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Summary

1.

Climate.Mean temperaure for water year 2024 was 1degrees F warmer than average, ranking
5th out of the lasB36 years.While annual temperature shows no trengder the pasB86years mean
June-August temperature has increased significantly atate of 1°F per decadaNater-year
precipitation wa97% of average, ranking 18th out of those 36 ye&rsow water equivalent (SWE)
peaked 12 days earlier than average9@o of average,anking 20th out of the last 36 yearEhe
longterm trend of receiving a smaller fraction of pngitation as snowfall continued in 2024

Water Supply Watershedtotal naturd flow for water year 2024 was 90of the 1978023 average,

ranking 29th out of the last 47 water yeafdatural flow was 8% of aveage in upper Henry’s Fork,
88% in Fall River, and 9®4in Teton Rivein 2024, 36% of total precigition over the watershed

was converted into streamflow, continuing a downwdrend. Watershedtotal natural flow since

2021 has averaged 15% less than it did in 1978uidjind®2000and 22% less at Island Park.

Irrigation Management.Because of gooteservar carryoveracross the Snake River basin in 2023,
all storage rights in Henry’s Lake, Island Parlef®es and Grassy Lake filled for thecond year in

a row, andirrigators in the Henry’'s Fork watershed were nimbited by administative water
availability Diversion was above average in March to provideewv&ir managed aquifer recharge
and remained slightly above average for most of shenmer, ending the irrigation year 401% of
the 2001-2023average That figure i250,000 acft (23%) lower tharit was over 19782000, when
most farmers floodrrigated.Flow variability in the lower Henry’s Fork wdsdwest on record, and
that in the lower Teton River was the lowess a result ohighlyprecise water managemeirt 2024

Island Park ReservoManagement Mean Decembef~ebruary outflow from Island Park Dam was
411 cfs, 16% above the 197823 average, and ranking 17th highest out of the U7 years. This
was 117 cfs (40%) higher than expected based oremstipply and pr&018 operations.The
reservoir filled on May 22Reservoir draft to meet irrigation demand and loweatershed
streamflow targets started on June 20, 9 days eathan average, and ended on September 12, 5
days earlier than averag®linimum reservoir volume was 59,989-ti€44.4% full), 1.2% below the
1978-2023 averagebut 13,149 adt (28.1%) higher than expected based on water $ypp

Streamflow GagingMean relative error othe 11 streamflow measurementsiFF madat Island
Park compagd to USGS adjusted flow was%.,0nth HFFmeasurements biased high by @8HFF
made 7measurements at Ashton, with a mean error30% relativeto USGS and a bias-{4%.In
2024 we addednflow to Ashton Reservotio the other three locations we gage.



10.

Performance ofPredictive ModelsNatural watershed inflow between Henry’'s Lake asidrid Park
over the winter averagd 403 cfs, va predicted value of 419 cfs (4% error), resulimgxcellent
alignment between predicted and observed winter opion of Island Park Reservo@ur models
over-predicted Apri-Septemberstreamflow by20% in upper Henry's Fork, 26% inl IRiver,0% in
Teton Riveand 14% for the whole watershed\pril-1 predictions underestimated need foeservoir
draft in June and July, but all reservoirs in thatavshed ended thevater yearwithin statistical

uncertanty, illustrating the utility othese models for predicting keyutcomes 6 montkin advance

Water Quality in Island Park Reservoldigherwater temperatures, lower dsolved oxygenand

higher occurrence ofiarmful algal bloom#iave degraded wéer quality in the reservoirin recent

years Rimary causesre higher spring and summeair temperatues, higher reervoir draft, and
lower inflow. These lead to higherwater temperatures andturbidity downstream, butoutdated

infragructure limits the ability to manage water qualityn and downgream ofthe reservoir Mixing

viareservoir aeratio could improvereservoir water qualitywhile selectiveelevation withdrawal

infrastructure could reducenegativeeffects downstream HFF is pursuing theseaprovements via
its DIRTT Developinglinfrastructure toReduceTemperature andlurbidity) project.

Water Quality in the River Summertime water temperatu® turbidity, and phosphorus
concentrationshave increased uniformly over the washed over the past decade concertwith

higher air temperattes and lower water suply. Howeverdissolved oxygenthe single water

guality paramete with the greatest potential to cause widespiek harm to trout anddesirable
aguaticinsects—isvery high and stble, indicating resiliencef the Henry's Forko warming.

Aquatic InvertebratesAquatic invertebrate communities of the Henry’s Farke abundant, diverse,
and stalte. Standard invertebratenetricssuch as %EPT (percent mayflies, stoneflies, artisfiies)
and Hilsenhoff Biotic Index (HEl)e as good asr better than on other popular western trout
streams and as goaasor better than they were on the Henry’s kan previous decade3he HBI
scores indicate good to excellent water quality ilh raver reacheswith little evidence of organic
pollutants such as wastewater and pesticidbat can deplete oxygenwhile most metrics are
improving or stable across theatershed, the number of Pale Morning Duns is dasheg driven
by decreaseat Flat Rocland St. AnthonyNone of the metricshoweda trend oneway or the other
at Last Chance over the past 10 yeamngterm changes in dnrfly fishingat Last Chancand the
upper Ranch are likely due to lower trout populaisp increased temperatures, decreased water
supply and changes in insect behavior, not decrdassect numbers.

Conclusion.The dryfly fishing experience between Last Chance amgffaven (the‘Ranch’) has
been negatively affected by waer temperatures and lower watesupply,through lower trout
populations, mcreased turbidity and wateiemperatures, and changes aguatic insect behavier
when and whee they hatch Low winter outflow from Island Park Dasa function of decreased
water suply, not increased water usehasresulted in a trout population that i25-35% lower than
it was in the 190@s and 1980s«nd will only getower in the future, even withadditional water
conservdion. None of us caqmake morewater, so we eter accept lower trout numbersr find
ways to replace théatchery and resemwir fishthat suppementedthe wild populatiord0-50 years
ago.lt is very unlikely that thecombination ofweather and water supply thatreated thereliable
and spatiallyuniformhatches of the 1970s1990swill occuragain in the futureHowevernew, large
scale infrastructure on Island Park Dam and Reservdias the potential to reduce water
temperatures and turbidityin the outflow, and additionatestorationcan provide locatold-water
refuges for insects and fish in the RaAnc



Document Guide

Satistical summaries of water year 2024 (Glwer 1, 2023- September 30, 2024) and irrigation year 2024
(November 1, 2023 October 31, 2024), as well as-§€ar trends from our watequality and invertebrate
monitoring are presented and interpreted in nitleematicsectionsand a conclusion
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Data are subject to change upon review and final rappl by government agencies and Henry’s Fork
Foundation (HFF). All primary and calculated diatisn this document are based on data availabie o
and current throughlanuary 31, 2025viost streamflow, climate, and water quality datéll not change,
but irrigation data will change slightly from whist reported here. Details on data sources, periofls
record, and termrmology are given in the daily water repafibssarandstation guide

Periods of record for hydrologic comparisons are:

Climate: water years 1982024

Streamflow and reservoir volume: water years 1.97@824(lower Teton River forks 2082024)
Irrigation diversion andelated:irrigation years 20032024for averages; 197&024for ranks
Water quality: irrigation years 2032024at Flatrock, Island Park Dam, Pinehaven, and Malg/sv
irrigation years 20152024at Ashton Dam and St. Anthor3016-2024

X X X X

Statistics are ampared with the perioebf-record averages through 282so that the average is not
influenced by the current year. Rank statisticdude the current year in the record and are orderfeaom
highest to lowest. For example, natural flow forterayear 202 is compared with the 1972023 average,
and the rank is reported out of the full 19483024 record.Alsonote that, 75%o0f average is equivalent to
25%belowaverage, and a rank of 4174ndicates the % lowestvalue in the Z-year record

As a final introductory note to this year's repoit,is much longer than previous reports because it
contains two large standlone reports as sections, namely those on Islaak Reservoir water quality
and on aquatic invertebrates. These two sectionsspnt comprehasive analysis and interpretation of
data we have onlgompiledover the past year as we now have long enough résarf data for statistical
significance. In addition, this report containsanclusion section that puts the current and futustate

of the Henry’s Fork fishebetween Island Park Dam and Pinehawetthe context of the longerm trends
presented throughout the report.



1. Climate
Temperature

The most notable feature of water year 2024 was hearm it was. Mean tempature for the water year
was 1.68F above the 1982023 average, ranking 5th warmest in the 198924 recordTable 1)just a
few one-hundredths of a degree cooler than 2016 and adittlore than ondenth of one degree warmer
than 2012. By subwatened, temperature ranks wer@® warmest in upper Henry’s Fork, 8th warmest in
Fall River, 4th warmest in Teton River, and 6thmest in the valleys. We had four relatively brigfX0
days) periods of well below avega temperatures during the yeain late October, midJanuary, early
May, and late May. Temperatures were otherwise atabove aerage, with extended periods {2
weeks) of aboveaverage temperatures occurring during most of tak &nd early winter and again during
June, July, and Septemi@&igure 1)Numerous highemperature records were set over the last weekend
in SeptemberWhile annual temperature shows no trend over thesp@6 years, mean Juré\ugust
temperature has increased significantly at a rate.t% per decade.

Table 1 Clinate statistics. Ranks for SWE, precipitation agmgerature are ordered from highest to
lowest (1 = highest on record). Temperature staf$sare the mean of the 12 stations in the watershe
Ranks for date of peak SWE are ordered chronolhgida= arliest).

Water year 2024 Water year 2023 19892023
Value 19892023 rank | Value 19892023 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
AprikJune temperature (°F)| 44.7 12/36 43.2 23/36 43.9

Henry's Fork Watershed Temperature through Sep 30 2024
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Figure 1 Water year 2024 mean temperature, compared wii83-2023 average and range.



Precipitation

Precipitation was highly viable in both space and time for most of the wageyar, but by the time all
was said and done, the watgear total turned out to be %% of average, ranking 18th out of the last 36
years, and was fairly uniformly distributed acrtiss watershed(Figure 2. Wateryear totals were 9%

of aveage in upper Henry’s Fork, 97% in Fall River,i@6%ton headwaters, and 99% in the valleys. Four
stations received at least average precipitationtfte year: Rexburg at 128 of average, Pine Creek Pass
at 107% of average, and Ashton and Lewis LakeeD@adh right at average. Ashton, Rexburg and Pine
Creek Pass received heavy precipitaiiothe fall of 2023&nd spent most of the water year near or above
average in accumulated precipitation, while Levekd Divig spent most of the water year near or below
average until heavy rain in September brought d@tat up to finish the water yegaat average. The two
stations with the lowest precipitation relative #verage were Alta and Grand Targhee, at 84% aftl 88
of average, respectively.

The driest months of the year were November, Decempril, June, and July, while the wettest were
January, February, March, and September. Augustsoomal precipitation was generally light and
favored the northern portion othe watershed, in comparison to monsoonal precipdga in 2022 and
2023, which was heavy and favored the southern bélihe watershed. In fact, monsoonal rain was so
heavy in those two years that it substantially disted hay and grain harvest and daged crops. This
year's mild monsoon favored hay and grain harvestile heavy rain in miGeptember, followed by a
very warm dry spell, created favorable conditionsfotato harvesin early October of 2024

Henry's Fork Watershed Water-year Precipitation, Mon Sep 30 2024
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Figure 2 Water year 2024 precipitation aspercent of the 1982023 average.



Snhow

As has become the norm in recent decades, accunamabf snow water equivalent (SWE) in the
headwater areas was a real nhiter to watch. After a good start in late October,dry November put
SWE at only 50% aiverage at the beginning of December. Conditionsewaot much better at the
beginning of February, especially in the upper Keniork, where SWE was only 60% of average.
Fortunately, as has often happened in recent yeprscipitation in February anellarch brought SWE at
least back up into the “good enough” range by thelef March(Figure 3) Watershedmean SWE peaked
on March 31, 12 days earlier than average. Peak ®##90% of the 19892023 average, ranking 20th
out of the last 36 years. By subwashed, peak SWE wa8% of average in upper Hegy's Fork, 8% in
Fall River, and@% in Teton River. Melt rates were near averagerduvpril and early May, but cold
weather slowed down melt substantially at the entiMay. In fact, on June 1, SWE on greund was
average for the date. However, remaining snow mettery quickly during June and had zeroed out a&ros
the watershed nearly a month earlier than average.

Henry's Fork Watershed Mean SWE Accumulation Sep 30 2024
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Figure 3 Mean snow water equivalent (SWE) over the nir@l8hstations in the watershed, compared
with 2023, the 19892023 average, and the 1988023 range.

A new statistic we have been tracking since Samlvddmb discovered its importance, is the fractidn o
precipitation that occurs as snow. Among seveiighsly different ways of calculating it, | haveaahted

it here by dividing the watershedveraged total wateyear precipitation by the peak SWE. This
represents the fraction of total precipitation wesgeived for the water year that was stored in the



snowpack at its peak. This year’s value was candistith the longterm decreasing trend in fraction of
precipitation stored in the peak snowpack. Thisry@8% of the total annual precipitation was storasl
peak SWE, ranking 10th lowest in the 12824 record. The lowest snowafition was 61% in 2015, and
the highest was a whopping 98% in 1989. The higlese in recent years was @&lin 2023. The 1989
2023 mean is 78.1%. This statistic and its trengeheery large implications for water supplhe amount
of water that actuallyends up in the surfacerater system for use by fish, agriculture, and lombwer.
More on this in section 2.

Drought trends

We use two statistics to measure drought trend3ur shortterm drought indicator is the moving one
year average difference betwegmecipitation and evapotranspiration, measured athfon and Rexburg
becausethose are the only two stations that report dailyapotranspiration data. Over the course of
water year 2024, this indicator dropped from arouh@ inches above average to 1 inch below average,
reflecting redevelopment of drought in our areaefia relative reprieve during the spring, summergdan
early autumn of calendar year 20ZBigure 4) Our mediumterm indicator is the moving thregear
average watershedbtal precipitation, scaled relative to the longrm average of around 36 inches. This
index generally improved over water year 2024, las ¢ffects of the very dry year of 2021 moved olit o
the average, and the “good enough” years of 2028 2624 made up a greater frasti of the threeyear
average(Figure 5)Despite the improvement, this indicatavasstill slightly below averagat the end of
water year 2024and has not been above average for any substapgaiod of time for well over three
years

One-year Cumulative Agricultural Moisture Availability
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Figure 4 Oneyear average difference between precipitation andmoration.



Three-year Average Annual Watershed Precipitation
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Figure 5 Threeyear average annual precipitation across the wateik

2. Natural Flow\\ater Supply

Natural flow is defined as the amount of water thabuld flow down the Henry’s Fork and its tributsi
in absence of reseoir storage and delivery, irrigation diversion, amdiurn flows. In other words, natural
flow is the supply of water provided by the wateeshthat is available for all uses, including adtice,
fisheries, aquatic ecosystem function, and hydro#ie power generation.

Natural flow

Watershedtotal natural fow for water year 2024 was 2.18illion acft, equivalent to amean annual
streamflow of 3,014cfs (Table 2) This was90% of the 19782023 average and ranked 29th (39th
percentile) out of all wateyears since 1978. By subwatershed, the staistiere 8% of average (rank =
38th) in the upper Henry’s Fork, 8Bof average (rank = 29th) in tRall River subwatershed, and 104% of
average (rank A8th) in the Teton River subwatershed. The longesré available for natural flow
calculation in the watershed is the Henry’s Lakéstton record, which dates back to 198@d contains
the drought of the 1930s, which is still the woost record at least in that prt of the watershedin that
95-year reord, natural flow between Henry’s Lake and Ashtoas®8% of average, ranking 71st5(2
percentile). Of the 24ears with lower valueshein what we observed in 2024, d8aurred prior to 2001
(including 9n the 1930s), while 8 have occurred since 2(fdure 6) Only one year in the 1970s, 1980s,
and 1990s—namely 1992-hadlower water supply than we had in 2024.



Table 2 Wateryear natural flow statistics. The ranks are fromgkst to smallest (1 = wigst on record;
47 = driest on record).

Water year2024 Water year 2023 19782023
Mean natural 1978 Mean natural 1978 Average annua
flow (cfs) 2023 rank | flow (cfs) 2023 rank | 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

Mean water-year natural inflow: Henry's Lake to Ashton
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Figure 6 Mean annual natural streamflow between Henry’kd.and Ashton, 193R024.

The distribution of streamflow in 2024 across thater year (the hydrograph “shape”) did not devidiae
from average but was skewed a little on the earlhggkgure 7)One measure of timing is the hydrograph
center of mass, the date on which the hydrographwuebbalance” if a fulcrum were placed on that date
For the water year as a whole, the center of mass Wpril 17, about four days earlier than averdger.
the AprikSeptember period that primarily measures the timiofgsnowmelt runoff, the center of mass
was June 16, about three days earlier than averafge.is typical, springtime peaks in streamflo
corresponded to periods of warm weather and snownaglthe various elevations in the watershed. Peak
runoff from snowmelt occurred in late April in thgper Henry’s Fork, milflay in Fall River, and early
June in Teton River. This pattern is the normyhat happened in 2023, when cold weather in Apnidla
early May delayed melt in the upper Henry’s Forkl &all River and warm temperatures in Ay
resulted in simultaneous melt in all three subwatikeds.
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Figure 7 Natural flow hydrograph for water year 2024, caangd with water year 2023 and the 1978
2023 average.

Watershed streamflow yield

As mentioned irsection 1 73% of precipitation in 2024 was stored in thekasnowpack, compared with
78% on average. This-salled “snow fraction” has beesystematically declining over the past 36 years
(Figure 8, upper right panel). The upper left paitiestrates that there has been no trend one waytloe
other in total precipitation. For interpretation dfends and statistical relationships in thagghic, | have
included what is called the *Palue”, which indicates the probability that we ddihave observed the
given data by chance if no statistical relationsivpre actually present. The smaller this numbethsg,
less likely it is that we are wrong in concludihgttthe trend or statistical relationship is re8katisticians
generally use a cutoff value of P = 0.05 or P #wWelconclude that the relationship is real onlythé
probability of observing the data by chance is lé¢ssn 5-10%. Te precipitation trend (upper left) is
clearly nowhere near significant, while the snowadition trend (upper right) is marginally signifitanith

a Rvalue of 0.09.

Precipitation that falls over the watershedvhether that be rain or snowdoes not immedtely turn

into streamflow. Some snow sublimates (turns dilgdtom solid into vapor form) before it evéias a
chance to meltA large amount of both snowmelt and rainfall issarbed by soil before it can run off
directly into streams. Of that larg fractionis used by trees and other vegetation in headwatezas
before it can pass through the soil and into aqrsfthat sustain streamflow in headwater areas, esplly

the upper Henry’'s Fork. As temperatures increake,amount used by vegetation increases because the
growing season is longer. THaction of total precipitation that actually turns into stamflow is called
the “runoff efficiency.”
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HFW Annual Precipitation Trend

Snow Fraction Trend
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Figure 8 Trends in precipitation, snow fraction, runoffi@éncy and water supply, 1982024 (bp and
middle rows). Bottom row shows runoff efficiencyl avater supply as a function of snow fraction.

In 2024, runoff efficiency was 36%hat is, 36% of the total precipitation over the teashed actually
turned into streamflow. That is compared with average of 38%. The middle left paneFajure 8hows
that runoff efficiency is declining, and this tremsstatistically significant, with avglue of less than 1%.
At least since 1989, thiggnificant downward trend in runoff efficientyas not outveighed consistency
in precipitation; natural flow is declining (middight panel) but not at a rate that is statistilyasignificant
at the watershed scale. However, this trend is #igant if we limit the analysis strictly to the per
Henry’s Forksubwatershed, which is lower in elevation and relim a much greater degree on
groundwater to maintain its streamflow than the FRiver or Teton River.

11



In the future, however, we can expect the waterskszhle trend of decreasing water supply to become
statistically significant as temperatures contirtogéncrease. The bottom two paned$ Figure &how that
the dependence of runoff efficiency on snow fractifbottom left) and the dependence of natural flow
on snow fraction (bottom right) are both pésie and statistically significant. Assuming thatat
precipitation stays the same in the future, a dezseng fraction of that occurring as snow will cont to
decrease runoff efficiency and hence water supply.

Longterm patterns in natural flow

Although the trend in watersheavide natural flow is not statistically significantthe 19892024 record
(the record over which we have complete climateajatvhen extended back to 1978, the trend in natura
flow is significan{Figure 9) At the watershedale, natural flow has averaged 15% less since 2081
between 1978 and 2000. This 15% reduction is edginas equal to 1.5 times the combined volume of
Henry’s Lake, Island Park Reservoir, and Grassy &aice 2001, natural flow has exceeded th&89
2000averagein only three years: 2006, 2011, and 2017.

Average natural flow in the Henry's Fork watershed
has decreased by 15% since 2000
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Figure 9 Annual natural flon(water supply)n the Henry’s Fork watershed, 192824.Blue line is the
1978-2000 period average, and the orange line is thel2Q024 period average.

These pattens are even more striking in the upper Henry’s Fbdi&tural flow in the Henry’s Fork at Island
Park has averaged 22% lower since 2001 than betwist8 and 200(Figure 10) This reduction is
equivalent to 80% of the capacity of Island ParkeReoir. Inonly four years between 1978 and 2000 was
natural flow lower than the 20022024 average and there have beeno yearssince 2001 when natural
flow at Island Park exceeded the 192800 average. While irrigation demand at the waterd scale
depends on watesupply across the whole watershed, the effecthaft demand on Island Park Reservoir
draft is primarily determined by water supply alalsd Park Dam. Further, that water supply has direc
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effect on nearly aspect of the fishery between tgld@?ark Damrad Riverside campground, including the
size of the trout population and water quality.

Natural flow into Island Park Reservoir
has decreased by 22% since 2000
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Figure 10 Annual natural flow (water supply) in the Henrfiytgk at Island Park Dam, 192824 .Blue line
is the 19782000 period average, and the orange line is2681-2024 period average.

Specific to the trout population, Idaho Departmerft Fish and Game@@DFG)gestimate of the rainbow
trout population in Box Canyon during the springeach year is a reliable index of the total numbér
trout available to anglers in the river reach bewvelsland Park Dam and Pinehaven. Prior to 19178, th
population was directly supplemented with stockir@rior to 1995, the population was periodically
supplemented by migration of large trout from Isthffark Reservoir downsiam through the dam,
especially in years when outflow was high and/oe tleservoir was drawdown. Since the Island Park
hydroelectric power plant came on line in 1995, moatflow passes through the power plant intake,
which is screened, greatly limitithe ability of reservoir fish to migrate downstreanmnto the river. Thus,
since 1995, the population has been nearly completeaintained by natural reproduction in the Hergy’
Fork downstream of the dam and in the Buffalo Rivelom decades of resedrdy IDFG, Idaho State
University, Montana State University, and HFF, wevk with certainty that the bottleneck in the
population (referred to by biologists as the limii factor) is survival of juvenile trout througheth first
winter. That survival, in turn, is directly relatealwinter (December through February) flow outlstand
Park Dam. Higher flow leads to higher trout popigas. Given this, it should not be a surprise that the
median trout population between 1978 and 2000 wd&9® higher thart was between 2001 and 2023
(Figure 11). Further, the population exceeded 4,800t per mile in 25% of the years between 1978 an
2000, compared with less than 10% of years betw2@dl and 2023. The highest population on record
was observed in 2013sa result of extremely high water supply in wayear 2011. Given the trend in
decreasing streamflow discussed above, we projeenelower water supply over the next 30 years,
resulting in a further decrease in the trout poptitan, with essentially nehance of experiencing a water
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year like 2011. Further, even if no water were sibin Henry’s Lake and Island Park Reservoir,ite€s
natural flow would not sustain much higher troutgalations than weexpectunder our current preision
water managenent program and will definitely not sustain evédretpopulations we have seen since 2001
much less those of 1972000 At best, the future median trout population iscamd 2,500 trout per mile
in the springtime estimates, 35% lower than th@78-2000median.

Box Canyon Rainbow Trout Population
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Figure 11 Box plots of the rainbow trout population in Boxhgan. The top and bottom of the boxes are
the 75" and 23" percentiles, the top and bottom of the whiskers #re maximum and minimum. The
thick line inside the box is the median (the popatain the middle of all years). Points are coasd
statistical outliers, with a very low probability occurring in any given year. The 192800 and 2004
2023 plots depict all available Idaho DepartmentFi$h and Gameata. “Future reg. flow is our
projecion of trout populatiors over the next 30 years under future climate butrent reservoir
management, and “Future nat. flow” is the projectaapulation over the next 30 yeafshe river’s natural
flow passed through Box Canyon all wnte

3. Irrigation Management

With the Upper Snake Riveeservoir systenfilling to 100% both physically and on pagart little
irrigation-seasonprecipitation, irrigation demandin 2024 was driven primarily by temperature. Mid
summer outflow from Island Pafkeservoir peaked earlier than average, while tdteérsion waslightly
above average for the po000 era.
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Administrative water availability

Because of abovaverage reservoir carryover inherited from 2023 ankear-averagesnowpack across
the SnakeRiver basin in 2024, all storage rights in Henlegke, Island Park Reservoir and Grassy Lake
filled this year. Furthemasinwide natural flow was good enough throughout moséttioee summer that
water-rights prioritiesstayed nearaveragefrom late Junethrough early OctobelFigure 12) Thus
irrigators in the Henry’s Fork watershed were riotited by administrative water availability in 2024d
could divert as much as they needed to irrigate gagticular mix of crops they planted this yeawv&sin
reflected this need, as modified by managed reckasgerations in March and April as well as weather
as the season unfolded.

Water Right Priority in HF at St. Anthony
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Figure 12 Water right priority in the Henry’'s Fork at Sotidony for irrigation year 2024.
Irrigation diversion

Diversion for the irrigation season was 101% of 2001-2023 averagéut rankedonly 36" out of the
last47 years (Table)3Viean annual diversion since 2001 is 250,008 §23%) lower than it was between
1978 and 200@ue to widespreadonversion from flood to sprinkler irrigaticghroughout the 1980s and
1990s. That pattern continued in 2028iven warm temperatures and minimal precipitatioarithg the
2024 growing season, weather facilitatei@siredirrigation and harvest schedules. Managed aquifer
rechaige operations resulted in abovaserage diversion in March and April, but otherwiigersions
remained near to slightly above average foostof the irrigation seasorfFigure 13)Early May and the
latter half of August were the exceptions, with é@oweather and grain harvest keeping diversioroiel
average in early May and late August, respectivdltimately, watershedotal diversion reached peak

of 3,676 cfs on July 10. After three consecutivargef reach losses, reach gains in the lower T&iwer
and Henry’s Fork were positive and totaled 16,4084t likely due to springtime recharge. Reach gains
in 2024 ranked 36out of 47 yeas, commensurate with total diversion, again a lelegm pattern.
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Table3. Irrigationyear statistics. Coefficient of variation is defirees standard deviation divided by mean.
With the exception of coefficient of variation, fanare defined from highest lowest (1 = highest in the
record).

Irrigation year 2024 Irrigation year 2023 2001-2023
Value  Rank Value Rank Average
Total diversion (at) 906,865 36/47 794,529 47/47 894,058
Crosscut Canal diversion to Teton-{gé | 27,973  34/37 27,065 35/37 38,736
Teton exchange well injection (#g- 0 47147 1,688 32/47 14,289
Lowerwatershed river reach gain (&) | 16,408 36/47 -12,054 43/47 17,260
HF at Parker summer flow (cfs) 436 36/47 571 25/47 692
HF at Parker coefficient of variatibn 21% 7147 47% 32/47 0.38
SF Teton River summer flow (éfs) 928 9/21 342 18/21 980
SF Teton coefficient of variatibn 12% 1/21 20% 3/21 53%

1. Waterrights accounting data for Crosscut to Teton dil@rshas 19882023 period of record.
2. Calculated over period of IslarRhrk Reservoir draft
3. South Fork Teton River gage has 223 period of record.
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Figure 12 Total diversion for irrigation year 2024, by salbevshed. Irrigation year 2023 and the 2601
2023 average are shown for comparison.

Teton River administration

Sreamflow shortage in the Henry's Fork watersheteahatural flow drops from its snowmefed peak
is greatest in the Teton River, which necessitapesater need for augmentation of streamflow there t
meet demand. Augmentation is supplied by two sogtcE) delivery of water diverted from the Henry’s
Fork to the Teton River through the Crosscut Candl 2) water injected into the Teton River from so
called “exchange wells.” These wells pump grounawanto the river and were drilled following the
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Teton Dam failure as a mechanism by which to offset pung from the river by irrigators along the rim
of Teton Canyon. These irrigators held storagetsigh Teton Reservoir and would have pumped this
water directly from the reservoir. In most yearbBgtadministrative aspect of this diversion can betm
with FMID storage and other sources such as Pasatbrage and rental water. The physical water is
provided by Crosscut Canal injection as needed.

In dry years such as 2021 and 2022, the exchandje pevide a mechanism for both administrative and
physical delivery of water to the Teton River, anc¢hange pumping can total 25,000faor more. In
2024, FMID’s storage rights filled and CrosscutCdimersion was less than the modegra averagelue

to high natural flow on the Teton River relative tethpper Henry's Fork and Falls Riviétus, exchange
wells were not needed to help meet demand on thaofeRiver. Ultimately, Crosscut Canal diversion to
the Teton totaled 27,973 ac+t and ranked 3% out of the last 37 years.

Lower watershed streamflow

In most years the Henry’s Fork irrigation system lsa managed to meet physical irrigation demandyonl
within the watershed, subject of course to basuwde water rights. In this case, the amount of emat
added to the lowemwatershed irrigation system from the exchange wellsd the watershed’s three
storage reservoirs (Grassy Lake, Henry’'s Lake)stemad Park Reservoir) must meet witlwatershed
diversion and leave enough in the river to provaldequate river stage (“depth”) at the downstream
most points of diversion and maintain basic aquatosystem function in the lower Henry’s Fork. &cef
water can leave the Henry’s Fork irrigation systinough three pathways: the South Fork Teton River,
North Fork Teton River, and mainstem Henry's Forlghéti streamflow in any one of these stream
channels increases the amount available locallyafpratic ecosystem function but comes at the casts
higher exchange well pumping and higher draft af teservoir system. The latter, in turn, has negativ
conseguences for fisheries and aquatic ecosystamtfan upstream of, in, and immediately downstream
of Island Park Reservoir. On the other hand, ttteIstreamflow at the bottom of the irrigation sgem
can lead to lower fish habitat and a shortage oftevaavailable for the downstrearmost diversions,
which are Rexburg Irrigation on the South Fork mefteton Island Feeder on the North Fork Teton, and
Consolidated Farmers on the Henry's Fork.

The generbmanagement strategy to balance these factors withdministrative constraints is to:

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

2.  maintain flow in the South Fork Teton just high ago to absorb daily fluctuation in diversion at
Rexburg Irrigation (~5A00 cfs),

3. fix a streamflow target flow in the lower Henry'srk,

4. minimize flow variability in the South Fork Tetamddower Henry’s Fork.

The first of these components ensures that only #mount of water needed by the Teton Island Feeder
water users is delivered to the North Fork Tetonidg the period when storage is being used. Anyarat
in excess of this amount is charged to storage siseven if they can’t or don'’t divert it allhere are
several small diversions on the lower North Forkofgbut they are entitled to only natural flow tha
emerges aglroundwater inputs and return flowte the river downstream of Teton Island Feeder. Once
the North Fork Teton constraint applies, a set eatigates at the North Foi®outh Fork split (called the
“splitter) is operated to send the appropriate amuwof water down the North Fork, with the remainde
flowing down the South Fork. The total flow reaahthe splitter is controlled by how much Henry'sko
water is diverted and delivered through the CrogsCanal. On the Henry’s Fork, water is deliveredfr
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the reservoir system to meet the Crosscut Canatieesd meet diversion on the Henry’s Fork downstream
of the Crosscut plus the lowtenry’s Fork streamflow target. In previous yedngt target was set at
the St.Anthony streamflow gage and was usually around Q,@86s. However, that target doeasot
consider diversion downstream of 3nthony and generally resulted in very low flowsahstream of
Consolidated Farmers Canal in July, higher releid@isesnecessary from Island Park Reservoir laténen
season and into the beginning of reservoit §eason in the fall, and generally higher vaoiatin
streamflow all summer. To remedy these shortcomjrige Henry’s Fork Drought Management Planning
Committee set thetarget at 350 cfsimmediately downstream of the Consolidated Farmdigersion
starting in 2020. This flow is calculated by suttiray diversion from the four canals downstream of
St.Anthony from flow at the S#Anthony gage and nominally represents the flowha tiver at the Parker
Salem Highway (aka Red Road) bridge.

Implementing this strategy is much easier said tlilbme, given daily changes in diversion at over 100
pumps and canals in the watershed, stream and cdosdées to and gains from groundwater,dan
streamflow travel times of around 20 hours fromalsll Park Reservoir to the Crosscut Canal diversion
(Chester Dam), several more hours to reach the M&iwer, and another hour or two to pass the splitt
and reach the Rexburg Irrigation and Teton Islaeddér diversions. Fortunately, remet®ntrolled
headgates at the Crosscut diversion and splittetated in 2020 now allow FMID managers to makelkma
adjustments at any time of day, saving water anduging travel and time costs. New stream andala
gages and calculations provide r¢iahe data to inform operation of the new remotsontrolled
headgates.

In some years, like 2022, physical water from treny’s Fork watershed must be delivered to meet
demand farther down on the Snake River (wheggbal water stored in Island Park belongs to Aozari
Falls Reservoir on paper). However, due to goodiadinative and physical water supply baside in
2024, no physical water from the Henry’s Fork stigraeservoir needed to be sent out of the wathed,
and the irrigation system was managed accordingh® within-watershed strategy set by the Henry's
Fork Drought Management Planning Committee.

Streamflow at Parker during the period of IslandiPReservoir draft in 2024 was lower than the 2601
2023 average (Figure 14), saving water in the reservéinthermore, the coefficient of variation in
streamflow at Parker in 2024 was 20 percent ancketh7" lowest in he last 47 years. Such low variability
was due to a dry summer with few rain events angiional daily adjustments in outflow at IslandrRa
Dam, empowered by redgime data. Streamflow in the South Fork Teton River at Rexlas 7% below
average and ranked™out of 21 years. Similar to Parker, streamflthere was managed very tightly and
the coefficient of variation was2lpercent—the lowest on recorid the last 21 years.

4.lsland Park Reservoir Management

Island Park Reservoir was managed during water 98¢ in accordance with strategies set by the
Henry’s Fork Drought Management Planning Committeleich aims to maximize winter (December
February) outflow to benefit fish survival and hgdrectric power production, fill as early after ioff as
possible, release only as much water as is necgdsameet watershedotal diversion andrrigation
season streamflow targets on the lower Henry’s Fammkdl Teton River, and begin refill as early asiptess

to maximize outflow during the upcoming winter. Ifementation of those strategies is facilitated by
modern canal infrastructure installetiroughout the lower watershed over the pask years, provision

of realtime stream and canal flow data not historicallyadable from agency sources, (including the HFF
daily water report), and other water conservatiorctimns. Collectively, this pkage of operational

18



strategies and technology is referred to as “prariswvater management,” which was first implemented
in water year 2018.

Henry's Fork Downstream of all Diversions
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Figure 14 Streamflow in the Henry’s Fork at Parker, dowaestn of all diversions.

In some years, deviations from the baseline strgtemye required to accommodate unforeseen
circumstances or opportunities. For example, in20&dditional Island Park Reservoir draft was resfii
late in the summer to meet operational and adminddive needs outside of the HenryFerk watershed.

In 2023, abovaaverage snowpack allowed release of a managed étedbiring the spring to remove fine
sediment from the river between Island Park Dam &nakhaven. In 2024, no such deviations were made,
and operation of the reservoir was &lose to perfect as possible to meet the stratsgand objectives
set by the Drought Management Planning Committee.

Winter flow

Reservoir outflow averaged 252 cfs from Octobenrbtigh November 30, which filled the reservoir €os
to the maximum allowble under winter ice covdiFigure 15)That allowed winter outflow to be set nearly
equal to stream inflow, allowing slow fill to comtie throughout the winter as snowfall accumulated
directly on the reservoir surfagéigure 16)Net gain due to direqtrecipitation on the reservoir surface
totaled nearly 10,000 aft between December 1 and May 1, around 2,00eftambove averagéFigure
17). Operations that maximized reservoir content thghwut the year also maximized surface area,
resulting in aboveaverage gain despite beloaverage precipitation in 2024.

DecemberFebruary outflow averaged 411 cfs, 16% above theé318023 average, and ranking 17th
highest out of the last 47 water yeafFable 4) Not surprisingly given the watasupply figureseported
above 12 of the years with higher winter flow occurréallowing wet years in the 1970s, 1980s, and
1990s. For the modern period of 24 water years thtrted in 2001, winter flow in 2024 ranked 5th
highest. Further, winter flow in 2024 was 117 cighler than expected based on water supply and-pre
2018 operations. Over the six winters since implamé&on of precision water management during the
2018 irrigation season, winter flow has averaged tfs (43%) higher based on water supply than itldo
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have under pre2018 operationgFigure 18) Asis covered in more detailn section 6 belowwinter
conditions were nearly perfectly predicted in ea@¢tober, and the anticipated operations producée t
desired fill rate from then until late April.

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

Outflow from Island Park Reservoir
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Figure 16 Island Park Reservoir outflow for water year 2024
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I.P. Reservoir Direct Precipitation-Evaporation
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Figure 17 Net gain to/loss from Island Park Reservoir fiamacipitation/evaporation on the reservoir
surface.

Table 4 Island Park &ervoir statistics. Flow and volume statistics ramked from highest to lowest (1
= highest flow or highest reservoir volume). Da&tistics are ranked from earliest to latesolumes
are reported in acréeet, with percent of reservoir capacity iarpntheses.

Water year 2024 Water year 2023 19782023
Value 19782024 rank Value 19782024 rank Average
DecFeb. 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 22147 August 25 5 (tie)/47 Sept. 11
Min. volume (adt, % full) [ 59,989 (44%) 24/47 83,876 (62%) 12/47 60,712 (45%)
Sept. 30 vol. (aft, % full) | 67,292 (50%) 23/47 87,810 (65%) 13/47 63,433 (47%)

*This is “winter” flow out of Island Park Dam foonths 3-5 of the water year and so primarily reflects coimtits
at the end of the previous irrigation season. Foamwle, winter flow for water year 2024 is the meam f
December 1, 2023 through February 28, 2024, reifigcsummer 2023 conditions.

Springtine management

Ice melted from the reservoir surface on April 28ays earlier than the average over the 10 yeags w
have been recording that figure. As has been thgecaver those 10 years, iodf coincided with peak
runoff of snowmelt into the reservoir, requiringaief increase in outflow in late April before lovimy it
again to complete reservoir fill. The reservoiefilon May 22 and was held there until increasetflow
was needed to meet irrigation demand and loweatershed streamflow target
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IP Winter Flow vs. HF Watershed Water Supply
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Figure 18 December 1 through February 28 outflow from IdI&ark Dam as a function of the previous
water year’s natural flow (water supply). The veatidistance between the blue points and the cisve
the amount of additional winter flow attainesince 2018 from improved water management.

Irrigationseason management

Asdiscussed abovyesnowpack and water supply was below average th bwe Henry’s Fork and Fall River
subwatersheds. Further, snowmelt occurred a fewdagrlier than average, aride month of June was
warm and dry. These factors combined to drop strélam in the Henry’s Fork at Parker (downstream of
all diversions) to within 100 cfs of its irrigatiseason target of 350 cfs on June(Eigure 14)Given the
one-day travel time beveen Island Park and the downstreamost diversion, reservoir outflow was
increased on June 20he reservoir firsdropped below nominal full pool of 135,205-#®mn June 22,
initiating draft for the seasoriThis wad 0days earlier than average and 10 days earlier tihdicated by
my “600-cfs rule” based on the difference between waterskethl natural flow (“supply”) and diversion
(“demand”, Figure 19 The latter discrepancy occurred because streawfbn the Teton River was high
enough to meet demand there until July 3 withoutigery through the Crosscut Canal.

The “600efs” rule states that on average, reservoir drafheeded when supply falls to within 600 cfs of
diversion, the 600 cfs being roughly what is needleéxcess of diversion to mestreamflow targets
downstream of all diversions and account for losdae to channel seepage in the Teton River. Usually
the first need for draft of Island Park Reservaicars when delivery of water to the Teton Riveraihgh

the Crosscut Canal isdi needed, but this year, water supply was so mhigher on the Teton River than
in the other two subwatersheds that they ran out@fpply well ahead of when the Teton River did.

Peak outflow from the reservoir was 1,619 cfs, ¥ dgher than the avage maximum outflow. This
peak occurred on July 10, which is the average dafeak irrigation demand. Average outflow ovee th
month of July was 1,378 cfs, 151 cfs above the 12083 average, ranking 16th highest out of the last
47 years. Contrary to popular belief, 11 of theyEars with July outflow higher than 2024 occurredte
1970s, 1980s, and 1990s, reflecting irrigation pices back when flood irrigation and higher overall
diversion were the rule. Of the four modeperiod years when Julyutflow was higher than it was this
year, only one-2023—occurred since the precision management program firas implemented.
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Henry's Fork Watershed Total Supply Minus Demand
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Figure 19 Water supply minus demand, showing the @@®indicator of need for Island Park Reservoir
draft.

Outflow from the eservoir was reduced by 200 cfs on July 22 andbycfs on July 29. A 14@fls increase
was made on July 31 to compensate for a reductioutflow from Grassy Lake, which had been drafted
to its desired minimum by then. From there, outflavas fairly castant at around 1,000 cfs until August
12, after which outflow was gradually decreasedaiewable by lowemwatershed streamflow targets.
Rain in miedSeptember finally allowed draft to end on Septemiey;, 1 day latethan averageBy then,
the reservoirhad been drafting a total of 11 days longer thamr@ge, and with belovaverage inflow.
Minimum reservoir volume was 59,989-t1€44.4% full), 1.2% below the 197823 average. However,
the minimum volume was 13,149 -fichigher than expected based on water supply ungee-2018
operations(Figure 20) This was the 7th consecutive year out of the @rgeof the precision management
program that minimum reservoir volume has exceedggectations based on water supply. Over those
7 years, minimum reservoirolume has exceeded expectations by an annual e 23,941 aft, a
46% improvement and the primary reason that wintertflow has improved by 43% as a result of the
precision water management program.

Late Summer/Fall Management

Given that the singl factor limiting the size of the rainbow trout polation downstream of Island Park
Reservoir is winter outflow from the dam and thairer flow has been below average in two of tlzaest
three years, every effort wasiade during the fall of 20240 maximze outflow duringthe upcoming
winter. One of those efforts was fill the reservoir as much as possible before&uaber 1, which is why
outflow was lowered to the minimum required to ogze the power plant (roughly 180 cfs) on September
12, when draftwas no longer needed to meet irrigation demand.haligh low flows during the fall do
not negatively affect trout survival because watemperatures are relatively warm and aquatic
vegetation maintains higher river depth, these l8aws had a negative #&fct on fishing experience and
ability to float certain river reaches. Furtherwlaoutflow from the kept the lower Henry's Fork &s i
irrigation-season target several weeks longer than usudb October. Howeverin a climate in which
water supply is consistently much lower than it wiaghe 1970s1990s, sacrifices to fishing experience
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and lowerwatershed streamflow are necessary if we wantmaintain trout populations in the reach
immediately below Island Park Dam.

Physical Carryover in IP Reservoir
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Figure 20Minimum volume in lahd Park Reservoir asfunction of the previous water year’s natural
flow (water supply). The vertical distance betwées blue points and the curve is the amounsa¥ings
in the reservoiattained since 2018 from improved water management.

Because ofhe success of precision water management in insiagwinter flows in recent years, nearly
all of the difference between attainable winter dlaw these days and what would be required to askie
historic population numbers is due to water supphpt waer use and management. To illustrate this
point, we can compare actual winter outflow with naturéw, remembering that natural flow is what
would be in the river without any storage resensor diversion. Actual winter outflow over the pask
wateryears has averaged 384 cfs, while the river's ratwinter flow over those same years has averaged
434 cfs. With the flow of the Buffalo River inclddevhich is what the fish actually experience irkBo
Canyon, outflow over the last six winters has agexh594 cfs, compared with the river’s natural flofv
638 cfs. That difference of 44 cfs is 6.9%. Irsteqy as highly regulated as the Henry’'s Fork, reduthe
difference between regulated and natural flow dugithe winter reservoir fill period toeks than 7%
through water conservation and precise managementai truly remarkable accomplishment, made
possible by scienebased collaboration among water users, water manmageagencies, conservation
organizations, and hydroelectric power companigafortunately, even the river’'s natural flow is not
sufficient now—and certainly will not be in the future (Figure +dtp maintain the wild trout population
downstream of Island Park Dam at numbers routirdgerved in the 19704.990s.

5. Streamflow Gaging

For the sixth consecutive year, HFF measured straawnin the Henry's Fork at Island Padgularly
during the summer and fall, when the relationshigtiveen river depth and streamflow (“stage
discharge” or “gage rating”) changes most rapitdhifts”) due to growth and decay of aquatic vegetation
(called “macrophytes”). As vegetation grows dureagly summer, it displaces water, leading to higher
depth at a given flow. The opposite happens in lstiemmer and fall. The U.S. Geological Survey (USGS)
measues streamflow to update the rating curve evenB2veeks, depending on season of the year, but
during periods of rapid shift, the actual streamilondicated on the realime USGS gage can be much
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higher or lower than the actual flow by the timevesal weeks have passed since the last adjustment. We
use ourregularmeasurements to calculate an approximate ratingftsim between the official USGS
adjustments so that water managers and river ussas have more accurate flow data on a dayday
basis. In 219, we were just learning how to use the AcouBtappler Current Profiler (ADCP) unit FMID
has loaned us for this purpose. Not only were warhéng how to use the unit and its software, but we
were also learning how to row a drift boat acrobs tiverwith the ADCP tethered off the front and adhere
to standard measurement protocols. Those include airs of measurements in each direction across
the river, threeminute duration of each pass across the river, andtal measurement error of around
4% o less. We were able to consistently meet thoséecia in years 2020 through 2024.

We made fewer measurements in 2024 than in previgears (Tabl®) because USGS has made more
frequent measurements. Our relative error in 2024316.0%, about where it was in 2022 but lower than
in all other years. At +0.8%, our bias was the Bshlwe have achieved yet and due primarily to
overestimation at the highest flows we measuredidgrthe summer (Figur2l).

We have also been measuring streamflow at AshtogesP019, and made seven measurements there
during 2024 (Figur@2). Maintaining frequent rating adjustments there rihg the summer and fall is
critical to making accurate estimates of naturalesimflow in the upper Henry’s Fork subwatershed,
which are, inturn, critical for assessing ongoing water suppintls and for predicting fall and winter
water availability. Our Ashton measurements hadeamerror of 3.0% relative to USGS data, the lowest
we have yet achieved at Ashton, and a biaslaf%.Overall our measurements and associated unofficial
rating shifts again provided useful streamflow imf@tion to stakelolders in between USGS shifts

Table5. HFF measurements of streamflow at Island Park Badherror measures relative to shift
adjusted USGS streamflow data.

Year No. HFF measurement 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 Parki éAshton for the purposes of estimating gage shift
in between USGS measurements, HFF also measueesdtow regularly in the Buffalo River at Highway
20, Henry's Fork at the Park8alem highway, and Teton River at Harrop’s Britge maintain stream
gages at these three locations, yeaund in the Buffalo River and seasonally at thieeottwo locations.
Streamflow data at these locations is useful in fib@iing longterm hydrologic trends, specifically natural
groundwaterfed headwater inflow in the case of the Buffalo Rigad gains from irrigation return flow
and/or managed aquifer recharge in the case of dweer Henry’s Fork and the Teton River. In 2024, we
added a fourth location to our regular measuremeotitine, the Henry’s Fork at Marysville, also reés

to as “inflow to Ashton Reservoir.” We began opérgtthat station in April of 2024 and last ratedrit
November2024.The streamflow data collected at these four locasare available on our water quantity
web app athttps://henrysforkdata.shinyapps.io/WaterQuantity/

25



Discharge (cfs)

1000 1500

500

HF at Island Park Gaged and Measured Discharge 2024

— USGS gaged outflow
€ USGS measured outflow
O HFF measured outflow, with error

il

I
06-01

1
07-01

r
08-01

T I T 1
09-01 10-01 11-01 12-01

Date

HFF field measurements (cfs)

HF at Island Park 2024

— y=xline

1000 1500
| |

500
|

T T T T T T
200 600 1000

USGS rating-adjusted discharge (cfs)

Figure 21 Official USGS record of-abnute discharge in the Henry’'s Fork at Island fark June through
early December@4, showing all USGS and HFF measurements (fedt)pdhe right panel shows HFF
measurements vs. USGS gaged discharge.
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6. Performance oPredictive Models

We first developed predictive models for all aspgeof water supply and irrigatiesystem management
duringwater year 2017 and have continued to refine anghlgthese models every year since th&vie
quantify their performance each year to assessthiity in informing seasonadcale predictions.

Winter flow and reservoir operation

By far the most precisquantity we predict ahead of time is streamflow thg the October 1 to March
31 “winter” period. During that time, natural floaonsists primarily of what we call “base flow”, tfiew
sustained by inputs from groundwater. In turn, thiidw nearly compmtely reflects water supply during
the preceding summer, which is why it is prediceabh October 1. Essentially, wintiéme weather has
little to no effect on streamflow during the wintewhereas spring and summer weather has a largeceff
on spring ad summer streamflow. Because weather is nearlydegible to predict six months ahead of
time, the winter predictions are much more preciban the summer predictions.

Specifically, on October 1 2023, we predicted thatural flow in the watershed betwan Henry's Lake
and Island Park Reservoir would average 419 cfsdest October 1 and March 31. The observed value
was 403 cfs, within 4% of the observed valergure 23)This natural flow provides the majority of inflow
to Island Park Reservoir during the winter, with chusmaller amounts (less than 10% of the total)
provided by outflow from Henry’s Lake and by préaigion directly on the reservoir surface. Thusttwi

a good prediction of inflow to Island Park Resareni October +-and perfect knowledge of the reservoir
volume on that date-we can predict the outcomes of winter managementigibnd Park reservoir with

a high degree of certainty on October 1. Based besé predictions, the Henry’'s Fork Drought
Management Planning Committee’s outflowadigy for Island Park Reservoir was0 cfs October-15,
200 cfs from October 15 to November 30, 425 cfsnfidecember 1 to February 28, and adjustments in
either direction after that to fill the reservoiint126,000 adt (93% full) on the iceff date. Our models
are also able to predict the date of iodf, which weaccuratelypredicted at April 28.

Oct-Mar Henry's Lake to Island Park inflow
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Figure 23 Dependence of Octobdiarch natural streamflow between Henry's Lake asldrid Park on
preceding ApriSeptember streamflow. Predicted and observed vdioewater year 2024 are shown.
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As it turned out, the winter started out dry, andilow was a little lower than 425 cfs early in thénter.

As more snow accumulated on the reservoir surfate In the winter, outflow was increased to a Ikt
above 425 cfs, and the winter average was 411vathin 4% of the anticipated value. Reservoinddty
closely tracked what we had predicted on Octoberdd the reservoir achieved the desired volume of
126,000 adt at the end of the day on Apr@7, literally a few hours ahead of reservoir-mi® Thus, the
outflow strategy developed on October 1 was implertesl to within 5% of expectations, with a reservoir
fill outcome that aligned nearly perfectly with theodel(Figure 24)
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Apri-September natural flow

Unfortunately, predicting streamflow between Aptiland September 30 on April 1 is not nearly as easy
as predicting Odber through March streamflow on October 1. Temgaras and precipitation during
the spring and summer have a large effect on stréaw volume and an even larger effect on timing of
runoff, which is critical in predicting need forservoir draft and other irrigatioisystem operations. In
2024,our Aprik1l models overestimated spring and summer water supp the upper Henry’s ko and

Fall River, by 20% and%6 respectivelyTable 6). The model prediction for the Teton Riwais within
0.2% of the obswed value At the watershed scale, the models overestimatedamflow by 14%.

Table6. April 2-September 30 natural flow statistics, includinggiegions made on April 1 and primary
inputs to predictive modsl!

Mean April 1- September 30 natural flow
Predictors (% of ave.] 2024 prediction 2024 observed 2023 observed
Subwatershed Baseflow Aprl SWH 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 TOT 94% 96%| 4,444%& 100%| 3,903 88%| 4,443 100%

*The watershed total prediction is made independgnif the three subwatersheds, so the
subwatershed figures do not necessarily add towatershed total.

The streamflow volumes observed in upper Henry'skFand Fall River were lower than the 90%
exceedance flow, meaning that the observed streamfin those watersheds had less than a 10% chance
of occurring, given the data available to us April 1. One big reason for the discrepancy between
predicted and observed streamflow volumes in thodeo subwatersheds was very high
evapotranspiration in May and June due to high temrgiures and recorgetting wind. June was the
windiest on record in eastern Idaho and May wasdkeond windiest, according to data from the Natibn
Water Service that dates back 70 years or moreh ldigapotranspiration resulted in a much larger frac

of snowmelt than expected contributing to soil miise deficit ard to plant consumption, resulting in a
lower fraction contributing to streamflow. The Tet®iver subwatershed is less susceptible to thec$f

of increased evapotranspiration because it is s&ejit is higher in elevation, and it has less tezver
than either of the upper Henry’'s Fork and Fall RiVéiis is the second year in a row that our models
performed much better on the Teton River than irthther two subwatersheds.

Even after the windy weather of May and June subgdjd/ery hot weather andparse precipitation during
July resulted in lowethan-expected streamflow. Once we finally received sgmecipitation in August
and September, observed natural flow aligned muettdr with predictions, but that alignment couldn’t
overcome the very lowalues observed in May and June, and by the entie@&ixmonth season, total
streamflow volume came up well short of expectasgRigure 25)In terms of timing, models performed
much better than they did on volume, as centersrafss werenly 0—4daysearlier than predicteqTable
7), due almost exclusively to warm temperatures aecaing snowmelt.
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Henry's Fork Watershed Natural Flow
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Figure 25 Predicted and observed Agtithrough Septembe80 natural streamflow in the Henry's Fork
watershed for water year 2024, with the 192823average shown for reference.

Table7. Observed and predicted centdrmass of ApriSeptember 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 TOT, June 17 June 16 June 19 June 19

Apri-September regulated flow

Even while models underestimated natural flamd predicted slightly later runoff timing, they genally
performedwell at modeling irrigatiorsystem management and regulated streamflow. Becaxfs@uch
lower streamflow in the upper Henry’s Fork and RRiller in June than expected, draft of Island Park
Reservoistarted on June 22. That was d&ys earlier than the jdiction of July 5 and haatound a %
chance of occurring, given April 1 conditidfggure 26) This need for draft was reflected in the date on
which streamflow in the Henry’s Fork first dropptdits irrigationseason target, which was June 21,
againmuch earlier than predicted by the mod@igure 27)Similarly, regulated streamflow on Fall River
dropped much earlier than anticipated and fell adts of the middle 90% of model predictions fromdat
June through miduly(Figure 28)Only conditions o the Teton River were captured well by the model,
as it very accurately predicted need for delivelyaugh the Crosscut Can@igure 29, one of the key
factors indicating need for Island Park Reservaatftd The model also accurately predicted a vieny
probability of need for pumping of any exchange Iweglno pumping occurred) and essentially no
probability of irrigation shortfalls (and, none acced).
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Island Park Reservoir Volume
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Figure ®. Predicted and observed Agtithrough Septembes0volume in Island Park Reseroir water
year 2024, with the 1972023 average shown for reference.
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Figure Z. Predicted and observed Agtithrough SeptembeB0regulatedstreamflow inthe Henry’s Fork
at Parkerfor water year 2024, with the 19742023 average shown for reference.
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Fall River at Chester
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Figure B. Predicted and observed Agtitthrough SeptembeB0 regulatedstreamflow in Fall Riveor
water year 2024, with the 1972023 average shown for reference.
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Figure . Predicted and observed Afgtilthrough Septembe80 diversion into the Crosscut Carfied
water year 2024, with the 1972023 average shown for reference.
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Reservoir volumes

As a result of both lowethan-expected inflow and earlier draft, all three stoeageservoirs dropped much
faster than expected during late June and JulasSy Lake reached its target volume by the enduby,
and subsequent outflow reduction allowed it to gaiolume later in the summer and end the water year
slightly above model prediction@=igure 30) Outflow from Island Park Reservoir, while highiean
predicted in July, stayed within the middle 90%nafdel predictions for all but a few days in eanlyyJ
(Figure 31)Outflow during August and early September wag/vaose to model predictions. However,
as mentionedabove outflow was lowered to lesthan 200 cfs in mi@eptember to store as much water
prior to the critical winter period as possible, sotflow during that time was much lower than pretid

by the model.

As a result of both rain in August and Septembap(oved inflow) and outfloweductions made in August
and September, all three reservoirs moved back thigr respective statistical prediction intervddg the
end of Septembe(Figures 26, 30, 32)eflecting success of the models in predictingemoir volume
going into the newwater year. In the case of Island Park Reservoé,abserved Septembe0 volume

of 67,292 adt (49.8% full) fell well within the 90% predictiamterval and exceeded 16% of all model
outcomes. Given that the single most important mbaeitcome is Island Park Reservoir content on
September 30, the model continues to perform weltlee system level, even when it performs less well
at predicting water supply in given subwatershed®&ased on this year'selatively poor model
performancefor natural flow inthe upper Henry’s Fork and Fall Rivee will be making adjustments to
the model for 2025 to more accurately refledcreased runoff efficiency
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Figue 30 Predicted and observed Agtilthrough SeptembeB0 volume in Grassy Lake for watggar
2024,with the 19782023 average shown for reference.
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Outflow from Island Park Reservoir
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Figue 31 Predicted and observed Agtithrough Septembe30 outflow from Island Park Reservdar
water year 2024, with the 1972023 average shown for reference.
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Figue 32 Predicted and observegwl-1 through SeptembeB0 volume in Henrys Lake for watgear
2024, with the 19782023 average shown for reference
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7. Water Quality in Island Park Reservoir

Water quality is the key limiter of fish habitat éfish populations upstream of Island ParknDm the
reservoir and its tributaries. Water quality indstl Park Reservoir also affects fish behavior, aqissect
behavior, and thereby the fishing experience in thenry’s Fork downstream. High water temperatures,
harmful algal blooms (HABs), high turbidity, and tissolved oxygen are key water quaptypblemsin
Island Park Reservoir that affect fisheries andlasttc resources in the Henry’'s Fork Watershed.sEhe
problemsthreaten a worldfamous recreational fishery worth at least $30 miil prevent the restoration

of recreationally and ecologicallgignificant populations of migratory Kokanee Salmon and native
Yellowstone cutthroat trout, reduckydropower generatiorby Fall River Rural Electric Cooperative, and
potentially affect tens ofmillionsof dollars in property values on Island Park Resie and the Henry’s
Fork among other impactérable §.

Table 8 Outline of water quality problems, impacts, and sm@s in Island Park Reservoir

Problems Impacts Sources
High water xAffects trout behavior and distribution downstreaoi xDrawdown
temperatures Island Park Reservoir xAginginfrastructure

xLimits migratory, wild and native trout and salmon xClimate Change
populations within/upstream of Island Park Reservoi
xChanges aquatic insect behavior and community

composition
Harmful algal  xToxins threaten human, livestock, and pet health xEutrophication
blooms (HABsS) xRecreational site closures xDrawdown

xNegative aestheticésight, smell)
High turbidity ~ xAffects trout behavior and distribution dowstream of  xDrawdown

Island Park Reservoir xEutrophication
xDegrades drjly fishing experience XAging infrastructure
Low dissolved xLimits migratory, wild and native trout and salmon xEutrophication
oxygen populations within/upstream of Island Park Reservoi

xLoss of hydropoer generation

Data Collection

Our Island Park Reservoir monitoring progrgovides critical insights into water quality prebis,
including quantifying impacts, identifying sourcesid evaluating solutions. Our monitoring program
allowsus to calculatdish habitat availability, predict water quality&hges, and comprehertle complex
interplay ofbiological, chemical, and physical procestest lead tohigh water temperatures, harmful
algal blooms, high turbidity, and low dissolveggen We collect six key water quality parameters at five
locations in Island Park Reservoir across thav@8k growing season between May and November. Each
week’s work requires two technicians, interns, otunteers approximately 8 hours of work, fotaial of

320 manhours of work in 2024. Of those hours, approximat80 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 Resern@ower, Gates, Lakeside, Trude Bay @rude Island
(Figure 33. Each location was strategically chosen to maéndur understanding of the reservoir's
physical, chemical, and biological characteristicd to assess how these factors influence waterligpa
in the downstream Henry’s Forky Bnonitoring these diverse locations, we obtain anprehensive
understanding of the reservoir's water quality amglimpacts on the Henry’s Fork watershed.

X Gates:Located at a depth of 73 feet at the intake for thieginal U.S. Bureau of Reclamationagat
(outflow through Island Park Dam), this site repnets the deepest part of the reservoir. The data
collected here reflects conditions in the narroveap canyon section between Bill's Island and
the dam. As an outflow into the Henry's Fork Riweater quality at Gates significantly affects
downstream water quality.

x Power: Situated at a depth of 70 feet at the Fall RiveraRilectric Cooperative power plant
intake on Island Park Dam, this site is another &etflow into the Henry’s Fork River. Likeet
Gates site, water quality data from Power are califor understanding downstream impacts.

X LakesideThis monitoring location is in 45 feet of watertire Henry’s Fork River channel near
Lakeside Lodge. It represents the conditions thioug the northern inlet arm of the reservair,
providing valuable insights into the water quality it enters the reservoir.

X Trude BayLocated in 30 feet of water near Trude Ranch onwviestern half of the reservair, this
site is influenced by a large sprifed inflow. It represents all other spriffgd areas of the
western part of Island Park Reservoir, which areeptally important for fish habitat.

X Trude IslandPositioned in 20 feet of water in the middle of thestern arm of the reservoir, this
site represens the large, shallow area of Island Park Reseim@hotgun Valley.

Key Parameters

At each location, we collect a “vertical profilaf water quality parametersThis method involves lowering
a weighted multiparameter sonde from the reservsisurface @ its bottom, capturing multiple data
points per secondilong the way This approach provides comprehensiveriew of the water quality
throughout the reservoir's entire deptifhe sonde records parameters including depth, terapae,
dissolved oxygen, coluctivity, turbidity, chlorophylh, and phycocyanins. Each parameter, both
individually and collectively, informs our undensting of the reservoir's physical, chemical, and
biological processes.

x Temperature Crucial for salmonids, it affects metabolismgrowth, and reproduction.
Temperature also drives stratification, leading distinct thermal layers—epilimnion (warm,
oxygenrich surface water), thermocline (rapid temperatucbange), and hypolimnion (cooler,
oxygendepleted bottom water).

x Dissolved Qygen Essential for aquatic life, its levels can bdugriced by stratification.
Monitoring DO helps track fish habitat and ecosysteealth.

x Turbidity, ChlorophyHa, and PhycocyaninsReflects water clarity affected by organic matter
(algae) and inorgdc sediment (erosion). Monitoring turbidity aloride chlorophyHa and
phycocyanins helps track algal blooms, which c8nence oxygen levels and recreational water
quality.

x Conductivity. Indicates the water's ability to conduct electicurrent, infuenced by dissolved
ions. It helps understand the chemical environmant material transport within the reservoir.
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State andfederal agencies are involved in monitoring IslamakPReservoir's water quality. The Idaho
Department of Environmental Quality provides theltiparameter sonde for HFF use and collects water
samples to monitor for the presence of toxins preed by bluegreen algae. The.B.Geological Survey
analyzes biweekly aerial images of Island ParkriReis¢o estimate the concentrationfalgae.
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Figure 33 Bathymetric map of Island Park Reservoir at auttemtifull pool with a surface elevation of
6303 feet above mean sea level. Contour intervedéslam. Datum is North American Datum of 1983,
projection is Universalrdnsverse Mercatozone 12N Bathymetry was compiled by the Henry's Fork
Foundation and Indiana University with data proddife®m a Lowrance commercial sonar in 2017. Aerial
imagery is from USGS National Agricultural Imageogram, 2011. HFF sampling locations are shasvn
red diamonds.

Observationsrom 2024

Water temperature

Drawdown, warming air temperatures, lowewater supply and aging, inflexible infrastructure are
primary factordeading to high water temperatures in Island Pads&voir and its outflowRigure 3).
Drawdown and aging infrastructure are interactinghaphysical factors such as reservoir morphologg a
warmer than average weather conditions to creatkansl Park Reservoir's warmer water tempenatu
patterns. High temperatures in Island Park Resetvave direct and indirect effects on the ecologyda
angling experience in the Henry’s Fork Watershed:
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1. Fish distribution and behavior downstream of IslaPark Reservoir in the Henry’s Fork is likely
influenced by water temperatures flowing out of Isth Park Reservoir. Analysis of water
temperatures on Harriman State Park by Lily Greddw2024 intern from Washington and Lee
University, showed that average temperatures betwehe Logjam and Pinehavene mostly a
function of water temperatures coming out of Islafdrk Reservoir. High water temperatures
may cause fish to move into thermal refugia awapnirsome popular fishing locations.

2. 7-day maximumwater temperature is well known to feect macroinertebrate community
composition and hatch timingdigher temperatures from Island Park Reservoir riegyefore
affect hatch timing and community compositidownstream

3. A peerreviewedscientific studypublishal by HFF staff and collaboratoshowed that water
temperatures likely cap the number of migratory ldvand native trout and salmon within and
upstream of Island Park Reservoir.

4. Water temperature patterns in Island Park Resenal&o control other chemal and biological
processes in Island Park Reservoir such as HABs|wve#id oxygen depletion, and turbidity.
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Figure34. Each line in this graph represents reservoir volamd water temperature throughout a given
year. In years where reservoir voludexreases more, water temperatures tend to be highpproaching
and exceeding & (65F).

The relationship between drawdown and water tempien@ in Island Park Reservoir is weatiderstood.
Aboveaverage drawdown contributed to warméinan-average wate temperatures in 2024. However,
water temperatures were much warmer than we expettgiven the amount of drawdowrfurface
temperatures exceeded 22 (72F) for 3 weeks, aewrecordin our9 years of monitoring the reservoir
(Figure 3). Water temperatues near the bottom at tb Power Plant exceeded AB (65F) for 4 weeks
compared to an average of#eeks. Temperatures exceeded’C6(62F) at the Power Plant outflow for
9 weeks in comparison to an average of 7 weeks.

A reservoir mixing event in Junedik combined with drawdown to result in warmer tharpected water
temperatures. In June 2024, recehibh winds partially mixed Island Park Reservoinekva reservoir
mixes, the warm surface watersknown in scientific parlance as the “epilimnientools $ightly but
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becomes much larger while the cold bottom watethe “hypolimnion—shrinks. Betweerdunel3 and
Junel9, the epilimnion expanded by approximately 30,0@0edeet, and the hypolimnion shrank from
about 40,000 acre feet to less than 10,000 acrd.fé@¢hen drawdown started, the ~10,000 ade=xt of
cool water was quickly removed and replaced withrmvavater, thereby explaining the warmer than
average temperatures in the outflows. Without mameagent flexibility to change outflow elevations
throughaut the year, there was no way to preserve cool wat@hin the reservoir to guard against mixing
or save cool water for later in the season.
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Figure . Water temperature contour plots for all dates in2Z20(left column) and on average (right
column) for Gates (first row) and the Power PlaeicOnd row), the two locations nearest the dam that
have the most influence on water temperatures ia Henry's Fork downstream. The graph shows water
temperatures at all depths at all dates. The oramgeshed line indicates a mixing event where record
setting winds mixed the water column. The colopesent water temperaturesyellow/white is warmer,
while blacks and blues are cooler. The red hor@otéshed line at around 18 meters in depth is the
elevation ofthe power plant siphon.

The mixing event was also extremely important &glitons further from Island Park Dam. After the imix
event, water temperatures remained more uniform ttughout the water column at Lakeside and Trude
Bay across the entire summ@-igure 36)Surfae water temperatures remaine2fC cooler than average
while bottom temperatures were between 2 and 4 degs C warmer than average. This mixing event and
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the resulting relative uniformity in water tempenates had major consequences for turbidity, algal

growth, dissolved oxygen concentrations, and fighitat which are coveretelow.
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Figure36. Water temperature contour plots for 2024 (left colo) and on average (right column) for Trude
Bay (first row), Trude Island (second row), anctkige (third row). These three locations are furtinem
the dam and are more indicative of conditions eig&eed by fish living in the reservdihe graph shows

water temperatures at all depths at all dates. Térange dashed line indicates a mixing event where
recordsetting winds mixed the water column. The cologesent water temperaturesyellow/white is

warmer, while blacks and blues are cooler.
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HABs and Turbidity

Eutrophication combines with drawdown and agingastructure tocause harmful algal blooms and high
turbidity in Island Park Reservoir and the HenRdsk River downstream. “Eutrophication” is the pess

by which excessive inorganic nutrients, organicterabr silt increase the likelihood of algal blosnhat
decrease water clarity (Figure B7Algal blooms block sunlight from reaching botteadiments, causing
plants and algae to die. Dying plant and algal matelecay and consume oxygen. The lack of oxygen
facilitates chemical reactions that release everrenoutrients from bottom sediments, perpetuatinggal
blooms. Without rooted plants holding bottom sedints in placewaves from weather and recreational
boating can resuspend sediment and further wed water clarity Drawdown contributes to
eutrophication by affecting water residence timedamcreasing the likelihood of sediment resuspensio

Algae + harmful cyanobacteria

Phosphorus 3
Recycling

Rooted vegetation ’ Oxygen

Oxygen ¢

Oxygen
Oxygen

No roots = unstable sediment Roots = stabilized sediment

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

When algal blooms become severe, certain speciesgsde, in particular cyanobacteria or “blgesen
algae” can thrive. Cyanobacteria often produce denogs toxins that can sicken or Kill pets, livegtand
even humans. The ldaho Department of Environme@tality monitors for these “Harmful Algal Blooms”
(HABSs) through testing requested by citizen repoigyh enough levels of toxins can cause recreation
site closures, as well as a negative aestheticichp

Toxin levels did not rise to dangerous levels dmdd by the Idaho Department of Health and Welfare
Island Park Reservoir in 2024, an anomaly overcthase of the past decade. Still, data from Idaho
Department of Environmental Quality, the U.S. Ggalal Survey, and the HFF all indicated that some
cyanobacteria were present from July through Septem though inower-than-averageconcentrations
(Figure 38. As a precaution, the ldaho Department of Envinemtal Quality and the Idaho Departnien
of Health and Welfare posted warning signs advisiagtion when recreating at access points on Island
Park Reservoir.
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Maximum Chlorophyll Index (MCI)
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Figure 38 Maximum chlorophyll index (MCI), a measure of atgaicentrations in Island Park Reservoir.
MCI remained below 0.84an indicator of a widespread algal bloean the summers of 2023 and 2024,
compared to consistently exceeding 0.01 betweerd20id 2022. Lower concentrations in 2023 was likely
due to higher inflow and lower drawdown, while laveencentrations in 2024 were likely due to theeJun
mixing event that temporarily oxygenated the hypuiion and delayed the eutrophication cycle in Idlan
Park Reservoir.

HFF data indicated lower than average concentrai@amd durations of algal blooms in Island Park
Reservoir in 202 (Figures39, 40. Lakeside and Trude Bay are the two locations nposhe to severe
algal blooms which typically start in the first vikeef July and continue with diminishing intensity fin
average of eight weeks through the beginning of t8efber, andoften beyond. In 2024, algal blooms
started three weeks later than average and lastetlydour weeks. The late timing and short duratisn
especially remarkable given the high rates of drawd and warm water temperatures observed in 2024.
Given the tenperature and drawdown conditions, we expected tgexence much worse algal blooms
than normal.

Thelate and shorduration algal bloom# 2024 weremost likely due to the wingnixing event in June.
The wind mixing event likely “reset” the reservbad to springlike conditions which delayed the growth
of algae cells. In addition, a mixing event incezhdissolved oxygen concentrations throughout thetev
column (see the section on Dissolved Oxygen ahdhfibitat, below). Dissolved oxygen may hes@uced
nutrient recycling and prevented the growth of adgglmng enough for aquatic vegetation to establisida
further suppress algal growthFigure37). Island Park Reservoir’'s clarity from June thtoowpst of July
was remarkable with turbidity readings less thaNTU and clarities approaching 20 feet (Figide The
resulting growth of aquatic vegetation was remarlgtihe mostwe have seen in 9 years of surveying the
reservoir.

Unfortunately, the good news about algal bloomssdilved oxygen, aratjuatic vegetation in Island Park
Reservoir in 2024 did not translate to reduced fidity in the Henry’s Fork River downstream. Thesma
for this is complex, and has to do with the intecen of water temperatures, drawdown, and the June
mixing event
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Figure39. Algae ratio contour plots for all dates in 2024t(llumn) and on average (right column) for
Gates (first row) and the Power Plant (second roflfjae ratio is the ratio between the relative
concentrations of cyanobacteria and green algae eWwthe ratio is greater than 1, then an algal blo@n
occurring. When concentrations exceed 2, a HARely lunderway. Yellow/white colors indicate higher
values, while blacks and blues are lower vallé® red horizontal dashed line at around 18tens in
depth is the elevation of the power plant siphon.

Turbidity and sediment in Island Park Reservoirsdoet always result in high turbidity downstreamyA
turbidity within the reservoir must somehow makes itvay to the tubes through the dam, whieie
perched between 2 and 5 meters off the bottom oétreservoir. Our monitoring suggests turbidity make
its way into the Henry's Fork through two primargohanisms. The first is biological. Certain speafes
algae, in particular cyanobacteria or tielgreen algae”, migrate between the surface and baito
sediments to attain light (from the surface) andtrents (from the oxygerdeprived sediments). During
severe blooms, enough cyanobacteria can migratiéobottom to increase turbidity near the bimm of
the reservoir near the dam. We call this phenomerfaigal migration” and this effect is pronounced
when the reservoir is being drawn dowRidure 42. The second mechanism is physical. In Island Park
Reservoir, water temperature changes due to weatcan force highurbidity water filled withfine
organic or inorganic sediments along the bottonitaf reservoir directly to the two hypolimnetic oldfv
structures at the dam. We call this a “density @ant” (Figure 42.
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Figure40. Algae ratio ontour plots for all dates in 2024 (left column)daon average (right column) for
Trude Bay (first row), Trude Island (second rong, laakeside (third row). Algae ratio is the rateivieen

, then a

algal bloom is occurring. When concentrations egc2ea HAB is likely underway. Yellow/white colors

the relative concentrations of cyanobacteria anéean algae. When the ratio is greater than 1
indicate higher values, while blacks and bluesi@aner values.
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Figure 41 Turbidity contour plots for all dates in 2024 (le@ilumn) and on average (right column) for
Gates (first row) and the Power Plant (second rdwjbidity is the opposite of water clarithigh values
represent less clear water and vice versa. Yelltiéxcolors indicate higher values, while blackd blues
are lower valuesThe red horizontal dashed line at around 18 meitedepth is the elevation of the power
plant siphon.

Typically, algal migration is a secondary causeirsidity in Island Park Reservoir outflow. On aage
most algd blooms are most severe in early July before omi and drawdown are maximized in mid
July. In the past, the most severe turbidity evetite HFF recorded were either associated with dgnsi
currents (as in September 2020, and much of fal1l3®r extemely high drawdown coupled with severe
algal blooms (as in July 2016).

The mixing event in JurD24 delayed algal blooms into July and August. Thisnneabidity for June
and most of July was well beleaverage in the outflow from Island Park Resarv@ien approaching the
lowest since the HFF started recording data in 2BaWwever, the delay resulted in algal blooms odogr
during peak outflows. Greater temperature uniformitn 2024 likely made it easier for algal cells to
migrate from the surfag towards the bottom. The result of algal bloomssg migrations, and high
outflow resulted in the unusually high turbidity taf the last week of July despite otherwise ideal
conditions in Island Park Reservoir.
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Density Current (Fall):
-

Algal Migration (Summer):

d

Figure42. Diagram showing simplified vertical cressctions of Island Park Reservoir. The thermometer
icons represent relative temperatures, with red mieg hotter, yellow meaning intermediatand blue
meaning cooler. The arrows from left to right regeat the two outflows of Island Parks$ervoir. The top
row shows how temperature changes cause defsityen underflows in Island Park Reservoir that
transport highturbidity water from the shallow west end to the tiaws. The bottom row shows how
algal blooms and drawdown can combine to delivgaalblooms to the outflows. In both cases, a ldck o
flexibility in where outflows come from within theservoir results in a limited ability to improJarday in

the river downstream.

We know with high certainty that turbidity in IsldriPark Reservoir's outflow in July and August @420
was due to algal blooms, and turbidity after Septemwas due to density currents. Our monitoring
includes measuring conductivity, which is a measafr¢he amount of dissolved material in the water.
Different sources of water have different conductivity levelfie part of Island Park Reservoir near the
Henry’s Fork river inflows, like Lakeside, has lovemductivity than the west end of Island Park &tesir
near Trude Island and Trude Bay. By looking attgrap conductivity, we can discern the source ofeva
arriving at Island Park DarfRigure43). During the high turbidity event in July, conduity near the Island
Park Reservoir outflows near the dam decreaseddigpirherefore, high turbidity water nstihave been
coming from the Lakeside Lodge area, where a seafgae bloom was underway. Later in the year,
conductivity and turbidity increased in concertdioating a density current coming from the west esfd
Island Park Reservoir near Trude Bayrude Island.
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Figure43. Conductivity isopleths show potential sources ofewvaarrying turbidity to Island Park Dam
and the outflow into the Henry’s Fork River. Cotidity is lower in the Lakeside lodge area of IdI&ark
Dam. Therefore, decreasisconductivity at Island Park Dam that correspaeritth increases in turbidity
suggest turbidity sources are coming from algalvgioin the eastern part of Island Park Reservoarne
Lakeside. Conductivity is higher in the Trude Beg.dl herefore, increases in conductivity at Is|Badk
Dam that correspond with increases in turbidity gest turbidity sources are from sediment resuspemnsi
and densitymediated transport from the western end of IslaratlPReservoir.

Emerging sources of disturbance may have also gmn#rd to higherthan-expectedturbidity in July and
August 2024Wakesurfing boats armcreasingly popular on Island Park Reservoir.ridesign creates
large, consistent waves that allow recreatorsitte the wave without a tow rope. These boats caduce
water clarity in lakes because their powerful eregnballast tanksand specially designed propellers
generate significant turbulenceThat turbulence can push algae towards the botforesuspend
sediments and nutrientgrode shorahes, and uproot rooted aquatic vegetatiffigure 4%. Wakesurfing
boats can cause negative effects when operated wig00 feet of shore or in waters up to 30 feet gee
Some anecdotal evidence suggests wakesurfing ¢raffis high over the Pioneer Dagekend in late July
2024. The effects of wakesurfing boats likely caorediwith lowerthan-average water levels for the date,
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high submerged vegetation growth, and an algae biedo produce increased amounts of organic matter
transported to Island Parkagin.

BOATS & TRAFFIC

Resuspension

Figure44. Diagram showing the key negative impacts of irreslole wakesurfing practices (within 500
feet of shore or under 30 feet of water in depthlakesurfing resuspends bottom and shoreline sedimen
and damages important aquatic vegetation

Dissolved oxygen

As with HABs and high turbidity, low dissolved exyg also primarily caused by eutrophication. High
productivity and algal blooms inevitably lead tocdging organic material which removes oxygen from
the cold bottom layer of Island Park Reservoir.hiitt enough oxygen, this otherwise perfectly cayldr

of water is offlimits to salmonids such as migratory populatiorigotthroat trout, rainbow trout, and
kokanee salmon. These fishes sustain fisheries irHiery’'s Fork River upstream. These fish are forced
to find other sources of cool, oxygenated water.h@t sources are few and far between, mostly
concentrated around inflows such as the Henry'«FRord prings. As Island Park Reservoir is drawn down,
these sources of refugia become scarce and fistufation declines result.

Oxygen depletion in concert with increasing temparas due to drawdowrthreatensfish habitat in
Island Park ReservafFigure4b), but alsothreatens dissolved oxygen standaraisd fish habitat in the
Henrys Fork outflow. Initially, cold temgaures in the hypolimnion ensure easy reoxygenatiy current
aeration infrastructure in both outflows. For exatapat 10C(50°F) 100% oxygen saturation at 6300 feet
in elevation is approximately 9 mg/L; aeration fitieis in the power plant facilitgn Island Park Dam need
not be 100% efficient to meet the 6 mg/L standardhie Henrys Fork outflow. As the summer progresses
the hypolimnion is eventually entrained into thetflow and replaced by warm water, making reaeration
difficult. At 23C (73.£F) 100% oxygen saturation at 6300 feet is 6.5 mgkcessitating very high
efficiency oxygenation facilities to meet a 6 mgtandard. As a result, power generation can sometm
cease at Island Park Dam and flow is diverted théooriginal USBR olfiv. The USBR outflow is more
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efficient at oxygenating the outflow. However, #sa draws from a greater depth within the reservoir
increasing the risk of high turbidity in the outflcduring a density current event.

8000 Kokanee stocked
3 years ago @&
620000

6000 —

170000
1310000
4000 —

160000 L

2000 —

oy
®

Annual peak kokanee count (#)

0 30 70 100 130 170
Maximum Drawdown (MCM)

Figure45. The number of mature spawning kokanee, and othémeaids, in the Henry’'s Fork upstream
of Island Park Reservoir depends on maintainingy hhigmbers of these fish within the reservoir. Fish
numbers in Island Park Reservoir are tied mostthéoreservoir's water level. Highemater levels result

in higher numbers of fish swimming upstream to spaldigher water levels maintain higher water qualit
in Island Park Reservoir, helping juvenile fiskigarto spawn in the future. The red dot indicates data
point from 2024.

As nentioned in the temperaturesubsectionabove recordbreaking wind in May and June briefly mixed
Island Park Reservoir and oxygenated some of trepdayers of water. This broke the eutrophication
cycle temporarily, resulting in reduced algal grovand hgh dissolved oxygen throughout the water
column. For this reason, dissolved oxygen was abawve average for much of the growing seasonlat al
locations and at all depth@-igures 46, 47). Most significantly, dissolved oxygen in the destppart of
Island Park Reservoir near the Dam remained high endagtreserve at least survivable conditions for
kokanee salmon and Yellowstone cutthroat trout foe entire year (Figurd8). At other locations, such
as Lakeside and Trude Bay, no habitat was losttduew dissolved oxygen, a first for our monitoring
(Figure49).

HFF Conservation Action

The HFF's Farms and Fish and Precision Managem@atts address drawdown, reducing water sent
out of Island Park Reservoir by ~20%e reduction in drawdown reduseverage water temperatures in
the Island Park Reservoir outflow, reduced algabbis, and reduced turbidity. Quantifying the spicif
effects of our conservation work on these water tjtygparameters is ongoing.

Increased carryover in Island Park Reservoir isawipg reservoir habitat enough to result in inceeal
numbers of spawning kokanee. Kokanee spawning iidgs have increased by almost 30% due to HFF
waterssavings programg~{gure50). Over 150 fishhave been counted on kokanee salmon spangn

groundsevery year since our programs took effect despid&Greducing theirstocking program (0 fish
stocked in 2018 and 2020).
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Figure46.Dissolved Oxygen contour plots for all dates ind2@t column) and on average (right column)
for Gateg(first row) and the Power Plant (second row). Y@llhite colors indicate higher values, while
blacks and blues are lower valu@$ie red dashed line at around 18 meters depthésefevation of the
power plant intake.

The HFF's water savings programs have helped ktwtwat little water is available to reduce water
temperatures, algal blooms, and turbidity, and iease fish habitat and fish populations. Despitesthe
successes, water quality conditions within and deteeam of Island Park Dam are stilbrse than
average and are not meeting angler expectationsefigyed during the wet decades between 1960 and
2000. With a significantly hotter, drier future adu, the HFF knows we’ll have to do more with ewess|
water.

Do More with DIRTT

To address persistent water quality concerns, thentt’s Fork Foundation (HFF) has launched the
“Developing Infrastructure to Reduce Temperaturel arurbidity” (DIRTT) project. Funded by $1 million
from the U.S. Bureau of Reclamatianthorizedunder the Bipartisan frastructure Lawand the Biden
Harris Administration’s Investing in America AgendiRTT aims to tackle key challenges in Islarkl Par
Reservoir: eutrophication and aging infrastruct(ifable8). The federal fuds will be natched by $70@0

in private donationsThis initiative aligns with HFF's ongoing effoims)uding the Farms and Fish and
Precision Management projects, to enhance the reisde of aquatic ecosystems and support the region’
thriving recreational industry.
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Figure47.Dissolved Oxygen contour plots for all dates ind2@2t column) and on average (right column)

for Trude Bay (first row), Trude Island (second) rewd Lakeside (third row). Yellow/white colodi¢ate

higher values, while blacks and blues are lowenasl
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Figure48. Contour plots showing fish habitat for all date®024 forboth kokanee salmon (column 1) and
Yellowstone cutthroat trout (column 2) at locatiomsar the dam: Gates (row 1) and Power (row 2hdlet
conditions (dark gray) are conditions where watmperatures or dissolved oxygen concentrations are
too low to support continued survival in the short term (hotwsdays) for each respective species.-Sub
optimal conditions (gray) are conditions where watemperatures or dissolved oxygen concentrations
are not low enough to cause acute mortality but &veer than“ideal” and therefore are avoided by each
respective species. Optimal conditions (light gtiag)cate conditions that support maximum growth of
each respective species. Note that ideal conditemesnot present at any depth for up to eight weéis
kokanee and up to four weeks for cutthroat trout.

DIRTT is pioneering the design of an oxygenatiostesy for Island Park Reservoir to combat
eutrophication—a primary driver of water quality issues. By intwathg pure oxygen into the reservoir’'s
lower layes, this system would reduce nutrient resuspension armful algal blooms (HABS), yielding
multiple benefits:

Increased water clarity

Enhanced growth of rooted aquatic vegetation
Stabilized sediments

Lower turbidity in the Henry’s Fork River downstrea
Fewer recreational closures

Greater power generation

X X X X X X
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Figure49.Contour plots showing fish habitat for all date2024 for both kokanee salmon (column 1) and
Yellowstone cutthroat trout (column 2) at locatidias from the dam: Trude Bay (row 1), Trusle(tow 2)
and Lakeside (row 3). Lethal conditions (dark geag)conditions where water temperatures or dissdlv
oxygen concentrations are too low to support conéid survival in the short term (hours to days)dach
respective species. Saptimal conditions (gray) are conditions where watemperatures or dissolved
oxygen concentrations are not low enough to causat@& mortality but are lower than “ideal” and
therefore are avoided by each respective specipsm@al conditions (light gray) indicate conditiotimt
support maximum growth of each respective spedige that ideal conditions persist yeayund near
the bottom of Trude Bay for both speeciethis is due to a large spring that enters the resérunderwater

at this location. Ideal conditions can also persisar Lakeside for some species, likely due to, cool
oxygenated inflows from the Henry’s Fork.
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Figure50. The blue line shows the number of kokanee coumedmile stretch of Henry's Lake Outlet.
The red lings the number of kokanee we would expect given ¢baditions (Island Park Reservoir
carryover and number of fish stocked). The grayhddsline shows you when HFF programs started
increasing Island Park Reservoir carryover by ©Pg@refeet.

A natural mixing event inG24 highlighted the potential of oxygenation, witlitcomes such as reduced
algal concentrations, improved dissolved oxygerelevand decreased outflow turbidity. A manual
oxygenation system would allow for sustained inttion, ensuring healthy fishditats and mitigating
algal blooms throughout the summer.

Initial steps are underway to evaluate the effeetiess of oxygenation for fish habitat improvement.
Funding from the Reservoir Fish Habitat Partnerstipports this effort, with comparisons bgirmade
between oxygenation and drawdowneduction strategies. In 2021, data indicated tHatpolimnetic
oxygenation could have increased kokanee salmonithaildfrom less than 1,000 acifeet to
approximately 3,500 acrieet—a 350% improvement. Projectiorfer 2024 suggest similar benefits,
including the creation of refugia for kokanee durimritical periods and dramatic habitat gains for
Yellowstone cutthroat trout, potentially reachingris of thousands of acieet (Figure51).

To address aging infrastture, the DIRT Tproject will alsoevaluate and design a variabddevation
outflow system. This system would enable managensithdraw water from specific layewgithin Island
Park Reservoir instead of existing fixed outflowintm This would increase management flexibility,
allowing managers to improve water quality by reshgcthe movement of poequality water into the
Henry’s Fork downstream. During a density curréatexample, managers could select higher elevation
to draw from in the reservoito avoid entraining the sinking plume of turbid veat

54



Thermal Kokanee Habitat Suitability at Gates Thermal Yellowstone Cutthroat Habitat Suitability at Gates

2024-05-01 to 2024-11-01 2024-05-01 to 2024-11-01
6300 ) J 6300 Habitat Quality
: B Lethal

6290 - 6290 - ® Sub-optimal

6280 - 6280 - | Optimal
£ 6270 - £ 6270 -
=% o
[ ©
0O 8260 - 0O 8260 -

6250 - 6250 -

6240 - 6240 -

6230 | ; ; ; ' . 6230 ; ;

Jun Jul Aug Sep Oct Jun Jul Aug Sep Oct
Dates Dates
Thermal Kokanee Habitat Suitability at Power Thermal Yellowstone Cutthroat Habitat Suitability at Power
2024-05-01 to 2024-11-01 2024-05-01 to 2024-11-01
6300 - J 6300 - S Habitat Quality
| H Lethal

6280 - 6290~ W Sub-optimal

6280 — 6280 — = Optimal
£ 6270 - £ 6270 -
=% =%
@ [
0O 6260 - 0O 6260 -

6250 - 6250 —

6240 6240

6230 ' . 6230 . . ' '

Jun Jul Aug Sep Oct Jun Jul Aug Sep Oct
Dates Dates

Figure 51. Contour plots showing fish habitat under an ideaygenation scenario in 2024 for both
kokanee salmon (column 1) and Yellowstone cutthtaatt (column 2) at locations near the dam:t€a
(row 1) and Power (row 2). Lethal conditions (dgi&y) are conditions where water temperatures or
dissolved oxygen concentrations are too low to suppontinued survival in the short term (hoursieys)
for each respective species. Sydtimal conditions (gray) are conditions where watemperatures or
dissolved oxygen concentrations are not low endisgtause acute mortality but are lower than “ideal”
and therefore are avoided by each respective spe@ptimal conditions (light gray) indicatenditions
that support maximum growth of each respective spec

The ecological and recreational benefits of thes#dtives are profound. Increasing fish habitai stand
Park Reservoir could facilitate management actifmesn the HFF's many collatadive partners to
establishYellowstone cutthroat troutn Island Park Reservoir. The spawning migratidngetiowstone
cutthroat trout occur between April and July. Thesgawning migrationgould create a midsummer
fishery for large, migratory trout, drancing angling opportunitieduring peak season and thereby
maximizing the public benefit of Island Park ReseivfisheriesImproving the runs of summeand falt
spawning fish like Yellowstone cutthroat and kokameuld enrich the local ecosystem jpgoviding an
important food resource for charismatic and threatsl terrestrial and avian predators such as Grizzly
Bears, Ospreys, and American White Pelicans. Inepgrdood resources for Grizzly Beansy reduce
conflict with humansand increased runs of Yellowstone cutthroat héveen shown tareduce Grizzly
predation on elk calved his contrasts with the current spawning runahbow trout, thetiming of which
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in March and April is not available to anglers (wsually visit after Memorial Day) nor to the local
ecosystem (Bears are in hibernation and avian ptedaare still migrating north).

Together, these efforts underscore HFF’'s commitnteratdvancing innovative solutions for water quality
ecological health, and community wéking in the Henry’s Fork watershed.

8. Water Quality in the River

We monitor the same watequality parameters in the river as desatabove for the reservoir dtl
sonde installations: Big Springs, Flat Rock, Idkard Dam West (gates), Island Park Dam East (power
plant), Buffalo River, Pinehaven, Warm River, Malgs(upstream of Ashton Reservoir), Ashton Dam
(near the Ora Bridge boat launch, downstream oftéstReservoir), St. Anthony, and Parker. You can
see a map of these sites and view and download detelata from any of those sites at owater
quality website In addition to the parameters recorded continububy the sondes, wanalyzeweekly
water sanples forturbidity, which we use to grounttuth the sondes and adjust turbidity records
weekly, betweenfull sonde calibrationsThis is analogous to the approximate adjustmentstteam

gage ratings curves we make in between officialisitjents made by USG8e also analyze water
samples for suspended sediment, phosphorus, anggén concentrations. We have collected those
data nearly every week of every year since theddl013 at Flat Rock, Island Park (center of the river
downstream of the mixing point of gates and powdéarg outflow), and Pinehaven. At most of the other
locations, we collected the full suite of sedimemtd nutrient data in 2016 and then again in 2024e T
nutrient data cost between $18 and $85 per samplag most of the samples we have collected at the
other locations over the years have been near dotbethe detection limits of the tests and hence ret
good use of resources. However, we repeatedritibgen and phosphorus sampling in 2024 to do an
applesto-apples comparison of current levels vs. those ih620

Here, we will present a brief summary of the thmeest important waterquality parameters measured
by the sondes-temperature, turbidity, ad dissolved oxygenrat the six locations of most relevance to
anglers: Flat Rock, Island Park East, Pinehavenysiie, Ashton Dam, and St. Anthony. Additiorethd
will be provided for the Island Park location, tntgplement the information in the préeus section and
clearly show how the processasthe reservoir described above translate into watgrality
downstreamof the reservoir. Lastly in this section, we wikkgent results of temporal trends in the
three parameters listed above, as well asogen and phosphorus concentrations.

Water Temperature

As always, water temperatures at all locations gtdsland Park Dam were highly variable from day to
day over thecourse of the spring and summer as driven by weatBecause temperatures were nas
cold during the spring of 2024 as in 2023, moghefvariability we observed during the spring o£20
consisted of multday excursions above average, whereas those in 212 largely exasions below
average (Figures %hd 53. Daily averages &llat Roclstayed below 622, while all other locations
except Island Park Dam saw daily averages reathéngpper 60s to low 70s during July, when air
temperatures were warmest. Daily maximum temperasiexceeded 70 degrees for much of the month
of July at Buffalo River, Pinehaven, St. Anthong, Rarker, although on most days, the duration wdts
temperatures was limited to a few hours in the laternoon and early evening. At all of these
locations, trout have unrestricted ability to motieroughout long reaches of river with substantial
groundwater inputs that maintain locally cool tempéures. None of our sondes are located near
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Figure 52 Water temperature in degrees Fahrenheit at thraessin the Upper Henry’s Fork watershed:
Flat Rock, Island Park Dam, and Pinehaven.
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Figure 8. Water temperature in degrees Fahrenheit at thraessin theLowerHenry’s Fork watershed:
Marysville, Ashton Dam, St. Anthony
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groundwater inputs and so generally reflect the wast temperatures in a given reach of river and not
temperatures at locally cooler areas where troundind refuge during the hottest part of the summer
Fortunately, the warmest temperatures of the yeatative to average occurred during late September
and October, when thewere onlyin the 40s and 5Qslespite being around 5 degrees above average

As discussed in the section above, water tempegun Island Park Reservoir early in the summeewer
well above average due to mixing from wind in Jusre] hence water temperature agland Park Dam
was well above average from late June through [atly, after staying very close to average priothat.
Once the effect of the mixing event had subsided #re reservoir stratified, temperatures at the dam
returned to average for mostfdAugust and September. The same warming that vpgseent at all
other locations from migSeptember through October was also apparent anislBark Dam. The result
at all locations was abovaverage temperatures for the AprDctober growing season, asidenced by
aguatic organism growth potential, meared in degree days (Figuresddd 55. Over the course of the
growing season, higher temperatures extended thewgjng season by the equivalent of 3 to 12 days,
depending on location, primarily due to wa temperatures in the late summer and early autuniis
additional growth potential is actually a benefit ish and other aquatic organisms, providing aitdial
body condition prior to winter.

Turbidity

At locations not directly affected by Island Pads&voir (Flat Rocldshton Dam, and St. Anthony
Figures 5&nd 57, turbidity was generally lower than average dgrihe spring and early summer due
to below-average snowmelt runoff. Turbidity at Flat Rock \wagher than average during late Jusued
most of July although lower than at all other locats. Turbidity at Island Park Dam, Pinehaven, and
Marysville reflected high turbidity in Island P&kservoir outflow from late July through September,
caused by the mechanisms discussed in the prexdeason. The unprecedented high turbidity at Island
Park in late July was even observed at Ashton dimejt with a lag of around one week. However, prio
to late July, turbidity at Island Park Dam was rab@low average. The net effect was that 3adns of
sediment were exported out of the Island ParkRimehaven rivereach (Figure 58 compared with

4,261 tons exported in 2023 due to the late-Aprdshet operation. Most of the sediment exported
from the reservoir in late July and early AugosR024waseither retained by aquatic vegetation in the
river channel between the dam and Pinehawerwas consumed by aquatic organisms. This is agopar
both from the difference in turbidity between Isid Park and Pinehaven (Figure 56) and by the large
negative dip in the sedimemxportcurve (Figure 58hegative values indicatdimentretention).

Dissolved Oxygen

At the levels we observe in the Henry's Fork, higiter temperature and turbidity values primarily
affect shortterm fish and insect bedvior and negatively impact the mgimmer fishing experience. As
discussed in the invertebrate section below, we éiao evidence that either sediment or temperature
are negatively affecting aquatic insect numberfh@ligh there is some evidence that thembers and
types of species present are changing due to ineedaemperatures. Further, neither temperatures nor
sediment are having any negative effects on thautrpopulation between Island Park Dam and
Pinehaven, which is determined by winter flow thgtuBox Canyon. As mentioned above, fish can move
to cooler locations temporarily if they want to, dnhe turbidity values we typically observe in the
Henry’s Fork (15 turbidity units at most) are faldw the values of 50 or more that can cause aguat
ecosystem degradation via reduced light penetratioto the water column.
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Aquatic Organism Growth at Flat Rock
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Aquatic Organism Growth at Marysville
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IP to Pinehaven Sediment Budget
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Figure B. Net sediment export from Island Park Dam to Pinehaw tons/day.

Thus, of the three watequality parameters, dissolved oxygkasthe greatest potential to cause a fish
kill or other acute degradation of aquatic ecosystéunction. As discussed in the previous sectiow, |
dissolved oxygen in Island Park Reservoir limgsatimount of habitat available to trout and kokanee
and also contributes to processes that degrade waaalty. Fortunately, we see no evidence of low
dissolved oxygen in the river. Even in the faceafm water temperatures, photosynthesis by rooted
aguatic vegetation maintains high dissolved oxygencentrations throughout the Henry’s Fork and its
tributaries all summer. At all locations except Island e, where dissolved oxygen is enhanced as
needed by an oxygenation system at the power plaiitsolved oxygen concentrations averaged 7 mg/L
or better all summer, with most locations stayingoae 8 mg/L(Figures 5&nd 6Q. For reference, trout
become stressed when dissolved oxygen drops belowgh_. Generally, the lowest dissolved oxygen
concentrations occuvery late at night oearly in the morning, before aquatic vegetation beg
photosynthesizindor the day, and even then, we observed very fewslehen dissolved oxygen
dropped below 5 mg/LAll of those occurredt Parkerin July when streamflow was at its minimum for
the summer. At all other locations, dissolved oxygéayed above 5.9 mg/L all times of day for the
entire summer, well above the stressful range farut. High dissolved oxygen concentrations help
reduce the stress to fish caused by high water temagures, which is another reason wirgut in the
Henry’s ForKare better thanthey do in other rivers when water temperatures asarm (68-75

degrees) for a few hours late in the day.
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Effects of Island Park Reservoir on Water QuabiynStream

As discussed in the reservoir water quality secabove, reservoir drawdown and climate are primary
drivers of water quality in the reservoir. Not sugirigly, then, these are primary drivers of wateiafjty
in theriver downstream (Figure §1Adding am 1% summer of watequality data to our longerm data
set at Island Park Dam confirmed or even stytnened results from previous years that turbidityater
temperature, and sediment load at the dam are higherhen either reservoir outflow is high or inflow
is low.The difference between outflow and inflow is the aamt by which the reservoir drops during the
summer. The worst case happens when outflow is ligth inflow is low, which is the normal situation
over the past two decades. Generally, 2016 is tloesivcase for turbidity and sediment load, while210
is the poster child for temperature. Oltfv was frequently much higher back in the 1970®tlgh
1990s as discussed in section 4t imflow was so much higheluring those deadesthat reservoir draft
often was lower and water quality was generally rnietter.

Figure61. Water quality metrics downstream of Island Park Dam

Using the relationshipdepicted in Figure 6{without the 2024 point included), we predictedaiwater
quality at Island Park Dam during the summer of20®uld be close to average and neither the best
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nor worst we have observed overdipast 11 years (Fige62). As it turned out, turbidity and sediment
load were both above average, albeit still withiretstatistical prediction interval and, as we adissad
back in Aprilwere neither the best nor worst on record. Mean summeTé water temperature turned
out to be much higher than predicted and fell oudtsiof the statistical prediction interval. Whilalshot
the worst over the past 11 years, the high averagger temperature observed during the summer of
2024 was due primarily ttthe June mixing event. As discussed in the resepadition above, HABs were
not as intense as in previous summers, and thé®mething we anticipated based on nearerage late
winter temperatures and reservoir ic&f (lower right panel of Figures &ihd 63.

Figure62. Water quality metrics downstream of Island Park D@kfater Year 20142024).
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Water Quality Trends Since 2014

Starting with the three primary watequality parameters discussed above, we have obskrve
statistically significant increases in temperatamed turbidity at the watershed scaince we started
our sonde program in 2014ut no trend one way or the other ingholved oxygen (Figure 63

Mean JulyAugust water temperature has increased by°E.§er decadsince 2014cross albf our

sonde locations on the mainstem Henry’s Fork, edioly Big Springs. We have only four years of data a
that location, so it was not included in the anady8uffalo River was also excluded because we moved
that sonde to a different location in 2022, and thew location is slightly warmer than the old one.
Temperatures at Flat Rock, Island Park Dam andAgihe below the sevesite average, while those at
Pinehaven, Ashton Dam, St. Anthony and Parker laogeathe average. Not surprisingly, mean
temperature at Flat Rocknear the headwaters-s the coldest, while that at Parkemnear the bottom

of the watershed—is the warmest, by almosE9Trends were positive at all locations, althoogly the
trend at Pinehaven was statistically significantitsrown. However, the fact that summertime water
temperature is increasing nearly universally at@dlations provides strong evidence for warminghet
watershed scale; hence the statistical significafsehe average across the seven locatioFisis

increase in summertime water temperatures in ouryigar sonde record is concurrent with the longer
term increasing trend in summertime air temperatarmentioned in the climate sectioMean
summertime water temperature has stayed below thieessful thre$old for rainbow trout for the past
decade everywhere except St. Anthony and ParkexwBrtrout dominate the trout population at both

of those sites, most likely because of warm temperes.

Turbidity also showed a statistically significartrease athe watershed scale, in this case around 6%
per year. We again excluded the Big Springs locddidg included the Buffalo River. Turbidity was ésiv
at Flat Rock and highest at Island Park Dam, vaithes at Island Park being 4.5 times higher thaRkt
Rock, due nearly exclusively to processes in teemair described in the previous section. Turlyidit
Flat Rock and Buffalo River are below th&it® average, that at Island Park Dam and Pinehawen
above the average, and the other four sites arecadiglly right at the watershed average. The oritg s
with a statistically significant increasing trend ibs own was Flat Rock, but as with temperatules t
fact that all locations are experiencing some degoé increase provided strong statistievidence that
turbidity is increasing at the watershed scale.

For the dissolved oxygeamalysis, we omittedsland Parlbam because oxygen concentratiotiere

are maintainedaccording to the Federal Energy Regulatory Comanid&iense for the power pht and
so do not necessarily reflect environmental corahis. Further, the dissolved oxygen requirement ther
was changed in 2018 tequire higher dissolved oxygen duritige rainbow trout spawning and eging
period but require lower concentration imé& summer to allow the power plant to more easilgen the
requirement and hence operate a greater fractiortloé time. During the summer, turbidity is lower in
the power plant outflow than through the dam gatesyturbidity is lowerdownstream if the pwer

plant can operate more often. Across the other seV@cations, dissolved oxygen concentration showed
no trend one way or the other over the past decaw little variability across sites. Mean summesim
dissolved oxygen concentration was highesPatehaven, due to high rates of photosynthesis by
aguatic vegetation. Dissolved oxygen was loweftaker—around 1 mg/L lowerdue to warmer

water temperatures and the lowest aquatic vegetatmbundanceof any of our sonde locations. Given
that dissolvedoxygen has the greatest potential to threaten shtmrm trout survival and degrade the
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aquatic ecosysterHncluding aquatic insectsvery high and stable oxygen concentrations arerarngf
indicator of healthy ecosystem function and higlilience to warring.

Figure63. Summertime water qualitparameterson the Henry’s Fork (Water Year 262@24).Asterisks
indicate that the trend is statistically signifidan
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During the 2024 aquatic ecosystem growing seasgnil(AOctober), we collected weekly sampléor
total phosphorus (TP) and total nitrogen (TN) carications at nine locations in the Henry’'s Fork
watershed and three on the South Fork Snake RiMez.median across all 12 locations was 0.09 mg/L,
and the mean was 0.11 mg/L (Figure) 6Bor referace, the U.S. Environmental Protection Agency
criterion for rivers and streams is 0.1 mg/L, s® average concentrations are right at that criterio
However, values frequently exceed that, indicatatdeast the potential for undesirable aquatic
productivity that could result in excessive biological gey demand and hence less dissolved oxygen
available for fish and desirable aquatic insectg. fdund no statistically significant differencenirean
TP concentration across the 12 sites, with subséhmiverlap in observed concentrations acrossitdss
Further, we found no significant difference in TAcentrations across the nine sites in the HenRosk
watershed, wherghe median and mean values were the same as rembatieove for the full set af2
sites across both rivers.

Figure64. Total phosphorous concentrations measured at 1&ssit the Henry’s Fork and South Fork
watersheds during the 2024 growing season. On theryis Fork, the site names are as follows (from
upstream for downstreamBS = Big Springs, FL = Flat Rock, IP = IslanddMayBU = Buffalo River, PH
= Pinehaven, MY = Marysville, AD = Ashton Dam S$AAnthony, PS = Park&astem Highway (Red
Road Bridge). On the South Fork, the site nameasfellows (upstream to dowtream): USF = Upper
South Fork, CSF = Canyon South Fork, LSF = Lathd¥dsk.
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The 2024 samples could be compared to those takeing the growing season of 2016 at eight sites on
the Henry’s Fork: Flat Rock, Island Park Dam, IBUffiger, Pinehavemjarysville, Ashton Dam, St.
Anthony, and Parker. That comparison showed thatditentrations increased by a factor of 2.5
between 2016 and 2024, from a mean of 0.045 mg/2(0mh6 to a mean of 0.11 mg/L in 2024 (Figuse 6
top). After accounting for thiicrease in time, webserveda difference across sites, with TP
concentrations at Island Park DandPinehaven significantly higher than those at Fla¢lRNo other
differences among sites were observed. The incréadéP concentration at Flat Rocksligely had a

very large impact on water quality island Park Reservoin 2016, fewer than 75% of our samples at
Flat Rock exceeded the EPA criterion for streaaveirflg into lakes and reservoirs, while in 2024, rove
75% of our samples exceeded theAEfriterion for streams flowing into lakes (Figé& bottom).

Figure65. A comparison of total phosphorous concentrationsasueed at Flat Rock for Api@ctober
2016 and 2024.
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As a check on the accuracy of this discrete corsparbetweentwo years (2016 and2024), we analyzed
thetrend in TP concentrations at Flat Rock, Island Bam, and Pinehavethe three sites at which we
have a continuous record of TP dating back to tamer of 2013. We observed the same pattern in
that more comprehensive da set, namely higher concentrations at Pinehavad &land Park Dam
relative to Pinehaven and a significant increas&mover time ofround 9.4% per year (Figure)66

When compounded over the eight years from 2016 @242, an increase of 9.4% per yésequivalent

to a more than doubling of concentrations, as ob&sf in the discrete comparison between 2016 and
2024. Thus, we conclude that the same continuogsaase in TP we have observed at Flat Rock, Island
Park and Pinehaven has also occurrethatother sites where we have data only from 20181 2024.

Figure66. Total phosphorous concentrations measured at thoeations in the Upper Henry’'s Fork: Flat
Rak, Last Chance, Pinehaven (284®4).The curve foPinehaven is largely covered by the black
average trend curve.

Back to the 2016 vs. 2024 analysis, after accogrian the higher concentrations at Island Park and
Pinehaven, there was no significant differencebia amount by which TP increased between 2016 and
2024. In other words, reggdless of location relative to Island Park Resemoto other land and water
uses, TP increased by the same amount acrossesl Siaken together, these results provide strong
evidence that:
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1. Biochemical processes in Island Park Reservoieaponsble for the higher TP concentrations
at Island Park and Pinehaven relative to Flat Rock;

2. The additional phosphorus in the river downstreafristand Park Reservoir is consumed or
diluted by the time the river gets to Ashton Resary

3. Agriculture between shton Dam and Parker does not result in any inaeeaaslP; and

4. A factor or set of factors common to the entire weghed is responsible for the increased in TP.

Factors thadiffer across the eight sites include elevation, rateesdidential developmentand use and
land cover, effects of water storage and deliverysland Park Reservoir, and amount of water diert
for irrigation. Factors that areommonto all eight sites are increased air and water tergiures and
decreased water supplther research in the western U.S. has observed watersteade increases in
TP in association with warmer temperatures due tidhohigher solubility of TBt warmer temperatures
and a longer growing season over which the biolaigicocesses that cycle nutrients in the aquatic
system can act. Further, lower overall water supplyans less dilution, hence leading to higher
concentrations even if the background amount (masfsyP has not changed. It is very likely that both
mechansms are at work in the Henry’s Fork watershed; wartemperatures are mobilizing more
phosphorus, while lower water supply is providiagd dilution.

The story is quite a bit different with total nitgen (TN). The laboratory threshold for detectioriifis
0.5 mg/L, and most of the observations in our dsg¢h are below the detection limit. Thus, analydis o
concentrations is not possible. However, in 201BY60f the samples taken at the eight Henry’s Fork
sites were above the detection limit, while in 202dss than 1% were above the detection linait
statistically significantlecreaseAfter accounting for this significant differenibetween time periods,
we observed significant d@rences across the sites, with the frequency afedéons above &G mg/L at
Pinehaven and Parker significarttyverthan those at Flat Rock. Further, we observed fgrit
differences in the amount of decrease across siit@dicating much more nuance in changes in TN than
TP. However, without the ability to analyze actoahcentrations in the majority of our samples, we d
not have sufficient information to conclude muchaah TN concentrations. At this point, our best
theory is that a decade or more ago, phosphorus teslimiting nutrient in aquatic ecosystemstire
watershed, which is typically the case in aquayisteams. This means that adding more phosphorus
would increase aquatic productivity, while addingragen would not; in other words, there was plenty
of nitrogen but not enough phosphorus to match.gk®sphorus concentrations have increased, total
productivity has increased, using some of the add nitrogen, hence decreasing its concentratibhe
system now may be nitrogen limited, at least durpayts of the year.

Regardless of the interactisrbetween TP and TN, it is clear that warmer terapges and lower water
supply are having a measurable effect on water fyahearly uniformly throughout the watershed. The
good news is that the ultimate indicator of impdotindividual fish and ins¢e—dissolved oxygen—
remains very high and stable. It is very likelyt inareasedair temperatures and phosphorus availability
are increasing the growth of rooted aquatic plardsd in turn, increased photosynthe$ig those plants
is maintaining high dsolved oxygen, even aster temperatures warmThis positive feedback loop will
continue as long as productivity increases areaxéld in rooted aquatic vegetation and not in algae
cyanobacteria. So far, aquatic ecosystems in therenvironment ge staying on the positive side of
this productivity equation.
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9. Agquatic Macroinvertebrates

Whenever we ask anglers what they value most alibetr fishing experience on the Henry’s Fork, the
top answer is invariably the opportunity to fish tising fish. While this is especially true on Hherriman
State Park (“Ranch”) reach of the river, it is te other reaches as well. Whether it is a Greeakier
hatch at Flat Rock, Pale Morning Duns at Last Ghanother's Day caddis at Ora Bridge, or Gray &sak
on the lower river, the prolific hatches of may#fliestoneflies, and caddisflies up and down therrime
what put the Henry’s Fork on the global trout fisgimap.

To have rising fish, we obviously need two ingratiiefish and emerging insects. &eles of research
and monitoring by Idaho Department of Fish and GakEF and other partners are unequivocal about
the “fish” ingredient. By river reach, the populati of trout and Kkaneeupstream of Island Park
Reservoir is determined by reservoir viole (Figure 4% the population between Island Park Dam and
Riverside is determined by winter outflow from IstaPark DanfFigures 11 and §7and the population
downstream of St. Anthony is determined by sumnresistreamflow. There is no doubt that water
supply and management determine trout populationghese reaches, which is why the centerpiece of
HFF's work is to work with water users and manadgerdseep as much water in Island Park Reservoir as
possible all year, maximize outflow from Island PBxam during the winter, and maintain stable
streamflow downstream of St. Anthony at a scientifly determined summertime target that maintains
ecological function while keeping as much watethia reservoir as possible. Everywhere else (Medla Fa
downstream to St. Anthony), trout populations are stahled vary little from year to year no matter what
the water supply looks like. And, regardless oérikeach, we have never seen any evidence thatttrou
growth is limited by food supply. Despite the largenount of angler concern we receive about
streamflow, water quality, river crowding, trout mbers, and hatches, we consistently hear from
anglers—even when fishing is toughthat the fish they do catch are always fat and hiegl

Figure67. Relationshifpetween mean winter flow through Box Canyon and-2geut abundance in the
springtime ldaho Department of Fish and Game edéma
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So, while we are very confident in our knowledgevbat drives trout numbers in the Henry’s Fork (gien
answer: water), & are much less certain about what drives insed¢thas. To help get some answers, we
implemented a scientifically rigorous lotgrm project in 2015 to monitor aquatic insects ¢hother
invertebrates) in the Henry’s Fork. In 2024, wdeatied our 18 year of samples, finally giving us a large
enough data set to draw some statistically valish@doasions about aquatic invertebrates and what they
tell us about the river.

How do we collect aquatic invertebrates?

At the start of the progam, we recruited a regional aquatic invertebrategert, Brett Marshall, to oversee
field data collection and to conduct all of our tahtory analysis. Brett has over 40 years of ex@ere in
aquatic ecology, specifically in the sampling andlgsis ofaquatic invertebrates as indicators of stream
health. Brett has owned and managed a commercladiatory in Bozeman since 2007, providing services
to government agencies and nongovernmental orgamze throughout the western U.S. With Brett's
input, we selected five permanent sites on the Henry’'s Fdmlattwere of interest to anglers and
represented the range of habitat conditions found the river between its headwaters at Big Springd a
the confluence of the North Fork Teton River. Thége locatons are Flat Rock, Last Chance, Osborne
Bridge, Marysville, and St. Anthony. We added th ske downstream of Ashton Dam to monitor any
effects of the Ora Bridge construction that toolape in 2020. We have collected samples every yaar f
10 years at Flat Rock, Last Chance and OsborngeBrgery year but 2020 (due to covid) at Marysvill
and St. Anthony, and in 2019 and 2021 at Ashton Diable9, Figures8). This has given us a sample of
50 independent observations that represent condisoover the past decade alo8§ miles of the river,
not coincidentally the same 80 miles referred talie subtitle of Mike Lawson’s book “Fly Fishingdéu

to the Henry's Fork”.

At the same time as we began designing the invedtbsampling procedure, we implemented a water-
guality monitoring program centered around continuetescording water quality sondes. More recently,
we expanded our stream gaging and hydrologic datamilation programs so that we now have water
guality and streamflow data to accompany the inwadntate data at all six locations. This allows usde
whether aquatic insects and other invertebratespend to changes in streamflow and water quality.

Our sample timing is based on the fact that thetvaajority of aquatic insects in the Henry’'s Fodvéa a
one-year life cycle. Adults emerge at a given time wgrihe year, they mate and lay eggs shortly after
emergence, the eggs hatch shortly after that, ahd hymphs spend the ne860 days or so in the river
before emerging as adults at the same time thedieihg year. So, we collect samples on March 16yever
year (plus or minus a day or two), which is severahths after the last mayfly hatches of the fatida
immediately prior to the first mayfly hatches ofdlspring. This means that the nymphs of all speitias
live in the river are large enough to be colleciadhe samples. If we selected any other time tottie
sampling, we would miss species that had just régdaideggs. For example, if we sampled in early July,
we would likely miss Green Drakes, because theyldvalll be eggs at that point and neither availatide
be captured in the sampler nor identifiable evenviéé were able to capture them. Exceptions to theeen
year life cycle are some of stoneflies such asgid@t salmonfly, whose nymphs live several yeafsitge
emerging and so will always be present no matteewlve sample.
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Table9. Aquatic invertebrate sampling locations on the HeénFork.

Map Name Colloquial Elevation Dist. from Years Streamflow HFF water
ID location (feet) Big Springs sampled location quality
description (miles) sonde(s)
FL  Flat Rock Flat Rock Club 6388 6.0 20152024 Coffee Pot Flat Rock
LC Last Btw. LC boat 6171 23.1 20152024 Box Canyon Island Park
Chance ramp and (IP + E + Buffalo
Angler'sLodge Buffalo)
OS Osborne Btw. hwy. 20 6112 29.8 20152024 Pinehaven Pinehaven
bridge and
stock bridge
MY  Marysville Btw. Jumpoff 5167 61.6 20152019 Ashton Marysville
Cyn. and hwy. 2021-2024
20 bridge
AD Ashton Ora boat ramp 5107 66.9 2019, 2021 Ashton Ashton
Dam Dam
SA St Riverside 4922 80.1 20152019 Trestle (St. St. Anthony
Anthony  Cemetery 2021-2024 A. minus
diversions)

Here is one important thing to note about our sampiming. If agiven species is present in the sample
one March and is also present at roughly the samenber the following March, it means that they
successfully reproduced. In other words, nymphsspré in March of the first year survived and matdire
the duns emerged, they molted into spinners, thensyers laid eggs, the eggs hatched, and the nymphs
survived until the following March. This happenege if duns or spinners were never observed indarg
numbers at a given location on a given day of ikhifig seasoat a given time of day. Further, even if a
large hatch did not occur under the right condit®oto entice fish to rise on the surface, the nymphs
provided food for fish feeding underwater for th&@ days they lived in the river.

Brett trained us in use of a particular sampler cdlbe “Hess sampler”, which is basically an open meta
cylinder with mesh on the upstream side of the wgtér to allow water to flow into it and a net sticig

out of the downstream side. The cylinder is plaoedhe stream bottom and pressed down roughly 2 to
3 inches into the bottom substrate, which can rarfgam silt to large cobbles at our Henry’s Forlesit
We stir the stream bottom thoroughly to loosen thelividual invertebrates, which float uptmthe water
column and are carried by the current down into thet. We then pick up each individual rock witHie t
sampler and scrape all invertebrates off of thekatith a brush. These are also carried by the autrre
down into the net. Everything in the net is pouredo jars and presered withalcohol. See Figure &9
Brett and HFF’s data manager Melissa Muradian usiHgss sampler.
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Figure68. Map of invertebrate sampling locations.
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Figure69. Brett Marshall and Melissa Muradian use tHess sampler to collect invertebrates at our
Marysuville site.

In 2015, with little funding, a small staff, and mutial data to guide us, we collected three sapypht
each site. In 2016 and 2017 we collected five saspt each site to improve statisél power, and since
then, we have collected six samples at each sithgaar. Although a larger number of samples isagiwv
better from a statistical standpoint, each samplests almost $695 in staff time, travel, supplieada
Brett's lab costs, and we have found that six sasmrovides a good balance between data quality and
cost. To give you some idea of the effort that gogs Brett's careful field method, it takes fouFR staff
and three of Brett’s staff around nine hours toleat 30 samplegach year at our five permanent sites.

The Hess sampler has a known area, in our cassdquidre meter, so our sampling method is what is
known as “quantitative” sampling. That means that wan estimate the number of insects per uoit
area of river bottom and compare applsapples estimates of abundance from year to year.
Invertebrates in the Henry’s Fork are so abund#iat each sample contains several thousand indiviglua
prohibiting Brett from counting every single indiuel. Thus, he and his crew use what is known as
“subsampling,” which is a precisely defined methodvhich around 200 individuals from each sample
(an average of around 7% in our case) are randamlgcted from the full sample to be identified and
counted.The method provides an accurate estimate of thesarhpling fraction, so that results from the
subsample can be scaled up and reported for the rsample. As good as this method is, it can still
result in very large or rare species being missedfor the reporting of certain measures, Brett anid
crew conduct what is called a “large and rare” séathat is biased toward such species to make tuae

79



the total number of species reported is as accurasepossible. We use data from the random subdargp
for most of our analyses but use the large and naakie for total number of mayfly, stonefly and dliafly
species present in the sample. The numbers Brgiores for each sample are multiplied by 10 to obtai
numbers per square meter of river both, and then we can use that to estimate roughliatovumbers
of individuals over whole river reaches.

How did we analyze the data?

With hundreds of species observed over the 10 yedirsampling, dozens of species that afénterest

to anglers, and only 50 independent data pointswiork with, we had to pare hundreds of possible
analyses down to a small number in order to leasnmauch as possible while minimizing the chance of
obtaining spurious statistical relationships. Waraately chose to analyze total invertebrate abumnde,

five sacalled “community metrics” (discussed individudiglow), and abundance of Pale Morning Dun
(PMD) mayfliedDrunellamayflies (FlavBrunella flavilineand Green Drakd3runella grantscombined),
and the Spotted Sedge caddis (Hydropsychidae).cbhenunity metrics are well established measures
of the relative abundance and types of invertebmthat indicate the overall health and functiontbe
river. They have been used all over the world fecades as indicators of water quality and aquatic
ecosystem health. We chose to analyze PMDs an&fiwted Sedge caddis because those are the two
hatches we hear most often from anglers that haeelthed substantially at Last Chance ane tipper
Ranch in recent years. We chd3aunellamayflies because they are iconic on the Henry'&Harportant

to anglers, and extremely sensitive to water quaiind habitat degradatiorbrunellamayflies and PMDs
were collected at all sites in all years, and tipet®d Sedge caddis was collected at all sitedligears
except Flat Rock in 2023 and 2024.

It is well established that the types and numberfsaguatic invertebrates in streams are primarily
dependent onstreamflow, aquatic ecosystem productivity, finedseent, and water temperature. We
used seven variables measuring these four enviramalecharacteristics that could potentially influes
invertebrates in the Henry’s Fork.

1. Annual streamflow Overall water quality and habitat availabilityhistter in years with higher
streamflow.

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

3. 2l1-day minimum streamflow.Longduration low flows limit the amount of habitat avable in
the stream channel, thereby potentially limitingetabundance of invertebrates.

4. Streamflow variabiity, as measured by the coefficient of variation in gaireamflow across the
year. Some species prefer relatively stable floas,would be observed in a groundwater
dominated stream or a constadfiiow tailwater. On the other hand, high flow varility is likely
to create a higher diversity of physical habitaading to higher species diversity.

5. Conductivity during the growing season (April 4 October 31). Conductivity measures the
concentration of soluble ions in the water. In thange of values webserve in the Henry’s Fork,
conductivity is a surrogate for primary productipotential, with higher values indicating higher
productivity.
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6. Suspended sediment concentratiaturing summer/fall (July 2October 31)Sediment delivered
to river reaches in the Henry's Fork during thisdiperiod is likely to be trapped on the stream
bottom by macrophytes or deposited because of ldows, thereby reducing habitat quality for
sedimentintolerant species.

7. 7-day maximum water temperature The literature sugests that maximum temperature limits
presence of individual species, especially may#ias stoneflies valued by anglers.

These variables are calculated from raw data meedy HFF's wateguality sonde and stream gage
network, our weekly water sampeand U.S. Geological Survey stream gages. Tleswaére calculated

over the year (or portion of the year) immediatgdgeceding annual midlarch sampling, to capture the
habitat conditions present over the life span oétmost of the insects being detted.

While these fundamental characteristics are expddie influence aquatic invertebrates, we also taste
the effect of location along the river, since otheariables such as streabottom substrate type (sand,
gravel, cobble, etc.), shading, streawidth-to-depth ratio, and growing season length vary across
locations and may not be represented by the strelmwf and waterquality variables. The simplest
potential effect of location is measured lajstance downstream from the river's headwaters atgBi
Springs, according to the “River Continuum Conc@RCC), a fundamental tenet of stream ecology. The
RCC states that a river's ecosystem varies prdalictiom the headwaters downstream as the stream
gets wider, the growing season gets longer, wagenperatures increase, floodplain complexity incresse
and the effects of watershed processes such asiencand deposition accumulate over a larger andéar
area. The RCC predicts that with increased distatmenstream, invertebrate abundance and spsci
diversity should increase, while the fraction ofesfes that are intolerant of fine sediment, habitat
degradation, and warm temperatures should decrease.

However, we expect that the RCC may not apply waly to the Henry’s Fork for two reasons. Firsg th
river is groundwater fed, geologically very youngry wide relative to its depth right from the saér at
Big Springs, and generally disconnected from sarfeatershed processes because the watershed is flat
and there are few tributaries connecting upland aseto the main river. Second, the river continuwsn i
interrupted by Island Park Dam, Ashton Dam, anérdien of much of the river's streamflow at and
downstream of Chester Dam. These disruptions adteeamflow, temperature, and/or nutrienand
sediment transport, thus altering otherwise predible changes in the river as it flows downstreahug,
we also tested the possibility that differences @&ssites that were not easily measured by the raw
environmental variables or distance dowredim had the greatest impacts on aquatic insectd ather
invertebrates. Lastly, we tested whether the typasd numbers of invertebrates present in the Henry’s
Fork show any systematit®nds over our 10 years of investigation.

I'll spare you the details of statistical methods irnstdbcument except to say that we used well accepted
statistical methods for handling what we refer tg éhierarchical” or “nested” data. In particulathe
samples taken within a given site in a given yeareraveraged to obtain a single value for that sitel
year. For watershewvide analysis of invertebrate responses to streawfland water quality, we used all
50 of the independent sitgear observations in what is referred to as muattbdel inference. For analysis
of trends over time, we omitted the two observatismaken at Ashton Dam in 2019 and 2021 but used all
data from each of the other five sites. We calcathindividual trends within each site and then saged

the within-site trends over alive sites to obtain a watershed average.
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What did we learn?

Before even looking at the insects themselves,stieamflow and watequality data clearly showed both
the expected changes along the river continuum #raldisruptians to the continuum we anticipated at
Island Park Dam, Ashton Dam, and Chester Dam.i@ae FO.

The streamflow variables were divided by the 197&4 average streamflow at each site to allow apple
to-apples comparisons across sites at different lmeeg in the watershed. This also allowed us tothet
last 10 years in the context of the longer periddrecord, given that the river's natural streamflavas
much greater in the 19764990s that it has been since 2000. For example,cavusee that cer the last
10 years, annual streamflow at all locations was ldhan the longerm average (values on the graph less
than 1) in almost all years of our study. It isoadpparent that average annual streamflow withigisgen
year was fairly constant frofdlat Rock downstream to Marysville, since Islantt Bam changes only the
timing of streamflow throughout the water year ambt the total amount of annual flow. However,
annual flow at St. Anthony was quite a bit differenan at the other four locatins because the relative
amount of the river’'s annual flow diverted for gation differs substantially across years. Thus,\tbar
to-year variability in annual flow is much greaterSit Anthony. The apparent lower variability at Asht
Dam is just an artifact of having only two yeardata there. The -8lay maximum flow largely reflects
natural flow availability and was higher both in gmitude and variability at St. Anthony than at thiher
locations. Despite delivery of managed freshetéséand Park Dam during the spring of several yegars
the dataset, the magnitude and variability of freslows was lower at Last Chance and Osborne Bridg
than elsewhere. Conversely, flow regulation atndléPark resulted in much higher variability in low
flows—and generally lower minimumsat Last Chance and Osborne than at the other looasti Not
surprisingly, because of adherence to adtbow target at St. Anthony set to keep as much watelsland
Park Reservoir as possible, minimum flows at Shaxy were the lowest across all sites, with little year
to-year variability. Daily flow variability was highesind had the highest variability from yetr-year—

at Last Chance and Osborne Bridge. Taken togdtieflow variables clearly show the effects obistge
and delivery at Island Park Dam and diversion betwAshton Dam and St. Anthony, illustrate that flow
regimes do not follow predictable changes along tlver continuum, and indicate that our sample site
vary substantially in flow characteristics.

While conductivity generally increased from headerat to St. Anthony as would be expected,
conductivity at Osborne Bridge was higher than extpd based on this trend, primarily because of leigh
summertime water temperatures. That said, conduityiwvaried relatively little across sites and was very
low in comparison to most other trout streams inra@gion because the volcanic rocks in the Henry’s
Fork watershed contain very low concentrationsaible ions. Suspended sediment concentrations also
gererally increased from headwaters to St. Anthonyamsild be expected, with the exception of much
higher sediment concentrations at Last Chance duexport of fine sediment from Island Park Resarvoi
during the summer and fall. Most of that fine maiis either trapped or consumed between Last Chance
and Osborne, where suspended sediment concentratiare about what we would expect at that location
along the river. Lastly, maximum water temperatuigsnerally increase with distance downstream as
would be expected, with the exception of warmtran-expected temperatures at Osborne Bridge as a
result of the naturally wide, shallow, unshadederiveach through Harriman State Park. In this cése,
disruption to the river continuum comes from thetnaal volcanic geology, not from Island Park Dam.

82



Figure 0. Habitat data for each site and year, plotted vstdnce downstream from Big Springs.
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We measure abundance as the number of individuas gquare meter () of stream bottom.
Abundances ranged from 12,390 individualdah Last Chance in 2022 to 86,540 at Osborne Briltige
2015. The average over all sites and years was285radividuals/m, or in more familiar units, around
3,337 individuals per square foot. To give you sodea of just how many individual insects (and athe
invertebrates) that is, the river at Last Chancabesut 300 feet wide, so one mile (5,280 lineartfead
river there has an area of 388280 = 1.58 million square feet. Average abundasiceast Chance
around 2,800 individuals per square foot, so onderof river in the vicinity of our Last Chance séingp
location contains about 4.4 billion individual imiebrates. As a more specific example, in 2024 ¢heere
around 289 million Pale Morning Duasd 23 million Green Drakes per mile at Last Chance

An obvious question is “Is 35,920 individuald/igh or low?” Comparable data are hard to come by,
because few organizations or institutions colleatalthat are this extensive and rigorous. Howevbe,
Bighorn Alliance and the Upper Missouri Watershdlibice each conduct annual macroinvertebrate
monitoring using similar methods as HFF. The aweramndance in springtime samples taken on the
Bighorn River from 2021 to 2023 is 30,000 indivisltma?, comparable to the Henry’s Fork. The average
abundance reported from the upper Missouri Rivetvibeen 2015 and 2023 is somewhat lower, at around
12,500 individuals/rh but some of the samples were taken in the summed fall, when abundances are
likely tobe lower. Average abundance was 21,697 individua#h the Henry's Fork at Last Chance and
Osborne Bridge in the spring of 1993, after the 29%kdiment event at Island Park Dam. Average
abundance at Coffee Pot (comparable to our curreldt Rock siten the spring of 1993 (affected by
upstream land use and the 1988 Yellowstone firet it the reservoir sediment event) was around
12,000 individuals/rh In his work around the western U.S., Brett Maitkhas observed abundances
upwards of 100,000 indiduals/n?, and in fact we have observed abundanceger 100,000
individuals/nt in some years on the South Fork. In these caseseher, the samples are dominated by
midges and/or norinsects to the point where 100,000 individualsatel may contain fafewer mayflies,
stoneflies, and caddisflies than present in 35,0@flviduals on the Henry’s Fork.

Further insight into abundance on the Henry’s Fergrovided by the upper left panel in Figut® which
shows abundance values as a function of distashm&n the river continuum, with the sites indicated
along the top of the graph. We found no changelwidance along the river continuum and no average
difference across our sampling sites. In additiare, found no statistically significant dependence of
abundance on any of the predictor variabléslple 10. The best statistical model included distance
downstream as a predictor variable, but it was stdtistically significant, and the model explainaaly
10% of total variability in abundance. That medhat abundance of invertebrates in the Henry’'skHs
essentially constant across our sampling sites atitbugh variable from year to year, does not vary
response to any of the standard streamflow or watprality variables we measure. We rarely, if ever,
hear that hatches have declined in river reacheshsas Warm River to Ashton or Ora to Vernon, which
have the same overall invertebrate abundances asqd like Last Chance, where we consistently hear
that hatches have declined. If 35,000 indisadls/n? are sufficient to maintain good hatches, healttghfi
and good fishing conditions in the river reachesvdstream of Warm River, any perceived decline i th
fishing experience in the Ranch must be due to séaator other than the number of invegbrates. As a
final observation on abundance, we have observesigaificant decreasing trenolver the past 10 years
(Figure 72, driven by significant decreases at Flat Rockp@®, and St. Anthony. Reasons for this decline
are discussed in subseques#gctions.
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Figure 71 Invertebrate community metrics for each site andryglotted against distance downstream
from Big Springs.
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Table 10.Summary of the best statistical model for each oese. “Distance” measures distance along
the river downstream from Big Springs, and “SlTdgbants for differences among the six individuaissi

R is the percent of variability in the response valéaexplained by the top model. “+” indicates thiae
given predictor has a statistically significant piee effect on the response variable, ard ihdicates that
the given predictor has a statistically significarigative effect on the response variable.

Predictor variables

Response Distance SITE Annual Min Max Fow Sediment Max Condue
variable included included R Flow flow flow variability conc. temp. tivity
Abundance YES NO 10%

Diversity YES NO 65% -

EPT Taxa NO YES 33% +

HBI NO YES 57% - -
%Noninsects NO NO 0%

%EPT NO YES 42% +

PMD YES NO 50%

Drunella NO YES 57%

Spotted Sedge NO YES 84% +

Diversity of an ecological community is a measusthtof how many different types of organisms are
present and how the total number of individuals distributed across thosdifferent types. Higher
diversity is indicative of high availability of ariety of different habitat types and of good fuimh of the
ecological processes that maintain those habitgiety. In stream ecosystems, this means that streamfl
regimes, riparian conditions, stream substrate scamd deposition, and nutrient availability are in
balance and functioning to create and maintain goaoinbers of a variety of different invertebrate .
Further, high diversity indicates a high degreeedilience to changes in any of these charactesstif
one element of the stream ecosystem changes andbnger favors a particular species, there is always
another one present that will benefit from the chge. We measured the diversity of the invertebrate
community with Shannon’s diversity index, a very commmogasure used in ecology and other scientific
disciplines. Shannon’s index ranges from 0 at tRFeene case in which the community essentially
consists of only one species, up to the naturahhithm of the total number of different species present
if each species is equally represented. So, fompte, if 20 species are present, the theoretical imaxm
diversity would be the natural logarithm of 20, whiis 3. In our samples, the number of speciesgres
ranged from about 20 to 40, with an average clas8®. That means that the maximum diversity possibl
in the Henry’s Fork ranges from around 3 to 3.Thdlse 2640 species were equally represented.

Diversity ranged from 1.7 at Flat Rock in 2023.to&& St. Anthony in 2016 and averaged 2.7 acrdiss a
sites and all years. These numbers indicate vargrde invertebrate communities overall, with valuats
St. Anthony close to the maximum possible for theeg numbers of species present. Shannone ity

is not reported directly in publicly available dat@am the upper Missouri and Bighorn, but the total
number of species reported on the Bighorn Rivecdmparable to those in our Henry's Fork samples,
around 2040. In the spring of 1993, Shannsliversity averaged 2.4 at Last Chance and Osliridge
and 2.2 at Coffee Pot, just a little lower than whae have observed. Over all invertebrate dataectied
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Figure 2. Time series of invertebrate community metricstier five sites with 2015624 data.
Asterisks indicate statistically significant treraeer time.
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on the Henry’'s Fork between 1993 and 268%#uch of it admittedly not directly comparable to ou
modern data—Shannon’s index averaged 2.1, quite a bit lowentlar modern average of.2. Unlike
abundance, diversity increased significantly witktahce downstream (Figuiél), as would be expected
from the RCC. The best statistical model for digerencluded distance as a predictor but also
temperature, with higher diversity being associatetith lower temperatures, after accounting for the
strong distance effect (Tabl&0). While we observed a significant change in ditgraith distance
downstream, we have observed no changes in divemiter time (Figurgd2), indicating robust, sible,
and resilient invertebrate communities.

These three insect ordergghemeropteraPlecoptera, andricoptera, respectively) are not only the most
important to anglers but are also highly indicativkwater and habitat quality. Thus, a standard net
for assessing water quality is the-salled EPT Taxa richness, EPTT for short. The“texai' is used
instead of species to acknowledge the fact that stimes, it is not possible to distinguistdividual insect
larvae (“nymphs”) down to the species level, sotthgher taxonomic levels such as genus or everiljam
might be used in the calculation. In any case, gan think of it as the number of different speciafs
mayflies, stoneflies, and caddisflies present. iin samples, EPTT ranged from 8.2 at Osborne Biidge
2020 to 17.2 at Marysville in 2023, with an averafi@2.9 over all sites and years. Generally, ERILES

of 10 or more (or roughly 30% of all species présmsnconsidered good, and our values fall in tzatge,
similar to values observed on the Bighorn. We founwd systematic dependence of EPTT on distance
downstream along the river (Figurd), but we did observe significant differences asreites, with EPTT
consistenty higher at Marysville than at the other locatioddter accounting for difference across sites,
EPTT was higher when streamflow variability thraughhe water year was higher (Taldl6). In addition,
we observed a significant increasing trend in E&TVarysville and across all five sites as a wiowier
the past 10 years (Figui).

The HBI score is a widely used index of water tyapecifically degradation due to organic polbuti
such as untreated wastewater, fertilizers, petroatieals, and pesticides. The primary mechanism by
which these pollutants affect invertebrates and ethaquatic organisms is via decreases in dissolved
oxygen.The score is based on tolerance of each type d@riebrate to such pollutionThe most sensitive
species, such as Flavs and the giant salmonfly ddelerance score of 0, while the species mokdrint

of water pollution have a score of 10, for examplany aquatic worm species. Most mayfly, stoneflg an
caddisfly species have tolerance values in the eafg—4. For example, tolerance scores for Pale Morning
Duns,Tricorythodesnayflies (tricos) an8rachycentrusaddis the “Mother’'s Day Caddis’ one of those
caddis specigdhave tolerance scores of 2, 4, and 1, respectiviehe HBI is simply the average of species
level tolerance scores across all individuals pnesethe sample, where the average is weightedogy
number of individuals of each species. This produgescore between 0 and 10, where 0 is indicative o
the best possible water quality, and 10 is indicabvéhe worst water quality. Specifically, largemnbers

of intolerant species (most of the mayflies, stdiesf, and caddisflies) will produce a lower scdree
numeric scores are interpreted qualitatively accoglto a widely used scale:

x 0-3.75: Excellent water quality; no apparent orgamidiution
x 3.764.25: Very good water quality; slight organic ptila possible
X 4.26-5.00: Good water quality; some organic pollutiorpapent
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5.015.75: Fair water quality; fairly significant orgapiollution
5.76-6.50: Fairly poor water quality; significant orgapbllution
6.51-7.25: Poor water quality; very significant orgapatiution
7.26-10: Very poor water quality; severe organic pobuti

X X X X

In our samples, Bl ranged (from worst to best) from 5.9 at St. Aotk in 2015 to 2.4 at Flat Rock in 2016
and averaged 4.0 over all sites and all yearso@uaverage score falls into the very good rangdigating
possible slight organic pollution. The average ¢iek all invertebrate samples collected on the Hear
Fork between 1993 and 2007 was 4.2, indicating ubstantial change over the past 30 years. For
comparison, the average HBI reported for the Migs&iver is 5.7 and that for the Bighorn Rivercuad
6.0, with most sites in most years having HBI ssgreater than bindicative of fairly significant organic
pollution. As predicted by the River Continuum Concept, Wseoved a significant increase in HBI score
(decrease in water quality) from hdaaters to St. Anthony (Figurel), although differences across
individual sites was a better predictor of HBI tremply distance downstream. This is primarily lhesea
HBI was a little higher than expected (worse wajaality) at Osborne Bridge and a litlewver (better
water quality) at Marysville. After accounting fibie differences across site, HBI was lower (bettater
quality) in years following higher annual streamfl@and warmer temperatures. The HBI showed no
significant trend one way or the other over the pdecade, despite a significant imprawent at Osborne
Bridge (Figure 72Because HBI acts in part as a biological surrdgatissolved oxygen depletion, stable
HBI scores are consistent with our observationg thesolved oxygen conceamations are stable.

This is simply a measure of what fraction of irdlinls in the sample is made up of species othentha
insects. These include worms, leeches, and smlilsough many of these species provide fish food an
are relatively intolerant of pollution, their presee is often associated with high amounts of findiment
and other types of physical habitat degradationré&mt norinsects ranged from 7.8% at St. Anthony in
2024 to 38.7% at St. Anthony in 2015 and averag@¥h across all sites and all years. As with total
abundance of invertebrates, we found no differenogercent norinsects along the river continuum or
across ses (Figure T) and no significant environmental predictors (TahD). Also similar to theends

we saw in total abundance, the percent of Amsects has been declining over the past 10 ydatshy
significant decreases at Osborne and Marysvillgufi72). One potentially troubling trend, however, is
an increase in noinsects at Flat Rock.

This is a measure of the fraction of individualsegamt in the sample that are mayflies, stonefliaad
caddisflies and, along with HBI, is a standard mea®f water quality. Values greater than 3QG¥e
considered good. In our samples, %EPT ranged fBog¥%2at St. Anthony in 2016 to 74.9% at Flat Rock i
2016, with an average of 53% over all sites andseEhis is similar to the average of 51% repofted
the upper Missouri but quite a bit highénan the average of around 30% on the Bighorn. @&herage
over all data we have from the Henry’'s Fork fron®3.80 2007 is 49%, pretty close to its current aggs.
We observed a significant decrease in %EPT withintie downstream, as would be expecteglthe River
Continuum Concept (Figui). However, as with HBI, variability across indigldsites was greater than
predicted by the river continuum, again driven parity by higher values than expected at Marysville.
Also similar to HBI, we found thafter accounting for the site differences, %EPaswhigher when
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temperatures were warmefTiablel10), and %EPT has improved significantly over thefagears, driven
again by an improvement at Osborne Bridge (Figi@e

Given an increase in EPT Taxa &EPT and a corresponding decrease in percerdinsacts, it is
apparent that the decrease in overall abundance resilted mostly from decreases in norsects and
in insects other than mayflies, stoneflies, and diaflies (midges, for example). The result is aeralV
improvement in the community composition, potentialreflecting improved habitat conditions and
ecological function, especially at Osborne and Muitie.

Abundance of PMDs ranged from 365 individuafstrSt. Antlony in 2017 to 30,511 at Flat Rock in 2016,
with an average of 7,701 individualsfover all sites and years. Another way of lookingstD abundance

is that it has ranged from 2% to 61% of the tomartebrate community, with an average of 21%. That
is,over all sites and all years, over 20% of all idd& invertebrates present on the stream bottomear
PMDs. Data from the Bighorn River show that PMBgypically less than 4% of all individuals. Weehav
not dug into the details of Henry’s Fork datesérom the 1990s and 2000s enough to pull outresties

of PMD abundance. However, in our modern data, PAbDndance shows a systematic decrease with
distance downstream, as we would expect from theeRiContinuum Concept (Figur&). Unlike in the
statistical models for EPTT, HBI, and %EPT, the rimgngom dependence provided a better predictive
model of PMD abundance than individual differenaesoss the six sites. After accounting for deperaen
on distance downstream from Big Springs, none efgstreamflow or water quality variables had any
explanatory power. This is especially noteworthgdngse 7day maximum temperatures have generally
been in the upper 60s to mid0s (Fahrenheit) over the course of our study, #malliterature suggests a
maximum of tolerance of around 65 degrees for PMDs.sSTIRMDs are persisting in the Henry’s Fork at
much higher temperatures than suggested by otheid#s, and we saw no strong relationship between
PMD abundance and temperature. That could be beeaihe temperatures recorded at our sonde
locations are not fully indicative of localized terowater refuges associated with groundwater input
which we know occur throughout the river. That s@d/1D abundance has been systematically decreasing
across the wateshed for the past decade, driven primarily by @jtadecrease at Flat Rock and to a lesser
degree by a modest decline at St. Anthony (FigdleWe saw no decrease in PMDs at Last Chance.

Drunellaabundance rangeftom 51 individuals/mat St. Anthony in 2017 to 4,822 individualg/at Last
Chance in 2020 and averaged 1,311 individuadsiner all sites and all years. This is an averag@obf

all invertebrates present at any given time anddtien on the Henry'sork. Again as expectedrunella
abundance decreases withsttance down the river (Figure Y, &lthough numbers at Last Chance are much
higher than expected based solely on distance. éatlethe best statistical predictor obrunella
abundance was simpdifferences across the individual sites, with nowieonmental predictor adding any
explanatory power (Table 1@runellaabundance shows no significant trend one way ordbieer across
the watershed; a significant decrease at Flat Risckffset by significant increases asl®@rne and
Marysville (Figre 74). As with PMDs, no significant trendDnunellais apparent at Last Chance.

Spotted Sedge abundance ranged from 0 at Flat Roc023 and 2024 to 8,206 individualsyat
Marysville in 2021 and averaged 1,452 individuafs#cross all sites and years. On average this istabou
the same as abundance of Flavs and Green Drakege\do, Spotted Sedge numbers were much more
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variable across locations, being far more abundaintast Chance and Mary$withan anywhere else
(Figure 73. After accounting for this substantial varialyiliacross sites, Spotted Sedge numbers were

higher following years of higher suspended sedimemtcentrations (Table 10). No sigrant trend in
Spotted Sedge abundance was appar&nany of our sites (Figure Y4

Figure B. Abundance of PMDs, Drunella, and Spotted Sedgalfsites and years, plotted by distance
downstream of Big Springs.
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Figure 4. Time series of PMDs, Dwlla, and Spotted Sedge for the five sites with520024 data.
Asterisks indicate statistically significant treraser time.

So What?

While it is obvious that this datasetcombining rigorous invertebrate sampling with extrely detailed
water-quality ard streamflow monitoring—provides a unique and unprecedented view of aquatic
ecosystem function in a unique river system, theulés will no doubt disappoint many anglers, whouleb
like to see a “smoking gun” that points to an eagilentifiable (and hopefully rectifiable) reasar the
apparent decline in hatches at Last Chance anduphpger Ranch. The reality is that even a datased thi
rich cannot capture the level of detail in insef# histories and behavior to explain why a partizthatch
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occuss at a particular location at a particular timedzfy. And remember where we started; to have rising
fish, you need fish, and we know with certainty th@ut numbers at Last Chance and in the Ranch are
around 50% to 75% lower than they were in the 19#0@sugh 1990s due to lower water supply. But,
here are some take-home messages from the insedtqdathe equation.

By any measure, the aquatic invertebrate communipyand down the river is abundant, diverse, and
indicative of good to excellent water and habitatadity. Over half of the individuals are mayflies,
stoneflies, and caddisflies, and that percentage haen improving over the past decade, along wiith t
number of mayfly, stoneflyand caddisfly species present. Other community tastare stable; none are
showing any indication of degradation of habitatwater quality at the watershed scale. All metras
the Henry’s Fork are as good or better than on twe other popular troutrivers from which we have
comparable data. Further, conditions over the p&6tyears on the Henry’s Fork are at least as g@od a
they were when measured between 1993 and 2007 antost cases are better. Upstream of Island Park
Reservoir, improvementsra likely related to recovery from sediment origiimg with the 1988
Yellowstone fires, improvements in grazing managenoa Henry's Lake Flat implemented in the 1990s,
and more stable outflow from Henry’s Lake over fast decade. Immediately downstnaeof Island Park
Dam, improvements are due to recovery from the 13@liment event, some occurring incidental to
routine water management and others occurring besawf intentional release of freshet flows to
remove fine sediment from the stream bottom. In thewver watershed, improvements are likely due to
more careful streamflow management designed finstldoremost to save water in Island Park Reservoir
but that also have the benefits of reducing varlapiin summertime streamflows downstream of St.
Anthony and allowing a more natural hydrograph eiuring spring runoff.

Suspended sediment concentration was a significaatistical predictor of only one of our response
variables, andhe relationship was positivemore sediment was associated with higher Spotteddgee
abundance. This is because that species feedserpfirticles of organic matter suspended in the grat
column. Otherwise, we found no evidence that susgesh sediment vas associated with lower numbers
of PMDs oDrunellamayflies or with decreased invertebrate communityadjty. Further, the HBI scores
indicate little to no effects of organic pollutiooverall, although we saw some evidence of effedts o
organic pollutian at Osborne and St. Anthony during the first feaans of the study, which occurred during
or immediately after the extended drought of 204216. We also observed evidence of organic poliutio
at St. Anthony in 2022, after the very dry yeaP0R1. Inded, water supply was a significant predictor of
HBI, with lower values (better water quality) folling years of good water supply. We would expeés th
observation, since higher streamflow provides mdration of any pollutants that might be presents a
discussed aboveHowever, while HBI varies from year to year adow to water supply, the facts that
the average HBI is within the “very good” range dimat HBI shows no significant trend over time pdav
strong evidence that water pollution is not affawgi the quality of the Henry’s Fork aquatic inveriaie
community. This observation is consistent with our independasiiservations of consistently high
dissolved oxygen concentrations.

Despite our observations thabnditions over the whole watershed appear to batse if not improving,
Flat Rock is a major exception. While the percdmtatrinsects is decreasing over most of the watershed,
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it is increasing at Flat Rock. The number of ERA died %EPT are increwgat the watershed scale, while
Flat Rock shows no improvement. The watershedle decrease in PMDs is being driven primarilg by
substantial decrease at Flat Rock, and wbitanellaabundance is stable or increasing over the rest of
the watershed, iis decreasing significantly at Flat Rock. Our watelity data show that turbidity, water
temperature, and phosphorus concentrations are @asing throughout the watershe@Figures 64, 65)
but they are not increasing any faster at Flat Rtbdn anywhee else. And even with these watershed
scale trends, water temperature, suspended sedimamtcentrations, and phosphorus concentrations at
Flat Rock are lower than at any of our other s#®en as it is changing. Further, the streamflowimesy

at Flat Rok is the least altered due to water storage angedsion than anywhere else in the watershed.
So, the invertebrate trends we are seeing at FlatkRare puzzling and concerning. These declinekicou
be occurring because Flat Rock is the most pristiheur sites and hence has the most to lose
temperatures warm and water supply decreasksother words, a couple of degrees of warmingymat
make that much of a difference at St. Anthony, wdheummertime water temperatures are already well
into the 73 and have been for decades. But at Flat Rock, evteanperatures have historically stayed in
the 50s and 60s all summer, a couple of degregsdportionally a much greater increase. Further, we
know that the location in the Henry’'s Fork watershihat has seen the greatest decrease in streamflow
per unit of precipitation is the upper Henry’s Fo¥khile annual water supply over the whole waterdhe
(including Fall River and Teton River) has deciebgel 5% since 2000, water supply in the upper Menr
Fak (above Island Park Dam) has decreased by 22%awWelear statistical evidence that HBI scores are
higher (worse) when streamflow is lower, and thisuld have the greatest effect at Flat Rock.

None ofthe nine response variables we analyzed show asiesayatic trend over the past decade one
way or the other at Last Chance, and that inclu@&4D abundance, which is of greatest concern to
anglers. Our data show that average PMD abundamnt¢east Chancesilower than that at Flat Rock and
Osborne, so it is possible that PMDs at Last Chaugce formerly as abundant as they still are atgho
other two locations and declined substantially prio the initiation of this study. We will do sonakigging
into the data archives here to see if we can find som@mgarable numbers for PMDs from the 1970s,
1980s and 1990s, but at least over the past 10 yeae have no evidence of the systematic and some
would say “catastrophic” decline in PMD hatchesast Chancand the upper Ranch that we have been
hearing a lot about over the past few years. Ceatliathere is yeato-year variability, but the point is that
the invertebrate community at Last Chance has nedrged systematically over the past 10 years.
Further,the yearto-year variability in PMD abundance at Last Chanceave observed over the past 10
years does not generally correspond with anglerezignce. More on that in the next section.

This research is all based on invertebrates thatsample during their nymph stage and is not desine
to predict when or where a given aquatic insectdfatill occur. We focus on nymphs as they are pnese
on the stream bottom in March because they provitie geatest amount of information about water
and habitat quality, via the community metrics weasure. Further, an aquatic insect’s role in theam
ecosystem occurs primarily when it is in the nyngihge. After all, most of the species anglers are
interested in spend 350 days in the river as nymphs amg two weeks or less, and in most cases only a
few days, as winged adults. Yes, those few daysigecthe core of the Henry’s Fork fishing expergnc
but it's the other 356360 days that reflect the overall health and protuity of the river and how it
might respond to changes in water quality, streamif] and climate.
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To be a little more specifiecand to follow up on the last sentence in the pravsoparagraph-the four
years in our study with the highest PMD abundanideast Chance were 2017 (9,700 individuaf3/r2020
(7,700 individuals/rf), 2018 (5,990 individualsAy and 2023 (5,950 individualsfin Of these, by far the
year with the best perceived hatches was 202{hd-even most longime anglerssaid that 2020 had the
best hatches in decades, comparable to what was roomplace in the 1970s and 1980s. Yet, PMD
abundance was quite a bit higher in 2017, a yeat tivasn’t bad by most accounts but also wasn’t
particularly noteworthy. On the other hain 2023 was widely considered to have very poor Ridizhes.
We observed the same number of PMDs in our 2023péasnas we observed in 2018, which at least at
the time wasn’t noteworthy one way or the other. By the two years with lowest PMD abundande a
Last Chance were 2022 (1,744 individuaB/rand 2024 (1,963 individualsfin Based on angler
comments, PMD hatches in 2024 were widely considdgcebe the worst ever at Last Chance and the
upper Ranch, yet there were fewer PMDs in our sasmph 2022when we heard relatively little about
poor hatches. Further, we generally heard the samgative comments about PMD hatches in 2023 as
we heard in 2024, yet PMD abundance in 2023 was three times what it was in 2024.

The only other observation | will make about tlighat of the past 10 years, those with the highesut
populations by far were 2019, 2020 and 2021 andsthwith the lowest trout populations (also by large
margins) were 2023 and 2024. Thus, is it genetiadlycase that the greatestoncern over poor hatches
is expressed during years with the lowest fish pagans and that in other years with similar insect
numbers, there is less concern over hatches if ghgsars also coincide with high trout populations.

Our waterqualitydata clearly show a trend toward increasing wamperatures over the past 10 years,
and that trend applies over the whole watershed.efage summer water temperatures have increased
by around 2F over the past 10 years, whileddy maximum temperatures have increased B 1As
discussed above, almost all of theddy maximum temperatures we observed were abowve itiaximum
tolerance of PMDs reported in the literature and@labove the maximum tolerance of other mayflies
such as bluavinged olivesBaetig and Flavs that are abundant and widespread inteary’s Fork. So,
the temperature tolerances observed in studies coaigd in other river systems do not apply to the
Henry’s Forland/or the numerous groundwater ingsi to all reaches of the Henry’s Fork maintain Iyca
cooler areas in the river than where our watgmality sondes are located.

We did observe that invertebrate community diveysitas higher at cooler temperatures, but the other
two times temperature ppeared as a significant predictor (Table 10)eftect was opposite of what we
would expect. Percent EPT was higher at higher emampires, and HBI was lower (indicative of better
water quality) when temperatures were higher. ABAEPT was one of the comnity metrics that has
actually improved over the past decade. Taken tbget the temperature observations suggest that
warming temperatures are likely opening up moredeable conditions for species that do better in
warmer water, while the cool groundwater inputs araintaining at least locally favorable conditidas
the species that prefer cooler water. This is a hatsm that could explain the increase in ERAG %EPT
we have observed even as temperatures warm. Negatiependence of Shanntn diversity on
temperature (warmer water = lower diversity) mayflet additional species appearing in the samplgs a
temperatures warm but less uniform distribution widividuals across the species when this happens,
leading to lower diversity.
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In any case, our results do not indicate that irtebrate community structure or abundance of the ¢er
types of insects we looked at are being negativwepacted by warming temperatures at the watershed
scale. However, it is very likely that increasedesgemperatures are affecting the life cycle of the inte
that are present. It is well known that emergencehlvior of aquatic insects is strongly determingd b
water temperature, and even small water temperatuthanges could result in large changes in
emergence timing, both time of year and time of dayrthar, our Harriman State Park temperature study
shows that water temperature regimes (both the gadlverage and the variability around that average)
vary greatly with location around the Ranch. As aspheric temperatures warm, the difference between
“warm” locations and locally “cool” locations wile greater than in the past, with hatches of spiecif
insects being much more specific to location andetiof day. The more localized a particular insect
emergence is, the less likely it is that large nuntbeirthe same insect will appear across large readf
the river at the same time. This occurrence is dyaohat produces the hatches for which the Henry's
Fork is famous.

As a final observation abotemperature,we have been integrating all that we know about imvabtates,
temperature and streamflow downstream of Island P&am and have put together what we think is
probably the most likely explanation for changesatches, especilg PMDs, between Last Chance and
Pinehaven. First, we know that outflow temperaturfesm Island Park Dam are lower when the reservoir
stays fulFigure34). Second, we know that water temperatures betweeastiChance and Pinehaven are
more resistant to warming fronsolar radiation and to cooling from the localizeffeets of cool
groundwater inputs when outflow is high. Third, ¥@ow from our own angling experience and from the
angling community in general that PMDs (and a fatweo mayflies) produce the most prolific hatches
when water temperatures are relatively cool andatdlely constant. That is why spring creeks angddar
reservoir tailwaters are generally most well knofen their PMD hatches. In the Ranch, this woulduscc
when Island Park Reservoir stays full but outflevkigh. Over the past several decades, this candis
not physically possible, because high outflow letkigh reservoir drawdown, which leads to warmer
outflow temperatures. Keeping the reservoir as fal possible requires low outflow, which is then
susceptible to rapid warming once it hits Last Glegarespecially because air temperatures are warmer
now. However, back in the 1970s, 1980s, and 19@@=rvoirinflowswere so high that it was possible to
maintain high reservoir leve and high outflows at the same time. This wouddvd produced a situation
in which cool reservoir water remained cool all tivay through the Ranch (not to mention the fact tha
air temperatures were lower), thus producing PMDdies in large numbers aredictable times of year
and times of day, all the way through the reachnfr@ox Canyon to Pinehaven at the same time.

x Continue to monitor invertebrates, water qualityné streamflow to add to the X9ear dataset
presented in this report.

x Scour our old hardopy reports for invertebrate data collected priorthis study and incorporate
those into formal analysis as much as possible.

x With Idaho Department of Environmental Quality, quete a water temperature moddbr the
river downstream of Island Park Dam so that we aasess how different weather conditions,
reservoir management, and water supply affect watmperature in the Ranch.

x Continue the collaborative precision water managetgrogram that has savedver 20,000 ac
ft of water per year in Island Park Reservoir, éased winter outflow by 100 cfs, and resulted in
small but measurable improvements in summertime graquality downstream.
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X Pursue infrastructure and habitat improvements idalsd Park Reservoir and on the river
downstream to decrease turbidity and water tempanegs(DIRTT)

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

Conclusion

Why is the dryfly fishing expdence between Last Chamand Pinehaven (theRanch for short) not as
goad as it was in the 19764990 The short answeis that summertime & temperatures are about
4°F wamer than 40 years ago, anehter supplyat Island Park Dais 22%ower. Frst and bremost,
decreagdwinter flow, adirect resultof decreasedvater supply has led toa trout population
downstreamthat is25-35% lower ttan itwas prior to 2000 and wibnly decrease in the futurd@his
decrease is not due tmcreased water useajiversion for agricultral irrigation downstream is 23%éwer
than it was prior to 2000and water conservation measurigsplemented collaboratigly among HFF,
water uses, and water manager has increased resenvearryover andvinter flow by around 40%
relative to waer supply. Even withowny water use at altrout populations in the futurewill be 36-
40% lower tharthey were in the 1970s3990s, when stockingnd downmigration ofreservoir fishinto
the riveraugmentedthe wild trout population.Second, water quality in Island Park Reservoirteamte
in the river downstream has declinegs a result of warmer teperaturesand lower inflow substantially
degrading the fishing experience during rsidmmer Third,while increasing water temperatures are
not causing widespread decreain numbers of mayflies, stoneflies, and caddisfithey are very likely
changingiming and location of emergee of these insectg*hatches). These hree factors have
resulted infewer rising fish and a far less desirabig-fly fishing experience.

So what an we do about these three thing&fbne of us can cool @emperatures or makenore water.
1) HFF and its partners may be abdesgueezeout a few morecfs of winter flow but even the river's
natural flow is not goingp maintainthe trout populationat 1970s1990slevels. We either acceppwer
numbers of fistor consider creative ways teplace thehatchery and reservoir fish that anngnted the
population 40 years ag@) HFFs ORTT project has great potenttalimprove waterquality in Island
Park Reservoir ahdownstream but that will requiremany yearslarge infrastructure upgradeand
tens of millions of dollarbeyondthe current$1.7 million projectto desgnthe upgrades3) Through
DIRTTand other restoration projects in the Ranch, we caeate and maintain locally cooler areas
within the Ranctlas refuges for insectsd trout. If we have more trout, hese refugeareas can again
provide highguality dy-fly fishing
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