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AGENDA ITEM:  27.   Instream Flow Appropriation on Himes Creek in Water 
Division 7 

 

Introduction 

This memo is intended to provide the Board with sufficient technical information so that the 

Board, in accordance with the Rules Concerning the Colorado Instream Flow and Natural Lake 

Level Program (ISF Rules), has a basis to declare its intent to appropriate an instream flow 

(ISF) water right on Himes Creek. The memo includes an overview of the technical analyses 

performed in support of this appropriation by the U.S. Forest Service (USFS), Colorado Parks 

and Wildlife (CPW), and CWCB Staff. Additional detailed analyses are contained in the 

attached executive summary and appendices of the supporting scientific data. This memo also 

addresses various issues that have arisen in discussions with stakeholders. 

Staff Recommendation 

Staff recommends that the Board: 

1. Pursuant to ISF Rule 5d., declare its intent to appropriate an ISF water right on the 
stream segment of Himes Creek listed on the attached Tabulation of Instream Flow 
Recommendation, in the amount of all of the unappropriated flow.  
 

2. Establish the following initial schedule for the notice and comment procedure 
pursuant to ISF Rule 5c.: 
 

Date Action 

March 21, 2019 Board declares its intent to appropriate and hears public 
comment 

May 15-16, 2019 Public comment at CWCB Meeting 

May 31, 2019 Notice to Contest due 

June 10, 2019 Deadline for notification to the ISF Subscription Mailing List of 
Notices to Contest (no notification if none received) 

July 1, 2019 Notices of Party Status and Contested Hearing Participant 
Status due 
At the July 17-18, 2019 Board meeting, if necessary, Staff 
informs Board of Parties and Participants; Board sets hearing 
date 

November 2019 ISF Contested Hearing conducted in conjunction with CWCB 
Meeting 
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Denver, CO 80203 

 

P (303) 866-3441   

F (303) 866-4474 

 

 

Jared Polis, Governor 

 

Dan Gibbs, DNR Executive Director 

 

Rebecca Mitchell, CWCB Director 

 

http://cwcbweblink.state.co.us/weblink/0/doc/174252/Electronic.aspx?searchid=881a2cdc-ea04-4e4f-82f8-4e99f87e2abd
http://cwcbweblink.state.co.us/weblink/0/doc/174252/Electronic.aspx?searchid=881a2cdc-ea04-4e4f-82f8-4e99f87e2abd


2 
 

Background  

The USFS first considered Himes Creek for an ISF appropriation in March 2014, as part of 

discussions related to Water Court Case No. W-1605-76B, the USFS application for federal 

reserved water rights in the San Juan National Forest. In an attempt to move discussions 

regarding resolution of this case forward, Himes Creek, Little Sand Creek, Vallecito Creek, 

and Rio Lado Creek were selected as streams that the USFS would use in a pilot process to 

evaluate whether the USFS could rely on Colorado’s Instream Flow Program to achieve its 

stream protection goals on streams within the San Juan National Forest.   These four stream 

segments were selected based in part on the requirement from the Southwestern Water 

Conservation District and Dolores Water Conservancy District (“Districts”) that any proposed 

ISF segment be located above existing headgates and solely on USFS public lands. The USFS 

also selected these streams to reflect a range of natural resource protection goals. The USFS 

originally recommended all four proposed segments to the CWCB at the January 2016 ISF 

workshop.  In 2017, the Board appropriated ISF water rights on Little Sand Creek and Vallecito 

Creek below the wilderness boundary, which were decreed in 17CW3046 and 17CW3045, 

respectively.  The USFS tabled Rio Lado Creek and the wilderness portion of Vallecito Creek 

to allow for additional data collection and discussion of issues with stakeholders.  Himes 

Creek is the only remaining pilot stream that is currently being recommended for an ISF 

appropriation at this time. 

Since January 2016, Staff has been collecting, reviewing, and analyzing data for Himes Creek 

while collaboratively working with the USFS, CPW, and the Districts. The USFS submitted its 

formal recommendation for Himes Creek to the CWCB on November 30, 2017 (attached). Staff 

communicated its intent to bring this recommendation to the March 2018 meeting for the 

Board to form its intent to appropriate an ISF water right. At the March 2018 Board meeting, 

Staff informed the Board that it needed additional time to meet with stakeholders to address 

their concerns.   

During this time, the Districts expressed concerns related to the natural environment and 

flow quantification on this stream. Although Staff continued to work with the Districts, and all 

involved have agreed at this point that the Himes Creek natural environment is important and 

merits protection, these efforts have not resulted in agreement about the amount of water 

needed to preserve the natural environment of Himes Creek. In addition, the Districts have 

expressed concerns regarding the precedent that they believe this appropriation could set 

with regard to future ISF appropriations.  

Staff evaluates each recommendation on a case-by-case basis, based on the natural 

environment of a recommended stream reach and the best available science that supports the 

flow needed for reasonable preservation.  Consequently, Staff asserts that the recommended 

ISF appropriation on Himes Creek would not set any type of precedent for future 

recommendations in the San Juan Basin or anywhere else in Colorado. Staff is confident that 

the information that follows in this memo, including the attached executive summary, 

scientific data and related analyses, provide a sound basis for the Board to form its intent to 

appropriate an ISF on Himes Creek.   
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The USFS recommendation differs from most ISF recommendations in that it recommends that 

the CWCB appropriate all of the unappropriated flow in Himes Creek to preserve the natural 

environment to a reasonable degree. This approach ensures protection of the variability in 

flows that includes base flows, snowmelt runoff, annual flood flows from monsoonal 

thunderstorm events, and less frequent, but equally important, large magnitude flood events. 

While the flow rates protected by this ISF water right would vary in response to natural 

variations in hydrologic conditions, at most times the flow rates would be low, often less than 

1 cfs.  

Staff Investigations and Analysis 

The USFS, CWCB, and CPW have conducted a number of studies and assembled a body of 

evidence and analysis that supports the finding that the natural flow regime is necessary to 

preserve the natural environment of Himes Creek. To formulate its recommendation, the 

USFS collected biologic, hydrologic data, conducted literature reviews, and consulted 

numerous experts.  The USFS also contracted with an expert in fisheries biology to assess the 

Himes Creek fishery, perform a literature review, and comment on the fisheries habitat and 

associated flow requirements. CPW personnel have prepared a number of documents to 

support the overall USFS efforts for ISF protection for Himes Creek: the 2017 “Himes Creek 

Habitat Survey and Inventory Report,” four years of fish survey reports, the 2018 genetics 

paper, and the 2019 aquatic ecology literature review. CWCB Staff assisted CPW in some of 

these efforts.  CPW, through its membership in the Instream Flow Council, requested and 

received a peer review of the USFS’s written flow recommendations; this peer review came 

from ISF and Colorado River cutthroat trout experts with the Wyoming Game and Fish 

Department.  In addition, Staff hired an expert to provide information about step-pool 

channels and assess the state of the science to model sediment transport in these 

environments. The following is a list of supporting documents for the Himes Creek 

recommendation (these documents are included as appendices to the Executive Summary): 

• CPW and USFS Fish Survey reports (1994, 1998, 1999, and 2007) – demonstrate the 
number of fish surveyed through time. 

• CPW genetics paper (Rogers et al., 2018) – research that discovered populations of the 
San Juan lineage fish. 

• CPW and CWCB modified R1R4 Habitat Study (Skinner, 2017) – survey and assessment 
of the habitat available in Himes Creek. 

• White papers pertaining to the recommendation: 

– Dr. Ellen Wohl, April 2018, “Himes Creek and Flow Diversions,” which describes 
geomorphology of step-pools and state of the science in modeling sediment 
transport in these systems. 

– Dr. Brett Roper, April 2018, “Himes Creek Cutthroat Trout,” which addresses 
habitat needs of the San Juan lineage trout in Himes Creek.  

– Jay Skinner, March 2019, “Literature review on the importance of a natural 
flow regime to aquatic ecology in rivers and streams.” 
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• Letter from Paul Dey and Dave Zafft – peer review of Himes Creek ISF recommendation 
from an outside agency. 

• Journal articles – a list of references that provide scientific support is contained in 
Executive Summary appendices. 

• CPW Press releases, 2018 – Nature of the San Juan Cutthroat trout discovery. 
 

The following sections summarize both the scientific basis for the recommended ISF on Himes 

Creek and provide a summary of the information that will form the basis for the Board’s 

statutory determinations. This information will support the Board’s formation of its intent to 

appropriate an ISF water right on this stream. 

1. Natural Environment 
 

To appropriate an ISF water right on Himes Creek, the Board must determine that there is a 

natural environment on this stream. The USFS has conducted field surveys and studies of 

Himes Creek and have found a natural environment that can be preserved. Himes Creek is a 

step-pool system that contains a self-reproducing population of the San Juan lineage of 

Colorado River cutthroat trout (San Juan lineage trout) that was thought to be extinct.  

The USFS initially was interested in Himes Creek because the stream was known to support a 

Core Conservation population of pure-strain Colorado River cutthroat trout. During the ISF 

data collection process, genetic investigations confirmed that the fish in Himes Creek have 

the same genetic markers as museum samples of the San Juan lineage trout. The San Juan 

lineage trout was thought to be extinct.  In January 2018, CPW researchers published a paper 

titled “Rediscovery of a lost Cutthroat Trout lineage in the San Juan Mountains of Southwest 

Colorado,” which discusses the genetic analyses that lead to the discovery of this extremely 

rare lineage of fish. The importance of finding a relict population of the San Juan lineage 

trout in Colorado cannot be overstated.   

Himes Creek contains one of only five known distinct populations of the San Juan lineage 

trout. The total number of San Juan lineage trout in all known populations is estimated to be 

as few as 1,000. The total number of stream miles that the fish exists in is estimated to be 

9.3 miles.  Himes Creek contains the longest continuous section of known habitat.   

Himes Creek is a small tributary to the West Fork San Juan River located in the San Juan 

National Forest. The drainage basin is 1.85 square miles and the recommended reach is just 

2.0 miles. Himes Creek is a step-pool channel characterized by very steep slopes and large 

size sediment and wood that form steps and plunge pools. Himes Creek is exceptionally steep 

with channel gradients approaching 15% to 20% in many areas. Himes Creek is also quite 

small, just five feet wide on average. The sediment is dominated by large cobbles with many 

large boulders and bedrock throughout. Himes Creek also contains fine sediment supplied by 

eroding hillslopes adjacent to the stream. This creates a large range of sediment sizes 

throughout the reach. The abundant large wood within the bankfull channel creates channel 

complexity, entrains sediment, and creates fish habitat (Skinner, 2017). However, the steps 

created by large boulders and wood within the active channel pose challenges for fish 
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movement and underscores the importance of pools to provide fish resting areas and 

sufficient depth for fish to jump over steps. Himes Creek also contains a dense riparian 

corridor that includes willows and conifers that supply a source of large wood and shade the 

channel protecting the thermal regime.  

Although Himes Creek is a tributary to the West Fork of the San Juan River, they are rarely 

connected. The Himes Ditch, located at the proposed lower terminus, is decreed for up to 8 

cfs and has the potential to divert the entire flow of the creek. When the ditch is operating, 

the channel below the diversion is dewatered. In addition to this, CPW constructed a barrier 

in 2001 downstream from the Himes Creek Ditch. The purpose of the barrier is, “to protect 

the population from subsequent invasions of nonnative salmonids” (Rogers et al., 2018). Both 

the ditch and the barrier serve to isolate the Himes Creek fish population from the West Fork 

San Juan River and to protect them from competition with nonnative fish.  

Active management and conservation of cutthroat trout in Colorado and throughout the West 

has been a top priority of CPW, federal land management agencies including the USFS and 

BLM, and other state wildlife agencies. Cutthroat trout subspecies fall into various 

management categories ranging from “species of greatest conservation need” to “threatened 

or endangered” status under the Endangered Species Act. In Colorado, the USFS currently 

designates and manages Colorado River cutthroat trout as a Sensitive species, defined as 

“those plants and animals … for which population viability is a concern as evidenced by: a) 

Significant current or predicted downward trends in population numbers or density, b) 

Significant current or predicted downward trends in habitat capability that would reduce a 

species’ existing distribution.” The USFS further directs that “Sensitive species of native plant 

and animal species must receive special management emphasis to ensure their viability and to 

preclude trends toward endangerment that would result in the need for Federal listing” (USFS 

recommendation letter). The CPW currently designates and manages Colorado River cutthroat 

trout as Tier 1 Species of Greatest Conservation Need, regarded as “species which are truly of 

highest conservation priority in the state” (2015 CPW Wildlife Action Plan). CPW and USFS aim 

to proactively manage the San Juan lineage to demonstrate that the fish can be adequately 

protected without the need for more restrictive federal actions.      

 

Both the USFS and CPW believe that the Himes Creek fish population is vulnerable and at a 

higher risk of extirpation due to Himes Creek’s limited available habitat, and its lack of 

connectivity to other streams and to any other populations of San Juan lineage trout.  

Because of what this species represents for the genetic biodiversity of native cutthroat trout 

in the West, both agencies have identified protection of this species and the entire Himes 

Creek natural environment as a top priority.  

2. Basis of the Recommendation 
 

The USFS recommends that all of the unappropriated flow in Himes Creek is the minimum 

flow necessary to preserve the natural environment to a reasonable degree. Further, the 

recommendation states the importance of maintaining the natural flow regime to preserve 

the limited available habitat in Himes Creek throughout the year. Baseflows, snowmelt 
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runoff, and short duration high flow events all support different aspects of the natural 

environment as summarized here:  

Baseflows (typically August to March) are required to support macroinvertebrate life 
cycles, maintain temperature regime during summer, provide juvenile rearing and 
overwintering habitat, and prevent pools from freezing. 
 
Snowmelt Runoff Flows (typically March through July) are necessary to recharge 
aquifers to support riparian vegetation, remove fine sediment to maintain pool depth 
and volume for overwintering, and maintain spawning gravels for successful spawning.  
 
Short Duration Peak Flows (typically July through October) are necessary to entrain 
large woody debris, scour and form new pools, and maintain the riparian corridor. 
 

Prior to reaching this conclusion, the USFS investigated using the R2Cross methodology to 

determine the flow rates necessary to preserve the natural environment. The USFS found that 

R2Cross was not appropriate for this stream system. R2Cross is used to assess flow 

requirements in streams where riffles are the critical limiting habitat. The recommended 

reach of Himes Creek contains almost no riffle habitat, and riffles are not the limiting habitat 

type. Pools are the limiting habitat in Himes Creek. Pool habitat is the primary habitat 

available for fish to complete the entire life cycle from spawning and fry to juvenile rearing 

and adult overwintering.  

Dr. Brett Roper, a professor of watershed science at Utah State University and the National 

Aquatic Monitoring Program Leader for the USFS, authored a paper for Staff of the San Juan 

National Forest entitled “Himes Creek Cutthroat Trout” (Roper, 2018). In it, he explains that 

trout select pool habitat because it provides the greatest potential for growth, security from 

predators, and provides stable habitat during icing conditions. Dr. Roper’s paper further 

supports that pool habitat is the critical limiting habitat in Himes Creek. He also suggests that 

the absence of this pool habitat would almost certainly eliminate the presence of the Himes 

Creek cutthroat population and that higher flows are necessary to flush out these pools. Lack 

of high flows would reduce survival both in times of drought and during periods with high ice 

coverage. A final point made by Dr. Roper is that maintaining temperatures conducive to 

these trout is critical because lower temperatures help native species outcompete non-native 

brook trout. Dr. Roper concludes that the uniqueness of the Himes Creek population of the 

San Juan lineage trout and its setting provides strong support for maintaining the physical and 

ecosystem processes in as near a natural condition as possible. 

Because pools provide the critical habitat for this unique lineage of San Juan lineage trout, 

Staff investigated methods to assess the flows necessary to maintain the pools in Himes Creek 

by preventing sediment from building up and reducing the size and depth of pools.  These 

efforts included contracting with Dr. Ellen Wohl, a professor of Geosciences at Colorado State 

University who is a prominent scientist in the field of fluvial geomorphology with a significant 

body of research related to step-pool channels.  Dr. Wohl prepared a white paper that 

provides an overview of step-pool systems and assesses the current state of the science to 

evaluate flows necessary to scour pools and maintain pool habitat (Wohl, 2018).  Dr. Wohl 
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also conducted a site visit to Himes Creek.  Based on her analyses to date, Dr. Wohl indicated 

that existing sediment transport equations in the field of fluvial geomorphology are 

insufficient to reliably quantify the flow needed for sediment transport within step pool 

systems.  Her primary conclusion is that the use of such equations would likely over-predict 

sediment transport in the Himes Creek step pool system by a factor of 10 to 100 times, 

meaning that these equations would predict that sediment transport occurs at much lower 

flows than what is actually necessary.  As a result, the equations would likely result in 

recommended flow rates that are insufficient to preserve the natural environment of Himes 

Creek.  

While pools are the limiting habitat for this fishery, they are not the only factor.  Himes 

Creek is a complex natural functioning ecosystem that has developed in isolation for 

thousands of years and these fish have adapted to the unique characteristics of this 

ecosystem. As a result, the most critical element of this recommendation is the protection of 

the natural variability of streamflow. The objective of maintaining a naturally variable flow 

regime is the preservation of a stream that supports natural processes. Specific aspects of the 

aquatic and terrestrial environments have particular responses to particular points on a 

continuum of flows. Consequently, if the full range of such responses is to be maintained, 

then the full spectrum of flows should be protected by the ISF water right. 

A literature review prepared by Jay Skinner provides further information about the 

importance of the natural flow regime (Skinner, 2019). Mr. Skinner is a recently retired CPW 

fish biologist who spent the majority of his career working on ISF water rights and serving as 

the CWCB’s biological expert. Mr. Skinner reviewed the applicable scientific literature that 

address the role of the natural flow regime to overall aquatic ecology, the physical and 

biological interrelationships between the flowing water environment and the adjacent 

terrestrial environment, and the contemporary body of knowledge in instream flow science 

and environmental flow protection.  In general, stream ecologists have long recognized, from 

an energy flow point of view, that energy and nutrients for biological activity flow from the 

adjacent riparian systems to the flowing water ecosystem throughout the food chain.  In 

addition, aquatic organisms (macroinvertebrates, aquatic insects, and fish) use terrestrial 

habitats to complete life cycles, for reproduction, for food, and for habitat (physical cover 

for fish, overhead cover for fish, and water temperature moderation).  Riparian habitats have 

numerous other biologic and hydrologic benefits as well: water quality protection, a water 

source for stream baseflow during the fall and winter, and overall stream channel stability 

(sediment dynamics).  Mr. Skinner makes the case for protection of the full range of stream 

flows (the natural flow regime) in isolated circumstances where the biologic community of 

interest is unique, rare, or is otherwise significant for land, water or fishery managers.   

While it may be desirable to use equations and models to determine a specific required flow 

rate that will preserve the natural environment in Himes Creek to a reasonable degree, 

CWCB, USFS, and CPW Staff believe such an approach is overly simplistic and is unreliable 

given the natural environment found in Himes Creek. R2Cross and other models may be 

reasonable for most streams in Colorado, but they may not be valid or appropriate in cases 

where a unique species inhabits the natural environment to be preserved. In addition, a 
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specific model based approach is not necessary (or required by statute or the ISF Rules) in 

order to arrive at a flow determination that: (1) will preserve the natural environment to a 

reasonable degree, (2) has a sound basis in science, and (3) will have no effect on human 

needs located in developed areas downstream. As a result, Staff agrees with the USFS 

recommendation that all of the unappropriated flow in Himes Creek is necessary to preserve 

the natural environment for the following specific reasons: 

1. Himes Creek contains one of the last remnant fish population of the San Juan lineage 
Colorado River cutthroat trout. This lineage of fish was once thought to be extinct. 
Protecting this rare fish is a top priority for both the USFS and CPW. 
 

2. The geomorphic nature of Himes Creek results in exceptionally limited habitat due to 
the small drainage basin size, uncommonly high slope, very large substrate size that 
forms high steps, and the presence of fine sediment. Any reduction in flow has 
potential to reduce the amount of habitat available.  
  

3. Himes Creek is physically disconnected from the West Fork of the San Juan River at 
most times and biologically isolated from any other known populations of this fish 
lineage. The fish must complete their entire life cycle within the available habitat in 
Himes Creek and have no opportunity to migrate to other locations or repopulate from 
other locations.   
 

4. The best available science supports the importance of maintaining the natural 
hydrologic variability, which has allowed this remnant population to persist to date.  

 
5. Himes Creek is located above all headgates and entirely on public land. This location 

and the provisions of section 37-92-102(3)(b), C.R.S.(2018), where applicable, both 
minimize impacts to other water users while fully protecting Himes Creek.  

 

As stated in the USFS recommendation letter, “Any withdrawal of water from Himes Creek 

may affect the viability of this species by reducing flow, reducing the extent and depth 

of pools, impacting riparian habitat, and negatively affecting the macroinvertebrate 

food source this species relies upon.” The vulnerability of this population presents a risk in 

appropriating anything less than that necessary to maintain the physical and ecosystem 

processes at natural conditions. All of the available flow in Himes Creek is the minimum 

amount necessary to preserve the natural environment to a reasonable degree. 

3. Water Availability and No Injury 
 

Staff conducted an evaluation of water availability for Himes Creek. Since the Himes Creek 

ISF recommendation is for all of the unappropriated flow, water availability is presented in a 

manner aimed at identifying the typical range of streamflows that may be protected with this 

ISF appropriation and to provide some estimate of the magnitude of rare high flow events. 

Staff analyzed available data, including USGS gage records for nearby gages, diversion 

records, stream flow measurements, and StreamStats based statistics. Median flow is less 

than 1 cfs for nearly half of all days based on estimates from the gage data. The peak flow is 

estimated to be 64 cfs based on the gage data. The two-year recurrence interval flood is 
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estimated at 43.7 cfs based on StreamStats and very rare high flow events such as the 100-

year recurrence interval flood are estimated to be 255 cfs. Himes Creek therefore has 

potential to experience a large range in streamflow from baseflows to snowmelt runoff and 

monsoonal rain events. However, at most times, flow rates are quite low. Appropriating all 

unappropriated flow will protect the natural range of flows that are critical to preserve the 

natural environment.  Staff concluded that water is available for appropriation on Himes 

Creek to preserve the natural environment to a reasonable degree. The location of this ISF 

recommendation, which is above all headgates and entirely on USFS public lands supports the 

conclusion that this appropriation can exist without material injury to water rights.  

Stakeholder Outreach and Input  

Staff provided public notice of the recommendations in both March and November of 2017. 

Staff met with the Mineral County Commissioners because the subject reach of Himes Creek is 

located in Mineral County.  In addition, Staff worked with both the Southwestern Water 

Conservation District and the Dolores River Water Conservancy District to discuss ways to 

address concerns about the recommendation. Other stakeholders have expressed support for 

the appropriation of ISF water rights for protection of the Himes Creek natural environment 

and this rare lineage of fish. A letter of support was received from Trout Unlimited and any 

additional letters of support will be provided to the Board.  

Additionally, this ISF appropriation implements the Memorandum of Understanding entered 

into by the USFS, Colorado Department of Natural Resources (DNR), and CWCB in April 2004, 

most recently updated in October 2015 (MOU). The MOU's purpose was to establish a 

framework for the parties to work together in a cooperative manner on issues regarding the 

management of water and water uses on National Forest lands in Colorado. Among other 

things, the parties agreed to seek innovative ways to achieve instream flow protection in high 

priority stream reaches. 
 

Issues  
 

In the course of discussions of this ISF recommendation, the Districts have raised two primary 

issues. The first issue concerns the Board’s authority to appropriate all of the unappropriated 

flow as the minimum amount of water necessary for reasonable preservation of the identified 

natural environment based on the recommendation and supporting analyses. The Districts 

contend that this ISF recommendation is not based on a proper quantification of the minimum 

amount of water necessary to preserve the natural environment because a specific hydraulic 

model such as R2Cross was not used to develop the recommended flow rates. The second 

issue relates to the perception that this recommended ISF water right could set a precedent 

for appropriating all available flows on other streams, affecting future water development 

within the drainage basins of Southwest Colorado. The Districts also have raised federal land 

management tools, such as a Research Natural Area designation, as an alternative approach 

to protecting the natural environment of Himes Creek. 

 



10 
 

1. Board Authority 
 

The General Assembly charged the CWCB with preserving portions of the natural environment 

for the people of Colorado.  § 37-92-102(3), C.R.S. (2018); Colo. Water Conservation Bd. v. 

Farmers Water Dev. Co., 346 P.3d 52, 58 (Colo. 2015) (“We have consistently recognized that 

the CWCB acts to protect the environment on behalf of the public.”); Aspen Wilderness 

Workshop, Inc. v. Colo. Water Conservation Bd., 901 P.2d 1251, 1259 (Colo. 1995) (CWCB 

“acts on behalf of the people of the state of Colorado and is thereby burdened with a 

fiduciary duty arising out of its unique statutory responsibilities.”). To carry out the policy 

objective of protecting portions of the natural environment in Colorado, the General Assembly 

vested the CWCB with the “exclusive authority, on behalf of the people of the state of Colorado, 

to appropriate . . .  such waters of natural streams and lakes as the board determines may be 

required for minimum stream flows . . . to preserve the natural environment to a reasonable 

degree.” § 37–92–102(3), C.R.S. (2018). Whether to make an ISF appropriation is “a policy 

determination within the discretion of the CWCB.” Farmers Water Dev. Co., 346 P.2d at 59. 

The CWCB is in charge of making these policy decisions because it has specific expertise 

regarding how to determine the minimum stream flows necessary to preserve the natural 

environment to a reasonable degree. Id.; see Aspen Wilderness Workshop, Inc., 901 P.2d at 

1256 (noting that the CWCB is “a unique entity charged with preserving the natural environment 

to a reasonable degree for the people of the State of Colorado”); Colo. River Water 

Conservation Dist. v. Colo. Water Conservation Bd., 594 P.2d 570, 576 (Colo. 1979) (“Factual 

determinations regarding such questions as which areas are most amenable to preservation 

and what life forms are presently flourishing or capable of flourishing should be delegated to 

an administrative agency [CWCB] which may avail itself of expert scientific opinion. This is 

particularly true, considering that the General Assembly undoubtedly anticipated that the 

considerations for each locale might vary.”)  Therefore, based on the facts in each proposed 

appropriation, the CWCB has broad discretion to determine what minimum stream flows are 

necessary to preserve the natural environment to a reasonable degree.   

The Himes Creek ISF recommendation is based on the expert scientific opinions of CPW, the 

USFS, and other experts such as Dr. Wohl as to the critical habitat and life forms present on 

this stream reach and the minimum amount of water needed to preserve the natural 

environment of this specific stream reach to a reasonable degree. The Board has the 

discretion to make this policy determination and appropriate this recommended ISF water 

right based on this site-specific information. Here, the minimum amount needed to ensure 

the persistence of this rare fish population and to preserve the isolated habitat this fish 

population needs to survive, is all of the unappropriated flow.   

2. Potential for Precedent  
 

The Board approaches each ISF appropriation based on the natural environment, biological 

needs, and water availability specific to the subject stream, as intended by the General 

Assembly and confirmed by the Colorado Supreme Court.  In rare circumstances, the CWCB 

has relied on methodologies and science-based approaches that have resulted in minimum 

flow appropriations up to and including all of the unappropriated flow. Such appropriations 
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demonstrate the Program’s flexibility in preserving the natural environment based on site-

specific biological needs and policy considerations. What constitutes the “minimum” is going 

to vary in every appropriation, and there is no rule or statute that binds the CWCB to a 

certain methodology for quantifying the minimum.  In response to stakeholder concerns about 

the precedent such appropriations could establish, the Board has included non-precedent 

language in the certain water court decrees stressing the site-specific nature of those ISF 

water rights. Staff has discussed including similar language in the decree for this ISF water 

right with the Districts, but has been unsuccessful in developing mutually acceptable 

language. 

3. Use of Federal Land Management Tools 
 

While the USFS can limit land uses in the Himes Creek basin through land management tools, 

it cannot obtain decrees for instream flow water rights. The CWCB’s exclusive authority to 

hold such decrees ensures the protection of valuable natural resources within the State’s 

priority water rights system, rather than through bypass or other flow requirements imposed 

by federal agencies. The potential for new water rights on Himes Creek is low, but the future 

is unknown. The CWCB and federal partners have worked together successfully in other 

instances to fully protect important resources through a combination of land management and 

ISF water rights. The most recent example is the Dominguez Canyons Wilderness designation 

where Big Dominguez and Little Dominguez Creeks are protected by ISF water rights. These 

collaborative approaches are precisely what the MOU entered into among the USFS, DNR, and 

CWCB contemplated.  Additionally, such an approach can circumvent issues that may arise as 

a result of unilateral federal actions related to water uses. Based on the foregoing, Staff 

recommends moving forward with this ISF recommendation as described on page 1 of this 

memo.   
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CWCB STAFF INSTREAM FLOW RECOMMENDATION 
 

UPPER TERMINUS: headwaters in the vicinity of 

 UTM North: 4144335.05 UTM East: 328210.38 

LOWER TERMINUS: Himes Ditch headgate 
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WATERSHED: Upper San Juan  

CWCB ID: 17/7/A-001 
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LENGTH: 2 miles 

FLOW RECOMMENDATION: All unappropriated flow 
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Himes Creek 
 
Introduction 
Colorado’s General Assembly created the Instream Flow and Natural Lake Level Program in 1973, 
recognizing “the need to correlate the activities of mankind with some reasonable preservation of the 
natural environment” (see 37-92-102 (3), C.R.S.). The statute vests the Colorado Water Conservation 
Board (CWCB or Board) with the exclusive authority to appropriate and acquire instream flow (ISF) and 
natural lake level water rights (NLL). Before initiating a water right filing, the Board must determine 
that: 1) there is a natural environment that can be preserved to a reasonable degree with the Board’s 
water right if granted, 2) the natural environment will be preserved to a reasonable degree by the 
water available for the appropriation to be made, and 3) such environment can exist without material 
injury to water rights.  
 
The U.S. Forest Service (USFS) recommended that the CWCB appropriate an ISF water right on a reach 
of Himes Creek, which is located within Mineral County (See Vicinity Map). Himes Creek originates at 
an elevation of approximately 11,000 feet in the San Juan Mountains and flows southeast to the 
confluence with the West Fork San Juan River at an elevation of approximately 7,750 feet. The 
proposed reach extends from the headwaters downstream to the Himes Ditch headgate. One hundred 
percent of the land on this 2 mile reach is public land managed by the USFS (See Land Ownership Map). 
The USFS recommended this reach of Himes Creek because it has a natural environment that can be 
preserved to a reasonable degree with an ISF water right.  
 
The information contained in this report and the associated supporting data and analyses (located at 
http://cwcb.state.co.us/environment/instream-flow-program/Pages/2019ProposedISFRecommendations.aspx) 
form the basis for Staff’s ISF recommendation to be considered by the Board. This report provides 
sufficient information to support the CWCB findings required by ISF Rule 5i on natural environment, 
water availability, and material injury. 
 
Natural Environment 
CWCB Staff relies on the recommending entity to provide information about the natural environment. 
In addition, Staff reviews information and conducts site visits for each recommended ISF appropriation. 
This information is used to provide the Board with a basis for determining that a natural environment 
exists.  
 
The natural environment of Himes Creek is a step-pool system that contains a self-reproducing 
population of the San Juan lineage of Colorado River cutthroat trout (San Juan lineage trout) that until 
recently was thought to be extinct. The USFS originally recommended an ISF water right on Himes 
Creek because it was known to support a Core Conservation population of pure-strain Colorado River 
cutthroat trout that shows no evidence of interbreeding with rainbow trout or Yellowstone cutthroat 
trout. During the ISF data collection process, the genetic lineage of the fish was confirmed by Colorado 
Parks and Wildlife (CPW) researchers (Rogers et al., 2018). This research demonstrated that the Himes 
Creek fish have the same genetic markers as museum samples of the San Juan lineage trout. The 
natural environment also consists of water-dependent wildlife habitat, aquatic macroinvertebrates, 
and healthy riparian vegetation. 
 
Table 1. List of species identified in Himes Creek. 

Species Name Scientific Name Status 

Colorado River cutthroat 
trout, San Juan lineage 

Oncorhynchus clarkii 
pleuriticus 

State: Special Concern* 

*Colorado River cutthroat trout are designated a state species of special concern, which is not a statutory category. 

 

http://cwcb.state.co.us/environment/instream-flow-program/Pages/2019ProposedISFRecommendations.aspx
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Himes Creek contains one of only five known distinct populations of the San Juan lineage trout. The 
total number of San Juan lineage trout in all known populations is estimated to be as few as 1,000. 
The total number of stream miles that the fish exists in is estimated to be 9.3 miles.  Himes Creek 
contains the longest continuous section of known habitat. 
 
Himes Creek is a small tributary to the West Fork San Juan River located in the San Juan National 
Forest. The drainage basin is 1.85 square miles and the recommended reach is just 2.0 miles in length. 
Himes Creek is a step-pool channel characterized by very steep slopes and large size sediment and 
wood that form steps and plunge pools. Himes Creek is exceptionally steep with channel gradients 
approaching 18% to 20% in many areas. Himes Creek is also quite small, just five feet wide on average. 
The sediment is dominated by large cobbles with many large boulders and bedrock throughout, but it 
also contains fine sediment supplied by eroding hillslopes adjacent to the stream. This creates a large 
range of sediment sizes throughout the reach. The abundant large wood within the bankfull channel 
creates channel complexity, entrains sediment, and creates fish habitat (Skinner, 2017). However, the 
steps created by large boulders and wood within the active channel also pose challenges for fish 
movement and underscore the importance of pools to provide fish resting areas and sufficient depth 
for fish to jump over steps. Himes Creek also contains a dense riparian corridor that includes willows 
and conifers that supply a source of large wood and shade the channel, protecting the thermal regime.  
 
Although Himes Creek is a tributary to the West Fork of the San Juan River, they are rarely connected. 
The Himes Ditch, located at the proposed lower terminus, is decreed for up to 8 cfs and has the 
potential to divert the entire flow of the creek. When the ditch is operating, the channel below the 
diversion is dewatered. In addition, CPW constructed a barrier in 2001 downstream from the Himes 
Ditch. The purpose of the barrier is “to protect the population from subsequent invasions of nonnative 
salmonids” (Rogers et al, 2018). Both the ditch and the barrier serve to isolate the Himes Creek fish 
population from the West Fork San Juan River and to protect them from competition with nonnative 
fish. 
 
The riparian forest consists mainly of coniferous species, with interspersed stands of cottonwood and 
aspen trees. The channel is lined with dense willows and alders that shade the stream. Thermal regimes 
of small streams, such as Himes Creek, are controlled by riparian shading from the forest canopy. Staff 
measured water temperature in Himes Creek staring in late summer 2018. Water temperature 
remained cold in Himes Creek during the summer due to abundant streamside vegetation blocking solar 
inputs, while stable flows during the winter keep pools clear of ice. The maximum water temperature 
recorded in 2018 was 59 degrees Fahrenheit on August 2, and the maximum seven-day average water 
temperature was 55 degrees Fahrenheit. Despite very low flows during the summer of 2018, water 
temperatures remained within the optimal temperature range for cutthroat trout, emphasizing the 
importance of the riparian community for buffering stressful conditions caused by drought.  
 
Reference streams with a similar ecoregion provide context for the results of a habitat survey 
conducted by CPW in 2017 (Skinner, 2017). Of nine reference streams with similar habitat types and 
channel widths, Himes Creek channel gradient is at the upper range (18% slope) compared to slopes 
between 2-6% for the majority of the reference streams. Two pebble counts conducted in Himes Creek 
produced an average D50 particle size of 3.4 inches, which refers to the particle size at which 50% of 
the sample is finer. In comparison, the reference streams had an average D50 of 0.6 inches. Sediment 
size classes ranged from less than 0.08 inches to greater than 20 inches in Himes Creek, although 
numerous larger boulders and bedrock were observed outside of the pebble count cross-sections. Large 
wood (diameter greater than 0.1 feet and longer than 3 feet) is abundant throughout Himes Creek with 
18 pieces per 100 feet, compared to an average of four pieces per 100 feet in the reference streams. 
The large and variable sediment sizes, abundant wood, and steep channel slopes interact to create 
complex and variable habitat types in Himes Creek that is distinct from many other streams in 
Colorado. 



 
4 

 

  
From an ecological perspective, Himes Creek represents the upper limit of viable trout habitat due to 
channel gradient, substrate size, and winter conditions. This extreme environment makes the fish 
population vulnerable to extirpation from catastrophic events, such as wildfire or drought, but is also 
likely responsible for the survival of the rare San Juan lineage trout. Cutthroat trout exist in 
fragmented, isolated habitats throughout their range due to habitat loss and nonnative species 
interactions. The extreme limits of viable trout habitat, such as Himes Creek, represents conditions 
where native species can out-compete nonnative species due to the unique and stressful conditions in 
which indigenous fauna have evolved. Himes Creek also represents an important opportunity for native 
species conservation in that the Himes Ditch, at the lower terminus of this recommendation, precludes 
the invasion of nonnative species that reside in the West Fork San Juan River. 
 

The Himes Creek fish population size has remained relatively stable since 1994 when population surveys 
began. The fish population estimates range from 116 fish per mile in 1998 to 264 fish per mile in 2013. 
The last population survey conducted in 2017 produced an estimate of 244 fish per mile. The fish 
surveys have also observed a wide range of size classes, indicating that the San Juan lineage trout 
population is naturally reproducing. Brook trout have been observed within the recommended ISF reach 
since 2007 and three brook trout were captured in 2017. When encountered, CPW and USFS personnel 
have removed brook trout to limit establishment of nonnative populations. Nonnative species removal, 
in conjunction with the fish barrier installed in 2001, have helped reduce impacts to the San Juan 
lineage trout populations from invasive species.  
 
Basis of the Recommendation 
The USFS recommends that all unappropriated flow in Himes Creek is the minimum amount necessary 
to preserve the natural environment to a reasonable degree. Based on their own investigations and 
experience, CWCB Staff and CPW confirm and agree with this finding. Further, the recommendation 
states the importance of maintaining the natural flow regime to preserve the limited available habitat 
in Himes Creek throughout the year. Baseflows, snowmelt runoff, and short duration high flow events 
all support different aspects of the natural environment as summarized here:  
 
 Baseflows (typically August to March) are required to support macroinvertebrate life cycles, 

maintain temperature regime during summer, provide juvenile rearing and overwintering 
habitat, and prevent pools from freezing. 

 
Snowmelt Runoff Flows (typically March through July) are necessary to recharge aquifers to 
support riparian vegetation, remove fine sediment to maintain pool depth and volume for 
overwintering, and maintain spawning gravels for successful spawning.  
 
Short Duration Peak Flows (typically July through October) are necessary to entrain large 
woody debris, scour and form new pools, and maintain the riparian corridor.  

 
The USFS, CWCB Staff, and CPW have conducted a number of studies and assembled a body of evidence 
and analysis that supports the finding that the natural flow regime is necessary to preserve the natural 
environment of Himes Creek, and that an ISF water right for all unappropriated flow will protect this 
flow regime. These investigations and the basis for the recommendation are discussed in further detail 
below.  
 
The USFS evaluated the R2Cross methodology and determined that it is not an appropriate methodology 
to quantify the flow rates necessary to preserve the natural environment to a reasonable degree on 
Himes Creek. R2Cross is used to assess flow requirements in streams where riffles are the critical 
limiting habitat. The recommended reach of Himes Creek contains almost no riffle habitat, and riffles 
are not the limiting habitat type. Pools are the limiting habitat in Himes Creek. Pool habitat is the 
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primary habitat available for fish to complete the entire life cycle from spawning and fry to juvenile 
rearing and adult overwintering.   
 
Both USFS observations and a CPW habitat assessment (Skinner, 2017) confirm that there is little to no 
riffle habitat within the proposed reach. The primary available habitat type is slow water habitat or 
pools (52% by area) formed by steps composed of large boulders or woody debris. The physical size of 
the available pool habitat is very limited; the average stream width is 4.8 feet and average pool depth 
is 0.4 feet or 4.8 inches. The residual pool depth, or the depth that would remain if water stopped 
flowing, is 0.8 feet and the maximum measured pool depth is 2 feet. The small pools and inundated 
portions of the boulders, woody debris, and sediment that form the steps are the primary habitat 
available for fish to complete their entire life cycle. The remainder of the surveyed habitat is fast 
water habitat, or cascades. These areas are characterized by steep gradients and large substrate that 
do not provide many opportunities for fish to spawn, rest, or overwinter. The photos below show the 
differences between the large steps and pool habitat and the cascades and smaller pocket water 
features. Fish will migrate through these steep habitat types when high flows inundate side channels 
or create slow water resting areas on the margins of the cascade. Given that the cascades do not 
provide sufficient usable habitat, the available pools are the only habitat that can sustain the 
population of San Juan lineage cutthroat trout in Himes Creek.   
 

  
 
The left photo shows a typical step and pool section of Himes Creek. The right photo shows a section of a 
typical cascade. Pool habitat is the primary usable habitat available to fish on Himes Creek. 
 

Dr. Brett Roper, professor of watershed science at Utah State University and National Aquatic 
Monitoring Program Leader for the USFS, authored a paper for the San Juan National Forest titled 
“Himes Creek Cutthroat Trout” (Roper, 2018). This paper describes the Himes Creek fishery as a 
resident population of San Juan lineage cutthroat trout that has adapted to a survival strategy that 
involves the population completing all life cycles in the habitat where they were hatched. Although 
other trout species may use a step-pool environment as migratory corridor, the Himes Creek fishery 
carries out its entire life cycle within this two-mile reach of isolated stream. Dr. Roper’s paper further 
supports that pool habitat is the critical limiting habitat in Himes Creek.  He surmises, “the absence 
of this pool habitat would almost certainly eliminate the presence of the Himes Creek cutthroat trout 
population.” Further, he maintains that high spring flows are necessary “to flush sediment out of the 
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pools and sort the material in the pool tail-outs.” Without these high flows, more fine material would 
be found in spawning locations and reduce survival both in times of drought and during periods with 
high ice coverage. A final point made by Dr. Roper is that maintaining temperatures conducive to these 
cutthroat trout is critical because lower temperatures help native species outcompete nonnative brook 
trout. After evaluating data on Himes Creek temperatures during the 2012 drought, he concluded that 
the existing temperatures in the stream appear to be perfect to foster growth within the Himes Creek 
trout population. Dr. Roper concludes that the uniqueness of this population of Himes Creek San Juan 
lineage cutthroat trout and its habitat provides strong support for maintaining the physical and 
ecosystem processes in as near a natural condition as possible. 
 

A primary concern in Himes Creek is loss of pool habitat if sediment settles into the pools. As stated 
in the USFS recommendation letter, regional geology and local hillslope processes provide a readily 
available source of fine sediment to the stream. Maintaining pools is necessary to make sure the limited 
amount of available pool habitat does not decrease. Because pools provide critical habitat for the San 
Juan lineage trout, Staff investigated what flows maintain the characteristics of pools in Himes Creek, 
including the pool area and pool depth. 
 
CWCB Staff contracted with Dr. Ellen Wohl, a professor of Geosciences at Colorado State University, 
to assist in this analysis. Dr. Wohl is a prominent scientist in the field of fluvial geomorphology with a 
significant body of research related to step-pool channels. Dr. Wohl produced a white paper that 
provides an overview of step-pool systems and assesses the current state of the science to evaluate 
flows necessary to scour pools and maintain pool habitat (Wohl, 2018). Dr. Wohl also conducted a site 
visit to Himes Creek in October 2018 with CWCB and CPW Staff. In the field, Dr. Wohl noted that Himes 
Creek appeared to have a substantial supply of fine sediment. See photograph demonstrating this point 
below. 
 

 
Fine sediment in Himes Creek. Photographed by Ellen Wohl. 

 
Dr. Wohl’s report describes the difficulties associated with developing sediment transport equations 
for step-pool channels due to their high turbulence, significant three-dimensional flow, dissipation or 
loss of energy on the rough substrate and configuration of the bed and banks (the boundary), and large 
differences in grain size. She explains that small sediment can be protected from transport when it is 
shielded by larger sediment like boulders. She notes that “the greater the fluctuations in velocity and 
turbulence, and the greater the range of grain sizes present on a streambed, the less accurate the 
equations become” and that step-pool channels have all of these characteristics. The primary 
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conclusion is that “sediment transport equations over-predict sediment transport in step-pool channels 
by more than 1-2 orders of magnitude, or by more than a factor of 10 to 100 times.” This means that 
the equations will predict that sediment transport occurs at much lower flows than what is actually 
necessary. Reliance on these models could significantly under-predict the flows necessary to preserve 
the natural environment. 
 
Dr. Wohl’s paper goes on to discuss the importance of maintaining the residual pool volume for fish 
survival. She explains that fish can survive very low flows caused by droughts and freezing conditions 
during winter if the pools are sufficiently deep. Dr. Wohl ends her paper with discussions of the 
importance of maintaining natural flow regimes, which she notes includes the magnitude, frequency, 
duration, timing (seasonality), and rate of change of flow. She states that “natural flow and sediment 
regimes are critical to channel morphology because they maintain the geometry, and grain-size 
distribution of a channel, to which stream organisms are adapted.” She concludes that the natural flow 
regime is “critical to stream organisms because it maintains the habitat, food sources, and thermal 
and chemical cues on which their life cycles are built.”  
 
A literature review prepared by Jay Skinner provides further information about the importance of the 
natural flow regime. Mr. Skinner is a recently retired CPW fish biologist who spent the majority of his 
career working on ISF water rights and serving as the CWCB’s biological expert. Prior to his retirement 
from CPW, he initiated a written review of applicable scientific literature that addresses the role of 
the natural flow regime to overall aquatic ecology, the physical and biological interrelationships 
between the flowing water environment and the adjacent terrestrial environment, and the 
contemporary body of knowledge in instream flow science and environmental flow protection (Skinner, 
2019).  In general, stream ecologists have long recognized, from an energy flow point of view, that 
aquatic and riparian food webs interact as energy and nutrients are transported between terrestrial 
and fluvial environments.  In addition, aquatic organisms (macroinvertebrates, aquatic insects, and 
fish) use terrestrial habitats to complete life cycles and for reproduction, food, and habitat (physical 
cover for fish, overhead cover for fish, and water temperature moderation).  Riparian habitats have 
numerous other biologic and hydrologic benefits as well; water quality protection, a water source for 
stream baseflow during the fall and winter, and overall stream channel stability (sediment dynamics).  
Mr. Skinner makes the case for protection of the full range of stream flows (the natural flow regime) 
in isolated circumstances where the biologic community of interest is unique, rare, or is otherwise 
significant for land, water, or fishery managers.   
 
In addition to the investigations completed by USFS, CPW, and CWCB Staff, CPW asked an outside 
agency that is not associated with the development of the Himes Creek recommendation to review the 
USFS’s recommendation. CPW, through its membership in the Instream Flow Council, requested and 
received a peer review of the USFS’s written flow recommendations; this peer review came from ISF 
and Colorado River cutthroat trout experts with the Wyoming Game and Fish Department (WGDF). The 
authors of this review are Paul Dey, WGFD Aquatic Habitat Program Manager, and Dave Zafft, WGFD 
Fisheries Management Coordinator and Colorado River Cutthroat Trout Conservation Team interagency 
team leader. The reviewers concluded “we have reviewed the Forest Service’s recommendation for an 
instream flow water right on Himes Creek and find it makes a strong case for protecting all of the flow 
in order to preserve a rare population of a genetically unique lineage of Colorado River Cutthroat 
Trout.” 
 
While it may be desirable to use equations and models to determine a specific required flow rate that 
will preserve the natural environment of Himes Creek to a reasonable degree, CWCB Staff, USFS, and 
CPW Staff believe such an approach is overly simplistic and is unreliable given the natural environment 
found in Himes Creek. R2Cross and other models may be reasonable for most streams in Colorado, but 
they may not be appropriate or produce valid results in cases where a unique species inhabits the 
natural environment to be preserved. In addition, a specific model-based approach is not necessary in 
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order to arrive at a flow determination that: (1) will preserve the natural environment to a reasonable 
degree, (2) has a sound basis in science, and (3) will have no effect on human needs located in 
developed areas downstream.  As a result, Staff agrees with the USFS recommendation that all of the 
unappropriated flow in Himes Creek is necessary to preserve the natural environment for the following 
specific reasons: 
 

1. Himes Creek contains one of the last remnant fish population of the San Juan lineage trout. 
This lineage of fish was once thought to be extinct. Protecting this rare fish is a top priority for 
both the USFS and CPW. 
 

2. The geomorphic nature of Himes Creek results in exceptionally limited habitat due to the small 
drainage basin size, uncommonly high slope, very large substrate size that forms high steps, 
and the presence of fine sediment. Any reduction in flow has potential to reduce the amount 
of habitat available.   
 

3. Himes Creek is physically disconnected from the West Fork of the San Juan River at most times 
and biologically isolated from any other known populations of this fish lineage. The fish must 
complete their entire life cycle within the available habitat in Himes Creek and have no 
opportunity to migrate to other locations or repopulate from other locations.   
 

4. The best available science supports the importance of maintaining the full range of flows and 
natural hydrologic variability. Maintaining the natural flow variability preserves the conditions, 
to the extent possible, that have allowed this remnant population to persist to date.  
 

5. Himes Creek is located above all headgates and entirely on public land. This location and the 
provisions of section 37-92-102(3)(b), C.R.S., where applicable, minimize impacts to other 
water users while fully protecting Himes Creek.  

 
Water Availability 
CWCB Staff conducts hydrologic analyses for each recommended ISF appropriation to provide the Board 
with a basis for making the determination that water is available.  
 
Methodology 
Each recommended ISF reach has a unique flow regime that depends on variables such as the timing, 
magnitude, and location of water inputs (such as rain, snow, and snowmelt) and water losses (such as 
diversions, reservoirs, evaporation and transpiration, groundwater recharge, etc.). Although extensive 
and time-consuming investigations of all variables may be possible, Staff takes a pragmatic and cost-
effective approach to analyzing water availability. This approach focuses on streamflows and the 
influence of flow alterations, such as diversions, to understand how much water is physically available 
in the recommended reach.  
 
Staff’s hydrologic analysis is data-driven, meaning that Staff gathers and evaluates the best available 
data and uses the best available analysis method for that data. Whenever possible, long-term stream 
gage data (period of record 20 or more years) will be used to evaluate streamflow. Other streamflow 
information such as short-term gages, temporary gages, spot streamflow measurements, diversion 
records, and StreamStats will be used when long-term gage data is not available. StreamStats, a 
statistical hydrologic program, uses regression equations developed by the USGS (Capesius and 
Stephens, 2009) to estimate mean flows for each month based on drainage basin area and average 
drainage basin precipitation. Diversion records will also be used to evaluate the effect of surface water 
diversions when necessary. Interviews with water commissioners, landowners, and ditch or reservoir 
operators can provide additional information. A range of analytical techniques may be employed to 
extend gage records, estimate streamflow in ungaged locations, and estimate the effects of diversions. 
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The goal is to obtain the most detailed and reliable estimate of hydrology using the most efficient 
analysis technique.  
 
The final product of the hydrologic analysis used to determine water availability is a hydrograph, which 
shows streamflow and the proposed ISF rate over the course of one year. The hydrograph will show 
median daily values when daily data is available; otherwise, it will present mean-monthly streamflow 
values. Staff will calculate 95% confidence intervals for the median streamflow if there is sufficient 
data. Statistically, there is 95% confidence that the true value of the median streamflow is located 
within the confidence interval.  
 
The water availability analysis for Himes Creek is presented below to provide information about 
hydrology on Himes Creek and the typical range of streamflows that may be protected with this ISF 
appropriation. The water availability analysis in this context is not intended to limit or reduce the 
proposed ISF water right for all the unappropriated flow.   
 
Basin Characteristics  
The drainage basin of the proposed ISF on Himes Creek is 1.85 square miles, with an average elevation 
of 9,940 ft and average annual precipitation of 39.67 inches (See the Hydrologic Features Map). There 
are no known surface water diversions in the drainage basin tributary to the proposed ISF on Himes 
Creek. Hydrology in this drainage basin represents natural conditions.  
 
Hydrology throughout the San Juan Mountains demonstrates a snowmelt runoff pattern that is also 
influenced by monsoon and late season storms. This results in high flow events that can occur between 
May and early July due to snowmelt and high flow events that can occur between August and October 
due to rain events. The magnitude of the rain event flows can be comparable to spring runoff flows; 
for example, the flood of record occurs in fall rather than spring or early summer for several nearby 
gages. 
 
Available Data 
There is not a current or historic streamflow gage on Himes Creek. There are several historic gages in 
the region near Himes Creek including: West Fork San Juan River above Borns Lake, near Pagosa 
Springs, CO (USGS 09340500, 1937-1953), Wolf Creek near Pagosa Springs, CO (USGS 09341200, 1968-
1975), Wolf Creek at Wolf Creek Campground near Pagosa Springs, CO gage (USGS 09341300 1984-1987 
and 1997-1999), and Windy Pass Creek near Pagosa Springs, CO (USGS 09341350, 1984-1987). The two 
gages on Wolf Creek were identified as most similar to Himes Creek in terms of drainage basin area 
and annual precipitation, while having a reasonably long period of record to analyze. The Wolf Creek 
gages also have few diversions; these diversions can be accounted for with available diversion records.   
   
The upstream most gage on Wolf Creek is Wolf Creek near Pagosa Springs, CO (USGS 09341200, 1968-
1975), which is approximately 2.0 miles northeast from the proposed lower terminus on Himes Creek. 
The drainage basin of the Wolf Creek near Pagosa gage is 14.1 square miles with an average elevation 
of 10,600 ft and average annual precipitation of 47.87 inches. The lower gage, Wolf Creek at Wolf 
Creek Campground near Pagosa Springs, CO gage (USGS 09341300), was installed approximately 1,800 
ft downstream from the upper gage, approximately 1.7 miles northeast from the proposed lower 
terminus on Himes Creek. The drainage basin of the Wolf Creek at Wolf Creek Campground gage is 17.9 
square miles with an average elevation of 10,500 feet and average annual precipitation of 46.29 inches. 
The lower gage was operated year round from 1984-1987 and seasonally from 1997-1999. A transbasin 
diversion, with alternate points near Wolf Creek Pass, exports water to Division 3 (Treasure Pass Ditch 
Division, appropriation date 1922, 8 cfs absolute). This diversion reduces streamflow for both gages on 
Wolf Creek; however, diversions are recorded by the Treasure Pass Ditch at Wolf Creek Pass gage (USGS 
09341000). One other small diversion exists on a tributary to the lower Wolf Creek gage. Bruce Spruce 
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Ditch (appropriation date 1936, 2.68 cfs) diverts water from Fall Creek and any return flows accrue 
below the lower gage. No other surface water diversions appear to exist upstream of the gages. 
 
In some cases, diversion records can be used to provide an indication of water availability in a stream 
reach. The Himes Ditch (appropriation dates 1889 and 1959, 2.5 cfs and 5.5 cfs) is located at the lower 
terminus on Himes Creek.  The Himes Ditch diversion consists of a tarp and sandbags that are used to 
block Himes Creek and send water down a ditch that has a capacity of about 3 cfs (personal 
communication, water commissioner Bob Formwalt, May 15, 2018).  This structure has the potential 
to divert nearly the entire flow of Himes Creek during most of the irrigation season and has diversion 
records from 1963 to 2017.  
 
CWCB Staff made two streamflow measurements on Himes Creek, and the USFS made five streamflow 
measurements on Himes Creek, as summarized in Table 2.  
 
Table 2. Summary of Streamflow Measurements for Himes Creek. 

Visit Date Flow (cfs) Collector 

6/21/2016 3.18 USFS 

6/21/2016 2.92 USFS 

9/07/2016 0.62 USFS 

9/07/2016 0.57 USFS 

8/2/2018 0.19 CWCB 

9/25/2018 0.07 USFS 

10/16/2018 0.35 CWCB 

 
Data Analysis 
Due to the short period of record for the Wolf Creek gages, Staff examined available climate stations 
and found that the Pagosa Springs climate station (Station USC00056258, downloaded 2/28/2017) is 
located in vicinity of the Wolf Creek gages and Himes Creek. This station is located 14.5 miles 
southwest from the Wolf Creek gage locations and roughly 13 miles southwest from the proposed lower 
terminus on Himes Creek. The station has a relatively long period of record (1906 to 2016), although 
there are several periods without data. The average annual precipitation at the Pagosa Springs station 
for the period of record (based on 57 years with 350 or more days of data) was 20.2 inches. During the 
complete years the Wolf Creek gages operated (1969 to 1975 and 1985 to 1986), the average 
precipitation was 22.2 inches. Based on the available data, the Wolf Creek gage records may represent 
slightly above average precipitation conditions. 
 
The Wolf Creek near Pagosa gage (USGS 09341200) was analyzed using the period of record available 
(1968-1975). Transbasin exports from the Treasure Pass Ditch (USGS 0934100) were added to the gage 
data to estimate natural streamflow. The adjusted gage record was scaled by 0.11 to the lower 
terminus on Himes Creek using the area-precipitation method. The area-precipitation method 
estimates streamflow based on the ratio of the precipitation weighted drainage area at the lower 
terminus location to that of the gage location. The Wolf Creek at Wolf Creek Campground gage (USGS 
09341300) was analyzed using the period of record available (1984-1987 and 1997-1999). Transbasin 
exports from the Treasure Pass Ditch (USGS 09341000) and in-basin diversions from Bruce Spruce Ditch 
(WDID 2900548) were added to the gage data to estimate natural streamflow. The adjusted gage record 
was scaled by 0.09 to the lower terminus on Himes Creek using the area-precipitation method.  The 
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scaled data from both gages was combined, resulting in 10 to 13 years of data, depending on the day 
of the year. Median stream flow was calculated; however, 95% confidence intervals were not calculated 
due to the short period of record from the combined gage data sets.  
 
There are diversion records during the irrigation season for the Himes Ditch from 1964-2017 based on 
data available through HydroBase on 5/2/2018. A number of years have a water commissioner comment 
“water available, but not taken” (1982, 1986, 1987, 1996, 1999). The zero values in the record for 
these years were not used in the median diversion calculations. The year 2000 has the comment “ditch 
washed out”; however, the record contained several days with a diversion rate of 0.05 cfs. Records 
from the year 2000 were used as is. Other than these minor adjustments, the entire diversion record 
was used to calculate median and maximum diversions.  
 
While the Himes Ditch diversion record can provide an estimate of streamflow, it is not a perfect proxy 
for streamflow. Diversion rates may be limited by a number of factors that are independent from the 
amount of water that is physically available. Limiting factors can include the type of structure used to 
divert water (tarps, pushup dams, etc.), the capacity of the headgate structure, the capacity of the 
ditch, and in many cases, the decreed flow rate. Diversions are also based on when the ditch owner or 
operator needs or wants to make diversions and specific to Himes Creek, when the tarp is manually 
installed.  Diversion measurements are based on when a water commissioner can make an observation 
or when the ditch owner submits self-reported values, and the interval between reported observations 
can vary. The measured values may miss water that is not captured by the structure or water that 
leaks from the ditch if the measuring device is not located at the diversion structure. The periodic 
observations are then typically used to fill in the record until the next observation, which may or may 
not accurately reflect the actual amount of water diverted during the intervening time.  In general, 
diversion records provide some information, but are likely to miss some water even at low flows, and 
are especially poor at accurately documenting rare high flow events.  
 
Median Streamflow Estimates 
The hydrograph (Complete Hydrograph) shows the median streamflow of the prorated and diversion 
adjusted data from the Wolf Creek gages. Median streamflow, based on the adjusted and prorated 
gage data is typically quite low, less than 1 cfs for nearly half of all days. The hydrograph also shows 
the median and maximum diversions from the Himes Ditch. The median diversion rate is quite low, 
often near zero due in part to a large number of years with no diversion records. If the zeros are 
removed, the median diversion rate is typically between 1 and 2 cfs. The maximum recorded diversion 
rate is 11.42 cfs. This analysis provides estimates about typical low conditions on Himes Creek.  
 
High Flow Estimates 
The ISF recommendation is based in part on the importance of rare high flow events that help to 
maintain pools that are critical habitat for the San Juan lineage trout in Himes Creek. The Maximum 
Daily Hydrograph shows the maximum daily streamflow based on the Wolf Creek gages. The highest 
prorated daily streamflow was 43.7 cfs, while the pro-rated peak flow (the maximum instantaneous 
streamflow) was 64 cfs. The hydrograph also illustrates late season storms, which typically occur during 
August through October. These peak flows are short in duration, but nearly reach the magnitude of 
spring runoff flows.   
 
StreamStats also estimates peak flows for a number of different recurrence intervals; the 2-year 
recurrence interval flow is 43.7 cfs (the exact match to the prorated gage daily value is a coincidence), 
the 5-year recurrence interval flow is 82.2 cfs, the 10-year recurrence interval flow is 115 cfs, and the 
100-year recurrence interval flow is 255 cfs. These estimates suggest that while flow on Himes Creek 
is usually quite low, rare events can produce more significant streamflow. 
 
 



 
12 

 

 
 
Water Availability Summary 
The hydrographs presented below together with recurrence intervals from StreamStats provide an 
estimate of the range of streamflow conditions on Himes Creek. Staff has concluded that water is 
available for appropriation.   
 
Material Injury 
Because the proposed ISF on Himes Creek is a new junior water right, the ISF can exist without material 
injury to other water rights. Under the provisions of section 37-92-102(3) (b), C.R.S. (2018), the CWCB 
will recognize any uses or exchanges of water in existence on the date this ISF water right is 
appropriated. 
 
Citations 
Capesius, J.P. and V.C. Stephens, 2009, Regional regression equations for estimation of natural 
streamflow statistics in Colorado, Scientific Investigations Report 2009-5136.  
 
Rogers, K.B, White, J, and M. Japhet, 2018, Rediscovery of a lost Cutthroat Trout lineage in the San 
Juan Mountains of southwest Colorado. Colorado Parks and Wildlife, p 1-33. 
 
Roper, B., 2018, Himes Creek Cutthroat Trout. Utah State University, p 1-7. 
 
Skinner, J., 2019, Literature review on the importance of a natural flow regime to aquatic ecology in 
rivers and streams, p 1-13  
 
Skinner, J., 2017, Himes Creek Habitat Survey and Inventory Report. Colorado Parks and Wildlife, p 1-
17. 
  
Wohl, E., 2018, Himes Creek Flow Diversions. Colorado State University, p 1-14. 
 
Metadata Descriptions 
The UTM locations for the upstream and downstream termini were derived from CWCB GIS using the 
National Hydrography Dataset (NHD).  
 
Projected Coordinate System:  NAD 1983 UTM Zone 13N.  
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SELECT PHOTOS 

 
Unusually large step and pool.  

 
Tarp being used to divert flow to the 

Himes Ditch. 

 
Small pool that demonstrates a mix of 

sediment sizes. 

 
Eroding hillslope adjacent to the 

channel. 

 
San Juan lineage trout 
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Himes Creek Winter 2019 

Himes Creek Fall 2018 
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Water 
Court 
Div.

Case
Number Stream Watershed County Upper Terminus (UTM) Lower Terminus (UTM)

Length 
(miles)

Amount
(dates)

Approp
Date

7 17/7/A-001 Himes Creek Upper San Juan Mineral headwaters in the vicinity of
E: 328210.38
N: 4144335.05

Himes Ditch hdgt at
E: 331098.52
N: 4143682.20

  2.0        all unappropriated flow
                        (1/1-12/31)  

     Totals for Water Division 7
Total # Appropriations = 1
Total # Appropriation Stream Miles = 2

Page 1 of 1

Colorado Water Conservation Board
Instream Flow Tabulation - Streams

Water Division 7
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Himes Creek and Flow Diversions 

Ellen Wohl, Department of Geosciences, Colorado State University 

Introduction 

Stream channels steeper than about 2% typically have sequential vertical down-steps 

composed of boulders, bedrock, or large wood, separated by plunge pools3. Together, these 

step-pool sequences create a staircase-like longitudinal profile in steep streams. Step-pool 

sequences are a type of bedform. Bedforms are downstream undulations in the streambed that 

result from sediment transport: other examples include pools and riffles. The height and 

downstream spacing of steps and pools, as well as the size of sediment in the streambed, 

reflect the prevailing balance between water and sediment supplied to the stream. When 

supplies of water and sediment change, the channel configuration also changes. 

During the past two centuries, hydraulic engineers and fluvial geomorphologists have 

developed equations to describe the interactions among water, sediment, and channel 

configuration in order to quantitatively predict how channel configuration will change in 

response to altered volumes of water and sediment. Until the past decade, the most widely 

applied versions of these equations assumed steady, uniform, one-dimensional flow24. These 

assumptions, although not strictly accurate for natural channels, are adequate for describing 

flow in lower gradient channels with smoother boundaries. The equations do not adequately 

describe flow and sediment movement, however, in steep, rough boundary step-pool 

channels23. This means that we cannot accurately predict basic parameters such as velocity, 

shear stress, and sediment movement in step-pool channels and we cannot predict how 

channel configuration will change except in broad terms.  

Flow in step-pool channels is highly turbulent and three-dimensional, with significant 

cross-stream and vertical forces, as well as downstream forces22. Much of the flow energy is 

dissipated in overcoming external or boundary resistance and internal resistance, rather than 

being directed toward picking up and transporting sediment. Boundary resistance derives from 

the fact that a natural channel does not have a smooth bed or banks. The degree to which 

individual boulders or pieces of wood protrude above the bed or out from the banks governs 

boundary resistance: resistance increases as the channel boundaries become more irregular. 

Internal resistance results from the fact that individual water particles do not move in perfectly 

parallel flow paths or at the same velocity. Water flowing beside the channel bed and banks 

experiences more external frictional resistance and thus moves more slowly and in more 

irregular flow paths, which creates internal frictional resistance with water particles in the 

central portion of the channel, which are typically moving faster. This internal frictional 

resistance is expressed in turbulence, during which portions of the flow can be directed upward 

away from the bed, downward toward the bed, or toward or away from the banks, as well as 

being directed downstream.  

Even the flow energy not dissipated in overcoming frictional resistance and thus 

available to carry sediment may not actually result in sediment movement because the wide 
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range of grain sizes typical of step-pool channels allows large boulders to shield smaller 

sediment from the flow. Consequently, we do not have equations that allow us to predict 

exactly how a step-pool channel will respond to increases or decreases in the supply of water or 

sediment. 

The objective of this report is to summarize existing knowledge of step-pool channels, 

particularly within the context of the potential effects of changes in flow. The report focuses on 

step-pool channels but brings in knowledge from other types of river channels where 

appropriate. References are cited where relevant and a glossary of italicized words is provided 

to further explain technical terms used in the report. 

 

Channel Morphology and Habitat in Step-Pool Channels 

 

Step-pool channels have steps that span the channel and intervening plunge pools. 

Steps can be formed of boulders, logs, bedrock, or some combination of these materials. Steps 

formed of boulders result from the interlocking of large, keystone boulders under conditions of 

limited sediment supply, leading to a jammed state in which the boulders limit downstream 

movement of logs and smaller cobbles29,30.  Steps formed of wood can consist of individual logs 

that are ramped, with one end resting above high-flow level on the bank, or logs that are 

wedged across the channel. These relatively immobile logs can block downstream movement of 

cobbles and boulders, creating a wedge of sediment that forms a step17,21. A logjam can also 

effectively trap sediment and create a step27.  

A step consists of the relatively flat step tread and the step lip (Figure 1). A logjam-step 

can create an upstream backwater and a distinct threshold over which flow must pass to 

continue downstream, whereas the irregular lip of a boulder-step is likely to readily pass flow at 

lower discharges (Figure 2). The step lip is likely to be formed by the largest grain sizes of 

sediment present in the channel. 

Flow dropping over the step lip creates a plunge pool by scouring the streambed. The 

highly turbulent, aerated flow in the plunge pool dissipates significant energy in overcoming 

internal resistance, and finer sediment and particles of organic matter carried into the pool tend 

to settle along the pool margins. The elevation of the streambed reaches a low point in the pool 

and then rises again slightly to the tread of the next step downstream, creating a short zone of 

reverse bed gradient. 

Lower discharges in step-pool channels can create interstitial flow, with water primarily 

passing through gaps between the step-forming boulders and much of the energy used to 

overcome external resistance (Figure 3). With increasing discharge, free falls over steps create 

nappe or weir flow, in which flow plunges vertically over the step lip and then forms a standing 

wave at the downstream end of the pool. Much of the energy dissipated during nappe flow 

goes into overcoming internal resistance associated with turbulence. At the highest discharges, 

the vertically plunging flow and standing wave disappear. A skimming flow regime develops in 

which the water flows as a coherent stream with a recirculating vortex at the base of each step. 

The rate of flow energy dissipation increases from interstitial to nappe flow and then decreases 



April 2018 

 

3 
 

significantly at the transition to skimming flow4. This means that skimming flow has high 

velocity and the ability to transport more sediment. 

Step-pool sequences can abruptly change to braided or plane-bed channels during 

extremely large discharges that mobilize the entire bed and greatly enhance the supply of 

sediment available for transport. The frequency of such mobilization varies enormously 

between channels. In channels with high rates of sediment supply associated with frequent 

debris flows from nearby hillslopes, as well as high seasonal and interannual variability in flow, 

steps and pools can be destroyed and re-formed annually19. In other channels with less 

variability in flow regime (e.g., snowmelt flows) and more stable hillslopes, steps and pools can 

be mobilized and re-formed only once every few decades23. Mobilization and destruction of 

steps and pools occurs only during the highest discharges in a channel, which typically leaves a 

planar bed as flow recedes. Subsequent smaller flows mobilize the finer sediment exposed at 

the surface, gradually winnowing the streambed to a larger average grain size in which steps 

and pools form once again8,9. Understanding this sequence through time is critical, because 

steps and pools are commonly interpreted to form in response to a limited supply of sediment 

finer in size than the step-forming boulders13. 

The substantial variations in grain size, bed gradient, flow depth, and velocity create 

diverse habitat for stream organisms. Some forms of bottom-dwelling insects are adapted to 

clinging to the surface of logs and boulders in the swiftest current. These insects graze algae 

growing on the streambed. Other insect species collect fine organic matter accumulating on the 

margins of pools or filter organic matter suspended in the water. Fish inhabiting step-pool 

channels commonly rely on pool habitat, although the details of habitat use change with flow 

level and age or size of the fish. Fish may spend more time in the pool center during base flow 

and move to the pool margins during high flow, for example, as well as seasonally using 

spawning gravels on the step tread. 

 

Sediment Dynamics in Step-Pool Channels 

 

Entrainment refers to the initiation of motion of a sediment particle. Fundamentally, a 

particle will move if the forces promoting motion exceed the forces resisting motion. This idea 

is typically represented with a force balance diagram (Figure 4). Quantifying the forces acting 

on a sediment particle is relatively simple if the depth and velocity of flow and the size and 

density of the particle are known. The uncertainties in predicting when a sediment particle will 

actually move in a real channel arise from site-specific variations in the forces on the particle. 

Although drag force is commonly computed based on average velocity, for example, numerous 

flume experiments indicate that the turbulent fluctuations in a flow and the associated 

momentary increases in velocity actually result in most entrainment6. These turbulent 

fluctuations are much less predictable than average velocity. Similarly, a force balance diagram 

assumes the particle is completely exposed to the flow rather than shielded by adjacent, larger 

particles or tightly packed among particles of similar size. A pebble an inch in diameter that sits 

on a patch of sand will move at much lower threshold values of velocity and shear stress than a 
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pebble of the same size packed in among other pebbles. Consequently, equations designed to 

estimate the threshold flow at which sediment begins to move on a streambed can at best 

describe median conditions – the average velocity or shear stress at which the average 

sediment size present on the streambed will begin to move. The greater the fluctuations in 

velocity and turbulence, and the greater the range of grain sizes present on a streambed, the 

less accurate the equations become.  

The position of a particle within the range of grain sizes is also important to 

entrainment. This position is commonly described as Dx, where x refers to percentile within a 

cumulative frequency distribution. D50 is the median grain size, for example, whereas 84% of 

the grains are smaller in size than the D84. In a streambed with mixed grain sizes, particles 

smaller than D50 tend to be shielded by larger grains and thus require more energy to move 

than would be predicted based solely on their size and mass. Conversely, grains larger than D50 

may move at lower than predicted values of velocity or shear stress because they are fully 

exposed to the flow. The wider the range of grain sizes, the more important the effects of 

shielding and packing become. Because step-pool channels commonly have a large range of 

grain sizes, the accuracy of prediction of sediment entrainment is usually low. 

Sediment transport equations predict the volume of sediment moved as a function of 

flow energy and sediment grain size. More than a dozen sediment transport equations exist to 

predict sediment carried suspended within the flow (suspended sediment), sediment moving 

downstream in contact with the bed (bedload), and the combined suspended and bedload 

transport23. Some equations focus on sand-bed channels, others were developed for gravel- or 

boulder-bed channels. All of these equations assume that the amount of sediment transported 

is limited primarily by the flow energy available. In steep channels with coarse sediment, 

however, the largest grains can shield the smallest grains from entrainment, so that sediment 

transport is commonly limited primarily by sediment supply28. In addition, much of the flow 

energy is used to overcome external resistance rather than to transport sediment. 

Consequently, sediment transport equations routinely over-predict sediment transport in step-

pool channels by more than 1-2 orders of magnitude, or by more than a factor of 10 to 100 

times28. Even when equations are specifically modified to fit the conditions of step-pool 

channels, they are only accurate to within an order of magnitude of measured values of 

sediment transport28. 

Some of the particles within the finer half of the grain size distribution in a step-pool 

channel can be transported during high flows even though most of the streambed remains 

stable. Particles in pools are preferentially entrained and are transported longer distances20. 

Field experiments using tracer clasts suggest that particles finer than or equal to D40 of the bed 

surface all move similar distances during floods, whereas particles larger than the bed surface 

D84 move very little9. These observations suggest that periodic high flows are needed to keep 

removing finer sediment that continually enters step-pool channels from hillslopes, floodplains, 

and channel banks.  

Both the magnitude and duration of high flows are important with respect to sediment 

transport. Because of the shielding effect of boulders, very high flows may be needed to initiate 
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motion of even the smaller grain sizes present on the bed of a step-pool channel10. Field 

measurements of sediment transport in step-pool channels indicate that longer duration of 

flows above a threshold for sediment movement results in greater sediment transport during 

the course of the snowmelt hydrograph10,18. In other words, if it is important to maintain pool 

volume and spawning gravels for fish habitat, then both magnitude and duration of peak flows 

must be preserved. 

 

Flow Regimes & Channel Stability 

As noted earlier, the frequency with which steps and pools are mobilized varies 

significantly among channels. In the snowmelt-dominated flow regimes characteristic of 

Colorado mountains, step-pool sequences tend to be very stable, with several decades between 

floods capable of mobilizing the entire bed. Sediment moves into and through these channels 

every year18, but this is typically the finer half of the bed grain size distribution. Mobilization of 

portions of the bed can result from step failure, particularly where the step is formed around a 

logjam or a single log. If the wood is dislodged or breaks, much of the sediment stored around it 

can be mobilized and move at least a short distance downstream1, although the sediment 

commonly only moves for a few minutes to hours before again becoming stable on the bed. 

More significant sediment movement and channel instability can result from a large input of 

sediment to the channel, such as when a debris flow or landslide from an adjacent hillslope 

enters the channel. A very large flood – in the San Juan Mountains, typically associated with 

summer thunderstorm rainfall or a dissipating tropical storm in autumn – can also mobilize the 

entire streambed and reconfigure the steps and pools. 

As a result of this general stability, step-pool channels have been described as transport 

reaches of a stream because they are relatively insensitive to changes in water and sediment 

supply13,16,26. In contrast, pool-riffle channels are response reaches that are more likely to 

change with alterations in water and sediment supply. The relative stability of step-pool 

channels reflects the combined effects of hydraulically rough boundaries that create external 

resistance and effectively dissipate flow energy as discharge increases, as well as large, 

relatively interlocked boulders in steps that require substantial flow energy to mobilize. 

However, this does not mean that step-pool channels are completely unresponsive to changes 

in water and sediment supply. Because the issue under consideration in Himes Creek is changes 

in flow regime, the rest of this discussion focuses on potential responses of step-pool channels 

to altered flow. 

Step-Pool Resistance and Resilience to Changes in Flow 

Resistance refers to the degree to which changes in flow create changes in channel 

morphology – width, depth, bedforms, bed gradient, and grain size distribution. A resistant 

channel exhibits very little change in response to changes in flow. Resilience describes how 

quickly the channel returns to pre-flood conditions following a flood. A resilient channel quickly 

recovers its pre-flood configuration. Step-pool channels are resistant up to threshold discharges 
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that can mobilize the entire streambed. Beyond that, step-pool channels change dramatically 

and can require several years to completely recover. Consequently, they are resistant but not 

resilient to increased flow. An increase in flow that is not capable of fully mobilizing the bed of a 

step-pool channel can result in progressive channel widening because the finer sediment of the 

channel banks is easier to erode than the coarse sediment of the bed. This scenario has been 

documented for step-pool channels in Colorado that serve as the receiving channel for water 

diverted from another catchment5,26. The bed of these receiving channels can also coarsen, 

with all finer sediment completely removed from the bed surface.  

Where flow is reduced, typically by diversion out of the channel, the primary physical 

effect is likely to be fining of the streambed as smaller sediment that would normally remain 

mobile gradually accumulates on the bed. This can eventually result in clogging of interstitial 

spawning gravels and loss of pool volume. The effects are likely to be greatest in sites with 

unstable hillslopes that episodically introduce substantial quantities of finer sediment into the 

channel via debris flows or landslides. Physical characteristics such as bed grain-size distribution 

and pool volume may be maintained by an annual “flushing flow” (a high flow of similar 

magnitude but shorter duration than the natural snowmelt peak flow), but the low predictive 

ability of existing equations makes it difficult to quantify the exact magnitude and duration of 

flow necessary to adequately flush stored fines from a channel.  

In other words, step-pool channels are physically resistant and resilient to decreased 

flows, but there is a limit to this resistance and resilience, and the limit cannot be readily 

predicted.  Likely of more importance in the context of flow reduction are the potential 

biological effects of changes in channel morphology. As portions of the channel that 

preferentially accumulate sediment during lower flows5,11, pools in a channel with reduced flow 

can lose residual pool volume. Residual pool volume refers to the volume of water in the pool if 

flow in the channel ceased. Think of a pool as a bowl sunk to its rim in the streambed, with 

water normally flowing by above the rim of the bowl. If flow ceased, the pool would only 

contain the volume of water held by the bowl up to the rim. Residual pool volume can govern 

fish survival during conditions of very low flow, such as dry summers or the coldest portion of 

the winter. Pools with insufficient residual volume can have warm water low in dissolved 

oxygen that limits fish survival during summer, or they can go completely dry. During winter, 

small pools can freeze to the bottom and limit fish survival. Reduced flow can limit the ability of 

stream organisms to move between habitat patches, essentially creating longitudinally 

disconnected patches that limit organism dispersal and survival7. 

Finally, reduced flow can change stream food webs. Organisms in forested step-pool 

channels rely on dead plant material falling into the channel from overhanging riparian trees. 

Microbes and stream insects ingest this plant material and in turn become food for other 

insects, fish, stream birds such as ouzels, and spiders, bats, and birds that feed on insects 

emerging from the stream. Reduced flow levels can limit the habitat abundance and quality for 

the organisms that first ingest plant material, as well as the duration of time the organisms are 

active. This in turn can reduce food supplies for fish and riparian predators such as spiders and 

birds. 
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Summary 

One of the most influential papers in river science describes the importance of the 

natural flow regime for maintaining river processes and morphology14. The natural flow regime 

– described in terms of the magnitude, frequency, duration, timing (seasonality), and rate of 

change of flow present in a channel with no dams or diversions – is critical to stream organisms 

because it maintains the habitat, food sources, and thermal and chemical cues on which their 

lifecycles are built. The natural flow and sediment regimes25 are critical to channel morphology 

because they maintain the geometry and grain-size distribution of a channel, to which stream 

organisms are adapted. A few studies document changes in step-pool channel configuration 

and the species composition or abundance of stream organisms following changes in flow 

regime2,12,15. These changes are relatively straightforward to characterize once they have 

occurred, but very difficult to quantitatively predict ahead of time. 

To recap the key points in this report: Stream channels steeper than about 2% typically 

have sequential vertical down-steps composed of boulders, bedrock, or large wood, separated 

by plunge pools. Together, these step-pool sequences create a staircase-like longitudinal profile 

in steep streams. Existing hydraulic and sediment equations do not adequately describe flow 

and sediment movement in step-pool channels. We cannot accurately predict basic parameters 

such as velocity and sediment movement in step-pool channels and we cannot predict how 

channel configuration will change except in broad terms. Sediment transport equations 

routinely over-predict sediment transport in step-pool channels by more than 1-2 orders of 

magnitude, or by more than a factor of 10 to 100 times. Consequently, we do not have 

equations that allow us to predict exactly how a step-pool channel will respond to increases or 

decreases in the supply of water or sediment. Existing studies suggest that periodic high flows 

are needed to keep removing finer sediment that continually enters step-pool channels from 

hillslopes, floodplains, and channel banks. Both the magnitude and duration of high flows are 

important with respect to sediment transport and channel morphology. Mobilization and 

destruction of steps and pools occurs only during the highest discharges in a channel. The 

substantial variations in grain size, bed gradient, flow depth, and velocity within step-pool 

channels create diverse habitat for stream organisms, and both base and peak flows fulfill 

important functions in maintaining habitat. Reductions in flow can allow smaller sizes of 

sediment to accumulate on the stream bed; reduce the volume of pools; reduce the ability of 

aquatic insects and fish to move along the channel; and change stream food webs. 
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Glossary 

channel or bed gradient: the average downstream slope of the channel, typically measured at 

either the channel bed or the water surface, and expressed in % or vertical foot per horizontal 

foot (e.g., 2% or 0.02 ft/ft) 

coarse sediment: large grain sizes 

external or boundary resistance: frictional resistance to the movement of water as the water 

passes along the channel boundaries 

fine sediment: smaller grain sizes 
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internal resistance: frictional resistance to the movement of water associated with overcoming 

viscous shear and turbulence within the flow  

one-dimensional flow: focuses solely on the downstream component of flow in a channel; flow 

actually has 3 components (cross-stream, vertical, and downstream) 

rough boundary: a channel with large external frictional resistance 

shear stress: the force exerted against the channel boundaries, including sediment particles, by 

flowing water; typically calculated as the product of the specific weight of the water, the depth 

of flow, and the channel gradient 

steady flow: velocity is constant with time (in contrast, velocity varies with time where 

unsteady flow is present) 

three-dimensional flow: all flow is three-dimensional, but referring to highly three-dimensional 

flow indicates that the cross-stream and vertical components of velocity are significant relative 

to the downstream component 

turbulent flow: fluid elements follow irregular paths and mixing occurs; the presence of 

turbulent flow can be mathematically described as occurring when the Reynolds number 

exceeds 2500 – the Reynolds number is the ratio of the product of velocity, flow depth, and 

water density to the dynamic viscosity of the water 

uniform flow: velocity is constant with position (in contrast, velocity varies with position in 

varied flow) 
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Figures 

1. Schematic longitudinal view of steps and pools. 
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2. A log-formed step (A) on which most flow passes over the step lip formed by the log and a 

clast-formed step (B) that includes substantial interstitial flow at lower discharges. 
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3. Longitudinal (side) view of the components and hydraulics associated with step-pool 

bedforms. H is bedform amplitude: here, the step height. Solid line above the bed indicates the 

water surface. The dashed line or EGL is the energy grade line, which is a theoretical 

representation of the rate at which energy is expended as water flows downstream in the 

channel. Interstitial, weir and oscillating flow represent flow regimes under progressively 

increasing discharge. Flow is from left to right. 
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4. Schematic illustration of the forces acting on a noncohesive grain under steady uniform flow 

on a nearly horizontal surface. The velocity difference between the top and bottom of a grain 

creates a vertical pressure gradient that results in lift force. 

 

Figure 3.21

lift force, FL

drag force, FD

buoyancy, FB

weight, Fg

velocity

velocity difference

between top & bottom

of grain creates a 

vertical pressure gradient

Δv

resisting force, Fr



1 
 

April 2018 

Himes Creek Cutthroat Trout 

Brett Roper, PhD., USDA Forest Service and Utah State University 

Background  

Cutthroat Trout (Oncorhynchus clarkii) are the most wide spread trout species in western North America 

and are the only trout native to Colorado. The varied aquatic and geomorphic conditions under which 

this species has evolved has led to great diversity in the habitats and ecological communities in which 

they occur.  Along the Pacific coast this species was found in sympatry with as many as five salmonid 

species while throughout much of their inland distribution Cutthroat Trout were often the only native 

salmonid species present.  As these fish occupy a number of major basins throughout the west it has 

long been recognized that there is great diversity within this species.   

For the last half century the classification of Cutthroat Trout has been guided by the work done by 

Colorado State University’s Robert Behnke (1979).  Currently there are 14 recognized subspecies.  With 

the advent of improved genetic tools, however, this historic classification system is being reappraised in 

a manner that suggests greater diversity persists within Cutthroat Trout.  One of the populations of fish 

receiving additional attention are those that occupy Himes Creek.  Questions still remain on the exact 

relationships among populations of Cutthroat Trout within the 293,900 square kilometer upper 

Colorado River Basin (O. c. pleuriticus; Hirsch et al. 2006; Metcalf et al. 2012).  The Colorado River Basin 

falls within portions of five states to include Colorado, Utah, Wyoming, Arizona and New Mexico.  Within 

this basin there are 361 Colorado River Cutthroat Trout conservation populations that occupy 3,403 km 

of stream habitat; this is only 11% of the estimated historic range (Hirsch et al. 2013).  One of the 

conservation populations occurs within Himes Creek.  The fish within Himes Creek are one of the six 

streams known to have genetic markers indicative of the native San Juan lineage of Colorado River 

Cutthroat Trout (Metcalf et al. 2012).  This lineage is a unit of diversity worthy of additional protection 

(Funk et al. 2012, Rogers et al. 2014). 

Cutthroat Trout of the inland west exhibit several adaptive movement strategies including staying in the 

stream reach where they hatched (resident), moving from smaller streams where they were born to 

larger streams where they feed (fluvial), and spawning in streams but rearing in lakes (adfluvial).  The 

distribution of these fish has contracted as many fluvial and adfluvial populations have been lost.  The 

loss of these fish at lower elevations and in bigger streams has been driven by streamflow modification 

(e.g. diversions and dams), habitat degradation and/or hybridization with Rainbow Trout (O. mykiss).  In 

high elevation, smaller streams these fish are at risk as they are often outcompeted by Brook Trout 

(Salvelinus fontinalis; Roberts et al. 2017).  In all areas these fish are susceptible to the negative effects 

of whirling disease (Arye et al. 2014)   These stressors in combination will continue to put many 

populations of Cutthroat Trout at risk throughout their range.   

Some populations of resident Cutthroat Trout are at higher risk because they occupy short sections of 

headwater streams. The length of Himes Creek occupied by Cutthroat Trout is limited to less than two 

miles which means  the numbers of individuals that can mature in this river are small (demographic 

stochasticity) and/or a single ecological challenge such as fire or drought (environmental stochasticity) 

could eliminate the population (Hilderbrand and Kershner 2000).  These site specific risks are 
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heightened because many high elevation small streams face synchronous threats of increasing water 

temperatures due to a changing climate (Isaak et al. 2015).  Furthermore increasing stream 

temperatures could increase the likelihood of negative interaction with Brook Trout.  Colorado River 

Cutthroat Trout and Brook Trout have been shown to be equal competitors at 10°C (50°F) but Brook 

Trout dominate when water temperatures are 20°C (68°F; De Staso and Rahel 1994).  The result is 

young-of-the-year Cutthroat Trout at elevations between 8200 to 8900 feet have 13 times greater 

survival when allopatric rather than sympatric with Brook trout (Peterson et al. 2004).  As water 

temperature warm to exceed 11oC the probability of hybridization with Rainbow Trout increases 

dramatically as these fish have higher metabolic requirements. (Gunnell et al. 2008, Rasumssen et al. 

2012).  Given the proximity of thermal boundaries between Cutthroat Trout and these two introduced 

species, current distributions of Cutthroat Trout are likely defined by the cold water temperatures 

within the occupied watersheds (Peterson et al. 2004) or by the presence of barriers that prevent 

upstream movement of Brook and Rainbow Trout. 

Colorado River Cutthroat Trout and related lineages of this species in the Colorado River Basin will 

continue to occupy small to medium sized rivers in relatively steep regions of the Basin.  In these rivers 

Cutthroat Trout favor pool habitat over riffles (Young 1996, Young 2008). Their choice of pool habitat is 

because these areas provide the greatest potential for growth as fish feed on macroinvertebrates 

dislodged from upstream riffles (Rosenfeld and Boss 2001, Gowan and Fausch 2002). In mid-winter 

deep pools in small streams provide areas for fish to minimize energy expenditure and may be slightly 

warmer than surrounding habitats because of groundwater inputs (Chisholm et al. 1987, Brown et al. 

1994, Jakober et al. 1998, Lindstrom and Hubert 2004). Pool habitats provide fish security from 

predators and are the most stable habitat type under varying ice conditions, such as when frazil and 

anchor ice form (Brown et al. 2011).  In winter, reduced pool area occupied by ice can reduce survival of 

trout using these habitats.  Given Himes Creek is a step pool morphology rather than the classic pool 

riffle or forced pool morphology found in many other small streams occupied by Cutthroat Trout, pools 

are even more important.  The absence of pool habitat in this small high gradient stream would almost 

certainly eliminate the presence of Cutthroat Trout as both summer and winter survival of these fish 

would decline.  

A step–pool stream reach morphology is one where stream velocities, turbulence, and habitat types 

reoccur in an alternating manner (Montgomery & Buffington, 1997, Wohl 2018).  Step–pool stream 

reaches are generally found in high-gradient (>3%) valley’s where pools alternate with shallow high 

velocities riffles, often referred to as steps.  These steps are seldom occupied by fish. The presence of 

large boulders and wood in such streams provide resistance that dissipates stream energy which would 

otherwise quickly erode and degrade a stream channels ability to provide trout habitat. 

For this stream type to be maintained is it necessary for high spring flows to occur and flush sediment 

out of the pools and sort the material in the pool tail-outs. These flushing flows result in deeper water 

with large cobble material remaining in areas with the highest flow velocities and patches of finer 

material at the back and edges of pools. Without flushing flows, pool habitat would become shallower 

as they filled with substrate. To achieve flows capable of scouring pocket pools in steeper mountainous 

systems, is necessary to have discharges that greatly exceed baseflow.   While the R2Cross (Tennant 

1976, Nehring 1979) is primarily used to determine summer time instream flows necessary for fish, this 

paper (Tennant 1976) does recognize that high flows are needed to maintain habitats in some stream 

types.  Without flushing flows it is likely pool habitats would become shallower and that more fine 
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material would be found in spawning locations.  Both outcomes would reduce survival of Cutthroat 

Trout especially in times of drought and high ice coverage.   

The hydraulic conditions and physical habitat formed in step-pool stream reaches affect the biological 

communities found in these stream types.  The high turbulence and velocities of the water found in 

these stream types alter the macroinvertebrates communities and the outcomes of species interactions.  

Macroinvertebrates found in step pools are more stream-lined and have adapted methods to maintain 

attachment to the stream bottom (O’Dowd and Chin 2016). Similarly fish that occupy these types of 

stream reaches must have a hydrodynamic shape (torpedo like). 

Step-pool stream types are generally seen as migratory corridors for trout rather than as primary habitat 

for resident species (Walter et al. 2016).  Cutthroat trout in Himes Creek are unlike many other trout 

taxa as these fish must carry out their entire life cycle in an environment that is harsh and precludes 

large scale movement.  Many other populations of Cutthroat Trout can maximize growth and survival by 

moving among different geomorphic and hydraulic units depending upon the season.  Himes Creek 

Cutthroat Trout must be able to live, grow, and reproduce in a series of small turbulent pools.  

Given sufficient pool habitat and forage exist within Himes Creek to sustain a Cutthroat Trout 

population, it becomes important to understand the role water temperatures have in allowing Cutthroat 

Trout to spawn and carry out their life cycle.  Three measures of temperature are helpful in 

understanding thermal conditions necessary to sustain Cutthroat Trout populations; summer maximum 

temperatures, winter minimum temperature, and the cumulative thermal units during spring and 

summer.  Based on stream temperature data collected in Himes Creek during 2012, temperatures are 

suitable for Cutthroat Trout growth (Hickman an Raleigh 1982) from mid-May until October (Figure 1). 

During the summer there were over 70 days that had a daily mean temperatures between 12 and 15 – 

optimal for summer growth for these fish (Bell 1973, Dwyer and Kramer 1975) but not so high as to 

benefit either Rainbow Trout or Brook Trout.   At no time during the summer did temperatures 

approach thermal maximum for Cutthroat Trout (≈ 22oC (72oF)).    One concern with stream 

temperatures within this creek is that if summer maximum temperatures increased by several degrees 

this would increase the likelihood that Cutthroat Trout could be out competed by Brook Trout. 

A second measure of thermal quality is the amount of warmth it takes for eggs to develop.  This stream 

temperature metric is usually measured in degree days.   In general it takes approximately 570-600 

degree-days for a Cutthroat Trout egg to develop into a small fish (Coleman and Fausch 2007a). While 

this seems like a complex concept, degree days (DD) is simply a measure of the warmth of the water 

after the initiation of spawning activities in the spring, which occurs for these fish as water temperatures 

exceed 5o C.  Total degree days is determined by summing up the thermal units on days when 

temperatures are exceed 5o C using the following equation; 

𝐷𝐷 =∑(𝐷𝑡 > 5) − 5

𝑛

𝑡=1

 

where Dt is the mean daily temperature on days that exceed 5o, t are the days over 5o from the 

beginning (t=1) to the last day (t=n).  Based on a temperature device placed in Himes Creek in 2012 

there were 809 degrees days, more than warm enough for eggs to develop. The stream temperature 
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observed in Himes Creek would allow for the devolvement of juvenile Cutthroat Trout by late August to 

early October (Young 1995, Coleman and Fausch 2007b). 

 

 

Figure 1.  Stream temperatures measured within Himes Creek during 2012.  The red and blue line 

represent the seven day moving average for the maximum, mean, and minimum stream temperatures.  

All recorded temperature that are above the green lines are good for the growth of Cutthroat Trout. 

 

Based on 36 temperature devices randomly placed in Colorado River Cutthroat Trout conservation 

populations in 2011/2012, the metrics for stream temperature in Himes Creek were near the middle of 

the values recorded (Olsen 2013).  Many other conservation populations of Colorado River Cutthroat 

Trout had stream temperatures that were too warm or too cold to consistently foster fish growth.   

Himes Creek seemed to meet the Goldilocks criteria of being neither too hot nor too cold for Cutthroat 

Trout.  Another important thermal finding was stream temperatures were consistently above 1 degree 

during the winter.  This pattern suggest that either a snow bridge was formed over the stream channel 

or groundwater inputs were keeping frazil ice from forming.   
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Conclusions 

Cutthroat Trout in Himes Creek provide an important legacy component of the Cutthroat Trout genome.  

This fish lives in a tenuous environment that is prone to be negatively affected by demographic and 

environmental perturbations.  Given these challenges these fish have been sustained in and around this 

watershed for hundreds if not thousands of years. The Cutthroat Trout in this creek have shown an 

ability to be a sustainable population even though they are subject to high stream flows and minimal 

connection with larger rivers downstream. The uniqueness of this population and its setting provides 

strong support for maintaining the physical and ecosystem processes in as near a natural condition as 

possible so as to maximize the chance that this population of Cutthroat Trout will be maintained into the 

future. 
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INTRODUCTION 
 
The purpose of this paper is to explore the scientific literature for support of the notion that there 
are instances where the protection of the natural flow regime in rivers and streams is necessary 
and appropriate.  The natural flow regime, as a concept, includes the full range of flows both 
seasonally and annually in frequency and duration.  Typical instream flow protection strategies 
do not go to this extent in that they typically provide flows needed to maintain the biologic 
riverine components while counting on the natural variability of stream systems that occur.  
There are circumstances where water, land and river managers need to be more proactive in 
their flow protection actions; instances where the natural environment is so special or unique 
that they require preservation of the entire flow regime to maintain these unique characteristics.  
Examples of this situation may include threatened or endangered species conservation, 
protection of wild and scenic rivers, protection of outstanding water quality characteristics, 
streams in wilderness areas or national parks/monuments, or streams where the entire riparian 
corridor (not just fish or aquatic macroinvertebrates) is the biologic community that the 
managers are seeking to protect. 
 
This paper documents a review of scientific literature that spans nearly five decades of 
international work by aquatic ecologists, geomorphologists, fishery managers, water resource 
managers, and instream flow experts.  I intend to start with some of the classic work in aquatic 
ecology, H. B. N.  Hynes’ The Ecology of Running Waters (1970) and end with contemporary 
instream flow and environmental flow protection standards such as the Instream Flow Council’s 
book Instream Flows for Riverine Resource Stewardship (2002), N. LeRoy Poff et al’s 1997 Natural 
flow Regime paper, and Angela Arthington’s book Environmental Flows: Saving Rivers in the Third 
Millenium (2012).  This review will also include examination of several other references to 
provide information to support the above contention that there are valid ecological reasons that 
the full range of flows should, in certain isolated circumstances, be protected in streams and 
rivers that may have unique biological characteristics. 
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General Aquatic Ecology 
 
Nearly all aquatic ecology text books have sections or diagrams that discuss and/or illustrate the 
connection between the flowing river or stream component and the adjacent land components.  
The consistent point of these writings and diagrams is that energy and nutrients flow from the 
terrestrial environment to the aquatic environment and, in the case of many aquatic 
macroinvertebrates, there is a terrestrial component to their reproductive strategies and life 
cycles.  In general, the key ecological concept is that energy from the sun is converted by 
terrestrial and aquatic plants to energy utilized down the food chain by microorganisms, aquatic 
insects and other macroinvertebrates, fish, etc.  Hynes (1970), Barnes and Mann (1980), and Allen 
(1995), and Windell (1992) (below) all have similar diagrams, flow charts and illustrations 
showing these interrelationships between the aquatic and adjacent terrestrial environment (See 
Below).  It is also important to understand that the interactions between the terrestrial 
environment and the aquatic environment occurs at many different places in time and space 
within the stream ecosystem – it is not just primary production (sun energy to plants) but the 
importance of leaf litter habitats, the use of overhanging vegetation by adult life stages of aquatic 
insects to complete reproductive cycles, the importance of vegetative shade to regulate water 
temperatures, and the manner by which fish use terrestrial vegetation for habitat and cover 
(overhead cover, undercut banks and root wads). 
 
 
 

 
(From Hynes, H. B. N., Ecology of Running Waters, 1970) 
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(From Barnes, R. S. K. and Mann, KH., Fundamentals of Aquatic Ecology, 1980) 
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(From Allan, J. D., Stream Ecology: Structure and Function of Running Waters, 1995) 

 
(From Allan, J. D., Stream Ecology: Structure and Function of Running Waters, 1995) 
 
It is important to note that the left-hand side of all of the first three of these figures represent 
the inputs and energy pathways from the adjacent terrestrial environment – the riparian 
corridor, tributaries, and the floodplain to the stream that lies at the center.   Barnes and Mann 
notes that “much of the energy flow through small, forest-stream ecosystems is supported by 
materials of terrestrial origin.”  Allen notes that carbon inputs to streams is highest during times 
of higher stream discharge (snowmelt runoff and storm events).  The second figure from Allen 
illustrates that energy (carbon) and nutrient pathways (nitrogen, phosphorous, trace metals, and 
other organics) follow similar routes to and from the terrestrial ecosystem.  The common theme 
to all these resources is that they illustrate the importance of a healthy and connected riparian 
and floodplain ecosystem; the inescapable conclusion is that connectivity and ecosystem health 
depend upon the full range of stream flows. 
 
In the 1970s and 80s, The River Continuum Concept gained notoriety in stream ecology.  This 
concept takes much of the above ecologic information and applies it to river systems from first 
order headwater streams down to higher order mainstem rivers – that rivers follow a predictable 
metabolic trend longitudinally.  River continuum also stresses the interconnectivity between the 
flowing water system and the vegetated riparian canopy.  Windell (1992) has an excellent section 
on the river continuum and has the following illustration showing the importance of riparian 
influences. 
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(From Windell, J. T., Stream Riparian and Wetland Ecology, 1992) 
 
Focused Aquatic Ecology Reference Review 
 
I also reviewed several in-depth technical references (ecological research papers and research 
text books) on the general topics described here.   These reference materials provide supporting 
data and scientific/statistical conclusions consistent with the above general discussion.  
Bioenergetic considerations in the analysis of stream ecosystems (Benke et al, North American 
Benthological Society, 1988), chapter 6 of The Biology of Streams and Rivers (Giller, P. and 
Malmqvist, B., 1998), and chapters 27, 30 and 31 of Methods in Stream Ecology – Second Edition 
(Hauer, F. R. and Lamberti, G. A., 2007) were all reviewed in support of this paper.  Benke’s list of 
co-authors includes many prominent river ecologists including Jack Stanford and J. V. Ward, 
among others.  Benke examines and recommends additional research into the important role of 
dissolved organic matter into our understanding of stream bioenergetics.  Giller and Malmqvist’s 
chapter on Energy and Nutrients is a fairly rigorous examination of food sources and energy flow 
in lotic systems.  They describe the importance of leaf litter breakdown and the nutrient 
processing in rivers and streams highlighting the importance of connectivity to the riparian 
community for this important source of food for aquatic macroinvertebrates (the primary food 
source for fish).  This chapter also has an excellent discussion of the River Continuum Concept in 
its discussion of longitudinal nutrient cycling.  Hauer and Lamberti has three excellent chapters 
on Stream Food Webs, Decomposition of Leaf Material, and Riparian Processes and Interactions.  
As the title of this book suggests, the chapters concentrate on research methods and study design 
considerations in stream ecology.  The food web section discusses the trophic levels in streams – 
primary producers, macroinvertebrates (aquatic insects), vertebrates (fish), predators, and 
detritivores but reinforces the above described foundation of stream energetics – riparian and 
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aquatic plants.  The leaf litter chapter highlights the importance of this component to the overall 
food chain.  Leaf litter serves as habitat for microorganisms who process the nutrients contained 
in the leaf material.  The microbial community is the nutritious “peanut butter” on the otherwise 
low nutrition “cracker” that is the leaf material itself (Ward, J. V., unpublished classroom lecture 
materials).  The overall importance of leaf litter cannot be understated, especially in high 
elevation small streams with relatively pure water quality (the water is low in dissolved solids, 
therefore low in nutrients).  Finally, the chapter on Riparian Processes discusses the unique role 
of the riparian zone as the ecotone (transition) between the stream and the upland terrestrial 
environment.  While Windell (1992) wrote about the species diversity that exists in the ecotone 
(the incredible number of species that inhabit or depend upon the riparian zone for all or part of 
their lifecycles), Chapter 31 in Methods describes in detail the principal pathways and interfaces 
that occur in the riparian zone – solar input, precipitation throughfall and surface runoff, plant 
uptake, leaf litter, shade, hyporheic communities, and infiltration and shallow groundwater 
processes (linkage to base flows). 
 
The final important topic in the relationship between streams and riparian and floodplain 
habitats is the relative importance of woody debris to stream ecosystems.  Woody debris is 
somewhat like leaf litter in that it is an important source of carbon and nutrients to the stream 
system, but it has additional benefits in terms of habitat creation and maintenance as well as 
stream stability.  Coarse woody debris is a very important component in some steep, plunge pool 
streams in that wood (along with large rocks) form the hydraulic controls (the plunges) that are 
key to the stability of the pools in these stream types.  It goes without saying where the woody 
debris in these stream systems comes from – it has origins in the adjacent riparian zone and 
floodplain. 
 
The Natural Flow Regime, Riverine Resource Stewardship and Environmental Flows 
 
In this section, I will look at three contemporary sources of information that focus on river 
conservation and restoration, instream flow protection strategies, and environmental flows.  The 
1997 paper published in the journal BioScience, The Natural Flow Regime: A paradigm for river 
conservation and restoration is yet another paper that has a list of contributing authors that 
include well known contemporary of aquatic ecologists, such as LeRoy Poff, J. David Allen, Mark 
Bain and Brian Richter just to name a few.  The Instream Flow Council is a 20-year-old professional 
organization of state and provincial instream flow professionals in North America; their 2002 
book, Instream Flows for Riverine Resource Stewardship, is the first and only book devoted to the 
topic of instream flow protection strategies.  Angela Arthington’s 2012 book, Environmental 
Flows – Saving Rivers in the Third Millennium, is an ecological resource that describes the timing, 
quality and quantity of water needed to sustain aquatic ecosystems with attention given to 
competing human needs as well. 
 
Poff et al’s 1997 paper on the Natural Flow Regime is a widely cited reference on the topic.  The 
paper starts with the premise that rivers are used and abused throughout the world to the point 
that they no longer can support native species or sustain healthy ecosystem services.  Society 
needs to recognize that “the integrity of flowing water systems depends largely on their natural 
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dynamic character” and that this fundamental scientific principle is key to riverine resource 
conservation.  The natural flow regime includes flow magnitude, frequency, duration, timing, and 
rate of change.  In many cases, practically speaking, restoration of a natural flow regime 
addressing all of these components is, often times, difficult or impossible.  There are places in 
Colorado where the natural flow regime is currently intact; it is probably not reasonable to think 
that all of these locations should receive full flow protection,  As stated above in the opening 
paragraph of this paper, it is reasonable to think that there are places where the flow regime is 
currently unaltered and where unique, rare or special biologic factors are worthy of the full range 
of flow protection.  Most resource managers realize that this is not true or achievable 
everywhere, but it is reasonable to believe that it can be done without causing human water use 
problems in the future.  Proactive flow protection is much easier to accomplish in these situations 
than flow restoration and/or endangered species recovery ever is.  One take-away message from 
Poff’s paper might be – seek to protect the best examples of unique aquatic ecosystems and 
natural flow regimes and seek to restore the rest. 
 
The Instream Flow Council’s 2002 book was written by a team of 16 state and provincial fishery 
and water managers who serve as their state’s or their Canadian province’s instream flow 
specialist.  The IFC’s approach is that instream flow prescriptions need to address the five riverine 
components – Hydrology, Geomorphology, Biology, Water Quality, and Connectivity.  All five of 
these components have a linkage to the premise of this literature review – that there are sound 
ecological reasons to, under certain circumstances, provide the full range of flow protection.   

 Hydrology: riparian resource values and flood plain maintenance 

 Geomorphology: channel form and sediment transport 

 Biology: life history cues and hydraulic habitat 

 Water Quality: temperature and fine sediment 

 Connectivity: nutrient cycling, energy pathways, habitat fragmentation 
The IFC book devotes many of its pages to what constitutes a good instream flow protection 
program.  One can take an alternative view to this goal of the book and find wisdom that relates 
to reach-specific flow protection strategies.  Strategies that seek comprehensive ecologically-
based instream flow protection with flexibility to apply site-specific instream flow protection 
objectives that reflect agency missions or native species management objectives.  Good flow 
protection programs allow for flexibility and creativity while addressing the five riverine 
components. 
 
Arthington’s 2012 book on Environmental Flows is the newest printed resource available.  This 
book has an international flavor which draws on examples from throughout the world to address 
the global balancing act between environmental conservation and the human need for water.  
While much of the book is dedicated to human activities – alteration of watersheds, channel 
geometry, dam operations, flood control activities, water quality issues, general habitat 
degradation, and declining biodiversity; Arthington has an excellent chapter on river ecology, the 
natural flow regime paradigm, and hydro-ecological principles.  The following tables from 
Arthington (2012) contain a considerable amount of information relating to the Facets of Flow 
Regime’s Ecological Functions (Tables 8-12).  They are quite self-explanatory and provide back-
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up information to support many of the points regarding base flows, high flows, floods, flow 
frequency, flow duration, seasonal timing, and rates of change made earlier in this paper. 
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(Tables 8 – 12 from Arthington, A. H., Environmental Flows – Saving Rivers in the Third 
Millennium, 2012) 
 
Summary and Conclusions 
 
There is ample information in the scientific literature to support the notion that there are 
connections between the hydrograph of a given stream and the health of the aquatic and riparian 
ecosystem.  From an instream flow protection standpoint in Colorado, I believe that there are 
circumstances where an instream flow water right for all of the unappropriated flow is 
appropriate; I also believe that the scientific literature supports me in this.  Himes Creek in 
southwest Colorado is one of those unique circumstances where such an appropriation of water 
is both necessary and appropriate to preserve the natural environment to a reasonable degree.  
The natural environment of Himes Creek is well documented – it is one of only few streams in 
the San Juan River drainage where a previously thought to be extinct lineage of Colorado river 
cutthroat trout exists.  As such, there is no room for error when it comes to flow protection for 
these fish and the Himes Creek watershed is so small and so isolated, and there is likely a minimal 
level risk to future water development potential if the state proceeds with this instream flow 
appropriation. 
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The literature review that was conducted and documented in this paper provides the CWCB with 
information that confirms that there is a biological and ecological rationale for the need to 
protect streamflows up to all of the available (unappropriated) flows.  The scientific literature is 
clear in its conclusions that, from a stream energetics standpoint, there is a connection between 
bankfull and overbank flows and riparian health and that the full range of flows (amount, timing 
and duration) are needed to ensure the health of streams like Himes Creek.  A healthy and 
connected riparian floodplain is a critical component to the long-term health of the Himes Creek 
fishery, fish habitat, and food web.  Anything less than “all of the unappropriated flow” would, in 
our opinion, constitute an unacceptable and unnecessary risk to this high value fish population.  
Further, I am of the opinion that this action will not result in any risk to Colorado water users.  It 
is important that the CWCB be able to continue to use its discretion and evaluate each instream 
flow recommendation on its own merit – that there be an opportunity for a case-by-case analysis 
of each recommendation.  This approach will be applied sparingly in only those unique and 
isolated circumstance; this has been the case up until this point in history and should the CWCB 
proceed with the Himes Creek proposal, that will likely continue to be the case. 
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COLORADO PARKS & WILDLIFE

FOR IMMEDIATE RELEASE 

Colorado Parks and Wildlife has found cutthroat trout
that are unique to the San Juan River Basin in southwest
Colorado. The photo below is of a museum specimen
found in the Smithsonian. 

Joe Lewandowski 
CPW SW Region PIO 

970-375-6708

Colorado Parks and Wildlife announces discovery of unique cutthroat trout in
southwest Colorado 
 
DURANGO, Colo. – Colorado Parks and Wildlife biologists have discovered a unique genetic lineage of
the Colorado River cutthroat trout in southwest Colorado that was thought to be extinct. The agency will
continue to evaluate the findings and collaborate with agency partners to protect and manage populations
of this native trout. 
  
The discovery was officially recognized earlier this year thanks to advanced genetic testing techniques
that can look into the basic components of an organism’s DNA, the building blocks of life. This exciting
find demonstrates the value of applying state-of-the-art genetic science to decades of native cutthroat
conservation management and understanding. 
  
“Anyone who just looked at these fish would have a difficult time telling them apart from any other
cutthroat; but this is a significant find,” said Jim White, aquatic biologist for CPW in Durango. “Now we will

9/4/2018
Colorado Parks and Wildlife announces discovery of unique cutthroat trout in southwest
Colorado
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work to determine if we can propagate these fish in our hatcheries and reintroduce them into the wild in
their historic habitat. It’s a great conservation effort and a great conservation story.” 
  
Eight small populations of these trout have been found in streams of the San Juan River Basin within the
San Juan National Forest and on private property. The populations are in isolated habitats and sustained
through natural reproduction. U.S. Forest Service staff and landowners have been cooperative in CPW’s
efforts; they will also be instrumental in further cutthroat conservation efforts. 
  
In August, north of Durango, crews from CPW and the U.S. Forest Service hiked into two small, remote
creeks affected by the 416 Fire and removed 58 fish. Ash flows from the fire could have severely impacted
these small populations. 
  
Cutthroat trout originated in the Pacific Ocean and are one of the most diverse fish species in North
America with 14 different subspecies. Three related subspecies are found in Colorado: Colorado River
cutthroat trout found west of the Continental Divide; Greenback cutthroat trout in the South Platte River
Basin; and the Rio Grande cutthroat trout in the San Luis Valley. A fourth, the yellowfin cutthroat trout
native to the Arkansas River Basin, went extinct in the early 1900s. Cutthroats from each of these areas
have specific and distinctive genetic markers. CPW propagates the three remaining subspecies, and
actively manages their conservation and recovery throughout the state. 
  
White and other biologists ‒ including Kevin Rogers, a CPW cutthroat researcher based in Steamboat
Springs, and Mike Japhet, a retired Durango CPW aquatic biologist ‒ have been surveying remote creeks
in southwest Colorado for more than 30 years looking for isolated populations of cutthroat trout. They
found some populations in remote locations long before advanced genetic testing was available. The
biologists understood that isolated populations might carry unique genetic traits and adaptations, so they
made sure to preserve collected samples for genetic testing later. Significant advances in genetic
testing technology over the last 10 years were instrumental in finding the distinct genetic markers that
identify the San Juan lineage trout as being unique. 
  
In 1874, naturalist Charles E. Aiken collected and preserved samples of fish found in the San Juan River
near Pagosa Springs. Two trout were deposited in the Smithsonian National Museum of Natural History in
Washington, D.C. These samples were forgotten until 2012 when a team of researchers from the
University of Colorado was hired by the Greenback Trout Recovery Team to study old trout specimens
housed in the nation’s oldest museums. When the researchers tested tissue from those two specimens
they found genetic markers unique to the San Juan River Basin. Armed with the knowledge of these
genetic “fingerprints”, CPW researchers and biologists set out to test all the cutthroat trout populations
they could find in the basin in search of any relic populations. 
  
“We always ask ourselves, ‘What if we could go back to the days before pioneer settlement and wide-
spread non-native fish stocking to see what we had here?’” White said. “Careful work over the years by
biologists, finding those old specimens in the museum and the genetic testing gave us the chance,
essentially, to go back in time. Now we have the opportunity to conserve this native trout in southwest
Colorado.” 
  
Developing a brood stock of these trout so that they can be reintroduced into San Juan River headwaters
streams will be a key conservation strategy for increasing their distribution into suitable habitat and help
their long-term stability.  Protecting the fish from disease, other non-native fish, habitat loss and over-
harvest are important factors that will be considered in a conservation plan that will be developed over the
next few years. While that might seem like a long time, the discovery of this fish goes back more than 100
years. 
  
Over the decades, CPW has worked with many partners throughout the state to find and conserve distinct
cutthroat populations. Many of these efforts were conducted with assistance from the U.S. Forest Service,
conservation groups and private property owners. CPW also works on projects with both the Colorado
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River Cutthroat Trout and Rio Grande Cutthroat Trout conservation teams.   
  
All native cutthroats have been adversely affected by a variety of issues, including reduced stream flows,
competition with other trout species, changes in water quality and other riparian-habitat alterations.
Consequently, the various types of native cutthroats are only found in isolated headwaters streams. To
ensure continued conservation of Colorado’s cutthroats, CPW stocks only the native species in high lakes
and headwater streams. That stocking practice started in the mid-1990s. 
  
CPW has also conserved cutthroats in headwaters streams by working with the U.S. Forest Service to
build barriers to prevent upstream migration of non-native trout, removing non-native trout and
subsequently stocking them with native trout. The conservation group, Trout Unlimited, has provided
valuable assistance with many of these projects. 
  
John Alves, Durango-based senior aquatic biologist for CPW’s Southwest Region, said the discovery
shows the dedication of CPW aquatic biologists. 
  
“These fish were discovered because of our curiosity and our concern for native species,” Alves said.
“We’re driven by scientific inquiry that’s based on hard work and diligence. This is a major discovery for
Colorado and it shows the critical importance of continuing our research and conservation work.”

###

CPW is an enterprise agency, relying primarily on license sales, state parks fees and
registration fees to support its operations, including: 41 state parks and more than 350
wildlife areas covering approximately 900,000 acres, management of fishing and hunting,
wildlife watching, camping, motorized and non-motorized trails, boating and outdoor
education. CPW's work contributes approximately $6 billion in total economic impact
annually throughout Colorado.
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Abstract 
 

The discovery of a distinct lineage of Cutthroat Trout in museum specimens 

collected from the San Juan basin precipitated an intensive search for any remaining 

extant populations across the putative native range of this fish.  Tissue samples from 

every known Cutthroat Trout population in the basin were assembled and analyzed with 

molecular methods.  Of these, eight waters harbored Cutthroat Trout with mitochondrial 

DNA markers that placed them in the San Juan clade (a monophyletic lineage closely 

aligned with another Colorado River Cutthroat Trout lineage native to the headwaters of 

the Colorado, Dolores, and Gunnison rivers).  Analysis of nuclear DNA amplified 

fragment length polymorphism markers also suggested they were distinct, with no 

evidence of introgressive hybridization with Rainbow Trout or Yellowstone Cutthroat 

Trout.  We recommend that morphological studies be conducted on these same fish to 

evaluate if they can be distinguished with morpho-meristic traits as well.  In this report 

we discuss support for considering these fish as a distinct unit of biodiversity worthy of 

conservation, as well as the current status of these eight populations. 
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Introduction 
 

A recent study exploring mitochondrial DNA sequence data acquired from 

museum specimens of Cutthroat Trout collected in the late 19th century showed that six 

major monophyletic lineages (clades) occupied the state of Colorado prior to European 

settlement (Metcalf et al. 2012; Rogers 2012) rather than just three subspecies as 

previously thought (Behnke 1992, 2002).  These clades aligned with major drainage 

basins that were not linked by coldwater confluences (Figure 1).  That study and one that 

followed examining morphological features (Bestgen et al. 2013) suggested that four 

clades could still be found on the landscape today.  Two are found west of the 

Continental Divide in what is currently Colorado River Cutthroat Trout (CRCT) habitat 

in the Green, White, and Yampa River drainages (blue lineage), or the headwaters of the 

Colorado, Gunnison, and Dolores Rivers (green lineage).  The remaining two extant 

clades are found east of the Divide in the South Platte and Rio Grande River drainages.  

The Yellowfin Cutthroat Trout that historically occupied the headwaters of the Arkansas 

River appears to have gone extinct by 1903 just 17 short years after its discovery (Juday 

1906).  A sixth clade was detected by Metcalf et al. (2012) from a pair of specimens 

collected by C. E. Aiken from the San Juan River near Pagosa Springs in 1874.  

Mitochondrial sequence data did not match any of the extant populations examined, and 

was therefore also presumed extinct by the authors. 
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Figure 1: Historical range of six major Cutthroat Trout clades native to Colorado are 

organized by major drainage basins that do not share coldwater confluences. 
 

An intensive survey effort was launched to confirm that this clade was no longer 

present on the landscape.  Isolated DNA was gathered either from earlier collections in 

the basin or from new tissue samples (fin clips).  Mitochondrial DNA sequence data were 

obtained, and compared to Aiken’s specimens for evidence of haplotypes that would 

place them in the San Juan clade.  Here we report on populations that do share 

mitochondrial NADH dehydrogenase subunit 2 (ND2) locus haplotypes with Aiken’s fish 

and should therefore be considered for further study.  With new samples to examine, we 

explore the evidence that supports recognizing the San Juan clade as a discrete taxonomic 

entity worthy of conservation focus, and discuss population characteristics that will help 

inform management actions designed to secure these remaining small fragmented 

populations. 

 

  



   4 

Methods 
 
Molecular testing 

A survey of Cutthroat Trout conservation waters in the San Juan basin (Hirsch et 

al. 2013) revealed 20 candidate populations from which fin clips or previously isolated 

DNAs were obtained.  Cutthroat Trout DNA was extracted from fin clips using a 

proteinase K tissue lysis and spin-column purification protocol following the 

manufacturers specifications (Qiagen DNeasy, Hilden, Germany).  An aliquot of each 

sample DNA was amplified using primers specific to a region of the ND2 mitochondrial 

gene in Cutthroat Trout, generating a 648 bp fragment that falls within the same fragment 

examined in previous studies (Metcalf et al. 2007; Rogers et al. 2011; Loxterman and 

Keeley 2012; Metcalf et al. 2012).  After amplification, residual primers and 

deoxynucleotides were removed or inactivated.  Fluorescently-labeled DNA sequences in 

the forward and reverse direction for each sample were generated.  After sequencing 

reactions were completed, unincorporated fluorescently labeled nucleotides were 

removed according to the manufacturer’s instructions (Rogers et al. 2011).  Samples were 

run on a capillary sequencer (3130 Genetic Analyzer, Applied Biosystems, Foster City, 

California).   Sequence reads generated from the forward and reverse strands of each 

sample DNA were assembled using the Contig Express program (Vector NTI 11, 

Invitrogen, Carlsbad, Caliornia).  The assembled contiguous sequence chromatograms 

were examined for sequence quality and accuracy, and the primer sequences removed 

from the ends of the fragments.  Sequences were aligned in MUSCLE (Edgar 2004) and 

compared to the suite of genetic diversity found in the NCBI database (Metcalf et al. 

2007, 2012; Pritchard et al. 2009; Loxterman and Keeley 2012) and elsewhere (Rogers et 

al. 2011; Bestgen et al. 2013; Rogers et al. 2014) using MEGA7 (Kumar et al. 2016).  

Examination of the nuclear genome was explored with Amplified Fragment 

Length Polymorphisms (AFLPs; Rogers 2008a; Rogers 2012).  AFLP marker fragments 

were generated using restriction digested DNA (EcoR1 and MseI) and a single pair of +3 

PCR primers (ACT for the FAM-labeled forward primer; CAG for the reverse primer).  

Fragments were separated and sized on an ABI 3130 DNA sequencer (Applied 

Biosystems, Foster City, California).  Using the program Genemapper 4.0 (Applied 

Biosystems), a genetic fingerprint was produced for each individual by scoring for the 
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presence or absence of a standardized set of 119 markers between 50 and 450 base pairs 

in size generated from reference Cutthroat Trout populations (Table 1; Rogers 2008a, 

2012).  The genetic signature of individuals in the test population were compared to those 

found in the reference populations using a Bayesian approach for identifying population 

clusters (Pritchard et al. 2000).  Reference populations were selected and grouped by 

their mtDNA lineage (Metcalf et al. 2007), and not necessarily by geographic or historic 

subspecies classifications.  The similarity or dissimilarity was scored as the admixture 

proportion, or the probability that each test individual shares a genetic background with 

each of the cutthroat subspecies reference population groups with the program 

STRUCTURE 2.3.4 (Falush et al. 2007; Pritchard et al. 2007) and expressed as q values 

for each subspecies.  Average q values from the run with the highest log likelihood 

(Pritchard et al. 2007) were used to generate the admixture proportions for the unknown 

population, with confidence intervals generated in program QSTRAP (Rogers 2008b).  

 

 

Table 1.— Amplified fragment length polymorphisms were used with Program 

STRUCTURE to assess relatedness and purity of Cutthroat Trout populations in 

the San Juan basin, Colorado.  Reference populations included both lineages of 

Colorado River Cutthroat Trout (CRCT, blue and green), Rio Grande Cutthroat 

Trout (RGCT), Yellowstone Cutthroat Trout (YSCT), and Rainbow Trout 

 
 

Trout   Water County  Water Collection Sample 
lineages  Code Date Size 
 

CRCT - Blue Williamson Lake (#3) Inyo NA 07/31/06 22
 Piedra, E Fk Hinsdale 42096 02/07/06 20 

  Slater Crk, S Fk Routt 23286 NA 14
 Parachute Crk, E Fk Garfield 21460 NA 10 

CRCT - Green Severy Creek El Paso 31312 NA 10
 Antelope Crk, W Gunnison 48016 02/21/03e 21 

  Bobtail Creek Grand 23026 09/03/03 19 
RGCT  Canones Creek Rio Arriba 329 03/29/06 19 
  Columbine Creek Taos 1026 09/17/02 20 
  Osier Creek Conejos 44444 09/22/04 11 
  Cuates Creek Costilla 38141 07/25/05 10 
YSCT  Dog Creek Teton 813220 06/28/01 20 
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  Willow Creek Teton 813350 10/26/02 14 
  Yellowstone River Park TenSleep 03/01/05  12 
Rainbow Trout Colorado River Grand 21298 NA 10 
  Bellaire Garfield RifleFalls 03/06/08 9 
  Eagle Lake Garfield RifleFalls 03/06/08 9 
  Erwin Garfield RifleFalls 03/06/08 9 
  Fish Lake Garfield RifleFalls 03/06/08 9 
  Kamloops Garfield RifleFalls 03/06/08 9 
  Tasmanian Garfield RifleFalls 01/12/08 9 
 

 

At this time, the San Juan lineage is defined only from a pair of museum samples 

whose DNA is so degraded that they cannot serve as a reference population for our 

standard AFLP test.  Instead, we explored AFLP markers from extant candidate 

populations in program STRUCTURE compared to the reference Cutthroat Trout without 

using prior population information (no reference populations).  We used a burn-in of 

10,000 and a MCMC of 20,000, while allowing K to increment from 3 to 7 over 10 

iterations each to help isolate genetic structure where it exists.  Again, the run with the 

highest log likelihood was used for subsequent analysis and plotting.  The same 119 

AFLP loci were examined further with principal coordinate analysis as implemented in 

GenAlEx 6.502 (Peakall and Smouse 2012) so that major patterns within the multivariate 

data could be explored.  A pairwise Nei’s genetic distance matrix was calculated from 

binary (diploid) allele calls as is appropriate for dominant markers like AFLPs.  The 

resulting table was then plotted over principal coordinate space and the amount of 

variation explained by the plotted axes was recorded.   

 

Results 
 

We recovered mitochondrial (ND2) haplotypes that matched museum specimens 

collected by C. E. Aiken from the Pagosa River in 1874 from eight waters in the San Juan 

River basin (Figure 2; Table 2).  Only San Juan clade haplotypes (Figure 3) were 

recovered from these populations (no evidence of nonnative salmonid admixture in the 

mitochondrial DNA).  Seven of the eight populations shared the same haplotype while 

the last also harbored a single base pair variant.  These haplotypes suggest that the San 
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Juan lineage is most closely related to the green lineage CRCT (Figure 3), with half the 

genetic distance between the San Juan and green lineage CRCT as compared to the blue 

lineage CRCT and the Greenback Cutthroat Trout of the South Platte River basin (Table 

3). 

 

 
 

Figure 2: Eight populations of Cutthroat Trout in the San Juan River basin harbor 

haplotypes characteristic of San Juan basin native.  Letters correspond to 

populations identified in Table 2 below. 
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Table 2: Eight populations of Cutthroat Trout in the San Juan River basin harbor 

haplotypes characteristic of San Juan basin native.  Elevation (m), of fin 

collection locations and associated latitude and longitude (decimal degrees) are 

provided. .   

 
 

Water Legend  Water Code Elevation  Latitude Longitude 
 

 
Big Bend Creek A  47325 2733 37.6 -108.0 
Clear Creek* B  47565 2643 37.5 -107.9 
Cutthroat Creek C  39415 2560 37.1 -106.7 
Fall Creek D  38117 2493 37.4 -106.9 
Grayhackle Lake E  96457 2796 37.1 -106.7 
Headache Creek F  39491 2466 37.1 -106.7 
Himes Creek G  39502 2437 37.4 -106.9 
Rio Blanco River H  38439 2605 37.3 -106.7 
 
 
*Founded from Big Bend population in 1989 
 
 

 
Figure 3:  One hundred twenty six nucleotide sequences covering the mitochondrial 

NADH subunit 2 gene in Cutthroat Trout from across their range were obtained 
from GenBank and unpublished sources, and compared to 10 Rainbow Trout 
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sequences.  Phylogenetic relationships were inferred with the Minimum Evolution 
(ME) method as implemented in MEGA7 after all sequences were trimmed to 648 
common base pairs.  Percent branching support was evaluated with 500 bootstrap 
replicates and branches with less than 60% were collapsed into polytomies.  The 
evolutionary distances were computed using the Maximum Composite Likelihood 
method and are in the units of the number of base substitutions per site.  The tree 
was searched using the Close-Neighbor-Interchange algorithm at a search level of 
one.  The neighbor-joining algorithm was used to generate the initial tree.   

 

 

Table 3.— Sequence divergence in a portion (648 base pairs) of the NADH subunit 2 

gene comparing the San Juan lineage to Rainbow Trout and other Cutthroat Trout 

clades found in the southern Rocky Mountains using the Maximum Composite 

Likelihood method. 

 
 

 Clade  CRCTSJ CRCTG CRCTB GBCT  RGCT BCT 
 

 

San Juan (CRCTSJ)  

Green (CRCTG) 0.011 

Blue (CRCTB) 0.021 0.024 

Platte (GBCT) 0.018 0.018 0.020 

Rio Grande (RGCT) 0.013 0.018 0.018 0.014 

Bonneville (BCT) 0.021 0.023 0.022 0.022 0.017 

Rainbow (RBT) 0.081 0.083 0.083 0.080 0.074 0.087 

 

 

 

 

Interestingly, results from the standard AFLP tests on the six populations with 

large enough sample sizes for a reliable test suggest they align with the blue rather than 

green lineage CRCT (Figure 4) when forced to select between one of five reference 
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groups (Table 1) despite mitochondrial DNA that suggests a much closer relationship to 

the green lineage (Figure 3, Table 3).   

 

 
Figure 4: Individual admixture proportions (each bar represents a fish) measured by 

STRUCTURE with nuclear AFLP markers using K=5 and Rainbow Trout, 

Yellowstone Cutthroat Trout, Rio Grande Cutthroat Trout, green lineage CRCT 

and blue lineage CRCT as reference groups (prior information), suggest an 

alignment with blue lineage CRCT. 

 

 

With lack of symmetry between nuclear and mitochondrial DNA results, we 

elected to explore the same 119 AFLP markers further in a principal coordinate 

framework to see why the San Juan fish might be aligning with blue lineage CRCT.  The 

first two principal coordinates explain 38% of the variation in the data, and clearly 

suggest why blue lineage was selected over green when STRUCTURE was coerced into 

choosing between the two (Figure 5).  With that information, it became clear that we 

should run the AFLP marker data through STRUCTURE without using any prior 

population information, and allowing K to vary from 3 to 7 groups.  Surprisingly, San 

Juan fish appeared to separate from other Cutthroat Trout of the southern Rocky 
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Mountains at K=3, even before blue lineage CRCT and green lineage CRCT were 

distinguished (Figure 6).  This result is unexpected since the markers used in the 

development of the standard AFLP test were selected for their ability to distinguish the 

two.  This marker set has already been shown to perform poorly at distinguishing blue 

lineage CRCT and Rio Grande Cutthroat Trout (Rogers et al. 2011), so it was not 

unexpected that they did not separate until K=5 (the expected number of groups).  

Noteworthy was that at K=6 (more than the expected number of groups), STRUCTURE 

elected to parse out two San Juan clusters, rather than splitting out Rio Grande Cutthroat 

Trout from the Canadian River basin that have already been identified as unique 

(Pritchard et al. 2009), and appear to be more distinct than the San Juan fish in principal 

coordinate space (Figure 5). 

 

 

 
Figure 5:  Samples from six putative San Juan lineage populations were included with 50 

fish from Bear Creek and the standard AFLP reference fish in a principal 
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coordinates analysis (GenAlEx 6.5).  Results of the first two principal coordinates 

are plotted with colors representing Cutthroat Trout lineages. 

 

 

 
Figure 6: Individual admixture proportions (each bar represents a fish) as measured in 

STRUCTURE with 119 AFLP markers and no prior population information.  

Colors correspond to the various Cutthroat Trout lineages considered, and K 

ranged from 3-7.  We use the generic term “Native” to describe clusters that cover 

more than one lineage. 
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Discussion 
 

The discovery of admixed fish containing the San Juan mitome allowed for 

sequencing of the standard 648 bp covered in many other studies of extant Cutthroat 

Trout populations (Pritchard et al. 2009, Loxterman and Keeley 2012, Bestgen et al. 

2013, Rogers et al. 2014) rather than no more than 388 ND2 base pairs explored in the 

museum study (Metcalf et al. 2012).  A close affiliation with green lineage CRCT was 

revealed when 648 base pairs of the ND2 gene were compared to other native Cutthroat 

Trout (Figure 3), though the San Juan fish still comprise a monophyletic clade displaying 

roughly half the genetic distance (1.1%) observed between other Cutthroat Trout lineages 

across the southern Rocky Mountains (Table 3) 

When DNAs were obtained from Cutthroat Trout in the San Juan basin were 

initially screened with nuclear AFLP markers using our standard reference populations, 

all fish aligned with blue lineage CRCT.  It was assumed that these populations were 

among the many blue lineage CRCT populations founded across the state of Colorado by 

early undocumented stocking of pure CRCT produced at Trappers Lake between 1903 

and 1938.   These populations did not attract further interest until sequencing of their 

mitochondrial DNA revealed a match with museum specimens collected by Aiken from 

the San Juan River in Pagosa Springs, Colorado in 1874.  This finding precipitated 

further exploration of the nuclear AFLP data.  Since no confirmed reference populations 

were included in our AFLP analysis, STRUCTURE was coerced into selecting the “best 

fit” from the existing reference groups.  Examination of the principal coordinate plot 

(Figure 5) not only helps explain why blue lineage CRCT were selected over other 

lineages, but demonstrated that, at least with the AFLP loci used, nuclear DNA also 

suggested that the San Juan lineage of Cutthroat Trout are a discrete entity worthy of 

conservation.  To examine if STRUCTURE would also support that assessment, AFLP 

data were reanalyzed in STRUCTURE without using prior information (reference 

groups).  Even at K=3 the San Juan lineage fish distinguished themselves from other 

Cutthroat Trout of the southern Rocky Mountains (Figure 6). 

Our findings are consistent with earlier studies focused on evaluating admixture 

with Rainbow Trout and Yellowstone Cutthroat Trout using starch gel protein 

electrophoresis (Kanda et al. 2000).  These authors recorded genetic variation in 16 of 41 
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loci examined among 24 CRCT populations.  They used 10 loci to diagnose admixture 

with Rainbow Trout and three loci for evaluating admixture with Yellowstone Cutthroat 

Trout.  It is noteworthy that these 16 loci with variable allele frequencies did not separate 

the one San Juan lineage fish (Headache Creek) from four blue lineage populations (East 

Fork Piedra River, Lake Nanita, Northwater Creek, Trapper Creek) but did distinguish 

them from six green lineage populations (Roan Creek, Antelope Creek, Hubbard Creek, 

Dyke Creek, Little Taylor Creek, and Rio Lado) at the bGLUA locus. 

Finally, the same DNAs obtained from Headache Creek were shared with the 

Thorgaard Lab at Washington State University to be included in a Cutthroat Trout 

rangewide phylogeny developed around the OmyY1 gene near the sex-determining area 

of the paternally inherited Y-chromosome (Brunelli et al. 2013).  Despite 10 CRCT 

populations being included, only three haplotypes were recovered.  This is not an 

unexpected result since the OmyY1 region evolves 3-13 times more slowly than 

mitochondrial genes (Brunelli et al. 2013).  In fact, several other subspecies (e.g. 

Lahonton Cutthroat Trout, Coastal Cutthroat Trout, Yellowstone Cutthroat Trout, and 

Rio Grande Cutthroat Trout) were represented only by a single haplotype (Brunelli et al. 

2013).  Of the three CRCT haplotypes recovered, one was found across all blue and most 

green lineage populations, one was found in Roan Creek (a green lineage population), 

and an additional private haplotype found only in Headache Creek (San Juan lineage).  A 

broader survey of the OmyY1 gene across many more populations is warranted to 

determine if this marker is diagnostic for the native fish of the San Juan basin. 

As genomic resources provide ever-increasing power for detecting finer-scaled 

genetic structure, we must be leery of equating population structure with species 

boundaries (Carstens et al. 2013; Sukumaran et al. 2017).  If the diagnostic phylogenetic 

species concept is used to delineate species, great harm could accrue to small isolated 

populations subjected to inbreeding depression and genetic drift that are no longer 

considered as candidates for genetic rescue because they are now a putative species 

(Frankham et al. 2012).  Structure revealed by modern molecular methods should only 

serve as tentative hypothesis of species boundaries (Sukumaran et al. 2017) that should 

subsequently be tested.  Other classes of data (e. g. morphological or ecological) should 

be used to correctly attribute elements of genetic structure to either species or population-
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level processes (Sukumaran et al. 2017).  Frankham et al.  (2012) conclude that the 

diagnostic phylogenetic species concept is unsuitable for classifying allopatric 

populations in particular and for conservation in general. 

Whether the San Juan lineage of CRCT represents a discrete taxonomic entity has 

been debated (Rogers et al. in press).  Regardless of what we choose to call the native 

trout of the San Juan River basin, it represents a unit of diversity worthy of conservation 

(Funk et al. 2012; Rogers et al. 2014; Rogers et al. in press) as well as a conservation 

success story.  We are fortunate those who came before adhered to fundamental 

conservation principles – specifically, preserving all of the pieces, even when they were 

unaware of the molecular diversity harbored by these fish.  While biologists in the 1980s 

and 1990s had no way of knowing the unique molecular structure hidden in these rare 

trout, they recognized that with imperfect tools the prudent action was to manage with 

basin specific stocks, even when morphological trait differences could not obviously be 

detected.  Above all, they focused on securing what populations were left.  Now, armed 

with powerful molecular tools, it is clear how fortunate we are to have these remaining 

pieces of this evolutionary legacy to manage. 

While the rediscovery of what appear to be San Juan lineage Cutthroat Trout 

presents some exciting opportunities for preserving the legacy of Colorado’s native trout, 

these fish will require some anthropogenic assistance if their future is to be secure.  

Extant populations are small, with perhaps as few as 1000 fish remaining in aggregate.  

They occupy just 14.9 km of isolated headwater habitat, with the longest contiguous 

piece being only 3.8 km.  Though protected by natural or man-made barriers, all are 

vulnerable to drought, fire, and flooding.  Fish management histories for each population 

are detailed in Appendix 2 and include population and genetic surveys, as well as 

temperature profiles where available.  Opportunities for near-term conservation actions  

include additional survey work, as well as building barriers to protect against nonnative 

invasions, chemical reclamations, translocations, developing broodstocks, and protecting 

in-stream flows.  The demonstrated track record of successful conservation efforts by the 

CRCT Conservation Team suggests that all of these actions are reasonable and have been 

implemented with good success elsewhere across the range of CRCT.  We feel fortunate 
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that this remnant diversity has been identified so that appropriate conservation measures 

can be enacted to secure the future of these fish in Colorado. 
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Appendices 
 

 

Appendix 1 
 

Sequence data representing 648 base pairs of the mitochondrial NADH subunit 2 

gene from extant trout populations in the San Juan drainage that describe the two San 

Juan haplotypes recovered. 

 
OcCOL-Tabegauche (H-106463) 
TAATGTTAGCCCTCGCCCTCAAGCTTGGACTAGCACCCGTTCACTTCTGACTC
CCAGAAGTTCTTCAAGGACTTGAACTCACCACAGGATTAATCCTCTCAACCTG
ACAAAAACTCGCACCCTTCGCACTTATAATTCAAACAGCCCCAACCATCAAC
TCTTCCCTACTTATCGCAATCGGCCTTCTATCAACACTTGTGGGGGGTTGAGG
TGGGCTTAATCAAACCCAACTGCGTAAAATTCTAGCATATTCTTCAATTGCCC
ACCTAGGATGAATAGTACTAATTTTACAATTCGCACCCTCCCTCACACTCCTC
AGCCTATCCCTGTATATTATCATAACATCTTCAGCATTCCTCACATTAAAAAC
CAACAACGCTTTAACCATCAACACTCTCGCGACTTCATGAACTAAATCCCCG
ACCCTTGCCACATTAGCCGCTCTTGTACTGCTGTCCCTTGGGGGTCTCCCCCC
TCTCTCAGGCTTTATACCAAAATGACTTATTTTGCAAGAACTAACAAAGCAAG
GACTCCCGCTATCTGCCACACTAGCTGCTATAACAGCCCTCCTGAGCCTTTAC
TTTTATCTACGACTCTGCTACGCCTTAACCCTCACTATTTATCCCAACACCCTA
ACTGCCACTGCCC 
 
OcCOL-Cutthroat (CUT-126486) 
TAATGTTAGCCCTCGCCCTCAAGCTTGGACTAGCACCCGTTCACTTCTGACTC
CCAGAAGTTCTTCAAGGACTTGAACTCACCACAGGATTAATCCTCTCAACCTG
ACAAAAACTCGCACCCTTCGCACTTATAATTCAAACAGCCCCAACCATCAAC
TCTTCCCTACTTATCGCAATCGGCCTTCTATCAACACTTGTGGGGGGTTGAGG
TGGGCTTAATCAAACCCAACTGCGTAAAATTCTAGCATATTCTTCAATTGCCC
ACCTAGGATGAATAGTACTAATTTTACAATTCGCACCCTCCCTCACACTCCTC
AGCCTATCCCTGTATATTATCATAACATCTTCAGCATTCCTCACATTAAAAAC
CAACAACGCTTTAACCATCAACACTCTCGCGACTTCATGAACTAAATCCCCG
ACCCTTGCCACATTAGCCGCTCTTGTACTGCTGTCCCTTGGAGGTCTCCCCCC
TCTCTCAGGCTTTATACCAAAATGACTTATTTTGCAAGAACTAACAAAGCAAG
GACTCCCGCTATCTGCCACACTAGCTGCTATAACAGCCCTCCTGAGCCTTTAC
TTTTATCTACGACTCTGCTACGCCTTAACCCTCACTATTTATCCCAACACCCTA
ACTGCCACTGCCC 
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Appendix 2 – Populations of interest 
 

A water by water summary of population characteristics relevant to the 

management of Cutthroat Trout populations in the San Juan River basin that harbor 

mitochondrial DNA native to the drainage.  Colorado Parks and Wildlife (CPW) water 

codes (WC), CRCT Conservation Population ID’s (from Hirsch et al. 2013), and length 

of occupied habitat in that same database are presented for each water. 

 

 ____________________________________________________________ 

 

Big Bend Creek (WC#47325) 
CRCT Conservation Population ID:  
14080104cp002  
Occupied habitat:  3.2 km 
 
 

 
Cutthroat Trout from Big Bend Creek

 

Big Bend Creek is a tributary to Hermosa Creek in the Animas River Basin.  First 
surveyed in 1987, both hybridized and non-hybridized Cutthroat Trout were noted.  In 
1989, a 4.5 m bedrock cascading barrier was located, isolating only Cutthroat Trout 
upstream.  With a severe drought that same summer, managers worried that the small 
population in Big Bend Creek might not persist, so 204 individuals were transplanted 
from the headwaters of Big Bend Creek to Clear Creek, another tributary of Hermosa 
Creek.  These fish were placed above a 12 m waterfall barrier in the barren headwaters of 
Clear Creek.  It is worth noting that a follow up survey in 1991 (Table A2-1) recovered 
no fish in Big Bend or Clear Creek.  Managers assumed low water conditions over the 
winter resulted in the extirpation of both populations.  Fortunately, subsequent surveys 
demonstrate these fish are resilient to drought conditions (Table A2-1), and both 
populations still persist today. 
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Table A2-1:  Survey history and results for the Cutthroat Trout population in Big Bend 
Creek.  Population estimates (adult fish per km) were based on the number of fish 
captured (n) that exceeded 150 mm over the surveyed station length (m).   

 
 

Year Date n Length (m) Fish per km Comments 
 

 
1987 Jul 13 51 152 248* First survey 
1989 Jun 13 10 46  Barrier confirmed; fish salvage 
1991 Aug 27 0 152  Half mile above barrier; no fish 
1995 Oct 19 59 152 119 Half mile above barrier 
2000 Aug 24 20 91  Taxonomy collection 
2004 Jul 26 22 152 39 Half mile above barrier 
2007 Jun 20 68 152 59 At barrier (9 fish >150mm) 
2014 Jun 6 6 152 25* Only single fish>150mm 
 

* Single pass survey 
 

Water temperatures were monitored in the summer of 2014 (May 10 – September 
26th).  The stream appears to be in no imminent threat of critically warm temperatures, 
with an MWMT = 14.5 °C with a daily maximum temperature (Todd et al. 2008; Rogers 
2015) of 16.1 °C.  A M30AT of 11.5 °C suggests that the stream should support robust 
recruitment (Coleman and Fausch 2007; Roberts et al. 2013), but that growth will be 
somewhat compromised as an M30AT near 15 °C is usually required for maximizing 
tissue elaboration in Cutthroat Trout (Bear et al. 2007; Ziegler et al. 2013). 
 
Molecular surveys: 

Ten Cutthroat Trout were collected by Mike Japhet on August 24, 2000 from Big 
Bend Creek and sent to Dr. Robb Leary at the University of Montana for analysis.  
Although they looked to be pure CRCT by PINES (Paired Interspersed Nuclear 
Elements), electrophoretic analysis results were less certain.  One of three loci allegedly 
diagnostic for distinguishing CRCT from Yellowstone Cutthroat Trout (Leary 2002) 
showed Big Bend fish containing alleles characteristic of both taxa.  In light of molecular 
findings from this report, it is certainly possible that the sMEP-1 locus is simply not a 
diagnostic marker for all CRCT populations. 

On June 20, 2007, Jim White collected another 30 fish from three locations above 
the waterfall barrier for AFLP analysis.  These all aligned with blue lineage CRCT when 
using the standard AFLP reference populations (Rogers 2008a).  Twenty of these same 
DNAs were subsequently sequenced at the ND2 mitochondrial gene and all were found 
to exhibit the common San Juan lineage haplotype. 
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 ____________________________________________________________ 

 
Clear Creek (WC#47565)  
CRCT Conservation Population ID:  
14080104cp001 
Occupied habitat:  2.7 km 
 

 
Cutthroat Trout from Clear Creek (archived) 

 
 

Clear Creek is a tributary to Hermosa Creek, just south of Big Bend Creek and 
within the Animas River Basin.  Clear Creek was barren of fish above a 12 m waterfall 
before 204 Cutthroat Trout were transplanted from nearby Big Bend Creek in 1989 with a 
helicopter.  After no fish were captured in 1990 it was thought that the transplanted fish 
perished because the lower section of Clear Creek went dry.  However, a 1996 survey 
discovered the population above the waterfall was in good condition with moderate 
densities of fish (140 fish/km).  Below the waterfall, it is not unusual in dry years for 
sections of the creek to go sub-surface only to emerge near the confluence with Hermosa 
Creek. 

A population survey conducted June 17, 2014 yielded 35 Cutthroat Trout ranging 
in size from 60-240 mm over two removal passes.  The estimated density of trout in the 
152 m reach of stream was 112 fish/km, with fish displaying robust relative weights 
despite post-spawn condition (mean Wr =106%).  Twelve fish were preserved 
individually in 10% formalin for phenotypic evaluation and archiving at the Larval Fish 
Laboratory, Colorado State University, Fort Collins, Colorado. 

Water temperatures were recorded hourly in Clear Creek from mid May through 
September of 2014.  The maximum daily temperature (Todd et al. 2008) was 15.8 °C, 
while the MWMT for that summer was 14.0 °C.  Clear Creek is a cold stream with 
M30AT of only 10.9 °C, well below the optimum for growth (Bear et al. 2007; Ziegler et 
al. 2013), but enough to register consistent recruitment (Coleman and Fausch 2007; 
Roberts et al. 2013). 

 
Molecular surveys: 

Fin clips from 12 fish from the 2014 survey effort were preserved in 80% ethanol 
and submitted to Pisces Molecular (Boulder, Colorado) for AFLP analysis.  Using our 
standard reference groups (Rogers 2008a), these fish (like the ones from Big Bend Creek) 
aligned with blue lineage CRCT.  Subsequent sequencing of 648 base pairs from the ND2 
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mitochondrial gene revealed that they too all harbored the common San Juan lineage 
CRCT haplotype. 

 

 

 ____________________________________________________________ 

 

Cutthroat Creek (WC#39415) and 
Grayhackle Lake (WC#96457) 
CRCT Conservation Population ID: 
14080101cp005 
Occupied habitat: 3.6 km and 1.4 ha 
  

Cutthroat Trout from Grayhackle Lake 
 

Cutthroat Creek is a small tributary to the Navajo River located on the eastern 
side of the Upper San Juan River Basin within the Banded Peak Ranch.  Dolomite and 
Grayhackle lakes form the headwaters of Cutthroat Creek.  The stream and lakes are 
protected near the confluence with the Navajo River by a 2 m high irrigation diversion 
structure.  The ranch manager reinforced this diversion as a barrier to fish migration in 
2016.  There is no record of fish being stocked in Grayhackle or Cutthroat Creek, though 
the lake is accessible via a steep 4-wheel drive logging road.  Rick Lapin, the old Banded 
Peak Ranch manager, reported that he caught “Rio Grande Cutthroat Trout” from 
Grayhackle Lake.  It was later learned that the previous ranch manager, and former 
Colorado Division of Wildlife officer (Judd Cooney), claimed he stocked Yellowstone 
Cutthroat Trout in Grayhackle Lake in the late 1970s.  In 1998, Mike Japhet discovered 
an old abandoned automatic fish feeder at the lake and evidence that the spillway was 
once dammed up with plastic sheeting to deepen the water.  Grayhackle Lake has a 
maximum depth of 8 feet and an average depth of only 5 feet.  There is ample spawning 
habitat in the inlet of the shallow lake and numerous fry were observed during the 1998 
fish survey. 

 
Molecular surveys: 

The stream was first surveyed on June 20, 1998.  Ten trout were collected for 
meristic and DNA analysis and a population estimate was generated for occupied habitat 
just above the barrier.  Fish density was estimated to be 52 fish/km over 150 mm (total 
length) with many smaller fish in the survey.  If the minimum size threshold is relaxed to 
100 mm, the estimate rises to 191 fish/km.  The 10 fish samples were sent to Dr. Robb 
Leary at the University of Montana for electrophoretic analysis.  Although rainbow trout 
alleles were detected at two of ten putatively diagnostic loci (Leary 2002), he suggested 
they likely represented genetic variation previously unknown in CRCT populations, and 
therefore not diagnostic.  A second collection of 40 fish from the middle and upper 
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reaches of Cutthroat Creek occurred on July 18 of 2002, and were sent to Dr. Dennis 
Shiozawa at Brigham Young University for analysis.  These samples appeared to be pure 
CRCT with no evidence of Rainbow Trout or Yellowstone Cutthroat Trout introgression 
(Evans and Shiozawa 2003).  Six more fin clips were collected on June 9th, 2013 and 648 
base pairs in the ND2 mitochondrial gene were sequenced.  Four of these shared the 
common San Juan lineage CRCT haplotype while the remaining two harbored a single 
base pair variant (Appendix 1). 

Grayhackle Lake in the headwaters of Cutthroat Creek was surveyed by gillnet on 
August 20, 1998.  An overnight set resulted in the capture of 29 fish ranging from 150-
458 mm.  Six of these fish were submitted to BYU for purity testing in 1998, while the 
remainder were too degraded.  Results suggest 5 of the 6 fish were pure CRCT but the 
remaining fish was a Rainbow Trout (Evans and Shiozawa 2000) as measured with both 
mitochondrial and nuclear markers.  An additional 10 fish were collected on June 19th, 
2013, none of which appeared to display any Rainbow Trout or Yellowstone Cutthroat 
Trout admixture as measured with AFLPs (albeit a small sample size).  Subsequent 
sequencing of the ND2 mitochondrial gene showed that all ten fish shared the common 
San Juan lineage CRCT haplotype. 
 

 

 ____________________________________________________________ 

 

Fall Creek (WC#38117) 
CRCT Conservation Population ID:  
14080101cp008 
Occupied habitat:  0.3 km 
 

 
Cutthroat Trout from Fall Creek 

 

Fish were first collected from Fall Creek, located at the base of Wolf Creek Pass 
and a tributary to the West Fork of the San Juan River, in October 1976.  The stream is 
very small and the Cutthroat Trout only inhabit a reach from Treasure Falls to the 
Highway 160 road crossing.  The highway culvert serves as a barrier to invasion by 
downstream nonnative trout. 
 

Molecular surveys: 
Tissue samples were collected from 10 trout in August 1999 and sent to Dr. Robb 

Leary at the University of Montana for study.  Dr. Leary was unable to extract any high 
quality nuclear DNA for PINEs testing.  Biologist Mike Japhet noted numerous spots on 
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the heads of the fish suggesting these fish might be introgressed with Rainbow Trout and 
therefore not worthy of further consideration.  As part of the search for the lost San Juan 
trout, a small sample of fin clips (11 fish) were collected on June 19th, 2014 to at least 
determine if any remnant San Juan haplotypes were evident.  Indeed, all 11 fish harbored 
the San Juan lineage CRCT haplotype, which precipitated another collection on July 23rd, 
2015 of 25 additional fish that would allow for evaluation of Rainbow Trout admixture in 
the population.  Again, all 25 fish displayed the San Juan lineage CRCT haplotype, but 
more importantly, no evidence of Rainbow or Yellowstone Cutthroat Trout admixture 
was detected with AFLP markers.   
 

 

 ____________________________________________________________ 

 

Headache Creek (WC#39491) 
CRCT Conservation Population ID: 
14080101cp004 
Occupied habitat: 1.3 km 
 

  
Cutthroat Trout from Headache Creek 

 

Headache Creek is a small tributary of the Navajo River within the confines of the 
Banded Peak Ranch.  The fish community was first surveyed on July 22, 1998 and 
resident Cutthroat Trout were documented despite no stocking history.  Headache Creek 
contains a very small population (85 -152 fish/km) of Cutthroat Trout in an equally small 
section of the stream (<1 km; Table A2-2).  With no natural barrier to protect this 
population from invasion by nonnative salmonids in the Navajo River, it was not 
surprising to find Brook Trout also occupying the stream.  In 2000, the Banded Peak 
Ranch managers (Lesli Allison and Anna Jester) contracted Dave Rosgen (Wildland 
Hydrology Consultants, Fort Collins, Colorado) to build a double drop barrier (Figure 
A2-1) above the confluence to secure the population from future invasions.  Brook Trout 
were then removed from this reach of Headache Creek during annual single pass 
electrofishing efforts from 1999 to 2005.  The removal effort appears to have been 
successful, as no brook trout have been detected since 2004.  This barrier was fortified in 
2017 after high spring flows washed out the downstream drop structure.   
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Figure A2-1: Double drop fish passage barrier on Headache Creek circa 2009 on left and 

again in 2017 on right. 
 
 
Table A2-2:  Survey history and results for the Cutthroat Trout population in Headache 

Creek.  Population estimates (adult fish >150 mm per 1.6 km) and associated 
confidence intervals (95% CI) were generated from two removal passes over 152 
m of stream. 

 
 

Year Date n Density 95% CI Comments 
 

 
1998 Jul 22 17   Single pass; 10 samples for genetic analysis 
1999 Sep 3 10   Single pass; 10 samples for genetic analysis 
2005 Aug 3 15 85 34 High water (Capture P=0.71)1 
2006 Aug 30 27 152 8 Low water (Capture P=0.91) 
2014 Aug 7 17   Single pass2 
2015 Jun 29 27 85 408 High water/crippled tech (Capture P=0.60) 
2017 Jun 5 0   Single pass3 
 
 
1Thirty six Cutthroat Trout captured in entire length of occupied habitat 
2Electrofished around upper headgate and in spawning channel and moved 17 fish to 
Gramps Ponds 
3Electrofished spawning channel and adjacent mainstem headgate area looking for 
spawning Cutthroat Trout but found none 

 
Much of the best habitat in Headache Creek is dewatered by the Virginia Meadow 

Diversion.  The Virginia Meadow irrigation ditch takes about half the water during the 
irrigation season.  However, there is a headgate and ditch downstream near the barrier, 
that diverts most of the remaining water into a series of 3 reclaimed ponds near the 
Banded Peak Ranch headquarters that are devoid of nonnative fishes.  These basins had 
been used to contain effluent from oil and gas operations in the 1970s.  Although cleaned 
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and remediated, the liner on the bottom should not be disturbed according to the ranch 
manager.  “Gramps Ponds” average about an acre in size each and were specifically 
designed to serve as broodstock ponds complete with a small spawning channel entering 
the ponds and barrier (culvert stand pipe) upon exit.  Anecdotal evidence suggests the 
Cutthroat Trout from Headache Creek have not colonized the lakes in appreciable 
numbers since they were reclaimed in 2003.  Concern over fish mortality precluded 
setting gill nets for more than a few hours at a time in Gramps Ponds, but a 23 m 
experimental gill net set for 2 hours near the inlet on the South Pond on May 17, 2014 
captured only a single Cutthroat Trout.  Two more set on June 2, 2015 (one each in 
Middle and North ponds) for 3 hours each yielded no fish.  

Macroinvertebrate densities and temperatures appear suitable for Cutthroat Trout 
in the ponds.  Freshwater scuds (Gammarus sp.) are abundant and a small littoral area has 
developed around the margins.  The headgate from Headache Creek to the spawning 
channel and ponds remains open during the winter allowing freshly oxygenated water to 
enter the ponds suggesting winterkill conditions are unlikely.  Temperatures did not 
exceed critical thresholds for Cutthroat Trout from 2015-2017, with near optimal 
conditions for growth (Table A2-3). 
 
Table A2-3:  Maximum daily temperature (MDT), maximum weekly maximum 

temperature (MWMT), and average 30-day average temperature (M30AT) in ºC 
were calculated from a temperature logger positioned on the surface of Gramps 
Pond` #1. 

 
 

Year MDT MWMT M30AT 
 

 
2015 16.2 15.7 14.7 
2016 16.5 16.1 14.4 
2017 14.6 14.0 13.0 
 
 

 
Molecular surveys: 

Ten trout were collected on July 22, 1998 and sent to Dr. Robb Leary (University 
of Montana) for analysis with horizontal starch gel protein electrophoresis.  Dr. Leary 
indicated that they were probably pure CRCT fish but noted that they possess a rare allele 
indistinguishable from Rainbow Trout (Kanda and Leary 1999; Kanda et al. 2000).  An 
additional 10 tissue samples were collected on September 3, 1999 and sent to Brigham 
Young University for analysis.  Both mitochondrial and nuclear DNA suggested this 
collection did not contain admixture with Rainbow Trout or Yellowstone Cutthroat Trout, 
and that they were consistent with CRCT (Evans and Shiozawa 2000).  Fin clips were 
collected from two-dozen trout in 2006, which too suggested these fish were pure with no 
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evidence of nonnative alleles as measured with AFLPs (Rogers 2008a).  Subsequent 
mitochondrial analysis suggested these fish harbor the same San Juan River basin ND2 
mitochondrial haplotype found in Aiken’s museum specimens collected from Pagosa 
Springs in 1874. 

 

 

 ____________________________________________________________ 

 

Himes Creek (WC#39502) 
CRCT Conservation Population ID: 
14080101cp002+14080101cp003 
Occupied habitat: 3.8 km 
  

Cutthroat Trout from Himes Creek 
 

The Cutthroat Trout population in Himes Creek was first discovered in 1994.  The 
adult population (those over 150 mm) has ranged from 46 to 164 fish/km (Table A2-4).  
Brook Trout are present within the occupied habitat, but occur in very low numbers, 
mostly within the first quarter mile upstream of the barrier.  They appear to have been 
introduced in the 1930s into a small, shallow headwater beaver pond named Rod and Gun 
Club Lake.  This lake was surveyed with a 75 foot gillnet in 2001 for 1.5 hours.  Leeches 
and larval form Tiger Salamanders were present but no fish were seen or caught.  A 
mechanical removal effort on Brook Trout has been ongoing since 1999.  A downstream 
barrier was constructed in 2001 to protect the population from subsequent invasions of 
nonnative salmonids, but most of the stream flow is diverted above the barrier and into 
hay fields during the irrigation season.  During that time, the 460 m long channel below 
the diversion is typically dewatered. 
 
Table A2-4:  Survey history and results for the Cutthroat Trout population in Himes 

Creek.  Population estimates (adult fish per km) and associated confidence 
intervals (95% CI) were generated from two removal passes over 152 m of stream 
during which time Brook Trout (BRK) were removed   

 
 

Year Date Density 95% CI BRK Comments 
 

 
1994 7/19/94 52 7 1 BRK at Diversion 
1998 8/17/98 72 0   
2005 8/01/05 52 7 1 Single 5 inch BRK below diversion 
2006 8/29/17   1 BRK at diversion; 137 CRN in reach* 
2007 10/1/07 121 34 1 Single 250 mm BRK above diversion 
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2009 7/15/09   0 83 CRN from barrier to FS diversion tarp 
2013 8/15/13 164 58 3 At diversion 
2014 8/14/14   3 No pop est; 137 CRN captured 
2017 8/02/17 46 8 3 BRK at diversion 
 

*Electrofishing reach starts at USFS/Ranch boundary and ends at the Rod and Gun Club 
Lake tributary outlet on Himes Creek. 

 
 
Molecular surveys: 

Ten fish from Himes Creek were collected in 1994 (presumably on July 19th while 
a population estimate was being generated) and preserved in formalin.  Don Proebstel 
(Colorado State University) examined morphological characters on these fish and found 
them to be consistent with CRCT (meristic counts within range), but did note that they 
had smaller spots on average than other CRCT (Proebstel et al. 1996).  Genetic samples 
were first collected in 1998 and 1999 from Himes Creek and sent to Drs. Paul Evans and 
Dennis Shiozawa at BYU.  These fish were determined to be pure CRCT and had 
“Colorado River mtDNA haplotypes”.  Two unique alleles were identified but not 
characterized because they were of unknown origin (Evans and Shiozawa 2000).  An 
addition, 30 tissues samples were collected in October of 2007 for AFLP testing.  These 
fish scored 100% CRCT with no evidence of Rainbow Trout or Yellowstone Cutthroat 
Trout admixture.  Subsequent sequencing of the ND2 mitochondrial region from 20 fish 
showed that all shared the common San Juan lineage CRCT haplotype. 
 

 

 ____________________________________________________________ 

 

Rio Blanco River (WC#38439) 
CRCT Conservation Population ID: NA 
Occupied habitat: NA 
 

 
Cutthroat Trout from Rio Blanco River 

 
The Rio Blanco is a tributary to the Upper San Juan River.  It is broken into two 

management sections by a large diversion dam that services the San Juan-Chama Water 
Project.  The upper section (Rio Blanco #2), flows out of the South San Juan Wilderness 
then winds primarily through private land down to the diversion structure. There are no 
barriers to nonnative fishes in this reach, and Rainbow Trout are stocked extensively on 
the private lands.  However, Cutthroat Trout and Brook Trout persist in the high gradient, 
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unstable upper reaches of the river.  An August 13, 1997 electrofishing survey in this area 
(upstream of Summit Creek confluence) recovered only 2 Brook Trout.  No Cutthroat 
Trout were captured in a brief survey 400 m upstream of the Summit Creek confluence.  
Periodic floods in the headwaters scour the river channel through a box canyon starting at 
about Hondo Creek leaving little physical habitat for fishes.  Cutthroat Trout are 
generally found from Hondo Creek upstream.  Flash flooding occurred a few days before 
the August 16, 2013 sampling trip.  Within a few hours flows the Rio Blanco rose from a 
baseflow of 20 cfs to almost 800 cfs then back to baseflow conditions.  The scouring 
effect was obvious (Figure A2-2). 
 

 
Figure A2-2.  Flash flood scoured river channel in the headwaters of the Rio Blanco 

above Box Canyon. 
 

The Rio Blanco headwaters are steep and no trails pierce the head of this very 
remote and rugged drainage.  There are no headwater lakes and no records of fish being 
stocked in its two main tributaries (Hondo Creek and Summit Creek).  In the fall of 1899, 
10,000 fry were stocked somewhere in the drainage but no record of species or location 
could be found.  It is likely that these fish were progeny from the Emerald Lakes Fish 
Hatchery as were several better-documented earlier stocking events in Archuleta County.  
Rainbow Trout had already been introduced into Emerald Lakes at that time, but majority 
of the spawn was likely taken from genetically intact San Juan lineage fish or “native 
fry”.  The drainage was stocked again in 1973 with “Pikes Peak natives” (see Rogers and 
Kennedy 2008), and with Colorado River Cutthroat Trout (“CRN” likely from Trappers 
Lake sources) in 1986, though we are uncertain as to how far up the drainage these were 
placed.  Author Jim White’s family moved to the Rio Blanco basin in 1976 where he 
grew up fishing the river and surrounding tributaries, but does not ever recall catching 
Rainbow Trout up in the Blanco Canyon reach in the early 1980s or at any other time.   
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Molecular surveys: 
A return angling trip in 2013 yielded two Cutthroat Trout specimens, both which 

harbored the common San Juan lineage CRCT ND2 mitochondrial haplotype.  This 
presents the intriguing possibility that San Juan lineage trout remain in this drainage, but 
a more robust survey effort will be required to evaluate purity in this population. 
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Introduction 

In December of 2015, the Colorado Water Conservation Board (CWCB) and Colorado Parks and 

Wildlife (CPW) initiated discussions with the San Juan National Forest (SJNF) staff regarding a collaborative 

effort to study and quantify instream flow (ISF) requirements on several streams of interest to the SJNF.  

The SJNF was interested in investigating the applicability of the Colorado ISF Program (administered by 

the CWCB) to meet SJNF stream protection and fishery management goals.  Four streams on the SJNF 

were selected for “a pilot study” to test the overall ability of the CWCB program to satisfy the Forest 

Service’s (USFS) stream protection goals and objectives.  During the spring and summer of 2016, SJNF, 

CWCB, and CPW personnel collaborated on the collection of ISF quantification data on the four stream 

segments pre-selected for the pilot study.  Himes Creek in Mineral County was one of the four pilot 

streams. Himes Creek is a small, first and second order tributary to the West Fork of the San Juan River 

near the base of Wolf Creek Pass, approximately 12 miles north of Pagosa Springs, CO. 

 

The initial analyses that came to the State from the SJNF for Himes Creek indicated that the USFS 

thought R2CROSS was not appropriate for this stream type.  The rationale for this opinion was based on 

the general lack of riffle or run habitat in Himes Creek.  The stream is a very steep, plunge-pool stream, 

Rosgen stream type A or Aa+ (Rosgen, 1996 at 4-30) where the limiting low flow fish habitat are the small 

pools associated with plunges and waterfalls, rather than riffle habitat in a typical R2CROSS generated ISF 

recommendation.  While riffles are not totally absent from Himes Creek (two riffles were located in the 

reach of interest to the FS), they are atypical for this stream and this stream type and do not represent 

conditions characteristic of the reach.   

 

The natural environment in Himes Creek was originally thought to be a pure, self-sustaining 

population of Colorado River cutthroat trout.  Later, genetic investigations on the Himes Creek cutthroats 

revealed that these fish are genetically rare and unique and are therefore of great importance to both the 

USFS and the State of Colorado.  The precise genetic nature of this fish population is documented by CPW 

(Rogers et al, 2018) and this written report has been made available to the CWCB to support the Himes 

Creek ISF recommendation. SJNF personnel have expressed a preference for an “all unappropriated 

water” ISF recommendation for Himes Creek based on this fish species, the plunge-pool nature of the 

stream, and land status of the Himes Creek watershed. 

 

Due to the opinions of the USFS described above and the USFS’s somewhat unique approach to 

the Himes Creek ISF recommendation, CWCB staff requested an evaluation of Himes Creek by CPW.  

Specifically, CPW was asked to look at the recommended Himes Creek ISF reach in detail and assess the 

habitat and the USFS claims regarding the lack of riffle habitat, document the size and nature of the pool 

habitat, assess limiting habitat types, and photo document the reach for the benefit of the CWCB’s ISF 

appropriation process.  Such an assessment is largely qualitative in nature but there are quantitative 

comparative methods whereby an investigator is able to measure and report stream habitat 

characteristics.  CPW and CWCB personnel determined that the R1/R4 methodology described in the USFS 

publication, Fish and Fish Habitat Standard Inventory Procedures Handbook (INT-GTR-346), could be 

modified to quantify, to some degree, the habitat in Himes Creek.   
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Background and Methods 

 In September of 2017, staff from CPW and CWCB conducted a modified R1/R4 habitat survey of 

Himes Creek; a first and second order stream located on the SJNF, Pagosa Ranger District, in southwest 

Colorado. The survey began at the point of diversion for Himes Creek Ditch, near the USFS boundary and 

ended at a point just upstream of the confluence with the Rod and Gun Club Lake tributary (Figure 1).  

Overall, 279 feet of stream was physically measured, distributed along 0.65 miles of Himes Creek using 

the sub-sampling protocol described below.  

 The R1/R4 survey protocol was developed to provide a tool for fisheries managers to describe the 

structure and dimension of fish habitat in wadeable streams using quantitative and repeatable metrics.  

This survey was specifically designed to detect changes or impacts to fish habitat from land-use practices.  

Surveyors identify specific Habitat Units (HU) delineated by fast or slow water types (i.e. a pool HU is 

defined by the head crest and tail crest of the pool).  Within each HU, surveyors measure the dimensions 

of the pool, riffle, run, or cascade and quantify habitat attributes such as large wood, substrate size, and 

bank stability.   

The R1/R4 survey protocol has numerous classifications for pool type or riffle type depending on 

the formative feature.  Fast-water habitat types in Himes Creek were often steep cascades or high gradient 

riffles between step-pool channel types (Figure 4). A High Gradient Riffle (HGR) is a habitat type with a 

steep slope and fast, turbulent water, with large boulder and cobble substrate. This is distinct from a Low 

Gradient Riffle (LGR) that more closely resembles the traditional riffle habitat used in ISF quantification 

techniques such as R2CROSS. The distinction between a cascade, high gradient riffle, and low gradient 

riffle is primarily channel slope and substrate size. For slow-water habitat types, the survey uses a 

hierarchy structure to identify the type of pool (dammed or scour), the position in the channel, and the 

formative feature. For example, a common slow-water habitat type in Himes Creek is a scour plunge pool 

formed by boulders, or SPB. See Figures 4 - 8 for examples of high gradient riffles, scour pools, and runs 

in Himes Creek. For a more detailed description of habitat units and survey metrics see Overton, et al 

(1997). 

Within each HU, the habitat type was classified using the above referenced manual; surveyors 

then measured the channel dimensions (length, width, and depth) within the HU.  Several habitat 

attributes were quantified in addition to channel morphology, including bank stability as a percentage of 

the total bank length and large woody debris within the bankfull channel (single pieces and aggregates). 

Substrate size was quantified using a Wolman Pebble Count at two cross-sections.  Each habitat unit was 

documented with photos and GPS coordinates, and detailed field notes regarding unique habitat features 

such as waterfalls or large cascades.  

 

Sub-sampling 

 Surveyors used a sub-sampling protocol in order to survey a longer section of stream than would 

otherwise be possible with time constraints and the steep terrain of Himes Creek.  The R1/R4 manual 

describes methods for determining a sub-sampling interval based on survey objectives.  For the Himes 

Creek survey, staff sampled every tenth habitat unit, walking the entire stream channel and counting the 

number of Habitat Units between physical measurement locations.  
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Reference Streams 

 The R1/R4 survey produces several metrics that are suitable for comparison to other survey 

protocols, such as the Environmental Protection Agency’s Wadeable Streams Assessment (WSA).  

Reference streams were selected from the WSA database based on the North American Level 3 Ecoregion 

Code, stream order, and reference condition noted in the database (see Table 4).  Two streams that were 

classified as ‘Slightly disturbed’ (Red Mountain Creek and Adams Fork Conejos River) were added to the 

comparison due to their close proximity to Himes Creek (Figure 2).  

Habitat inventory methods, such as R1/R4, use reference streams to provide context for habitat 

survey data by providing a benchmark to evaluate change over time (for repeated surveys) or for 

evaluating current stream condition. The reference streams identified in Table 5 can give insight to typical 

conditions in undisturbed landscapes subjected to similar habitat forming processes (ie: bank stability, 

large wood abundance).  The reference stream comparison can also be used to identify areas where 

habitat types differ significantly (ie: channel slope, substrate size). However, the objectives of each habitat 

survey will influence the type and location of data collected; therefore, interpretations derived from 

comparisons of reference stream data should be used cautiously. 

 

Results 

Himes Creek is characterized by a steep, confined channel dominated by step-pools and cascades.  

The average channel slope is 18-20% with a width to depth ratio of 12.  The average wetted width for all 

habitat types was 4.8 feet and the average depth was 0.4 feet.  Approximately 52% of the habitat in Himes 

Creek is pool habitat, reflecting the series of step-pool type features that dominate this system (Table 1 

and 2).  Numerous small step-pools were measured in the survey of which the average pool depth was 

0.4 feet.  Large, deep pools were rarely encountered during the survey; the maximum pool depth was 

only 2.0 feet.  Among all pools, the average residual pool depth was 0.8 feet (Table 1). 

Approximately half (52%) of the habitat-units measured in Himes Creek were classified as slow-

water habitat, reflecting the steep, step-pool environment of this system. The predominant slow-water 

habitat type observed was scour pools formed by a plunge over boulders (habitat type = SPB). The most 

abundant fast-water habitat types were Runs and High Gradient Riffles (HGR). Surveyors also measured 

two cascades with lengths of 17 and 44.5 feet that are representative of the abundance and size of 

cascades in this reach. Often times, the distinction between a cascade, HGR, or LGR was difficult to discern 

as the channel transitioned from cascades to HGR with subtle breaks in channel slope and braided 

channels.  

The substrate of Himes Creek is comprised of large boulders and cobbles with a median size (D50) 

of 86.3 mm and D84 of 237.5 mm (Table 1). Large wood is abundant in this system and is a formative 

feature in many habitat units (Figure 11 and 12).  Surveyors measured 946 pieces of “large wood” per mile 

(wood > 0.1 ft diameter and 3 ft long) primarily existing in one or two logs per Habitat Unit rather than as 

aggregates or debris jams.  The stream banks are armored by large boulders or bedrock in most locations, 

resulting in greater than 95% of the banks classified as stable (Table 1 and 3).  Several locations did show 

evidence of mass wasting adjacent to the stream with steep, bare soil banks approximately 30 feet long 

and 50 feet high; these adjacent landforms are a major source of sediment to this system (Figure 9).  The 
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riparian forest is primarily late successional fir and spruce, interspersed with large stands of aspen.  

Several areas had numerous wind-felled trees within the bankfull channel. 

Himes Creek has a similar width to depth ratio to the nine reference streams that were selected 

(Table 5).  This can be attributed primarily to the stable banks and lack of landscape disturbances that 

would induce over-widening or incising of the channel (Table 3).  The average residual pool depth is also 

similar among Himes Creek and the reference streams.  However, the stream metric for pool habitat 

(percent pool = 52%) in Himes Creek differs significantly when compared to the reference sites; this is 

primarily due to the steep channel gradient (18%) and large substrate size (D50 = 86.3mm).  In comparison, 

the reference streams have a pool percentage of 4-27%, an average channel slope of 7%, and an average 

D50 of 16mm.   In summary, the surveyed reach of Himes Creek has a much higher percentage of pools 

than the reference streams due to the step-pool nature of the stream. Figure 3 illustrates the unique 

habitat types found in Himes Creek when compared to reference streams with similar land-use patterns 

and basin size. 

 

Discussion 

 Himes Creek and its watershed are largely free of anthropogenic disturbances that would disrupt 

the natural processes forming and maintaining fish habitat.  There is no obvious evidence of present or 

historic livestock grazing, roads, timber harvest, or mining in the watershed and the entire basin, except 

for a small portion below the Himes Creek Ditch diversion structure, which is located on USFS system 

lands.  The stream banks are primarily stable and armored by large boulders or bedrock; this limits 

excessive sediment source areas along the stream.  As noted above, there are several points within the 

valley where landslide deposits or mass wasting deposits are adjacent to the stream; these areas are 

characterized by high, nearly vertical banks of bare soil.  These features are natural but are a significant 

source of sediment to the stream.  Himes Creek also has abundant riparian vegetation and large woody 

debris that provide cover and habitat features that are critical for fish.    

 Despite the undisturbed condition of Himes Creek, fish habitat availability is limited due to the 

high channel gradient and numerous cascades and plunge pools.  Surveyors noted numerous small 

waterfalls that were 4-5.5 feet high, as well as long cascades, that may be a barrier to some life stages of 

fish, or a complete barrier during certain periods of the year.  Habitat types that are important to specific 

fish life stages and seasons are also limited in this type of system.  Suitable spawning gravels occur 

infrequently as the substrate is dominated by large boulders and cobbles.  Sufficient pool depth for over-

wintering habitat may also be limited as the average pool depth observed was only 0.4 feet.  There were 

virtually no riffles in the segment, only a few short (less than 8 feet) higher gradient runs, and a few “rock 

garden” habitat units that were dominated by small basketball-size “pocket water pools.”   

 Comparing the R1/R4 survey data of Himes Creek to the reference streams highlights the unique 

habitat conditions found in this stream.  There were few habitat types on Himes Creek that resemble the 

habitat conditions typically surveyed in other habitat inventories that would allow a more direct 

comparison (ie: gradient = 3-7%, D50 = 2-3mm).  Although Himes Creek is characteristic of headwater 

mountain streams, this system is unique from a fish population perspective because water diversions 

downstream and waterfalls upstream impede fish movement.  Steep channel gradient, numerous 

waterfalls and cascades, and large substrate size presents challenges for fish attempting to access over-

wintering, spawning, or rearing habitat and the lack of habitat connectivity with downstream tributaries 
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eliminates access to refugia during periods of drought, severe winters, excessively high flows, or other 

forms of disturbance. 

 

Conclusions 

 

The Himes Creek site visit and R1/R4 survey and analysis support the USFS’s position on the following:  

 Himes Creek is a very steep stream that is not conducive to standard R2CROSS or hydraulic 

modeling for ISF recommendation development.  We observed very few habitat units where 

R2CROSS data could be collected.  Furthermore, the few sites where such data could be 

collected and analyzed are not representative of the reach (they are more accurately 

categorized as outliers), and they do not fall under any definition of the “critical low flow 

habitat” that is the underlying assumption of the R2CROSS methodology. 

 The Himes Creek survey was conclusive and confirmative of observations made previously by 

USFS and CPW Fishery Biologists and SJNF Hydrologists, namely that: 

o No true critical riffles exist in Himes Creek above the FS boundary. 

o While fish passage from pool to pool during low flow is a significant challenge to the 

fish population, the passage challenges are small cascades and waterfalls, not riffles.  

These are not appropriate sites for R2CROSS analysis. 

o The critical low flow habitats are pools and the available pool habitat consists of very 

small, relatively shallow pools.  We know, from fish sampling events (including those 

before, during and following drought), that the Himes Creek fish survived in these 

small pools. 

o Spawning habitat, specifically spawning gravel substrate, seems to be rare in Himes 

Creek.  To optimize spawning habitat availability and protection throughout the 

spawning and incubation seasons for the Himes Creek fish population, CPW believes 

that an ISF water right for all of the available flow is necessary to preserve the natural 

environment. 

o Professional judgment leads to the conclusion that the Himes Creek fish over-winter 

in these same small pools. 

o There is not a commonly accepted ISF methodology that can efficiently and accurately 

model pool dynamics (hydraulics) that will result in an accurate ISF recommendation. 

o Given the nature of the rare and unique natural environment in Himes Creek (the rare 

lineage Colorado River cutthroat trout – see Rogers et al, 2018) and the critical nature 

of the pool habitat upon which these fish depend, it is important that any ISF 

protection strategy ensure the perpetual existence and maintenance of the pools – 

they must be maintained in their current volume and quality, free from sediment 

accumulation over time.  CPW is in agreement with the USFS that, in the case of Himes 

Creek, the full range of available flows are needed to ensure the protection this 

critical low flow habitat into the future.   
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 Due to the nature of the Himes Creek ISF reach – its natural environment characteristics, the 

aquatic habitat, and its hydraulics, CPW believes that the SJNF’s approach to an ISF 

recommendation for Himes Creek is both reasonable and appropriate.  
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Tables 

Table 1: Himes Creek R1/R4 habitat survey data summary 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Average depth (ft) Average length (ft) Average width (ft) Average slope W/D ratio

0.4 13.3 4.8 18-20% 12

% of survey = pool # of pools per mile
Average pool 

depth (ft)

Average residual pool 

depth (ft)

Maximum pool 

depth (ft)

# of deep pools 

(>1ft)

52% 208 0.4 0.8 2 5

% of survey = Fast 

Water
Average depth (ft)

Average length 

(ft)
Average width (ft) D50 (mm) D84 (mm)

48% 0.34 15.9 3.7 8630% 237.50

Bank stability (% of 

total length)

Undercut banks (% 

of total length)

LWD singles/mile 

(>0.1ft dia, >3ft length)

Root 

wads/mile

LWD 

aggregates/mile

>95% 7 946 19 340

Large woody debris (LWD)Bank stability

All habitat types

Slow Water Habitat Type

Fast Water Habitat Type Substrate size
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Table 2: Dimensions for all habitat units measured during the Himes Creek R1/R4 habitat inventory. HGR: High Gradient 
Riffle, SPB: Scour Plunge Boulder, STP: Step-pool, DMW: Dammed Main LWD, RUN: Run, SMB: Scour Mid-scour Boulder, CAS: 
Cascade, LGR: Low Gradient Riffle

 

Table 3: Bank stability and large woody debris (LWD) for all habitat units measured during the Himes Creek R1/R4 habitat 
inventory. 

 
 

Fast-water

Habitat 

Unit #

Channel 

code

Habitat 

description

Habitat 

type**

Length  

(ft)

Width  

(ft)

Avg depth  

(ft)

Avg max depth 

(fast type)  (ft)

Max depth 

(ft)

Crest depth 

(ft)
Step pool #

STP # pools 

>1m

STP avg 

max depth 

(ft)

Residual 

pool depth

1 Main Fast HGR 16 4 0.18 0.3

2 Main Slow SPB 6.8 5 0.28 0.85 0.4 0.45

3 Main Slow SPB 7.5 6.6 0.2 0.6 0.2 0.4

4 Main Slow STP 10 4.5 1.05 3 1.05

5 Main Slow DMW 8 6.6 0.31 1.1 0.2 0.9

6 Main Fast RUN 6.5 1.8 0.4 0.7

7 Main Fast RUN 13 4.7 0.5 0.8

8 Main Slow SMB 9.5 4.1 0.5 1.1 0.3 0.8

9 Main Fast HGR 9.2 2.6 0.25 0.6

10 Main Slow SMB 8.2 7.5 0.4 0.9 0.3 0.6

11 Main Slow DMW 13.6 6.2 0.4 1.5 0.2 1.3

12 Main Fast HGR 9.5 2.2 0.2 0.7

13 Main Slow SPB 9.4 4.5 0.25 1.3 0.2 1.1

14 Main Fast RUN 11.7 2.3 0.3 1

15 Main Fast CAS 44.5 5.5 0.5 0.6

16 Main Fast LGR 16.5 3.9 0.2 0.7

17 Main Slow STP 27.3 0.7 6 0.7

18 Main Slow SPB 7.5 7.1 0.4 1.3 0.2 1.1

19 Main Fast CAS 17 6.5 0.5 0.5

20 Main Slow SPB 12.5 6.5 0.4 0.6 0.2 0.4

21 Main Fast RUN 15 3.7 0.4 1

Slow-water habitat type

Habitat 

Unit #

Bank length L 

(ft)

Bank length R 

(ft)

Stable L  

(ft)

Undercut L 

(ft)

Stable R  

(ft)

Undercut R  

(ft)
LWD singles

LWD 

aggregates

LWD root 

wads

1 16 18 16 0 18 0 0 0 0

2 6.8 6.8 6.8 0 6.8 0 1 0 0

3 7.5 8 7.5 0 8 4.5 0 0 0

4 10 10 10 0 10 0 0 0 0

5 8 8 8 0 8 4 1 1 0

6 6.5 6.5 6.5 0 6.5 0 0 0 0

7 13 13 13 0 13 0 2 0 0

8 9.5 9.5 9.5 3 9.5 0 4 0 0

9 9.7 9.7 9.7 0 9.7 7 3 10 0

10 8.2 8.2 8.2 0 8.2 0 0 0 0

11 7 13 7 0 13 0 5 1 1

12 9.5 9.5 9.5 0 9.5 0 1 0 0

13 9.4 9.4 9.4 7 9.4 4.5 4 0 0

14 11.7 11.7 11.7 0 11.7 0 1 0 0

15 44.5 44.5 44.5 0 44.5 0 0 0 0

16 16.5 16.5 16.5 0 16.5 0 5 4 0

17 27.3 27.3 27.3 0 27.3 0 10 0 0

18 7.5 7.5 7.5 4 7.5 0 4 0 0

19 17 17 17 0 17 0 1 1 0

20 15 15 15 0 15 0 4 0 0

21 15 15 15 5 15 0 4 1 0

LWDBank stability
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Table 4: Selection criteria used to identify reference streams for comparison with the Himes Creek R1/R4 data.  

 
 
Table 5: Habitat data from nine reference streams and Himes Creek used for comparison of the Himes Creek R1/R4 habitat 
inventory results. Reference streams were surveyed by the Environmental Protection Agency’s Wadeable Streams Assessment 
(WSA) program.  
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Figures 

Figure 1: Map of Himes Creek and survey reach 

 

Figure 2: Reference streams location 
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Figure 3: Boxplot of habitat survey data from Himes Creek (R1/R4 protocol) and reference streams (WSA protocol) 

 

Figure 4: High Gradient Riffle (background) and Scour Plunge Boulder pool (foreground) at HU1 and HU2. 
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Figure 5: Run habitat type at HU7 

 

Figure 6: Dammed pool formed by large wood (DMW) and High Gradient Riffle (HGR) at HU11 and HU12 
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Figure 7: Cascade upstream of HU18 

 

 
Figure 8: Step-pools and large substrate in HU15 classified (Habitat type = cascade) 
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Figure 9: Large eroding bank in the vicinity of HU15. Stream is at the foot of this slope. 

 

Figure 10: Waterfall at the upper extent of the survey 
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Figure 11: Braided channels and LWD in channel 

 

 
Figure 12: Large pool at HU20 
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ELECTROFISHING RECЮ RD

STREAM NAME: Hlmes Creek                               _____   CODE 薔 39502          STAT10N ■ 1

LOCAT10N: SW1/4 Sec19, T37N. RlE above Rod & Gun C]ub Lake tributary  DATE:  7/19/94      ___

PERSONNEL: 」aphet. Vanderbilt. Morrell. Sl ack, Davis, Stout     LENGTH OF STATION   500 ft.

AVGo WIDTH     7 3   FT  ACREAGE__■ 08      ELEVAT10N__8520 ft  POP ESI MADE? __2s♪rES ____NO

LENGTH― FREG」 ENCY RECORD (INCHES)

SPEα ES l l:213141516171819110111112113114:15116117118119120:21キ |

NAT    I   I   : 1 1 6 1 9 1 141 5 1 3 1 1 1   1   1   1   1   1   1   1   :   |   |   |   |

SUMMRY INFORMATIOT.I

SPECIES ICAIJGHT : LEIIGTH i RATIGE I II,EIGHI i FANGE i CATCH I LBIACRE I FISH/AOIE CONF/I NT '

MT i 39 | 5.7 in.l 2-9 in: 32 s.: 6-105 oi lOOx : 29.5 i 296-439 (95x) ---l\/
3●η45И子ス_く

COi4MENTS: 2 trout frv netted. but not keot at Station 1. One brook trout Yras found in lower Hime:

Creek at irriqat.ion diversion to Bootiack Fanch (see mao for location). Puroose of survev:
.initial streair survev: check for oossible presence of Colorado River cutthroat trout (CRN). 1O o'

the largest trc'ut were co'l lected and oreserved for taxonomic analysis. Manaqement implicatiorls,

These trout coulol be oure CfiN. t,to stockinq record exists for this st rearn and public access ha:

been contro'l ied for manv vears bv the Bootiack Ranch. A lifelonq resident of Paqosa Sorinq:

reported that brook trout were stocked in the Rod and Gun club Lake, but that no stockinq was dont

in Himes Creek. A definite upstrean fish miqration barlier was not found in this survev. Hou{ever

numerous 3 ft. falls are oresent on Himes Creek as i-t drops into the We



ELEClROFISHING RECORD
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FISH ∞ LLECT10N REORD

D●躙 iポ景景瓦蔦再属席∫乳話瀾ごlふ鮮 "%
LENGTH OF STAT10N:  500 feet       AVG WIDTH:  7.3 ft.      ACREAGE:  0.08     POP.

EST. MADE?  X  Yes _   No   ∞ LLECT10N αDE NO.      MJ-94-2

LENGTH― FREQUENCY RECORD

SpeCinen l Species  :  Length   :  We19ht

code l   l(Cln):(g)

a l NAT : 23.0 ! 105

02 1 NAT : 19.0 : 74

03 1 NAT l 15.5 : 32

04     1   NAT    :    16.5   :     43

05 1 NAT : 16.0

06     :   NAT    :    17.5

07 : NAT l 15.5

08     :   NAT    l    14.0

o9     :   NAT    :    16.0

lo     I   NAT    l    13.5

● 幸響 早 世 Ψ ず 守 響 鍔 甘 宋 華 潔 ボ



Page _1_ of _1_
CDOW STREAM SURヽ ′EY (■ 99■ REVISION)

LEVEL 2:  FIELD SURVEY Su― RY

: Himes Creek SECI: ■ WATER CODE: 39502 CDOW RECION: WE

「SURVEYORS: M  」aphet′  C  ElliS, A. H01land, B_ Brantlinger  DATE OF SURVEY: 08/■
7/98

SuRVEY LOCAT10N: T 37N  R ■E  S ■9  ELEVAT工ON: 8700 ft. STAT工 ON #: ■

uTM ZONE:  Ш  X:      UTM Y:

LOCAT工ON DESCR工 PT工 ON: immediately aboVe 6 ft fiSh barrier. about ■000 ft  abOVe Rod & Cun Club tributary

WATER CHEM工 STRY ANALYSIS (Y Or N):  N IF YES― ATTACH SEPARATE ARALYSIS SHEET

STREAM FLOW PROF工 LE (Y or N): N

HAB工 TAT EVALUATION (Y or N):  N

IF YES― DATE AND TYPE:

工F YES― DATE AND TYPE:

PoP  EST. METHOD: 2 pass removal   STAT工 ON LENGTH: 500 (FEET)

TOTAL STAT工 ON AREA:0 08 (ACRES)
FISH PRESENr (Y or N}: Y

AVG  WIDTH: 7 3 (FEET)

FLOW (CFS)AT T工 ME OF SURVEY:

LIMIT工NG FACTORS TO F工 SHERY:

METHOD:

A-5 (Steep gradient)

moni!oringtoassesspopu1atsionstatu5sinc€
initial survey j.n 01/s4, ubel- :Lr risn per acre' 29'5 lb/acre w-e:l l"I1^--Iit:::::t":::l::;initュ a■ surVey■■υ′/み `W``‐

‐ ‐́ ―――=― ―
l Ъopulatitt is grade A Colorado RiVer cutthroat

of ten trout from the ■994 surVey indicated thi

(CRN).  AdipOSe fins frOm the ten largest trout in thiS Survey were C。
1leCted and preserved ir

■00t ethanol fOr DNA testing to further Characterize the genetiCS Of thiS population

Brook trout Were found in Himes Creek be■ ow a 6 ft.VertiCal rock barrier, located about ■000 ft

aboVe the confluenCe of the Rod こ Cun Club tributary.

0:::せ
:]]『[せ

よ上]::eiliI[:liょ
ii:ユ

:]liillll:hihel[錮II116iatち [。

')ミ

買6Jell」:]leletti∬ l[Ijξ、。lI::
Э/aCre).

1盈離1聯蓄磁響帯垂翼藍裁豊芽:質聾鯨警轟
lost if measures are not taken to to preserve this genetic Strain.
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sIJMMARY INFORⅣATION

No ′AcreConf  工nt

SPECIES CAUCIrr LENGTH MNGE
AVG
IEIGHT
(GramB'

TIEIGI'T
RANGE ¨̈

BェCIMASS

lb/Acre
tfi3h ≫ 10

cm)

■00 七 200 200-200
(95■ )CRN ■3.5 Cm

(5.3 in)

6.0-24.■
Cm

(2.4‐ 9.5
in)

46 g. 5-■ 55 g.
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AVG. WEm: 7_3 ft     ACREAGE: 0 08       POP EST MADE?    Yё
S

mLL― CN―E10.:M」-98-EEM

SpECIVEN R― RD

SPECIMEN

CODE
…

LENGH

0

WEl餌

0SPECINIEN

CODE

SPECIES LENG7H

③

NVEIGH「

0

0■ CRN 2■ .■ 76

L    02
CRN ■9.5 77

03 CRN 23.9 ■55

60
04 CRN ■6 8

05 CRN 23.6 ■05

06 CRN 20.0 76

07 CRN 2■ .8 90

08 CRN 24.■ ■35

09 CRN 2■ .8 99

85
■0 CRN ■9.4

●



ELECTROFISHING ttCO哩
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sTRmM BME:HttS Creよ    ~E‖ :39502   叡 In■ :■

LOOTIm:Lveは 1&― Club trh』上鍋 4 0n USFS land

DATE: 07ノ 27ノ 99

-ZdE:    E       N       T 37 N  R■
E   S■ 9

-NrY: Archuleta                     TOPO tt MME: Saddle MOunta■
n

pERSeNEL: M_ Jattt  C  ElliS  R Brantl■nqer         ittm oF ― T10N: 1500 ft

AVG.… :7B ft ACRmGE:  POp Ы  MADE? お

α班工Ⅸ夏■m αI屈 Юヽ : M」-99-HIM

FISH“ TI正霊 銀 R― RD

SPECIMEN RFmRD

sP∝IMEN

00DE

瀬 lES LENGTH

ω

lVBGH「

0
SPECIMEN

∞ 帆

SPECIFS 麒 GTH

ω

WBGH「

0

0■ CRN ■0.9

'    02

CRN 20 7

03 CRN ■5.3

04 CRN ■3.3

05 CRN 24 0

06 CRN ■6.2

07 CRN 20.0

08 CRN ■4.0

09 CRN ■3 0

■0 eq ■8.0

…

: T・ Sヨユe saloles eヽre collected us■ no a mOer Dコ印Ch and remtth a oluo of tittle f― n

the cnudal fin f・ un each trout   All SOeCimens were Dreserved in individual■
v libe■ led 01astiC

vials With ■00を ethanol.  Fish ttCimm are nu国 墜塾壼xと二重■」壁堅x菫工菫ェgL£ど重皇二
=mQヱ

塾■■」』堅菫菫笙瓢 ・

― cirrl- 0■-03 ■ere Oollected be10υ the barrier. where brOOk trout たヽre also fOlnd.

贔 ∝ irrens。 4-■ 0嘘re∞ lleCted abe the brrier曇 コ 型 茎 」 塾 コ 望 塾 襲 畳 曇 導 塾 ≦ 阜 型 よ
安 〒

藁
f菱

II璽 [][韮 ∞ llecticln f― nH■ns Creek∞ 1lecLiOn∝ dヨ 』J」■―HEM_All fiSh ttre ret― ed to

the water al■ ve.  N0 500tS ul the headヽ 栓re observed ull these fiSh.
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CDOW STREAM SURVEY (1991 REVISION)

LEVEL 2: FfELD SURVEY SI]MMARY

DeRE川 :Himes Creek SEC壮 ■  WATER COm:39502 CDOW REC工 ON: WE

sURvEYoRs:Japhet,Gerhardt,GaIcj.a,BrantlingerDATEoFsURvEY:05/26/99(updated06/15/20orl
SURVEY LOCATION: T R S ELEVATION: 8'550 ft' STATION *:2

IIIM ZONE: UIM X: UTM Y:

LOCATION DESCRIPTION; 20o yards beloh' Rod and GurI Club Lake

STREAM FLow PRoFILE (Y or N): N IF YES-DATE AND TYPE:

HABITAT EVAIUATION (Y OT N): N IF YES-DATE AND TYPE:

IIATER CHEMISTRY ANATYSIS (Y or N): N IF YES-ATTACH SEPAnATE ANAIYSIS SHEET

FISH pRESENT (Y or N) : N PoP. EsT. METHoD: one pass electrofishing STATIoN LEIGTII: 50 IFEET)

Avc. WIDTH: 2.0 (FEET) TOTAI STATION AREA: '002 (ACRES)

FLOW (CFS) AT TIME OF SURVEY: less than O'1 cfs METHOD: visual estirnaEe

LIMITING FACTORS TO FISHERY: 1o'^' flows' intermittent drainage

COMMENTS: The unrtamed tributary to Himes Creek that drains Rod and Gun Club Lake contains no fish

and very litt1e water. This tributary of Himes creek has no fishery value'

LENGTH FREO∝ NCY RECORD (CM)

SPECIES
３
１
¨

“
―
”

・３

‐

¨

２。

‐

２２

２２

‐

２

２４

１

％

バ

‐

２８

”

―

¨

”

１

”

３２
‐
勢

34

36

“
‐
４。 42

42 ４３

‐

¨

216 a 10 12 t{ 16 1A 20

SUMttRY INFORⅣ AT10N
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NO  FISH
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LENG製
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STREAM
        Send Completed Reports to: mailto:Andrew.Treble@state.co.us CPW Contacted Prior to Sampling:
         Any questions or issues about reporting data, please call: Date of Contact:

Andrew Treble
Aquatic Research Data Analyst
970-472-4372

*Required Fields:

Water: Himes Creek
CPW Water Code:  39502 CPW Scientific Collector Permit #: Protocol:
CPW Station Code: Survey Purpose: Standard Survey or  Population Estimate Units Field Chemistry from Hach kit
Date: 9/7/2016 Water Temp:  F pH: 
Location Dscrptn: 100 yards upstream from private-FS boundary Target Species: CRN Air Temp:  F DO: mg/L % Sat.
Drainage: SJ Gear: Hardness: mg/L Units
UTM Zone: 13 (NAD83, Zone 13) Time: 1:30 1st conductivity: µs @ F
UTM X: 331107 m Top of Station: UTM X: 2nd conductivity: µs @ F
UTM Y: 4143708 m UTM Y: Salinity: ppt @ F
Station Length: 500 ft Flow: cfs Phen Alkalinity: mg/L
Station Width: 7.3 ft Wet/Dry: W Total Alkalinity: mg/L
Crew: 
Notes: 

__________
Species Count Length (mm) Weight (g) Status Mark TagID Species

BRK 1 22 132 2
CRN 1 14 40 2
CRN 1 15 63 2
CRN 1 23 126 2
CRN 1 21 92 2
BRK 1 17.5 68 2
CRN 1 18.5 70 2
CRN 1 4.5 8 2
CRN 1 5 8 2
CRN 1 22.5 125 1
CRN 1 18 62 1
CRN 1 19.5 80 1
CRN 1 23 146 1
CRN 1 16.5 50 1
CRN 1 17.5 65 1
CRN 1 21 104 1
CRN 1 15 48 1
CRN 1 17.5 62 1
CRN 1 14.5 40 1
CRN 1 13.5 32 1
CRN 1 10.5 20 1
CRN 1 19 76 1

End-of-Year Aquatic Scientific Collector's Data Submission

YOY Length (mm)

C. Kampf, H. McIntyre, D. Anderson

Observed YOY Length

Purpose of survey was to monitor CRN population and remove brook trout.  All brook trout were encountered in the 
first 100 feet of the 500 ft of river electrofished.

TWO‐PASS REMOVAL



STREAM
        Send Completed Reports to: mailto:Andrew.Treble@state.co.us CPW Contacted Prior to Sampling:
         Any questions or issues about reporting data, please call: Date of Contact:

Andrew Treble
Aquatic Research Data Analyst
970-472-4372

*Required Fields:

Water: Himes Creek
CPW Water Code:  39502 CPW Scientific Collector Permit #: Protocol:
CPW Station Code: Survey Purpose: Standard Survey or  Population Estimate Units Field Chemistry from Hach kit
Date: 8/2/2017 Water Temp:  56 F pH: 
Location Dscrptn: 100 yards upstream from private-FS boundary Target Species: CRN Air Temp:  F DO: mg/L % Sat.
Drainage: SJ Gear: Hardness: mg/L Units
UTM Zone: 13 (NAD83, Zone 13) Time: 12:30 1st conductivity: 80 µs @ 56 F
UTM X: 331107 m Top of Station: UTM X: 2nd conductivity: µs @ F
UTM Y: 4143708 m UTM Y: Salinity: ppt @ F
Station Length: 500 ft Flow: cfs Phen Alkalinity: mg/L
Station Width: 7.3 ft Wet/Dry: W Total Alkalinity: mg/L
Crew: 
Notes: 

__________
Species Count Length (mm) Weight (g) Status Mark TagID Species

CRN 1 70 2
CRN 1 160 50 2
BRK 1 250 193 1
BRK 1 220 158 1
BRK 1 150 66 1
CRN 1 120 53 1
CRN 1 200 125 1
CRN 1 230 184 1
CRN 1 130 38 1
CRN 1 200 100 1
CRN 1 90 29 1
CRN 1 210 134 1
CRN 1 150 76 1
CRN 1 90 44 1
CRN 1 175 80 1
CRN 1 100 15 1
CRN 1 110 24 1
CRN 1 140 40 1
CRN 1 110 33 1
CRN 1 100 19 1
CRN 1 95 20 1
CRN 1 130 35 1
CRN 1 100 25 1
CRN 1 100 19 1
CRN 1 80 20 1
CRN 1 80 21 1

End-of-Year Aquatic Scientific Collector's Data Submission

YOY Length (mm)

J. White, (USFS) C. Kampf, B. Janowski, M. Hammer, B. Richardson

Observed YOY Length

Purpose of survey was to monitor CRN population and remove brook trout.  All brook trout were encountered in the 
first 100 feet of the 1500 ft of river electrofished (1st 500 ft was part of the population estimate).

TWO‐PASS REMOVAL


	CWCB Staff Memo
	Attachment A - Executive Summary
	Attachment B - USFS Recommendation Letter
	Attachment C - Himes Creek Tabulation of ISF Recommendation
	Attachment D - Dr. Ellen Wohl, April 2018, “Himes Creek and Flow Diversions” 
	Attachment E - Dr. Brett Roper, April 2018, “Himes Creek Cutthroat Trout” 
	Attachment F - Jay Skinner, March 2019, “Literature review on the importance of a  natural flow regime to aquatic ecology in rivers and streams”
	Attachment G - CPW Press releases, 2018 – Nature of the San Juan Cutthroat trout discovery
	Attachment H - CPW genetics paper (Rogers et al., 2018) 
	Attachment I - CPW and CWCB modified R1R4 Habitat Study (Skinner, 2017) 
	Attachment J - CPW Letter of Support
	Attachment K - TU Letter of Support
	Attachment L - Peer Review Letter from Paul Dey and Dave Zafft – Wyoming Game and Fish Department
	Attachment M - Additional Reference Material
	Attachment N - CPW and USFS Fish Survey reports



