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St udi es
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ABSTRACT

W conducted a study on Anerican Falls Reservoir to describe trout
habitat as dissolved oxygen and tenperature, trout habitat |oss, and
reservoir operating conditions effects. W also tried to assess the
effects of trout habitat |oss on fishing success. Water |evels were nuch
| ower in 1988 than nornmal, which probably effect study results.

We defined Usable Trout Habitat (UTH) as tenperature < 19°C and
di ssolved oxygen (D.O) = 5.0 ng/l, and Maximum Trout Habitat (MIH) as
temperature < 21°C and D.O. 2 3.0 mg/l. From June through early
August, UTH was less than 84 kn? (4% of full pool). MIH in nost cases
was 19% to 41% of full pool. Although total habitat declined with
drawdown, the proportion of pool volune as trout habitat increased from
nmd- to late sumer. The increase was due to wind nixing and a higher
i nfluence of inflow oxygen with snmaller pool vol une.

Mean surface water tenperatures were around 22°C for nost of the
sampling period, with little stratification. Anoxic conditions did not
occur in the reservoir because mxing was high. Tenperature limted
habi tat volume in 1988.

An emigration of hatchery rainbow trout Oncorhynchus mnykiss from
the reservoir was shown by decreased reservoir catch rates which were
correlated to river catch rates. Declining habitat volume during late
June and early -July may have initiated the emigration. In late July and
August, 60% of the trout caught from the river had injuries which
may have been turbine marks.

Aut hor :

John T. Hei mer
Seni or Fishery Research Bi ol ogi st
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| NTRODUCTI ON

Hi story of Reservoir

American Falls Reservoir is located in Bingham and Power counties
on the Snake River in southeastern Idaho and is the largest irrigation
storage reservoir in Idaho. The Dam was completed in 1927.
Deteriorating concrete in the dam resulted in storage restrictions
during the period 1976-1979. In 1979 a new dam was conpleted, and the
original level to active storage (1,327 m above nean sea level) was
restored. The new dam and power plant allowed an increased volune of
water to pass through the turbines with a consequent increase in
el ectrical production.

The reservoir covers 22,663 ha and contains 2,097 kn? of water at
full capacity. The reservoir is primarily used for irrigation storage
The U.S. Bureau of Reclanmation owns and nmanages the dam and
reservoir. Refill typically begins in October and continues through
winter and early spring. Final fill is during the spring runoff.
Irrigation starts in June, and drawmdown starts as demands exceed
i nflow.

The annual water level fluctuations and poor water quality place
stress on gane fish populations. To better manage the fisheries, we
need to know more about the effects of reservoir operations on gane
fish popul ati ons.

Water Quality

Bushnell (1969) reported an abundant supply of both nitrogen and
phosphorous. The bl ue-green al gae Aphani zomenon fl os-aquae was the
nost abundant al gae present. Bushnel|l also reported a significant
oxygen deficit. Rose and Mnshall (1972) assessed the effects of
selected nutrients on algal growth in the reservoir and reported an
overall increase in planktonic organisnms in the reservoir from May 26
to August 12, 1971.

Di ssol ved oxygen and tenperature problens have been recognized in
the reservoir. Poor water quality seems to result in a substantia
annual trout emgration. Sunmmer fish kills, probably a result of
di ssol ved oxygen depletion, occurred in the reservoir in 1967 and
1972. Only one winterkill is known to have occurred. It was |ocalized
near the mputh of the Aberdeen Drain in 1971. Since then no known
wi nterkills have occurred.

Pesticides nmay be a problem in Anerican Falls. Johnson et
al (1977) found high organochlorine residues in Utah suckers Catostonus
ardens. Mercury and cadium concentrations in the Utah suckers, black
crappi e Ponoxi s nigromacul atus, and rai nbow trout Oncorhynchus nyki ss
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exceeded U.S. Food and Drug Adm nistration standards at the tine. The
reservoir appears to serve as a large settling pond for pollutants from
its upstreamtributaries.

Fi sh Popul ati on and Fi shery

American Falls Reservoir is productive and contains | arge nunbers

of nongame fish. Speci es such as the Utah chub Gla atraria, carp
Cyprinus carpio, and Utah sucker are abundant. Warmwater species
present include yellow perch Perca flavescens, bl ack crappie,

| argenouth bass Mcropterus solinmdies, and brown bullhead 1ctul orus
nebul osus.

Popul ati ons of perch in the reservoir vary from year to year.
Although few fish are taken in the reservoir, obvious year-to-year
fluctuations occur in the river catch immediately downstream Cause of
the fluctuations is unknown.

Most game fish caught by anglers fishing the reservoir are
hatchery-rel eased rainbow trout. These fish are |liberated at
200-250 mmin length usually in md-April. From 75,000 to 100,000 fish
are released annually (3.8/ hectare). Release sites are at Seagull Bay
and the Aberdeen Sportsnen's Park. Locations were selected away from
the dam so that fish would beconme at |east partially acclimtized to
the reservoir conditions before any opportunity for em gration

Growt h of the planted trout is rapid. Fish often reach 400 g
within three nonths. Mst fish enter the creel two nonths after
rel ease. Return rates of released trout are high in sonme years and | ow
in others. W believe that wvariation in water quality and habitat
within the reservoir could influence the fishery. Do trout enigrate
from the reservoir because of an environmental squeeze between high
tenperature and | ow oxygen?

Reservoir operations could effect trout habitat. As the reservoir
is drawn down, should we expect trout habitat to inprove or
deteriorate? If the present operating conditions deleteriously effect
trout habitat, can they be nodified?

Two conpleted creel censuses estinated 25,000 to 30,000 angler
days and 15,000 to 25,000 rainbow trout caught on the reservoir (Heiner
1984). About 40% of the fish released in the reservoir were taken by
angl ers. However two-thirds of the catch occurred in the reservoir and
one-third in the river downstream

Downstream novenment of trout nmay be influenced by reservoir
habitat conditions. We hypothesize that with good habitat conditions,
a higher percentage of trout stay in the reservoir than with poor
conditions. This should result in better catch rates. Trout passing
downstream through the dam would be subjected to turbine |osses,
resulting in a net loss of fish to the reservoir even though they may
contribute to the river fishery.
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A nunber of physical factors may influence trout habitat in the
reservoir. These include inflow, outflow, and reservoir surface
el evation (volunme). Water year and drawdown nmy influence flushing
rate and physical habitat availability and may indirectly. influence
temperature regime, stratification, primary production, and oxygen
deficits. W nmay expect water year and operations to influence
habi tat, fishing success, and survival or emigration of fish. A better
under st andi ng of these relationships wuld allow us to either encourage
better operations or select managenent alternatives better suited to
the habitat |limtations in the reservoir

OBJECTI VES

Virtually no habitat work in relation to trout populations has
been done at Anmerican Falls Reservoir. |Information on reservoir
habitat conditions and their effects on trout populations is needed to
understand influences on the fishery and nmethods to inmprove it. The
goals of the first year of the study are to describe reservoir trout
habi t at, the physical paraneters that i nfluence it, and the
relationship between habitat and fishing success. The objectives for
1988 were:

1. Descri be seasonal trends in trout habitat based on dissolved
oxygen and tenperature.

2. Determine if trout habitat loss is influenced by reservoir
operating conditions.

3. Describe the effects of trout habitat |oss on fishing success.

RECOMVENDATI ONS

1. Envi ronmental conditions for donestic rainbow trout are narginal
We doubt operations can be influenced enough to substantially
i mprove habitat availability. O her strains that tolerate

tenperatures up to 22°C could perform better than our current
hat chery stock. W recomend stocking 25,000 domestic Kanl oops,
25,000 Lahontan cutthroat, 25,000 Henrys Lake cutthroat and 25, 000
rai nbow cutthroat hybrids to compare to the existing program
Fall stocking of fingerling should be evaluated also. W should
al so evaluate redband as they becone available in the hatchery
system.

2. 1988 was a record | ow water year. 1989 is anticipated to be a
near normal water year, and we should continue collection of
t emperature and oxygen data to determine the relative influences
of water year and drawdown on habitat availability.

AMFALLS1 4



TECHNI QUES

Seasonal Trout Habitat

We calculated trout habitat in American Falls Reservoir after Van
Vel son (1986). We cal culated volunmes of two different trout habitats to
better define reservoir trout conditions. W defined Usable Trout
Habitat (UTH) as water tenperature < 19°C and dissolved oxygen = 5.0
mg/ 1. We defined Maxi mum Trout Habitat (MIH) as water tenperature <
21° and di ssol ved oxygen = 3.0 ng/ 1.

Qur trout habitat boundaries were identified from dissolved oxygen
and tenperature data collected at the sanpling stations on regularly
schedul ed sanpling days. The upper habitat boundary was |ocated at the
depth where water tenperature or dissolved oxygen linmts were first
recorded and the |ower boundary where the limts were |last recorded. W
calculated UTH and MIH as a proportion of both full pool and present
pool el evations (vol unes).

Oxygen-tenperature profiles were collected at one neter intervals
from the water surface to the bottom A YSI Mdel 54A dissolved
oxygen/tenperature meter was used for sanpling. The sanpling program was
started on June 24, 1988 and continued wuntil Septenber 27, 1988.
Bi weekly sanpling was done in June, early July, and Septenber; weekly
sampling was done in Jlate July and August. Dissolved oxygen and
tenperature sanpling was done at eight stations selected to represent
the reservoir (Figure 1). By late sumer, sanpling at the three upper
stations had to be term nated because of |ow water |evels.

To confirm sanpling tinmes and to assess diel oxygen changes in the
reservoir, we sanpled Station 1 (near the danm) every four hours for a
24- hour period on July 1, 1988. On four occasions in August, we
sanpled Stations 1, 2, and 3 between 2000 and 2100 on the evening
before our schedul ed sanmpling day. On all schedul ed sanpling days, we
sanpl ed the stations in ascending order, then returned to Station 1 and

sanpl ed again. This second sanpling was often three to four hours
later than the first sanmpling time. This sanmpling confirmed that
during the period from sunrise to a few hours after little change in

reservoir oxygen occurred.
Information on reservoir elevations and storage |evels was

obtained from an area capacity table for the reservoir (U S. Bureau of
Recl amati on, 1979).
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I nfl uence of Reservoir Operations and Fl ows

Hi storic Approach

For the period May through October, dissolved oxygen readings are
collected at each of three generators |located within the American Falls
Power Pl ant. Tenperature readi ngs of water passing the generators are
al so col | ect ed. Bot h tenperature and oxygen readi ngs are taken at
ten-m nute intervals. This information collected since 1983 was
obt ai ned from | daho Power Conpany.

Means of penstock oxygen data were correlated with reservoir data.
We reasoned that if we found a strong correlation, the historic
penstock oxygen data could be used as an index of historic oxygen
conditions in the reservoir. The index could then be correlated wth
historic flows, drawdown regines, and storage volunmes to |ook for any
rel ati onshi p between reservoir operation and oxygen conditions.

Oxygen Model

W are attenpting to develop a sinple nodel to describe oxygen
consunption in Anmerican Falls Reservoir under different pool elevations
and flow conditions. The nodel will be simlar to one devel oped by
Rei ni nger et al. (1983) for winterkill projections at Cascade
Reservoir. We partitioned the oxygen consunption into water colum
demand, sedinent demand, and outflow. Total water colum consunption
and sediment consunption varied as a function of pool volune when
cal cul ated on an areal basis.

We cal cul ated water colum demand over four different tinme periods
in late August and Septenmber. This was done by determning the
difference in dissolved oxygen in water sanples incubated in the dark
at tenperatures near those in the reservoir. The procedure was
identical to that used to estimate BOD (Standard Methods, 1985) with
the exception that our incubation tenperatures were not standard. The
estimated nean daily decrease in oxygen in the water colum was
multiplied by the nean depth to estimate water colum demand on an
areal basis.

We sanpl ed oxygen in the Portneuf River and Snake River during the
period June 25- August 19, 1988. W sanpled the Portneuf River at the
Si phon Road Bridge and the Snake River at Tilden Bridge and MTucker
Landing. We cal cul ated the oxygen volume of the inflow by nultiplying
the nmean inflow (m% sec) and the nean dissolved oxygen. This figure was
then multiplied by 86,400 to convert the oxygen volune from seconds
to g/ m/day. We divided by the area of the reservoir to estimte
i nflow on an areal basis.

AMFALLS1 7



Fl ow and dissolved oxygen in springs on the Fort Hall |Indian
Reservation were estinmated from Bushnell (1969). Flows in 1.969 were
used instead of those reported for other years, as conditions seened
nore conpatible to those in 1988.

We cal cul ated the oxygen volune of the outflow by multiplying the
mean outflow (nf/sec) and the nean dissolved oxygen of the outflow for
that day (obtained from Idaho Power Conpany). This figure was then
multiplied by 86,400 to convert the oxygen volume to g/ n?/day. We
divided by the area of the reservoir to put it on an areal basis.

We calculated oxygen deficits wusing the volune of the water
colum. This was nultiplied by nean dissolved oxygen to arrive at
metric tons of total oxygen. The oxygen decrease over a given nunmber of
days was divided by the surface area to obtain the oxygen deficit
(Wtzel and Likens, 1979).

We anticipate conparisons of oxygen and tenperature conditions in
di fferent years. | f flow or drawdown dramatically influence
tenmperature and oxygen in the reservoir, we should see differences in
those conditions in different years.

Habitat Loss and Fi shing Success

To assess angler and catch at the river and reservoir, we
collected creel data from md-June through md-QOctober. W checked
catch at the reservoir on Saturdays from 1100 to 1700. We parked where
the access road to the boat dock near the dam intersects Hi ghway 39 and
interviewed anglers while they were stopped at the stop sign. W
checked river catches every other Saturday from 1100 to 1700 at the
access site imedi ately downstream from the dam At both | ocations
angl ers were checked after they had conpleted fishing.

We correlated river and reservoir catch rates to determne the
relationships between the two. W also correlated catch rates from

both locations with UTH and MIH. We used |line plots of all data to
| ook for trends in habitat availability and fishing success.

FI NDI NGS

Seasonal Trout Habitat

Both 1987 and 1988 were considered drought years. Consequently
carryover water at the end of the 1988 irrigation season was extrenely
low (Figure 2). Obviously, the maximm possible trout habitat
avai l able in 1988 was strongly influenced by pool drawdown.
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Reservoir dissolved oxygen concentrations were relatively stable
through time (Figure 3). W found the |owest dissolved oxygen
concentrations in July. Man surface tenperatures at the reservoir
were approximately 22°C for nost of the sanpling period (Figure 4).

Di ssol ved oxygen readings taken every four hours over a
twenty-four hour period peaked in |late afternoon and early evening. W
found a simlar pattern for tenperatures (Figure 5).

Secchi transparency was highest near the dam rather than in the
upstream areas of the reservoir (Figure 6). Transparencies in the
reservoir decreased through the season (Figure 7). During the period
secchi disk measurenents were taken, we observed no algae, indicating
that sedinent turbidity was the main cause of the |ow readings.

UTH as a percentage of full pool was |less than 10% t hroughout the
sampling period. UTH as a percentage of the available pool increased
from August 11 to August 18 and stayed high through the remainder of
the sampling period (Figure 8). Tenperature was typically the npst
i nportant influence of UTH during the period June 24-August 11.
Tenperatures were often greater than 19°C even though di ssol ved oxygen
concentrations were generally greater than 5.0 ng/l.

MIH as a percentage of present pool levels was relatively high
t hroughout the entire sanpling period (Figure 9). As a percentage of
full pool, MIH was less than 10% in |ate August and early Septenber.
As UTH is a subset of MIH, the sanme limting factor (i.e. tenperature)
was typically nost inmportant. Tenperatures in the latter stages of the
sanpling period were often in excess of 21°C, though dissolved oxygen
concentrations rarely dropped below 3.0 nmg/l.

I nfl uence of Reservoir Operations

Hi stori c Approach

A correlation exists between penstock nmean dissolved oxygen
concentration and reservoir nean dissolved oxygen concentration for the

same day (r = 0.68 P < 0.05). Thus one could predict the overall
reservoir oxygen conditions for a given day using penstock oxygen means
and the equation X = 3.858 + 0.394Y where Y = the penstock nmean
di ssolved oxygen and X = nean reservoir dissolved oxygen. W were

unable to predict environnental conditions in the reservoir (UTH or
MTH) usi ng penstock oxygen means.

Oxygen Mbde

The nean water colum demand for oxygen over four different tine
periods varied from 0.87 ng/l/day to 0.55 ng/l/day. Overall water
colum demand was 0.69 ny/l/day.

AMFALLS1 10
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Esti mated oxygen input into the reservoir varied from 0.05
g/ nf/day on June 24, 1988 at surface elevation 1323 mto 0.35 g/n¥/ day
on September 27, 1988 at surface elevation 1311 m

Esti mated oxygen output from the reservoir was nuch higher than
oxygen input due to irrigation demands. It ranged from 0.22 g/nf/day
on June 24, 1988 at surface elevation 1323 m to 1.44 g/ né/day on
Sept enber 27, 1988 at surface elevation 1311 m

Oxygen deficits were higher than 5.0 g OYnf/day on severa
occasions (Table 1). In sone cases oxygen deficits were negative,
i ndi cati ng an oxygen gain within the strata over tine.

The oxygen volune in the reservoir declined through the season.
The decline was explained in large part by declining pool volume (r =
0.97 P < 0.05) (Figure 10). Oxygen volune did show some variation,
which could be explained as oxygen consunption within the reservoir.
Due to the record |low water conditions that occurred in 1988, we fee
addi ti onal data should be incorporated in our nodel to adequately test
it.

Habitat Loss and Fi shing Success

Hi ghest reservoir catch rates occurred in June and the |owest in
| ate August and Septenmber (Figure 11). Reservoir catch rates varied
considerably during the census but generally declined through the
season until October. Overall reservoir anglers averaged 0.15 trout
per hour and 0.65 trout per angler (Table 2).

The relationship which explains the nost variation in catch rate

was pool volume and monthly catch rates for June - October, 1988
(r = .92, p < .01). There was a significant correlation between UTH
volume and reservoir catch per angler (r = 0.79, P < 0.05). W also

found a significant correlation between MIH volunme reservoir catch per
angler (r = 0.62, P < 0.05).

Catch rate in the Snake River during the census period was highest
in July and Ilowest -in Septenber and early October (Figure 12).
Declining catch rate in the reservoir proceeded the July peak in the
river catch rate. W found no significant correlation between catch
rate from the reservoir and catch rate from the river (r = 0.08
p > 0.05) for the June through October period of 1988. However, if
June catch rates are dropped because UTH is at high point (Figure 8),
then a significant relationship between reservoir catch rate and river
catch rate exists for July through October (r = .85, p > .05).

During the river creel census, we checked 134 hatchery-rel eased
rai nbow trout, 3 rainbow trout of wunknown origin, 6 brown trout, 31
yellow perch, and 2 black crappie. The nmean total length of the 83
hat chery rainbows caught in July was 335 mm The nmean of 17 rainbows
caught in August was 346 nm On July 30, August 6, and August 20, we
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Table 1. Cal cul ated oxygen deficits (g 0,/ nf/day) bel ow the specified

el evations in Anerican Falls Reservoir,

1988.

El evation (m

Dat e 1323 1321 1319 1317 1315 1313 1311
6- 24/ 7-7 1.872 1.751 . 085 0.995 -0.543  -0.089 1.563
7-7/7-21  -0.289 0. 093 . 604 1.071 3.751 2. 448 .
7-21/7-28  2.577 1.741 . 265 2.875 0.813 ) .
7-28/8-4 1.122 1.206 . 068 4.502 5. 364 - -
8- 04/8-11  1.263 1.619 . 153 1.164 . - ]
8-11/8-18 0.924 0. 552 . 596 5.379 . - ]
8-18/8-25 0.394 _4. 331 447 - - -
8-25/9-01 5.649 4.387 . 597 ) )
9-01/9-13 -0.922 -0.890 - - - -
9-13/9-27 2.252 3. 494 - - ] )
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Figure 11. Catch rates of hatchery rainbow trout anglers fishing
American Falls Reservoir in 1988.
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Figure 12. Catch rates of hatchery rainbow trout by anglers fishing

the Snake River downstream from the American Falls Dam
in 1988.
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Table 2. Mnthly effort and catch rate of hatchery released rainbow
trout by anglers fishing American Falls Reservoir, 1988. The
mean fish per hour for the five different nonthly periods
(95% Cl) was .11 + .09. The nmean fish per angler for the sane
periods was .46 + .43.

Angl ers Hour s Fi sh Fi sh Per
Mont h Checked Fi shed Caught Hour Angl er
June 227 999 228 .23 1.00
July 23 1, 088 131 .12 . 56
August 121 489 50 .10 .41
Sept enber 47 147 5 .03 .11
Oct ober 14 35 3 .09 .21
Tot al 642 2,758 417 .15 . 65
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Table 3. Mnthly effort and catch rate of hatchery released rainbow
trout by anglers fishing the Snake River downstream from the
American Falls Dam 1988. The nean fish per hour for the
different nmonthly periods (95% Cl) was .14 + .16.. The nean
fish per angler for the same periods was .46 + .43.

Angl ers Hour s Fi sh Fi sh Per

Mont h Checked Fi shed Caught Hour Angl er

June 65 290 28 .10 .43

July 74 286 86 .30 1.16

August 28 74 17 .23 .61

Sept enber 20 52 0 .00 .00

Oct ober 19 63 3 .05 .16

Tot al 206 765 134 .18 . 65
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examni ned 50 rainbow trout caught in the river downstream from the dam
for turbine marks. Of this total, 30 (60X) had visible turbine marks.
Most were in the form of skin abrasions with a distinct curved mark
al ong the side of the fish where the scal es were gone.

DI SCUSSI ON

Seasonal Trout Habit at

Unusual ly | ow pool elevation and volume occurred in the reservoir
in 1988. Water elevations were |ower than average due to the drought.
Habitat conditions in 1988 nmay not be typical of nornmal water years.

We anticipated that habi t at condi tions woul d deteriorate

t hroughout the sumrer. In 1988 that occurred but primarily as a result
of declining pool volune. From June through early August, habitat
conditions were poor, in all cases less than 12% of full pool. After

m d- August, conditions within the existing pool actually inmproved. The
absol ute volunme of UTH declined in |ate sunmer only because the pool
vol ume dropped with continued drawdown. The inprovenent in water quality
with decreasing surface levels was probably due to cooler air
tenperatures, wind action on the reservoir, decreasing depth (which
i ncreased ni xing), and increasing influence of tributaries.

Since anoxic conditions did not occur during the 1988 sanpling

period, it would be reasonable to assume that primry production or
m xing of the reservoir was high. Exposure of the reservoir to wnd
means that stratification usually wll not occur for any extended
period of tinme. Stratification my be nore prevalent at higher pool
el evations; but wunder 1988 conditions, we believe sumerkill due to
hypolimetic anoxia will be rare.

In 1988, reservoir drawdown actually seened to have a positive
i nfluence on dissolved oxygen. As the reservoir pool was |owered, the
relative percentage of both UTH and MIH increased. However, this may
not be the case during a normal water year when stratification could be
nore proni nent.

Bushnell (1969) found the |owest concentrations of dissolved
oxygen on July 22 in md-reservoir areas between Seagull Bay/Wst Bay
and Bannock Creek/Big Hole. He attributed an oxygen increase in August
to a storny period that |asted about two weeks. This storm dropped the
wei ght ed average tenperature from 22.2°C to 17.0°C. During our study,
reservoir temperatures remained fairly constant during the summer
nont hs.
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I nfl uence of Reservoir Operations

Sedi ment concentrations in the reservoir increased as the poo

| evel decr eased. This increase was reflected in secchi di sk
transparencies. A correlation of reservoir catch per angler and nean
secchi disk transparencies was not significant (r = 0.31, P > 0.05)

Sigler et al. (1984) reported decreased growth in water containing as
little as 25 NTU turbidity. They assumed the reduced growth was
related to the ability of the fish to feed. Although turbidity in the
reservoir aggravated by drawdown m ght be expected to influence catch
rate as well, this was not obvious in our data.

Secchi transparency was |lower in the upper part of the reservoir,
probably due to headcutting of previously deposited naterial. Thi s
material settled out as it progressed towards the dam Horner and
Ri eman (1981) also reported |ower secchi disk visibility near the upper
end of Cascade Reservoir.

In normal water years, inflow rates would be higher and surface
el evations higher than in 1988. Under these conditions, a strong
stratification could devel op. We do not know how stratification and

oxygen conditions will <change with higher summer volunes. To fully
evaluate summerkill risks, it would be useful to describe oxygen and
tenperature during normal years. Snhowpack information indicates that
the 1989 water year will be in this category.

Sumrerkills can also result from algal bl oom collapse and
elimnation of primary production. Papst et al. (1980) reported that
periods of thermal instability following a bloom collapse is a
requi rement and that wind stress and night air tenperatures are the
principal factors determning stability. In this case, mxing of the
water colum can actually aggravate the risk of a kill. Oxygen
consunption rates at the reservoir, however, are not adequate to
produce the short-term anoxia associated with a bloom collapse. Mich
hi gher water colum consunption rates would have to be present for this
to occur. Barica (1978) discussed sumrer fish kills in eutrophic |akes
in relation to collapses of the algae A flos-aquae and concluded that
the al gal col lapses <coincided wth a significant drop in air
t enmper at ure.

We believe that algal bloom collapse and thermal instability are
actually the nost l|ikely causes of the fish kills observed in the
reservoir in the past. W do not know if necessary conditions are nore
likely in low water years, but conditions in 1988 should have been good
for such an event if that were the case. Algal bloons are strongly
i nfluenced by other environnental conditions. Nutrient Iloading is
obviously inportant. W suggest that increased nutrient loading to the
reservoir may be a nore inportant factor in future fish kills than
reservoir operations or flows. Any increase in the nutrient |oading
could increase the |I|ikelihood of massive algal bloonms and bloom
coll apse. Increased nutrient |oading would also aggravate the existing
oxygen deficit and related constraints on the trout habitat.
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Habitat Loss and Fi shing Success

Past observation of angling at the reservoir suggests that rai nbow
trout typically congregate in front of the dam in late July and
August. During this period fishing success can be good. Tag return
information from Heimer (1984) indicates a |arge number of trout npve
through the dam to the river downstream . River catch rates declined
as the reservoir catch rates declined during this time period. W
believe that increased river catch rates in July represent |arge
numbers of fish |eaving the reservoir.

An excessive turbine nortality during this time period could
offset the benefit of reservoir growh. If passage nortality studies
showed this, then a portion of the fish scheduled for release in the
reservoir could be released in the river. Oher options would be to
rear the fish scheduled for release to the river to a large size before
rel ease.

We found significant correlations between pool volune, UTH vol une
and MIH volune to reservoir catch rate. |If catch rate in the reservoir
is controlled by emmigration resulting from UTH, then the release of
strains or species of ganme fish nore adaptable to the reservoir
environmental conditions could increase catch rates.

Cal cul ated oxygen deficits, the same as areal rates  of
hypoli metic oxygen depletion (AHOD), were high. Trinbee and Prepas
(1988) calcul ated oxygen deficits over four sumers for a neromictic
| ake in Alberta, Canada, and reported variations between 0.22 and 0.52
g O/ nt/day. This was considerably |lower than some for American Falls
Reservoir which exceeded 5.0 g O/ nf/ day.
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SUMVARY

Usabl e Trout Habitat (UTH) volunme was |ow throughout the summer of
1988. Very low habitat volune in 1988 was related primarily to high
tenperature not dissolved oxygen. The UTH of the existing poo
actually inproved in late sumer. Available habitat was nore linited
by tenperature than oxygen.

Drawdown did not appear to aggravate environnental conditions
related to oxygen and tenperature in the reservoir after the elevation
dropped below 1315 m in late July, 1988. Reservoir conditions were
poor and imm gration of trout evident by July, which was at 50%
reduction in storage vol une. Pool volume greater than 30% of ful
could increase the strength of stratification in the reservoir. |If
t hat occurs, anoxic conditions could develop in the hypolimion and
create nore oxygen limtations than observed in 1988. W do not know
at what pool elevation is critical for this in nornmal years. W do not
believe that maintaining high storage |levels would substantially
i nprove trout habitat or fishing success. The present strain of
hat chery rai nbow trout being released is not well adapted to reservoir
environmental conditions. Strains of trout nore suitable to high
tenperatures should be released to utilize nore of the reservoir
vol une. Redband, Lahontan cutthroat, Henrys Lake cutthroat and rai nbow
cutthroat hybrids should be eval uat ed.
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