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FUTURE FISHERIES IMPROVEMENT PROGRAM GRANT APPLICATION
All sections must be addressed, or the application will be considered invalid

I. APPLICANT INFORMATION

A. Applicant Name:

Mailing Address:

City: State: Zip: 

Telephone: E-mail:

B. Contact Person (if different than applicant):

Address:

City: State: Zip: 

Telephone: E-mail:

C. Landowner and/or Lessee Name
(if different than applicant):

Mailing Address:

City: State: Zip: 

Telephone: E-mail:

II. PROJECT INFORMATION

A. Project Name:

River, stream, or lake:

Location: Township: Range: Section: 

Latitude: Longitude: within project (decimal degrees)

County: 

B. Purpose of Project:

Upper Red Rock Lake overwinter habitat 012-2022

Montana FWP

1420 E. Sixth Ave.
Helena MT 59620

Ryan Kreiner
730 1/2 Montana St.

Dillon MT 59725
406-431-3509 rkreiner@mt.gov

USFWS- Red Rock Wildlife Refuge
27650B South Valley Road

Lima MT 59739
406-276-3536 micheal_j_beyant@fws.org

Upper Lake Overwinter Grayling Habitat Improvement

Upper Red Rock Lake
14S 2W 20
44.59400 -111.74588

Beaverhead

The purpose of this project is to prevent extirpation of one of the last aboriginal grayling 
populations in the lower 48 states by increasing suitable over-winter habitat in Upper Red 
Rock Lake (Upper Lake) to at least 25 acres. Suitable habitat is defined as areas of the 
lake where water depth below the ice is >1 m and dissolved oxygen is  >4 ppm. Monitoring 
data has shown that when suitable winter habitat is >25-acres in a given year, the grayling 
population exhibits a stable or increasing growth trend.
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C. Brief Project Description (attach additional information to end of application):

Upper Red Rock Lake overwinter habitat 012-2022

The grayling is a rare endemic species found in the contiguous United States only in the 
Upper Missouri River Basin of southwest Montana. The majority of the Centennial Valley 
grayling population migrates into and occupies Upper Red Rock Lake (Upper Lake) within 
Red Rock Lakes National Wildlife Refuge (RRL) for the majority of the winter. The Upper 
Lake is a high-elevation, shallow (1 m during winter), postglacial wetland depression where 
hypoxia (low oxygen) can persist for months due to prolonged ice and snow cover and 
enriched organic sediments that represent high oxygen demand. The Centennial Valley 
Arctic Grayling Adaptive Management Plan (AMP) between Montana Fish, Wildlife and 
Parks (FWP) and the United States Fish and Wildlife Service (USFWS) has tested three 
hypotheses to determine the limiting factors of the grayling population in Upper Lake since 
2012: 1) Competition/Predation from non-native Yellowstone Cutthroat Trout, 2) 
Over-winter conditions in Red Rock Lake, and 3) Access to quality spawning habitat. After 
implementing this program for the past nine years, hypothesis 2 has emerged as the 
primary driver of the population (over-winter habitat). Consequently, due to poor 
over-winter conditions in the lake, the grayling population has declined from a spawning 
population of >2,500 adults in 2014 to an all-time low population of 88 adults in 2021.

Based on the on-going results from the AMP, the USFWS and FWP initiated an 
alternatives analysis to evaluate the different options (alternatives) which may help to 
improve over-winter habitat. After careful consideration, three alternatives emerged as the 
top choices: 1) solar aeration, 2) a pipeline to deliver oxygenated water to the deeper 
portions of Upper Lake, and 3) dredging. In 2020, a solar aerator was tested but quickly 
became covered by drifting snow and failed to work. Dredging was determined to be the 
most expensive alternative, the most visually damaging, and was expected to have 
short-lived results. The pipeline is currently the only feasible option.

This project proposes to pipe oxygenated water from a nearby tributary (Shambow 
Pond/East Shambow Creek) and deliver it to the deeper portions of Upper Lake. This 
project will run a buried 12 HDPE pipe approximately 5,500 feet from the outlet of 
Shambow Pond to a location in Upper Lake with a minimum depth of greater than 3 feet. 
Approximately 3,450 feet of the pipeline will be buried on land and 2,050 feet will be within 
Upper Lake. An intake pipe and flow control system will be installed near the pond outlet 
which will allow managers to control flow and shut down the pipeduring spring-fall (ice-off 
periods). A Cascade aeration structure will be also be installed near the pond outlet to 
increase dissolved oxygen of water in the pipe.

A similar approach has been taken in Utah to improve over-winter habitat at two sport 
fisheries previously impacted by chronic winter-kill (Pine and Navajo lakes). Both projects 
have worked for over 25 years with minimal maintenance. Based on similar or more 
favorable physical characteristics of this proposed project site (greater elevation drop, 
higher volume discharge in donating tributary, similar travel distance), this project has a 
high likelihood of success. Shambow Creek will not be negatively impacted as the creek 
will be returned to its appropriate channel during the growing season (spring through fall) 
to maintain riparian vegetation. East Shambow Creek and Shambow Pond are fishless and 
Shambow Pond is an artificial reservoir.
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D. Length of stream or size of lake that will be treated (project extent):
Length/size of impact, if larger than project extent (e.g. stream miles opened):

E. Project Budget:

Grant Request (Dollars): $ 

Matching Dollars: $ 

Matching In-Kind Services:* $ 
*salaries of government employees are not considered matching contributions

Other Contributions (not part of this application) $
Total Project Cost: $

F. Attach itemized (line item) budget – see budget template

G. Insert or attach a project location map showing the project area in relation to a major landmark or
town. Please indicate if the project location is on public or private property.

H. 

Attach specific project plans (e.g. detailed sketches, plan views [showing location and type of 
channel modifications], example photographs), current condition photographs, and maps. *If 
project involves water leasing or water salvage complete and attach a supplemental questionnaire
(fwp.mt.gov/habitat/futurefisheries/supplement2.doc). 

I. Attach letters or statements of support. This includes landowner consent, community or public
support, and fish biologist support.

J 
The project agreement includes a 20-year maintenance commitment. Please indicate (yes or no)
that you will ensure project protection for 20 years. Discuss your ability to meet this commitment.
Yes         No

K. Describe or attach land management & maintenance plans, including changing to grazing
regimes, that will ensure protection of the restored area.

Upper Red Rock Lake overwinter habitat 012-2022

25 ac (entire lake 2,950 ac)
17 (Red Rock, Elk Springs cks)

100,000
502,956

602,956

(See attachment). The project is on National Wildlife Refuge managed by the USFWS.

The project is on USFWS National Wildlife Refuge. Grayling are a top priority for the USFWS and FWP. 
Similar projects in Utah have resulted in little need for maintenance. Maintenance will be the responsibility of 
the refuge. The life expectancy of the project is 30-50 years

None necessary. The over-winter conditions are the primary factor driving the grayling 
population. Once the conditions are improved and stabilized, the population will persist.

�
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III. PROJECT BENEFITS (attach additional information to end of application):

A. What species of fish will benefit from this project?

B. How will the project protect or enhance wild fish habitat?

C. Will the project improve fish populations and/or fishing? To what extent? What are the expected
short term and long term benefits to the fishery?

D. Will the project increase public fishing opportunity for wild fish and, if so, how?

E. What was the cause of habitat degradation in the area of this project and how will the project
correct the cause?

Upper Red Rock Lake overwinter habitat 012-2022

Arctic grayling. The grayling in Upper Red Rock Lake (Upper Lake) are one of two 
indigenous populations remaining in the lower 48 states. Due to poor over-winter 
conditions in the lake, the population has declined from a spawning population of >2,500 
adults in 2014 to an all-time low population of 88 adults in 2021.

The project will increase suitable over-winter habitat for grayling in Upper Lake. Suitable 
habitat is defined as >4 mg/L of dissolved oxygen in water depths >1 m. Over the past 
three winters, less than 2% of the 893-ha lake has been found to be suitable. 

Yes. Although Upper Lake is closed to fishing to protect waterfowl, the tributary streams to 
the lake provide a popular fishery for grayling and Yellowstone cutthroat trout. Both 
species migrate to Upper Lake for all or most of their life cycles and will beneift from this 
project. Upper Lake also contains a fast-growing population of burbot.

This project will increase opportunity for fishing by enhancing the two species of fish that 
anglers seek in the Centennial Valley. Grayling are a highly desirable fish and are readily 
caught when their populations are high. Yellowstone cutthroat trout are a popular sport fish 
in the Centennial Valley and will benefit from this project.

The Upper Lake is a high-elevation, shallow (1 m during winter), postglacial wetland depression where 
hypoxia can persist for months due to prolonged ice and snow cover and enriched organic sediments that 
represent high oxygen demand. Research has shown that lake level going into winter can fluctuate by up to 1 
m, and that a lower lake level results in unsuitable over-winter conditions. Climate change, especially in the 
Centennial Valley, has resulted in consistently less snowpack, precipitation, and more years with a reduced 
lake level (i.e., shallower lake). Historic land-use such as grazing and the construction of Lima Reservoir has 
increased sediment in the system and altered the hydrology. This project will correct the unsuitable 
conditions by increasing dissolved oxygen to at least 4 ppm in 20-40 acres of the lake which exceed 1 meter 
in depth.
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Centennial Valley Arctic Grayling Adaptive Management Project
2021 Spring Update

• The Centennial Valley Arctic Grayling Adaptive Management Plan (AMP) is being implemented to
identify limiting factor(s) for Arctic grayling in the upper Centennial Valley (CV) of southwestern
Montana. Non-native hybrid Yellowstone cutthroat trout, spawning habitat, and overwinter habitat
have been identified as the three most likely factors that could limit long-term viability of grayling
in the upper CV. Long-term viability is expected to be maintained by 1) conserving genetic diversity,
2) establishing spawning and/or refugia in at least two tributaries, and 3) maintaining a spawning
population of ≥ 1,000 fish.

• An emphasis on learning through ‘management as experiment’ during the first phase of the AMP was
accomplished via two experiments that 1) reduced non-native Yellowstone cutthroat trout population
(2013–2016) and 2) maximized availability of spawning habitat (2017–2020). To date, natural vari-
ability has provided opportunity to explore the hypothesized relationship between grayling spawning
population and area of suitable winter habitat in Upper Red Rock Lake (Upper Lake).

• The iterative phase of the AMP began in 2021. If grayling spawning population is less than 1,000
fish, management action(s) predicted to restore the population to objective will be implemented. Ex-
perimental actions (aeration and pulsed-flow from Widgeon Pond) to mitigate the primary population
driver, winter habitat, have been unsuccessful to date. Therefore, the most influential secondary popu-
lation driver, spawning habitat availability, was maximized in 2021 by notching beaver dams to ensure
fish passage.

• The estimated number of Arctic grayling in the 2021 Red Rock Creek spawning population was 88
(95% CI = 26–176), which is not significantly different from annual estimates 2016–2020 (Figure 1).
Peak predicted grayling spawning was 11 May.
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Figure 1. a) Arctic grayling and non-native hybrid Yellowstone cutthroat trout abundance estimates and
95% confidence intervals (grayling only) from Red Rock Creek, 2013–2021, and b) age distribution of the
2021 grayling spawning population.
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• The estimated number of Yellowstone cutthroat trout in the Red Rock Creek spawning population was
1116, an approximate reduction of 66% from the highest estimated population in 2014 (N̂ = 3282)
and an increase of 288% from the population nadir in 2017 (N̂ = 387; Figure 1).

• The minimum area of suitable winter habitat within Upper Lake (i.e., water depth below the ice ≥ 1
m and dissolved oxygen ≥ 4 ppm) was estimated as 5 ha in March. Grayling spawning population was
reduced to ≤ 214 fish in all years when <10 ha of suitable winter habitat was available in Upper Lake
(Figure 2).

• Based on ten years when winter habitat and grayling spawning population were estimated, a threshold
level of 10–25 ha of winter habitat appears necessary to overwinter grayling populations greater than
the 1,000 fish objective (Figure 2).

• Suitable spawning habitat was most recently quantified in 2019, with an estimated weighted area of
suitable habitat (At) of 7 ha in Red Rock and Elk Springs creeks. Surveys to estimate area of suitable
spawning habitat will be completed again in 2021.

• The Winter Habitat, Spawning Habitat, and Non-native Fish models predicted 207, 361, and 323
grayling, respectively, in the 2021 Red Rock Creek spawning population; the model-averaged prediction
of spawning grayling abundance was 269 fish. The Winter Model continues to be the most supported
model, although the Spawning Habitat Model was also relatively well supported (Table 1). The Non-
native Fish Model continued to poorly predict grayling population.
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Figure 2. a) Extent of minimum area of suitable Arctic grayling winter habitat in Upper Red Rock Lake,
2021, b) annual estimate of minimum area of suitable habitat for water years 1995–2021, and c) grayling
spawning population as a function of minimum area of suitable winter habitat for years when both were
estimated (1995 [0 ha], 2016 [8 ha], 2017 [9 ha], 2019 [0 ha] and 2020 [0 ha] points are plotted but not
labelled). The shaded polygon represents an hypothesized threshold (10–25 ha) of suitable winter habitat
where 1) enough winter habitat is available to sustain grayling population at objective (N ≥ 1,000 fish, >
25 ha suitable habitat), and 2) winter habitat presumably reduces grayling survival, resulting in grayling
population below objective (N̂ ≤ 214, <10 ha suitable habitat).
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Table 1. Arctic grayling spawning abundance model predictions, observed abundance, and relative model
weights for 2021. Model weights, which sum to 1, are a measure of relative support for a model given the
data.

Model 2021 Prediction Observed Model Weights
Winter Habitat 207 88 0.576
Spawning Habitat 361 88 0.333
Non-native Fish 323 88 0.090

• We will continue to learn how grayling respond to the Yellowstone cutthroat trout population and
spawning habitat availability as 1) grayling cohorts spawned during low trout abundances and high
availability of spawning habitat recruit, and 2) Yellowstone cutthroat trout spawning population re-
covers.

• An alternatives analysis was completed in 2019 to assess costs, logistical and legal feasibilities, and
likely effects on grayling of all winter habitat enhancement approaches. Two alternatives, solar aeration
and flow augmentation to Elk Springs Creek from Widgeon Pond, were experimentally assessed during
the winters of 2019 and 2020, respectively. Neither approach successfully increased area of suitable
winter habitat for grayling.

• Final engineering design of a tributary point-of-inflow modification will be completed in 2021 to fur-
ther clarify the effectiveness, costs, and impacts of this alternative. Environmental compliance and
identification of funding sources could occur winter 2021, with construction occurring summer 2022.

Authors:

Jeff Warren1, Matt Jaeger2, Tim Gander2, Ryan Kreiner2, Kyle Cutting3, Lucas Bateman2, Terrill Paterson2.
1 U.S. Fish and Wildlife Service, Division of Science Resources,
2 Montana Fish, Wildlife and Parks,
3 U.S. Fish and Wildlife Service, Red Rock Lakes National Wildlife Refuge.
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 November 5, 2021 

Montana Trout Unlimited 
PO Box 7186  
Missoula, MT. 59827 
 
Ryan Kreiner, Native Species Fisheries Biologist 
Montana Fish, Wildlife & Parks, R3 Fisheries Division 
730 N. Montana Street 
Dillon, MT 59725 

Re: Upper Red Rock Lake Overwinter Habitat Improvement for Native Arctic Grayling

Dear FWP, Future Fisheries Review Panel: 

Montana Trout Unlimited (MTU), on behalf of more than 4,500 statewide members, including 
local membership in the Chuck Robbins Chapter of Trout Unlimited, supports Montana Fish, 
Wildlife & Parks’ (FWP) Future Fisheries Improvement Program application.  We ask that the 
Future Fisheries panel fully fund the request of $100,000 to secure a future for this imperiled, 
endemic population of native Arctic grayling in Upper Red Rock Lake (URRL).  

FWP’s fishery management depends on sound science.  FWP biologist, in partnership with US 
Fish & Wildlife Service biologist, have gone above and beyond in their due diligence to 
understand the limiting factors for the URRL grayling population.  The development, 
implementation, and data analysis of the Centennial Valley Arctic Grayling Adaptive 
Management Plan (2013) has led to the determination that hypoxic conditions in URRL are the 
limiting factor for Arctic grayling, a species that inhabits approximately 4% of their native range.  

After years of detailed research and design, all project partners came to a consensus on October 
28, 2021, that developing a pipeline from the adjacent spring-fed Shambow Pond to deliver a 
new source of cold, well-oxygenated water to URRL is the only feasible path forward to restore 
one of the most unique populations of native fish in North America.  During recent winters, the 
amount of suitable habitat for over-wintering grayling has shrunk to <5 acres.  Research has 
shown that if suitable habitat declines below 25 acres in the winter, there is a corresponding 
decrease in the grayling population.  Water from Shambow Pond will increase the area of 
oxygenated water in URRL to more than 25 acres.  Projects across Southwest Montana that 
restore grayling populations have helped to keep them off the Endangered Species List.  A win 
for conservation advocates and all citizens of Montana alike.  

MTU’s mission is to conserve, protect, and restore Montana’s world class fisheries and their 
watersheds.  We have been a steadfast partner in many projects in the Centennial Valley, 
including this one, that improve grayling habitat.  In December 2020, MTU was awarded a 
$200,000 grant for this project from the National Fish and Wildlife Foundation.  We secured 

Upper Red Rock Lake overwinter habitat 012-2022



 

 

$5,000 from the Trout and Salmon Foundation in September, 2021.  We will submit a $5,000 
grant to the Montana Trout Foundation by December 1, 2021.  We are committed to raising up to 
an additional $95,000 for this project.  We have and will continue to raise awareness for native 
fish recovery through our quarterly newsletter, Trout Line, with a distribution of over 5,000 
households in Montana, online, and elsewhere.  

Like many Montanans, our members prize the opportunity to pursue native fish in their native 
habitat.  That is why MTU advocates for the restoration of Arctic grayling across their native 
range.  This is a unique opportunity to support a historically significant project for the benefit of 
Arctic grayling.  Not to mention, future generations of fishermen, conservationist, and advocates 
for wild places that harbor wild, native fish and wildlife.  

Thank you for considering our input on this project. Feel free to contact us with any questions 
regarding our comments. 

 
Sincerely, 

       
 
Dr. David Brooks      
Executive Director      
Montana Trout Unlimited 
david@montanatu.org   
 

 
Chris Edgington 
Jefferson Watershed Project Manager   
Montana Trout Unlimited 
chris@montanatu.org 
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