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Summary 

1. Climate. Mean temperature for water year 2024 was 1.6 degrees F warmer than average, ranking 
5th out of the last 36 years. While annual temperature shows no trend over the past 36 years, mean 
June–August temperature has increased significantly at a rate of 1°F per decade. Water-year 
precipitation was 97% of average, ranking 18th out of those 36 years. Snow water equivalent (SWE) 
peaked 12 days earlier than average at 90% of average, ranking 20th out of the last 36 years. The 
long-term trend of receiving a smaller fraction of precipitation as snowfall continued in 2024.  

2. Water Supply. Watershed-total natural flow for water year 2024 was 90% of the 1978-2023 average, 
ranking 29th out of the last 47 water years. Natural flow was 85% of average in upper Henry’s Fork, 
88% in Fall River, and 104% in Teton River. In 2024, 36% of total precipitation over the watershed 
was converted into streamflow, continuing a downward trend. Watershed-total natural flow since 
2021 has averaged 15% less than it did in 1978 through 2000, and 22% less at Island Park. 

3. Irrigation Management. Because of good reservoir carryover across the Snake River basin in 2023, 
all storage rights in Henry’s Lake, Island Park Reservoir and Grassy Lake filled for the second year in 
a row, and irrigators in the Henry’s Fork watershed were not limited by administrative water 
availability. Diversion was above average in March to provide water for managed aquifer recharge 
and remained slightly above average for most of the summer, ending the irrigation year at 101% of 
the 2001–2023 average. That figure is 250,000 ac-ft (23%) lower than it was over 1978–2000, when 
most farmers flood-irrigated. Flow variability in the lower Henry’s Fork was 7th lowest on record, and 
that in the lower Teton River was the lowest, as a result of highly precise water management in 2024.  

4. Island Park Reservoir Management. Mean December–February outflow from Island Park Dam was 
411 cfs, 16% above the 1978–2023 average, and ranking 17th highest out of the last 47 years. This 
was 117 cfs (40%) higher than expected based on water supply and pre-2018 operations. The 
reservoir filled on May 22. Reservoir draft to meet irrigation demand and lower-watershed 
streamflow targets started on June 20, 9 days earlier than average, and ended on September 12, 5 
days earlier than average. Minimum reservoir volume was 59,989 ac-ft (44.4% full), 1.2% below the 
1978–2023 average, but 13,149 ac-ft (28.1%) higher than expected based on water supply. 

5. Streamflow Gaging. Mean relative error of the 11 streamflow measurements HFF made at Island 
Park compared to USGS adjusted flow was 5.0%, with HFF measurements biased high by 0.8%. HFF 
made 7 measurements at Ashton, with a mean error of 3.0% relative to USGS and a bias of -1.4%. In 
2024 we added inflow to Ashton Reservoir to the other three locations we gage.  
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6. Performance of Predictive Models. Natural watershed inflow between Henry’s Lake and Island Park 
over the winter averaged 403 cfs, vs. a predicted value of 419 cfs (4% error), resulting in excellent 
alignment between predicted and observed winter operation of Island Park Reservoir. Our models 
over-predicted April–September streamflow by 20% in upper Henry’s Fork, 26% in Fall River, 0% in 
Teton River and 14% for the whole watershed. April-1 predictions underestimated need for reservoir 
draft in June and July, but all reservoirs in the watershed ended the water year within statistical 
uncertainty, illustrating the utility of these models for predicting key outcomes 6 months in advance. 

7. Water Quality in Island Park Reservoir. Higher water temperatures, lower dissolved oxygen, and 
higher occurrence of harmful algal blooms have degraded water quality in the reservoir in recent 
years. Primary causes are higher spring and summer air temperatures, higher reservoir draft, and 
lower inflow. These lead to higher water temperatures and turbidity downstream, but outdated 
infrastructure limits the ability to manage water quality in and downstream of the reservoir. Mixing 
via reservoir aeration could improve reservoir water quality, while selective-elevation withdrawal 
infrastructure could reduce negative effects downstream. HFF is pursuing these improvements via 
its DIRTT (Developing Infrastructure to Reduce Temperature and Turbidity) project. 

8. Water Quality in the River. Summertime water temperatures, turbidity, and phosphorus 
concentrations have increased uniformly over the watershed over the past decade, in concert with 
higher air temperatures and lower water supply. However, dissolved oxygen—the single water-
quality parameter with the greatest potential to cause widespread harm to trout and desirable 
aquatic insects—is very high and stable, indicating resilience of the Henry’s Fork to warming. 

9. Aquatic Invertebrates. Aquatic invertebrate communities of the Henry’s Fork are abundant, diverse, 
and stable. Standard invertebrate metrics such as %EPT (percent mayflies, stoneflies, and caddisflies) 
and Hilsenhoff Biotic Index (HBI) are as good as or better than on other popular western trout 
streams and as good as or better than they were on the Henry’s Fork in previous decades. The HBI 
scores indicate good to excellent water quality in all river reaches, with little evidence of organic 
pollutants such as wastewater and pesticides that can deplete oxygen. While most metrics are 
improving or stable across the watershed, the number of Pale Morning Duns is decreasing, driven 
by decreases at Flat Rock and St. Anthony. None of the metrics showed a trend one way or the other 
at Last Chance over the past 10 years. Long-term changes in dry-fly fishing at Last Chance and the 
upper Ranch are likely due to lower trout populations, increased temperatures, decreased water 
supply and changes in insect behavior, not decreased insect numbers. 

10. Conclusion. The dry-fly fishing experience between Last Chance and Pinehaven (the “Ranch”) has 
been negatively affected by warmer temperatures and lower water supply, through lower trout 
populations, increased turbidity and water temperatures, and changes in aquatic insect behavior—
when and where they hatch. Low winter outflow from Island Park Dam—a function of decreased 
water supply, not increased water use—has resulted in a trout population that is 25–35% lower than 
it was in the 1970s and 1980s and will only get lower in the future, even with additional water 
conservation. None of us can make more water, so we either accept lower trout numbers or find 
ways to replace the hatchery and reservoir fish that supplemented the wild population 40–50 years 
ago. It is very unlikely that the combination of weather and water supply that created the reliable 
and spatially uniform hatches of the 1970s–1990s will occur again in the future. However, new, large-
scale infrastructure on Island Park Dam and Reservoir has the potential to reduce water 
temperatures and turbidity in the outflow, and additional restoration can provide local cold-water 
refuges for insects and fish in the Ranch.  
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Document Guide 
Statistical summaries of water year 2024 (October 1, 2023 – September 30, 2024) and irrigation year 2024 
(November 1, 2023 – October 31, 2024), as well as 10-year trends from our water-quality and invertebrate 
monitoring are presented and interpreted in nine thematic sections and a conclusion: 

1. Climate 

2. Natural Flow 

3. Irrigation Management 

4. Island Park Reservoir Management 

5. Streamflow Gaging 

6. Performance of Predictive Models 

7. Water Quality in Island Park Reservoir 

8. Water Quality in the River 

9. Aquatic invertebrates 

10. Conclusion 
 

Data are subject to change upon review and final approval by government agencies and Henry’s Fork 
Foundation (HFF). All primary and calculated statistics in this document are based on data available on 
and current through January 31, 2025. Most streamflow, climate, and water quality data will not change, 
but irrigation data will change slightly from what is reported here. Details on data sources, periods of 
record, and terminology are given in the daily water report glossary and station guide.  

Periods of record for hydrologic comparisons are: 

�x Climate: water years 1989–2024 
�x Streamflow and reservoir volume: water years 1978–2024 (lower Teton River forks 2004–2024) 
�x Irrigation diversion and related: irrigation years 2001–2024 for averages; 1978–2024 for ranks 
�x Water quality: irrigation years 2014–2024 at Flatrock, Island Park Dam, Pinehaven, and Marysville; 

irrigation years 2015–2024 at Ashton Dam and St. Anthony, 2016–2024 
 
Statistics are compared with the period-of-record averages through 2023, so that the average is not 
influenced by the current year. Rank statistics include the current year in the record and are ordered from 
highest to lowest. For example, natural flow for water year 2024 is compared with the 1978–2023 average, 
and the rank is reported out of the full 1978–2024 record. Also note that, 75% of average is equivalent to 
25% below average, and a rank of 41/47 indicates the 5th lowest value in the 47-year record. 

As a final introductory note to this year’s report, it is much longer than previous reports because it 
contains two large stand-alone reports as sections, namely those on Island Park Reservoir water quality 
and on aquatic invertebrates. These two sections present comprehensive analysis and interpretation of 
data we have only compiled over the past year as we now have long enough records of data for statistical 
significance. In addition, this report contains a conclusion section that puts the current and future state 
of the Henry’s Fork fishery between Island Park Dam and Pinehaven in the context of the long-term trends 
presented throughout the report. 
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1. Climate 
Temperature 

The most notable feature of water year 2024 was how warm it was. Mean temperature for the water year 
was 1.6°F above the 1989–2023 average, ranking 5th warmest in the 1989–2024 record (Table 1), just a 
few one-hundredths of a degree cooler than 2016 and a little more than one-tenth of one degree warmer 
than 2012. By subwatershed, temperature ranks were 3rd warmest in upper Henry’s Fork, 8th warmest in 
Fall River, 4th warmest in Teton River, and 6th warmest in the valleys. We had four relatively brief (5–10 
days) periods of well below average temperatures during the year: in late October, mid-January, early 
May, and late May. Temperatures were otherwise at or above average, with extended periods (2–3 
weeks) of above-average temperatures occurring during most of the fall and early winter and again during 
June, July, and September (Figure 1). Numerous high-temperature records were set over the last weekend 
in September. While annual temperature shows no trend over the past 36 years, mean June–August 
temperature has increased significantly at a rate of 1°F per decade.   

Table 1. Climate statistics. Ranks for SWE, precipitation and temperature are ordered from highest to 
lowest (1 = highest on record). Temperature statistics are the mean of the 12 stations in the watershed. 
Ranks for date of peak SWE are ordered chronologically (1 = earliest). 

 Water year 2024 Water year 2023 1989-2023 
 Value 1989-2023 rank Value 1989-2023 rank Average 
Peak SWE (inches) 25.5 20/36 33.6 8/36 28.3 
Date of peak SWE March 31 8 (tie)/36 April 24 29 (tie)/36 April 12 
Total precipitation (inches) 34.8 18/36 39.8 11/36 36.0 
Mean temperature (°F) 39.2 5/36 35.9 34/36 37.6 
April-June temperature (°F) 44.7 12/36 43.2 23/36 43.9 

 

Figure 1. Water year 2024 mean temperature, compared with 1989–2023 average and range. 
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Precipitation 

Precipitation was highly variable in both space and time for most of the water year, but by the time all 
was said and done, the water-year total turned out to be 97% of average, ranking 18th out of the last 36 
years, and was fairly uniformly distributed across the watershed (Figure 2). Water-year totals were 96% 
of average in upper Henry’s Fork, 97% in Fall River, 96% in Teton headwaters, and 99% in the valleys. Four 
stations received at least average precipitation for the year: Rexburg at 123% of average, Pine Creek Pass 
at 107% of average, and Ashton and Lewis Lake Divide each right at average. Ashton, Rexburg and Pine 
Creek Pass received heavy precipitation in the fall of 2023 and spent most of the water year near or above 
average in accumulated precipitation, while Lewis Lake Divide spent most of the water year near or below 
average until heavy rain in September brought its total up to finish the water year at average. The two 
stations with the lowest precipitation relative to average were Alta and Grand Targhee, at 84% and 88% 
of average, respectively. 

The driest months of the year were November, December, April, June, and July, while the wettest were 
January, February, March, and September. August monsoonal precipitation was generally light and 
favored the northern portion of the watershed, in comparison to monsoonal precipitation in 2022 and 
2023, which was heavy and favored the southern half of the watershed. In fact, monsoonal rain was so 
heavy in those two years that it substantially disrupted hay and grain harvest and damaged crops. This 
year’s mild monsoon favored hay and grain harvest, while heavy rain in mid-September, followed by a 
very warm dry spell, created favorable conditions for potato harvest in early October of 2024. 

 

Figure 2. Water year 2024 precipitation as a percent of the 1989–2023 average. 
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Snow 

As has become the norm in recent decades, accumulation of snow water equivalent (SWE) in the 
headwater areas was a real nail-biter to watch. After a good start in late October, a dry November put 
SWE at only 50% of average at the beginning of December. Conditions were not much better at the 
beginning of February, especially in the upper Henry’s Fork, where SWE was only 60% of average. 
Fortunately, as has often happened in recent years, precipitation in February and March brought SWE at 
least back up into the “good enough” range by the end of March (Figure 3). Watershed-mean SWE peaked 
on March 31, 12 days earlier than average. Peak SWE was 90% of the 1989–2023 average, ranking 20th 
out of the last 36 years. By subwatershed, peak SWE was 89% of average in upper Henry’s Fork, 89% in 
Fall River, and 92% in Teton River. Melt rates were near average during April and early May, but cold 
weather slowed down melt substantially at the end of May. In fact, on June 1, SWE on the ground was 
average for the date. However, remaining snow melted very quickly during June and had zeroed out across 
the watershed nearly a month earlier than average. 

 

Figure 3. Mean snow water equivalent (SWE) over the nine SnoTel stations in the watershed, compared 
with 2023, the 1989–2023 average, and the 1989–2023 range. 

A new statistic we have been tracking since Sarah Newcomb discovered its importance, is the fraction of 
precipitation that occurs as snow. Among several slightly different ways of calculating it, I have calculated 
it here by dividing the watershed-averaged total water-year precipitation by the peak SWE. This 
represents the fraction of total precipitation we received for the water year that was stored in the 



7 
 

snowpack at its peak. This year’s value was consistent with the long-term decreasing trend in fraction of 
precipitation stored in the peak snowpack. This year, 73% of the total annual precipitation was stored as 
peak SWE, ranking 10th lowest in the 1989-2024 record. The lowest snow fraction was 61% in 2015, and 
the highest was a whopping 98% in 1989. The highest value in recent years was 84% in 2023. The 1989–
2023 mean is 78.1%. This statistic and its trend have very large implications for water supply—the amount 
of water that actually ends up in the surface-water system for use by fish, agriculture, and hydropower. 
More on this in section 2. 

Drought trends 

We use two statistics to measure drought trends. Our short-term drought indicator is the moving one-
year average difference between precipitation and evapotranspiration, measured at Ashton and Rexburg 
because those are the only two stations that report daily evapotranspiration data. Over the course of 
water year 2024, this indicator dropped from around 10 inches above average to 1 inch below average, 
reflecting redevelopment of drought in our area after a relative reprieve during the spring, summer, and 
early autumn of calendar year 2023 (Figure 4). Our medium-term indicator is the moving three-year 
average watershed-total precipitation, scaled relative to the long-term average of around 36 inches. This 
index generally improved over water year 2024, as the effects of the very dry year of 2021 moved out of 
the average, and the “good enough” years of 2023 and 2024 made up a greater fraction of the three-year 
average (Figure 5). Despite the improvement, this indicator was still slightly below average at the end of 
water year 2024 and has not been above average for any substantial period of time for well over three 
years. 

 

Figure 4. One-year average difference between precipitation and evaporation. 



8 
 

 

Figure 5. Three-year average annual precipitation across the watershed. 

2. Natural Flow (Water Supply) 

Natural flow is defined as the amount of water that would flow down the Henry’s Fork and its tributaries 
in absence of reservoir storage and delivery, irrigation diversion, and return flows. In other words, natural 
flow is the supply of water provided by the watershed that is available for all uses, including agriculture, 
fisheries, aquatic ecosystem function, and hydroelectric power generation.  

Natural flow 

Watershed-total natural flow for water year 2024 was 2.18 million ac-ft, equivalent to a mean annual 
streamflow of 3,014 cfs (Table 2). This was 90% of the 1978–2023 average and ranked 29th (39th 
percentile) out of all water years since 1978. By subwatershed, the statistics were 84% of average (rank = 
38th) in the upper Henry’s Fork, 88% of average (rank = 29th) in the Fall River subwatershed, and 104% of 
average (rank = 18th) in the Teton River subwatershed. The longest record available for natural flow 
calculation in the watershed is the Henry’s Lake to Ashton record, which dates back to 1930 and contains 
the drought of the 1930s, which is still the worst on record, at least in that part of the watershed. In that 
95-year record, natural flow between Henry’s Lake and Ashton was 88% of average, ranking 71st (25th 
percentile). Of the 24 years with lower values than what we observed in 2024, 16 occurred prior to 2001 
(including 9 in the 1930s), while 8 have occurred since 2001 (Figure 6). Only one year in the 1970s, 1980s, 
and 1990s—namely 1992—had lower water supply than we had in 2024.  
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Table 2. Water-year natural flow statistics. The ranks are from largest to smallest (1 = wettest on record; 
47 = driest on record). 

 Water year 2024 Water year 2023 1978-2023 
 Mean natural 

flow (cfs) 
1978-
2023 rank 

Mean natural 
flow (cfs) 

1978-
2023 rank 

Average annual 
natural flow (cfs) 

Upper Henry’s Fork 1,317 38/47 1,358 31/47 1,564 
Fall River 845 29/47 900 28/47 960 
Teton River 852 18/47 821 23/47 823 
Watershed total 3,014 29/47 3,079 28/47 3,347 

 

Figure 6. Mean annual natural streamflow between Henry’s Lake and Ashton, 1930-2024. 

The distribution of streamflow in 2024 across the water year (the hydrograph “shape”) did not deviate far 
from average but was skewed a little on the early side (Figure 7). One measure of timing is the hydrograph 
center of mass, the date on which the hydrograph would “balance” if a fulcrum were placed on that date. 
For the water year as a whole, the center of mass was April 17, about four days earlier than average. For 
the April–September period that primarily measures the timing of snowmelt runoff, the center of mass 
was June 16, about three days earlier than average. As is typical, springtime peaks in streamflow 
corresponded to periods of warm weather and snowmelt at the various elevations in the watershed. Peak 
runoff from snowmelt occurred in late April in the upper Henry’s Fork, mid-May in Fall River, and early 
June in Teton River. This pattern is the norm, vs. what happened in 2023, when cold weather in April and 
early May delayed melt in the upper Henry’s Fork and Fall River and warm temperatures in mid-May 
resulted in simultaneous melt in all three subwatersheds.  
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Figure 7. Natural flow hydrograph for water year 2024, compared with water year 2023 and the 1978–
2023 average. 

Watershed streamflow yield 

As mentioned in section 1, 73% of precipitation in 2024 was stored in the peak snowpack, compared with 
78% on average. This so-called “snow fraction” has been systematically declining over the past 36 years 
(Figure 8, upper right panel). The upper left panel illustrates that there has been no trend one way or the 
other in total precipitation. For interpretation of trends and statistical relationships in that graphic, I have 
included what is called the “P-value”, which indicates the probability that we could have observed the 
given data by chance if no statistical relationship were actually present. The smaller this number is, the 
less likely it is that we are wrong in concluding that the trend or statistical relationship is real. Statisticians 
generally use a cutoff value of P = 0.05 or P = 0.1; we conclude that the relationship is real only if the 
probability of observing the data by chance is less than 5–10%. The precipitation trend (upper left) is 
clearly nowhere near significant, while the snow fraction trend (upper right) is marginally significant, with 
a P-value of 0.09.  

Precipitation that falls over the watershed—whether that be rain or snow—does not immediately turn 
into streamflow. Some snow sublimates (turns directly from solid into vapor form) before it ever has a 
chance to melt. A large amount of both snowmelt and rainfall is absorbed by soil before it can run off 
directly into streams. Of that, a large fraction is used by trees and other vegetation in headwater areas 
before it can pass through the soil and into aquifers that sustain streamflow in headwater areas, especially 
the upper Henry’s Fork. As temperatures increase, the amount used by vegetation increases because the 
growing season is longer. The fraction of total precipitation that actually turns into streamflow is called 
the “runoff efficiency.” 
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Figure 8. Trends in precipitation, snow fraction, runoff efficiency and water supply, 1989–2024 (top and 
middle rows). Bottom row shows runoff efficiency and water supply as a function of snow fraction. 

In 2024, runoff efficiency was 36%—that is, 36% of the total precipitation over the watershed actually 
turned into streamflow. That is compared with an average of 38%. The middle left panel of Figure 8 shows 
that runoff efficiency is declining, and this trend is statistically significant, with a P-value of less than 1%. 
At least since 1989, this significant downward trend in runoff efficiency has not outweighed consistency 
in precipitation; natural flow is declining (middle right panel) but not at a rate that is statistically significant 
at the watershed scale. However, this trend is significant if we limit the analysis strictly to the upper 
Henry’s Fork subwatershed, which is lower in elevation and relies to a much greater degree on 
groundwater to maintain its streamflow than the Fall River or Teton River. 
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In the future, however, we can expect the watershed-scale trend of decreasing water supply to become 
statistically significant as temperatures continue to increase. The bottom two panels of Figure 8 show that 
the dependence of runoff efficiency on snow fraction (bottom left) and the dependence of natural flow 
on snow fraction (bottom right) are both positive and statistically significant. Assuming that total 
precipitation stays the same in the future, a decreasing fraction of that occurring as snow will continue to 
decrease runoff efficiency and hence water supply. 

Long-term patterns in natural flow 

Although the trend in watershed-wide natural flow is not statistically significant in the 1989–2024 record 
(the record over which we have complete climate data), when extended back to 1978, the trend in natural 
flow is significant (Figure 9). At the watershed scale, natural flow has averaged 15% less since 2001 than 
between 1978 and 2000. This 15% reduction is equivalent is equal to 1.5 times the combined volume of 
Henry’s Lake, Island Park Reservoir, and Grassy Lake. Since 2001, natural flow has exceeded the 1978–
2000 average in only three years: 2006, 2011, and 2017. 

 

Figure 9. Annual natural flow (water supply) in the Henry’s Fork watershed, 1978–2024. Blue line is the 
1978–2000 period average, and the orange line is the 2001–2024 period average. 

These patterns are even more striking in the upper Henry’s Fork. Natural flow in the Henry’s Fork at Island 
Park has averaged 22% lower since 2001 than between 1978 and 2000 (Figure 10). This reduction is 
equivalent to 80% of the capacity of Island Park Reservoir. In only four years between 1978 and 2000 was 
natural flow lower than the 2001–2024 average, and there have been no years since 2001 when natural 
flow at Island Park exceeded the 1978–2000 average. While irrigation demand at the watershed scale 
depends on water supply across the whole watershed, the effect of that demand on Island Park Reservoir 
draft is primarily determined by water supply at Island Park Dam. Further, that water supply has direct 
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effect on nearly aspect of the fishery between Island Park Dam and Riverside campground, including the 
size of the trout population and water quality.  

 

Figure 10. Annual natural flow (water supply) in the Henry’s Fork at Island Park Dam, 1978–2024. Blue line 
is the 1978–2000 period average, and the orange line is the 2001–2024 period average. 

Specific to the trout population, Idaho Department of Fish and Game’s (IDFG), estimate of the rainbow 
trout population in Box Canyon during the spring of each year is a reliable index of the total number of 
trout available to anglers in the river reach between Island Park Dam and Pinehaven. Prior to 1978, this 
population was directly supplemented with stocking. Prior to 1995, the population was periodically 
supplemented by migration of large trout from Island Park Reservoir downstream through the dam, 
especially in years when outflow was high and/or the reservoir was drawn down. Since the Island Park 
hydroelectric power plant came on line in 1995, most outflow passes through the power plant intake, 
which is screened, greatly limiting the ability of reservoir fish to migrate downstream into the river. Thus, 
since 1995, the population has been nearly completely maintained by natural reproduction in the Henry’s 
Fork downstream of the dam and in the Buffalo River. From decades of research by IDFG, Idaho State 
University, Montana State University, and HFF, we know with certainty that the bottleneck in the 
population (referred to by biologists as the limiting factor) is survival of juvenile trout through their first 
winter. That survival, in turn, is directly related to winter (December through February) flow out of Island 
Park Dam. Higher flow leads to higher trout populations. Given this, it should not be a surprise that the 
median trout population between 1978 and 2000 was 25% higher than it was between 2001 and 2023 
(Figure 11). Further, the population exceeded 4,300 trout per mile in 25% of the years between 1978 and 
2000, compared with less than 10% of years between 2001 and 2023. The highest population on record 
was observed in 2013, as a result of extremely high water supply in water year 2011. Given the trend in 
decreasing streamflow discussed above, we project even lower water supply over the next 30 years, 
resulting in a further decrease in the trout population, with essentially no chance of experiencing a water 
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year like 2011. Further, even if no water were stored in Henry’s Lake and Island Park Reservoir, the river’s 
natural flow would not sustain much higher trout populations than we expect under our current precision 
water management program and will definitely not sustain even the populations we have seen since 2001, 
much less those of 1978–2000. At best, the future median trout population is around 2,500 trout per mile 
in the springtime estimates, 35% lower than the 1978–2000 median. 

 

Figure 11. Box plots of the rainbow trout population in Box Canyon. The top and bottom of the boxes are 
the 75th and 25th percentiles, the top and bottom of the whiskers are the maximum and minimum. The 
thick line inside the box is the median (the population in the middle of all years). Points are considered 
statistical outliers, with a very low probability of occurring in any given year. The 1978–2000 and 2001–
2023 plots depict all available Idaho Department of Fish and Game data. “Future reg. flow” is our 
projection of trout populations over the next 30 years under future climate but current reservoir 
management, and “Future nat. flow” is the projected population over the next 30 years if the river’s natural 
flow passed through Box Canyon all winter. 

3. Irrigation Management 
With the Upper Snake River reservoir system filling to 100% both physically and on paper but little 
irrigation-season precipitation, irrigation demand in 2024 was driven primarily by temperature. Mid-
summer outflow from Island Park Reservoir peaked earlier than average, while total diversion was slightly 
above average for the post-2000 era. 
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Administrative water availability 

Because of above-average reservoir carryover inherited from 2023 and a near-average snowpack across 
the Snake River basin in 2024, all storage rights in Henry’s Lake, Island Park Reservoir and Grassy Lake 
filled this year. Further, basin-wide natural flow was good enough throughout most of the summer that 
water-rights priorities stayed near average from late June through early October (Figure 12). Thus, 
irrigators in the Henry’s Fork watershed were not limited by administrative water availability in 2024 and 
could divert as much as they needed to irrigate the particular mix of crops they planted this year. Diversion 
reflected this need, as modified by managed recharge operations in March and April as well as weather 
as the season unfolded. 

 

Figure 12. Water right priority in the Henry’s Fork at St. Anthony for irrigation year 2024. 

Irrigation diversion 

Diversion for the irrigation season was 101% of the 2001–2023 average but ranked only 36th out of the 
last 47 years (Table 3). Mean annual diversion since 2001 is 250,000 ac-ft (23%) lower than it was between 
1978 and 2000 due to widespread conversion from flood to sprinkler irrigation throughout the 1980s and 
1990s. That pattern continued in 2024. Given warm temperatures and minimal precipitation during the 
2024 growing season, weather facilitated desired irrigation and harvest schedules. Managed aquifer 
recharge operations resulted in above-average diversion in March and April, but otherwise diversions 
remained near to slightly above average for most of the irrigation season (Figure 13). Early May and the 
latter half of August were the exceptions, with cooler weather and grain harvest keeping diversion below 
average in early May and late August, respectively. Ultimately, watershed-total diversion reached a peak 
of 3,676 cfs on July 10. After three consecutive years of reach losses, reach gains in the lower Teton River 
and Henry’s Fork were positive and totaled 16,408 acre-ft, likely due to springtime recharge. Reach gains 
in 2024 ranked 36th out of 47 years, commensurate with total diversion, again a long-term pattern. 
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Table 3. Irrigation-year statistics. Coefficient of variation is defined as standard deviation divided by mean. 
With the exception of coefficient of variation, ranks are defined from highest to lowest (1 = highest in the 
record). 

 Irrigation year 2024 Irrigation year 2023 2001–2023 
 Value Rank Value Rank Average 
Total diversion (ac-ft) 906,865 36/47 794,529 47/47 894,058 
Crosscut Canal diversion to Teton (ac-ft)1 27,973 34/37 27,065 35/37 38,736 
Teton exchange well injection (ac-ft) 0 47/47 1,688 32/47 14,289 
Lower-watershed river reach gain (ac-ft) 16,408 36/47 -12,054 43/47 17,260 
HF at Parker summer flow (cfs)2 436 36/47 571 25/47 692 
HF at Parker coefficient of variation2 21% 7/47 47% 32/47 0.38 
SF Teton River summer flow (cfs)3 928 9/21 342 18/21 980 
SF Teton coefficient of variation3 12% 1/21 20% 3/21 53% 

1. Water-rights accounting data for Crosscut to Teton diversion has 1988–2023 period of record. 
2. Calculated over period of Island Park Reservoir draft 
3. South Fork Teton River gage has 2004–2023 period of record. 

 

 

Figure 12. Total diversion for irrigation year 2024, by subwatershed. Irrigation year 2023 and the 2001–
2023 average are shown for comparison. 

Teton River administration 

Streamflow shortage in the Henry’s Fork watershed after natural flow drops from its snowmelt-fed peak 
is greatest in the Teton River, which necessitates greater need for augmentation of streamflow there to 
meet demand. Augmentation is supplied by two sources: 1) delivery of water diverted from the Henry’s 
Fork to the Teton River through the Crosscut Canal and 2) water injected into the Teton River from so-
called “exchange wells.” These wells pump groundwater into the river and were drilled following the 
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Teton Dam failure as a mechanism by which to offset pumping from the river by irrigators along the rim 
of Teton Canyon. These irrigators held storage rights in Teton Reservoir and would have pumped this 
water directly from the reservoir. In most years, the administrative aspect of this diversion can be met 
with FMID storage and other sources such as Palisades storage and rental water. The physical water is 
provided by Crosscut Canal injection as needed. 

In dry years such as 2021 and 2022, the exchange wells provide a mechanism for both administrative and 
physical delivery of water to the Teton River, and exchange pumping can total 25,000 ac-ft or more. In 
2024, FMID’s storage rights filled and Crosscut Canal diversion was less than the modern-era average due 
to high natural flow on the Teton River relative to the upper Henry’s Fork and Falls River. Thus, exchange 
wells were not needed to help meet demand on the Teton River. Ultimately, Crosscut Canal diversion to 
the Teton totaled 27,973 acre-ft and ranked 34th out of the last 37 years.  

Lower watershed streamflow 

In most years the Henry’s Fork irrigation system can be managed to meet physical irrigation demand only 
within the watershed, subject of course to basin-wide water rights. In this case, the amount of water 
added to the lower-watershed irrigation system from the exchange wells and the watershed’s three 
storage reservoirs (Grassy Lake, Henry’s Lake, and Island Park Reservoir) must meet within-watershed 
diversion and leave enough in the river to provide adequate river stage (“depth”) at the downstream-
most points of diversion and maintain basic aquatic ecosystem function in the lower Henry’s Fork. Surface 
water can leave the Henry’s Fork irrigation system through three pathways: the South Fork Teton River, 
North Fork Teton River, and mainstem Henry’s Fork. Higher streamflow in any one of these stream 
channels increases the amount available locally for aquatic ecosystem function but comes at the costs of 
higher exchange well pumping and higher draft of the reservoir system. The latter, in turn, has negative 
consequences for fisheries and aquatic ecosystem function upstream of, in, and immediately downstream 
of Island Park Reservoir. On the other hand, too little streamflow at the bottom of the irrigation system 
can lead to lower fish habitat and a shortage of water available for the downstream-most diversions, 
which are Rexburg Irrigation on the South Fork Teton, Teton Island Feeder on the North Fork Teton, and 
Consolidated Farmers on the Henry’s Fork. 

The general management strategy to balance these factors within administrative constraints is to: 

1. set flow in the North Fork Teton to 0 downstream of Teton Island Feeder when administrative 
storage is being used, 

2. maintain flow in the South Fork Teton just high enough to absorb daily fluctuation in diversion at 
Rexburg Irrigation (~50–100 cfs), 

3. fix a streamflow target flow in the lower Henry’s Fork, 
4. minimize flow variability in the South Fork Teton and lower Henry’s Fork. 

The first of these components ensures that only the amount of water needed by the Teton Island Feeder 
water users is delivered to the North Fork Teton during the period when storage is being used. Any water 
in excess of this amount is charged to storage users, even if they can’t or don’t divert it all. There are 
several small diversions on the lower North Fork Teton, but they are entitled to only natural flow that 
emerges as groundwater inputs and return flows to the river downstream of Teton Island Feeder. Once 
the North Fork Teton constraint applies, a set of headgates at the North Fork-South Fork split (called the 
“splitter) is operated to send the appropriate amount of water down the North Fork, with the remainder 
flowing down the South Fork. The total flow reaching the splitter is controlled by how much Henry’s Fork 
water is diverted and delivered through the Crosscut Canal. On the Henry’s Fork, water is delivered from 
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the reservoir system to meet the Crosscut Canal need and meet diversion on the Henry’s Fork downstream 
of the Crosscut plus the lower-Henry’s Fork streamflow target. In previous years, that target was set at 
the St. Anthony streamflow gage and was usually around 1,000 cfs. However, that target does not 
consider diversion downstream of St. Anthony and generally resulted in very low flows downstream of 
Consolidated Farmers Canal in July, higher releases than necessary from Island Park Reservoir later in the 
season and into the beginning of reservoir fill season in the fall, and generally higher variation in 
streamflow all summer. To remedy these shortcomings, the Henry’s Fork Drought Management Planning 
Committee set the target at 350 cfs immediately downstream of the Consolidated Farmers diversion 
starting in 2020. This flow is calculated by subtracting diversion from the four canals downstream of 
St. Anthony from flow at the St. Anthony gage and nominally represents the flow in the river at the Parker-
Salem Highway (aka Red Road) bridge.  

Implementing this strategy is much easier said than done, given daily changes in diversion at over 100 
pumps and canals in the watershed, stream and canal losses to and gains from groundwater, and 
streamflow travel times of around 20 hours from Island Park Reservoir to the Crosscut Canal diversion 
(Chester Dam), several more hours to reach the Teton River, and another hour or two to pass the splitter 
and reach the Rexburg Irrigation and Teton Island Feeder diversions. Fortunately, remote-controlled 
headgates at the Crosscut diversion and splitter installed in 2020 now allow FMID managers to make small 
adjustments at any time of day, saving water and reducing travel and time costs. New stream and canal 
gages and calculations provide real-time data to inform operation of the new remote-controlled 
headgates. 

In some years, like 2022, physical water from the Henry’s Fork watershed must be delivered to meet 
demand farther down on the Snake River (when physical water stored in Island Park belongs to American 
Falls Reservoir on paper). However, due to good administrative and physical water supply basin-wide in 
2024, no physical water from the Henry’s Fork storage reservoir needed to be sent out of the watershed, 
and the irrigation system was managed according to the within-watershed strategy set by the Henry’s 
Fork Drought Management Planning Committee. 

Streamflow at Parker during the period of Island Park Reservoir draft in 2024 was lower than the 2001–
2023 average (Figure 14), saving water in the reservoir. Furthermore, the coefficient of variation in 
streamflow at Parker in 2024 was 20 percent and ranked 7th lowest in the last 47 years. Such low variability 
was due to a dry summer with few rain events and intentional daily adjustments in outflow at Island Park 
Dam, empowered by real-time data. Streamflow in the South Fork Teton River at Rexburg was 7% below 
average and ranked 9th out of 21 years. Similar to Parker, streamflow there was managed very tightly and 
the coefficient of variation was 12 percent—the lowest on record in the last 21 years. 

4. Island Park Reservoir Management 

Island Park Reservoir was managed during water year 2024 in accordance with strategies set by the 
Henry’s Fork Drought Management Planning Committee, which aims to maximize winter (December–
February) outflow to benefit fish survival and hydroelectric power production, fill as early after ice-off as 
possible, release only as much water as is necessary to meet watershed-total diversion and irrigation-
season streamflow targets on the lower Henry’s Fork and Teton River, and begin refill as early as possible 
to maximize outflow during the upcoming winter. Implementation of those strategies is facilitated by 
modern canal infrastructure installed throughout the lower watershed over the past six years, provision 
of real-time stream and canal flow data not historically available from agency sources, (including the HFF 
daily water report), and other water conservation actions. Collectively, this package of operational 
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strategies and technology is referred to as “precision water management,” which was first implemented 
in water year 2018. 

 

Figure 14. Streamflow in the Henry’s Fork at Parker, downstream of all diversions. 

In some years, deviations from the baseline strategy are required to accommodate unforeseen 
circumstances or opportunities. For example, in 2022, additional Island Park Reservoir draft was required 
late in the summer to meet operational and administrative needs outside of the Henry’s Fork watershed. 
In 2023, above-average snowpack allowed release of a managed freshet during the spring to remove fine 
sediment from the river between Island Park Dam and Pinehaven. In 2024, no such deviations were made, 
and operation of the reservoir was as close to perfect as possible to meet the strategies and objectives 
set by the Drought Management Planning Committee. 

Winter flow 

Reservoir outflow averaged 252 cfs from October 1 through November 30, which filled the reservoir close 
to the maximum allowable under winter ice cover (Figure 15). That allowed winter outflow to be set nearly 
equal to stream inflow, allowing slow fill to continue throughout the winter as snowfall accumulated 
directly on the reservoir surface (Figure 16). Net gain due to direct precipitation on the reservoir surface 
totaled nearly 10,000 ac-ft between December 1 and May 1, around 2,000 ac-ft above average (Figure 
17). Operations that maximized reservoir content throughout the year also maximized surface area, 
resulting in above-average gain despite below-average precipitation in 2024. 

December–February outflow averaged 411 cfs, 16% above the 1978–2023 average, and ranking 17th 
highest out of the last 47 water years (Table 4). Not surprisingly given the water-supply figures reported 
above, 12 of the years with higher winter flow occurred following wet years in the 1970s, 1980s, and 
1990s. For the modern period of 24 water years that started in 2001, winter flow in 2024 ranked 5th 
highest. Further, winter flow in 2024 was 117 cfs higher than expected based on water supply and pre-
2018 operations. Over the six winters since implementation of precision water management during the 
2018 irrigation season, winter flow has averaged 114 cfs (43%) higher based on water supply than it would 
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have under pre-2018 operations (Figure 18). As is covered in more detail in section 6 below, winter 
conditions were nearly perfectly predicted in early October, and the anticipated operations produced the 
desired fill rate from then until late April. 

 

Figure 15. Island Park Reservoir volume for water year 2024. 

 

Figure 16. Island Park Reservoir outflow for water year 2024. 
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Figure 17. Net gain to/loss from Island Park Reservoir from precipitation/evaporation on the reservoir 
surface. 

Table 4. Island Park Reservoir statistics. Flow and volume statistics are ranked from highest to lowest (1 
= highest flow or highest reservoir volume). Date statistics are ranked from earliest to latest. Volumes 
are reported in acre-feet, with percent of reservoir capacity in parentheses. 

 Water year 2024 Water year 2023 1978-2023 
 Value 1978-2024 rank Value 1978-2024 rank Average 
Dec-Feb. IP outflow (cfs)* 411 17/47 213 34/47 354 
Start of reservoir draft June 22 15/47 July 2 25 (tie)/47 July 2 
End of reservoir draft Sept. 12 22/47 August 25 5 (tie)/47 Sept. 11 
Min. volume (ac-ft, % full) 59,989 (44%) 24/47 83,876 (62%) 12/47 60,712 (45%) 
Sept. 30 vol. (ac-ft, % full) 67,292 (50%) 23/47 87,810 (65%) 13/47 63,433 (47%) 

*This is “winter” flow out of Island Park Dam for months 3–5 of the water year and so primarily reflects conditions 
at the end of the previous irrigation season. For example, winter flow for water year 2024 is the mean for 
December 1, 2023 through February 28, 2024, reflecting summer 2023 conditions. 

Springtime management 

Ice melted from the reservoir surface on April 28, 2 days earlier than the average over the 10 years we 
have been recording that figure. As has been the case over those 10 years, ice-off coincided with peak 
runoff of snowmelt into the reservoir, requiring a brief increase in outflow in late April before lowering it 
again to complete reservoir fill. The reservoir filled on May 22 and was held there until increased outflow 
was needed to meet irrigation demand and lower-watershed streamflow targets. 
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Figure 18. December 1 through February 28 outflow from Island Park Dam as a function of the previous 
water year’s natural flow (water supply). The vertical distance between the blue points and the curve is 
the amount of additional winter flow attained since 2018 from improved water management. 

Irrigation-season management 

As discussed above, snowpack and water supply was below average in both the Henry’s Fork and Fall River 
subwatersheds. Further, snowmelt occurred a few days earlier than average, and the month of June was 
warm and dry. These factors combined to drop streamflow in the Henry’s Fork at Parker (downstream of 
all diversions) to within 100 cfs of its irrigation-season target of 350 cfs on June 21 (Figure 14). Given the 
one-day travel time between Island Park and the downstream-most diversion, reservoir outflow was 
increased on June 20. The reservoir first dropped below nominal full pool of 135,205 ac-ft on June 22, 
initiating draft for the season. This was 10 days earlier than average and 10 days earlier than indicated by 
my “600-cfs rule” based on the difference between watershed-total natural flow (“supply”) and diversion 
(“demand”, Figure 19). The latter discrepancy occurred because streamflow on the Teton River was high 
enough to meet demand there until July 3 without delivery through the Crosscut Canal. 

The “600-cfs” rule states that on average, reservoir draft is needed when supply falls to within 600 cfs of 
diversion, the 600 cfs being roughly what is needed in excess of diversion to meet streamflow targets 
downstream of all diversions and account for losses due to channel seepage in the Teton River. Usually, 
the first need for draft of Island Park Reservoir occurs when delivery of water to the Teton River through 
the Crosscut Canal is first needed, but this year, water supply was so much higher on the Teton River than 
in the other two subwatersheds that they ran out of supply well ahead of when the Teton River did. 

Peak outflow from the reservoir was 1,619 cfs, 76 cfs higher than the average maximum outflow. This 
peak occurred on July 10, which is the average date of peak irrigation demand. Average outflow over the 
month of July was 1,378 cfs, 151 cfs above the 1978–2023 average, ranking 16th highest out of the last 
47 years. Contrary to popular belief, 11 of the 15 years with July outflow higher than 2024 occurred in the 
1970s, 1980s, and 1990s, reflecting irrigation practices back when flood irrigation and higher overall 
diversion were the rule. Of the four modern-period years when July outflow was higher than it was this 
year, only one—2023—occurred since the precision management program was first implemented.  
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Figure 19. Water supply minus demand, showing the 600-cfs indicator of need for Island Park Reservoir 
draft. 

Outflow from the reservoir was reduced by 200 cfs on July 22 and by 400 cfs on July 29. A 100-cfs increase 
was made on July 31 to compensate for a reduction in outflow from Grassy Lake, which had been drafted 
to its desired minimum by then. From there, outflow was fairly constant at around 1,000 cfs until August 
12, after which outflow was gradually decreased as allowable by lower-watershed streamflow targets. 
Rain in mid-September finally allowed draft to end on September 12, 1 day later than average. By then, 
the reservoir had been drafting a total of 11 days longer than average, and with below-average inflow. 
Minimum reservoir volume was 59,989 ac-ft (44.4% full), 1.2% below the 1978–2023 average. However, 
the minimum volume was 13,149 ac-ft higher than expected based on water supply under pre-2018 
operations (Figure 20). This was the 7th consecutive year out of the 7 years of the precision management 
program that minimum reservoir volume has exceeded expectations based on water supply. Over those 
7 years, minimum reservoir volume has exceeded expectations by an annual average of 23,941 ac-ft, a 
46% improvement and the primary reason that winter outflow has improved by 43% as a result of the 
precision water management program. 

Late Summer/Fall Management 

Given that the single factor limiting the size of the rainbow trout population downstream of Island Park 
Reservoir is winter outflow from the dam and that winter flow has been below average in two of the last 
three years, every effort was made during the fall of 2024 to maximize outflow during the upcoming 
winter. One of those efforts was to fill the reservoir as much as possible before December 1, which is why 
outflow was lowered to the minimum required to operate the power plant (roughly 180 cfs) on September 
12, when draft was no longer needed to meet irrigation demand. Although low flows during the fall do 
not negatively affect trout survival because water temperatures are relatively warm and aquatic 
vegetation maintains higher river depth, these low flows had a negative effect on fishing experience and 
ability to float certain river reaches. Further, low outflow from the kept the lower Henry’s Fork at its 
irrigation-season target several weeks longer than usual, into October. However, in a climate in which 
water supply is consistently much lower than it was in the 1970s–1990s, sacrifices to fishing experience 
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and lower-watershed streamflow are necessary if we want to maintain trout populations in the reach 
immediately below Island Park Dam. 

 

Figure 20. Minimum volume in Island Park Reservoir as a function of the previous water year’s natural 
flow (water supply). The vertical distance between the blue points and the curve is the amount of savings 
in the reservoir attained since 2018 from improved water management. 

Because of the success of precision water management in increasing winter flows in recent years, nearly 
all of the difference between attainable winter outflow these days and what would be required to achieve 
historic population numbers is due to water supply, not water use and management. To illustrate this 
point, we can compare actual winter outflow with natural flow, remembering that natural flow is what 
would be in the river without any storage reservoirs or diversion. Actual winter outflow over the past six 
water years has averaged 384 cfs, while the river’s natural winter flow over those same years has averaged 
434 cfs. With the flow of the Buffalo River included, which is what the fish actually experience in Box 
Canyon, outflow over the last six winters has averaged 594 cfs, compared with the river’s natural flow of 
638 cfs. That difference of 44 cfs is 6.9%. In a system as highly regulated as the Henry’s Fork, reducing the 
difference between regulated and natural flow during the winter reservoir fill period to less than 7% 
through water conservation and precise management is a truly remarkable accomplishment, made 
possible by science-based collaboration among water users, water managers, agencies, conservation 
organizations, and hydroelectric power companies. Unfortunately, even the river’s natural flow is not 
sufficient now—and certainly will not be in the future (Figure 11)—to maintain the wild trout population 
downstream of Island Park Dam at numbers routinely observed in the 1970s–1990s. 

5. Streamflow Gaging 
For the sixth consecutive year, HFF measured streamflow in the Henry’s Fork at Island Park regularly 
during the summer and fall, when the relationship between river depth and streamflow (“stage-
discharge” or “gage rating”) changes most rapidly (“shifts”) due to growth and decay of aquatic vegetation 
(called “macrophytes”). As vegetation grows during early summer, it displaces water, leading to higher 
depth at a given flow. The opposite happens in late summer and fall. The U.S. Geological Survey (USGS) 
measures streamflow to update the rating curve every 2–8 weeks, depending on season of the year, but 
during periods of rapid shift, the actual streamflow indicated on the real-time USGS gage can be much 
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higher or lower than the actual flow by the time several weeks have passed since the last adjustment. We 
use our regular measurements to calculate an approximate rating shift in between the official USGS 
adjustments so that water managers and river users can have more accurate flow data on a day-to-day 
basis. In 2019, we were just learning how to use the Acoustic Doppler Current Profiler (ADCP) unit FMID 
has loaned us for this purpose. Not only were we learning how to use the unit and its software, but we 
were also learning how to row a drift boat across the river with the ADCP tethered off the front and adhere 
to standard measurement protocols. Those include two pairs of measurements in each direction across 
the river, three-minute duration of each pass across the river, and a total measurement error of around 
4% or less. We were able to consistently meet those criteria in years 2020 through 2024. 

We made fewer measurements in 2024 than in previous years (Table 5) because USGS has made more 
frequent measurements. Our relative error in 2024 was 5.0%, about where it was in 2022 but lower than 
in all other years. At +0.8%, our bias was the smallest we have achieved yet and due primarily to 
overestimation at the highest flows we measured during the summer (Figure 21). 

We have also been measuring streamflow at Ashton since 2019, and made seven measurements there 
during 2024 (Figure 22). Maintaining frequent rating adjustments there during the summer and fall is 
critical to making accurate estimates of natural streamflow in the upper Henry’s Fork subwatershed, 
which are, in turn, critical for assessing ongoing water supply trends and for predicting fall and winter 
water availability. Our Ashton measurements had a mean error of 3.0% relative to USGS data, the lowest 
we have yet achieved at Ashton, and a bias of -1.4%. Overall, our measurements and associated unofficial 
rating shifts again provided useful streamflow information to stakeholders in between USGS shifts. 

Table 5. HFF measurements of streamflow at Island Park Dam and error measures relative to shift-
adjusted USGS streamflow data. 

Year No. HFF measurements Mean absolute error Mean relative error Bias 
2020 24 23.5 cfs 7.9% +3.4% 
2021 20 20.6 cfs 8.3% +6.4% 
2022 14 28.6 cfs 4.9% +3.0% 
2023 14 29.0 cfs 5.6% +0.9% 
2024 11 24.5 cfs 5.0% +0.8% 

 

In addition to measuring streamflow at Island Park and Ashton for the purposes of estimating gage shift 
in between USGS measurements, HFF also measures streamflow regularly in the Buffalo River at Highway 
20, Henry’s Fork at the Parker-Salem highway, and Teton River at Harrop’s Bridge. We maintain stream 
gages at these three locations, year-round in the Buffalo River and seasonally at the other two locations. 
Streamflow data at these locations is useful in monitoring long-term hydrologic trends, specifically natural 
groundwater-fed headwater inflow in the case of the Buffalo River and gains from irrigation return flow 
and/or managed aquifer recharge in the case of the lower Henry’s Fork and the Teton River. In 2024, we 
added a fourth location to our regular measurement routine, the Henry’s Fork at Marysville, also referred 
to as “inflow to Ashton Reservoir.” We began operating that station in April of 2024 and last rated it in 
November 2024. The streamflow data collected at these four locations are available on our water quantity 
web app at https://henrysforkdata.shinyapps.io/WaterQuantity/.  
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Figure 21. Official USGS record of 15-minute discharge in the Henry’s Fork at Island Park from June through 
early December 2024, showing all USGS and HFF measurements (left panel). The right panel shows HFF 
measurements vs. USGS gaged discharge.  

 

Figure 22. Official USGS record of 15-minute discharge in the Henry’s Fork at Ashton from June through 
early December 2024, showing all USGS and HFF measurements (left panel). The right panel shows HFF 
measurements vs. USGS gaged discharge.  
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6. Performance of Predictive Models 

We first developed predictive models for all aspects of water supply and irrigation-system management 
during water year 2017 and have continued to refine and apply these models every year since then. We 
quantify their performance each year to assess their utility in informing seasonal-scale predictions. 

Winter flow and reservoir operation 

By far the most precise quantity we predict ahead of time is streamflow during the October 1 to March 
31 “winter” period. During that time, natural flow consists primarily of what we call “base flow”, the flow 
sustained by inputs from groundwater. In turn, that flow nearly completely reflects water supply during 
the preceding summer, which is why it is predictable on October 1. Essentially, winter-time weather has 
little to no effect on streamflow during the winter, whereas spring and summer weather has a large effect 
on spring and summer streamflow. Because weather is nearly impossible to predict six months ahead of 
time, the winter predictions are much more precise than the summer predictions. 

Specifically, on October 1 2023, we predicted that natural flow in the watershed between Henry’s Lake 
and Island Park Reservoir would average 419 cfs between October 1 and March 31. The observed value 
was 403 cfs, within 4% of the observed value (Figure 23). This natural flow provides the majority of inflow 
to Island Park Reservoir during the winter, with much smaller amounts (less than 10% of the total) 
provided by outflow from Henry’s Lake and by precipitation directly on the reservoir surface. Thus, with 
a good prediction of inflow to Island Park Reservoir on October 1—and perfect knowledge of the reservoir 
volume on that date—we can predict the outcomes of winter management of Island Park reservoir with 
a high degree of certainty on October 1. Based on these predictions, the Henry’s Fork Drought 
Management Planning Committee’s outflow strategy for Island Park Reservoir was 350 cfs October 1–15, 
200 cfs from October 15 to November 30, 425 cfs from December 1 to February 28, and adjustments in 
either direction after that to fill the reservoir to 126,000 ac-ft (93% full) on the ice-off date. Our models 
are also able to predict the date of ice-off, which we accurately predicted at April 28.  

 

Figure 23. Dependence of October–March natural streamflow between Henry’s Lake and Island Park on 
preceding April–September streamflow. Predicted and observed values for water year 2024 are shown. 
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As it turned out, the winter started out dry, and outflow was a little lower than 425 cfs early in the winter. 
As more snow accumulated on the reservoir surface late in the winter, outflow was increased to a little 
above 425 cfs, and the winter average was 411 cfs, within 4% of the anticipated value. Reservoir fill very 
closely tracked what we had predicted on October 1, and the reservoir achieved the desired volume of 
126,000 ac-ft at the end of the day on April 27, literally a few hours ahead of reservoir ice-off. Thus, the 
outflow strategy developed on October 1 was implemented to within 5% of expectations, with a reservoir 
fill outcome that aligned nearly perfectly with the model (Figure 24). 

 

Figure 24. October-1 predictions and observed winter outflow from Island Park Reservoir (top) and 
reservoir fill (bottom). 
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April–September natural flow 

Unfortunately, predicting streamflow between April 1 and September 30 on April 1 is not nearly as easy 
as predicting October through March streamflow on October 1. Temperatures and precipitation during 
the spring and summer have a large effect on streamflow volume and an even larger effect on timing of 
runoff, which is critical in predicting need for reservoir draft and other irrigation-system operations. In 
2024, our April-1 models overestimated spring and summer water supply in the upper Henry’s Fork and 
Fall River, by 20% and 26%, respectively (Table 6). The model prediction for the Teton River was within 
0.2% of the observed value. At the watershed scale, the models overestimated streamflow by 14%. 

Table 6. April 1–September 30 natural flow statistics, including predictions made on April 1 and primary 
inputs to predictive models. 

  Mean April 1 – September 30 natural flow 
 Predictors (% of ave.) 2024 prediction 2024 observed 2023 observed 
Subwatershed Baseflow Apr-1 SWE cfs % of ave. cfs % of ave. cfs % of ave. 
Upper Henry’s Fork 90% 94% 1,802 97% 1,500 81% 1,759 94% 
Fall River 100% 95% 1,434 104% 1,142 83% 1,375 100% 
Teton River 100% 99% 1,259 105% 1,261 105% 1,309 109% 
WATERSHED TOTAL 94% 96% 4,444* 100% 3,903 88% 4,443 100% 

*The watershed total prediction is made independently of the three subwatersheds, so the 
subwatershed figures do not necessarily add to the watershed total. 

The streamflow volumes observed in upper Henry’s Fork and Fall River were lower than the 90% 
exceedance flow, meaning that the observed streamflow in those watersheds had less than a 10% chance 
of occurring, given the data available to us on April 1. One big reason for the discrepancy between 
predicted and observed streamflow volumes in those two subwatersheds was very high 
evapotranspiration in May and June due to high temperatures and record-setting wind. June was the 
windiest on record in eastern Idaho and May was the second windiest, according to data from the National 
Water Service that dates back 70 years or more. High evapotranspiration resulted in a much larger fraction 
of snowmelt than expected contributing to soil moisture deficit and to plant consumption, resulting in a 
lower fraction contributing to streamflow. The Teton River subwatershed is less susceptible to the effects 
of increased evapotranspiration because it is steeper, it is higher in elevation, and it has less tree cover 
than either of the upper Henry’s Fork and Fall River. This is the second year in a row that our models 
performed much better on the Teton River than in the other two subwatersheds. 

Even after the windy weather of May and June subsided, very hot weather and sparse precipitation during 
July resulted in lower-than-expected streamflow. Once we finally received some precipitation in August 
and September, observed natural flow aligned much better with predictions, but that alignment couldn’t 
overcome the very low values observed in May and June, and by the end of the six-month season, total 
streamflow volume came up well short of expectations (Figure 25). In terms of timing, models performed 
much better than they did on volume, as centers of mass were only 0–4 days earlier than predicted (Table 
7), due almost exclusively to warm temperatures accelerating snowmelt. 
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Figure 25. Predicted and observed April-1 through September-30 natural streamflow in the Henry’s Fork 
watershed for water year 2024, with the 1978–2023 average shown for reference. 

Table 7. Observed and predicted center-of-mass of April-September streamflow.  

Subwatershed 2024 prediction 2024 observed 2023 1978–2023 average 
Upper Henry’s Fork June 21 June 21 June 22 June 22 
Fall River June 16 June 14 June 17 June 16 
Teton River June 17 June 13 June 16 June 17 
WATERSHED TOTAL June 17 June 16 June 19 June 19 

 

April–September regulated flow 

Even while models underestimated natural flow and predicted slightly later runoff timing, they generally 
performed well at modeling irrigation-system management and regulated streamflow. Because of much 
lower streamflow in the upper Henry’s Fork and Fall River in June than expected, draft of Island Park 
Reservoir started on June 22. That was 13 days earlier than the prediction of July 5 and had around a 7% 
chance of occurring, given April 1 conditions (Figure 26). This need for draft was reflected in the date on 
which streamflow in the Henry’s Fork first dropped to its irrigation-season target, which was June 21, 
again much earlier than predicted by the model (Figure 27). Similarly, regulated streamflow on Fall River 
dropped much earlier than anticipated and fell outside of the middle 90% of model predictions from late 
June through mid-July (Figure 28). Only conditions on the Teton River were captured well by the model, 
as it very accurately predicted need for delivery through the Crosscut Canal (Figure 29), one of the key 
factors indicating need for Island Park Reservoir draft. The model also accurately predicted a very low 
probability of need for pumping of any exchange wells (no pumping occurred) and essentially no 
probability of irrigation shortfalls (and, none occurred).  
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Figure 26. Predicted and observed April-1 through September-30 volume in Island Park Reservoir for water 
year 2024, with the 1978–2023 average shown for reference. 

 

 

Figure 27. Predicted and observed April-1 through September-30 regulated streamflow in the Henry’s Fork 
at Parker for water year 2024, with the 1978–2023 average shown for reference. 
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Figure 28. Predicted and observed April-1 through September-30 regulated streamflow in Fall River for 
water year 2024, with the 1978–2023 average shown for reference. 

 

 

Figure 29. Predicted and observed April-1 through September-30 diversion into the Crosscut Canal for 
water year 2024, with the 1978–2023 average shown for reference. 
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Reservoir volumes 

As a result of both lower-than-expected inflow and earlier draft, all three storage reservoirs dropped much 
faster than expected during late June and July. Grassy Lake reached its target volume by the end of July, 
and subsequent outflow reduction allowed it to gain volume later in the summer and end the water year 
slightly above model predictions (Figure 30). Outflow from Island Park Reservoir, while higher than 
predicted in July, stayed within the middle 90% of model predictions for all but a few days in early July 
(Figure 31). Outflow during August and early September was very close to model predictions. However, 
as mentioned above, outflow was lowered to less than 200 cfs in mid-September to store as much water 
prior to the critical winter period as possible, so outflow during that time was much lower than predicted 
by the model. 

As a result of both rain in August and September (improved inflow) and outflow reductions made in August 
and September, all three reservoirs moved back into their respective statistical prediction intervals by the 
end of September (Figures 26, 30, 32), reflecting success of the models in predicting reservoir volume 
going into the new water year. In the case of Island Park Reservoir, the observed September-30 volume 
of 67,292 ac-ft (49.8% full) fell well within the 90% prediction interval and exceeded 16% of all model 
outcomes. Given that the single most important model outcome is Island Park Reservoir content on 
September 30, the model continues to perform well at the system level, even when it performs less well 
at predicting water supply in given subwatersheds. Based on this year’s relatively poor model 
performance for natural flow in the upper Henry’s Fork and Fall River, we will be making adjustments to 
the model for 2025 to more accurately reflect decreased runoff efficiency. 

 

Figure 30. Predicted and observed April-1 through September-30 volume in Grassy Lake for water year 
2024, with the 1978–2023 average shown for reference. 
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Figure 31. Predicted and observed April-1 through September-30 outflow from Island Park Reservoir for 
water year 2024, with the 1978–2023 average shown for reference. 

 

 

Figure 32. Predicted and observed April-1 through September-30 volume in Henrys Lake for water year 
2024, with the 1978–2023 average shown for reference 
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7. Water Quality in Island Park Reservoir 
Water quality is the key limiter of fish habitat and fish populations upstream of Island Park Dam in the 
reservoir and its tributaries. Water quality in Island Park Reservoir also affects fish behavior, aquatic insect 
behavior, and thereby the fishing experience in the Henry’s Fork downstream. High water temperatures, 
harmful algal blooms (HABs), high turbidity, and low dissolved oxygen are key water quality problems in 
Island Park Reservoir that affect fisheries and aesthetic resources in the Henry’s Fork Watershed. These 
problems threaten a world-famous recreational fishery worth at least $30 million, prevent the restoration 
of recreationally and ecologically significant populations of migratory Kokanee Salmon and native 
Yellowstone cutthroat trout, reduce hydropower generation by Fall River Rural Electric Cooperative, and 
potentially affect tens of millions of dollars in property values on Island Park Reservoir and the Henry’s 
Fork, among other impacts (Table 8). 

Table 8. Outline of water quality problems, impacts, and sources in Island Park Reservoir. 

Problems Impacts Sources 
High water 
temperatures 

�x Affects trout behavior and distribution downstream of 
Island Park Reservoir 

�x Limits migratory, wild and native trout and salmon 
populations within/upstream of Island Park Reservoir  

�x Changes aquatic insect behavior and community 
composition 

�x Drawdown 
�x Aging infrastructure 
�x Climate Change 

Harmful algal 
blooms (HABs) 

�x Toxins threaten human, livestock, and pet health 
�x Recreational site closures 
�x Negative aesthetics (sight, smell) 

�x Eutrophication  
�x Drawdown  

High turbidity �x Affects trout behavior and distribution downstream of 
Island Park Reservoir 

�x Degrades dry-fly fishing experience 

�x Drawdown  
�x Eutrophication 
�x Aging infrastructure 

Low dissolved 
oxygen 

�x Limits migratory, wild and native trout and salmon 
populations within/upstream of Island Park Reservoir 

�x Loss of hydropower generation 

�x Eutrophication 
 

 

Data Collection 
Our Island Park Reservoir monitoring program provides critical insights into water quality problems, 
including quantifying impacts, identifying sources, and evaluating solutions. Our monitoring program 
allows us to calculate fish habitat availability, predict water quality changes, and comprehend the complex 
interplay of biological, chemical, and physical processes that lead to high water temperatures, harmful 
algal blooms, high turbidity, and low dissolved oxygen. We collect six key water quality parameters at five 
locations in Island Park Reservoir across the 20-week growing season between May and November. Each 
week’s work requires two technicians, interns, or volunteers approximately 8 hours of work, for a total of 
320 man-hours of work in 2024. Of those hours, approximately 80 hours were covered by interns, 40 
hours by volunteers, and 200 hours by HFF staff.  
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Locations 
We monitor five locations in Island Park Reservoir: Power, Gates, Lakeside, Trude Bay, and Trude Island 
(Figure 33). Each location was strategically chosen to maximize our understanding of the reservoir's 
physical, chemical, and biological characteristics and to assess how these factors influence water quality 
in the downstream Henry’s Fork. By monitoring these diverse locations, we obtain a comprehensive 
understanding of the reservoir’s water quality and its impacts on the Henry’s Fork watershed. 

�x Gates: Located at a depth of 73 feet at the intake for the original U.S. Bureau of Reclamation gates 
(outflow through Island Park Dam), this site represents the deepest part of the reservoir. The data 
collected here reflects conditions in the narrow, deep canyon section between Bill’s Island and 
the dam. As an outflow into the Henry’s Fork River, water quality at Gates significantly affects 
downstream water quality. 

�x Power: Situated at a depth of 70 feet at the Fall River Rural Electric Cooperative power plant 
intake on Island Park Dam, this site is another key outflow into the Henry’s Fork River. Like the 
Gates site, water quality data from Power are crucial for understanding downstream impacts. 

�x Lakeside: This monitoring location is in 45 feet of water in the Henry’s Fork River channel near 
Lakeside Lodge. It represents the conditions throughout the northern inlet arm of the reservoir, 
providing valuable insights into the water quality as it enters the reservoir. 

�x Trude Bay: Located in 30 feet of water near Trude Ranch on the western half of the reservoir, this 
site is influenced by a large spring-fed inflow. It represents all other spring-fed areas of the 
western part of Island Park Reservoir, which are potentially important for fish habitat. 

�x Trude Island: Positioned in 20 feet of water in the middle of the western arm of the reservoir, this 
site represents the large, shallow area of Island Park Reservoir in Shotgun Valley. 

Key Parameters 
At each location, we collect a “vertical profile” of water quality parameters. This method involves lowering 
a weighted multiparameter sonde from the reservoir's surface to its bottom, capturing multiple data 
points per second along the way. This approach provides a comprehensive view of the water quality 
throughout the reservoir's entire depth. The sonde records parameters including depth, temperature, 
dissolved oxygen, conductivity, turbidity, chlorophyll-a, and phycocyanins. Each parameter, both 
individually and collectively, informs our understanding of the reservoir’s physical, chemical, and 
biological processes. 

�x Temperature: Crucial for salmonids, it affects metabolism, growth, and reproduction. 
Temperature also drives stratification, leading to distinct thermal layers—epilimnion (warm, 
oxygen-rich surface water), thermocline (rapid temperature change), and hypolimnion (cooler, 
oxygen-depleted bottom water). 

�x Dissolved Oxygen: Essential for aquatic life, its levels can be influenced by stratification. 
Monitoring DO helps track fish habitat and ecosystem health. 

�x Turbidity, Chlorophyll-a, and Phycocyanins: Reflects water clarity affected by organic matter 
(algae) and inorganic sediment (erosion). Monitoring turbidity alongside chlorophyll-a and 
phycocyanins helps track algal blooms, which can influence oxygen levels and recreational water 
quality. 

�x Conductivity: Indicates the water's ability to conduct electrical current, influenced by dissolved 
ions. It helps understand the chemical environment and material transport within the reservoir. 
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State and federal agencies are involved in monitoring Island Park Reservoir’s water quality. The Idaho 
Department of Environmental Quality provides the multiparameter sonde for HFF use and collects water 
samples to monitor for the presence of toxins produced by blue-green algae. The U.S. Geological Survey 
analyzes biweekly aerial images of Island Park Reservoir to estimate the concentration of algae. 

 

Figure 33. Bathymetric map of Island Park Reservoir at authorized full pool with a surface elevation of 
6303 feet above mean sea level. Contour intervals are 1 m. Datum is North American Datum of 1983, 
projection is Universal Transverse Mercator zone 12N. Bathymetry was compiled by the Henry’s Fork 
Foundation and Indiana University with data produced from a Lowrance commercial sonar in 2017. Aerial 
imagery is from USGS National Agricultural Imagery Program, 2011. HFF sampling locations are shown as 
red diamonds.  

Observations from 2024 

Water temperature 
Drawdown, warming air temperatures, lower water supply, and aging, inflexible infrastructure are 
primary factors leading to high water temperatures in Island Park Reservoir and its outflow (Figure 34). 
Drawdown and aging infrastructure are interacting with physical factors such as reservoir morphology and 
warmer than average weather conditions to create Island Park Reservoir’s warmer water temperature 
patterns. High temperatures in Island Park Reservoir have direct and indirect effects on the ecology and 
angling experience in the Henry’s Fork Watershed: 
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1. Fish distribution and behavior downstream of Island Park Reservoir in the Henry’s Fork is likely 
influenced by water temperatures flowing out of Island Park Reservoir. Analysis of water 
temperatures on Harriman State Park by Lily Greenwald, 2024 intern from Washington and Lee 
University, showed that average temperatures between the Logjam and Pinehaven are mostly a 
function of water temperatures coming out of Island Park Reservoir. High water temperatures 
may cause fish to move into thermal refugia away from some popular fishing locations.  

2. 7-day maximum water temperature is well known to affect macroinvertebrate community 
composition and hatch timing. Higher temperatures from Island Park Reservoir may therefore 
affect hatch timing and community composition downstream. 

3. A peer-reviewed scientific study published by HFF staff and collaborators showed that water 
temperatures likely cap the number of migratory, wild and native trout and salmon within and 
upstream of Island Park Reservoir.  

4. Water temperature patterns in Island Park Reservoir also control other chemical and biological 
processes in Island Park Reservoir such as HABs, dissolved oxygen depletion, and turbidity.  

 

Figure 34. Each line in this graph represents reservoir volume and water temperature throughout a given 
year. In years where reservoir volume decreases more, water temperatures tend to be higher, approaching 
and exceeding 18°C (65°F). 

The relationship between drawdown and water temperature in Island Park Reservoir is well-understood. 
Above-average drawdown contributed to warmer-than-average water temperatures in 2024. However, 
water temperatures were much warmer than we expected given the amount of drawdown. Surface 
temperatures exceeded 22°C (72°F) for 3 weeks, a new record in our 9 years of monitoring the reservoir 
(Figure 35). Water temperatures near the bottom at the Power Plant exceeded 18°C (65°F) for 4 weeks 
compared to an average of 2 weeks. Temperatures exceeded 16°C (61°F) at the Power Plant outflow for 
9 weeks in comparison to an average of 7 weeks.  

A reservoir mixing event in June likely combined with drawdown to result in warmer than expected water 
temperatures. In June 2024, record-high winds partially mixed Island Park Reservoir. When a reservoir 
mixes, the warm surface waters—known in scientific parlance as the “epilimnion”—cools slightly but 
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becomes much larger while the cold bottom waters—the “hypolimnion”—shrinks. Between June 13 and 
June 19, the epilimnion expanded by approximately 30,000 acre-feet, and the hypolimnion shrank from 
about 40,000 acre feet to less than 10,000 acre feet. When drawdown started, the ~10,000 acre-feet of 
cool water was quickly removed and replaced with warm water, thereby explaining the warmer than 
average temperatures in the outflows. Without management flexibility to change outflow elevations 
throughout the year, there was no way to preserve cool water within the reservoir to guard against mixing 
or save cool water for later in the season.  

 

Figure 35. Water temperature contour plots for all dates in 2024 (left column) and on average (right 
column) for Gates (first row) and the Power Plant (second row), the two locations nearest the dam that 
have the most influence on water temperatures in the Henry’s Fork downstream. The graph shows water 
temperatures at all depths at all dates. The orange dashed line indicates a mixing event where record-
setting winds mixed the water column. The colors represent water temperatures—yellow/white is warmer, 
while blacks and blues are cooler. The red horizontal dashed line at around 18 meters in depth is the 
elevation of the power plant siphon. 

The mixing event was also extremely important at locations further from Island Park Dam. After the mixing 
event, water temperatures remained more uniform throughout the water column at Lakeside and Trude 
Bay across the entire summer (Figure 36). Surface water temperatures remained 2°C cooler than average 
while bottom temperatures were between 2 and 4 degrees C warmer than average. This mixing event and 
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the resulting relative uniformity in water temperatures had major consequences for turbidity, algal 
growth, dissolved oxygen concentrations, and fish habitat which are covered below.  

 

Figure 36. Water temperature contour plots for 2024 (left column) and on average (right column) for Trude 
Bay (first row), Trude Island (second row), and Lakeside (third row). These three locations are further from 
the dam and are more indicative of conditions experienced by fish living in the reservoir. The graph shows 
water temperatures at all depths at all dates. The orange dashed line indicates a mixing event where 
record-setting winds mixed the water column. The colors represent water temperatures—yellow/white is 
warmer, while blacks and blues are cooler.  
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HABs and Turbidity 
Eutrophication combines with drawdown and aging infrastructure to cause harmful algal blooms and high 
turbidity in Island Park Reservoir and the Henry’s Fork River downstream. “Eutrophication” is the process 
by which excessive inorganic nutrients, organic matter, or silt increase the likelihood of algal blooms that 
decrease water clarity (Figure 37). Algal blooms block sunlight from reaching bottom sediments, causing 
plants and algae to die. Dying plant and algal material decay and consume oxygen. The lack of oxygen 
facilitates chemical reactions that release even more nutrients from bottom sediments, perpetuating algal 
blooms. Without rooted plants holding bottom sediments in place, waves from weather and recreational 
boating can resuspend sediment and further reduce water clarity. Drawdown contributes to 
eutrophication by affecting water residence time and increasing the likelihood of sediment resuspension. 

 

Figure 37. Diagram depicting how high nutrients create algal blooms that block sunlight, reduce oxygen 
concentrations, and promote phosphorus recycling. It is possible to break this cycle by stopping algal 
blooms, either by reducing nutrient input, stabilizing bottom sediments, aerating bottom waters, or 
applying chemical herbicides to kill algae. 

When algal blooms become severe, certain species of algae, in particular cyanobacteria or “blue-green 
algae” can thrive. Cyanobacteria often produce dangerous toxins that can sicken or kill pets, livestock, and 
even humans. The Idaho Department of Environmental Quality monitors for these “Harmful Algal Blooms” 
(HABs) through testing requested by citizen reports. High enough levels of toxins can cause recreational 
site closures, as well as a negative aesthetic impact. 

Toxin levels did not rise to dangerous levels as defined by the Idaho Department of Health and Welfare in 
Island Park Reservoir in 2024, an anomaly over the course of the past decade. Still, data from Idaho 
Department of Environmental Quality, the U.S. Geological Survey, and the HFF all indicated that some 
cyanobacteria were present from July through September, though in lower-than-average concentrations 
(Figure 38). As a precaution, the Idaho Department of Environmental Quality and the Idaho Department 
of Health and Welfare posted warning signs advising caution when recreating at access points on Island 
Park Reservoir.  



42 
 

 

Figure 38. Maximum chlorophyll index (MCI), a measure of algal concentrations in Island Park Reservoir. 
MCI remained below 0.01—an indicator of a widespread algal bloom—in the summers of 2023 and 2024, 
compared to consistently exceeding 0.01 between 2019 and 2022. Lower concentrations in 2023 was likely 
due to higher inflow and lower drawdown, while lower concentrations in 2024 were likely due to the June 
mixing event that temporarily oxygenated the hypolimnion and delayed the eutrophication cycle in Island 
Park Reservoir.  

HFF data indicated lower than average concentrations and durations of algal blooms in Island Park 
Reservoir in 2024 (Figures 39, 40). Lakeside and Trude Bay are the two locations most prone to severe 
algal blooms which typically start in the first week of July and continue with diminishing intensity for an 
average of eight weeks through the beginning of September, and often beyond. In 2024, algal blooms 
started three weeks later than average and lasted only four weeks. The late timing and short duration is 
especially remarkable given the high rates of drawdown and warm water temperatures observed in 2024. 
Given the temperature and drawdown conditions, we expected to experience much worse algal blooms 
than normal.  

The late and short-duration algal blooms in 2024 were most likely due to the wind-mixing event in June. 
The wind mixing event likely “reset” the reservoir back to spring-like conditions which delayed the growth 
of algae cells. In addition, a mixing event increased dissolved oxygen concentrations throughout the water 
column (see the section on Dissolved Oxygen and fish habitat, below). Dissolved oxygen may have reduced 
nutrient recycling and prevented the growth of algae long enough for aquatic vegetation to establish and 
further suppress algal growth (Figure 37). Island Park Reservoir’s clarity from June through most of July 
was remarkable with turbidity readings less than 1 NTU and clarities approaching 20 feet (Figure 41). The 
resulting growth of aquatic vegetation was remarkable, the most we have seen in 9 years of surveying the 
reservoir.  

Unfortunately, the good news about algal blooms, dissolved oxygen, and aquatic vegetation in Island Park 
Reservoir in 2024 did not translate to reduced turbidity in the Henry’s Fork River downstream. The reason 
for this is complex, and has to do with the intersection of water temperatures, drawdown, and the June 
mixing event.  
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Figure 39. Algae ratio contour plots for all dates in 2024 (left column) and on average (right column) for 
Gates (first row) and the Power Plant (second row). Algae ratio is the ratio between the relative 
concentrations of cyanobacteria and green algae. When the ratio is greater than 1, then an algal bloom is 
occurring. When concentrations exceed 2, a HAB is likely underway. Yellow/white colors indicate higher 
values, while blacks and blues are lower values. The red horizontal dashed line at around 18 meters in 
depth is the elevation of the power plant siphon. 

Turbidity and sediment in Island Park Reservoir does not always result in high turbidity downstream. Any 
turbidity within the reservoir must somehow make its way to the tubes through the dam, which are 
perched between 2 and 5 meters off the bottom of the reservoir. Our monitoring suggests turbidity makes 
its way into the Henry’s Fork through two primary mechanisms. The first is biological. Certain species of 
algae, in particular cyanobacteria or “blue-green algae”, migrate between the surface and bottom 
sediments to attain light (from the surface) and nutrients (from the oxygen-deprived sediments). During 
severe blooms, enough cyanobacteria can migrate to the bottom to increase turbidity near the bottom of 
the reservoir near the dam. We call this phenomenon “algal migration” and this effect is pronounced 
when the reservoir is being drawn down (Figure 42). The second mechanism is physical. In Island Park 
Reservoir, water temperature changes due to weather can force high-turbidity water filled with fine 
organic or inorganic sediments along the bottom of the reservoir directly to the two hypolimnetic outflow 
structures at the dam. We call this a “density current” (Figure 42).  
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Figure 40. Algae ratio contour plots for all dates in 2024 (left column) and on average (right column) for 
Trude Bay (first row), Trude Island (second row), and Lakeside (third row). Algae ratio is the ratio between 
the relative concentrations of cyanobacteria and green algae. When the ratio is greater than 1, then an 
algal bloom is occurring. When concentrations exceed 2, a HAB is likely underway. Yellow/white colors 
indicate higher values, while blacks and blues are lower values. 
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Figure 41. Turbidity contour plots for all dates in 2024 (left column) and on average (right column) for 
Gates (first row) and the Power Plant (second row). Turbidity is the opposite of water clarity—high values 
represent less clear water and vice versa. Yellow/white colors indicate higher values, while blacks and blues 
are lower values. The red horizontal dashed line at around 18 meters in depth is the elevation of the power 
plant siphon. 

Typically, algal migration is a secondary cause of turbidity in Island Park Reservoir outflow. On average 
most algal blooms are most severe in early July before outflows and drawdown are maximized in mid-
July. In the past, the most severe turbidity events the HFF recorded were either associated with density 
currents (as in September 2020, and much of fall 2021) or extremely high drawdown coupled with severe 
algal blooms (as in July 2016).  

The mixing event in June 2024 delayed algal blooms into July and August. This meant turbidity for June 
and most of July was well below-average in the outflow from Island Park Reservoir, even approaching the 
lowest since the HFF started recording data in 2014. However, the delay resulted in algal blooms occurring 
during peak outflows. Greater temperature uniformity in 2024 likely made it easier for algal cells to 
migrate from the surface towards the bottom. The result of algal blooms, easy migrations, and high 
outflow resulted in the unusually high turbidity after the last week of July despite otherwise ideal 
conditions in Island Park Reservoir. 
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Figure 42. Diagram showing simplified vertical cross-sections of Island Park Reservoir. The thermometer 
icons represent relative temperatures, with red meaning hotter, yellow meaning intermediate, and blue 
meaning cooler. The arrows from left to right represent the two outflows of Island Park Reservoir. The top 
row shows how temperature changes cause density-driven underflows in Island Park Reservoir that 
transport high-turbidity water from the shallow west end to the outflows. The bottom row shows how 
algal blooms and drawdown can combine to deliver algae blooms to the outflows. In both cases, a lack of 
flexibility in where outflows come from within the reservoir results in a limited ability to improve clarity in 
the river downstream.  

We know with high certainty that turbidity in Island Park Reservoir’s outflow in July and August of 2024 
was due to algal blooms, and turbidity after September was due to density currents. Our monitoring 
includes measuring conductivity, which is a measure of the amount of dissolved material in the water. 
Different sources of water have different conductivity levels. The part of Island Park Reservoir near the 
Henry’s Fork river inflows, like Lakeside, has lower conductivity than the west end of Island Park Reservoir 
near Trude Island and Trude Bay. By looking at graphs of conductivity, we can discern the source of water 
arriving at Island Park Dam (Figure 43). During the high turbidity event in July, conductivity near the Island 
Park Reservoir outflows near the dam decreased rapidly. Therefore, high turbidity water must have been 
coming from the Lakeside Lodge area, where a severe algae bloom was underway. Later in the year, 
conductivity and turbidity increased in concert, indicating a density current coming from the west end of 
Island Park Reservoir near Trude Bay or Trude Island.  
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Figure 43. Conductivity isopleths show potential sources of water carrying turbidity to Island Park Dam 
and the outflow into the Henry’s Fork River. Conductivity is lower in the Lakeside lodge area of Island Park 
Dam. Therefore, decreases in conductivity at Island Park Dam that correspond with increases in turbidity 
suggest turbidity sources are coming from algal growth in the eastern part of Island Park Reservoir near 
Lakeside. Conductivity is higher in the Trude Bay area. Therefore, increases in conductivity at Island Park 
Dam that correspond with increases in turbidity suggest turbidity sources are from sediment resuspension 
and density-mediated transport from the western end of Island Park Reservoir.  

Emerging sources of disturbance may have also contributed to higher-than-expected turbidity in July and 
August 2024. Wakesurfing boats are increasingly popular on Island Park Reservoir. Their design creates 
large, consistent waves that allow recreators to ride the wave without a tow rope. These boats can reduce 
water clarity in lakes because their powerful engines, ballast tanks, and specially designed propellers 
generate significant turbulence. That turbulence can push algae towards the bottom, resuspend 
sediments and nutrients, erode shorelines, and uproot rooted aquatic vegetation (Figure 45). Wakesurfing 
boats can cause negative effects when operated within 500 feet of shore or in waters up to 30 feet deep. 
Some anecdotal evidence suggests wakesurfing traffic was high over the Pioneer Day weekend in late July 
2024. The effects of wakesurfing boats likely combined with lower-than-average water levels for the date, 
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high submerged vegetation growth, and an algae blooms to produce increased amounts of organic matter 
transported to Island Park dam.  

 

Figure 44. Diagram showing the key negative impacts of irresponsible wakesurfing practices (within 500 
feet of shore or under 30 feet of water in depth). Wakesurfing resuspends bottom and shoreline sediment 
and damages important aquatic vegetation. 

Dissolved oxygen 
As with HABs and high turbidity, low dissolved oxygen is also primarily caused by eutrophication. High 
productivity and algal blooms inevitably lead to decaying organic material which removes oxygen from 
the cold bottom layer of Island Park Reservoir. Without enough oxygen, this otherwise perfectly cool layer 
of water is off-limits to salmonids such as migratory populations of cutthroat trout, rainbow trout, and 
kokanee salmon. These fishes sustain fisheries in the Henry’s Fork River upstream. These fish are forced 
to find other sources of cool, oxygenated water. Other sources are few and far between, mostly 
concentrated around inflows such as the Henry’s Fork and springs. As Island Park Reservoir is drawn down, 
these sources of refugia become scarce and fish population declines result. 

Oxygen depletion in concert with increasing temperatures due to drawdown threatens fish habitat in 
Island Park Reservoir (Figure 45), but also threatens dissolved oxygen standards and fish habitat in the 
Henrys Fork outflow. Initially, cold temperatures in the hypolimnion ensure easy reoxygenation by current 
aeration infrastructure in both outflows. For example, at 10°C (50°F), 100% oxygen saturation at 6300 feet 
in elevation is approximately 9 mg/L; aeration facilities in the power plant facility on Island Park Dam need 
not be 100% efficient to meet the 6 mg/L standard in the Henrys Fork outflow. As the summer progresses, 
the hypolimnion is eventually entrained into the outflow and replaced by warm water, making reaeration 
difficult. At 23°C (73.4°F), 100% oxygen saturation at 6300 feet is 6.5 mg/L, necessitating very high 
efficiency oxygenation facilities to meet a 6 mg/L standard. As a result, power generation can sometimes 
cease at Island Park Dam and flow is diverted into the original USBR outflow. The USBR outflow is more 
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efficient at oxygenating the outflow. However, it also draws from a greater depth within the reservoir, 
increasing the risk of high turbidity in the outflow during a density current event. 

 

 

Figure 45. The number of mature spawning kokanee, and other salmonids, in the Henry’s Fork upstream 
of Island Park Reservoir depends on maintaining high numbers of these fish within the reservoir. Fish 
numbers in Island Park Reservoir are tied mostly to the reservoir’s water level. Higher water levels result 
in higher numbers of fish swimming upstream to spawn. Higher water levels maintain higher water quality 
in Island Park Reservoir, helping juvenile fish survive to spawn in the future. The red dot indicates the data 
point from 2024. 

As mentioned in the temperature subsection above, record-breaking wind in May and June briefly mixed 
Island Park Reservoir and oxygenated some of the deep layers of water. This broke the eutrophication 
cycle temporarily, resulting in reduced algal growth and high dissolved oxygen throughout the water 
column. For this reason, dissolved oxygen was at or above average for much of the growing season at all 
locations and at all depths (Figures 46, 47). Most significantly, dissolved oxygen in the deepest part of 
Island Park Reservoir near the Dam remained high enough to preserve at least survivable conditions for 
kokanee salmon and Yellowstone cutthroat trout for the entire year (Figure 48). At other locations, such 
as Lakeside and Trude Bay, no habitat was lost due to low dissolved oxygen, a first for our monitoring 
(Figure 49).  

HFF Conservation Action 
The HFF’s Farms and Fish and Precision Management projects address drawdown, reducing water sent 
out of Island Park Reservoir by ~20%. The reduction in drawdown reduces average water temperatures in 
the Island Park Reservoir outflow, reduced algal blooms, and reduced turbidity. Quantifying the specific 
effects of our conservation work on these water quality parameters is ongoing.  

Increased carryover in Island Park Reservoir is improving reservoir habitat enough to result in increased 
numbers of spawning kokanee. Kokanee spawning migrations have increased by almost 30% due to HFF 
waters-savings programs (Figure 50). Over 150 fish have been counted on kokanee salmon spawning 
grounds every year since our programs took effect despite IDFG reducing their stocking program (0 fish 
stocked in 2018 and 2020).  
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Figure 46. Dissolved Oxygen contour plots for all dates in 2024 (left column) and on average (right column) 
for Gates (first row) and the Power Plant (second row). Yellow/white colors indicate higher values, while 
blacks and blues are lower values. The red dashed line at around 18 meters depth is the elevation of the 
power plant intake. 

The HFF’s water savings programs have helped stretch what little water is available to reduce water 
temperatures, algal blooms, and turbidity, and increase fish habitat and fish populations. Despite these 
successes, water quality conditions within and downstream of Island Park Dam are still worse than 
average and are not meeting angler expectations developed during the wet decades between 1960 and 
2000. With a significantly hotter, drier future ahead, the HFF knows we’ll have to do more with even less 
water.  

Do More with DIRTT 
To address persistent water quality concerns, the Henry’s Fork Foundation (HFF) has launched the 
“Developing Infrastructure to Reduce Temperature and Turbidity” (DIRTT) project. Funded by $1 million 
from the U.S. Bureau of Reclamation authorized under the Bipartisan Infrastructure Law and the Biden-
Harris Administration’s Investing in America Agenda, DIRTT aims to tackle key challenges in Island Park 
Reservoir: eutrophication and aging infrastructure (Table 8). The federal funds will be matched by $700,00 
in private donations. This initiative aligns with HFF’s ongoing efforts, including the Farms and Fish and 
Precision Management projects, to enhance the resilience of aquatic ecosystems and support the region's 
thriving recreational industry. 
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Figure 47. Dissolved Oxygen contour plots for all dates in 2024 (left column) and on average (right column) 
for Trude Bay (first row), Trude Island (second row), and Lakeside (third row). Yellow/white colors indicate 
higher values, while blacks and blues are lower values. 
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Figure 48. Contour plots showing fish habitat for all dates in 2024 for both kokanee salmon (column 1) and 
Yellowstone cutthroat trout (column 2) at locations near the dam: Gates (row 1) and Power (row 2). Lethal 
conditions (dark gray) are conditions where water temperatures or dissolved oxygen concentrations are 
too low to support continued survival in the short term (hours to days) for each respective species. Sub-
optimal conditions (gray) are conditions where water temperatures or dissolved oxygen concentrations 
are not low enough to cause acute mortality but are lower than “ideal” and therefore are avoided by each 
respective species. Optimal conditions (light gray) indicate conditions that support maximum growth of 
each respective species. Note that ideal conditions are not present at any depth for up to eight weeks for 
kokanee and up to four weeks for cutthroat trout.  

DIRTT is pioneering the design of an oxygenation system for Island Park Reservoir to combat 
eutrophication—a primary driver of water quality issues. By introducing pure oxygen into the reservoir’s 
lower layers, this system would reduce nutrient resuspension and harmful algal blooms (HABs), yielding 
multiple benefits: 

�x Increased water clarity 
�x Enhanced growth of rooted aquatic vegetation 
�x Stabilized sediments 
�x Lower turbidity in the Henry’s Fork River downstream 
�x Fewer recreational closures 
�x Greater power generation 
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Figure 49. Contour plots showing fish habitat for all dates in 2024 for both kokanee salmon (column 1) and 
Yellowstone cutthroat trout (column 2) at locations far from the dam: Trude Bay (row 1), Trude Is. (row 2) 
and Lakeside (row 3). Lethal conditions (dark gray) are conditions where water temperatures or dissolved 
oxygen concentrations are too low to support continued survival in the short term (hours to days) for each 
respective species. Sub-optimal conditions (gray) are conditions where water temperatures or dissolved 
oxygen concentrations are not low enough to cause acute mortality but are lower than “ideal” and 
therefore are avoided by each respective species. Optimal conditions (light gray) indicate conditions that 
support maximum growth of each respective species. Note that ideal conditions persist year-round near 
the bottom of Trude Bay for both species—this is due to a large spring that enters the reservoir underwater 
at this location. Ideal conditions can also persist near Lakeside for some species, likely due to cool, 
oxygenated inflows from the Henry’s Fork.  
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Figure 50. The blue line shows the number of kokanee counted in a 1-mile stretch of Henry's Lake Outlet. 
The red line is the number of kokanee we would expect given the conditions (Island Park Reservoir 
carryover and number of fish stocked). The gray dashed line shows you when HFF programs started 
increasing Island Park Reservoir carryover by ~20,000 acre-feet. 

A natural mixing event in 2024 highlighted the potential of oxygenation, with outcomes such as reduced 
algal concentrations, improved dissolved oxygen levels, and decreased outflow turbidity. A manual 
oxygenation system would allow for sustained intervention, ensuring healthy fish habitats and mitigating 
algal blooms throughout the summer. 

Initial steps are underway to evaluate the effectiveness of oxygenation for fish habitat improvement. 
Funding from the Reservoir Fish Habitat Partnership supports this effort, with comparisons being made 
between oxygenation and drawdown-reduction strategies. In 2021, data indicated that hypolimnetic 
oxygenation could have increased kokanee salmon habitat from less than 1,000 acre-feet to 
approximately 3,500 acre-feet—a 350% improvement. Projections for 2024 suggest similar benefits, 
including the creation of refugia for kokanee during critical periods and dramatic habitat gains for 
Yellowstone cutthroat trout, potentially reaching tens of thousands of acre-feet (Figure 51). 

To address aging infrastructure, the DIRTT project will also evaluate and design a variable-elevation 
outflow system. This system would enable managers to withdraw water from specific layers within Island 
Park Reservoir instead of existing fixed outflow points. This would increase management flexibility, 
allowing managers to improve water quality by reducing the movement of poor-quality water into the 
Henry’s Fork downstream. During a density current, for example, managers could select higher elevations 
to draw from in the reservoir to avoid entraining the sinking plume of turbid water.  
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Figure 51. Contour plots showing fish habitat under an ideal oxygenation scenario in 2024 for both 
kokanee salmon (column 1) and Yellowstone cutthroat trout (column 2) at locations near the dam: Gates 
(row 1) and Power (row 2). Lethal conditions (dark gray) are conditions where water temperatures or 
dissolved oxygen concentrations are too low to support continued survival in the short term (hours to days) 
for each respective species. Sub-optimal conditions (gray) are conditions where water temperatures or 
dissolved oxygen concentrations are not low enough to cause acute mortality but are lower than “ideal” 
and therefore are avoided by each respective species. Optimal conditions (light gray) indicate conditions 
that support maximum growth of each respective species. 

The ecological and recreational benefits of these initiatives are profound. Increasing fish habitat in Island 
Park Reservoir could facilitate management actions from the HFF’s many collaborative partners to 
establish Yellowstone cutthroat trout in Island Park Reservoir. The spawning migrations of Yellowstone 
cutthroat trout occur between April and July. These spawning migrations could create a midsummer 
fishery for large, migratory trout, enhancing angling opportunities during peak season and thereby 
maximizing the public benefit of Island Park Reservoir’s fisheries. Improving the runs of summer- and fall-
spawning fish like Yellowstone cutthroat and kokanee could enrich the local ecosystem by providing an 
important food resource for charismatic and threatened terrestrial and avian predators such as Grizzly 
Bears, Ospreys, and American White Pelicans. Improved food resources for Grizzly Bears may reduce 
conflict with humans, and increased runs of Yellowstone cutthroat have been shown to reduce Grizzly 
predation on elk calves. This contrasts with the current spawning run of rainbow trout, the timing of which 
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in March and April is not available to anglers (who usually visit after Memorial Day) nor to the local 
ecosystem (Bears are in hibernation and avian predators are still migrating north).  

Together, these efforts underscore HFF’s commitment to advancing innovative solutions for water quality, 
ecological health, and community well-being in the Henry’s Fork watershed. 

8. Water Quality in the River 
We monitor the same water-quality parameters in the river as described above for the reservoir at 11 
sonde installations: Big Springs, Flat Rock, Island Park Dam West (gates), Island Park Dam East (power 
plant), Buffalo River, Pinehaven, Warm River, Marysville (upstream of Ashton Reservoir), Ashton Dam 
(near the Ora Bridge boat launch, downstream of Ashton Reservoir), St. Anthony, and Parker. You can 
see a map of these sites and view and download complete data from any of those sites at our water 
quality website. In addition to the parameters recorded continuously by the sondes, we analyze weekly 
water samples for turbidity, which we use to ground-truth the sondes and adjust turbidity records 
weekly, between full sonde calibrations. This is analogous to the approximate adjustments to stream 
gage ratings curves we make in between official adjustments made by USGS. We also analyze water 
samples for suspended sediment, phosphorus, and nitrogen concentrations. We have collected those 
data nearly every week of every year since the fall of 2013 at Flat Rock, Island Park (center of the river 
downstream of the mixing point of gates and power plant outflow), and Pinehaven. At most of the other 
locations, we collected the full suite of sediment and nutrient data in 2016 and then again in 2024. The 
nutrient data cost between $18 and $85 per sample, and most of the samples we have collected at the 
other locations over the years have been near or below the detection limits of the tests and hence not a 
good use of resources. However, we repeated full nitrogen and phosphorus sampling in 2024 to do an 
apples-to-apples comparison of current levels vs. those in 2016.  

Here, we will present a brief summary of the three most important water-quality parameters measured 
by the sondes—temperature, turbidity, and dissolved oxygen—at the six locations of most relevance to 
anglers: Flat Rock, Island Park East, Pinehaven, Marysville, Ashton Dam, and St. Anthony. Additional data 
will be provided for the Island Park location, to complement the information in the previous section and 
clearly show how the processes in the reservoir described above translate into water quality 
downstream of the reservoir. Lastly in this section, we will present results of temporal trends in the 
three parameters listed above, as well as nitrogen and phosphorus concentrations. 

Water Temperature 
As always, water temperatures at all locations except Island Park Dam were highly variable from day to 
day over the course of the spring and summer as driven by weather. Because temperatures were not as 
cold during the spring of 2024 as in 2023, most of the variability we observed during the spring of 2024 
consisted of multi-day excursions above average, whereas those in 2023 were largely excursions below 
average (Figures 52 and 53). Daily averages at Flat Rock stayed below 62°F, while all other locations 
except Island Park Dam saw daily averages reaching the upper 60s to low 70s during July, when air 
temperatures were warmest. Daily maximum temperatures exceeded 70 degrees for much of the month 
of July at Buffalo River, Pinehaven, St. Anthony, and Parker, although on most days, the duration of such 
temperatures was limited to a few hours in the late afternoon and early evening. At all of these 
locations, trout have unrestricted ability to move throughout long reaches of river with substantial 
groundwater inputs that maintain locally cool temperatures. None of our sondes are located near 
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Figure 52. Water temperature in degrees Fahrenheit at three sites in the Upper Henry’s Fork watershed: 
Flat Rock, Island Park Dam, and Pinehaven. 
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Figure 53. Water temperature in degrees Fahrenheit at three sites in the Lower Henry’s Fork watershed: 
Marysville, Ashton Dam, St. Anthony. 
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groundwater inputs and so generally reflect the warmest temperatures in a given reach of river and not 
temperatures at locally cooler areas where trout can find refuge during the hottest part of the summer. 
Fortunately, the warmest temperatures of the year relative to average occurred during late September 
and October, when they were only in the 40s and 50s, despite being around 5 degrees above average.  

As discussed in the section above, water temperatures in Island Park Reservoir early in the summer were 
well above average due to mixing from wind in June, and hence water temperature at Island Park Dam 
was well above average from late June through late July, after staying very close to average prior to that. 
Once the effect of the mixing event had subsided and the reservoir stratified, temperatures at the dam 
returned to average for most of August and September. The same warming that was apparent at all 
other locations from mid-September through October was also apparent at Island Park Dam. The result 
at all locations was above-average temperatures for the April–October growing season, as evidenced by 
aquatic organism growth potential, measured in degree days (Figures 54 and 55). Over the course of the 
growing season, higher temperatures extended the growing season by the equivalent of 3 to 12 days, 
depending on location, primarily due to warm temperatures in the late summer and early autumn. This 
additional growth potential is actually a benefit to fish and other aquatic organisms, providing additional 
body condition prior to winter.  

Turbidity 
At locations not directly affected by Island Park Reservoir (Flat Rock, Ashton Dam, and St. Anthony in 
Figures 56 and 57), turbidity was generally lower than average during the spring and early summer due 
to below-average snowmelt runoff. Turbidity at Flat Rock was higher than average during late June and 
most of July although lower than at all other locations. Turbidity at Island Park Dam, Pinehaven, and 
Marysville reflected high turbidity in Island Park Reservoir outflow from late July through September, 
caused by the mechanisms discussed in the previous section. The unprecedented high turbidity at Island 
Park in late July was even observed at Ashton Dam, albeit with a lag of around one week. However, prior 
to late July, turbidity at Island Park Dam was at or below average. The net effect was that 3,078 tons of 
sediment were exported out of the Island Park to Pinehaven river reach (Figure 58), compared with 
4,261 tons exported in 2023 due to the late-April freshet operation. Most of the sediment exported 
from the reservoir in late July and early August of 2024 was either retained by aquatic vegetation in the 
river channel between the dam and Pinehaven or was consumed by aquatic organisms. This is apparent 
both from the difference in turbidity between Island Park and Pinehaven (Figure 56) and by the large 
negative dip in the sediment export curve (Figure 58; negative values indicate sediment retention).  

Dissolved Oxygen 
At the levels we observe in the Henry’s Fork, high water temperature and turbidity values primarily 
affect short-term fish and insect behavior and negatively impact the mid-summer fishing experience. As 
discussed in the invertebrate section below, we have no evidence that either sediment or temperature 
are negatively affecting aquatic insect numbers, although there is some evidence that the numbers and 
types of species present are changing due to increased temperatures. Further, neither temperatures nor 
sediment are having any negative effects on the trout population between Island Park Dam and 
Pinehaven, which is determined by winter flow through Box Canyon. As mentioned above, fish can move 
to cooler locations temporarily if they want to, and the turbidity values we typically observe in the 
Henry’s Fork (15 turbidity units at most) are far below the values of 50 or more that can cause aquatic 
ecosystem degradation via reduced light penetration into the water column. 
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Figure 54. Aquatic organism growth three sites in the Upper Henry’s Fork watershed: Flat Rock, Island 
Park Dam, and Pinehaven. 
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Figure 55. Aquatic organism growth at three sites in the Lower Henry’s Fork watershed: Marysville, 
Ashton Dam, St. Anthony. 
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Figure 56. Turbidity (FNU) at three sites in the Upper Henry’s Fork watershed: Flat Rock, Island Park 
Dam, Pinehaven. 
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Figure 57. Turbidity (FNU) at three sites in the Lower Henry’s Fork watershed: Marysville, Ashton Dam, 
St. Anthony. 
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Figure 58. Net sediment export from Island Park Dam to Pinehaven in tons/day. 

Thus, of the three water-quality parameters, dissolved oxygen has the greatest potential to cause a fish 
kill or other acute degradation of aquatic ecosystem function. As discussed in the previous section, low 
dissolved oxygen in Island Park Reservoir limits the amount of habitat available to trout and kokanee 
and also contributes to processes that degrade water quality. Fortunately, we see no evidence of low 
dissolved oxygen in the river. Even in the face of warm water temperatures, photosynthesis by rooted 
aquatic vegetation maintains high dissolved oxygen concentrations throughout the Henry’s Fork and its 
tributaries all summer. At all locations except Island Park Dam, where dissolved oxygen is enhanced as 
needed by an oxygenation system at the power plant, dissolved oxygen concentrations averaged 7 mg/L 
or better all summer, with most locations staying above 8 mg/L (Figures 59 and 60). For reference, trout 
become stressed when dissolved oxygen drops below 5 mg/L. Generally, the lowest dissolved oxygen 
concentrations occur very late at night or early in the morning, before aquatic vegetation begins 
photosynthesizing for the day, and even then, we observed very few days when dissolved oxygen 
dropped below 5 mg/L. All of those occurred at Parker, in July, when streamflow was at its minimum for 
the summer. At all other locations, dissolved oxygen stayed above 5.9 mg/L at all times of day for the 
entire summer, well above the stressful range for trout. High dissolved oxygen concentrations help 
reduce the stress to fish caused by high water temperatures, which is another reason why trout in the 
Henry’s Fork fare better than they do in other rivers when water temperatures are warm (68–75 
degrees) for a few hours late in the day.  
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Figure 59. Dissolved oxygen (mg/L) at three sites in the Upper Henry’s Fork: Flat Rock, Island Park Dam, 
Pinehaven. 
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Figure 60. Dissolved oxygen (mg/L) at three sites in the Lower Henry’s Fork: Marysville, Island Park Dam, 
St. Anthony. 
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Effects of Island Park Reservoir on Water Quality Downstream 
As discussed in the reservoir water quality section above, reservoir drawdown and climate are primary 
drivers of water quality in the reservoir. Not surprisingly, then, these are primary drivers of water quality 
in the river downstream (Figure 61). Adding am 11th summer of water-quality data to our long-term data 
set at Island Park Dam confirmed or even strengthened results from previous years that turbidity, water 
temperature, and sediment load at the dam are highest when either reservoir outflow is high or inflow 
is low. The difference between outflow and inflow is the amount by which the reservoir drops during the 
summer. The worst case happens when outflow is high and inflow is low, which is the normal situation 
over the past two decades. Generally, 2016 is the worst case for turbidity and sediment load, while 2021 
is the poster child for temperature. Outflow was frequently much higher back in the 1970s through 
1990s as discussed in section 4, but inflow was so much higher during those decades that reservoir draft 
often was lower and water quality was generally much better. 

 

Figure 61. Water quality metrics downstream of Island Park Dam. 

Using the relationships depicted in Figure 61 (without the 2024 point included), we predicted that water 
quality at Island Park Dam during the summer of 2024 would be close to average and neither the best 
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nor worst we have observed over the past 11 years (Figure 62). As it turned out, turbidity and sediment 
load were both above average, albeit still within the statistical prediction interval and, as we advertised 
back in April, were neither the best nor worst on record. Mean summertime water temperature turned 
out to be much higher than predicted and fell outside of the statistical prediction interval. While still not 
the worst over the past 11 years, the high average water temperature observed during the summer of 
2024 was due primarily to the June mixing event. As discussed in the reservoir section above, HABs were 
not as intense as in previous summers, and this is something we anticipated based on near-average late-
winter temperatures and reservoir ice-off (lower right panel of Figures 61 and 62). 

 

 

Figure 62. Water quality metrics downstream of Island Park Dam (Water Year 2014–2024). 
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Water Quality Trends Since 2014 
Starting with the three primary water-quality parameters discussed above, we have observed 
statistically significant increases in temperature and turbidity at the watershed scale since we started 
our sonde program in 2014 but no trend one way or the other in dissolved oxygen (Figure 63).  

Mean July-August water temperature has increased by 1.8°F per decade since 2014 across all of our 
sonde locations on the mainstem Henry’s Fork, excluding Big Springs. We have only four years of data at 
that location, so it was not included in the analysis. Buffalo River was also excluded because we moved 
that sonde to a different location in 2022, and the new location is slightly warmer than the old one. 
Temperatures at Flat Rock, Island Park Dam and Ashton are below the seven-site average, while those at 
Pinehaven, Ashton Dam, St. Anthony and Parker are above the average. Not surprisingly, mean 
temperature at Flat Rock—near the headwaters—is the coldest, while that at Parker—near the bottom 
of the watershed—is the warmest, by almost 9°F. Trends were positive at all locations, although only the 
trend at Pinehaven was statistically significant on its own. However, the fact that summertime water 
temperature is increasing nearly universally at all locations provides strong evidence for warming at the 
watershed scale; hence the statistical significance for the average across the seven locations. This 
increase in summertime water temperatures in our 10-year sonde record is concurrent with the longer-
term increasing trend in summertime air temperatures mentioned in the climate section. Mean 
summertime water temperature has stayed below the stressful threshold for rainbow trout for the past 
decade everywhere except St. Anthony and Parker. Brown trout dominate the trout population at both 
of those sites, most likely because of warm temperatures.   

Turbidity also showed a statistically significant increase at the watershed scale, in this case around 6% 
per year. We again excluded the Big Springs location but included the Buffalo River. Turbidity was lowest 
at Flat Rock and highest at Island Park Dam, with values at Island Park being 4.5 times higher than at Flat 
Rock, due nearly exclusively to processes in the reservoir described in the previous section. Turbidity at 
Flat Rock and Buffalo River are below the 8-site average, that at Island Park Dam and Pinehaven are 
above the average, and the other four sites are essentially right at the watershed average. The only site 
with a statistically significant increasing trend on its own was Flat Rock, but as with temperature, the 
fact that all locations are experiencing some degree of increase provided strong statistical evidence that 
turbidity is increasing at the watershed scale. 

For the dissolved oxygen analysis, we omitted Island Park Dam, because oxygen concentrations there 
are maintained according to the Federal Energy Regulatory Commission license for the power plant and 
so do not necessarily reflect environmental conditions. Further, the dissolved oxygen requirement there 
was changed in 2018 to require higher dissolved oxygen during the rainbow trout spawning and rearing 
period but require lower concentration in the summer to allow the power plant to more easily meet the 
requirement and hence operate a greater fraction of the time. During the summer, turbidity is lower in 
the power plant outflow than through the dam gates, so turbidity is lower downstream if the power 
plant can operate more often. Across the other seven locations, dissolved oxygen concentration showed 
no trend one way or the other over the past decade and little variability across sites. Mean summertime 
dissolved oxygen concentration was highest at Pinehaven, due to high rates of photosynthesis by 
aquatic vegetation. Dissolved oxygen was lowest at Parker—around 1 mg/L lower—due to warmer 
water temperatures and the lowest aquatic vegetation abundance of any of our sonde locations. Given 
that dissolved oxygen has the greatest potential to threaten short-term trout survival and degrade the 
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aquatic ecosystem—including aquatic insects—very high and stable oxygen concentrations are a strong 
indicator of healthy ecosystem function and high resilience to warming. 

 

Figure 63. Summertime water quality parameters on the Henry’s Fork (Water Year 2014–2024). Asterisks 
indicate that the trend is statistically significant. 
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During the 2024 aquatic ecosystem growing season (April – October), we collected weekly samples for 
total phosphorus (TP) and total nitrogen (TN) concentrations at nine locations in the Henry’s Fork 
watershed and three on the South Fork Snake River. The median across all 12 locations was 0.09 mg/L, 
and the mean was 0.11 mg/L (Figure 64). For reference, the U.S. Environmental Protection Agency 
criterion for rivers and streams is 0.1 mg/L, so our average concentrations are right at that criterion. 
However, values frequently exceed that, indicating at least the potential for undesirable aquatic 
productivity that could result in excessive biological oxygen demand and hence less dissolved oxygen 
available for fish and desirable aquatic insects. We found no statistically significant difference in mean 
TP concentration across the 12 sites, with substantial overlap in observed concentrations across all sites. 
Further, we found no significant difference in TP concentrations across the nine sites in the Henry’s Fork 
watershed, where the median and mean values were the same as reported above for the full set of 12 
sites across both rivers. 

 

Figure 64. Total phosphorous concentrations measured at 12 sites in the Henry’s Fork and South Fork 
watersheds during the 2024 growing season. On the Henry’s Fork, the site names are as follows (from 
upstream for downstream): BS = Big Springs, FL = Flat Rock, IP = Island Park Dam, BU = Buffalo River, PH 
= Pinehaven, MY = Marysville, AD = Ashton Dam, SA = St. Anthony, PS = Parker-Salem Highway (Red 
Road Bridge). On the South Fork, the site names are as follows (upstream to downstream): USF = Upper 
South Fork, CSF = Canyon South Fork, LSF = Lower South Fork. 
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The 2024 samples could be compared to those taken during the growing season of 2016 at eight sites on 
the Henry’s Fork: Flat Rock, Island Park Dam, Buffalo River, Pinehaven, Marysville, Ashton Dam, St. 
Anthony, and Parker. That comparison showed that TP concentrations increased by a factor of 2.5 
between 2016 and 2024, from a mean of 0.045 mg/L in 2016 to a mean of 0.11 mg/L in 2024 (Figure 65, 
top). After accounting for this increase in time, we observed a difference across sites, with TP 
concentrations at Island Park Dam and Pinehaven significantly higher than those at Flat Rock. No other 
differences among sites were observed. The increase in TP concentration at Flat Rock has likely had a 
very large impact on water quality in Island Park Reservoir. In 2016, fewer than 75% of our samples at 
Flat Rock exceeded the EPA criterion for streams flowing into lakes and reservoirs, while in 2024, over 
75% of our samples exceeded the EPA criterion for streams flowing into lakes (Figure 65, bottom). 

 

Figure 65. A comparison of total phosphorous concentrations measured at Flat Rock for April–October 
2016 and 2024. 
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As a check on the accuracy of this discrete comparison between two years (2016 and 2024), we analyzed 
the trend in TP concentrations at Flat Rock, Island Park Dam, and Pinehaven, the three sites at which we 
have a continuous record of TP dating back to the summer of 2013. We observed the same pattern in 
that more comprehensive data set, namely higher concentrations at Pinehaven and Island Park Dam 
relative to Pinehaven and a significant increase in TP over time of around 9.4% per year (Figure 66). 
When compounded over the eight years from 2016 to 2024, an increase of 9.4% per year is equivalent 
to a more than doubling of concentrations, as observed in the discrete comparison between 2016 and 
2024. Thus, we conclude that the same continuous increase in TP we have observed at Flat Rock, Island 
Park and Pinehaven has also occurred at the other sites where we have data only from 2016 and 2024. 

 

Figure 66. Total phosphorous concentrations measured at three locations in the Upper Henry’s Fork: Flat 
Rock, Last Chance, Pinehaven (2013–2024). The curve for Pinehaven is largely covered by the black 
average trend curve. 

Back to the 2016 vs. 2024 analysis, after accounting for the higher concentrations at Island Park and 
Pinehaven, there was no significant difference in the amount by which TP increased between 2016 and 
2024. In other words, regardless of location relative to Island Park Reservoir or to other land and water 
uses, TP increased by the same amount across all sites. Taken together, these results provide strong 
evidence that: 
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1. Biochemical processes in Island Park Reservoir are responsible for the higher TP concentrations 
at Island Park and Pinehaven relative to Flat Rock; 

2. The additional phosphorus in the river downstream of Island Park Reservoir is consumed or 
diluted by the time the river gets to Ashton Reservoir; 

3. Agriculture between Ashton Dam and Parker does not result in any increase in TP; and 
4. A factor or set of factors common to the entire watershed is responsible for the increased in TP. 

 

Factors that differ across the eight sites include elevation, rate of residential development, land use and 
land cover, effects of water storage and delivery in Island Park Reservoir, and amount of water diverted 
for irrigation. Factors that are common to all eight sites are increased air and water temperatures and 
decreased water supply. Other research in the western U.S. has observed watershed-scale increases in 
TP in association with warmer temperatures due to both higher solubility of TP at warmer temperatures 
and a longer growing season over which the biological processes that cycle nutrients in the aquatic 
system can act. Further, lower overall water supply means less dilution, hence leading to higher 
concentrations even if the background amount (mass) of TP has not changed. It is very likely that both 
mechanisms are at work in the Henry’s Fork watershed; warmer temperatures are mobilizing more 
phosphorus, while lower water supply is providing less dilution. 

The story is quite a bit different with total nitrogen (TN). The laboratory threshold for detection of TN is 
0.5 mg/L, and most of the observations in our data set are below the detection limit. Thus, analysis of 
concentrations is not possible. However, in 2016, 61% of the samples taken at the eight Henry’s Fork 
sites were above the detection limit, while in 2024, less than 1% were above the detection limit, a 
statistically significant decrease. After accounting for this significant difference between time periods, 
we observed significant differences across the sites, with the frequency of detections above 0.5 mg/L at 
Pinehaven and Parker significantly lower than those at Flat Rock. Further, we observed significant 
differences in the amount of decrease across sites, indicating much more nuance in changes in TN than 
TP. However, without the ability to analyze actual concentrations in the majority of our samples, we do 
not have sufficient information to conclude much about TN concentrations. At this point, our best 
theory is that a decade or more ago, phosphorus was the limiting nutrient in aquatic ecosystems in the 
watershed, which is typically the case in aquatic systems. This means that adding more phosphorus 
would increase aquatic productivity, while adding nitrogen would not; in other words, there was plenty 
of nitrogen but not enough phosphorus to match. As phosphorus concentrations have increased, total 
productivity has increased, using some of the available nitrogen, hence decreasing its concentration. The 
system now may be nitrogen limited, at least during parts of the year.   

Regardless of the interactions between TP and TN, it is clear that warmer temperatures and lower water 
supply are having a measurable effect on water quality, nearly uniformly throughout the watershed. The 
good news is that the ultimate indicator of impact to individual fish and insects—dissolved oxygen—
remains very high and stable. It is very likely that increased air temperatures and phosphorus availability 
are increasing the growth of rooted aquatic plants, and in turn, increased photosynthesis by those plants 
is maintaining high dissolved oxygen, even as water temperatures warm. This positive feedback loop will 
continue as long as productivity increases are reflected in rooted aquatic vegetation and not in algae or 
cyanobacteria. So far, aquatic ecosystems in the river environment are staying on the positive side of 
this productivity equation. 
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9. Aquatic Macroinvertebrates 
Whenever we ask anglers what they value most about their fishing experience on the Henry’s Fork, the 
top answer is invariably the opportunity to fish to rising fish. While this is especially true on the Harriman 
State Park (“Ranch”) reach of the river, it is true on other reaches as well. Whether it is a Green Drake 
hatch at Flat Rock, Pale Morning Duns at Last Chance, Mother’s Day caddis at Ora Bridge, or Gray Drakes 
on the lower river, the prolific hatches of mayflies, stoneflies, and caddisflies up and down the river are 
what put the Henry’s Fork on the global trout fishing map.  

To have rising fish, we obviously need two ingredients: fish and emerging insects. Decades of research 
and monitoring by Idaho Department of Fish and Game, HFF and other partners are unequivocal about 
the “fish” ingredient. By river reach, the population of trout and Kokanee upstream of Island Park 
Reservoir is determined by reservoir volume (Figure 45), the population between Island Park Dam and 
Riverside is determined by winter outflow from Island Park Dam (Figures 11 and 67), and the population 
downstream of St. Anthony is determined by summertime streamflow. There is no doubt that water 
supply and management determine trout populations in these reaches, which is why the centerpiece of 
HFF’s work is to work with water users and managers to keep as much water in Island Park Reservoir as 
possible all year, maximize outflow from Island Park Dam during the winter, and maintain stable 
streamflow downstream of St. Anthony at a scientifically determined summertime target that maintains 
ecological function while keeping as much water in the reservoir as possible. Everywhere else (Mesa Falls 
downstream to St. Anthony), trout populations are stable and vary little from year to year no matter what 
the water supply looks like. And, regardless of river reach, we have never seen any evidence that trout 
growth is limited by food supply. Despite the large amount of angler concern we receive about 
streamflow, water quality, river crowding, trout numbers, and hatches, we consistently hear from 
anglers—even when fishing is tough—that the fish they do catch are always fat and healthy.  

 

Figure 67. Relationship between mean winter flow through Box Canyon and age-2 trout abundance in the 
springtime Idaho Department of Fish and Game estimate. 
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So, while we are very confident in our knowledge of what drives trout numbers in the Henry’s Fork (simple 
answer: water), we are much less certain about what drives insect hatches. To help get some answers, we 
implemented a scientifically rigorous long-term project in 2015 to monitor aquatic insects (and other 
invertebrates) in the Henry’s Fork. In 2024, we collected our 10th year of samples, finally giving us a large 
enough data set to draw some statistically valid conclusions about aquatic invertebrates and what they 
tell us about the river.  

How do we collect aquatic invertebrates? 

Sampling locations 
At the start of the program, we recruited a regional aquatic invertebrate expert, Brett Marshall, to oversee 
field data collection and to conduct all of our laboratory analysis. Brett has over 40 years of experience in 
aquatic ecology, specifically in the sampling and analysis of aquatic invertebrates as indicators of stream 
health. Brett has owned and managed a commercial laboratory in Bozeman since 2007, providing services 
to government agencies and nongovernmental organizations throughout the western U.S. With Brett’s 
input, we selected five permanent sites on the Henry’s Fork that were of interest to anglers and 
represented the range of habitat conditions found on the river between its headwaters at Big Springs and 
the confluence of the North Fork Teton River. These five locations are Flat Rock, Last Chance, Osborne 
Bridge, Marysville, and St. Anthony. We added a sixth site downstream of Ashton Dam to monitor any 
effects of the Ora Bridge construction that took place in 2020. We have collected samples every year for 
10 years at Flat Rock, Last Chance and Osborne Bridge, every year but 2020 (due to covid) at Marysville 
and St. Anthony, and in 2019 and 2021 at Ashton Dam (Table 9, Figure 68). This has given us a sample of 
50 independent observations that represent conditions over the past decade along 80 miles of the river, 
not coincidentally the same 80 miles referred to in the subtitle of Mike Lawson’s book “Fly Fishing Guide 
to the Henry’s Fork”.  

At the same time as we began designing the invertebrate sampling procedure, we implemented a water-
quality monitoring program centered around continuous-recording water quality sondes. More recently, 
we expanded our stream gaging and hydrologic data compilation programs so that we now have water 
quality and streamflow data to accompany the invertebrate data at all six locations. This allows us to see 
whether aquatic insects and other invertebrates respond to changes in streamflow and water quality.  

Sample timing 
Our sample timing is based on the fact that the vast majority of aquatic insects in the Henry’s Fork have a 
one-year life cycle. Adults emerge at a given time during the year, they mate and lay eggs shortly after 
emergence, the eggs hatch shortly after that, and the nymphs spend the next 350 days or so in the river 
before emerging as adults at the same time the following year. So, we collect samples on March 16 every 
year (plus or minus a day or two), which is several months after the last mayfly hatches of the fall and 
immediately prior to the first mayfly hatches of the spring. This means that the nymphs of all species that 
live in the river are large enough to be collected in the samples. If we selected any other time to do the 
sampling, we would miss species that had just recently laid eggs. For example, if we sampled in early July, 
we would likely miss Green Drakes, because they would all be eggs at that point and neither available to 
be captured in the sampler nor identifiable even if we were able to capture them. Exceptions to the one-
year life cycle are some of stoneflies such as the giant salmonfly, whose nymphs live several years before 
emerging and so will always be present no matter when we sample. 
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Table 9. Aquatic invertebrate sampling locations on the Henry’s Fork. 

Map 
ID 

Name Colloquial 
location 
description 

Elevation 
(feet) 

Dist. from 
Big Springs 

(miles) 

Years 
sampled 

Streamflow 
location 

HFF water 
quality 
sonde(s) 

FL Flat Rock Flat Rock Club 6388 6.0 2015-2024 Coffee Pot Flat Rock 

LC Last 
Chance 

Btw. LC boat 
ramp and 
Angler’s Lodge 

6171 23.1 2015-2024 Box Canyon 
(IP + 
Buffalo) 

Island Park 
E + Buffalo 

OS Osborne Btw. hwy. 20 
bridge and 
stock bridge 

6112 29.8 2015-2024 Pinehaven Pinehaven 

MY Marysville Btw. Jumpoff 
Cyn. and hwy. 
20 bridge 

5167 61.6 2015-2019 
2021-2024 

Ashton Marysville 

AD Ashton 
Dam 

Ora boat ramp 5107 66.9 2019, 2021 Ashton Ashton 
Dam 

SA St. 
Anthony 

Riverside 
Cemetery 

4922 80.1 2015-2019 
2021-2024 

Trestle (St. 
A. minus 
diversions) 

St. Anthony 

 

Here is one important thing to note about our sample timing. If a given species is present in the sample 
one March and is also present at roughly the same number the following March, it means that they 
successfully reproduced. In other words, nymphs present in March of the first year survived and matured, 
the duns emerged, they molted into spinners, the spinners laid eggs, the eggs hatched, and the nymphs 
survived until the following March. This happened even if duns or spinners were never observed in large 
numbers at a given location on a given day of the fishing season at a given time of day. Further, even if a 
large hatch did not occur under the right conditions to entice fish to rise on the surface, the nymphs 
provided food for fish feeding underwater for the 350 days they lived in the river. 

Field sampling methods 
Brett trained us in use of a particular sampler called a “Hess sampler”, which is basically an open metal 
cylinder with mesh on the upstream side of the cylinder to allow water to flow into it and a net sticking 
out of the downstream side. The cylinder is placed on the stream bottom and pressed down roughly 2 to 
3 inches into the bottom substrate, which can range from silt to large cobbles at our Henry’s Fork sites. 
We stir the stream bottom thoroughly to loosen the individual invertebrates, which float up into the water 
column and are carried by the current down into the net. We then pick up each individual rock within the 
sampler and scrape all invertebrates off of the rock with a brush. These are also carried by the current 
down into the net. Everything in the net is poured into jars and preserved with alcohol. See Figure 69 of 
Brett and HFF’s data manager Melissa Muradian using a Hess sampler.  
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Figure 68. Map of invertebrate sampling locations. 
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Figure 69. Brett Marshall and Melissa Muradian use the Hess sampler to collect invertebrates at our 
Marysville site. 

In 2015, with little funding, a small staff, and no initial data to guide us, we collected three samples at 
each site. In 2016 and 2017 we collected five samples at each site to improve statistical power, and since 
then, we have collected six samples at each site each year. Although a larger number of samples is always 
better from a statistical standpoint, each sample costs almost $695 in staff time, travel, supplies, and 
Brett’s lab costs, and we have found that six samples provides a good balance between data quality and 
cost. To give you some idea of the effort that goes into Brett’s careful field method, it takes four HFF staff 
and three of Brett’s staff around nine hours to collect 30 samples each year at our five permanent sites.  

Laboratory analysis 
The Hess sampler has a known area, in our case 0.1 square meter, so our sampling method is what is 
known as “quantitative” sampling. That means that we can estimate the number of insects per unit of 
area of river bottom and compare apples-to-apples estimates of abundance from year to year. 
Invertebrates in the Henry’s Fork are so abundant that each sample contains several thousand individuals, 
prohibiting Brett from counting every single individual. Thus, he and his crew use what is known as 
“subsampling,” which is a precisely defined method in which around 200 individuals from each sample 
(an average of around 7% in our case) are randomly selected from the full sample to be identified and 
counted. The method provides an accurate estimate of the subsampling fraction, so that results from the 
subsample can be scaled up and reported for the whole sample. As good as this method is, it can still 
result in very large or rare species being missed, so for the reporting of certain measures, Brett and his 
crew conduct what is called a “large and rare” search that is biased toward such species to make sure that 
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the total number of species reported is as accurate as possible. We use data from the random subsampling 
for most of our analyses but use the large and rare value for total number of mayfly, stonefly and caddisfly 
species present in the sample. The numbers Brett reports for each sample are multiplied by 10 to obtain 
numbers per square meter of river bottom, and then we can use that to estimate roughly total numbers 
of individuals over whole river reaches. 

How did we analyze the data? 

Invertebrate response variables 
With hundreds of species observed over the 10 years of sampling, dozens of species that are of interest 
to anglers, and only 50 independent data points to work with, we had to pare hundreds of possible 
analyses down to a small number in order to learn as much as possible while minimizing the chance of 
obtaining spurious statistical relationships. We ultimately chose to analyze total invertebrate abundance, 
five so-called “community metrics” (discussed individually below), and abundance of Pale Morning Dun 
(PMD) mayflies, Drunella mayflies (Flavs Drunella flavilinea and Green Drakes Drunella grandis combined), 
and the Spotted Sedge caddis (Hydropsychidae). The community metrics are well established measures 
of the relative abundance and types of invertebrates that indicate the overall health and function of the 
river. They have been used all over the world for decades as indicators of water quality and aquatic 
ecosystem health. We chose to analyze PMDs and the Spotted Sedge caddis because those are the two 
hatches we hear most often from anglers that have declined substantially at Last Chance and the upper 
Ranch in recent years. We chose Drunella mayflies because they are iconic on the Henry’s Fork, important 
to anglers, and extremely sensitive to water quality and habitat degradation. Drunella mayflies and PMDs 
were collected at all sites in all years, and the Spotted Sedge caddis was collected at all sites in all years 
except Flat Rock in 2023 and 2024. 

Potential environmental predictors 
It is well established that the types and numbers of aquatic invertebrates in streams are primarily 
dependent on streamflow, aquatic ecosystem productivity, fine sediment, and water temperature. We 
used seven variables measuring these four environmental characteristics that could potentially influence 
invertebrates in the Henry’s Fork.  

1. Annual streamflow. Overall water quality and habitat availability is better in years with higher 
streamflow. 

2. 3-day maximum streamflow (aka “freshet”) during the spring (prior to July 1). A higher 
springtime freshet is expected to remove fine sediment and have other positive effects on habitat 
quality for species that do not tolerate fine sediment. 

3. 21-day minimum streamflow. Long-duration low flows limit the amount of habitat available in 
the stream channel, thereby potentially limiting the abundance of invertebrates. 

4. Streamflow variability, as measured by the coefficient of variation in daily streamflow across the 
year. Some species prefer relatively stable flows, as would be observed in a groundwater-
dominated stream or a constant-flow tailwater. On the other hand, high flow variability is likely 
to create a higher diversity of physical habitat, leading to higher species diversity. 

5. Conductivity during the growing season (April 1 – October 31). Conductivity measures the 
concentration of soluble ions in the water. In the range of values we observe in the Henry’s Fork, 
conductivity is a surrogate for primary production potential, with higher values indicating higher 
productivity.  
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6. Suspended sediment concentration during summer/fall (July 1 – October 31). Sediment delivered 
to river reaches in the Henry’s Fork during this time period is likely to be trapped on the stream 
bottom by macrophytes or deposited because of low flows, thereby reducing habitat quality for 
sediment-intolerant species.  

7. 7-day maximum water temperature. The literature suggests that maximum temperature limits 
presence of individual species, especially mayflies and stoneflies valued by anglers.  

These variables are calculated from raw data measured by HFF’s water-quality sonde and stream gage 
network, our weekly water samples, and U.S. Geological Survey stream gages. The values were calculated 
over the year (or portion of the year) immediately preceding annual mid-March sampling, to capture the 
habitat conditions present over the life span of the most of the insects being collected.  

While these fundamental characteristics are expected to influence aquatic invertebrates, we also tested 
the effect of location along the river, since other variables such as stream-bottom substrate type (sand, 
gravel, cobble, etc.), shading, stream width-to-depth ratio, and growing season length vary across 
locations and may not be represented by the streamflow and water-quality variables. The simplest 
potential effect of location is measured by distance downstream from the river’s headwaters at Big 
Springs, according to the “River Continuum Concept” (RCC), a fundamental tenet of stream ecology. The 
RCC states that a river’s ecosystem varies predictably from the headwaters downstream as the stream 
gets wider, the growing season gets longer, water temperatures increase, floodplain complexity increases, 
and the effects of watershed processes such as erosion and deposition accumulate over a larger and larger 
area. The RCC predicts that with increased distance downstream, invertebrate abundance and species 
diversity should increase, while the fraction of species that are intolerant of fine sediment, habitat 
degradation, and warm temperatures should decrease.  

However, we expect that the RCC may not apply very well to the Henry’s Fork for two reasons. First, the 
river is groundwater fed, geologically very young, very wide relative to its depth right from the source at 
Big Springs, and generally disconnected from surface watershed processes because the watershed is flat 
and there are few tributaries connecting upland areas to the main river. Second, the river continuum is 
interrupted by Island Park Dam, Ashton Dam, and diversion of much of the river’s streamflow at and 
downstream of Chester Dam. These disruptions alter streamflow, temperature, and/or nutrient and 
sediment transport, thus altering otherwise predictable changes in the river as it flows downstream. Thus, 
we also tested the possibility that differences across sites that were not easily measured by the raw 
environmental variables or distance downstream had the greatest impacts on aquatic insects and other 
invertebrates. Lastly, we tested whether the types and numbers of invertebrates present in the Henry’s 
Fork show any systematics trends over our 10 years of investigation. 

Statistical methods 
I’ll spare you the details of statistical methods in this document except to say that we used well accepted 
statistical methods for handling what we refer to as “hierarchical” or “nested” data. In particular, the 
samples taken within a given site in a given year were averaged to obtain a single value for that site and 
year. For watershed-wide analysis of invertebrate responses to streamflow and water quality, we used all 
50 of the independent site-year observations in what is referred to as multi-model inference. For analysis 
of trends over time, we omitted the two observations taken at Ashton Dam in 2019 and 2021 but used all 
data from each of the other five sites. We calculated individual trends within each site and then averaged 
the within-site trends over all five sites to obtain a watershed average.  
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What did we learn? 

Habitat characteristics 
Before even looking at the insects themselves, the streamflow and water-quality data clearly showed both 
the expected changes along the river continuum and the disruptions to the continuum we anticipated at 
Island Park Dam, Ashton Dam, and Chester Dam. See Figure 70.  

The streamflow variables were divided by the 1978–2024 average streamflow at each site to allow apples-
to-apples comparisons across sites at different locations in the watershed. This also allowed us to put the 
last 10 years in the context of the longer period of record, given that the river’s natural streamflow was 
much greater in the 1970s–1990s that it has been since 2000. For example, you can see that over the last 
10 years, annual streamflow at all locations was less than the long-term average (values on the graph less 
than 1) in almost all years of our study. It is also apparent that average annual streamflow within a given 
year was fairly constant from Flat Rock downstream to Marysville, since Island Park Dam changes only the 
timing of streamflow throughout the water year and not the total amount of annual flow. However, 
annual flow at St. Anthony was quite a bit different than at the other four locations because the relative 
amount of the river’s annual flow diverted for irrigation differs substantially across years. Thus, the year-
to-year variability in annual flow is much greater at St. Anthony. The apparent lower variability at Ashton 
Dam is just an artifact of having only two years of data there. The 3-day maximum flow largely reflects 
natural flow availability and was higher both in magnitude and variability at St. Anthony than at the other 
locations. Despite delivery of managed freshets at Island Park Dam during the spring of several years in 
the dataset, the magnitude and variability of freshet flows was lower at Last Chance and Osborne Bridge 
than elsewhere. Conversely, flow regulation at Island Park resulted in much higher variability in low 
flows—and generally lower minimums—at Last Chance and Osborne than at the other locations. Not 
surprisingly, because of adherence to a low-flow target at St. Anthony set to keep as much water in Island 
Park Reservoir as possible, minimum flows at St. Anthony were the lowest across all sites, with little year-
to-year variability. Daily flow variability was highest—and had the highest variability from year-to-year—
at Last Chance and Osborne Bridge. Taken together, the flow variables clearly show the effects of storage 
and delivery at Island Park Dam and diversion between Ashton Dam and St. Anthony, illustrate that flow 
regimes do not follow predictable changes along the river continuum, and indicate that our sample sites 
vary substantially in flow characteristics. 

While conductivity generally increased from headwaters to St. Anthony as would be expected, 
conductivity at Osborne Bridge was higher than expected based on this trend, primarily because of higher 
summertime water temperatures. That said, conductivity varied relatively little across sites and was very 
low in comparison to most other trout streams in our region because the volcanic rocks in the Henry’s 
Fork watershed contain very low concentrations of soluble ions. Suspended sediment concentrations also 
generally increased from headwaters to St. Anthony as would be expected, with the exception of much 
higher sediment concentrations at Last Chance due to export of fine sediment from Island Park Reservoir 
during the summer and fall. Most of that fine material is either trapped or consumed between Last Chance 
and Osborne, where suspended sediment concentrations are about what we would expect at that location 
along the river. Lastly, maximum water temperatures generally increase with distance downstream as 
would be expected, with the exception of warmer-than-expected temperatures at Osborne Bridge as a 
result of the naturally wide, shallow, unshaded river reach through Harriman State Park. In this case, the 
disruption to the river continuum comes from the natural volcanic geology, not from Island Park Dam. 
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Figure 70. Habitat data for each site and year, plotted vs. distance downstream from Big Springs. 



84 
 

Invertebrate abundance 
We measure abundance as the number of individuals per square meter (m2) of stream bottom. 
Abundances ranged from 12,390 individuals/m2 at Last Chance in 2022 to 86,540 at Osborne Bridge in 
2015. The average over all sites and years was 35,920 individuals/m2, or in more familiar units, around 
3,337 individuals per square foot. To give you some idea of just how many individual insects (and other 
invertebrates) that is, the river at Last Chance is about 300 feet wide, so one mile (5,280 linear feet) of 
river there has an area of 300×5280 = 1.58 million square feet. Average abundance at Last Chance is 
around 2,800 individuals per square foot, so one mile of river in the vicinity of our Last Chance sampling 
location contains about 4.4 billion individual invertebrates. As a more specific example, in 2024 there were 
around 289 million Pale Morning Duns and 23 million Green Drakes per mile at Last Chance. 

An obvious question is “Is 35,920 individuals/m2 high or low?” Comparable data are hard to come by, 
because few organizations or institutions collect data that are this extensive and rigorous. However, the 
Bighorn Alliance and the Upper Missouri Watershed Alliance each conduct annual macroinvertebrate 
monitoring using similar methods as HFF. The average abundance in springtime samples taken on the 
Bighorn River from 2021 to 2023 is 30,000 individuals/m2, comparable to the Henry’s Fork. The average 
abundance reported from the upper Missouri River between 2015 and 2023 is somewhat lower, at around 
12,500 individuals/m2, but some of the samples were taken in the summer and fall, when abundances are 
likely to be lower. Average abundance was 21,697 individuals/m2 in the Henry’s Fork at Last Chance and 
Osborne Bridge in the spring of 1993, after the 1992 sediment event at Island Park Dam. Average 
abundance at Coffee Pot (comparable to our current Flat Rock site) in the spring of 1993 (affected by 
upstream land use and the 1988 Yellowstone fires but not the reservoir sediment event) was around 
12,000 individuals/m2. In his work around the western U.S., Brett Marshall has observed abundances 
upwards of 100,000 individuals/m2, and in fact we have observed abundances over 100,000 
individuals/m2 in some years on the South Fork. In these cases, however, the samples are dominated by 
midges and/or non-insects to the point where 100,000 individuals in total may contain far fewer mayflies, 
stoneflies, and caddisflies than present in 35,000 individuals on the Henry’s Fork. 

Further insight into abundance on the Henry’s Fork is provided by the upper left panel in Figure 71, which 
shows abundance values as a function of distance down the river continuum, with the sites indicated 
along the top of the graph. We found no change in abundance along the river continuum and no average 
difference across our sampling sites. In addition, we found no statistically significant dependence of 
abundance on any of the predictor variables (Table 10). The best statistical model included distance 
downstream as a predictor variable, but it was not statistically significant, and the model explained only 
10% of total variability in abundance. That means that abundance of invertebrates in the Henry’s Fork is 
essentially constant across our sampling sites and although variable from year to year, does not vary in 
response to any of the standard streamflow or water quality variables we measure. We rarely, if ever, 
hear that hatches have declined in river reaches such as Warm River to Ashton or Ora to Vernon, which 
have the same overall invertebrate abundances as places like Last Chance, where we consistently hear 
that hatches have declined. If 35,000 individuals/m2 are sufficient to maintain good hatches, healthy fish, 
and good fishing conditions in the river reaches downstream of Warm River, any perceived decline in the 
fishing experience in the Ranch must be due to some factor other than the number of invertebrates. As a 
final observation on abundance, we have observed a significant decreasing trend over the past 10 years 
(Figure 72), driven by significant decreases at Flat Rock, Osborne, and St. Anthony. Reasons for this decline 
are discussed in subsequent sections. 
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Figure 71. Invertebrate community metrics for each site and year, plotted against distance downstream 
from Big Springs. 
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Table 10. Summary of the best statistical model for each response. “Distance” measures distance along 
the river downstream from Big Springs, and “SITE” accounts for differences among the six individual sites. 
R2 is the percent of variability in the response variable explained by the top model. “+” indicates that the 
given predictor has a statistically significant positive effect on the response variable, and “–“ indicates that 
the given predictor has a statistically significant negative effect on the response variable.  

Response 
variable 

Distance 
included 

SITE 
included R2 

Predictor variables 
Annual 
Flow 

Min 
flow 

Max 
flow 

Flow 
variability 

Sediment 
conc. 

Max 
temp. 

Conduc-
tivity 

Abundance YES NO 10%        
Diversity YES NO 65%      –  
EPT Taxa NO YES 33%    +    
HBI NO YES 57% –     –  
%Non-insects NO NO 0%        
%EPT NO YES 42%      +  
PMD YES NO 50%        
Drunella NO YES 57%        
Spotted Sedge NO YES 84%     +   

 

Diversity of Invertebrates 
Diversity of an ecological community is a measure both of how many different types of organisms are 
present and how the total number of individuals is distributed across those different types. Higher 
diversity is indicative of high availability of a variety of different habitat types and of good function of the 
ecological processes that maintain those habitat types. In stream ecosystems, this means that streamflow 
regimes, riparian conditions, stream substrate scour and deposition, and nutrient availability are in 
balance and functioning to create and maintain good numbers of a variety of different invertebrate types. 
Further, high diversity indicates a high degree of resilience to changes in any of these characteristics; if 
one element of the stream ecosystem changes and no longer favors a particular species, there is always 
another one present that will benefit from the change. We measured the diversity of the invertebrate 
community with Shannon’s diversity index, a very common measure used in ecology and other scientific 
disciplines. Shannon’s index ranges from 0 at the extreme case in which the community essentially 
consists of only one species, up to the natural logarithm of the total number of different species present 
if each species is equally represented. So, for example, if 20 species are present, the theoretical maximum 
diversity would be the natural logarithm of 20, which is 3. In our samples, the number of species present 
ranged from about 20 to 40, with an average close to 30. That means that the maximum diversity possible 
in the Henry’s Fork ranges from around 3 to 3.7, if those 20–40 species were equally represented. 

Diversity ranged from 1.7 at Flat Rock in 2023 to 3.1 at St. Anthony in 2016 and averaged 2.7 across all 
sites and all years. These numbers indicate very diverse invertebrate communities overall, with values at 
St. Anthony close to the maximum possible for the given numbers of species present. Shannon’s diversity 
is not reported directly in publicly available data from the upper Missouri and Bighorn, but the total 
number of species reported on the Bighorn River is comparable to those in our Henry’s Fork samples, 
around 20-40. In the spring of 1993, Shannon’s diversity averaged 2.4 at Last Chance and Osborne Bridge 
and 2.2 at Coffee Pot, just a little lower than what we have observed. Over all invertebrate data collected 
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Figure 72. Time series of invertebrate community metrics for the five sites with 2015–2024 data. 
Asterisks indicate statistically significant trends over time. 
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on the Henry’s Fork between 1993 and 2007—much of it admittedly not directly comparable to our 
modern data—Shannon’s index averaged 2.1, quite a bit lower than our modern average of 2.7. Unlike 
abundance, diversity increased significantly with distance downstream (Figure 71), as would be expected 
from the RCC. The best statistical model for diversity included distance as a predictor but also 
temperature, with higher diversity being associated with lower temperatures, after accounting for the 
strong distance effect (Table 10). While we observed a significant change in diversity with distance 
downstream, we have observed no changes in diversity over time (Figure 72), indicating robust, stable, 
and resilient invertebrate communities.  

Number of Mayfly, Stonefly, and Caddisfly Species (EPTT) 
These three insect orders (Ephemeroptera, Plecoptera, and Tricoptera, respectively) are not only the most 
important to anglers but are also highly indicative of water and habitat quality. Thus, a standard metric 
for assessing water quality is the so-called EPT Taxa richness, EPTT for short. The term “taxa” is used 
instead of species to acknowledge the fact that sometimes, it is not possible to distinguish individual insect 
larvae (“nymphs”) down to the species level, so that higher taxonomic levels such as genus or even family 
might be used in the calculation. In any case, you can think of it as the number of different species of 
mayflies, stoneflies, and caddisflies present. In our samples, EPTT ranged from 8.2 at Osborne Bridge in 
2020 to 17.2 at Marysville in 2023, with an average of 12.9 over all sites and years. Generally, EPTT values 
of 10 or more (or roughly 30% of all species present) is considered good, and our values fall in that range, 
similar to values observed on the Bighorn. We found no systematic dependence of EPTT on distance 
downstream along the river (Figure 71), but we did observe significant differences across sites, with EPTT 
consistently higher at Marysville than at the other locations. After accounting for difference across sites, 
EPTT was higher when streamflow variability throughout the water year was higher (Table 10). In addition, 
we observed a significant increasing trend in EPTT at Marysville and across all five sites as a whole over 
the past 10 years (Figure 72).  

Hilsenhoff Bioitic Index (HBI) 
The HBI score is a widely used index of water quality, specifically degradation due to organic pollution 
such as untreated wastewater, fertilizers, petrochemicals, and pesticides. The primary mechanism by 
which these pollutants affect invertebrates and other aquatic organisms is via decreases in dissolved 
oxygen. The score is based on tolerance of each type of invertebrate to such pollution. The most sensitive 
species, such as Flavs and the giant salmonfly, have a tolerance score of 0, while the species most tolerant 
of water pollution have a score of 10, for example many aquatic worm species. Most mayfly, stonefly and 
caddisfly species have tolerance values in the range of 1–4. For example, tolerance scores for Pale Morning 
Duns, Tricorythodes mayflies (tricos) and Brachycentrus caddis (the “Mother’s Day Caddis” is one of those 
caddis species) have tolerance scores of 2, 4, and 1, respectively. The HBI is simply the average of species-
level tolerance scores across all individuals present in the sample, where the average is weighted by the 
number of individuals of each species. This produces a score between 0 and 10, where 0 is indicative of 
the best possible water quality, and 10 is indicative of the worst water quality. Specifically, larger numbers 
of intolerant species (most of the mayflies, stoneflies, and caddisflies) will produce a lower score. The 
numeric scores are interpreted qualitatively according to a widely used scale: 

�x 0–3.75: Excellent water quality; no apparent organic pollution 
�x 3.76–4.25: Very good water quality; slight organic pollution possible 
�x 4.26–5.00: Good water quality; some organic pollution apparent 
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�x 5.01–5.75: Fair water quality; fairly significant organic pollution 
�x 5.76–6.50: Fairly poor water quality; significant organic pollution 
�x 6.51–7.25: Poor water quality; very significant organic pollution 
�x 7.26–10: Very poor water quality; severe organic pollution 

In our samples, HBI ranged (from worst to best) from 5.9 at St. Anthony in 2015 to 2.4 at Flat Rock in 2016 
and averaged 4.0 over all sites and all years. So, our average score falls into the very good range, indicating 
possible slight organic pollution. The average HBI over all invertebrate samples collected on the Henry’s 
Fork between 1993 and 2007 was 4.2, indicating no substantial change over the past 30 years. For 
comparison, the average HBI reported for the Missouri River is 5.7 and that for the Bighorn River is around 
6.0, with most sites in most years having HBI scores greater than 5, indicative of fairly significant organic 
pollution. As predicted by the River Continuum Concept, we observed a significant increase in HBI score 
(decrease in water quality) from headwaters to St. Anthony (Figure 71), although differences across 
individual sites was a better predictor of HBI than simply distance downstream. This is primarily because 
HBI was a little higher than expected (worse water quality) at Osborne Bridge and a little lower (better 
water quality) at Marysville. After accounting for the differences across site, HBI was lower (better water 
quality) in years following higher annual streamflow and warmer temperatures. The HBI showed no 
significant trend one way or the other over the past decade, despite a significant improvement at Osborne 
Bridge (Figure 72). Because HBI acts in part as a biological surrogate for dissolved oxygen depletion, stable 
HBI scores are consistent with our observations that dissolved oxygen concentrations are stable. 

Percent Non-insects 
This is simply a measure of what fraction of individuals in the sample is made up of species other than 
insects. These include worms, leeches, and snails. Although many of these species provide fish food and 
are relatively intolerant of pollution, their presence is often associated with high amounts of fine sediment 
and other types of physical habitat degradation. Percent non-insects ranged from 7.8% at St. Anthony in 
2024 to 38.7% at St. Anthony in 2015 and averaged 22% across all sites and all years. As with total 
abundance of invertebrates, we found no difference in percent non-insects along the river continuum or 
across sites (Figure 71) and no significant environmental predictors (Table 10). Also similar to the trends 
we saw in total abundance, the percent of non-insects has been declining over the past 10 years, led by 
significant decreases at Osborne and Marysville (Figure 72). One potentially troubling trend, however, is 
an increase in non-insects at Flat Rock.  

Percent Mayflies, Stoneflies, and Caddisflies (%EPT) 
This is a measure of the fraction of individuals present in the sample that are mayflies, stoneflies, and 
caddisflies and, along with HBI, is a standard measure of water quality. Values greater than 30% are 
considered good. In our samples, %EPT ranged from 22.2% at St. Anthony in 2016 to 74.9% at Flat Rock in 
2016, with an average of 53% over all sites and years. This is similar to the average of 51% reported for 
the upper Missouri but quite a bit higher than the average of around 30% on the Bighorn. The average 
over all data we have from the Henry’s Fork from 1993 to 2007 is 49%, pretty close to its current average. 
We observed a significant decrease in %EPT with distance downstream, as would be expected by the River 
Continuum Concept (Figure 71). However, as with HBI, variability across individual sites was greater than 
predicted by the river continuum, again driven primarily by higher values than expected at Marysville. 
Also similar to HBI, we found that after accounting for the site differences, %EPT was higher when 
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temperatures were warmer (Table 10), and %EPT has improved significantly over the past 10 years, driven 
again by an improvement at Osborne Bridge (Figure 72). 

Given an increase in EPT Taxa and %EPT and a corresponding decrease in percent non-insects, it is 
apparent that the decrease in overall abundance has resulted mostly from decreases in non-insects and 
in insects other than mayflies, stoneflies, and caddisflies (midges, for example). The result is an overall 
improvement in the community composition, potentially reflecting improved habitat conditions and 
ecological function, especially at Osborne and Marysville.  

Pale Morning Duns 
Abundance of PMDs ranged from 365 individuals/m2 at St. Anthony in 2017 to 30,511 at Flat Rock in 2016, 
with an average of 7,701 individuals/m2 over all sites and years. Another way of looking at PMD abundance 
is that it has ranged from 2% to 61% of the total invertebrate community, with an average of 21%. That 
is, over all sites and all years, over 20% of all individual invertebrates present on the stream bottom are 
PMDs. Data from the Bighorn River show that PMDs are typically less than 4% of all individuals. We have 
not dug into the details of Henry’s Fork datasets from the 1990s and 2000s enough to pull out estimates 
of PMD abundance. However, in our modern data, PMD abundance shows a systematic decrease with 
distance downstream, as we would expect from the River Continuum Concept (Figure 73). Unlike in the 
statistical models for EPTT, HBI, and %EPT, the river continuum dependence provided a better predictive 
model of PMD abundance than individual differences across the six sites. After accounting for dependence 
on distance downstream from Big Springs, none of the streamflow or water quality variables had any 
explanatory power. This is especially noteworthy because 7-day maximum temperatures have generally 
been in the upper 60s to mid-70s (Fahrenheit) over the course of our study, and the literature suggests a 
maximum of tolerance of around 65 degrees for PMDs. Thus, PMDs are persisting in the Henry’s Fork at 
much higher temperatures than suggested by other studies, and we saw no strong relationship between 
PMD abundance and temperature. That could be because the temperatures recorded at our sonde 
locations are not fully indicative of localized cooler water refuges associated with groundwater inputs, 
which we know occur throughout the river. That said, PMD abundance has been systematically decreasing 
across the watershed for the past decade, driven primarily by a large decrease at Flat Rock and to a lesser 
degree by a modest decline at St. Anthony (Figure 74). We saw no decrease in PMDs at Last Chance. 

Drunella (Flav + Green Drake) abundance 
Drunella abundance ranged from 51 individuals/m2 at St. Anthony in 2017 to 4,822 individuals/m2 at Last 
Chance in 2020 and averaged 1,311 individuals/m2 over all sites and all years. This is an average of 4% of 
all invertebrates present at any given time and location on the Henry’s Fork. Again as expected, Drunella 
abundance decreases with distance down the river (Figure 73), although numbers at Last Chance are much 
higher than expected based solely on distance. Indeed, the best statistical predictor of Drunella 
abundance was simply differences across the individual sites, with no environmental predictor adding any 
explanatory power (Table 10). Drunella abundance shows no significant trend one way or the other across 
the watershed; a significant decrease at Flat Rock is offset by significant increases at Osborne and 
Marysville (Figure 74). As with PMDs, no significant trend in Drunella is apparent at Last Chance. 

Hydropsychidae Caddis (Spotted Sedge) abundance 
Spotted Sedge abundance ranged from 0 at Flat Rock in 2023 and 2024 to 8,206 individuals/m2 at 
Marysville in 2021 and averaged 1,452 individuals/m2 across all sites and years. On average this is about 
the same as abundance of Flavs and Green Drakes. However, Spotted Sedge numbers were much more 
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variable across locations, being far more abundant at Last Chance and Marysville than anywhere else 
(Figure 73). After accounting for this substantial variability across sites, Spotted Sedge numbers were 
higher following years of higher suspended sediment concentrations (Table 10). No significant trend in 
Spotted Sedge abundance was apparent at any of our sites (Figure 74).  

 

Figure 73. Abundance of PMDs, Drunella, and Spotted Sedge for all sites and years, plotted by distance 
downstream of Big Springs. 
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Figure 74. Time series of PMDs, Drunella, and Spotted Sedge for the five sites with 2015–2024 data. 
Asterisks indicate statistically significant trends over time. 

So What? 
While it is obvious that this dataset—combining rigorous invertebrate sampling with extremely detailed 
water-quality and streamflow monitoring—provides a unique and unprecedented view of aquatic 
ecosystem function in a unique river system, the results will no doubt disappoint many anglers, who would 
like to see a “smoking gun” that points to an easily identifiable (and hopefully rectifiable) reason for the 
apparent decline in hatches at Last Chance and the upper Ranch. The reality is that even a dataset this 
rich cannot capture the level of detail in insect life histories and behavior to explain why a particular hatch 
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occurs at a particular location at a particular time of day. And remember where we started; to have rising 
fish, you need fish, and we know with certainty that trout numbers at Last Chance and in the Ranch are 
around 50% to 75% lower than they were in the 1970s through 1990s due to lower water supply. But, 
here are some take-home messages from the insect part of the equation. 

The Henry’s Fork Invertebrate community is robust and stable 
By any measure, the aquatic invertebrate community up and down the river is abundant, diverse, and 
indicative of good to excellent water and habitat quality. Over half of the individuals are mayflies, 
stoneflies, and caddisflies, and that percentage has been improving over the past decade, along with the 
number of mayfly, stonefly, and caddisfly species present. Other community metrics are stable; none are 
showing any indication of degradation of habitat or water quality at the watershed scale. All metrics on 
the Henry’s Fork are as good or better than on the two other popular trout rivers from which we have 
comparable data. Further, conditions over the past 10 years on the Henry’s Fork are at least as good as 
they were when measured between 1993 and 2007 and in most cases are better. Upstream of Island Park 
Reservoir, improvements are likely related to recovery from sediment originating with the 1988 
Yellowstone fires, improvements in grazing management on Henry’s Lake Flat implemented in the 1990s, 
and more stable outflow from Henry’s Lake over the past decade. Immediately downstream of Island Park 
Dam, improvements are due to recovery from the 1992 sediment event, some occurring incidental to 
routine water management and others occurring because of intentional release of freshet flows to 
remove fine sediment from the stream bottom. In the lower watershed, improvements are likely due to 
more careful streamflow management designed first and foremost to save water in Island Park Reservoir 
but that also have the benefits of reducing variability in summertime streamflows downstream of St. 
Anthony and allowing a more natural hydrograph there during spring runoff. 

Fine sediment and water pollution are not limiting invertebrates 
Suspended sediment concentration was a significant statistical predictor of only one of our response 
variables, and the relationship was positive—more sediment was associated with higher Spotted Sedge 
abundance. This is because that species feeds on fine particles of organic matter suspended in the water 
column. Otherwise, we found no evidence that suspended sediment was associated with lower numbers 
of PMDs or Drunella mayflies or with decreased invertebrate community quality. Further, the HBI scores 
indicate little to no effects of organic pollution overall, although we saw some evidence of effects of 
organic pollution at Osborne and St. Anthony during the first few years of the study, which occurred during 
or immediately after the extended drought of 2013–2016. We also observed evidence of organic pollution 
at St. Anthony in 2022, after the very dry year of 2021. Indeed, water supply was a significant predictor of 
HBI, with lower values (better water quality) following years of good water supply. We would expect this 
observation, since higher streamflow provides more dilution of any pollutants that might be present, as 
discussed above. However, while HBI varies from year to year according to water supply, the facts that 
the average HBI is within the “very good” range and that HBI shows no significant trend over time provide 
strong evidence that water pollution is not affecting the quality of the Henry’s Fork aquatic invertebrate 
community. This observation is consistent with our independent observations of consistently high 
dissolved oxygen concentrations. 

Trends at Flat Rock are concerning 
Despite our observations that conditions over the whole watershed appear to be stable if not improving, 
Flat Rock is a major exception. While the percent of non-insects is decreasing over most of the watershed, 
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it is increasing at Flat Rock. The number of EPT Taxa and %EPT are increasing at the watershed scale, while 
Flat Rock shows no improvement. The watershed-scale decrease in PMDs is being driven primarily by a 
substantial decrease at Flat Rock, and while Drunella abundance is stable or increasing over the rest of 
the watershed, it is decreasing significantly at Flat Rock. Our water-quality data show that turbidity, water 
temperature, and phosphorus concentrations are increasing throughout the watershed (Figures 64, 65), 
but they are not increasing any faster at Flat Rock than anywhere else. And even with these watershed-
scale trends, water temperature, suspended sediment concentrations, and phosphorus concentrations at 
Flat Rock are lower than at any of our other sites even as it is changing. Further, the streamflow regime 
at Flat Rock is the least altered due to water storage and diversion than anywhere else in the watershed. 
So, the invertebrate trends we are seeing at Flat Rock are puzzling and concerning. These declines could 
be occurring because Flat Rock is the most pristine of our sites and hence has the most to lose as 
temperatures warm and water supply decreases. In other words, a couple of degrees of warming may not 
make that much of a difference at St. Anthony, where summertime water temperatures are already well 
into the 70s and have been for decades. But at Flat Rock, where temperatures have historically stayed in 
the 50s and 60s all summer, a couple of degrees is proportionally a much greater increase. Further, we 
know that the location in the Henry’s Fork watershed that has seen the greatest decrease in streamflow 
per unit of precipitation is the upper Henry’s Fork. While annual water supply over the whole watershed 
(including Fall River and Teton River) has decreased by 15% since 2000, water supply in the upper Henry’s 
Fork (above Island Park Dam) has decreased by 22%. We saw clear statistical evidence that HBI scores are 
higher (worse) when streamflow is lower, and this would have the greatest effect at Flat Rock. 

No invertebrate trends are apparent at Last Chance 
None of the nine response variables we analyzed show any systematic trend over the past decade one 
way or the other at Last Chance, and that includes PMD abundance, which is of greatest concern to 
anglers. Our data show that average PMD abundance at Last Chance is lower than that at Flat Rock and 
Osborne, so it is possible that PMDs at Last Chance were formerly as abundant as they still are at those 
other two locations and declined substantially prior to the initiation of this study. We will do some digging 
into the data archives here to see if we can find some comparable numbers for PMDs from the 1970s, 
1980s and 1990s, but at least over the past 10 years, we have no evidence of the systematic and some 
would say “catastrophic” decline in PMD hatches at Last Chance and the upper Ranch that we have been 
hearing a lot about over the past few years. Certainly there is year-to-year variability, but the point is that 
the invertebrate community at Last Chance has not changed systematically over the past 10 years. 
Further, the year-to-year variability in PMD abundance at Last Chance we have observed over the past 10 
years does not generally correspond with angler experience. More on that in the next section. 

Insects on the stream bottom are not the same as a hatch 
This research is all based on invertebrates that we sample during their nymph stage and is not designed 
to predict when or where a given aquatic insect hatch will occur. We focus on nymphs as they are present 
on the stream bottom in March because they provide the greatest amount of information about water 
and habitat quality, via the community metrics we measure. Further, an aquatic insect’s role in the stream 
ecosystem occurs primarily when it is in the nymph stage. After all, most of the species anglers are 
interested in spend 350 days in the river as nymphs and only two weeks or less, and in most cases only a 
few days, as winged adults. Yes, those few days provide the core of the Henry’s Fork fishing experience, 
but it’s the other 350–360 days that reflect the overall health and productivity of the river and how it 
might respond to changes in water quality, streamflow, and climate.  
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To be a little more specific—and to follow up on the last sentence in the previous paragraph—the four 
years in our study with the highest PMD abundance at Last Chance were 2017 (9,700 individuals/m2), 2020 
(7,700 individuals/m2), 2018 (5,990 individuals/m2), and 2023 (5,950 individuals/m2). Of these, by far the 
year with the best perceived hatches was 2020—and even most long-time anglers said that 2020 had the 
best hatches in decades, comparable to what was commonplace in the 1970s and 1980s. Yet, PMD 
abundance was quite a bit higher in 2017, a year that wasn’t bad by most accounts but also wasn’t 
particularly noteworthy. On the other hand, 2023 was widely considered to have very poor PMD hatches. 
We observed the same number of PMDs in our 2023 samples as we observed in 2018, which at least at 
the time wasn’t noteworthy one way or the other. By far the two years with lowest PMD abundance at 
Last Chance were 2022 (1,744 individuals/m2) and 2024 (1,963 individuals/m2). Based on angler 
comments, PMD hatches in 2024 were widely considered to be the worst ever at Last Chance and the 
upper Ranch, yet there were fewer PMDs in our samples in 2022, when we heard relatively little about 
poor hatches. Further, we generally heard the same negative comments about PMD hatches in 2023 as 
we heard in 2024, yet PMD abundance in 2023 was over three times what it was in 2024. 

The only other observation I will make about this is that of the past 10 years, those with the highest trout 
populations by far were 2019, 2020 and 2021 and those with the lowest trout populations (also by large 
margins) were 2023 and 2024. Thus, is it generally the case that the greatest concern over poor hatches 
is expressed during years with the lowest fish populations and that in other years with similar insect 
numbers, there is less concern over hatches if those years also coincide with high trout populations.  

What about temperature? 
Our water-quality data clearly show a trend toward increasing water temperatures over the past 10 years, 
and that trend applies over the whole watershed. Average summer water temperatures have increased 
by around 2°F over the past 10 years, while 7-day maximum temperatures have increased by 1°F. As 
discussed above, almost all of the 7-day maximum temperatures we observed were above the maximum 
tolerance of PMDs reported in the literature and also above the maximum tolerance of other mayflies 
such as blue-winged olives (Baetis) and Flavs that are abundant and widespread in the Henry’s Fork. So, 
the temperature tolerances observed in studies conducted in other river systems do not apply to the 
Henry’s Fork and/or the numerous groundwater inputs to all reaches of the Henry’s Fork maintain locally 
cooler areas in the river than where our water-quality sondes are located.  

We did observe that invertebrate community diversity was higher at cooler temperatures, but the other 
two times temperature appeared as a significant predictor (Table 10), its effect was opposite of what we 
would expect. Percent EPT was higher at higher temperatures, and HBI was lower (indicative of better 
water quality) when temperatures were higher. And, %EPT was one of the community metrics that has 
actually improved over the past decade. Taken together, the temperature observations suggest that 
warming temperatures are likely opening up more favorable conditions for species that do better in 
warmer water, while the cool groundwater inputs are maintaining at least locally favorable conditions for 
the species that prefer cooler water. This is a mechanism that could explain the increase in EPTT and %EPT 
we have observed even as temperatures warm. Negative dependence of Shannon’s diversity on 
temperature (warmer water = lower diversity) may reflect additional species appearing in the samples as 
temperatures warm but less uniform distribution of individuals across the species when this happens, 
leading to lower diversity. 
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In any case, our results do not indicate that invertebrate community structure or abundance of the three 
types of insects we looked at are being negatively impacted by warming temperatures at the watershed 
scale. However, it is very likely that increased water temperatures are affecting the life cycle of the insects 
that are present. It is well known that emergence behavior of aquatic insects is strongly determined by 
water temperature, and even small water temperature changes could result in large changes in 
emergence timing, both time of year and time of day. Further, our Harriman State Park temperature study 
shows that water temperature regimes (both the daily average and the variability around that average) 
vary greatly with location around the Ranch. As atmospheric temperatures warm, the difference between 
“warm” locations and locally “cool” locations will be greater than in the past, with hatches of specific 
insects being much more specific to location and time of day. The more localized a particular insect 
emergence is, the less likely it is that large numbers of the same insect will appear across large reaches of 
the river at the same time. This occurrence is exactly what produces the hatches for which the Henry’s 
Fork is famous. 

As a final observation about temperature, we have been integrating all that we know about invertebrates, 
temperature and streamflow downstream of Island Park Dam and have put together what we think is 
probably the most likely explanation for changes in hatches, especially PMDs, between Last Chance and 
Pinehaven. First, we know that outflow temperatures from Island Park Dam are lower when the reservoir 
stays full (Figure 34). Second, we know that water temperatures between Last Chance and Pinehaven are 
more resistant to warming from solar radiation and to cooling from the localized effects of cool 
groundwater inputs when outflow is high. Third, we know from our own angling experience and from the 
angling community in general that PMDs (and a few other mayflies) produce the most prolific hatches 
when water temperatures are relatively cool and relatively constant. That is why spring creeks and large 
reservoir tailwaters are generally most well known for their PMD hatches. In the Ranch, this would occur 
when Island Park Reservoir stays full but outflow is high. Over the past several decades, this condition is 
not physically possible, because high outflow leads to high reservoir drawdown, which leads to warmer 
outflow temperatures. Keeping the reservoir as full as possible requires low outflow, which is then 
susceptible to rapid warming once it hits Last Chance, especially because air temperatures are warmer 
now. However, back in the 1970s, 1980s, and 1990s, reservoir inflows were so high that it was possible to 
maintain high reservoir levels and high outflows at the same time. This would have produced a situation 
in which cool reservoir water remained cool all the way through the Ranch (not to mention the fact that 
air temperatures were lower), thus producing PMD hatches in large numbers at predictable times of year 
and times of day, all the way through the reach from Box Canyon to Pinehaven at the same time.  

What is HFF doing about any of this? 
�x Continue to monitor invertebrates, water quality, and streamflow to add to the 10-year dataset 

presented in this report. 
�x Scour our old hard-copy reports for invertebrate data collected prior to this study and incorporate 

those into formal analysis as much as possible. 
�x With Idaho Department of Environmental Quality, complete a water temperature model for the 

river downstream of Island Park Dam so that we can assess how different weather conditions, 
reservoir management, and water supply affect water temperature in the Ranch. 

�x Continue the collaborative precision water management program that has saved over 20,000 ac-
ft of water per year in Island Park Reservoir, increased winter outflow by 100 cfs, and resulted in 
small but measurable improvements in summertime water quality downstream. 
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�x Pursue infrastructure and habitat improvements in Island Park Reservoir and on the river 
downstream to decrease turbidity and water temperatures (DIRTT). 

�x Develop and implement research in the future that will specifically investigate “hatches” as their 
own phenomenon, not necessarily reflective of the invertebrate community as a whole. 

Conclusion 
Why is the dry-fly fishing experience between Last Chance and Pinehaven (the “Ranch” for short) not as 
good as it was in the 1970s–1990s? The short answer is that summertime air temperatures are about 
4°F warmer than 40 years ago, and water supply at Island Park Dam is 22% lower. First and foremost, 
decreased winter flow, a direct result of decreased water supply, has led to a trout population 
downstream that is 25–35% lower than it was prior to 2000 and will only decrease in the future. This 
decrease is not due to increased water use; diversion for agricultural irrigation downstream is 23% lower 
than it was prior to 2000, and water conservation measures implemented collaboratively among HFF, 
water users, and water managers, has increased reservoir carryover and winter flow by around 40% 
relative to water supply. Even without any water use at all, trout populations in the future will be 30–
40% lower than they were in the 1970s–1990s, when stocking and down-migration of reservoir fish into 
the river augmented the wild trout population. Second, water quality in Island Park Reservoir and hence 
in the river downstream has declined as a result of warmer temperatures and lower inflow, substantially 
degrading the fishing experience during mid-summer. Third, while increasing water temperatures are 
not causing widespread decrease in numbers of mayflies, stoneflies, and caddisflies, they are very likely 
changing timing and location of emergence of these insects (“hatches”). These three factors have 
resulted in fewer rising fish and a far less desirable dry-fly fishing experience. 

So what can we do about these three things? None of us can cool air temperatures or make more water. 
1) HFF and its partners may be able to squeeze out a few more cfs of winter flow, but even the river’s 
natural flow is not going to maintain the trout population at 1970s-1990s levels. We either accept lower 
numbers of fish or consider creative ways to replace the hatchery and reservoir fish that augmented the 
population 40 years ago. 2) HFF’s DIRTT project has great potential to improve water quality in Island 
Park Reservoir and downstream, but that will require many years, large infrastructure upgrades, and 
tens of millions of dollars beyond the current $1.7 million project to design the upgrades. 3) Through 
DIRTT and other restoration projects in the Ranch, we can create and maintain locally cooler areas 
within the Ranch as refuges for insects and trout. If we have more trout, these refuge areas can again 
provide high-quality dry-fly fishing. 
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