and forested, and the river corridor is geologically 

confined.  It is mostly unaltered except for several diversion dams and Colorado Highway 14, which 

parallels the river.   The Rural zone, stretching from the canyon mouth to Overland Trail, is on the upper 

piedmont which remains relatively steep (average slope of 0.55%). Here, the floodplain opens up and 

the river is mostly unconfined, except for a few points where it flows through water gaps in the 

hogbacks.  Rural-land uses dominate the landscape, but some higher-density residential development is 

situated adjacent to the river in the Town of Laporte and diversion dams segment the river.  

In the Urban zone, the river flows through Fort Collins where there is a high level of residential, 

commercial, and industrial development, along with many bridges and diversion dams.  The river is less 

steep in this zone (with an average slope of 0.40%) and is naturally unconfined.  However, floodplain 

encroachment, channelization, and artificial stabilization have confined the river through most of this 

zone.  Below Fort Collins, the Poudre exits the piedmont to flow into the plains.  Average river slope in 

the Plains zone is 0.27%, but there is an abrupt change from 0.35% to 0.15% at the toe of the piedmont 

near the Environmental Learning Center (ELC).  The natural geologic channel confinements in this zone 

are few, and the historic valley bottom would have been at its widest here.  Even though the dominant 

land uses on the plains are rural and industrial (mostly gravel mining), the floodplain extent is tightly 

confined by artificial features such as berms, roads, and bridges.   
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Figure 2.2: Map of the State of the Poudre River (SOPR) study area depicting the four study zones. 

 

The four zones are divided into 18 reaches. Reach breaks mark important changes in river form, land use 

or water use (Figures 2.3 a-d).  Because each sub-discipline in river science evaluates the condition of its 

resource at a subject-appropriate scale and using distinct approaches and data sets, all assessment 

results were translated to the 18 reaches during analysis and reporting.  Appendix C provides further 

explanation of subject-specific sub-reaches and study site nomenclature established in other monitoring 

or research programs.   
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Table 2.3:  A list of the landmarks used to define the upper and lower end of each of the 18 study reaches. 

Location descriptions for each SOPR study reach 

1.    Munroe Canal Diversion to North Fork Poudre River 

2.    North Fork Poudre River to Poudre Valley Canal 

3.    Poudre Valley Canal to Greeley Diversion 

4.    Greeley Diversion to County Road 54 

5.    County Road 54 to Rist Canyon Road 

6.    Rist Canyon Road to just below Overland Trail*  

7.    Just below Overland Trail to Larimer Weld Canal 

8.    Larimer Weld Canal to Shields Street 

9.    Shields Street to College Avenue 

10.  College Avenue to Lincoln Street 

11.  Lincoln Street to Mulberry Street 

12.  Mulberry Street to Timnath Reservoir Inlet Canal 

13.  Timnath Reservoir Inlet Canal to Timberline Road 

14.  Timberline Road to Prospect Road 

15.  Prospect Road to Fossil Creek Reservoir Inlet Diversion 

16.  Fossil Creek Reservoir Inlet Diversion to Boxelder Creek 

17.  Boxelder Creek to Rail Road Bridge 

18.  Rail Road Bridge to Interstate-25 

*The break point for this reach is at the downstream end of Butterfly Woods Natural area, which is located just 

downstream of Overland Trail. 
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Figure 2.3a and b: Each zone in the SOPR study area and their corresponding reach breaks shown on land 
imagery. 
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Figure 2.3c and d: Each zone in the SOPR study area and their corresponding reach breaks shown on land 
imagery.
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Figure 2.4:  Conceptual diagram illustrating the transitioning nature of the river within the study area.  Landmarks are presented at the bottom of this 

graphic.  The specific zone and reach break points are listed in Figure 2.2, 2.3 and Table 2.3.  

*Stream  classification refers to the aquatic life use designated by the Colorado Department of Public Health and Environment.  This transition zone 

includes three classifications (from upstream to downstream) aquatic life cold 1, aquatic life cold 2, and aquatic life warm 1.  Temperature criteria for these 

classifications are cold stream tier II for both aquatic life cold classifications and warm stream tier II.  

**  The distance line in this graph shows the river miles within the study area, where zero miles is at the Munroe tunnel. The 24 miles SOPR study area sits 

approximately in the middle of the entire Cache la Poudre river which runs for a total of 126 miles.   
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2.4 Scoring process 

Throughout this report, metrics and indicators are presented as numeric scores or the corresponding 

letter grade for ease of interpretation.  At the finest scale, metric scores were assigned to each 

assessment unit (a reach, sub-reach, or habitat patch) based on the specific scoring guidelines.  Metric 

scores were then combined per the procedures described in Section 2.5 to produce indicators scores.  

Indicator scores were then combined into a river health grade for each reach and zone using a weighted 

average, and finally zone grades were combined to provide an overall health grade for the Poudre within 

the SOPR study area (Figure 2.5). 

When combining indicators to develop zone based health grades, the framework takes into account the 

natural hierarchy in the influence that different indicators have on river health.  That is, while there are 

many connections within and among the indicators, hydrological and physical indicators tend to 

influence biological indicators more than vice versa (a further explanation of this can be found in the 

RHAF).  Therefore, the framework weights each indicator based on its relative influence on river heath, 

to provide a more accurate portrayal of river health.    

The relative contribution of each indicator to the overall health score in the SOPR assessment is: 

ǒ Flow regime ς 20% 

ǒ Sediment Regime ς 5% 

ǒ Water Quality ς 10% 

ǒ Floodplain Connectivity ς 10% 

ǒ Riparian Condition ς 20% 

ǒ River Form ς 10% 

ǒ Resilience ς 10% 

ǒ Physical Structure ς 10% 

ǒ Aquatic Life ς 5% 

 

 

 

Figure 2.5 In this assessment, individual metrics are combined into indicator scores and then into holistic river 
health scores for the reaches, zones, and the entire Poudre River study area. 
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2.5 Field application of the River Health Assessment Framework  

The specific methods used to grade each metric and indicator in this SOPR baseline assessment are 

described in this section.  A combination of existing data, remote survey data, and field assessments was 

used to score each metric according to the revised Poudre RHAF guidelines.  The complete and updated 

description of the grading guidelines for each metric is provided in Appendix B.   

Flow regime 

The flow regime indicator grade consists of three metrics: peak flows, base flows, and rate of change.  

These metrics were assessed using historical discharge data collected at three gages along the Poudre 

located at: the canyon mouth, Lincoln Street, and near the confluence with Boxelder Creek. Each gage 

represents a section of the river, and the SOPR employs the assumption peak flow conditions are 

uniform between gages.  Reaches represented by each gage section were assigned a grade based on 

conditions measured at the gage.  No attempt was made in this study to interpret impacts, such as 

diversions, at a finer scale within these three sections.  Canyon zone reaches upstream of the gage at 

the canyon mouth were given the same grade as those below the canyon mouth, in the Rural zone. 

As per the RHAF guidelines, a quantitative approach using sub-metrics for peak three-day magnitude 

and frequency was used in scoring peak flows.  The grading guidelines were expanded upon from the 

wI!C ƛƴ ƻǊŘŜǊ ǘƻ ǇǊƻǾƛŘŜ άҌέ ŀƴŘ ά-ά modifiers for grades.  This information is included in the grading 

guidelines for flows in Appendix A.  

Trends in base flow magnitude, duration, and timing observed on plotted hydrographs for each gage 

were considered when scoring the base flow metric.  To score the base flow metric, mean and minimum 

winter daily average discharge values were calculated for the period of record at each gage and 

compared to numerical standards.  These calculations were then viewed in light of the other qualitative 

assessment scoring criteria to produce the final grade. The flow regime indicator grade was calculated 

using a weighted average of the three metric scores with 50% weight assigned to the peak flow metric 

and 25% apiece to the base flow and rate of change metrics. 

Sediment regime 

The sediment regime indicator has three metrics.  The land erosion metric was graded using evidence 

for land disturbance that is visible on current aerial imagery, including: road density, devegetated 

slopes, clear-cuts, and human-caused mass erosion.  The greatest land disturbance in the watershed is 

the burn scar left behind by recent wildfires.  GIS layers outlining the burn scars by degree of intensity 

were used to calculate the percentage of burned area in the contributing watershed for each reach as 

part of the scoring for this metric.  Land erosion metric scores in the Canyon and Rural zones are, 

therefore, closely tied to the proportion of burned area in the contributing watershed.  In the Urban and 

Plains zones, sediment from other land uses and outfalls becomes more important.  The combined 

influences of these sources were evaluated qualitatively during rapid field assessment.   

A grade for channel erosion was applied to each of 99 river sub-reaches using evidence of channel 

erosion on current aerial imagery, and knowledge gained through field-based observations which 
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included on foot survey of most of the river in the project area in Fort Collins.  Remotely assigned grades 

were re-evaluated during field surveys (see the river form, resilience, and physical structure sections, 

below).  Sub-reach scores were weight-averaged by length to calculate grades for the respective 

reaches.  

In-line dams affect sediment continuity, and the proportion of the contributing watershed from which 

sediment is retained was a primary basis for grading.  Additional impacts to sediment continuity by 

smaller in-line diversion dams and transport limitations caused by flow regime and river form 

impairment were considered secondarily.  Evidence of sediment-continuity impairment from these 

secondary sources was evaluated during field surveys.    

The sediment regime indicator score was calculated as straight average of the three metrics. 

Water quality  

The water quality indicator grade was determined by evaluating data for four metrics temperature, 

nutrients, pH, and dissolved oxygen at several monitoring sites situated along the Poudre River 

(Appendix C).  Data were collected in 2015 from seven monitoring sites associated with the Upper Cache 

la Poudre (CLP) Collaborative Water Quality Monitoring Program and the Lower CLP Water Quality 

Monitoring Program (Figure 2.6).  Water quality data collected in 2015 were used here because the 2016 

were not yet available at the time of the SOPR assessment.   

   

Figure 2.6:  At left, Jill Oropeza, Water Quality Services Manager analyzes water quality in the upper Poudre 
River. To the right, clear water, clean cobbles and low levels of undesirable algae are signs of good water quality. 

The Poudre River was divided into eight reaches for the water quality assessment to evaluate impacts of 

potential stressor on water quality through the project extent.  Reach breaks were established based on 

contributions from major tributaries and reservoirs, changes in Colorado Department of Public Health 

and Environment (CDPHE) Stream Segment and Classification, known dischargers to the Poudre River, 

and the location of water quality monitoring sites (Appendix E).  Water quality data collected at 

monitoring sites located within a specified reach were used to grade the entire reach.  In the one 

circumstance where a water quality monitoring site was not located within the reach (WQ3), data 

collected from the nearest downstream site (PLNC) were used to grade the upstream reach (WQ3).  The 
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lowest elevation water quality reach (WQ8) was downstream of the end of the SOPR study area, but this 

ǊŜŀŎƘ ǿŀǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ƎǊŀŘƛƴƎ ŀǎǎŜǎǎƳŜƴǘ ŦƻǊ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ōŜŎŀǳǎŜ ǘƘŜ /ƛǘȅΩǎ ǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘ 

operations extend downstream of I-25. 

Numeric grades for the eight water quality reaches were determined by evaluating metric data 

compared to updated RHAF grading guidelines for water quality (Appendix E).  The overall water quality 

indicator grade was calculated using a formula that equally weights the average of the metric scores and 

the lowest of the metric scores [water quality = 50% (average of metric grades) + 50% (minimum metric 

grade)].  This method recognizes the cumulative effects of multiple water quality factors and also that 

one factor may serve as a limit to water quality.   Water quality reach grades were then translated to the 

18 SOPR reaches for consistency with other indicators and to be included in the calculation of the overall 

river health grade. 

Floodplain connectivity  

The floodplain connectivity indicator has only a single metric, floodplain extent.  This is a measure of the 

width of the riparian zone that is flooded on a regular basis and which supports riparian species and 

processes (Figure 2.7).  The extent of the five-year return interval floodplain was mapped using a 

Hydraulic Engineering Center ς River Analysis System (HEC-RAS) model provided by the City of Fort 

Collins.  Digital terrain data for the model came from a 2014 LiDAR survey and additional channel cross-

section data from land surveys (King Surveyors, Spring 2013 and Spring 2014).  The model covered the 

river reach from just upstream of Shields Street to just downstream of I-25.  Channel widths were 

manually measured using aerial imagery at each modeled cross-section and then subtracted from the 

modeled water surface width to get the resulting floodplain width.  For reaches upstream of where HEC-

RAS model results were available, current aerial imagery was used to estimate the width of the 5-year 

floodplain.  The degree of floodplain encroachment was estimated by evaluating evidence of land-use 

change and comparison to similar reaches for which modeled results are available.  
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Figure 2.7:  A riparian area with good floodplain connectivity as demonstrated by the seasonal flooding that 
occurs and the healthy riparian forest sustained by floodwaters. 

Riparian condition  

The lateral extent of the SOPR riparian zone was defined as the edge of the natural floodplain or 100 

meters from the river bank, whichever was narrower.  In the SOPR riparian zone 3 metrics were 

assessed to develop riparian condition indicator grades.  For the vegetation structure metric, the 

complex mosaic in the riparian zone was mapped by delineating patches (polygons) and classifying them 

by land cover using ten categories: native montane mesic, canopy forest, sub-canopy forest, scrub-

shrub, herbaceous, emergent wetland, urban, developed, bare ground, or lentic open water.  Patches 

were also classified by land use type, development level, and floodplain position using 2015 aerial 

imagery.  City of Fort Collins Natural Areas mapping, National Wetland Inventory maps, and imagery 

from other years were also viewed to provide additional perspective.  Mapped and classified patches 

were then evaluated to score the riparian condition metrics. 

A two-level approach was used for evaluating the vegetation structure metric.  The Level 1 approach 

was mainly a desktop exercise that relied on remote data such as aerial imagery and limited ground 

truthing.  Field observations were incorporated at level 2.  Assessment level was dictated by land cover 

and access.  For instance, level 1 is sufficient for evaluating vegetation structure on urban, developed, 
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bare ground, and lentic (non-flowing) open water land cover types.  Patches of simple herbaceous 

vegetation such as turf and lawns are also easily evaluated remotely, but field assessments are needed 

to suitably evaluate sites with more complex natural vegetation.  As many complex vegetation patches 

as practicable were evaluated using level 2 methods, including 100 of the 218 canopy forest patches, 41 

of 88 sub-canopy patches, 22 of 78 scrub-shrub patches, and 12 of 36 emergent wetland patches.  The 

remaining patches in these classes were evaluated at level 1, using field evaluations to inform grading  

by comparing them with similar patches evaluated in the field.   

Level 1 grading involved assigning grades based on evidence of vegetation structure visible in aerial 

imagery, and then downwardly adjusting the grade a little more than half a letter grade (7%) when 

patches were artificially isolated from the river (e.g., when behind berms).   For level 2 grading, nine sub-

metrics were evaluated in the field:   

ǒ Vertical complexity ς number of vegetation layers (herbaceous, shrub, sub-canopy, canopy) 

ǒ Canopy species ς proportion of native species in the canopy layer 

ǒ Sub-canopy species ς proportion of native species in the sub-canopy layer 

ǒ Shrub layer ς abundance of shrubs 

ǒ Problem herbaceous species ς abundance of non-native herbaceous species that alter function 

ǒ Problem woody species ς abundance of non-native woody species that alter function 

ǒ Patchiness and interspersion ς structural diversity by area, rated: none, low, moderate, high 

ǒ Native woody species regeneration ς number of native, woody-species age classes 

ǒ Floodplain position ς position on the floodplain, based on hydraulic connectivity to the river 

(riverine, depressional, or terrestrial) 

Full description of the grading criteria for each of the riparian sub-metrics can be found in Appendix D.   

 

 

  

Figure 2.8:  Riparian forest with moderate structural diversity (left).  Recently deposited plains cottonwood 
seeds on bare moist soil, shown in the photograph at right illustrate the ideal conditions for successful 
cottonwood germination. 
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The habitat connectivity metric was evaluated using aerial imagery to determine the amount of 

continuous riparian habitat remaining within the SOPR riparian corridor.  Transverse breaks in habitat 

caused by development and infrastructure, such as roads, were then considered as possible migration 

and dispersal barriers.  Where barriers are present, grades were lowered accordingly to reflect the 

degree of habitat isolation.  The contributing area metric was also evaluated using aerial imagery to 

characterize land use in the 200-meter buffer area surrounding the delineated riparian zone.   

The riparian condition indicator grade was calculated using a weighted average of the three metric 

scores with 80% weight on the vegetation metric and 10% each on the habitat connectivity and 

contributing area metrics. 

River form  

River form was rated using the average score of three metrics that describe key aspects of river shape: 

planform, dimension, and profile.  All three of these metrics were graded at the sub-reach scale during 

field surveys by fluvial geomorphologists with experience on the Poudre and other Front Range rivers.  

22.6 miles of the 23.9-mile study area was assessed in the field.  The remaining 1.3 miles (on private 

land with no access) were scored using remote data such as aerial imagery.  Scores reflect the degree of 

departure from natural reference river form for the respective reach using evidence of anthropogenic 

impacts, or stressors.  Reach scores were then calculated as the average of the component sub-reachΩǎ 

scores, weighted by length.   

Planform was assessed using aerial imagery and site observations for changes to river branching and 

braiding patterns, sinuosity, belt width, meander length and width, amplitude, and bend radius of 

curvature.  Direct evidence of planform impairment was documented during field visits by noting areas 

of floodplain encroachment, channelization, realignment, and bank or channel armoring.   

The dimension metric evaluates cross-sectional shape and size of the river channels, its associated 

floodplain, and flood-prone area.  It is evaluated using three sub-metrics: 

ǒ Entrenchment ς Degree to which the river channel is artificially confined or isolated from the 

floodplain.  It is scored by evaluating criteria for the width of flood-prone area and the ratio of 

bank height to the height of water surface at bankfull dischargeΣ ƻǊ άōŀƴƪ ƘŜƛƎƘǘ Ǌŀǘƛƻέ.  

Entrenchment was not used to evaluate dimension in the Canyon zone since the river in that 

zone is naturally entrenched. 

ǒ Width-depth ratio - Degree to which the channel top width is has become wider or narrower 

relative to mean depth at bankfull discharge.   

 

Profile describes ŀ ǊƛǾŜǊΩǎ bed grade, or longitudinal slope.  The metric is evaluated by documenting 

changes to overall slope, usually due to altered planform, and to localized changes caused by dams, 

grade control structures, or geomorphic responses such as aggradation zones or head-cuts.   
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Resilience 

The resilience indicator grade is an average of two metrics: dynamic equilibrium and recovery potential.   

Both metrics were first remotely evaluated using historical aerial photos to document stability trends, 

changes to river form, lateral migration, avulsions, and erosion.  Field observations were then made 

during site visits to observe stressors and direct signs of instability.  For the dynamic equilibrium metric, 

stressors such as altered peak flow and sediment regimes, channel evolution stage, changes to stream 

form, and direct impacts such as channel and bank hardening were all taken into account.   Signs of 

channel instability observable during field surveys included excess deposition, scour, or bank erosion, 

pool filling, unnatural bar development, and severely over-widened or entrenched channel form.   

Recovery potential was graded considering the apparent potential for the reach to recover 

characteristic functioning after disturbance, while also considering risks to public safety and 

infrastructure damage.   Two general criteria guided grading:  

ǒ Channel migration zone is the width of the corridor in which the river can freely migrate, 

unconstrained by artificial structures and without causing significant infrastructure damage.  The 

width of the existing channel migration zone was compared to the historical condition, using 

evidence of past fluvial features and human impacts that restrict lateral movement of the river.   

 

ǒ Reliance on artificial stabilization measures was rated as the degree to which channel stability 

depends on artificial stabilization, such as engineered structures or routine maintenance.   

Physical structure  

The physical structure indicator grade is the average of two metrics that consider different scales of river 

structural diversity (Figure 2.9).  The coarse-scale and fine-scale physical structure metrics were both 

graded based on field observations of the 22.6 river miles that were visited.  Grades for the reaches on 

the 1.3 miles that were not observed in the field were extrapolated from similar reaches, guided by 

aerial imagery.  Coarse-scale physical structure grades were based on qualitative estimation of the 

diversity of water depth/velocity combinations, topographic complexity of the bed and banks, and 

physical structure of the reach compared to the natural reference (Figure 2.9).  Fine-scale structure 

grades relied heavily on field observations of interstitial space availability, bed armoring, 

embeddedness, and algae in riffles (Figure 2.10).    
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Figure 2.9a-d: Examples of different coarse-scale habitat conditions (clockwise from top left) include a) steeper 
plane-bed channel in the Canyon zone with large boulders providing diverse habitat, b) pool-riffle sequencing 
with large-wood helping create pool scour, c) homogenous run habitat lacking diverse coarse structure 
especially pool habitat, and d) homogenous glide habitat created from backwater conditions at the diversion 
dam downstream. 

      
Figure 2.10:  Field observations of interstitial space availability, bed armoring, embeddedness, and algae in 
riffles helped inform the fine-scale metric grades. 
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Aquatic l ife  

The aquatic insects metric was evaluated using aquatic insects community data from samples taken 

from 13 sites in 2015 and 2016 (Appendix C).  Results for six sub-metrics were used to calculate a single 

index score using the CDPHE Multi-Metric Index (MMI) tool, and the index values were converted to 

aquatic insect metric grades for each sampling site using RHAF guidelines.  According to the MMI tool, a 

single index score (the MMI) was calculated for each sample as the average index from six sub-metrics.  

Aquatic insect metric grades were assigned based on the grading criteria in the Poudre RHAF.  All 

reaches represented by a station were scored the same.  The six sub-metrics used in calculating the MMI 

were selected based on their known sensitivity to a variety of types of human induced stressors in this 

region:    

ǒ EP taxa ς a measure of community richness based on the number of Ephemeroptera and 

Plecoptera (mayfly and stonefly) taxa present 

ǒ Chironomidae ς relative abundance of the family Chironomidae (non-biting midges) 

ǒ άSensitive plainsέ families ς percentage of certain sensitive taxa identified by CDPHE to be 

common on healthy Colorado ǇƭŀƛƴǎΩ rivers 

ǒ Predator/Shredder taxa ς relative abundance of taxa in the predator and shredder feeding 

groups 

ǒ Clinger taxa ς relative abundance of taxa classified as clingers 

ǒ Non-insect taxa ς relative abundance of non-insect taxa  

 

The aquatic habitat connectivity metric was graded based on the distance between fish passage 

barriers, which are primarily diversion dams along the Poudre River.  A structure is considered a barrier 

if it prevents fish from moving past (up) it for the majority of the year. All structures are passable in the 

downstream direction during the highest flows but currents under these flow conditions are too swift 

for upstream movement. 

The length of the habitat connectivity segment between successive barriers was measured and scores 

were assigned.  The aquatic habitat connectivity segment scores were overlaid on the 18-reach scale 

and then weight-averaged to determine final scores for each reach.  The score for the most downstream 

reach is based on the distance to the Greeley Canal #2 diversion structure, which is the next significant 

barrier downstream, even though it is outside the study area.   

Five stations were sampled in 2015 between College Avenue and I-25 by either CPW or the Colorado 

State University Larval Fish Laboratory (CSU-LFL) to assess native fish species composition (Appendix C ).  

Seine nets and electrofishing methods were used at each station to capture live fish and determine the 

presence or absence of multiple life stages of native fish species (Figure 2.11).  Metric grades were 

assigned based on two sub-metrics: 

ǒ Number of native species ς Number of native fish species captured in sample efforts 

ǒ Number of species with multiple life stages ς Number of species for which fish of multiple life 

stages were captured 

Only reaches with 2015 sample stations were graded. 
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Figure 2.11: Colorado Parks and Wildlife staff electrofishing in a plains stream. 

Trout are expected on the Poudre upstream from approximately the mid-point of the Urban zone.  The 

trout  metric was evaluated on these reaches by Colorado Parks and Wildlife (CPW) biologists who used 

two-pass electrofishing sample methods to monitor trout populations at several stations along the 

Poudre River annually.  One station is at Gateway Park on Reach 1 (Munroe Diversion to North Fork) in 

the Canyon zone.  Another is at Lee Martinez Park on Reach 9 (Shields to College) in the Urban zone.  

Results from these two stations, sampled in 2016, were used to grade the trout metric based on six sub-

metrics: 

ǒ Age classes ς Number of age classes of brown trout 

ǒ Recruitment ς Number of Age-0 brown trout, assessed as low, medium, or high 

ǒ Recreation potential ς Number of quality-size (> 9 inches) brown trout, assessed as low, 

medium, or high 

ǒ Relative weight ς Average relative weight for stock-sized (> 6 inches) brown trout.  Relative 

weight ς the ratio of actual fish weight to the weight of a healthy fish of the same length ς is a 

measure of fish health 

ǒ Biomassς Biomass of stock-size (> 6 inches) brown trout, in pounds per acre.  

ǒ Population number ς Number of stock-size brown trout per mile of stream, assessed as low, 

medium, or high   
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The aquatic life indicator grade was calculated using a weighted average with 70% weight on the aquatic 

insects metric and 30% on the habitat connectivity metric.  Trout and native fish scores are not included 

in scoring the indicator aquatic life since fish data for this assessment year was not available for the 

Rural zone and broad extrapolation of site specific data to the zone as a whole would have increased 

inconsistencies.  Trout populations and native fish community structure mainly represent ecosystem 

response variables, rather than drivers of overall river health.  Therefore, for this yearΩs assessment fish 

grades are only provided where data was directly available.   
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3 Ecological stressors  

The Poudre River, like all ecosystems, developed and evolved naturally in step with the geologic, 

climatic, and biological processes at play in the environment.  ¢ƘŜ ǊƛǾŜǊΩǎ ƴŀǘǳǊŀƭ ŎƻƴŘƛǘƛƻƴ was one 

which defines ecological health ς the river ecosystem was functioning in a dynamic equilibrium with 

climate and geology.  The system was ever changing and often profoundly disrupted by shifts in the 

environment and extreme events.  .ǳǘ ǘƘŜ ǊƛǾŜǊΩǎ ƴŀǘǳǊŀƭ ŎƻƴŘƛǘƛƻƴ ǿŀǎ resilient, and it would reshape 

itself based on the new constraints of the climate and landscape. Ecological health can be influencedτ

and functional capacity weakenedτby human impacts.  Stressors are the human impactsτ past or 

presentτthat impair river health, resulting in decreased functioning if left unmanaged. Some forms of 

natural disturbance can be exacerbated by human activity and turned into stressors on the river 

ecosystem.   One example is a wildfire that is either started because of human activity or exacerbated 

because of previous forest management that suppressed fires. The important ecological stressors 

affecting Poudre River health are described in this chapter (Table 3.1). 

Table 3.1:  Ecological stressors affecting Poudre River health. 

          Stressors Explanation 
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a Diversions (withdrawals) Exported water (withdrawals) 

Transbasin diversion (augmentation) Imported out-of-basin water (augmentation) 

Large dams/reservoirs 
Large in-line dams and reservoirs on the Poudre or major 
tributaries  

Wildfire/burn scars Wildfire burn scars in watershed 

Channel erosion (in watershed) 
Sediment supply from eroding channels (includes artificially low 
supply from stabilized channels) 

Impervious surfaces/urban stormwater 
runoff 

Flows from impervious surfaces, urban drainage (including any 
pollutants) 

Irrigation runoff/return flows Return flows (including any pollutants) 

Wastewater effluent Effluent from treatment plants or facilities 
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Development 
Riparian land use: commercial/industrial, infrastructure, 
transportation corridor, residential 

Rural/agricultural land use 
Riparian land use: rural, pasture, light agriculture, intensive 
agriculture 

Open space and parks 
Riparian land use: naturalized open space, parks, disturbed open 
land 

Gravel pit/ponds Riparian land use: gravel pits, ponds 

Road/bridge Roads and bridges in riparian and channel area 

Berms/channelization Berms and channelized river segments 

Bank/channel armor 
River segments stabilized with engineered structures, armored 
banks (e.g. rip-rap) 

Channel structures (dams/weirs) Diversion structures, dams, weirs 

Woody material recruitment/removal 
Lack of woody material recruitment (due to stabilization or 
riparian degradation) or removal 

Exotic plant species/weeds Exotic plants in riparian area 
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3.1 Watershed and contributing area stressors  
Stressors occur in the watershed or surroundings, and they are άinheritedέ by a river reach.  Stressors in 

the watershed caused by land-use changes or other impacts primarily affect flow regime, sediment 

regime, water quality, and aquatic life, but river health may also be indirectly impaired in other reaches.  

For example, diversions in the headwaters that impair flow by truncating peak flows may also affect 

floodplain connectivity by reducing the return interval of overbank events far downstream.  Similarly, 

the water quality of a reach may be impaired due to chemical impacts that occur far upstream.  From 

the perspective of the City of Fort Collins, the critical difference between stressors occurring on 

properties under City management and those occurring elsewhere in the watershed is that the former 

may be addressable through changes in management practices, whereas the latter must largely be 

accepted as an inherited condition or improvements must be pursued by engaging in collaborative 

efforts.  

Diversions (flow withdrawals)  

There are numerous diversion points on the Poudre River upstream of I-25 where water is drawn out of 

the river for agricultural, industrial, and municipal uses.  The major diversions were recently summarized 

for the City of Fort Collins Natural Areas Department (Figure 3.1) using records to quantify capacity and 

average annual volume.  Fort Collins Utilities diverts roughly one-half of its water supplies from the 

Poudre River.  Diversions occur at Gateway Park just upstream from the North Fork confluence.  Other 

operations, such as exchanges and gravel pit operations, affect flows within the Urban and Plains Zones. 
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Figure 3.1:  Line diagram of diversions and inputs on the Poudre, including the distance between each structure 
in the SOPR study area.  This diagram illustrates how fragmented aquatic habitat is in the SOPR study area 

(provided by Northern Colorado Water Conservancy District, 1996). 

 

Diversions directly affect components of flow regime, including peak flow, base flow, and rate of change. 

Peak flows can be truncated by diversions made during spring and summer, while base flows are 

commonly decreased by diversions during fall and winter or during drought.  Rates of flow change can 

be impacted when diversions are opened and closed, especially during periods of low flow.  The average 

rate and annual volume of water diverted during winter months (November through March) were also 

calculated for each diversion point.  An average of about 38,000 acre-feet per year is diverted from the 

Poudre in or above the study area during winter months, and wintertime dry-ups sometimes leave the 

river with little to no flow (Table 3.2).  
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Flow withdrawals can also affect water quality and physical structure.  Excessively low flows elevate 

radiant heating and cooling, making the river vulnerable to extreme temperatures with increased highs 

in summer, decreased lows in winter, and greater diurnal fluctuation.  Low flows may also exacerbate 

chemically-related water quality issues such as nutrient loading and suppressed dissolved oxygen 

content by lessening the effectiveness of dilution, altering biogeochemical processes, and limiting the 

effectiveness of turbulence and mixing.  The amount, availability, and diversity of physical structure (i.e., 

riverbed habitat available to fish), may be severely limited during low flow periods, which can directly 

affect aquatic species survival especially during critical late summer, fall, and winter flow periods. Low 

flows are more of a stressor in some reaches during late summer and fall and some reaches are 

particularly affected by wintertime diversions (Table 3.3). 

 

Table 3.2:  Annual average volume, wintertime average volume, and wintertime average discharge values for 
the indicated period of record (Bishop-Brogdan Associates, 2015).   

 

Poudre River Wintertime Diversion summary 

Diversion 

Wintertime average diversion 
(Nov-Mar) 

AF CFS Frequency Period 

Worster/Eaton Reservoir 420 1.4 fairly constant 1997-2013 

Halligan Reservoir 3,900 13.0 fairly constant 1997-2013 

North Poudre Canal 3,500 13.0 each year since 2002 1997-2013 

Milton Seaman Reservoir 570 1.9 sparse (since 2001) 1997-2013 

Long Draw Reservoir 690 2.3 fairly constant 1997-2013 

Peterson Lake Reservoir N/A N/A sparse 1997-2013 

Joe Wright Reservoir 540 1.8 fairly constant 1997-2013 

Chambers Lake Reservoir 1,650 5.5  fairly constant 1997-2013 

Barnes Meadows Reservoir 30 0.1 sparse 1997-2013 

Munroe Canal 210 0.7 some since 2009 1997-2013 

Fort Collins Pipeline 1,900 13.0 fairly constant 1997-2013 

Poudre Valley Canal 270 0.9 sparse 1997-2013 

Greeley Filters Pipeline 6,225 20.8 almost always 1997-2012 

Watson Lake Diversion 25 0.1 constant 1997-2012 

Little Cache Diversion 1,150 3.8 fairly constant 1997-2012 

Larimer and Weld Canal 3,330 11.0 fairly constant 1997-2012 

Timnath Reservoir Inlet 5,010 16.7 constant 1997-2012 

Fossil Creek Reservoir Inlet 6,190 20.6 constant 1997-2012 

Total 37,980 126.6   
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Table 3.3:  Base flow statistics for points just downstream from five of the diversion points on the Poudre for the 
period 1970 to 2010.  (Bishop-Brogdan Associates, 2015).   
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Average number of days per year 
with continuous flow below 35 CFS 

102 104 135 136 178 

Average percent of winter days 
with flow below 35 CFS 

77% 74% 75% 74% 79% 

Average number of days per year 
with continuous flow below 10 CFS 

28 31 75 70 111 

Average percent of winter days 
with flow below 10 CFS 

38% 27% 51% 52% 65% 

Average number of days per year 
with continuous no flow 

3 9 12 16 24 

Average percent of winter days 
with no flow 

6% 6% 19% 17% 23% 

Transbasin diversion (flow augmentation)  

At the higher elevations of the Upper Poudre Watershed, transbasin diversions import water to the 

Poudre River from other drainages through the Wilson Supply Ditch, Laramie-Poudre Tunnel, Grand 

River Ditch, and Michigan Ditch.  Colorado-Big Thompson water is delivered to the Poudre through the 

Hansen Supply Canal via Horsetooth Reservoir.  Flow augmentation via transbasin releases can have 

opposite effects of diversions. Releases timed with natural runoff or storm flow peaks can increase peak 

flow magnitude or duration, and releases during winter or other periods of low flow can supplement 

naturally low discharge, thereby offsetting some of the impact of diversions. Transbasin diversion 

releases introduce another mechanism by which flow rates can be artificially and rapidly changed and 

they can also impact river water quality depending on how water quality differs between the Poudre 

and the imported water. 

Large dams/reservoirs  

There are multiple reservoirs within the Upper Poudre Watershed and two large dams on the North Fork 

that impact the flow and sediment regime along the Poudre River. Halligan and Seaman Reservoirs are 

both created by large in-channel dams that regulate flow regime and cut off sediment supply to the 

Poudre mainstem downstream.  The effects on base flow vary depending when calls on water rights are 

made by downstream users.  However, reservoir management has the potential for exacerbating low-

flow impairment and altering the rate of flow change.  Reservoirs also effectively trap the vast majority 

of the natural and anthropogenic supply of bedload and suspended sediment, delivering mostly 

sediment-free discharge downstream which can exacerbate channel and bank erosion.  
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Other potential impacts from large dams and reservoirs include changes in water quality.  Because 

reservoirs expose large surface areas to the sun, deep reservoirs can become thermally stratified during 

the summer months, resulting in warmer surface waters and colder bottom temperatures.  Depending 

on whether reservoir water is released via a surface spillway or a bottom outlet, stream temperatures 

may be warmed or cooled accordingly.  In this way, dams can impact the natural temperature regime of 

downstream receiving waters.  Seasonal thermal stratification in reservoirs can also result in oxygen 

depletion of the bottom waters.  Under these low oxygen conditions, biological processes mobilize 

nutrients and metals bound to bottom sediments, which can result in seasonal spikes in dissolved 

nutrient and metals concentrations in waters released from reservoirs.  Dams are also a clear example of 

an extreme barrier to passage of fish and other aquatic organisms. 
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Wildfire  (burn scars)  

Recent wildfires in the Poudre watershed left burn 

scars with decreased forest cover and exposed soils 

that are more susceptible to runoff and erosion and 

deposited large amounts of ash and fine sediment 

into the river (Figure 3.2, 3.3).  Until the vegetation 

sufficiently recovers, the burn scars will have a 

significant impact on sediment regime (land erosion) 

and flow regime (peak flows and rate of change).  

Wildfire is a natural part of the geological and 

ecological setting within which the Poudre River 

evolved.  Nevertheless, decades of fire suppression in 

the watershed have altered the frequency, 

magnitude, and distribution of fires, thereby increasing the potential impacts to the river, and its 

tributaries.  

 

 

Figure 3.3:  Percentage of burned area for watersheds at different points on the river (From Hohner et. al., 2016)   

 

Figure 3.2:  Post fire erosion creating turbid 

waters. 
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Channel erosion  

The river is in a state of equilibrium when the sediment supply and transport capacity are in balance. 

Changes to land use, hydrology, or the river itself can shift this balance causing the channel to incise, 

aggrade, or widen as it adjusts towards a new dynamic equilibrium.  Channel erosion is a natural process 

that allows the river to achieve this new dynamic equilibrium, resulting in the release of sediment.  

However, channel erosion is not always acceptable in a given location, and artificial measures such as 

riprap and grade control structures used to stop channel erosion are common on the Poudre and its 

tributaries.  Artificially-stabilized river and stream sections deliver less sediment downstream, except 

during extreme events. 

Irrigation runoff and return flows  

Return flows and runoff from irrigated lands recharge flows in the river and often introduce non-point-

source pollutantsτparticularly nutrientsτwhich come from decaying organic material and fertilizer.  

Return flows offset depletions since they represent the return of diverted water back to the river, but 

less water is returned than was diverted because of consumptive losses, and that water is returned to a  

point downstream of the diversion, leaving the upstream reach dewatered.  

Treated wastewater effluent  

Treated wastewater effluent enters the Poudre River in three locations within the study area.  

Additionally, the outflow from Fossil Creek Reservoir discharges a mix of river water, wastewater from 

two water treatment facilities, and localized stormwater runoff into the Poudre just downstream of the 

study area (this site is discussed in Section 4).  Treated wastewater effluent discharges are permitted by 

the State of Colorado and must meet quality standards designed to protect designated uses, such as 

aquatic life.  However, despite the use of advanced technologies for nutrient removal and regulated 

quality standards, wastewater effluent water is typically warmer and higher in nutrient concentrations 

than the ambient river water, and as such, represents a potential stressor on river health.  Its impact, 

however, depends on the time of year, streamflow, and the proportional volume of effluent in the river. 

 

Because nutrients and temperature typically exert strong influences over productivity in local streams, 

excessive nutrient and thermal loads have the potential to increase algae growth and drive changes in 

community composition of both algae and aquatic macroinvertebrates, as well as dissolved oxygen 

content.  Furthermore, native fish have specific temperature tolerance ranges, beyond which their 

ability to survive and reproduce may be impacted.  
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3.2 River and riparian zone stressors  

Developmen t  

All commercial, industrial, infrastructure, transportation, and residential land uses in the riparian zone 

may be considered stressors (Figure 3.4).  Commercial/industrial land uses are mainly retail and 

manufacturing facilities that introduce a substantial amount of artificial roof, impervious surface, bare 

ground, or open water cover types to the riparian zone.  Infrastructure areas contain the structures, 

systems, or facilities that serve the public interest.  Roads and railways were mapped as transportation 

corridors, and paved paths were considered part of the transportation corridor when they were 

associated with a road.  Residential development is typified by suburban moderate-density housing.  

Residences in the riparian zone are relatively few, with most being single-family units with 

manicured/landscaped lots or lawns.  Some high-density housing units are present in the Urban zone.  

These land uses are considered direct impacts to the riparian condition, affecting vegetation structure, 

habitat connectivity, and contributing area.  They also severely limit active floodplain function since they 

need to be protected via channelization, berms, and fill.  

   

Figure 3.4:  Development in the historical riparian area is a stressor on reaches in the Urban and Plains zones. 

Rural and agricultural land use  

Ten percent of the riparian zone was mapped as άrural or agriculturalέ όCƛƎǳǊŜ оΦ5).  Rural development 

areas are still largely vegetated, but vegetation cover is often dominated by disturbance-loving or exotic 

species.  These lands include occasional buildings, structures, and unpaved roadways with pastureland, 
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and light to intensive agriculture.  Most pastureland was developed by clearing woody riparian 

vegetation from the riparian area then managing it as grassland.  Light agriculture includes hay fields 

and open land used for livestock grazing.  Row crops, penned livestock, or confined animal feeding 

operations are in the intensive agriculture category.   These riparian and floodplain land uses vary 

greatly in their effect on river health.  Light agriculture and pasture is generally compatible with flooding 

and they provide some basic floodplain functions where they have not been drained or physically cut off 

by berms.   

        

Figure 3.5:  Rural development covers ten percent of the mapped riparian zone. 

Open space and parks 

Sixty-four percent of the riparian zone remains open space (under various forms of management) and 

park land (Figure 3.6).  These lands include properties holding remnants of preserved native habitat, or 

areas that were settled and altered in the past that have since been managed with the express goal of 

maintaining or enhancing native species and natural system function.  Even with current management 

by open space programs, these lands continue to exhibit a wide degree of impacts remnant from 

previous land uses.  The most disturbed open areasτsuch as vacant lots, abandoned roads, and 

naturalized roads and bermsτtend to have less vegetation and are often dominated by weedy or exotic 

species.  On the other end of the spectrum, some properties have been restored specifically to support 

river function by improving river-floodplain connectivity and creating the ideal physical conditions for 

the native flora and fauna to flourish.  

 

These lands are also managed to provide recreation opportunities and so include infrastructure such as 

paved multi-use trail, bathrooms, and pavilions all of which influences natural system function.  Parks 

dominated by turf, recreational infrastructure, parking lots and sidewalks also fall into this stressor 

category.  Parks impair function to a much greater degree than the naturalized open spaces, because of 

their lack of structural diversity and contribution of nutrients and other chemicals to the river. 
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Figure 3.6  While open space and parks management of lands in the floodplain primarily has a positive influence 

of  river health, infrastructure such as the bike bath in this photo is ofǘŜƴ ƭƻŎŀǘŜŘ ǎƻ ŎƭƻǎŜ ǘƻ ǘƘŜ ǊƛǾŜǊ ǘƘŀǘ ƛǘΩǎ 

protection disconnects the river from a functional riparian zone . 

 

Gravel pits and ponds  

Gravel pits and ponds account for eight percent of the SOPR riparian zone land cover (Figure 3.7).   

Gravel mining has been a prominent industry along the Poudre floodplain corridor almost since the 

town was first settled. In the City of Fort Collins natural areas alone, there are more than 30 former 

gravel pits and ponds.  Most of these are excavations filled with alluvial groundwater that are separated 

from the river by berms or dams.  Gravel ponds represent a conversion of vegetated riparian habitat 

into open water, and therefore they are a direct and severe impact on riparian condition.  In some 

casesτwhere they are not fully surrounded by berms and gravel pitsτponds still offer some floodplain 

function by providing area for overbank flows to spread, but ponds provide no floodplain roughness.  

Bermed gravel pits and ponds contribute to instability and poor resilience by introducing the risk of 

catastrophic failure and avulsion (i.e., rapid abandonment of a river channel and the formation of a new 

one). Recovery from massive avulsions is slow and unpredictable, and it can be quite expensive if the 

issue must be actively addressed.  The numerous examples where Front Range rivers cut new channels 

through gravel pits and ponds during the 2013 flood provide direct evidence of these potential risks and 

the consequences.   Gravel pits and ponds also affect groundwater dynamics, habitat connectivity, and 

(potentially) water quality.   
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Figure 3.7:  Gravel pits and ponds are a common floodplain land use in the Urban and Plains zones.   

Roads and bridges 

Roads and bridges affect river health in several direct and indirect ways.  Highway 14 parallels the river 

through the Canyon zone (Figure 3.8).  The valley bottom is so confined and narrow in this zone that 

road encroaches on the riparian zone, the floodplain, and even on the channel itself where it affects 

floodplain connectivity, riparian condition, river form, and resilience.  Below the canyon, roads also 

contribute to floodplain encroachment, especially where perpendicular cross-fills consolidate flows 

through bridges openings.  Two bridges span the Poudre in the Canyon zone, four on the Rural zone, 

twelve in the Urban zone, and four in the Plains zone (Figure 3.9).  Bridge effects vary by design and 

span length, but they generally limit floodplain extent, impact riparian condition, and reduce resilience.  

In most cases river form and physical structure are also directly affected.  

       

Figure 3.8:  Highway 14 road fill encroachment in the riparian floodplain is common in the Canyon zone. 
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Figure 3.9:  Twenty-two bridges span the Poudre in the study area.  At left, a railroad trestle and College Avenue 
and at right Prospect Road.  

Berms and channelization  

Downstream of the Canyon Zone, a majority of the river is channelized and/or bounded by berms 

(Figure 3.10).  These practices are important for protecting floodplain development and infrastructure, 

but they also have a significant impact on river ecology and health.  In addition to limiting floodplain 

extent, which is their intended purpose, channelization and berms directly impact riparian condition and 

all the geomorphic indicators of river form, resilience, and physical structure.  Channelized reaches have 

decreased sinuosity and length, limited branching or braiding, narrow and often entrenched channel 

dimension, increased slope, and typically homogenous bed and bank structure.  Resilience is 

compromised by the reliance on engineered structures to maintain river form and to protect human life 

and property.  When berms breach or when channelized reaches avulse, as they occasionally do, there is 

little potential for passive recovery.   

    

Figure 3.10:  Channelization and berms are common on the Poudre River as shown in the two photographs here. 

 

Bank and channel armor  
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Armorτsuch as engineered streambanks, riprap, and concreteτ is used to strengthen the riverbed and 

banks to maintain channel resistance and to prevent its migration or movement (Figure 3.11).  These 

treatments work by increasing channel hardness or resistance to scour, usually with the intent of 

protecting development, infrastructure, and property from channel migration or erosion.  Combined 

with channelization and berms, bank and channel armor limits the width of the channel migration zone, 

which is the area within which the river can safely and effectively migrate.  By arresting the natural 

processes by which the river moves, adjusts, and maintains habitat diversity, channel and bank armor 

directly impacts river form, resilience and physical structure.  Revetments provide resistance to these 

processes so that the river maintains its form despite changes that may be occurring in the channel 

dimension and profile upstream.  The physical structure indicator is impaired by armoring since armored 

banks prevent the increased channel sinuosity and lateral scour that would normally maintain lateral 

scour pools and bank undercuts. 

     

Figure 3.11:  Bank and channel armoring is employed to increase channel resistance, protect above and below 
ground infrastructure or prevent river migration.   

 

Channel structures (such as dams, weirs ) 

There are 19 dams and several other weirs and grade control structures on the Poudre in the study area. 

Four of the dams are in the Canyon, five in the Rural, six in the Urban, and four in the Plains zone (Figure 

3.12).  Dams, weirs, and grade control structures are additional channel armoring features that resist 

erosion and lock the channel in place.  Most of the dams serve as control structures for the major water 

diversions, while other structures provide grade control and channel stability functions.  Regardless of 

their intended function, most of these structures have severe local impact on river form, resilience, and 

physical structure.  Like armoring, rigid structures prevent channel movement and adjustment, and they 

impose an artificial channelized dimension and planform.  With heights that reach eight or more feet, 

diversion dams are a major impact to river profile, creating long flat slackwater sections upstream where 

deposition leads to homogenous plane-bed structure at the coarse scale, while at the fine scale 

substrate becomes embedded or armored.  Most of the structures are engineered to resist scour and 

failure due to erosion even in extreme floods, but when they do fail there is little to no recovery 

potential, and expensive emergency repairs are often necessary.   
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Figure 3.12: There are nineteen major structures or dams on the study area. Some pose major barriers for fish 
(left), while others are much lower and may be passable at some times of the year (right). 

 

Woody material recruitment  and removal  

Woody material was historically a very important driver of river form and function on the Poudre, but in-

stream wood has become scarce in its modern-day stabilized and channelized form (Figure 3.13).  

Riparian development and deforestation led to a decreased supply of wood, but berms, channelization, 

and armoring are also important factors that limit accumulation of woody material.   Unconfined rivers 

normally accumulate wood as they migrate through forested riparian zones, entraining trees via active 

bank erosion or when dead wood on the floodplain is rafted in during floods.  Both of these mechanisms 

are now severely limited in the study area.  Moreover, when large woody material does become 

entrained in the river, it is often physically removed as part of maintenance programs.  In a natural state, 

large woody material and log jams in the river create overhead cover, hydraulic diversity, and structural 

diversity by impounding water and/or inducing localized scour that forms pools.  Even today, some of 

the deepest pools and most complex habitat are in locations where wood has been allowed to collect 

and become integrated into the channel.   

   

Figure 3.13:  Large woody material in the river creates important structural complexity and habitat diversity for 
fish and other aquatic life (left).  Beavers play an important role in the cycling of large wood in river systems 
(right).  
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Exotic vegetation  

The list of exotic vegetation in the riparian corridor includes a suite of species from regulated noxious 

species to species that are less noxious but extremely aggressive and prolific in nature.  Noxious species 

are not a great concern in most of the study area because there has been proactive management in City 

of Fort Collins Natural Areas to eradicate them over the past decade.  Properties managed by other 

entities may have greater problems with noxious weeds, and those properties can act as a nuisance 

seed source to surrounding managed lands.   

  

Non-native species impair ecosystem functions where they dominate habitat niches formerly occupied 

by native species.  Three species that are known to heavily impact Poudre River riparian forest function 

are: crack willow, reed canary grass, and smooth brome.  While these are non-native, none are 

regulated as noxious species, yet all are extremely successful at establishing and spreading, and 

eventually dominating habitats.  As they take over, these exotic species are resistant to scour and 

infiltration by other species, leading to a static vegetative community that hinders the natural processes 

of forest renewal by decreasing the number of sunny bare sites needed for native woody species 

regeneration. 
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4 Assessment results for the indicat ors and metrics  

4.1 Overview of river health grades  

Compiled indicator scores produced river health grades of B- to C- for the 18 reaches of the Poudre 

River (Table 4.1).  The overall grade for the Canyon zone was a B-, while the Rural, Urban, and Plains 

zones were all in the mid-C range.  The causes of impairment to the Poudre vary by reach and zone (see 

Chapter 3).  This chapter describes the effects of those stressors on each indicator and metric of river 

health.  

Table 4.1:  Summary of river health indicator scores and letter grades organized by zones and reaches.  
Numerical scores are provided to illustrate the often subtle differences in the condition of health indicators.  The 
assessment framework for the Poudre River uses a straight academic grading scale, where 90 and greater is an A 
grade, 80 and greater a B grade and so on. Letter grades are indicated through color coding.  A key is presented 
below the table. 

 

 

Before diving further into the metric level results it is helpful and important to acknowledge uncertainty 

and variability within this vast project.  The SOPR assessment team recognizes there are various levels of 

uncertainty in the results across reaches because of distinctions between scientific disciplines, river 

reaches and local context, data sources, data years available and combinations of qualitative and 

quantitative assessment approaches.     

  

Zone

Reach 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Flow Regime 77 75 75 74 74 73 73 72 72 72 69 69 69 69 69 70 77 77

Sediment Regime 91 84 84 83 82 81 83 82 81 79 79 80 79 79 79 79 79 79

Water Quality 88 77 77 77 87 87 87 87 89 89 89 89 88 88 88 86 83 83

Floodplain Connectivity 78 82 85 74 65 85 62 61 87 50 67 73 70 77 50 98 82 71

Riparian Condition 85 87 85 77 73 74 64 69 76 63 65 70 71 73 70 76 71 68

River Form 82 74 72 79 68 78 67 74 76 70 78 74 75 77 67 74 75 69

Resilience 82 79 76 79 75 76 67 77 78 69 79 77 74 75 71 76 74 68

Physical Structure 76 74 71 82 72 79 66 77 79 77 81 70 77 76 63 74 74 69

Aquatic Life 80 81 78 76 76 76 77 78 72 74 79 79 85 85 85 78 78 78

82 79 78 77 74 78 70 74 78 70 74 74 75 76 70 78 76 73
River Health

80 76 74 75

Canyon Rural Urban Plains

A 100-90

B+ 89-87

B 86-83

B- 82-80

C+ 79-77

C 76-73

C- 72-70

D/F 69 or low er

Grading Sca le
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4.2 River health grades by indicator  

Flow regime  

The flow regime indicator grades range from C to C- suggesting substantially-impaired functionality 

throughout the study area (Table 4.2).  Impairment mainly arises from the effects of water 

management.  Most of the fundamental physical and life-support functions are still sustained, but 

higher-level functioning requires active management to accommodate or mitigate the altered flow 

regime.   

When considering the results for all three flow metrics, note that there are various degrees of 

uncertainty in the results across the zones corresponding to data availability or lack thereof. Most 

notably, the Canyon zone was evaluated using the general qualitative grading guideline descriptions and 

a general high level evaluation of changes to flows, in contrast to the lower three zones that were 

assessed quantitatively.  Furthermore, the quantitative assessment for the lower three zones was 

ŎƻƴŘǳŎǘŜŘ ǳǎƛƴƎ ƎŀƎŜ Řŀǘŀ ŀƴŘ ƎǊŀŘƛƴƎ ƎǳƛŘŜƭƛƴŜ άǘƘǊŜǎƘƻƭŘǎέ ǘƘŀǘ ƻǊƛƎƛƴŀǘŜ ŦǊƻƳ ǎǇŜŎƛŦƛŎ ƭƻŎŀǘƛƻƴǎ ƻƴ 

the river.  Therefore the further one moves from these locations, the greater the uncertainty. 

Table 4.2:  Summary of flow regime indicator scores and grades organized by zones and reaches.   

 

Peak flows 

¢ƘŜ ǊŜŘǳŎǘƛƻƴ ƻŦ ǇŜŀƪ Ŧƭƻǿǎ ǊŜǎǳƭǘǎ ƛƴ ŀƴ ŀŘǾŜǊǎŜ ŜŦŦŜŎǘ ƻƴ ǘƘŜ ǊƛǾŜǊΩǎ ŀōƛƭƛǘȅ ǘƻ ŎŀǊǊȅ ƻǳǘ vital functions.  

The C+ to C- zone level grades for this metric indicate that flows sufficient to mobilize and flush bed 

material do occur, but less frequently and with less certainty than needed to help support a functionally 

healthy and resilient river.  From the upper reaches of the study area a C+ grade is reported for each 

reach until halfway through the Urban zone where at reach 10 the cumulative impact of multiple 

diversions drives the score down to a C-.   In the lowest two reaches in the Plains zone, peak flow metric 

grades jump from C- to B+.  This grade improvement represents an increased ability for the peak flows 

to move sediment, rather than larger or more characteristic peak flows.  The improvement in 

functioning is due to the smaller sediment size found here, which require lower flow magnitudes to 

accomplish the same bed-mobilization functions.  In other words the magnitude and frequency of peak 

flows downstream from the Boxelder gage is sufficient to support natural channel maintenance 

functions, such as scour and bed flushing, at a higher functioning level (B+).  

The grading guidelines for the peak flows metric are based on the thresholds for river bed mobilization 

modeled in the ERM.  Bed mobilization is critical for maintaining habitat and the life cycle needs of 

aquatic insects and fish that rely on clean interstitial spaces between coarse bed materials.  Another 

important role of bed mobilization is to prevent armoring, or conversely, sedimentation.  These 

Zone

Reach 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Peak Flow 81 78 78 78 78 78 78 78 78 78 72 72 72 72 72 75 88 88

Base Flow 72 72 72 68 68 65 65 62 62 62 62 62 62 62 62 58 58 58

Rate of Change 73 73 71 70 70 70 70 70 70 70 70 70 70 70 70 71 75 75

77 75 75 74 74 73 73 72 72 72 69 69 69 69 69 70 77 77

Canyon Rural Urban Plains

Flow Regime
76 73 71 73



43 
State of the Poudre River Assessment 
City of Fort Collins, 2017  

processes can have a cascading effect on a spectrum of other important functions associated with a 

healthy river.  The peak flow thresholds needed to perform other functions such as algae scour, channel 

maintenance and certain riparian processes may correlate to (but are unlikely to be the same as) the 

bed mobilization thresholds.  But these other important functions were not explicitly analyzed for this 

metric.   

Flows that mobilize the median-sized bed material for a given reach do not occur every year, nor must 

they to maintain river health.  Peak flows must be analyzed over various time scales to determine 

whether flushing thresholds are exceeded often enough (referred to as the return interval), and for 

enough duration, to maintain river health.  For this analysis of peak flows, the period of record from 

1976-2016 for each of the three gages was analyzed for peak flow magnitude, duration, and frequency 

thresholds (Figure 4.1). A longer-term record is needed to compute a return interval and to characterize 

ecological processes and cycles that occur over long periods (decades to centuries). Looking at this 40 

year period is needed to compute a return interval and is appropriate since many ecological processes 

and cycles occur over much longer periods (decades to centuries).  However, long-term patterns do not 

provide information on the occurrence of recent bed mobilization in this SOPR study period (i.e., 2015-

2016).  

A second line of evidence helps convey the current condition of the critical ecological functions driven 

by the peak flows.  The embeddedness of riffles, as measured in the fine scale metric (page 70), provides 

field-based evidence indicating the degree of bed flushing that has occurred recently.  Using the fine-

scale structure metric alone, without analysis of the longer flow record, could be misleading, since rivers 

naturally experience climate driven wet-dry cycles that span years to decades.  For instance, during a dry 

period, when flushing has not occurred for several years, the riffles may appear more embedded with 

fines.  Therefore, the SOPR assembled multiple lines of evidence covering multiple time scales to 

produce a better understanding of the single most driving factor in Poudre River health.  
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Figure 4.1:  Daily average discharge at the canyon mouth gage (1976-2016) was analyzed for peak flow 
magnitude, duration, and frequency thresholds.  The horizontal orange line indicates flow of 3300 cfs which was 
calculated in the ERM as the threshold required to mobilize the median grain size in the Rural and Urban zones. 
Long, medium, and short time scales are considered in the comprehensive interpretation of flushing flow 
functions. The fine-scale physical structure metric provides another line of evidence to determine whether 
flushing has occurred in the past few years.  

Base flows 

Base flow grades ranged from C- to F+.  There is a slight downward trend in grades from the Canyon 

through the Plains zones due to the cumulative depletion of water during low flow periods from the 16 

major diversion points located throughout the study area.  Depletions during low-flow periods cause 

lower base flow and/or prolonged periods of low flow (Figure 4.2).  Some segments of the Poudre run 

dry below diversions during winter.  Point flow models indicate that at least three days with no flow 

ƻŎŎǳǊ ǇŜǊ ȅŜŀǊΣ ƻƴ ŀǾŜǊŀƎŜΣ ōŜƭƻǿ DǊŜŜƭŜȅΩǎ ǿŀǘŜǊ ǎǳǇǇƭȅ ŘƛǾŜǊǎƛƻƴΣ ŀƴŘ occur again at other diversion 

structures downstream, increasing the number to 24 days of no flow per year at the Fossil Creek Inlet 

Diversion (see Figure 3.1 and Tables 3.2 and 3.3).   

wŜŎŜƴǘ ŀŎǘƛǾƛǘȅ ƻŦ ŦƭǳǎƘƛƴƎ Ŧƭƻǿǎ ƛǎ ƳŜŀǎǳǊŜŘ ƛƴ ǘƘŜ άfine-scaleέ physical structure metric.  See page 70 

. 


