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The Bighorn River Alliance (BHRA) is proud to share the ways 
we continue to take the lead in protecting Montana’s Bighorn 
River as described in the Research Initiative 2021 Summary 
Report. Reconnecting vital habitats, maintaining long term 
monitoring efforts, and involving river guides in citizen 
science efforts are just a few of the ways we work to elevate 
our understanding of the resource while creating the scientific 

foundation upon which conservation initiatives that protect the river, can be built. Of pressing importance is understanding how the river 
and its fisheries react under changing flow and climate conditions. This season the entire state of Montana experienced low water conditions 
which challenged water managers and biologists who depend on, but lack, long term data sets to monitor drought impacts on many of the 
state’s wild trout rivers. Thanks to the BHRA Research Initiative (RI)and those who make this program possible, the BHRA is collecting 
valuable data that will help influence management decisions moving forward as drought conditions are fore casted to become more 
common. The work we are doing today is truly helping to secure the river for tomorrow. 

Please join me in recognizing and celebrating another year of successful Research Initiative programs, programs that,  
with your support, will continue to grow and preserve the Bighorn River for all.

The Research Initiative, due in large part to the enthusiastic 
support of its Underwriters, is now concluding its third year 
and I am very pleased to be able to share this overview of what 
has been accomplished in 2021 as well as a preview of our plans 
for next year. The river will always be subject to the influences 
of the natural environment as well as those that are human 
caused. Some will be positive and welcomed while others 
will appear to have negative effects on the long-term health 
of the river and questions will arise whether their effects can 
be mitigated. Our ability to respond to these challenges will 
depend on how well we understand the basic building blocks of the ecosystem and the energy and commitment we bring as stewards of the river. 
I think we are making real progress with respect to the scientific foundation on which our action agenda depends and the support our efforts 
have received gives every reason to expect that we will have the resolve to make sure that our work has a material effect on the long-term health of 
the resource.

The Research Initiative is evolving. Year one was foundational—understanding the authorities and operating criteria of the various agencies 
affecting the river, developing sampling and monitoring plans and doing a lot of baseline mapping. Year two saw startup of monitoring programs 
and additional mapping of channel migration and flood risk. This year, year three, with work on the scientific foundation continuing, we began to 
focus on an action agenda. There are five priority areas:

• Flow Management: The Bighorn is a controlled System—influenced by agency managers, the weather and by the various user stakeholders. Our 
job is to be a respected party at the decision-table and to be able to present data that show the relationship of flows to the cold water fishery and 
the overall health of the river.

• Habitat Restoration: The construction of Yellowtail Dam in 1966 not only created the cold-water fishery but by moderating what had been the 
natural low and high flows, significantly impacted all components of the ecosystem—the riverbed, the riparian corridor and the flood plain. Some 
of these changes are detrimental to the overall functioning of the system and offer opportunities for mitigation.

• Turbidity Reduction: Turbidity in the river is a combination of what is happening in the reservoir, storm water runoff and irrigation return.  
We are only beginning to understand the relative importance of each and the overall implications for water quality and for the various stakeholder 
user groups. Progress in this area will provide the foundation for identification of possible mitigation strategies.

• Aquatic Vegetation Assessment: To our knowledge, there had been no previous sampling of aquatic vegetation in the Bighorn. Given its 
significant role in the ecology of the river, combined with the nuisance it presents to both anglers and irrigators, this information gap needed to 
be filled.

• Cold Water Fisheries Support: Finally, the health of the cold water fishery is of great interest to our angler stakeholders but is not easy to 
monitor. To that end, we continue to pursue innovative new measurement strategies and to work with the MFWP managers to better understand 
the population dynamics of the fishery based on our complementary efforts.

As you review the summaries of the eight studies completed this year, I think you will see the relationship to the action agenda outlined above. 
We have come a long way in three years but are only scratching the surface. Everything we have accomplished to date is a result of the generous 
and enthusiastic support of our underwriters. What we accomplish in the future will depend on continuation and growth in that support.   
The legacy of that support will be reflected in a healthier river that is positioned to serve future generations as it has served us!

W E L C O M E

J I M  C H A L M E R S

BIGHORN RIVER ALLIANCE
Research Chair 

A N N E  M A R I E
E M E R Y

BIGHORN RIVER ALLIANCE
Executive Director
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F I N D I N G S

1: BMI densities reported at Split Island on April 2021 averaged 14,890 ind. per m2; 
this is a significant increase from the Fall 2020 BMI numbers (4,434 ind. per m2) 
but still significantly less (more than 2 times lower) than the April 1987 estimates 
(36,658 ind. per m2) (Figure 1). BMI densities reported at Three Rivers on April 
2021 averaged 42,250 ind. per m2; this is significantly higher than the Fall 2020 BMI 
numbers (21,970 ind. per m2), but very similar to BMI densities reported in April 
of 1987 (Figure 1). BMI populations are likely increasing during this low-flow year 
after the high flushing flows experienced during the 1st half of 2020.BHRA AQUATIC MACROINVERTEBRATE 

STUDIES: FALL 2021 SUMMARY

Figure 2: Macroinvertebrate Composition at the upper Bighorn Sites for Sept. 2020 vs. April 
2021. Large increases in midges and aquatic worms and decreases in caddisflies between seasonal 
sampling periods are most notable.

Figure 1: Macroinvertebrate Ordinal Percentage {%) represented at the Bighorn Sites for Sept. 
2020 vs. April 2021. Large increases in midges and aquatic worms and decreases in caddisflies 
between seasonal sampling periods are most notable. Green shading are significant increases 
between seasons, while red shading are decreases. 

2: The upper four Bighorn River sites’ increase in BMI numbers between Fall and 
Spring were driven by large increases in Chironomids (midges), while the lower 4 
sites are increasing with the relative abundance of Mayflies, especially the fall cohort 
of BWO’s, and non-insect invertebrates, aquatic worms (Figure 2). 

3: The % EPT (Mayflies + Stoneflies + Caddisflies) in the Fall 2020 samples were 
significantly higher than in the Spring 2021 (T-test, p=0.008) at sites upstream 
of Little Bighorn River, except for at Two Leggins (Figure 3). % Chironomidae 
(midges) were significantly more dominant in the Spring samples than in the Fall 

4: The non-native, New Zealand 
mudsnail (NZMS) was not present at any 
Bighorn River site in 1986 or 1987, but in 
Fall 2020, Three Rivers and Bighorn FAS 
reported NZMS benthic densities of 880 
and 200 ind. per m2, respectively; these 
numbers have decreased to ~70 per m2 in 
the spring of 2021. 

at the upper Bighorn River sites (T-test, 
p=0.02). There was no significant 
seasonal difference (Fall vs. Spring) in the 
% Chironomidae (midges) at the Bighorn 
River sites downstream of the Little 
Bighorn River (Figure 3).

T H E  R E S E A R C H  I N I T I A T I V E

S U M M A R Y  O F  T H E

2 0 2 1
S T U D I E S

1.	  We will continue to analyze the BMI samples collected from the 
Fall 2021 sampling during a low discharge period and compare 
with seasonal samples from Fall 2020 and Spring 2021 to see if the 
BMI populations continue to increase to the densities reported in 
the late-1980’s. 

2. 	It is widely known that BMI can build up their population 
densities substantially during non-flushing flow years, especially 
burrowing groups like the midges (Chironomidae), and aquatic 
worms (Oligochaeta) which can proliferate in the fine sediment 
accumulations within interstitial cobble spaces. 

3. 	A large, flushing flow that the Bighorn River experienced in the 
spring 2020, reduces midge and aquatic worm abundance in the 
sediments and favors mayflies and caddisflies, as seen in the Fall 
2020 samples. Based on the decreased spring pulse in May 2021, 
we can postulate that Fall 2021 samples will likely be dominated by 
midges and non-insects with fewer mayflies and caddisflies.

4. 	Even though non-native, NZ mudsnails have been documented at 
two of the eight Bighorn River sites, the observed densities (avg. 
306 snails per m2 between Fall and Spring) are low enough to 
not cause considerable worry or to compete with native benthic 
invertebrates for food or benthic cobble habitat. 

Photo 1: Bighorn Three Rivers Site looking 
downstream, stream channel differences observed 
during the Fall 2020 (L) at 2,500 cfs and low flows  
of Fall 2021 (1,700 cfs) (R).

David Stagliano, M.S. is an Aquatic Ecologist, Fisheries Biologist and Invertebrate Taxonomist 
who has been performing ecological studies on streams and rivers for the last 26 years, 18 
of which have been focused in the western U.S. (Montana, Idaho and Wyoming). Areas 
of expertise include the field collection, taxonomic analysis and interpretation of aquatic 
invertebrates, amphibians, mussels and fish communities for use in assessments and 
monitoring of stream, wetland, and river integrity.

E-mail address: dstagliano88@gmail.com

S T U D Y  O B J E C T I V E S

The main objectives of the macroinvertebrate portion of the BHRA 
research initiative are:

1.	 To develop a long-term data set on benthic macroinvertebrate 		
	 (BMI) populations and community assemblage structure along 	  
	 the study reach of the Bighorn River by collecting repeatable, 		
	 quantitative, baseline data using standardized methods. 
	 •	 Use historical, previously collected macroinvertebrate data to 		
		  determine current trends of biological integrity, species diversity 		
		  and community shifts.
	 •	 Compare seasonal BMI population trends spatially along the 		
		  Bighorn as they are influenced by macrophyte beds, algae, aquatic  
		  invasive species, sedimentation, water quality, dissolved gases and 		
		  regulated flows (Photo 1). 

2.	 Evaluate longitudinal macroinvertebrate patterns to help BHRA 	  
	 understand how the river’s water quality, hydrology, flow 		   
	 management and temperature regimes has changed through time, 		
	 and lead to an understanding of the overall biological health of the 	  
	 Bighorn River. 

D A V I D  S T A G L I A N O
Montana Biological Survey

L E A D  S C I E N T I S T

Figure 3: Macroinvertebrate % EPT (Mayflies 
+ Stoneflies + Caddisflies) (top) and % 
Chironomidae (bottom) at the Bighorn River 
Sites for September 2020 vs. April 2021. Mayflies 
and caddisflies dominate the upper sites in 
the Fall, but not the Spring. Large increases in 
midges and decreases in caddisflies between the 
seasonal sampling periods are most notable. 
Midges contribute a larger % of the BMI 
community during both seasons downstream  
of the Little Bighorn River.

I M P L I C A T I O N S
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B I G H O R N  R I V E R  
W AT E R  Q U A L I T Y  M O N I TO R I N G

Figure 1: Water quality monitoring sites on the Bighorn 
River. Eleven sites were sampled in 2021 compared to 
eight in 2020. The two new sites were added on Soap 
and Rotten Grass Creek. The other nine sites include 
seven on the Bighorn River, one on the Little Bighorn 
River, and one on the Bighorn Reservoir.

Figure 2: Average monthly flow for all sampling sites (2020 and 
2021). Flow data was acquired for each sampling date.

Figure 3: The bar chart shows the average spatial concentration of 
nitrogen in 2020 and 2021 from June to August. Overlayed on the 
bar chart is a line graph showing the average turbidity in 2020 and 
2021 from June to August. September 2021 data for nitrogen was not 
available and could not be compared to 2020 September nitrogen data.

I M P L I C A T I O N S

Various factors including natural processes and human influences such as land use practices, occurring both upstream of the reservoir and 
throughout the monitoring area, affect the water quality on the Bighorn River. Continued annual monitoring of the Bighorn River, both 
spatially and seasonally, can provide a baseline understanding of the system allowing us to detect out of parameter locations or events. With 
a better understanding of the river’s water quality, areas in need of management can be identified and actions taken to maintain important 
ecological processes. 

T H E  R E S E A R C H  I N I T I A T I V E

S U M M A R Y  O F  T H E

2 0 2 1
S T U D I E S

F I N D I N G S

A total of eight Bighorn River sites (Figure 1) were 
sampled ten times during the sampling period from May 
6th – September 24th. At each site, a YSI water quality 
multi-parameter Sonde device was used to collect data 
on temperature, dissolved oxygen, conductivity, turbidity, 
chlorophyll, and nitrogen. River pH was also monitored 
with a separate device. Additionally, water chemistry grab 
samples were collected once a month to examine: total 
suspended solids (TSS), volatile suspended solids, total N as 
sum of nitrate + nitrite, total Kieldahl nitrogen (TKN), total 
nitrogen, total phosphorus and selenium. 

Summer 2021 was a low flow year compared to a more 
moderate flow in 2020 (Figure 2). With lower flows greater 
concentrations of some of the monitored parameters were 
expected. This was the case for nitrogen (nitrate + nitrite) 
across sites. Preliminary analysis identified significant 
differences in 2020 and 2021 nitrogen concentrations at 
most sites. Nitrogen concentrations are strongly associated 
with algae growth and thus water clarity (turbidity). High 
turbidity is associated with low visibility in the water column 
(for example, a turbidity of 20 FNU is equivalent to 12 inches 
of visibility). By monitoring levels of nitrogen in the Bighorn 
River it may be possible to identify the timing and locations 
of inputs to the river which may affect algae growth.

S T U D Y  O B J E C T I V E S

In the summer of 2021, the BHRA continued water quality monitoring and 
data collection efforts on the Bighorn River which began in 2020. The goal of 
this effort is to provide a current understanding of river health, and to continue 
tracking long-term data trends to monitor water quality changes over time. 
Following the Sampling and Analysis Plan created in 2019, with some minor 
modifications to site locations, we addressed the following points:

1.	 Understand the current biological and chemical water quality conditions  
	 of the Bighorn River.

2.	 Identify potential water quality impairments that influence Bighorn  
	 health and processes.

3.	 Identify source of potential impairments (i.e., reservoir, tributaries,  
	 land use practices, etc.).

4.	 Analyze and compare 2021 data to 2020.

5.	 Develop objectives for the 2022 Water Quality Monitoring program.

Kayhan Ostovar has coordinated student research contributions to the Bighorn Alliance 
efforts on water Quality Monitoring, as well as a literature review to assess the potential effects 
of American white pelicans on fish in the Bighorn River. For the past six years he has been 
studying snapping turtles and spiny softshell turtles in the Bighorn and Yellowstone rivers,  
as well as many other tributaries.

Kendall Ard served as the BHRA water quality monitoring intern for the 2021 season as a Yellowstone River Research Center 
student scholar. Kendall is a junior at Rocky Mountain College pursuing a degree in environmental science. She has conducted 
research on turtles in Montana, pioneering game camera techniques to examine behavior. In her spare time, she enjoys 
heading to the mountains for backpacking and skiing. She has also volunteered in the Yellowstone River annual cleanup for 
three consecutive years. 

K A Y H A N  O S T O V A R
Environmental Science and Wildlife Conservation Professor at Rocky Mountain College 

D I R E C T O R  O F  T H E  Y E L L O W S T O N E  R I V E R  R E S E A R C H  C E N T E R

K E N D A L L  A R D

WAT E R  Q UA L I T Y  T E C H N I C IA N 

BIGHORN RIVER 2021 WATER  
SAMPLING LOCATIONS

Consistent with 2020 data, the average spatial concentration 
(between sites) of nitrogen was highest at the upstream site 
(Afterbay), directly below the Bighorn Reservoir, with an 
exception occurring at Mallard’s Landing (Figure 3). In 2020 
average nitrogen concentrations were higher at Mallard’s 
Landing but not to the degree recorded in 2021. This 
preliminary observation is likely associated with irrigation 
water return directly above the sampling site. An increase 
in turbidity levels at Mallard’s Landing was also observed 
and coincides with the increase in nitrogen concentration 
(Figure 3). Return flows and runoff from irrigated land may 
transport sediment bound nutrients like phosphorus and 
nitrogen which may offer an explanation for the observed 
levels of nitrogen and turbidity at Mallard’s Landing. 

The 2021 water quality monitoring effort continues 
building a long-term database of water quality conditions 
on the Bighorn River and provides valuable data towards 
understanding how the Bighorn River system is affected 
during a low flow year. Further analysis of the 2021 water 
quality monitoring data will occur later in the fall, with a 
final report available at the end of the year. 
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T H E  R E S E A R C H  I N I T I A T I V E

S U M M A R Y  O F  T H E

2 0 2 1
S T U D I E S

F I S H L O G *

Doug Haacke is a self-employed software developer and part-time guide who started fly 
fishing over 50 years ago in Ohio. His love for trout fishing brought him from Ohio to 
Montana after college. While fishing the many treasured rivers and streams in Montana, 
Doug’s appreciation for conservation efforts blossomed, and through the years he remains 
active in Montana Trout Unlimited, Magic City Fly Fishers, and Bighorn River Alliance. 

E-mail address: dhaacke@gmail.com

D O U G  H A A C K E

A P P  D E V E L O P E R

F I N D I N G S

Five guides received training 
and dedicated iPhones in the 
spring of this year and data 
collection began in March 
and continues to the present. 
The App was used on 300 
trips and data was recorded 
on over 4,000 fish. To our 
knowledge, this is path 
breaking methodology in 
recording the location, time, 
environmental conditions 
and fish characteristics of 
a very large sample of the 
fish caught in the 2021 
season. Because the GPS 
coordinates of every fish 
logged are known, the data 
can be mapped as shown in 
Figure 1.

Summary data are tabulated 
on a monthly basis which 
provides the basis for 
examining trends over the 
course of the season. Figure 
2 shows the format of the 
summaries and present the 
data for the season-to-date. 

Figure 1: Sample output from FishLog. Every fish caught is recorded by 
location, date and time and by characteristics as indicated by the pop ups. 
RB is the rainbow indicator, LL (loch leven) is the brown trout indicator and 
WF indicates whitefish.

•	 Our on-the -river trial in 2021 has demonstrated that FishLog is 
both a practical and valuable tool that the BHRA will be able to use 
to help understand the state of the fishery.

•	 Most striking in the 2021 data is the 2.5:1 dominance of browns 
over rainbows and the very different size distributions of the two 
species. The likely explanation is the differential negative impact 
of the 2017-2019 high water spring flows on the rainbow spawn as 
opposed to the brown trout spawn.

•	 Spring flows in 2020 and 2021 have been much lower so it will be 
interesting to see how the species distribution and the relative size 
distributions even out in a lower flow environment.

•	 A longer term objective as data is collected over a longer period of 
time is to understand what new perspectives the “catch” data gives 
us relative to the E Shocking population data that FWP collects 
twice a year.

I M P L I C A T I O N S

* Because the App measures “catch” data, its name has been changed from FishPop to 
FishLog to distinguish it from methodologies designed to measure population data.

S T U D Y  O B J E C T I V E S

Montana Fish, Wildlife and Parks performs an annual 
survey of both the upper and lower Bighorn River, 
and the data they collect provides information on fish 
species, health, size, existing age classes and population 
trends. While this information is important for managing 
the Bighorn fishery, the Alliance believes there is an 
opportunity to augment this effort with valuable fishing 
information. This led to the idea of a mobile phone app 
that could be used by a small group of full-time guides 
that could efficiently collect information during each trip 
down the river throughout the season. Data collected 
would include the number of anglers fishing, weather 
conditions, water temperatures, river releases, and water 
turbidity as well as information on each fish caught (e.g. 
date, time, location, species, size group, general fish 
condition, evidence of fungal infection or gas bubbles) 
and method of catch using terrestrials, streamers, 
nymphs or dries. At the end of the day, this data would 
be transmitted to the Alliance and stored in a database 
which can then be analyzed. This database would remain 
confidential, and not be available to the public to respect 
the privacy of both the guides (and the fish!). 

In late spring of 2020, during the lengthy COVID-19 
lockdown, Alliance Board Member Doug Haacke, who 
by trade is a software engineer (and occasional guide), 
followed through and created the App. It is designed 
to run on an Apple iPhone and was extensively tested 
throughout the 2021 season.
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F I N D I N G S

Game fish predation by piscivorous birds has long been a concern 
for some in the recreational fishing community. Pelicans in 
North America experienced large population declines in the 
1960s and 1970s from pollution, habitat loss, and shooting. 
Conservation efforts have helped restore piscivorous bird numbers 
and distribution in recent decades. In the western U.S.,pelican 
populations have been monitored regularly and there appears to be 
evidence that carrying capacity has been reached in this population. 

Pelicans are known generalists, and prey selection and predation 
rates vary greatly and appear to be influenced by annual local 
conditions as well as proximity to nesting colonies. Under certain 
conditions, pelicans can consume large numbers of salmonids, 
but most dietary analysis has found pelicans primarily consume 
non-game fish (carp and suckers), salamanders, and crayfish 
(Figure 2). Due to their size and visibility, pelicans are often the 
first piscivorous birds to be maligned as the cause of poor fishing, 
yet other species such as cormorants, gulls, and mergansers have 
been documented consuming more salmonids (often juvenile age 
classes) than pelicans. In general, trout are not a primary prey item 
due to their use of water that is deeper (> 3 feet) than pelicans 
regularly forage. 

Pelicans are still regularly susceptible to mortality events related 
to collisions with power lines, nest site disturbance, botulism, 

West Nile 
virus, severe 
weather events, 
and human 
persecution. 

A M E R I C A N  W H I T E  P E L I C A N S 
A N D  T H E  B I G H O R N  R I V E R  –
A  L I T E R AT U R E  R E V I E W

T H E  R E S E A R C H  I N I T I A T I V E

S U M M A R Y  O F  T H E

2 0 2 1
S T U D I E S

Kayhan Ostovar has coordinated student research contributions to the Bighorn Alliance 
efforts on water Quality Monitoring, as well as a literature review to assess the potential effects 
of American white pelicans on fish in the Bighorn River. For the past six years he has been 
studying snapping turtles and spiny softshell turtles in the Bighorn and Yellowstone rivers,  
as well as many other tributaries.

Larissa Saarel is an undergraduate senior at Rocky Mountain College. Her current research is 
focused on nesting gravel bar habitat of spiny softshell turtles on the Yellowstone and Bighorn 
Rivers. The summer of 2019, she worked as a Mountain Lakes Fisheries Technician intern 
with Montana FWP sampling fish in the Beartooth Wilderness. For the past four years, she 
has taken part in the annual Yellowstone River cleanup project and helped volunteer on other 
concentrated clean-up efforts.     

K A Y H A N  O S T O V A R
Environmental Science and Wildlife Conservation Professor at Rocky Mountain College 

D I R E C T O R  O F  T H E  Y E L L O W S T O N E  R I V E R  R E S E A R C H  C E N T E R

L A R I S S A  S A A R E L

S T U D Y  O B J E C T I V E S

Question 1: What is the body of knowledge about pelican prey selection? 

Question 2: What is known about potential impacts on inland fisheries with 
attention to differential impacts by type of waterbody (streams, rivers, lakes)? 

The scope of work involved four basic steps:

•	 Conduct a thorough evaluation of peer reviewed literature to determine 	
	 the known feeding behavior and prey selection of American white 		
	 pelicans (Pelecanus erythrorhynchos) (Figure 1) in the U.S. and more 		
	 importantly western rivers. 

•	 Create a database of known studies with short annotations for each paper.

•	 Summarize the current pelican population status, field study techniques, 	
	 known prey selection, and monitoring efforts.

•	 Synthesize these elements into a report on the role of pelicans as one  
	 of many piscivores in the Bighorn River ecosystem.

Figure 1: Adult American white pelicans (Pelecanus 
erythrorhynchos) in breeding plumage (note knob 
on bill) at Medicine Lake National Wildlife Refuge, 
Montana, May 27, 2005 (Photograph by Ross D. 
Flagen, U.S. Geological Survey).

Figure 2: Pelican chick regurgitate. The most commonly observed food 
items in this study were salamanders, crayfish and minnows. Sovada 
et al. 2013,USGS Report 2013-5015.

Figure 3: Satellite relocations demonstrating the foraging and 
migratory pathway of pelicans captured at Medicine Lake, MT. 
Some pelicans in this study utilized the Mississippi River as a 
flyway and others moved as far south as Mexico. Sovada et al. 
2013,USGS Report 2013-5015.

Large pelican colonies are limited in Montana (currently 
there are 5 which are monitored). However, detailed 
information on movements and foraging is currently  
only available for the colony at Medicine Lake (Figure 3).  
To better understand the role that pelicans play in 
salmonid consumption on the Bighorn River, more 
detailed information on population dynamics, seasonal 
abundance, distribution, and habitat use would be needed. 
Weekly surveys from April through September would 
allow a much better understanding of pelican presence  
on the Bighorn River.

 

1.	 Proximity to pelican breeding colonies. Even though pelicans 
can move long distances to forage, their impact on a fishery is far 
greater when the breeding colony is close to the area of concern. 
There are no pelican breeding colonies within 100 km of the 
Bighorn River. Satellite tracking of pelicans from Medicine Lake 
further supports this conclusion. The observed pelicans on the 
Bighorn River are most likely non-breeding birds which have lower 
consumption rates than adults feeding chicks.

2.	 Adfluvial spawning fish. Fish which move from lakes to tributaries 
for spawning (i.e. Yellowstone cutthroat trout and cui-ui in 
Pyramid Lake) are more susceptible to predation.

3.	 Stocked trout. States, such as Idaho and Wyoming, which regularly 
stock trout in rivers and lakes, have documented cases where 
pelican predation was high on these naïve and highly concentrated 
fish.

4.	 Aquaculture settings. Catfish and other aquaculture facilities in 
Louisiana and Texas can experience significant losses in winter to 
pelicans and other piscivorous birds. 

There is evidence that confirms pelican diets generally are not composed of salmonids. The four conditions which can lead to high pelican 
predation rates on salmonids are as follows:

None of these conditions appear to be primary issues on the 
Bighorn River. 

I M P L I C A T I O N S
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I M P L I C A T I O N S

Multiple species of aquatic macropytes provide different three-dimensional canopy structures. This diversity in canopy structure provides a 
variety of micro-niches for specialized macroinvertebrates. It has been reported that the three years of relatively high peak releases in 2017-
14,000 CFS, 2018-14,000 CFS, 2019>10,000 CFS were sufficient to mobilize at least the gravel and smaller size fractions of the riverbed. A 
mobilized bed will grind out and destroy the perennating organs (e.g. tubers, rhizomes and corm) of perennial macrophytes. The releases 
from Yellowtail Dam are taken from considerable depth in the water column therefore would not reintroduce macrophytes. The first 13 
miles of the Bighorn lack significant size side streams that could introduce new macrophytes. The FWP AIS survey data started with the 
high flow years. It is possible that the first 13 miles of the Bighorn has inherently low aquatic plant diversity. Macrophyte sampling of the 
entire river and repeated sampling of the first 13 mile would be necessary to determine the potential aquatic plant richness of the primary 
cold tailwater trout reach.

F I N D I N G S

The first thirteen miles of the Bighorn River from the boat ramp below Afterbay 
Dam to the Bighorn (13 Mile) Fishing Access were sampled in both June and 
September 2021. A throw rake was used to retrieve submerged and floating 
vegetation from the water column substrate to the surface. 

In the June sampling river vegetation was retrieved on 120 (96%) of the 125 throws. 
Leafy pondweed (Potamogeton foliosus) was the only vascular macrophyte observed 
during this sampling period. The leafy pondweed was very sparse, comprising only 
0.04% of the total vegetative abundance. The individual leafy pondweed plants 
were very small. All were recently emerged, having less than 3 inches of stem/leaf 
growth, and less than an inch or two of roots. Green algae accounted for 97.7% of 
the vegetation. Five algae life/growth stage forms were observed. At this time, we 
believe these five forms comprised no more than three species. Most common was 
a branching filamentous algae (Algae 1 and 3 likely a Cladaphora glomerata) that 
comprised 85.1% of the abundance. Second most common was another algae with 
what appear to be frilled filaments at 12.3% of the abundance (Algae 2 & 4; likely 
a Pithophora sp.). Third was an infrequent small structural algae (Algae 5; likely a 
Nitella sp.) with branching and terminal bulbous structures. On future sampling 
trips, a binocular microscope and algae preservative could be used to attempt to 
develop more specific taxonomic classifications for these green algae.

Figure 3: Slender pondweed laid out to show 
leaf arrangement.

Figure 2: The moss Scouleria aquatic.

Figure 4: Floating detached Cladophora sp. 
above & leafy pondweed below.

Figure 1: The relative volume of the retrieve plant material was 
estimated by life form or species. Samples were taken approximately 
every 0.1 miles and 125 valid samples were obtained. 

The same reach was sampled on 16 & 17 September. Only three species were 
retrieved in 121 valid rake throws. Vegetation was collected on 119 (98.3%) of the 
valid rake throws. The most abundant species 59.3% was a moss, Scouleria aquatic; 
it is common, native and has been reported from Big Horn County, according to 
MT field guides (Dennis Vander Meer, Rhithron) (Figure 2). Leafy pondweed 
(Potamogeton foliosus) was also quite abundant at 26.2%. Figure 3 trace amounts, 
6.2% abundance, of the presumed Cladophora sp., a filamentous alga, were still 
present but most of those samples were in an advanced state of decay. 

B I G H O R N  R I V E R  A Q U AT I C  
V E G E TAT I O N  S A M P L I N G  2 0 2 1

P E T E R  M  R I C E

E N V I R O N M E N TA L  S C I E N C E  A N D  E C O L O G Y

T H E  R E S E A R C H  I N I T I A T I V E

S U M M A R Y  O F  T H E

2 0 2 1
S T U D I E S

Peter was a Research Associate at University of Montana from September 1970 through 
August 2020 working in applied environmental science and ecology. His scientific 
specialties are in applied plant ecology with an emphasis on weed management methods 
and the response of the entire plant community to pursuit of the management goal(s). 
He has a broad range of experience with particular emphasis on the ecosystems of the 
Northern Rockies and Great Plains. His background in native plant botany is the basis 
for many terrestrial and aquatic vegetation surveys. As an avid fly fisherman at an early 
age, he subsequently developed a professional interest in the relationship between the 
canopy structure of aquatic macrophytes and the niches they form for different groups 
of macroinvertebrates.

•	 The principal finding is the low diversity of aquatic plants.
•	 The only large database found of plant species in the Bighorn River is the 

Montana Fish, Wildlife and Parks Aquatic Invasive Species surveys of the entire 
river from Afterbay to the confluence with the Yellowstone for 2017 through 
2020.

•	 The FWP AIS Surveys reported only 15 species and 4 species (leafy pondweed, 
duckweed, sago pondweed & an unknown plant) accounted for 91% of the 
samples.

•	 To date a hydrologic modeling study 
that would predict the peak flow 
necessary to mobilize the riverbed has 
not been found.

S T U D Y  O B J E C T I V E S

The aquatic vegetation survey is designed to develop a 
species list and quantify the relative abundance of all algae 
and aquatic macrophytes (rooted aquatic plants) in the 
Bighorn River. Rake throws are used to obtain the individual 
vegetation samples. Each rake throw sample is given an 
ocular estimate of the percent biomass of each species 
retrieved by the rake. Voucher specimens are retained for 
any unknown or questionable identification made at the 
time of sampling and sent to another taxonomic specialist  
if this investigator cannot self-identify the specimen  
from available floristic reference materials. Data are 
summarized by percent abundance of each species during 
each sampling period. 

Based on the data collected, the potential relationship of 
the plant community and the dimensional canopy structure 
of macrophytes to other available data sets on the river 
(macroinvertebrate surveys, water quality, any estimates of 
fish abundance or catch per unit effort) can be examined. 
Discussion will include how vegetation abundance and 
species composition influence the abundance of scuds 
and sow bugs versus mayflies, stoneflies, and caddis flies. 
Discussion may also address how in-situ aquatic vegetation 
influences current speeds, substrate/bank stability, and 
irrigation intakes.
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T H E  R E S E A R C H  I N I T I A T I V E

S U M M A R Y  O F  T H E

2 0 2 1
S T U D I E S

F I N D I N G S

In 2021, permits from the U.S. Army Corps of Engineers, Environmental Protection Agency, Bighorn Conservation District, 
Crow Tribe, and Montana DNRC were secured prior to a scheduled April construction window. A heavy spring snowstorm 
required delaying implementation of the work until after runoff; however, both side channels were reconnected to the main 
stem Bighorn River in August. Approximately 130 cubic yards of gravel and cobble was excavated from the Rattlesnake 
Channel and approximately 419 cubic yards of material from the Juniper channel. Excavated material was placed below the 
ordinary high water mark along the fringes of the reactivated channels, creating a 20-foot wide low flow channel. The entrance 
to both channels was constructed with a departure angle between 40 and 50 degrees from the main stem to encourage gravels 
to flush rather than deposit. The reactivation of these channels resulted in 2,900 feet additional feet of high quality side 
channel habitat at an Afterbay river release of 1,700 cfs.     

Rattlesnake “Before August 2021” Juniper “Before August 2021”

Rattlesnake “After August 2021” Juniper “After August 2021”

R AT T L E S N A K E  A N D  J U N I P E R 
S I D E  C H A N N E L  R E S TO R AT I O N

M I K E  S A N C T U A R Y
Confluence Consulting

L E A D  S C I E N T I S T

Mike Sanctuary is a Stream Restoration Specialist, and has 18 years of experience planning 
and implementing aquatic habitat and water quality improvement projects. As a Principal 
and Senior Project Manager at Confluence Consulting, Inc. Mike coordinates with 
engineers, botanists, aquatic ecologists, geomorphologists, and excavation operators to 
create functional streams, rivers, riparian corridors, and floodplains. 

E-mail address: msanctuary@confluenceinc.com

S T U D Y  O B J E C T I V E S

Many historic Bighorn River side channels currently only flow during high water because they have lost most of their 
connectivity with the main channel. This loss of connection is mostly due to sediment deposition and vegetation encroachment at 
their entrances, such that the heads of the channels are too high and too densely vegetated to frequently carry water. As these side 
channel habitats are recognized as important contributors to the health of the Bighorn river fishery, a recent focus of the Bighorn 
River Alliance has been to explore the feasibility of their reactivation. 

Initially, dozens of channels were considered for detailed assessment, but many were immediately discarded due to poor feasibility 
caused by excessive perching, infrastructure complications, land use complications etc. Ultimately, a total of 13 channels were 
evaluated between Afterbay Dam and St. Xavier, seven between St. Xavier and Harding, and 10 below Hardin. Of these 30 
channels, 13 were considered “top tier.” Ultimately, Rattlesnake and Juniper side channels were selected as the initial targets for 
reactivation. During the summer of 2020 they were surveyed in detail and permit-ready designs were completed. The objectives 
of the 2021 work were to complete permitting and perform the excavation necessary to restore the function of the channels.

•	 Side channel reactivation is a demonstrated strategy to  
restore spawning habitat and areas important for the rearing  
of juvenile fish.

•	 Side channel reactivation facilitates the spreading out of high 
flows which can reduce bank erosion and down-cutting in the 
main channel.

•	 Side channel reactivation can also spread out angling pressure, 
especially for wade anglers.

•	 Based on the initial success of this project combined with the 
observed long-term success of the Cline’s channel reactivation 
in 2010, the Bighorn River Alliance is currently preparing 
a proposal to address 8-12 inactive or low-functioning side 
channels. Surveying and design will take place in early 2022 
which will provide the basis for funding requests in late 2022 
with construction planned for 2023.

I M P L I C A T I O N S
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Figure 3: Complex 1, Split Island. The perimeter of 
cleaned gravel is shown in orange. Blue circles denote 
fish observable in the imagery.

F I N D I N G S

On June 16 and 19, 2021, 
conditions at ten known 
rainbow trout spawning 
locations between Afterbay 
Dam and Bighorn Fishing 
Access Site were mapped 
using remotely-collected 
drone imagery (Figure 1).  
At each site, vertical imagery 
was collected by Dennis 
Fisher using a DJI Mavic 
drone and polarizing filter 
at ~300 feet above the water 
surface. The imagery was 
then brought into the project 
Geographic Information 
System (GIS) mapping 
software (note that Site 4 
lacked sufficient features to 
bring it into the GIS). At 
larger sites, multiple images 
were mosaiced into a single 
image prior to incorporation 
into the GIS. Within the 
GIS, the extent of recently-
disturbed clean gravels 
was mapped to provide an 
indication of the areal extent 
of redd complexes. No effort 
was made to count active 
nests as these indicators are 
not evident from the imagery. 
Additionally, fish that were 
clearly visible in the imagery within or adjacent to the mapped extents  
of the spawning area were mapped in the GIS (Figure 2).  

Analysis of the results is currently limited as there is no time series 
available. With future years of mapping, it may be possible to assess 
trends in the location and extent of spawning beds and associate these 
with other data such as flows, vegetation extent, and FWP fish counts. 
The 2021 mapping (Table 1) showed a total area of 27,015 square feet of 
clean gravels within the nine mapped sites. And a total of 319 fish were 
counted. Site 1 near Split Island was the largest site, 9, 174 square feet and 
130 fish, while Site 3 above Daggs Run was the smallest, 608 square feet 
and three fish

R A I N B OW  R E D D  M A P P I N G  
D E M O N S T R AT I O N  P R O J E C T  -  2 0 2 1

T H E  R E S E A R C H  I N I T I A T I V E

S U M M A R Y  O F  T H E

2 0 2 1
S T U D I E S

S T U D Y  O B J E C T I V E S

The objective of the Redd Mapping 
Demonstration Project is to assess the 
feasibility of drone collected imagery to map 
the extent and occupation of known rainbow 
trout spawning areas. Understanding changes 
in the available spawning habitat is important 
in understanding the fish population 
dynamics.   

Figure 2: The perimeter of cleaned gravel 
is shown in orange. Blue circles denote fish 
observable in the imagery.

D E N N I S  F I S C H E R 

M O N TA NA  O U T F I T T E R 

T O N Y  T H A T C H E R
DTM Consulting

L E A D  S C I E N T I S T

Dennis Fischer is Montana outfitter who has been 
guiding fishermen down the Bighorn River for the last 
thirty five years. He coordinated the first side channel 
excavation project at Cline’s island. He is the licensed 
drone pilot for the many Bighorn River Alliance 
projects that are currently underway. Dennis has been 
active in the Fort Smith community for years and has 
worked with governmental and scientific people and 
river enthusiasts on many endeavors. 

Tony Thatcher is the founder and owner of DTM 
Consulting, a Bozeman, Montana-based GIS and 
natural resource consulting company, specializing in 
river and watershed analysis. Tony has over 26 years of 
experience collecting, analyzing and presenting spatial 
and non-spatial data using Geographic Information 
Systems (GIS), Remote Sensing, CAD, GPS, and other 
digital techniques. 

E-mail address: tony@dtmgis.com

Figure 1: Spring 2021 redd mapping locations.

Table 1: 2021 redd mapping disturbed gravel area 
and fish count results.

•	 Low-cost, low-risk, repeatable method of gathering information 
on the location, extent, and condition of redd complexes;

•	 Knowledge of existing redd locations can present important 
educational opportunities for informing sportsmen on the 
importance of protecting critical and limited spawning habitat;

•	 Documenting conditions in critical habitats may be correlated 
with other data such as flows, vegetation, and fish counts to help 
make management decisions.

•	 Identify specific problem areas where loss of spawning habitat 
may lead to decreased fish populations.

The redd mapping (Figure 3) should be primarily viewed as a work in progress and tool to supplement ongoing FWP efforts at fish counts 
and redd mapping. As future years of aerial mapping are added to the knowledge base, these data may help managers make informed 
decisions throughout the Bighorn River corridor. Drone based mapping of redds has the following benefits and potential uses:

I M P L I C A T I O N S
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F I N D I N G S

The Bighorn Reservoir site was sampled five times during the 
2021 sampling season from May to September. Instantaneous 
data was continuously collected (water surface to 370 ft) using 
the YSI Sonde for the following parameters: water temperature, 
dissolved oxygen, turbidity, conductivity, chlorophyll, and 
nitrogen. Chemistry grab samples were collected at four depth 
locations (Figure 2) using a Van Dorn water sampler and 
analyzed for total suspended solids (TSS), volatile suspended 
solids, total N as sum of nitrate + nitrite, total Kieldahl nitrogen 
(TKN), total nitrogen, total phosphorus, and selenium.

Figure 3: Trends of nitrogen (nitrate + nitrite) concentrations from 
July to August in 2020 and 2021. Location of site depths can be 
viewed in Figure 2. 

Figure 4: Water temperature and dissolved oxygen relationships 
with increasing depth in 2020 and 2021. 

A preliminary review shows a trend of increasing 
concentrations of nitrogen (nitrate + nitrite) with depth in 
2020 and 2021 (Figure 3). During the sampling period water 
was released from the reservoir at the powerplant intake 
(corresponds to Site 3 for grab samples), which is the same dam 
release elevation as 2020. Concentrations of nitrogen at Site 3 
are similar to concentrations measured at the Afterbay in both 
2020 and 2021. River sampling has so far revealed that these 
nitrogen levels at Afterbay are some of the highest recorded on 
the Bighorn River. It appears that nitrogen levels in the water 
released from the Bighorn Reservoir play an important role in 
the level of nutrients found in the Bighorn River. 

Instantaneous data on water temperature and dissolved oxygen 
reveal a less defined and shifting thermocline in 2020 than in 
2021 (Figure 4). In 2020, the thermocline appears more distinct 
and occurs around 200 ft and in 2021 it occurs around 225 ft. 

T H E  R E S E A R C H  I N I T I A T I V E

S U M M A R Y  O F  T H E

2 0 2 1
S T U D I E S

B I G H O R N  R E S E R V O I R  
W AT E R  Q U A L I T Y  M O N I TO R I N G

Kayhan Ostovar has coordinated student research contributions to the Bighorn Alliance 
efforts on water Quality Monitoring, as well as a literature review to assess the potential effects 
of American white pelicans on fish in the Bighorn River. For the past six years he has been 
studying snapping turtles and spiny softshell turtles in the Bighorn and Yellowstone rivers,  
as well as many other tributaries.

Kendall Ard served as the BHRA water quality monitoring intern for the 2021 season as a Yellowstone River Research Center 
student scholar. Kendall is a junior at Rocky Mountain College pursuing a degree in environmental science. She has conducted 
research on turtles in Montana, pioneering game camera techniques to examine behavior. In her spare time, she enjoys 
heading to the mountains for backpacking and skiing. She has also volunteered in the Yellowstone River annual cleanup for 
three consecutive years. 

K A Y H A N  O S T O V A R
Environmental Science and Wildlife Conservation Professor at Rocky Mountain College 

D I R E C T O R  O F  T H E  Y E L L O W S T O N E  R I V E R  R E S E A R C H  C E N T E R

K E N D A L L  A R D

WAT E R  Q UA L I T Y  T E C H N I C IA N 

Figure 1: Water quality monitoring intern Kendall Ard collecting 
grab samples on the Bighorn Reservoir using a Van Dorn water 
sampler. 

S T U D Y  O B J E C T I V E S

The water quality of the Bighorn River is influenced by the 
condition of the water entering the river from Bighorn Reservoir, 
Yellowtail Dam releases, varying discharge elevations, and 
surrounding land use practices. To better understand the role 
that releases from the Bighorn Reservoir have on Bighorn River, 
the BHRA water quality monitoring program established a site 
on the reservoir to:

1.	 Identify current water quality on the Bighorn Reservoir  
	 at various depths.

2.	 Compare Bighorn Reservoir water quality data to river 	
	 water quality data (2020 and 2021).

3.	 Understand stratification of the Bighorn Reservoir

4.	 Develop objectives for 2022 Bighorn Reservoir  
	 monitoring program.

Water quality of the Bighorn Reservoir is influenced by many factors that vary from year to year. Through yearly monitoring an 
understanding of how these factors influence the water quality of the reservoir, and ultimately the Bighorn River, can be gained. Further 
analysis on 2021 reservoir data will hopefully provide greater detail on observed differences of the 2020 and 2021 data which may reflect the 
influence of a low water year on water quality parameters in the reservoir as well as the Bighorn River. 

I M P L I C A T I O N S

Figure 2: Sample depth locations in relation to Yellowtail Dam release 
elevations. During 2020, all water was delivered through the powerplant 
intake with exception of an 8-day period in July when flows were also 
released from the River outlet intake. Grab sample data was taken at the 
following depths from water surface: 3.2 ft (Site 1), 41 ft (Site 2), 190 ft 
(Site 3) and 340 ft (Site 4). 

Sampling Depths vs. Dam Release Eleva
ons

AFTERBAY*Eleva
ons not to scale
Streambed Eleva
on 3,166’

Water Surface 

River Outlet Intake Elev. 3296 �

Irriga
on Intake Elev. 3396 �

Powerplant Intake Elev. 3444 � 

Spillway Intake Elev. 3593 �Site 2

Site 3

Site 4

Site 1

Further data review and analysis will occur later in the fall 
and a final report will be available by the end of the year. 
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S U P P O R T  O F  T H E  F I S H L O G  A P P

App Developer 
Doug Haacke

Description and Objectives 
2021 was the first year for the mobilization of what we referred to then as FishPop. Five experienced guides logged nearly 
400 trips and recorded data on over 4,000 fish brought to hand. Because the effort is more akin to a creel survey than a 
population census, the name of the app has been changed to FishLog but the combination of the MFWP electro-shocking 
data with the FishLog catch data give us unprecedented insights into the state of the Bighorn fishery. 
These efforts will be continued at the same level in 2022.

Estimated Cost: $4,000

R E D D  M A P P I N G

Lead Scientist 
Tony Thatcher, DTM Consulting

Description and Objectives 
With the acquisition of a drone by the Alliance combined with the initiative of Dennis Fischer to become appropriately 
licensed and to move rapidly up the operator learning curve, it was possible to the identify and photograph the 11 
significant rainbow spawning complexes from the Afterbay to the Bighorn FAS this past June. The photography was then 
imported into GIS software that allowed boundaries to be drawn around areas of cleaned gravel. That led to a calculation of 
the total area of cleaned gravel and, given the high resolution of the photography, it was also possible to count the number 
of fish on, and around the cleaned gravel.
This approach doesn’t replicate traditional redd counting methodologies but for a large river is the only practical method 
of getting a sense of the location and extent of the spawn. It also directly addresses the issue of downstream migration of 
a finite supply of spawn gravel in a controlled system. It may also give us data that helps to identify critical flow and stage 
(water level elevation) criteria for these major complexes.
In 2022, we plan to photograph both the rainbow and the brown trout redd complexes and to map them in formats that 
can be compared year-to-year.     

Estimated Cost: $9,000 
This includes three sets of maps—the brown trout redds at the end of 2021 and 2022 and the rainbow redds in June of 2022.

R E A S S E S S M E N T  O F  T H E  A Q U A T I C  V E G E T A T I O N  S A P  
I N  L I G H T  O F  2 0 2 1  S A M P L I N G

Lead Scientist 
Peter Rice

Description and Objectives 
Peter Rice sampled aquatic vegetation from the afterbay to the Bighorn FAS at approximately tenth of a mile intervals. Two 
runs were made—one in April at the height of the “algae” season and one in September when macrophytes (rooted aquatic 
plants) are dominant. For each sample, species were identified and relative abundance was estimated. This effort was the 
first systematic attempt to document the vegetative community in the river which is a key element of the larger ecological 
community as well as an important variable affecting the angler experience. Once the analysis of the 2021 sampling runs as 
completed, we plan to work with Mr. Rice to develop a SAP which will guide our efforts going forward.

Estimated Cost: TBD

P R O P O S E D  2 0 2 2
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W A T E R  Q U A L I T Y  M O N I T O R I N G

Water Quality Monitoring Team 
TBD

Description and Objectives 
It is anticipated that the 2022 monitoring schedule will be the same as in 2021. The river will be sampled twice a month 
from May through September and the lake will be monitored monthly over the same five month period. The bi-monthly 
schedule on the river will be continued as many of the influences on water quality are of short and irregular duration, i.e. 
storm water, irrigation return, flow variation or dam release points.

The efforts will continue to focus on identifying the basic pattern of temporal variation in the various water quality 
constituents over the course of the summer and on identifying the way in which they vary down the length of the river

Estimated Cost: $12,000 
This is significantly lower than 2021 since utilization of an experienced Rocky Mountain College team will reduce start-up 
and management costs. We also intend to reduce the frequency at which grab samples are taken thereby reducing laboratory 
analysis fees.

S U R V E Y I N G  A N D  D E S I G N  F O R  8 - 1 2  S I D E  C H A N N E L 
R E S T O R A T I O N  S I T E S

Lead Scientists 
Mike Sanctuary, MS, Confluence Consulting Inc, Karen Boyd, Applied Geomorphology 

Description and Objectives 
Our work this year that successfully reactivated Rattlesnake and Juniper channels had two purposes. First, the work was 
valuable in its own right but the larger objective was to demonstrate proof of concept and to get good estimates of costs 
and most efficient procedures from which to scale up the effort to a level that would have a material effect on the ecology of 
the river. It turns out that there are significant economies of scale associated with the planning, permitting and the actual 
excavation effort at multiple sites. Further, a land-based approach faces two challenges. Land owner permission on tribal 
trust lands can be very difficult because of fractionated ownership and some of the highest priority reactivation sites are on 
islands. The solution is to lease an amphibious excavator. But the minimum lease term is one month which requires that 
several sites be attacked in one project. Finally, there are external funding sources for which a project of this size would be a 
good fit. 
Based on these considerations, we intend to retain Confluence Consulting to survey and design reactivation plans for 8-12 
sites that are presently in the final stage of selection. It is anticipated that this work will be completed by April 2022 which 
will provide the basis for preparation of funding proposals and permit applications looking to construction in 2023.

Estimated Cost: $30,000

B E N T H I C  M A C R O I N V E R T E B R A T E  M O N I T O R I N G

Lead Scientist 
David Stagliano, MS, Montana Biological Survey

Description and Objectives 
As was the case in 2021, there will be sampling at eight river sites in both April and September. As our monitoring data 
begins to accumulate, we will start to be able to identify trends in these important indicators of aquatic health both as they 
vary seasonally and as they vary down the river. Even more importantly, we will be able to begin to see how these organisms 
are influenced by water quality, regulated flows, aquatic vegetation and sedimentation.

Estimated Cost: $15,000

C O N T I N U I N G  E F F O R T S
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NEW EFFORTS

M E A S U R E M E N T  A N D  D E S C R I P T I O N  O F  I R R I G A T I O N  
R E T U R N  F L O W S

Description and Objectives 
Turbidity in the river is an aesthetic concern and can significantly affect the amount of “fishable” water in the upper river. 
There are three sources influencing water clarity in the river—the water released from the reservoir, and the water that 
enters the river below the afterbay from both tributaries and irrigation returns. Turbidity and suspended solids at various 
reservoir depths are being measured in the water quality monitoring program but no systematic work has been done on 
tributaries or irrigation return. Under normal summer conditions, the most conspicuous of these two is irrigation returns. 
Starting above the Bighorn FAS and continuing to Mallards FAS, the Alliance photographed and mapped the 8 points of 
irrigation return and their associated plumes. We observe that the discharge is variable by season, by time of day and is 
also influenced by the weather. We know the total amount of water diverted into the Bighorn Canal but we don’t know the 
quantities or condition of the return flows.

The objectives of this task will be:
•	 To identify the points of irrigation return discharge and to map the catchment area of each from the Afterbay to  
	 Mallards FAS.
•	 To identify the diurnal, seasonal and weather-related variation in discharges and to estimate average daily discharges  
	 over the irrigation season.
•	 To sample the chemical constituents of the return flow discharges. 

Estimated Cost: TBD

M E A S U R E M E N T  O F  T H E  E F F E C T  O F  A Q U A T I C  V E G E T A T I O N 
O N  W A T E R  S U R F A C E  E L E V A T I O N — T H E  “ S H I F T  F A C T O R ”

Description and Objectives 
One of the characteristics of western tailwaters is that they provide a hospitable environment for the growth of macrophytes 
(technically—rooted aquatic plants, colloquially—grasses) as the water warms up over the course of the summer. Growth 
generally peaks in October and by December/January the plants have died and are on their way downstream. The plants 
can be annoying for both anglers and for their effect on irrigation uptake equipment but we recognize that they are a critical 
part of the food web at the heart of a healthy river ecosystem.

Recently we have become aware of another potentially significant implication of the seasonal macrophyte cycle. These plants 
occupy space that displaces water and causes the water surface elevation to be higher at a given river release than it would 
otherwise be. This “displacement” effect is compounded by a “damming” effect. The accumulation of plants inhibits down 
stream flow so there is some backup that also causes water surface elevation to increase. The combination of these two 
effects is referred to as the “shift factor”. It was studied in 2009 by the Bureau of Reclamation. After controlling for release to 
the river from the reservoir, it’s effect of aquatic vegetation caused water surface elevation to be over 18 inches higher at the 
Afterbay decreasing gradually moving downstream to a 4 inch effect around the Bighorn FAS.

There are two reasons we need to pay attention to the size and spatial distribution of the shift factor:
•	 It is water surface elevation not river release (flow) that determines when side channels activate.
•	 The brown trout spawn occurs at the peak of the shift so in a low flow environment like present, there is a risk of redds 	
	 becoming stranded as the aquatic plants die off in the winter. 

To respond, we will be measuring water surface elevation at several locations over the top 15 miles of the river next year. 
Some of this will be done with traditional “stick” gages but some will also be done with relatively new and reasonable priced 
technology which will transmit water surface elevation and water temperature directly to the Alliance web site.

Estimated Cost: $6,000

U N D E R W R I T E R S  O F  T H E 

R E S E A R C H  I N I T I A T I V E

$10,000 and Above
•	 Bill and Jane Anderson Memorial*
•	 Jim and Josie Chalmers*
•	 Dr. Sam and Barbara Jampolis*
•	 Allen and Michelle Neelley*
•	 Dave and Barb Thomas*

P A T R O N S  O F  T H E  

R E S E A R C H  I N I T I A T I V E

$5,000 to $9,999
•	 Frans and Dana Andersson*
•	 Tom Hansen
•	 Mike Parnell
•	 Jim and Chris Scott*

*Founding Supporters

B E N E F A C T O R S  O F  T H E 

R E S E A R C H  I N T I T I A T I V E

$2,500 to $4,999
•	 American Fly Fishing Trade Association
•	 The Browne Family
•	 Jay Coulter
•	 Magic City Fly Fishers 
•	 Montana Trout Unlimited
•	 Montana Trout Foundation
•	 Dr. and Mrs. Ren Smith
•	 Dr. and Mrs. Herb Webb

S U P P O R T E R S  O F  T H E 

R E S E A R C H  I N I T I A T I V E

Less than $2,500
•	 Jeff Boggs
•	 Wally Bothmen
•	 Bruce Burger
•	 Carolyn Chalmers and Eric Janus
•	 Mike Chalmers
•	 Geoff Chalmers
•	 Carl Croft
•	 Dwight Duncan
•	 Jim Foley
•	 Mike Ingram
•	 Don Jackson
•	 Darren Lemmon
•	 Orvis
•	 Duncan Peete
•	 Pfizer
•	 Bob Phillips
•	 Larry Pollard
•	 Steven Smith
•	 Matt Trapp
•	 Michael Trapp
•	 Dick Wilson

1

2

*Partly because some 2021 work is ongoing at the present time and partly because the Alliance intends to add a research 
coordinator to its staff around yearend, all work elements outlined here are subject to revision.
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H O W  Y O U
C A N  H E L P
Please take a minute and consider these three questions 
as you think about supporting our efforts:
	 •	 Is the Bighorn River a resource that you value?

	 •	 Do you think the Bighorn River Alliance Research Initiative 
		  is doing important work?

	 •	 Can you afford to support the work of the Research Initiative?

IF YOU ANSWERED WITH THREE “YES” RESPONSES, 
PLEASE MAKE A FINANCIAL COMMITMENT TODAY!

Contributors at the $10,000 level or greater will be recognized  
as Underwriters.

Contributors at the level of $5,000 to $9,999 level will be recognized
as Patrons.

Contributors at the level of $2,500 to $4,999 level will be recognized
as Benefactors.

Contributions at other levels are much appreciated and critical to 
the work of the Alliance but will not be restricted to support of 
the Research Initiative unless otherwise specified.

Comments and suggestions on the
Research Initiative are always welcome.
They can be directed to:

A N N E  M A R I E  E M E R Y
EXECUTIVE DIRECTOR
emery@bighornriveralliance.org

or to:

J I M  C H A L M E R S
RESEARCH CHAIR
jameschalmers@vcn.com


