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SNAKE RIVER SOCKEYE SALMON HABITAT AND
LIMNOLOGICAL RESEARCH ’

David M. Teuscher and Doug Taki

Shoshone-Bannock Tribes, P.O. Box 306
Fort Hall, Idaho, 83203

Abstract -Snake River sockeye salmon were listed as endangered in 199 1. Since then, the
Shoshone-Bannock Tribes (SBT) have been involved in a multi-agency recovery effort. The
purpose of this document is to report activities completed in the rearing environments of the
Sawtooth Valley Lakes, central Idaho. SBT objectives for 1995 included continuing
population monitoring and spawning habitat surveys, estimate smolt carrying capacity of the
lakes, and supervise liiology and barrier modification studies.

Hydroacoustic estimates of 0. nerka densties in the Sawtooth Valey Lakes ranged from 32
to 339 fish/ha. Densities were greatest in Stanley followed by Redfish (217 fish/ha), Pettit
(95 fish/ha), and Alturas. Except for Alturas, population abundance estimates were similar
to 1993 results. In Alturas Lake, 0. nerka abundance declined by approximately 90%.

In 1994, about 142,000 kokanee fry recruited to Redfish Lake from Fishhook Creek. O.
nerka fry recruitment to Stanley and Ahuras lakes was 19,000 and 2,000 fiy, respectively.
Egg to fry survival was 11%, 13%, and 7% in Fishhook, Alturas and Stanley Lake Creeks.

Kokanee spawning in Fishhook Creek was dightly lower than 1993 estimates but smilar to
the mean escapement since 1991. About 9,200 kokanee entered the creek in 1994 compared
to 10,800 in 1993. Escapement for Stanley Lake Creek was only 200, a 68% reduction from
1993. Conversdly, 0. nerka spawning dengties increased to 3,200 in Alturas Lake Creek, up
from 200 the previous year.

Approximately 92% of the 0. nerka production potential of Redfish Lake is being used by
Fishhook Creek kokanee. Available space for sockeye production is 20,000 10-gram fish.
Expected release totals for 1995 are 100,000 juvenile sockeye, well above safe levels of
supplementation In the short term, lake fertilization is needed to meet production needs and
prevent a forage crash during sockeye supplementation. For long term recovery, however,
a trade-off between kokanee and sockeye production is required. We suggest limiting
Fishhook Creek fry recruitment to 50,000 per year.

Spawning habitat is not limiting in Redfish Lake. The shoa spawning area on Sockeye Beach
and in the South end of Redfish Lake should support up to 16,000 sockeye spawners.
Percent fines in those areas were low (less than 35 % of the substrate was smaler than 6.3
mm), and should yield moderately high egg-to-fry survival.
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INTRODUCTION

Historically, thousands of Snake River
Sockeye salmon returned to the Sawtooth
Valley to spawn. Evermann (1896) reported
that the Sawtooth Valley Lakes were
teeming with red fish.  Bjomn (1968)
estimated that 4,360 sockeye returned to
Redfish Lake in 1955. These numbers no
longer ‘exist. In the 1980's, less than 50
Snake River sockeye salmon survived to
spawn (Bowler 1990). Since 1990, only 14
sockeye have returned. Because of recent
declines, the Shoshone-Bannock Tribes
(SBT) petitioned the National Marine
Fisheries Service (NMFS) to list Snake River
sockeye as endangered. As aresult, Snake
River sockeye were lised and the Bonneville
Power Adminigtration (BPA) began funding
recovery efforts.

Initial recovery efforts began in 1991 and
focused on issues specific to the Sawtooth
Valey Lakes, in centrd ldaho. Historicaly,
these lakes (Redfish, Alturas, Pettit, Stanley,
and Yellow Belly) provided critica spawning
and nursery habitat for Snake River Sockeye
salmon. Exotic species introductions, low
productivity, altered spawning conditions,
and abundant kokanee populations may
impact the abiity of these systems to
produce sockeye smolts. Specific research
objectives for 1994 were to (1) continue
monitoring resident O. nerka population
dynamics (i.e, estimatein lake abundance,
complete spawning surveys, and estimate
tributary fiy recruitment), (2) describe fish
foraging habits, (3) es& ate the current
carrying capacity of Redfish Lake and
compare it to production needs for 1995,
and (4) complete spawning habitat surveys.
Additionally, a feasibility study for barrier
modifications (Montgomery Watson; Liming

et a. 1994) and limnology investigations

~ (Utah State University) were completed.

Limnology results are included in this report.

This research should expedite sockeye
recovery by helping to determine which of
the Sawtooth Vdley Lakes will provide the
best spawning conditions, the safest rearing
environment, the best growth rates, and
ultimately the greatest numbers of adult
returns.

STUDY AREA

Five lakes in the Sawtooth Valley are
currently the focus of our habitat and
limnology studies. Historicaly, the lakes
and their inlet streams were used as
spawning and rearing environments for
endangered Snake River sockeye salmon
(Bjomn et a. 1968; Evermann 1896). The
lakes were glacialy formed, range in
elevation from 1985 to 2157 m, and are
located in centrd Idaho (Figure 1). Specific
qualities of the Sawtooth Valley Lakes are
shown in Table 1.

All of the Sawtooth Valley Lakes are
oligotrophic. Mean summer total
phosphorous concentration in the epilimnion

-range from 5.9 to 8.3 ug/L. Chlorophyll a

concentrations range from 0.4 to 1.1 ug/L.
Secchi disk transparencies range from 8. - 16

m.

Native fish species found in the nursery lake
system include sockeye/kokanee salmon 0.
nerka, rainbow trout 0. mykiss, chinook
salmon 0. tshawytscha, cutthroat trout O.
clarki, bull trout Salvelinus confluentus,
sucker Catastomus sp., redside shiner
Richardsonius balteatus, dace Rhinichthys
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1 Figure 1. Stanley Basin study area map.
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sp., horthern squawfish Pytchocheilus
oregonensis, and sculpin Cottus sp.. Non-
native species include brook trout S.
fontinalis, and lake trout S. namaycush.

Table 1. Physca and Morphological festures of
the Sawtooth Valley L akes.

Before sampling we set waypoints at each
lake edge with a global positioning system
(GPS). Waypoints were set to allow for
sampling transects to run zigzag across all
lakes except Pettit Lake, where we used
parallel transects (Figure 2; Appendix 1).
We sampled twelve, S, fourteen, and eight
transects at Alturas, Pettit, Redfish, and
Stanley lakes, respectively.

Sampling was conducted on two nights
during the new moon phase in September,
and sampling was Started approximately one
and a half hours after sunset. Boat speed
during data collection ranged from 1-1.5
m/s.

Veticd gill netting and trawling (by IDFG)
were done concurrently with hydroacoustic

sampling to assist in partitioning targets.

Redfish  6.15 269.9 44 108.1
Aluress  3.38 108.2 32 75.17
Pettit 1.62 45.0 28 274
Stanley  0.81 10.4 13 39.4
Yellow —0.73 10.3 14 30.4
Belly
CHAPTER 1

POPULATION STUDIES
Methods

Hvdroacoustics

Data acquisition - Echo sounding data were
collected with a Hydroacoustic Technology,
Inc. Model 240 split-beam system. We used
a 15 degree transducer, and the echosounder
criteria were set to a pulse width of 0.4
milliseconds, a time varied gain of 40 log(R)
+ 2ar, and four pings per second for Alturas,
Pettit, and Redfish |akes, and five pings per
second for Stanley Lake. A minimum of
three (Stanley Lake) to four (ah other lakes)
pings/target was necessary to qualii as a
tracked target. Data were recorded on a
Panasonic SV-3700 digital audio tape
recorder.

Past trawling efforts have shown a selectivity
for O. nerka. Therefore, we employed
vertica gillnets for this session to determine
if other fish species were found in the pelagic
aeas during sampling.

Data analysis. - Target strengths and fish
dengties were processed using a Model 340
Digital Echo Processor and plotted with a
Mode 402 Digita Chart Recorder.

Target strengths were used to estimate fish
length by the equation

TS = 19.1. Log(L) - 0.9 - Log(F) -62.0 )

developed by Love (1977) where TS =
target strength in decibels, L = length in
centimeters, and F = frequency of .

transmitted sound (kHz). Fish density
estimates were calculated for different size
classes for each lake to approximate year
class densities based on previous years
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Figure 2. Transects used for hydroacoustic surveys.




length frequency distributions and age
anayses. In Alturas Lake we were unable
to capture enough fish in the verticd gill nets
to partition fish targets by species. Instead,
only fish within 100-200mm were used to
estimate 0. nerka densities. That range
encompasses the variance observed in trawl
catches. Five different size classes were
used for Pettit, Redfish, and Stanley lakes.
We dso edimated verticd distributions for
each lake.

Individuad fish detections were weighted by
the ratio of the designated area width to the
diameter of the acoudtic beam at the range of
the detected targets. An effective
beamwidth was caculated for each tracked
target for the fish weighting agorithm. The
effective beamwidth equation

X (ABS - (MB-FB)Y @

was used where X = 8.6, M™ = minimum
system detection (-60), F™® = mean target
grength, and Y = 0.47.

Fish densities were computed by using
adjacent transects as replicates within a
stratum (lake). Population estimates for
individua size classes were obtained with the
equation

4 _
YD,
Do )
i 4
fV_;L.
- J
and variance was estimated by
__T, 712__-_2 n)

where D; = mean density (number/stratum)
in stratum 7, D; = mean density for the jth
transect in stratum I, L, = length of transect

j, and T; = number of transects surveyed in
gratum |.

We used FISHPROC software to compile
acoustic target information for each lake.
This allowed us to select targets based on
acoustic size, depth or  various other
parameters. We could process single or
multiple transects and fish were sorted into
one decibel bins. Vertical distribution was
edimated by

h

X D, (R;,-R;)

1-

D, = ©)

where D,; = number of fish/m* in depth
stratum 1, R, = upper range limit for depth
stratum I, R, = lower range limit for depth
stratum I, and » = number of depth strata.
These values were then multiplied by the
percentage of each depth stratum surveyed
within the conica beam.

Tributarv Fry Recruitment

We estimated fry recruitment from Alturas,
Stanley, and Fishhook Creeks. Fry were
captured in smal drift nets (30cm wide and
60cm deep) anchored to the substrate with
rebar. In Fishhook Creek, three fry nets
were located under the bridge 50 m above
the confluence with the lake. Stanley and
Alturas Lake Creeks were sampled with two
fry traps. Each trap was located about 200°
m above each lake. Nets were generaly
fished between 1800 and 0800 hrs. Fry
captured in the traps were counted, a
subsample measured for length and weight,
and then released. Fry traps were operated
daly from 4 April to 10 July 1994.




Daily fry recruitment was estimated by
summing the number of fish caught in each
trap, and applying a correction factor for
trap efficiencies.  Trap efficiencies were
estimated using a radish release method. To
estimate the proportion of the stream
sampled, about 100 radishes were released
100 m above the traps. The number of
radishes captured in the traps provided an
estimate of the proportion of total
recruitment sampled. In 1993, we compared
the radish release method to traditional fry
mark-recapture techniques.  The radisn
release estimates of trap efficiencies were
within 2% of mark-recapture results
(Teuscher et a. 1994).

Smolt _Monitorin
We attempted to monitor smolt migration

from Alturas and Stanley Lakes. Alturas
Lake Creek was sampled with a rotary screw
trap. The screw trgp was placed upstream of
the confluence of Pettit and Alturas Lake
Creeks. The placement of the screw trap
allowed us to estimate sockeye smolt
migration from Alturas Lake as well as
contributions from Pettit and Y ellow Belly
Lakes, The trap was deployed 18 May. We
set the trap each night between 1800 and
2000 hrs. The trap was checked a 0000 hrs
and pulled by 0800 hrs. To protect juvenile
salmonids from being consumed by

O. nerka Spawning SUIVeVS

Stream Spawning -Stream surveys were
conducted on al Stanley Basin lake
tributaries that contain O. rerka populations.
Surveys began in July and continued until
spawning ceased. Counts were completed
from the bank by one or two observers
equipped with polarized sunglasses. Surveys
were conducted at three day intervals. On
days when counts were missed, the-number
of fish in the stream was estimated by
averaging the counts preceding and
following the period with missed counts.
Total escapement estimates were made by
summing daily counts of kokanee and
dividing by average dtream life as described
by English et d. (1992).

Stream life was estimated by marking
kokanee with florescent yarn. To capture
kokanee the day they entered the stream,
either a fyke nets or wire weir was deployed
at the creek mouth. Fish were anesthetized
in MS222 and then tagged with florescent
yarn just below the dorsa fin. A total of 67,
40, and 36 fish were tagged in Fishhook,
Alturas, and Stanley Lake Creeks,
respectively.

Beach Spawning -Since 1992, we have
been monitoring beach spawning populaions
on Sockeye Beach, Redfish Lake. With

squawfish or large salmonids, the live box exception to genetic research, information

contained sage brush bundles for cover.

In Stanley Lake Creek, a fyke net (1.5 m
wide and 1.5 m deep) was located on the
outlet stream about 4.8 km below the lake.
The net was deployed on 4 April and ran
continuously through 14 June. No 0. rerka
were collected in the Alturas or Stanley Lake
Creek traps. Non-target species were
identified and released.
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describing the beach spawning population
(residua sockeye) is limited. In 1994, we
estimated spawning densities on sockeye
beach, the South end of Redfish Lake, and
Point Campground. Historical spawning
observations and or redd counts have been
made in these areas (Spaulding 1993).

Snorkel surveys were used to estimate
spawning densities. Each survey consisted
of & least three observers swimming one or




two 20 min transects. Each transect covered
approximately 300 m of shoal. Transects
were completed parallel to shore at depths
ranging from .5 m to 5 m. For Sockeye
Beach, we estimated 0. nerka densities
within the boundaries of Sockeye Beach as
delinested by U.SD.A. Forest Service signs.
At the South end of the lake, surveys were
conducted near the south-west inlet stream.
Surveys were completed on Sockeye Beach
every one to two weeks. Point Campground
and the South end of the lake were surveyed
a less frequent intervals.

Age Anavss
Fish samples were collected with vertical

gillnets, fyke nets, and the IDFG’s trawl
boat. Prior to otolith removal, length and
weight for each fish was recorded. Because
IDFG and SBT shared samples, some of the
age results overlap with those reported by
Kline and Younk (1995).

In the lab, age was determined following the
procedures outlined by Brothers (1987). At
least two independent estimates of age were
made for each otolith. If the observers did
not agree, the sample was examined a
second time. Additional verification of aging
was determined during an exercise where
IDFG and SBT hiologists independently
aged individuals from each size class of fish.

_Each otolith was analyzed until asuper-
majority (4 of 5 observers) agreed on its age.
All samples used in the age analysis were
collected in the fall.

0. nerka Diet Analvsis

Stanley, Pettit and Alturas Lakes were
sampled in June and September 1994.
Single-paneled vertical gillnets of square
mesh sizes 1.9, 2.5, 3.8, 5.08, and 6.35
centimeters were used. Each net was 3 m
wide and 30 m deep. To sample the entire

11

water column, a net location of about 30 m
deep was sdected. Nets were set between
1800 and 2000 hours and pulled by 0800
hours the next day. Depending on catch
rates, lakes were sampled ether one or two
nights.

For diet analysis, fish stomachs were
removed and placed in 70% ethanal. In the
lab, prey items were sorted by order, blotted
dry and weighed to the nearest 0.01 g.
Zooplankton prey were enumerated and
measured for length. Zooplankton lengths
were converted to weight using the length
weight regression equations reported in
McCauley (1984). We caculated aggregate
percent by weight (Swanson et d. 1974) for
dl species of fish sampled.

Fish collected in trawl surveys were also
sampled for stomach contents. Trawling
was completed concurrently with vertical
gillnet and hydroacoustic surveys. Stomach
contents were handled as described above.



Results

Hvdr i Redfish, and Stanley lakes, respectively.
The variance of O. nerka densities during ~ Similar variances have been reported in the
1994 between lakes was high, ranging from  past (Teuscher et al. 1994).

32 to 339 0. nerka/hectare for Alturas and

Stanley lakes, respectively (Figure 3). Population estimates for 0. nerka in al four
Volumetric densities were . 10, 32,.52, and  lakes showed a decrease in abundance in 1994
2.64 0. nerka/1000 m® for Alturas, Pettit, ~ compared with previous years (Figure 4).
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Figure 3. Hydroacoustic (open bars) and trawl (diagonal bars) estimates of O. nerka
dengities in four Sawtooth Valley Lakes during September 1994.
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Declineswere dlight in all lakes except
Alturas Lake which experienced a decline of
approximately 90% of the 1993 estimate.
Trawling effortsin Alturas showed a siilar
decline starting in 1992 with another large
decline occurring between 1993 and 1994
(Kline and Younk 1995). The decrease in
trawling estimates, from 49,000 in 1993 to
5,700 in 1994, was similar in proportion to
hydroacoustics. The hydroacoustic estimate
in Alturas Lake including al targets was only
=25% of 1993's estimate.

Alturas Lake - We estimated total fish
abundance in Alturas Lake at 52,300 +
8,000 during September of 1994 (Table 2).
By partitioning targets into a conservative
size range of 100 - 200 mm we estimated an
in lake 0. nerku population of 11,000 +
1,100. An estimated 2,000 O. nerka fry
entered the lake in the spring of 1994 that
would contribute to the O. nerka estimate.
We aso captured bull char and squawfish in
our vertical gill nets with fork lengths >200
mm.

In Alturas Lake, the greatest proportion of
targets were found between fifteen and
twenty-five meters (Figure 5). Vertical
distributions of O. nerka caught in the
vertical gill nets were similar to
hydroacoustic targets between fifteen and
twenty meters, with a discrepancy in the ten
to fifteen meter dtrata

Pettit Lake - \We estimated fish abundance in
Pettit Lake during September at 17,200 +
7,700 (Table 2) of which 12,400 were
partitioned as 0. nerku (25 - 300 mm). We
captured redside shiners in the vertical
gillnets that fell within that range, but they
were all caught less than five meters deep
and were not associated with other tracked

targets.  Pettit Lake supported a large

population of three year old fish, estimated at
2,600 fish with a biomass greater than 546
kilograms.

Verticd digtribution of 0. nerka in Pettit Lake
was concentrated in the ten to twenty meter
strata, with small numbers found in adjacent
depths (Figure 6). Hatchery rainbow trout
between 253 and 287 mm were caught in
vertical gillnets, yet were found less than ten
meters deep. Targets that size in that depth
were excluded for populaion estimates for 0.
nerka. Verticd gill net sampling did not match
hydroacoustic estimates well for fish between
25 and 120 mm. Vertica gill net captures
were predominant in the fifteen to twenty
meter stratum with fifty percent of total O.
nerku captured compared with only thirteen
percent for hydroacoustics. Sii-three percent
of total 0. nerku from hydroacoustic sampling
was found in the ten to fifteen meter stratum,
and only thirty-three percent of the verticd gill
net sample was captured within that stratum.
Vertical distribution for the larger size range
matched well for the two methods (Figure 6),
with greater than 60% of total 0. nerka for
both found between ten and fifteen meters.

Redfish Lake - \We estimated total lake
abundance at 178,800 + 33,000 fish during
September of 1994 (Table 2). 0. nerku (30 -
200 mm) abundance was estimated at 133,500
+12,300. That figure did not include
approximately 9,000 kokanee spawning in
Fishhook Creek. The estimate of 76,600 %
19,600 YQY fish compares with our emergent
fry estimate of the same cohort of = 142,000.
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Table 2. Population estimates for four Sawtooth Valley Lakes during September of 1994. Length and
weight values are represented in millimeters and grams. Underlined vaues were used in
the 0. nerka popul ation and biomass estimates.

Redfish | ake
<30 23 13 27,500 % 5,480 3,670 £ 710
30-70 a7 1.2 76.600 + 19.560 5.000 = 24,250
71- 130 97 10.3 36.000 + 8.240 371.880  85.130
131- 200 165 48.3 20.760 + 7.470 1.003640 % 361.340
>200 243 158.7 17,950 £ 7,030 2,848,130 & 1,116,080
Total Lake
Estimate 178,830 £ 3 1,980
Pettit L ake
25-60 43 .90 4.580 £ 2.260 4.070 + 2.010
61- 120 87 84 1,980+ 1.310 16.580 £ 10.970
121- 200 161 59.1 3.210 + 1.530 189.700 + 90.160
201 - 300 241 210.5 2.600 + 3.120 546.170 * 657.510
>300 374 927 4,870 £2,720 4,517,270 + 2,516,800
Total Lake
Estimate 17,240 % 7,650
Alturas | ake
100-200 142 32.9 10.980  1.090 361.180 + 35.890
Total Lake
Estimate 52,290 £ 7,950
Stanley Lake
50- 100 71 4.0 12,720 + 1.540 50.880 * 6.160
101 - 170 134 25.6 9.640 + 580 246.780 + 14.800
171 - 240 204 84.4 5.160 + 810 435.500 # 68.300
260 - 340 2,520 £ 330
>360 4,190 £ 850
Total Lake
Estimate 35,440 £ 3,440
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Most of the fish in Redfish Lake were
found between ten and twenty meters
(Appendix 1). The fifteen to twenty meter
stratum contained the greatest proportion
of al three 0. nerka size classes. Only
smal (30 - 70 mm) fish were found above
five meters, and very few fish were targeted
below twenty-five meters.

Stanley Lake - In |ake 0. nerka abundance
was 27,500 = 2,560 during September
1994. Although thisis a slight decrease
from previous years, Stanley Lake had the
highest density of fish out of the four lakes
surveyed (Figure 3).

Fish were verticaly distributed more evenly
from bottom to top in Stanley Lake (Figure
7), a shallower lake, than the other lakes
surveyed. Small fish (50 - 100 mm) were
more frequent between five and ten meters
than a other depth strata Large fish (10 1 -
240 mm) were also more frequent at that
depth range, but the proportion was much
smaller.

Fry Recruitment

Approximately 142,000 fry entered Redfish
Lake from Fishhook Creek. Emergence
began on 14 April and continued through
11 July. Peak emergence occurred on 6
June, which was similar to the 1993 peak
(Figure 8).

Assuming equa sex ratios and 230 eggs per
female, egg to fry survival was 11%. Egg-
to-fry survival and recruitment trends for
Fishhook Creek are show in Table 3.

Stream recruitment of O. nerka to Alturas
and Stanley Lakes began earlier and was a
smal g-action of Redfish Lakes recruitment
(Figure 9; Table 3).
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Figure 8. Daily fry emergence estimates in
Fishhook Creek for 1992, 1993, and 1994.
Lines are distance weighted least squares.

Table 3. Fry recruitment and egg to fiy surviva
in Fishhook, Alturas, and Stanley Lake Creek.

Fishhook 1994 142,000 11%
Fishhook 1993 166,000 12%
Fishhook 1992 56,000 3%
Alturas 1994 2,000 13%
Alturas 1992 7,000

Stanley 1994 19,000 7%

An estimated 2,000 fry recruited to Alturas
Lake, compared to 19,000 for Stanley. Eqg
to fry survivd was highest in Alturas Lake
Creek (13%). Egg-to-fry surviva in
Stanley was 7%.
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Smolt Monitoring

No O. nerka were collected during three
nights of sampling Alturas Lake Creek (1 8-
20 May, 1994). On the third night of
sampling we exceeded our incidental take
for chinook sdmon (23 fish). We initiated
consultation with NMFS to increase the
incidental take, but were not granted a
permit modification before outmigration
was over.

0. nerka smolts, however, did outmigrate
from Alturas Lake. Several days after
pulling our screw trap, O. nerka smolts
were collected at the Sawtooth Fish
Hatchery. IDFG estimated that smolt
production from Alturas Lake Creek was
about 900 (Kline and Younk 1995)

In Stanley Lake Creek smolt monitoring
began on 4 April and continued through 14
June, 1994. No 0. Nerka or chinook were
captured in the Stanley Lake Creek trap.
Speckled dace dominated the catch,
followed by suckers, sculpin, and brook
trout (total catch only 16 fish).

Suawninn _Survevs

Stream Spawners -Based on an estimated
stream life of 6 days, total escapement of
kokanee spawners to Fishhook Creek was
9,200. Spawning dengties were down from

the 1993 estimate of 10,800, but similar to

escapement from earlier years (Table 4).

Based on an estimated stream life of 11
days, total escapement to Alturas Lake
Creek was 3,200. Alturas escapement
increased by a factor of 16 over the 1993
estimates (Table 4). Conversely, Stanley
Lake Creek escapement was sharply
reduced.  Approximately 600 kokanee
spawned in Stanley Lake Creek. Stream
life estimate for Stanley Creek was 7 days.
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Spawn timing has been very consistent in
Fishhook Creek. Fish entered the stream
the first week of August and dropped out
by the end of September (Figure 10).
Spawning in Stanley Lake Creek begins in
mid-July, peaks several weeks later, and a
small group of fish enter the creek in
October. Spawning in Alturas Lake Creek
mirrors tempora trends of Fishhook Creek
(Figure 10).

Table 4. Escapement estimates for Fishhook,
Alturas, and Stanley Creeks.

Fishhook 1994 9,200
Fishhook 1993 10,800
Fishhook 1992 9,600
Fishhook 1991 7,200
Alturas 1994 3,200
Alturas 1993 200
Alturas 1992 60
Stanley 1994 600
Stanley 1993 1,900

Spawning size varied among the lakes.
Stanley Lake Creek kokanee were the
largest stream spawning fish (mean fork
length = 237mm). Fishhook fish were
dightly smaller at 221 mm, followed by
Alturas at 179 mm (Figure 10). Spawning
weights and ranges are reported in Table 5.

Variation in size was greatest in Alturas,
ranging from 130 to 290 mm fork length.
The siie frequency distribution (Figure 10)
shows a dominant cohort in the 170 mm
range, and a few much larger fish around
280 mm. Ageissimilar between the two
groups indicating that the larger fish are
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utilizing a more profitable food resource or
foraging environment.

For stream spawning populations, fecundity
was highest in Fishhook Creek (330 eggs
per female), followed by Stanley at 270,
and was lowest in Alturas Lake Creek
(150). Fecundity of the shore spawning
kokanee in Pettit Lake is much higher at
670 . The higher fecundity from Pettit may
be due to their larger siie (Table 5)

Table 5. Spawning characteristics of 0. nerka in
the Sawtooth Valley L akes. Mean (range) values
are reported. Redfish, Stanley and Alturas fish
spawn in tributary streams. Pettit kokanee
S on shoal habitat.

(204-235) 118

Redfish 230
(90-151)  (202-283)
Stanley 238 131 270
(226-255) (105-169) (186-361)
Alturas 179 55 150
(149-280) (29-204) (92-186)
Pettit* 257 245 670
(240-275) (197-306) (559-1056)
*1993 data

Beach Spawners -Snorkel surveys were
completed in three areas of Redfish Lake
(Sockeye Beach, Point Campground, and
the South end of the lake). Surveys began
on 3 October and continued through 9
November, 1994. Results from the surveys
are shown in Table 6. Unfortunately, the
point estimates preclude a determination of
total residence time and make it diicult to
predict total escapement of the shore-line
populations in Redfish lake. However,
some qualitative estimates of population
size can be made. For the stream
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populations, escapement is roughly equal to
2 times the peak count. Applying that
assumption yields an escapement estimate
for Sockeye Beach of about 50.

Table 6. Results from beach spawning surveys
in Redfish |ake.

SB Snorkel 3oct 8

SB Snorkel 11 Oct 22

SB Snorkel 19 Oct 3

SB Snorkel 2 Nov 19

SB Boat 16 Nov 0

PCG Snorkel 2 Nov

PCG Snorkel 8 Nov

SE Snorkel 19 Oct 40
SE ____ Boa 9 Nov 0

SB Sockeye Beach
PCG Point Campground
SE the south end of Redfish Lake

In the south end of the lake, spawning
redds were visible and provided a rough
estimate of spawning densities. On 9
November, we counted about 15 redds.
Based on redd counts, at least 30 residuals
spawned there. However, on 19 October
we observed 40 fish, indicating that more
than two fish share a redd. Again, we can
not precisely estimate the population size in
the south end, but the limited data we have
indicates a modest escapement. No fish
were observed spawning in the Point
Campground area.

Age Andyss
September length and weight at age varied

greatly among the four lakes. Age 0 O.
nerka in Pettit Lake were small (0.7 g)
compared to similar aged fish from the
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other lakes (Table 7). The early emergence
of Stanley and Alturas O.nerka appeared to
provide an early growth advantage (2.7 ¢
and 5.6 g for age O fish from Alturas and
Stanley Lakes).

Growth patterns for the Sawtooth Valley
0. nerka populations varied greatly.
Growth in Stanley and Alturas appeared
linear (Figure 11). More conventional
patterns were observed for Redfish and
Pettit Lake populations.

Length frequency distributions for 0. nerka
age classes are shown in Figure 12.
Overlap among age classes was limited in
Redfish, Stanley and Pettit Lakes.
Conversely, a high degree of overlap
occurred between 2 and 3 year old fishin
Alturas Lake (Figure 12).

O. nerka Diet Analvsis

Zooplankton and chironomids are the
dominant prey of O. nerka in the Stanley
Basin Lakes. In general, chironomids are
the preferred prey item early in the year.
Zooplankton are selected more frequently

in September (Figure 13 and 14).

However, the temporal shift was not as
pronounced in Alturas Lake and was
probable due to the extremely low
zooplankton population (Figure 14).

To summarize, O. nerka diet was Siar to
that reported in 1993. No significant diet
overlap occurred between rainbow trout
and O. nerka. In Stanley Lake, lake trout
feed extensively of 0. nerka. Sguawfish in
Alturas lake consumed a variety of fish prey
that included 0. nerka

A complete review of diet results can be
found in Appendix 2. Rainbow and lake
trout diets are aso reported in Appendix 2.
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Table 7. Mean weight and length in September
of different age classes of 0. nerka from Redfish
(R), Stanley (S), Pettit (P), and Alturas (A)
Lakes.

g
R 65 13 83 510 1260
S 75 5.6 37.7 869 1253
P 81 0.7 284 492 1832
A 65 27 98 238 421
mm
R 65 49 90 163 223
S 75 82 156 207 235
P 81 41 131 156 229
A 65 73 107 141 165
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Redfish Lake -Redfish L ake supports the
largest 0. nerku population in the Stanley
Basin. Our 1994 pelagic estimate of 0.
nerku abundance was 133,000. Since we
began hydroacoustic population estimates
in 199 1, no clear signs of increase or
decrease have occurred (Figure 4). The
range of estimates varied between 100,000
and 200,000 fish, but the variance on those
estimates was high. Also, we used a
different echosounder in 1994. The new
split beam system should help reduce the
variance around the population estimates
and describe fish size more accurately, but
it dso complicates comparisons with earlier
data

Trawl estimates of 0. nerku abundance
were lower than our acoustic results.
Acoustic estimates for Redfish Lake in
1994, 1993, and 1992 were 2.6, 4.1, and
4.8 times greater than trawl estimates.
Parkinson et al. (1994), reported a similar
magnitude of differences between trawl and
acoustic. In Stanley Lake, however, trawl
and acoustic estimates are extremely
diierent (Table 8). The ‘cause of the
difference may be due to Stanley Lake
being too small to sample effectively with
the trawl (Kline 1995, personal
communication). Despite the Stanley Lake
results, if we combine al years and lakes,
the correlation coefficient for trawl and
acoustic  abundance estimates was
significant (r-0.86, p < 0.01).

Since 1991, 36,800 kokanee have spawned
in Fishhook Creek. The lowest escapement
occurred in 1991 (7,200); the highest was
in 1993 (10,800). Most of the spawners
that enter the creek are age 3 and weigh
about 120 g. Spawning begins in August
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and continues through September.
Spawnersremain in the steam about 6 days,

where each femae deposts agpproximately

330 eggs.

Table 9. Comparison between trawl and
acoudtic estimates of 0. nerka abundance in
the Sawtooth Valley Lakes. Trawl datais
from Kline and Younk (1995)

Redfish 1994 133,400 51,500 2.6
Redfish 1993 203,500 49,600 4.1
Redfish 1992 188,000 39,500 4.8
Alturas 1994 11,000 5,800 19
Alturas 1993 200,700 49,000 4.1
Alturas 1992 144,000 47,000 3.1
Alturas 1991 230,000  125.000 18
Pettit 1994 12,400 14,700 0.8
Pettit 1993 20,400 10,500 19
Pettit 1992 19,000 3,000 6.3
Stanley 1994 27,500 2,700 10.2
Stanley 1993 32,400 1300 249

Stanley 1992 33,000 2,100 15.7

Mean egg to fry surviva in Fishhook Creek
is about 9%. Fry weigh 0.26 g on
emergence and reach 1.3 g by September.
Migration to the lake coincides with a
spring chironomid hatch. Young of the
year captured in June 1993 fed almost
exclusively on them. By September,
kokanee shift their diet to zooplankton.




Alturas Lake -Unlike Redfish, the O.
nerku population IS crashing.
Hydroacoustic estimates of abundance
dropped by 90% since 1993 (Table 9). A
samilar decline was observed with the trawl
(88%; Kline and Younk 1995). The decline
in numbers was not a surprise. In 1992,
only 60 kokanee were observed spawning
in Alturas Lake Creek (Spaulding 1993).
Escapement in 1993 was also extremely
low (200). Additionally, no young of the
year have been sampled in the trawl since
1992 (Kline and Younk 1995).

A number of hypotheses have been
forwarded to explain the populaion crash.
Some of the possihilities are listed here; (1)
0. nerka densities in 1990, 1991, and 1992
reached levels that crashed the population,
(2) beaver dams prevented fish from
reaching spawning grounds, (3) squawfish
predators controlled them, and (4) nutrient
inputs are limiting fish production.

Determining  which  possibility or
combination thereof that best describes the
population crash isdiicult. Some of the
possibilities are reviewed below. Firt,
compared to the other Stawtooth Valley
Lakes,  zooplankton  biomass is
exceptionally low in Alturas. Conversely,
nutrient loading is very high, suggesting
that the zooplankton are influenced more by
predators than by nutrient limitation. If
predation did collapse the zooplankton
population, we should see an increase in
zooplankton hiomass because fish densities
are now very low. To date, that increase
has not occurred. However, it may take
severa years before the zooplankton
population can rebound.

Secondly, beaver dams did not impede
spawning in 1992 or 1993. The high
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numbers of fish observed in trawl surveys
in 1990 and 1991 never entered the stream
to spawn. Those strong cohorts should
have contributed significantly to recent
spawning populations. Conversely, very
few spawners were observed, and barriers.
did not stop migration (SBT; spawning
observations).

Finally, squawfish are abundant and prey
on 0. nerka in Alturas Lake (Teuscher et
d. 1994). To what extent they contributed
to the population decline is unknown.
Additionally, we do not know to what
extent juvenile squawfish compete with O.
nerka for zooplankton prey.

Spawning size is another interesting
characteristic of Ahuras Lake. The mean
spawning size in Alturas Lake Creek is 166
mm (42.1 g). However, a few extremely
large kokanee (290 mm, -300 g) enter the
creek. Age results indicated that most of
the large and small spawners are age 3.
Therefore, the large fish must either have
foraged differently within Ahuras Lake or
migrated to a different system. When
comparing age 3 fish from both size groups,
otolith examination showed similar first
year growth patterns. Differences occurred
in the second growing season, or Smilar to
what is expected when comparing resident
to searun samples.

The large fish may be outmigrating to
Perkins Lake. Perkins Lake is a small
system located just below Alturas.
Zooplankton biomassin Perkins Lakeis
300 times greater than in Alturas Lake
(Teuscher 1993, unpublished data), and
should  support  excellent  growth.
Interestingly, Evermann (1896) reported
the mean size of what he termed small
“redfish” in Alturas Lake Creek were 290
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mm and 227 g. About 1,000 fish of that
description were observed in the creek on
September 7, 1895. Evermann (1896)
reported that “the individuals of the small
form vary but dightly in length and scarcely
a al in weight. Hundreds ofindiiduals
were weighed by us, and except near the
end of the spawning season, the weight was
aways half a pound”. So the average
resdua in 1895 was smilar to the few large
spawners that we observed in 1995, but
much larger than our average of 55 g.

A fina note, the 0. nerka population in
Alturas Lake should be protected. Alturas
and Redfish 0. nerka are the only
population in the Stanley Basin that have
maintained anadromous characteristics.
Management activities in the area should
reflect their importance. For example, we
suggest that the fishing in Alturas Lake
Creek be restricted. During our 1993 and
1994 spawning surveys, we observed 0.
nerku being harvested from the stream.
Illegal harvest of bull char -another
sensitive species in the area- was aso
observed. Closing the stream to fishing
from mid-July through the end of
September would eiminate both problems.
Additionally, resurrecting the broodstock
program for the Alturas stock is warranted
and necessary to meet the NMFS recovery
god that states three lakes must be used in
recovery (Schmitten et a. 1995).
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CHAPTETR 2

LAKE CARRYING CAPACITY AND
PRODUCTIONESTIMATES

Methods

We are anticipating that the broodstock
program will provide substantial numbers of
sockeye to be released in Redfish Lake in
1995. To ensure that the forage resources
(primarily zooplankton) of Redfish Lake are
not overtaxed by supplemented sockeye,
we compared carrying capacity to estimated
demand. The comparison allowed us to
determine if lake fertilization or kokanee
management  programs  should be
implemented in 1995

Lake Carrying Capacity

To estimate the current production
potential of Redfish Lake, we reviewed
methods reported in the literature. Most of
the methods relate fish production to
measures of productivity at a lower trophic
level. The models used in our analysis
included a chlorophyll a model (Chl g;
Rieman and Meyers 1992), a euphotic
volume (EV) model (Koenings and Burkett
1987), atotal phosphorus (TP) method
(Plante and Downing 1992), and
phytoplankton production (PR) measures
(Stockner et a. 1995). A stock
recruitment model (SR) was adso evauated
(Bowles and Cochnauer 1984). Results
from each model were converted to smolt
carrying capacity in 10 gram equivalents.
Converting output to 10 g equivalents was
done to facilitate comparisons between
models and to replicate historica smolt size
observed for Redfish Lake.




Specific limnology data are required for

. each model. The limnology data was

collected by Utah State University and is
reviewed in a later section of this report.
Equations for each production method are
shown below:

Chia log(y+1) = 1.188 + 0.586%chl a

TP log(kg/ha) = -0.47 + 0.95(log TP)

EV smolt biom. = -130 + 81.22(EV)

PR PR units = (((daily PR * §.0583) + 3.25);
Take area) 1 PR unit = 9,200 10 g smolts

SR production = 1,090 smolts/ ha

A production workshop was completed to
determine which technique best describes
the carrying capacity of Redfish Lake.
Personnel from IDFG, SBT, Bonneville
Power Administration, Idaho Department
of Environmental Quality, and John
Stockner, an independent sockeye expert
working for the Government of Canada
Fisheries and Oceans participated.

Current Production

Current production was estimated using
bioenergetics. Model parameters specific
to sockeye are reported in Beauchamp et d.
(1989). Model inputs include fish
abundance, water temperature, diet,
growth, and mortality rates.  These
parameters were  estimated  using
hydroacoustics,  temperature profiles,
gillnet data, age analyss, adult escapement
counts, and fry recruitment estimates.

A few of the initia fish parameters are
shown in Table 10. Fish weight was
estimated using trawl and age data

Abundance of each cohort mirrored
hydroacoustic results, but we also
considered fry recruitment and spawning
counts. The model simulation ran from
September 1993 to September 1994.

Table 10. Inputs to the bioenergetics model.
September 15 is day 1 of the smulation.

| 270 0.3 150,000
1 365 13 80,000
2 | 13 80,000
2 365 8.0 36,000
3 1 8.0 36,000
3 365 51.0 18,000
4 | 51.0 18,000
4 365 118.0 9.000

Results

Production Potential

Results from the production estimates
varied by an order of magnitude. The EV
model predicted that 1.2 million 10 g smolts
can be produced by Redfish Lake. The chl
a model provided a much lower result (140
thousand 10 g smolts). -The TP, chl a, and
PR production estimates were similar
(Table 10). Based on the recent success of
the PR model, and the similarity in results
between three of the models, we decided to
compare the current production of kokanee
in Redfish L ake to the production potential
esimate using the PR moddl.

Current Production

0. nerka production for Redfish Lake
between September 1993 and September




1994 was 2.41 million grams. This vaue is
very smilar to total biomass estimate of 0.
nerka (2.56 million grams; based on
hydroacougtic estimate of pelagic biomass
+ biomass of 9,200 creek spawners). The
P/B ratio for Redfish Lake is 0.94.

The older age classes contributed the
largest fraction of total production. The
cohort contributing the most production
(45%) was the year class beginning as age
1 and ending as age 2. Each cohort
increased in age because day 1 in the
model was 15 September. September was
used as the start date because that is when
abundance and growth information was
collected. If we add production from the
cohort of fish that emerge in May to the
production of age’ O-I cohort, combined
production was only 19% of the total. Age
2-3 cohort made up 36% of the total.

Discussion

The Stockner model (EV model) indicated
that 260,000 smolts could safely be
produced by Redfish Lake. Most of the
production (92%; 240,000 10 g smolt
equivalents) is being used by kokanee.
Available space for stocking sockeye is only
20,000 10 g smolts. If we exceed that
number, the likely result would be poor
growth and surviva. Edmundson and Peltz
(1990) and Zadina et al. (1993) reported
declines in sockeye growth and smolt
survival after supplementation exceeded
lake carrying capacity. Fortunately, about
100,000 sockeye are available for release in
Redfish Lake in 1995; well above lake

carying capacity.
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Options for solving the shortfal in
productivity include rearing 80,000
sockeye to smolt size or making room for
them in the lake. Rearing to smolt stage
would require hatchery space that is not
avallable. More importantly, smolt releases
preclude necessary development that occurs
in the rearing environment (i.e,, imprinting
foraging, and predator avoidance). Instead,
we suggest that space within Redfish Lake
be made available. Freeing space for
sockeye can be accomplished by increasing
production potential with lake fertilization
or replacing a portion of the kokanee
hiomass with sockeye. Based on estimates
from the PR mode, lake fertilization would
simulate zooplankton production sufficient
to meet 1995 productivity needs.
However, lake fertilization should not be
considered a long term solution because the
kokanee and sockeye will continue to
compete for forage resources.

Generally, kokanee are rare in sockeye
rearing lakes (Goodland et a. 1974; Ricker
193 8). The current scenario in Redfish
Lake is different. Since 1991, for every
sockeye that returned to Redfish Lake,
2,300 kokanee spawned in Fishhook Creek.
To help restore a balance, some of the
kokanee biomass should be replaced with
sockeye. A 50% reduction in kokanee
production would make space for over
100,000 juvenile sockeye (2.41 million g of
kokanee / 2). Kokanee reduction can be
accomplished by limiting fry recruitment
from Fishhook Creek.  Limiting fry
recruitment to 50,000 a year would meet
our godl.

Recovery Implications

The Snake River sockeye recovery goal is
2,000 adult returns to the Stanley Basin
Lakes. Can we accomplish that goa by




maximizing SMolt production in the rearing
environment -everything else remaining
constant? No.

The production potentiad of al the Stanley
Basin Lakes is approximately 5 16,000
smolts. Under the current smolt/adult
survival, 5 16,000 smolts could produce
approximately 1000 sockeye (5 16,000 *
0.002 smolt/adult survival; assumes recent
smolt to adult survival observed for Redfish
Lake). Also, the proposed fertilization plans
for Redfish Lake will increase production
potentid by an estimated 22%. Even if we
could maximize smolt production and
fertilize every Sawtooth Valley Lake, we
could not achieve NMFS’s modest recovery
goa of 2,000 adults.

Given smolt carrying capacity limitation in
the Sawtooth Valley Lakes, increasing
smolt/adult survival is needed to meet
recovery goals. In Bjornn et al. (1968),
average smolt to adult survival between
1955 and 1964 for Redfish Lake was 0.008.
Bowles and Cochnauer (1984) estimated
that prior to dam construction, smolt to
adult surviva for Alturas Lake was 0.04.

Returning smolt to adult survival to that
measured by Bjornn et al. (1968) would
increase adult returns by afactor of 4.
More importantly, the recovery goal of
2,000 adult returns could be reached by
producing a redistic 250,000 smolts. The
goa of the research presented hereisto
ensure the best rearing environment
possible. However, the burden of recovery
depends on increasing migration survival.
Without meaningful changesin migration
surviva, recovery is impossible.

Table 10. Yearly production potential estimates for 0. rnerka in the Sawtooth Valley Lakes. The Chl a
model is an estimate of totd biomass. We converted biomass to production assuming a P/B ratio of .94.

1,200,000

260,000 670,000
147,000 368,000 539,000
46,000 88,000 84,000

Redfish 199,000 156,000
Alturas 119,000 82,000
Stanley 33,000 23,000
Pettit 5 1,000 20.000
Chila Chlorophyll & model —
TP Total Phosphorus model

PR Primary production rate model

SR Stock recruitment model
EV Euphotic volume model




CHAPTER .

HABITATRESEARCH

Methods

Spawning Habitat Survey
The purpose of this study was to determine

the quality of habitat available to beach
spawning O. nerka populations in the
Stanley Basin Lakes.  In 1993, we
completed a substrate survey of known
spawning areas in Redfish Lake. Methods
used to complete the visual surveys were
reported in Teuscher et al. 1994. In 1994,
we collected substrate using a Ponar
dredge. The dredge samples were taken to
collaborate the visual data collected in
1993, and to provide a more quantitative
review of substrate composition.

The Ponar dredge sampled a 225 cm® area.
Sample depth varied with substrate
composition. In areas with abundant fines,
the dredge went deep (15 cm). The dredge
did not penetrate gravel substrate as well.
However, the dredge sampled deep enough
to replicated the depth of aredd built by a
resdua sized 0. nerka (240 mm).

In the lab, samples were filtered through a
standard set of screens. Volume
measurements were recorded for each
particle size. For analysis, substrate sizes
were recorded as percent of total volume
sampled.

Dredge samples were collected in Redfish,
Stanley, and Pettit Lakes. Sample areas for
each lake are shown in Figure 13. In each
aea, Sx Stes were sampled a a depth of 1
m. Sample sites were separated by a
distance of at least 20 m. To accurately
represent substrate composition at each
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gte, three psuedoreplicates were collected.
We used a one way ANOVA to compare
Substrate composition among sample aress.

In Redfish Lake, one of the Sockeye Beach
dtes and the south end of Redfish Lake had
the lowest values for percent fines < 6.3
mm. Egg to survival should be good (30 to
70%) in those areas based on values
reported by Bjornn and Reiser (1991).
Interestingly, those same areas are where
sockeye redds have been observed and
residua spawners concentrate.

For dredge samples, percent fines ranged
from 30 to 84%. Visua estimates of
percent fines < 6.3mm were consistently
higher and more variable (range 2.7 to 89.6
%, Table 12). The dredge may dlightly
underestimate percent fines due to small
particles escaping during dredge retrieval .
Conversdy, visuad estimates only describe
surface particles and may overestimate
percent fines.

Spawning habitat in Redfish Lake is not
limiting Recommended space requirement
per spawning pair is 6.7 m (Burner 1951).
If we sum the area at depths between 0.3
and 3 m from sites with low percent fines
(sites 1, 3, and 8; Figure 15) and divide by
6.7, there is ideal spawning space for
approximately 15,700 sockeye in Redfish
Lake. Less productive spawning sites can
be used if Sockeye Beach and the south end
of the lake become fully seeded. Inthe near
future, however, we do not anticipate
escapement values any where near what
idedl spawning areas can support.
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Table 12. Edtimates aff jpercent fines < 6.3 mm
(s.d.) inRedfish Lake. See=Figune 15 for site
locations. * Indicates arcas where d0pe was to
steep to sample with Ponar dredge. Sites 2-4 are

in the Sockeye Beach area.

1 30.3 (19.3) 749 (31.8) 2.3
2 59.9 (3.1)  82.4 (25.3) 0.8
3 30.5 (11.4)  67.3 (27.4) 5.0
4 84.2 (17.9)  89.6 (21.1) 12.5
5 446 (33.3)  79.2 (17.9) 5.7
6 . 2.7 (6.6) 30.9
7 * 16.7 (20.4) 19.6
8 33.3(19.1)  39.0 (33.6) 13.2
9 . 46.7 (3 1.4) 11.3
10 * 175 (189) 19.9
1 * 34.1(29.2) 30.0
12 . 44.7 (24.2) 16.7
13 70.6 (149)  86.5 (16.9) 1.1

Redfish Lake stocks may be introduced into
Pettit Lake in 1995. If the releases are
successful, shoa spawning habitat should
be available. Results in Pettit Lake varied,
but the average percent fines were low
(Figure 13).

V egetation and woody debri covered a
large portion of the shoal area in Stanley
Lake. Site 1 -4, 12 and 13 were judged as
unsuitable for spawning (Figure 13). The
areas void of woody debris or vegetation
may support spawning. Percent fines in ste
5 and 8 were low (Figure 13).
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Additional vertica distribution and length frequency information.
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Key:  daph =Daphnia holo=Holopedium bosm=Bosmina poly=Polyphemus

cala=calanoid cycl=cyclopoid chirP=chironomid pupa chirL=chironomid larva
euri=Euricyrus amp=amphipod TI=terestial insects Al=Aquatic Insects
mol=moluska odo=odonata pli=plant material scl=sculpin

rss=redside shiners misc=miscellaneous 0.n=0. nerka suk=sucker
udf=unidentified fish olg=oligocheat dip=dipteria zoo=zooplankton

Appendix 2A. 0. nerka diet analysis in the Sawtooth Valley Lakes for 1993 and 1994. Values are percent by weight.

Redfish June 1993 33 23-157 3.0 6.0 8.8 @.2 .0 2.8 80.1 2.2 1.0 0.0 49
Redfish June 1994 5 69-182 0.0 0.0 22.6 3.0 3.0 3.0 37.7 39.7 0.0 0.0 0.0
Redfish 20 20-200 41.9 9.1 3.7 7.7 3.3 8.8 18.7 5.8 3.0 3.0 4.9

June 1993 26 170-229

June 1994 10 110232

Sep 1993 12 70-220

Sep 1994 21 85-207

Dec 1993 5 94-197

Jan 19%4 7 112-184
Alturas June 1993 18 66-134 2.0 2.0 0.0 0.0 0.0 2.3 97.6 0.0 0.0 0.0 0.1
Alturas June 1994 29 100-145 3.3 3.0 3.2 3.0 3.0 3.0 89.3 3.8 0.0 @.0 3.4
Alturas Sep 1993 20 -

S SO ¥ 2 o -
0 .

Pettit

Pettit Jne 1994 22 89-268 504 00 5.7 1.2 3.4 51 246 10 00 00 00
Pettit sp 1993 15 248-275 1000 00 00 00 00 ©00 00 00 00 00 00
Pettit Sep 1994 2 110288 87.6 9.6 0.0 9.8 193 19 g3 00 95 49 0.0




Appendix 2B. Rainbow trout diet in the Sawtooth Valley Lakes in 1993 and 1994. The 1993 samples were collected near shore with si
samples were collected with vertical gillnets set away from shore. Values are percent by weight. See first page of a dix for abbrevie

Alturas  June 1993 6  220-271 00 154 00 714 58 11 00 63 00
Alturas June 1994 4 230-261 00 992 0.0 0.0 0.0 00 0.0 08 0
Alturas  Sep 1992 17 220300 0.0 78 02 163 04 177 1.7 451 108
Alturas  Sep 1993 13  209-289 00 04 65 26 267 00 00 573 47
Alturas  Sep 1994 3  249-286 00 190 00 179 06 00 00 475 00
Alturas ~ Dec1993 9 241.295 00 00 00 00 8 01 00 81 00
Stanley ~ June1993 14 230278 000 711 00 103 06 00 00 134 00
Stanley  Sep1992 19 234-295 114 07 00 280 29 103 08 459 00
Stmley  Sepl993 23 220285 172 29 3% 341 27 28 07 33 00 1
 Stmley  Sepl994 8 230-296 29 00 04 62 65 281 00 559
Pettit ~ Sepl992 10 249300 00 209 00 328 22 173 205 63 00
Petlit  Sep1993 20 _‘,':'210-333 00 310 00 108 06 185 210 81 00
_Petii Sep1994 5 254-278 00 00 00 579 10 00 209 202 00
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Appendix 2C._Sqauwfish (sqw), bull trout (bult), lake trout (LT), and redside shiner (rss) diets in Alturas, Stanley, and Pettit Lakes. Data are percent by weight.

Alt
Alt
Alt
Alt
Alt
Alt

Stan

Stan

Stan

Pett
Pett

Pett

sqwW
sqwW
sqwW
sqwW
bult
bult

LT

LT
LT

1ss

Iss

rss

6193
9192
9193
12/93

9/93

1993

6/93

9/92

9/93

6/93

.19/93 .

9/94

172-278 50

230439 2 0

134-480 62

94-235 26

329-540 19

297-545 10

253654 12
220660 13 .
205699 7

288-618

127145 10
119-148 16
7689 6

16.2 2.6
200 10.0
161  23.1
0.0 7,7
708 124

32
90.5

83.1

0.0
0.0
0.0

0.0

00

0.0

0.0

0.0

00

11.4
0.0
0.0

38.3

0.0
0.0
0.0

0.0
0.0

00

0.0

30,0

192
0.0
0.0

0.0

0.0

00

2.4

20.0

16.0

0.0

16.8

89
0.0
7.1

0.0
0.0

0.0

0.0
0.6

0.0

9.8

90

0.0

0.0

00

0.0

69.5
91.0

0.0

0.4

0.0

0.2

0.0

00
00

0.0

00

9.7

00

0.0
0.0

527

0.0
0.0

21.7 124 0.0 1.3 0.9
00 00 00 00 0.0
00 32 00 43 30
00 00 01 77 0.0

0.0 0.0 00 00 00

08 0.0 0.0 0.0 1.5

0.0 0.0 00 03 86
0.0 0.0 0.0 0.0 0.0

00 00 00 00 155
00 00 00 00 00

67 00 00 00 00
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INTRODUCTION

In 1994 we continued monitoring the
limnological characteristics of Redfish,
Alturas, Pettit and Stanley lakes in the
Sawtooth Valley of central Idaho. This
marked the third consecutive year of
monitoring under natural conditions, in
anticipation of large scale manipulations of
the lakes in succeeding years. In 1995 a
lake fertilization program in Redfish Lake
is planned to coincide with releases of
juvenile sockeye salmon from the
endangered-fish broodstock program.
Lower densities of juvenile sockeye
salmon may also be released into Pettit
Lake in 1995. The limnological
information collected on the four lakes in
1992-94 will be essential to assess effects
of lake fertilization and fish stocking on
the structure and function of the lake food
web.

Limnological sampling conducted in 1992
and 1993 indicated that the rankings of
abundances of phytoplankton and
zooplankton among the lakes was similar
(Steinhart et al. 1994). Redfish and Pettit
lakes had the lowest mean summer
concentrations of chlorophyll in surface
waters, Stanley Lake had the highest

concentration, and  Alturas was
intermediate. This ranking of
phytoplankton abundance was associated
with  similar  rankings of nutrient
concentrations, indicating that

phytoplankton abundance was closely
linked to bottom-up processes in these
lakes.  The ranking of zooplankton
biomass in the four lakes in 1992-93 was
aso consistent among years, athough
rankings were different for zooplankton
compared to phytoplankton characteristics.
Highest mean summer zooplankton
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biomasses were present in Pettit, followed
by Stanley, Redfish and Alturas Lakes
(Steinhart et al. 1994). This ranking of
zooplankton biomasses was associated
with kokanee densties, suggesting that the
top-down effects of planktivorous fish had
greater effects on zooplankton biomass
than did bottom-up effects of
phytoplankton food resources.

In spite of the similar rankings of trophic
level biomasses among, the lakes in
diierent years, differences in seasond
development and mean concentration of
organisms within a given lake was
apparent between 1992 and 1993. The
warm, dry summer of 1992 resulted in
lower concentrations of chlorophyll
compared to the cool, wet summer of
1993. The early summer increase in
zooplankton biomass was delayed in most
lakes in 1993 compared to 1992, possibly
due to lower water temperatures. Biomass
of zooplankton in late summer was similar
between years in Redfish, Pettit and
Stanley Lakes (Steinhart et a. 1994).

In 1994 we are particularly interested in
determining whether these trends in inter-
lake and inter-annual limnological
characteristics persist. Observations from
‘1992-93 indicated that inter-take patterns
ofvariation were greater than inter-annual
patterns. If these patterns hold, then
management plans for enhancement of
juvenile sockeye salmon can be formulated
on a lake by lake basis. Less emphasis
would be needed concerning the vagaries
of annual weather patterns and lake
trophic structure.




Methods

During 1994 we sampled the Sawtooth
Valey Lakes approximately once a month.
Sampling occurred at a deep station in
each lake. During the ice-free periods we
sampled from a boat; however, from
January through April, and in December,
the lakes were ice covered so sampling
was performed through a hole cut in the
ice usng a hand-powered auger.

Temperature. Oxvgen, Conductivity and
Light

Temperature, dissolved oxygen and
conductivity profiles were measured using
a Hydrolab H20 Multiparameter Water
Quality Data Transmitter. On some
sampling dates a Yellow Springs
Instrument Model 58 Dissolved Oxygen
Meter was used to measure temperature
and oxygen.

Light profiles were measured using a Li-
Cor Model LI-1000 Data Logger, a deck
cell, and aunderwater spherical quantum
sensor that measured photosynthetic active
radiation (400-700 nm). During ice-
covered periods, the underwater light
probe was extended horizontally away
from the hole by a 3.7-m long PVC pole.
This pole was used to keep the light sensor
away from light that penetrated through
the hole.  Water transparency was
measured using a 25-cm black and white
Secchi disk.

Water Chemistry

Water was collected for water chemigtry at
al sample dates; however, on some dates
not all parameters were analyzed for all
nutrient components. The epilimnion was
sampled with a depth-integrating 6-m
Tygon tube. Two to four additional
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depths were sampled using a 4-L Van
Dom bottle. We normally sampled water
from the 1% light level because it
represents the nomina depth of the bottom-
of the photic zone. Water samples
collected for nutrient analyss were stored
in polyethylene containers first rinsed with
0.1 N HCI and three times with sample
water. All water chemistry samples were
stored on ice in a cooler out on the lake
and then kept frozen until analyss.

Dissolved nutrient samples [nitrate+nitrite
(NO,-N) , anmonia (NH,-N), and soluble
reactive phosphorous (SRP)] were filtered
before freezing with a 0.45 xm acetate
filter (Steinhart et al. 1993). Unfiltered
samples were analyzed for total Kjeldahl
nitrogen (TKN) and total phosphorous
(TP). Tota nitrogen (TN) was calcul ated
from the sum of TKN + NO,-N. TP and
SRP were anayzed caorimetricaly in our
laboratory (Utah State University
LIMNOLOGY Laboratory) using the
molybdate - ascorbic acid method
(Steinhart et al. 1993). Nitrogen analyses
were conducted by the University of
Cdlifornia, Davis using the Kjeldahl
digestion method for TKN, the hydrazine
method for NO,, and the indophenoal
method for NH,.

Chlorophyll
Epilimnetic chlorophyll samples were

taken from the 6-O m depth-integrated
tube samples and deeper samples with the
Van Dom bottle. Epilimnetic and discrete
depth samples were taken at the central,
index dtation, and epilimnetic samples were
also taken at two additional stations 200-
500 m fiom the index station. Two 50-ml
aliquots per sample were filtered through
0.45 um cellulose acetate filters. Filters
were usualy placed directly into 6 ml of




buffered methanol and extracted for 24
hours in the dark. Occasionaly filters
w er e frozen immediately and then
extracted as described. The extracts were
analyzed using a Turner model 111
fluorometer accorrimg to (Steirhart et al.
1993, Holm-Hansen and Riemann 1978).

Phvtoolankton

Samples for phytoplankton enumeration
and identification were aso taken using the
6-O m Tygon tube above: and the Van
Dom water bottle described above. Water
samples for phytoplankton analyses were
preserved using Lugol's iodine solution. A
100 ml aliquot from each sample was
filtered through a 0.45 pm tied-ester
filter (Millipore HAWP). The filters were
cleared and permanently mounted,
according to the method of Crumpton
(1987).  Cells were counted and a
minimum of 10 individuals in each taxa
were measured to calculate biovolume
(Wetzel and Likens 1991, Steinhart et al.
1993).

Zooplankton

Zooplankton were sampled at three
stations in each lake on most dates. By
sampling several stations, we hoped to
improve minimize variance due to
patchiness of the  zooplankton.
Zooplankton were collected using a
standard closing zooplankton net (35.5~cm
diameter by 158-cm long with 80 pm
mesh). A General Oceanics flow meter,
modiied to prevent reverse flow, was used
to determine net efficiency. In Redfish,
Alturas and Pettit Lakes zooplankton tows
were made in three depth strata:  10-m to
surface, 30-m to 10-m, and bottom to 30-
m. In shallow Stanley | ake, zooplankton
tows were only taken from 10-O m and
from the bottom to 10 m. Zooplankton
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samples were preserved in a buffered 5%
sucrose-formalin - solution.

Most zooplankton samples were counted
and measured in replicated sub-samples
taken with a Hensen-Stempel pipette.
Some zooplankton samples were counted
in their entirety, if zooplankton were not
overly abundant in that sample. In
previous work, zooplankton were
identified to species (see Steinhart et al.
1993); however, in thisreport we refer to
each species by genus. Eggs were
counted, and egg ratios (eggsfemale)
calculated for each cladoceran species to
identify periods of reproduction, and as a
surrogate measure of surplus energy.

Stream discharge and chemistry

We measured discharges in the two
tributaries of Redfish Lake, Fishhook
Creek and Redfish Creek. Discharge was
measured using a Marsh-McBirney Flo-
Mate 2000 eectromagnetic flow meter, or
estimated using gage readings and a
relationship between gage height and
discharge (Gross and Wurtsbaugh 1994).
Depth-integrated samples for nutrient
analyses were stored in Nalgene
polyethylene bottles. Bottles were rinsed
first with 0.1 N HCI and then three times
with aliquots of the actual sample.
Samples were stored in an ice cooler,
frozen upon return to our field laboratory,
and subsequently analyzed for total
phosphorus and total Kjeldahl nitrogen as
described previoudy.

Results

Temperature, Oxygen, and Conductivity

The Sawtooth Valley Lakes sampled in
this study have diierent morphometries
(Table 1). In general, Redfish Lake is the




largest, deepest and clearest [ake. Alturas
and Pettit Lakes are intermediate in Size,
depth, and clarity. Stanley Lake is the
smallest, shallowest, and least transparent
of the sample lakes.

Seasonal and yearly differences in
epilimnetic and hypolimnetic temperatures
are shown in (Figure 1). In January, under
the ice, there was an inverse temperature
stratification in the lakes (Figure 2). The
lakes thawed in early May and remained
ice-free until late November. From June-
October there was a well developed
thermocline was present in al the lakes
(Figure 2). The thermocline developed
very quickly after ice-out in May, and was
well developed by the end of June. In
contrast, during the cool and wet summer
of 1993, the thermocline did not become
well developed until August. Stanley Lake
had already turned-over by November 4;
however, the other lakes had not turned-
over by that date.

Epilimnetic temperatures in 1994 were
comparable to 1992, but 1993 was clearly
a colder summer (Figure 1). Maximum
surface temperatures in 1992 and 1994
were around 18°C. In 1993, however,
maximum surface temperatures barely
reached 16°C. There was little changein
the hypolimnetic temperatures in the lakes
during the course of this study.

Dissolved oxygen levels were similar in
1992, 1993 and 1994, although values
were dightly lower this year. During ice-
covered periods, the lakes were super-
saturated immediately below the ice
(Figure 2). For much of the water column,
dissolved oxygen levels were sufficient (>
5 mg/L) for salmonids during all times of
the year. In Pettit and Stanley Lakes,

however, dissolved oxygen levels were less

~ than 5 mg/L near the bottom (Figure 2).
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Year-round conductivity sampling reveded
that Pettit, and to a less degree, Stanley
Lake are meromictic, and consequently are
not mixing to the bottom with each
overturn. Conductivities rapidly increase
around 35 m in Pettit, and around 17 m in
Stanley, indicating that lakes are salt-
stratified.  In general, water column
conductivities in Redfish, Pettit, and
Stanley Lakes are less than 35 uS. Alturas
lake has dightly more sdlts, and a
conductivity above 55 uS.

Water Transparency _
Light profile measurements indicated that

the photic zone in the clearest lakes
(Redfish and Pettit) extended to 20-35 m,
while in the more productive Stanley Lake
it varied between 12-18 m. The seasonal

variation in the compensation point for

photosynthesis (nominally 1% of surface
light intensity) was similar between 1993
and 1994 (Figure 3). The compensation
point in all lakes gradually increased as
summer progressed with the deepest
compensation point observed in October in
1993 and in July in 1994. = The
compensation point then began to decrease
in winter culminating in levels immediately
below the ice in January and December of
both years. Mean annua extinction
coefficients in the lakes during 1994 varied
from 0.16 to 0.32 (Table 1).

Secchi depths, another measure of water
clarity, were seasondly variable in the
Sawtooth Valley Lakes (Figure 4). Water
transparency was lowest after ice-out in
May. and increased until the fall turnover.
Stanley Lake had. the lowest mean Secchi
depth, while Redfish, Alturas and Pettit




Lakes had somewhat similar transparencies
(Table 1). Secchi depths in 1994 were
slightly shalower than in 1993 (Figure 4).
Secchi depths (m) were related to the
extinction coefficient (v) by the following
eguation (aso see Figure 5):

v = 0.639 - 0.404 LOG (Secchi depth)
R?=0.764; n =29

This equation will allow us to use the
easily-measured Secchi depths to predict
the extinction coefficient, and hence the
depth of the photic zone, ligbt available for
fish feeding, etc.

Stream Discharge and Nutrients
Runoff in the Sawtooth Basin was

extremely low in 1994. As indicated by
the hydrograph of Fishhook Creek (Figure
6), discharges in 1994 were dightly lower
than those in 1992, which was previoudy
the most severe drought year recorded for
the upper Salmon River drainage.
Integrated annual discharge indicates that
the 1994 flow was only 87% of that in
1992, and only 42% of the: flow in 1993,
which was a near-norma water year.

Total  phosphorus  and  nitrogen
concentrations in the inflows were
extremely low, and except for periods of
high discharge, similar to those in 1992
and 1993 (Appendix 3). In 1994 mean
annud total phosphorus and total nitrogen
(TKN) concentrations were 10 and 81
pg/L (Table 2). The resuiting N:P ratio
for the runoff was 8: 1.

Because nutrient concentrations in 1994
were similar to other years, but discharges
were extremely low, nutrient loading to
Redfish Lake this year, was also low. We
are unable to calculate the exact load
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because nutrient samples were not
collected during the first 8-days of the
rising hydrograph in May. Exclusion of
this period would result in a significant
underestimate of the total annual loading.”
In 1993, for example, 39% of both the
nitrogen and the phosphorus was |oaded
during the first S-days of the spring rising
hydrograph. Comparison of the 1992 and

1993 data for Redfish Lake indicates that -

nutrient loading was approximately
proportional to annual discharge (Gross
and Wurtsbaugh 1994). Consequently,
our data suggest that nutrient loading to
Redfish Lake in 1994 was approximately .
40% of that measured in the normal water
year in 1993.

Lake Water Chemistry
Epiietic total phosphorous varied little

among the four lakes throughout 1994,
and there was little seasonality (Figure 7,
top). Tota phosphorous (TP) values
generally ranged from a low of 3 pgAin
Pettit Lake in April to a high of .15pg/in
Alturas Lake in September. A high peak
was also observed in Stanley Lake in
November, shortly after fall turnover. This
peek was not evident in Redfish Lake, but
it had not mixed completely by November
(Pettit and Alturas were not sampled on
this date). No increase in total
phosphorous was apparent at the time of
spring overturn (May).

Tota nitrogen (TN) ranged from a high of
~ 180 pg/t in early June to a low of -50 g/t
in Redfish Lake in early July (Figure ‘7,
bottom). TN in Alturas and Pettit was
dightly higher than in Redfish and Stanley
Lakes with the exception of a high vaue in
Stanley in Late September.




Vertica depth profiles of soluble nutrients
(NO; NH,, SRP) in Redfish Lake showed
an increase with depth occurring primarily
at sample depths deeper than 25 m
(Figure 8). This pattern became more
pronounced as the summer progressed.
Missing values in the figure occur because
SRP (soluble reactive phosphorous) vaues
were often below our detection limit of 2
ug/l. Smilar profiles of soluble nutrients
are available for the other three lakes in
Appendix 2.

Vertical depth profiles of TN and TP in
Redfish Lake showed that these nutrients
wereusudly lowest in the epilimnion and
increased dlightly in the metalimnion
(Figure 9). TP concentrationsin the

hypolimnion were often only dlightly -

higher than those in the metaliion.
Vertical profiles of TN were highly
variable with either no difference in the
metalimnion or adecreasein TN at the
metalimnion. Hypolimnetic values again
pardleled the high vaues obsarved in the
epilimnion and metalimnion. ~ Similar
vertical total nutrient graphs are available
for the other three lakes in Appendix 1.

Chlorophyll
Epilimnetic chlorophyll a concentrations

during spring overturn (May-June) were
considerably lower in 1994 than in 1993
(Figure 10), and than in 1992 (Budy et al.
1993). In 1994, spring concentrations for
most of the lakes were near 0.5 pg/L,
whereas in 1992 and 1993 they were
generally above 0.75 and 1.0 pg/L,
respectively. Asin 1992, chlorophyll
concentrations in 1993 decreased
throughout most of the summer, and
increased only dightly in the late fall. This
contrasts with pattern in 1993 when
epilimnetic chlorophyll increased markedly
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in the fal. In part this may be due to the
fact that the deep chlorophyll maxima were
less-well developed in 1994 (Figure 11;
Appendix 4) than in 1993 (Gross et al.
1994), and when mixing occurred, there
was less chlorophyll to be mixed into the
surface waters (Fee 1976). Stanley Lake
had the highest chlorophyll concentrations
in fall and early winter in 1994 but did not
have a pronounced spring. bloom as
observed in 1993,

Phytoplankton
Epilimnetic phytoplankton biovolume and

species composition in Redfish Lake has
varied substantialy between years (Figure
12). Biovolumes were very low in the
drought year of 1992, and dominated by
diatoms, chrysophytes, and chlorophytes.
Biovolumes in 1993 were markedly high
than in 1992 and Dinophytes became a
dominant group in the epilimnetic
phytoplankton. The total phytoplankton
biovolumes in 1994 were intermediate
between the low valuesin 1992 and the
high values in 1993.

In Redfish Lake the biovolume of
phytoplankton increased in the upper
metalimnion (15 m), and still more near the
bottom of the photic zone (compensation
point, 24-40 m) (Figure 13). The
phytoplankton in the deep chlorophyll
layer were dominated by diatoms and
dinophytes. A substantial bloom in
diiophytes occurred in the epilimnion in
ealy June, and gradualy shifted to deeper
layers through July, creating the deep
chlorophyll maxima noted in other years.
The chrysophytes were a more significant
member of the species composition in the
24-40 m samples than in the dinophyte-
dominated 15- m samples. Redfish |ake
phytoplankton biovolumes by taxa and by

-




depth strata at each date are aso shown in
Appendix 5.

A comparison of chlorophyll a
concentrations and phytoplankton
biovolumes along a depth profile in
Redfish Lake on 30 Aug 1994, indicated a
strong correspondence between the two
parameters (Figure 14). The highest
chlorophyll a concentration and the highest
biovolumes were observed in the
metalimnion at 35-40 m. A strong (R*=
0.898) relationship between chlorophyll a
concentration and phytoplankton
biovolume suggests that chlorophyll serves
as a good surrogate for the direct measure
of aga abundance.

Zooplankton

Epilimnetic  crustacean  zooplankton
dynamics in the Sawtoothl Valley Lakes
tied both seasonally and annually as well
as among lakes (Figure 15). Zooplankton
populations for all of the lakes was
reduced in 1994 compared to 1992 and
1993. In generd, Pettit and Stanley Lakes
had the highest zooplankton biomass per
liter, while Redfish Lake was intermediate,
and Alturas Lake had the lowest biomass.

in all of the lakes except Alturas,
zooplankton biomass was much lower
- during the winter than in the summer
(Figure 16). Zooplankton biomass in
Alturas Lake, on the other hand, increased
after the fall, although zooplankton
biomass tended to be highly variable
throughout the year.

Similar patterns to the biomass data were
observed in whole-lake total crustacean
dengities (Figure 17). Crustacean dengities
in all of the lakes were ahnost always less
than 10/L. Pettit and Stanley had the
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highest densities of total zooplankton,
whereas Redfish and Alturas Lakes usualy
had summer densities less than 3/L.
Zooplankton densities in Alturas Lake
remained low throughout the year with a
dight increase in January and February.

Consideration of areal zooplankton
biomass (g/m?) allows us to compare the
total amount of plankton in the lake,
regardless of the lake's depth (Figure 18).
Whereas biomass expressed in volumetric
units gives us an idea of the biomass of
plankton available to a single foraging fish
the depth-integrated areal biomass should
be a better measure of the total amount of
plankton in the lake, and hence it’s abiity
to support a 0. nerka population. When
expressed in areal units, the biomass of
zooplankton in Pettit Lake is considerably
higher than in the other lakes. The areal
biomass in Alturas Lake was higher than
the other lakes in the winter, but
considerably lower in the summer. Redfish
Lake, which had low volumetric
biomasses, nevertheless had areal
biomasses similar to Stanley Lake during
the summer, and even higher biomasses
than Stanley during the winter. For
Redfish L ake the difference between the
areal and volumetric expressions results
because the plankton in this lake is spread
out over a 90-m water column, wheress in
the other lakes the zooplankton (and
phytoplankton) are more compressed.

Seasond zooplankton species composition
was quite variable among lakes in 1994
(Figure 19). The wntribution of the major

zooplankton taxa in Redfish Lake was near -

equal until June (Figure 19A), when
Daphnia became dominant in addition to
increased biomass of Holopedium. Alturas
lake, however, was completely dominated




by Bosmina for the entire year (Figure
19B). Pettit |ake was dominated by both
Daphnia and cyclopoids for most of the
year with a slight increase in calanoids
over the summer months (Figure 19C).
Similar to Pettit Lake, Stanley Lake was
dominated by Daphnia and cyclopoids, but
calanoids and Holopedium were also
composed amajor portion of the summer
biomass (Figure 19, D).

Cladoceran egg ratios were variable for
1994 among the four lakes (Figure 20), in
part because the low densities of mature
animals was low, and we were unable to
make precise estimates of fecundity.
Overall, the egg ratios were very low,
generaly less than 1 egg/female. In
Redfish Lake, the egg ratios of Bosmina
were generally highest during spring
overturn and the period of highest
chlorophyll (cf.10), and lower in the late
fall and winter. Hoiopedium egg ratios
also peaked in mid-summer. Alturas egg
ratios were low dl year with the exception
of isolated peaks of Daphnia and
Holopedium in July. The higher
production for Pettit Lake was apparent in
the Daphnia egg ratios, but smaller peaks
of Holopedium and Bosmina occurred in
early June. In Stanley Lake Bosmina
production was high for most of the year
until a crash in mid-July corresponding
with a dramatic increase in Daphnia
production and Holopedium production to
a lessr degree.

The size-frequency distributions of
crustacean zooplankton diiered markedly
between lakes (Figure 21). In Pettit and
Stanley Lakes, large zooplankton were
moderately abundant in both winter and
summer. In contrast, both Redfish, and
particularly Alturas Lake were dominated
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by small species of zooplankton. In
Alturas Lake, the zooplankton are not only
scarce (Figure 17), but extremely small.

Discussion

The warm dry summer of 1994 was similar
to 1992 in lake water temperatures, but
seasona patterns of phytoplankton and
zooplankton abundances were generaly
intermediate between 1992 and 1993
observations. Chlorophyll concentrations
and phytoplankton biomass were higher in
1993 and 1994 compared to 1992. Mean
summer zooplankton biomass, however
was gmilar among the years. Zooplankton
biomass in Redfish Lake remained higher
during the autumn of 1994 compared to
previous years.

Although phytoplankton biomass as
measured in terms of chlorophyll
concentration was closely related to
nutrient loadiig in the four lakes (Steinhart
et al. 1994), these bottom-up effects did
not explain the pattern of zooplankton
biomass in the lakes (Figure 10). The
relationship of mean TP concentrations to
zooplankton biomass among lakes was
wegk in each of the years. If anything, the
relationship of TP to zooplankton biomass
was negative. Low levels of phosphorus
produced high zooplankton biomass in
Pettit Lake in al years. (Figure 13).
Conversely, high concentrations of TP
were associated with extremely low
biomasses Of zooplankton in Alturas Lake
in 1994.

Top-down effects related to variation in
planktivorous fish dengity may explain this
pattern of zooplankton biomass. High
dengties of fish estimated in Alturas Lake
in 1991-1993 could have exerted sufficient




predation pressure on zooplankton
populations to reduce them to very low
levels (Steinhart et al. 1994). In Pettit
Lake, the low density of planktivorous fish
estimated in 1992-1994 may have alowed
crustacean zooplankton to thrive under
low predation conditions. Results of these
comparisons indicated that top-down
effects of fish predation likely exerted
more control over zooplankton biomass
than did bottom-up effects of food
resources.

Comparison of the limnological
characteristics of the four lakes from 1992-
1994 indicated that the trophic structure of
each lake has remained relatively stable.
Pettit and Redfish Lake had the lowest,
Alturas was intermediate, and Stanley had
the highest phytoplankton abundances in
each year. The ranking of summer
zooplankton biomass among years was
also consistent, with Alturas, Redfish,
Stanley and Pettit exhibiting lowest to
highest volumetric zooplankton biomass
each year. The consistency of these
ranking suggests that inter-annual variation
in climate and fish recruitment processes
had less effect on food web function than
did inter-lake differences in species
composition and take physics.  This
conclusion implies that iake management
strategies for enhancing sockeye salmon
production should vary among the lakes,
but that only minor adjustments in the
management of a given lake would have to
be made on an annua basis.

The limnological information collected
from 19921994 indicates that a variety of
lake management approaches could be
tried to enhance production of juvenile
sockeye salmon. The low concentrations
of phytoplankton in Redfish and Pettit
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lakes make them candidates for lake
fertilization. The low abundances of
zooplankton in Redfish and Alturas |ake
suggests that efforts to reduce
planktivorous competitors with juvenile
sockeye salmon would be beneficial. The

program of lake fertilization and kokanee . -

reduction planned for Redfish Lake in
1995 will allow us to evaluate the
effectiveness of these techniques at
providing appropriate conditions for
growth and survival of juvenile sockeye
salmon.
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Figure 7. Epilimnetic (6-O m) total phosphorous &g/ {top] and total nitrogen (wg/ll
[bottom] in all four lakes measured from 6-O m tube samples for 1994 data.
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Lake, 1994 (TP and TN profiles for the other three lakes are provided in Appendix

1). On 17 Jul and 9 Aug only TKN data was available for calculating TN (TN =

TKN +{ NO, + NO,)).




06

DEPTH (m)

@ @ N N @ ;¢! ™ -
(3, [=] L2 (=] 15,1 o (%31 (= [4,} o i (=] (41} (=] L= (3] <@
1 t 1 1 1 1 L 1 I ! 1 ! 1 L 1 L o
=
o
B
o . F o
=2
z o /\X-_ =3
<
L L L 1 L 1 L ' I 1 I 1 ] 1 1 1 el &
» _-—w o
N . -
-J o . -
[ '\w—ﬂ" o
c .
]
= "o +
T o
L 1 1 i 1 1 1 ] L 1 L 1 ! 1 l'—_—_._{_l__lﬂ (=]
-l * ~f * - g
i
~-J =
g - S 8
E < g \ N ° g
~ J— [+21
F P Q: rrrrib e et e e T =)
' 2 =
1 = ! I L L L 1 1 1 I 1 L 'P-'——KJ'_; o g
. —
) . M
w ;g o
o af
> 3 " o Qs | Q)
o -~ g. ”‘_“____,‘__.-—-—'_.—-—#‘ o ->-|
Q Iy _.g ~
e -
o
=)
1 1 1 ] 1 [ L L 1 1 L 1 1 1 1 1 1 L o . §
e * Wy Wy Wy z
M)
Q3 =
- 5
>
,,G'--...._____ .
°-“-—°
" — =]
S ' T e B
= @
L i 1 L 1L 1 1 1 1 1 i; L 3 4# 1 1 ] 1 - 1 o E
>
' >
. ) - S o
@ 3
@ <
w \o\ -3 .
m e —
0 / N _
2

Figure 9. Soluble nutrient profiles for Redfish Lake, 1994 (soluble nutrient profiles

are provided in Appendix 2) .

Missing data points for SRP represent values less

than the minimum detection limit for SRP data = 2 ug/l.
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the year for Redfish Lake, 1994.
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Figure 17. Whole-lake crustacean zooplankton density for the Sawtooth Valley

Lakes in 1993-1994.
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Figure 18. Areal whole-lake crustacean zooplankton biomass (g/m?) for the
Sawtooth Valley Lakes in 1993-1994,
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Table 1. Limnological characteristics of the Sawtooth Valley Lakes. Means are for

the ice-free period, May-November,

1994.

Area Light Extinction
Lake (km?2) Depth (m) Secchi Depth (m) Coefficient
Maximum Mean Mean Range Mean Range
Redfish 6.17 92 41 15.6 10.7-20.5 0.16 0.12-0.19
Alturas 3.38 53 33 14.2 9.8-16.8 0.19 0.17-0.22
Pettit 1.63 52 28 14.4 8.3-17 0.15 0.13-0.17
Stanley  0.73 26 16 7.6 5.3-9.5 0.32 0.23-0.41

Table 2. Mean total phosphorus (TP) and total Kjeldahl nitrogen {TKN)in Fishhook

and Redfish Creek for 1992, 1993, and 1994. The nitrogen to phosphorus ratio is

also shown. For 1993 values in italics show the means when the extremely high

concentrations measured on the rising limb of the spring hydrograph are included in

the calculation. Mean =(S.E.}

1992

1993

1994

TP
12.6 {1.0}

11.0 12.2)
19.7 (6.8)

10.3 (1.0}

TN

83 (7)

103 (11)
184 (64)

81

(6)

N:P

g:3

7.8




Appendix 1

Appendix 1. Total phosphorous and nitrogen profiles for Alturas, Pettit, and Stanley L akes.
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Appendix 2

Appendix 2. a. Soluble nutrient profiles for Alturas, Pettit, and Stanley Lakes,
1994 (soluble nutrient profiles are provided in Appendix 2) . Missing data points
for SRP represent values less than the minimum detection limit for SRP data = 2

pall.
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Appendix 2. b. Spring overturn and mean seasonal epilimnetic nutrient concentrations for
the Sawtooth Valley Lakes, 1992, 1993, and 1994. All values are in gg/l. Mean
seasonal values for phosphorous include May-October, and mean seasonal values
for nitrogen include June- September.

1994 Spring

Overturn

Lake TP TN TP SRP NO3 TKN TN TN:T
P

Redfish 6 64 9 <2 1 61 67 7.4
Alturas 13 81 12 <2 | 102 103 8.5
Pettit 5 101 7 <2 1 80 89 12.7
Stanley 12 91 12 <2 5 77 84 7
1993 Spring

Overturn
Lake TP TN TP SRP NO3 TKN TN TN:TP
Redfish 1 06 3 7 | 2 63 65 9.7
Alturas 15 879 1 3 92 95 11
Pettit 9 1997 2 2 73 76 11.7
Stanley 16 167 8 | 5 89 94 11.9
1992 Spring

Overturn
Lake TP TN TP SRP NO3 TKN TN TN:TP
Redfish 6 6 6 8 2 7 44 51 6.1
Alturas 1 07 4 8 | 4 74 78 9.9
Pettit 9 8 7 6 2 5 83 87 14.7

Stanley 1110 28 2 5 87 92 11.5




APPENDIX 3. Nutriont concentration and fluxes in
Fishhook and Redfish Lake Creek inflows.

CONCENTRATION

FLUX (KG/DAY)
DISCHARGE  ug/L

CREEX Date (emns) ™ ™ ™ TN
FISHHOOK 31-MAY.-92 0.91 12 107 0.97 8.4
FISHHOOK 18-SEP-92 0.21 20 50 0.35 t.1
FISHHOOK 26-MAR-92 0.08 8 124 0.08 10
FISHHOOK 11-MAY-92 1.32 7 az 0.80 9.4
FISHHOOK 20-MAY-92 1.35 19 148 2.28 17.0
FISHHOOK 25-MAY-82 1.51 10 96 1.30 128
FISHHOOK 10-JUN-82 0.77 14 128 098 B8
AISHHOOK 16-JUN-82 0.6a ) aa 0.49 21
FISHHOOK 20-JUN-92 1.04 15 120 1.35 108
FISHHOOK 09-JUL-92 0.63 8 56 0.44 3.0
FISHHOOK 214UL-92 0.56 8 &5 0.44 27
FISHHOOK 1-AUG-92 0.32 9 71 0.25 20
FISHHOOK 25-AUG-92 0.28 15 65 0.36 16
FISHHOOK 11-SEP-32 D.21 12 &1 .22 1.1
FISHHOOK 13-SEP-02 0.23 18 110 0.38 22
FISHHOOK 16.8EP-92 a.z0 19 65 033 1.4
FISHHOOK 22-SEP-92 0.7 11 51 0.16 0.7
FISHHOOK 25-SEP-82 0.30 17 103 0.44 27
FISHHOOK 10-OCT-92 018 9 55 .15 09
FISHHOOK 18-NOV-92 0.21 g 75 0.18 1.4
FISHHOOK 19-APR-93 0.18 1 0 0.16 14
FISHHOOK 03-MAY-93 0.8 1% 104 0.61 3.4
FISHHOOK 12-MAY-83 .34 a2 438 472 49.7
FISHHOOK 16-MAY-93 288 3 283 7.64 70.4
FISHHOOK 17-MAY-a3 303 158 1517 a1 82 307.1
FISHHOOK 22-MAY-$3 2.85 14 28 3.35 1.9
FISHHOOK D1-JUN-93 3.32 H 194 1.37 55.6
FISHHOOK 08-JUN-93 1,94 1 125 1.79 21.0
FISHHOOK 20-UN-93 3Tt a7 217 15.93 70.7
FISHHOOK 20 JUN-93 5.38 17 185 7.8/ 86.0
FiSHHOOK 01-JUL-83 1.88 8 83 1.35 10.2
FISHHOOK 15-JUL-93 1.62 12 50 1.64 7.0
FISHHOOK 23-JUL-93 1.3 3 127 0.34 4.9
FISHHOOK DI-ALIG-03 1.38 7 a8 079 10.3
FISHHOOK 08-AUG-93 1.36 5 68 0.54 8.0
FISHHOOK 14-AUG-83 t.26 13 107 1.338 11.8
FISHHOOK 22-AUG-83 0.95 ) 72 072 58
FISHHOOK 30-AUG-92 0.68 4 o3 0.22 55
FISHHOOK 04-8EP93 - 058 8 128 035 6.4
FISHHOOK 11-SEP-93 0.55 § 73 0.24 as
FISHHOOK 18-SEP-03 052 . 10 s8 0.46 26
FISHHOOK 08-0CT-93 0.42 8 a0 0.28 1.5
FISHHOOK 08-NOV-93 0.42 10 70 - 038 25
FISHHOOK 18-FEB-94 0.09 - 15 56 012 0.4
FISHHOOK 14-MAY.04 1.41 ] a3 1.1Q 104
FISHHOOK 25.APR.94 0.59 o8 0.00 50
FISHHOOK 27-MAY-84 1.85 7 te2 1.15 206
FISHHOOK 02-JUN-84 0.48 7 52 0.30 22
FISHHOOK 12-JUN-G4 0.82 8 5 0.45 35
FISHHOOK 28-JUN-84 0.62 1 77 0.58 41’
FISHHOOK 20-JUL-94 038 10 80 0.3 26
FISHHOOK C-AUGGS 0.26 12 80 026 20
FASHHOOK 30-AUG-94 Q.21 14 B4 0.25 1.5




CONCENTRATIO  FLUX (KG/DAY)
DISCHARG  ug/L

CREEK Date {cms) TP TN TP TN
- - - - - |
REDFISH INLET 26-MAR-9 0.25 7 80 0.15 1.3
REDFISH INLET 31 -MAY-9 3.30 8 80 1.71 22.7
REDFISH INLET 13-MAY-9 2.38 8 53 1.22 10.8
REDFISH INLET 25-MAY-9 4.41 9 84 3.43 24.4
REDFISH INLET 12~JUN-9 2.39 5 111 1.12 22.9
REDFISH INLET 19-JUN-8 1.40 9 57 t.09 8.9
REDFISH INLET 29-JUN-9 2.34 39 185 7.88 33.4
REDFISH INLET 09-JUL-92 1.30 7 83 0.79 7.1
REDFISH INLET 21 JUL-92 1.04 8 58 0.72 5.2
REDFISH INLET 01 -AUG-9 0.81 19 88 1.34 8.0
REDFISH INLET 11-AUG-8 0.89 7 58 0.42 3.3
REDFISH INLET 25-AUG-9 0.89 9 52 0.54 3.1
REDFISH INLET 13-SEP-8 0.49 7 38 0.30 15
REDFISH INLET 18-SEP-9 0.53 7 42 0.32 1.9
REDFISH INLET 1 0-OCT-9 0.57 8 58 0.30 2.8
REDFISH INLET 15-NOV-9 0.83 7 88 0.38 3.7
REDFISH INLET 21 -MAR-S 0.49 7 59 0.28 25
REDFISH INLET 19-APR-9 0.51 4 82 0.17 2.7
REDFISH INLET t6-may-9 7.24 13 131 8.07 81.9
REDFISH INLET 22-may-9 7.82 5 129 3.48 87.2
REDFISH INLET 01-JUN-9 9.28 7 108 5.81 88.8
REDFISH INLET 07-jun-83 4.09 9 77 3.02 27.2
REDFISH INLET 1 0-JUN-9 4.41 10 75 3.98 28.8
REDFISH INLET 14-jun93 3.99 7 79 2.35 27.2
REDFISH INLET 23-jun-93 8.07 10 79 5.45 41.4
REDFISH INLET 10JUL-93 4.89 3 99 1.22 41.8
REDFISH INLET 17-JUL-93 2.78 3 70 0.74 18.7
REDFISH INLET 23JUL-93 2.78 7 89 1.74 16.8
REDFISH INLET 01 -AUG-9 2.77 9 102 2.05 24.4
REDFISH INLET 08-AUG-9 2.77 4 88 0.84 21.1
REDFISH INLET 16-aug-93 3.58 8 88 1.94 28.8
REDFISH INLET 22-AUG-9 2.34 8 91 1.19 18.4
REDFISH INLET 28-AUG-9 1.37 9 89 1.02 8.2
REDFISH INLET 04-SEP-9 0.95 5 145 0.40 11.9
REDFISH INLET 14-SEP-9 1.20 2 84 0.25 8.8
REDFISH INLET 08-0ct-93 0.84 4 88 0.30 4.9
REDFISH INLET 08-nov-93 0.59 5 92 0.25 4.7
REDFISH INLET 14-MAY-9 4.90 7 39 3.13 18.5
REDFISH INLET 27-MAY-9 4.52 5 28 1.78 10.2
REDFISH INLET 02 JUN-9 0.85 5 15 0.35 11
REDFISH INLET 12 ~JUN-9 3.48 5 40 1.81 12.0
REDFISH INLET 20JUL-94 0.75 8 43 0.54 2.8
REDFISH INLET 09-AUG-8 0.40 9 11 0.31 0.4
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Appendix 4.

Chlorophyll alug/l) profiles for Alturas, Pettit, and Stanley Lakes, 1994
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Appendix 5.

Depthi profiles: of phytoplankton species composition by depth-at each sample date
Rehfish Lake, 1994. G , R
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CHAPTERZ

Adding nutrients to enhance production of endangered sockeye
salmon: Trophic transfer in an oligotrophic lake '
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INTRODUCTION

The effects of nutrient additions on
ecosystem productivity are well known.
These bottom-up effects have been
predicted from theory (Oksanen et al.
1981; Liebold 1989; Power 1992),
described from empirical relationships
(McQueen et al. 1986; Ney 1990), and
tested with whole ecosystem experiments
(McNaughton 1977; Langeland 1982;
Peterson et a. 1993). Adding nutrients to
enhance ecosystem productivity has been
practiced for thousands of years and forms
the foundation of agricultural and
aguacuhure practices. In fisheries
sciences, lake fertilization has been shown
to increase production of commercialy
exploited stocks for decades (Nelson and
Edmondson 1955) and is now commonly
used to increase growth and survival of
juvenile sockeye salmon (Oncorhynchus
nerka) (Stockner 1981, 1987; Stockner
and Hyatt 1984; Kyle et a. 1994).

In spite of these well known effects of
nutrient additions, we know of no instance
where ecosystem fertilization has been
used as a management tool to assist with
the recovery of endangered populations.
Although bottom-up effects obviously
occur, our ability as ecosystem managers
to predict such occurrences is weak. In
fact, much of current ecological debate
centers on determining under what
conditions bottom-up effects prevail over
top-down effects in defining ecosystem
function (Carpenter and Kitchell 1988).

In many studies where nutrients have been
added to aquatic systems, primary
production has been enhanced (Drenner et
al. 1986). In some cases, however, intense
selective predation on primary consumers
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~ can weaken or obliterate the effects of

nutrient additions resulting in a strong top-

down control of ecosystem function

(Carpenter et a. 1994). Omnivory or diet

switching by consumers can also reduce
trophic transfer resulting in “middleout”

effects (Devries and Stein 1992). Finally,

recruitment limitation of key species can
uncouple the trophic link between primary

producers and consumers (Koenings and

Burkett 1987).

In this paper we examine the potential for
using lake fertiliiion to enhance growth
and survival of endangered sockeye
salmon in Redfish Lake, 1daho. We
conducted an experiment in large,
impermeable enclosures to compare
patterns of trophic transfer in control and
nutrient addition treatments. We compare
phytoplankton biomass, Primar
production, zooplankton biomass, and fi
growth between treatments. We used
juvenile kokanee (a conspecific but non-
endangered population of 0. rnerka) as a
surrogate for sockeye salmon in this
experiment, and assessed ‘the degree to
which nutrient additions were manifested
in increases in biomass of organisms at

- higher trophic leves.

Methods

Fertilization experiments were performed
in nine large fimnocorral enclosures, Sm in

diameter and 17-m deep, made of -~

impermeable, polyethylene plastic. Each
limnocorral held approximately 350 m* of
water. Bach enclosure was slowly
dropped from the surface with the bottom
open alowing it to fill with lake water for
24 h. Thus initial conditions within each
limnocorral were similar to the lake. After
filling, each limnocorrd was tied off a the




bottom by SCUBA divers preventing
further exchange of water.

Based on results from a preliminary
limnocorral experiment, we chose to add
the nutrients to the liiocorrals for a
period of time before the fish were added.
This adlowed the phytoplankton and
zooplankton communities to respond to
fertilizer additions and adjusted for lag
times between fertilizer addition and
zooplankton production before
planktivorous fish were added (Budy et al.
1994). Thus the experiment was
conducted in two parts: in Part 1 (13 June,
1994- 12 August 1994), nutrient additions
were added to three of nine limnocorrals,
and in Part 1l (12 August, 1994- 11
September 1994), nutrient additions
continued and fish were added to fertilized
(3) and unfertilized (3) limnocorrds.

During the first 6 weeks of the experiment
(Part 1; 13 June - 12 August 1994) six of
nine enclosures were used as controls and
three of the nine enclosures were nutrient
addition treatments. The nutrient addition
treatments received fertilizer additions of
nitrogen and phosphorous applied
regularly to the metahmnion of each
enclosure. Metalimnetic fertilizations have
been shown to effectively stimulate
plankton production, while minimizing
decreases in water transparency (Gross et
al. 1994). Nutrients were added at 11 m
during Part | of the experiment and at 12
m day Part Il of the experiment as the
thermocline moved deeper. The control
treatments received no fertilizer. After 6
weeks, we began Part I of the experiment
by adding fish to three of the control
treatments (hereafter referred to as fish-
controls), and to the three -nutrient
addition treatments (hereafter referred to
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as nutrient additions + fish). Three
treatments were left as controls and
received neither fish nor nutrients for the
entire  experiment.

Nitrogen and phosphorous were added to
the metalimnion (11-12 m) of nutrient
addition treatments in the form of
(NH,);)HPO, and NH NQ every 10 d
after Limnological sampling. The
nutrients were added at a 30:1 by mass
TN:TP ratio (13.5: 1 molar ratios) with
target loading of 5 ug/l of phosphorous
and 150 g/l of nitrogen to each nutrient
addition treatment. This high TN:TP ratio
was used to decrease the likelihood of
stimulating nitrogen-fixing cyanobacteria
(Schindler 1977).

Juvenile kokanee (land-locked
Oncorhynchus nerka) were used as
surrogates for the endangered sockeye
sdmon in these experiments. The kokanee
were trapped shortly after emergence in
May from Fishhook Creek, a Redfish Lake
tributary, and retained in permesble mesh
net pens in Redfish Lake until addition to
limnocorra fish treatments on 12 August,
1994,

The limnocorrals were sampled every 10d
for ‘Limnological parameters including
nutrients, chlorophyll a, zooplankton,
Secchi depth transparency, temperature,
and oxygen. Water samples for dissolved
and total nutrient depth profiles (TP, SRP,
TKN, and NO,) were sampled four times
throughout the experiment (13 June, 1994,
2 July, 2 August, and 3 1 August).

Secchi depth measurements were recorded
in each limnocorral to estimate water
clarity. Temperature and oxygen profiles
were sampled using a Hydrolab® meter in




one limnocorral representing each of the
three treatments every 10 d. Previous
sampling indicated that little variation in
temperature and oxygen occurred among
limnocorrals in these types of experiments
(Rudy et a. 1994). The three corrals
chosen to represent each treatment were
changed each sampling period.

Water for chlorophyll a analysis and
nutrients were taken using weighted
Tygon tubes for integrated depth samples
and a4 L Van Dom bottle sampler for
discrete depth samples. Epilimnetic water
sanples were taken using a weighted 6-m
Tygon tubing, and whole limnocorral
water column samples were taken using a
weighted 17 m Tygon tubing every 10 d.
Discrete water samples were aso collected
from the metalimnion (11- 12 m) every 10
d and from near the bottom of each
limnocorral (17 m) on selected dates.

Samples collected for nutrient analysis
were placed in polyethylene bottles first
rinsed with 0.1 N HCL and then rinsed
three times with aliquots of the actua
sample. Nutrient samples were frozen
until analysis. Nutrient samples were
anadyzed for tota nitrogen (TN) and totd
phosphorous (TP) concentrations. TN
was calculated from the sum of Total
Kjeldahl Nitrogen (TKN) and nitrate
(NO,-N). Unfiltered water was used for
TKN and TP anayses, samples analyzed
for (NO,-N) and SRP were filtered
through 0.45- wm membrane filters. TP
samples underwent a persulfate digestion
and were then analyzed colorimetrically in
our lab (Uteh State University Limnology
Laboratory) using the molybdate - ascorbic
acid method (APHA 1992). Nitrogen
analyses were conducted by the University
of California, at Davis, Limnology
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Laboratory) using a Kjeldahi digestion for
TKN and the hydrazine method for NO,.
Replicates, spikes, and standard solutions
were used for quality control/ quality
assurance.

Chlorophyll a measurements were used as
a measure of phytoplankton standing crop.
Two SO-ml aliquots per sample were
filtered through a 0.45-um cellulose
acetate membrane filters. Filters were
either temporarily frozen or placed directly
into 6 ml of 100% methanol for
chlorophyll pigment extraction in the dark
for 24 h. Extracts were then analyzed
before and after acidification (Holm-
Hansen and Rieman 1978) using a Turner
model 111 tluorometer with corrections
made for phaopigments.

We preserved water for phytoplankton
enumeration from the chlorophyll a and
nutrient water samples described above.
Phytoplankton samples were preserved
with Lugol’s iodine solution, and a 100-m}
aliquot from each phytoplankton sample
was filtered through a 0.45-zm cellulose
filter.  The filters were cleared and
permanently mounted (Crumpton 1987).
Cells were counted in a minimum of 10
fields per dlide at 400x; the dimensions of
aminimum of 10 individualsin each taxa
were measured to calculate biovolume
(Wetzel and Liens 1990). Phytoplankton
were  taxonomically  classified as
cyanobacteria  (blue-green algae),
chlorophyta (green algae), chtysophyta
(Dinobryonsp.), bacillariophyta (diatoms),
and Diiophyta (Peridinium sp.) .
Phytoplankton data were analyzed as
biovolume by taxon, depth, and date.

Periphyton accumulation on the sides of
the limnocorrals was evaluated by




suspending weighted 17 m * 1O-cm wide
strips of the same polyethylene limnocorrd
material in the center of each corral.
Every other sampling period, ~ 21 days,
we removed two 12 mm squares from four
depths on each strip (1, 6,11-12, 17m) to
measure periphyton accumulation on each
gtrip. These squares were placed
immediately in 6 ml of methanol, left to
extract in the dark for 24 h, and then
analyzed fluorometricaly for chlorophyll a
according to the methods described above.

Zooplankton were sampled from two
depth strata, 10-O m and 17-10 m, every
10 d in each limnocorral. Two replicate
samples were taken over each depth dtrata
using a closing 80-zm mesh net, 35 cmin
diameter and 150-cm long equipped with
an anti-reverse Genera Oceanics® flow
meter. Samples were immediately
preserved in a 10% formalin-sucrose
solution and subsequently counted and
measured. Biomass was calculated using
length-mass regressions (McCauley 1984,
Koenings et al. 1987), and densities were
corrected for the volume sampled.
Cladoceran egg-ratios (# eggd # adults)
were caculated according to the methods
of Paloheimo (1974).

Fiie juvenile kokanee were added each of
the three nutrient addition treatment
limnocorrals and - three of the control
limnocorrals on 12 August 1994. Fish
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given a unique fin clip for individual
measures ofgrowth. Fish were allowed to
recover for several hours before addition
to each limnocorral. A subsample of fish
from the lot stocked was sacrificed and
frozen for subsequent dry weight anayss.
At the end of the experiment, fish were
removed from limnocorrals using dry ice

asphyxiation, measured, weighed, and
frozen and subsequently dried to constant
weight at 60°C. At the end of the
experiment we were able to recover 87%.
(26/30) of the fish initidly stocked.

Repeated measure ANOVAs were used to
analyze the nutrient, chlorophyll, Secchi,
and zooplankton data for statistical
sgnificance accounting for time and initid
differences among treatments (Wilkinson
1990). The experiments was statistically
treated as two parts described above (Part
| = nutrient additions, Part |1= nutrient +
fish additions).  Thus there were two
treatments for Part | with three replicates
for the nutrient additions and six replicates
for the controls. For Part I, there were
three replicates of nutrient plus fish
additions, three replicates. of controls
without fish, and three replicates of fish-
controls.  Differencesin fish growth
(g/g/day) using both wet and dry weights
were analyzed for statistical significance
using a standard ANOVA and pooling fish
by treatment.

RESULTS

Temperature and oxygen conditions were
amilar among treatments. and showed the
same generd pattern observed in the lake.
Oxygen conditions remained above 5 mg/l
throughout the duration of the experiment.
Surface temperatures ranged from 1 1-15°
C, metalimnetic (11-12 m) temperatures
ranged from 6.5-12°C, and temperatures at
the bottom of the bag remained below
7.5°C

Water transnarencv

Secchi depth transparency in the
limnocorrals showed a general pattern of
increasing water clarity through the




summer SMilar to that observed in the lake
(Figure 1). The shallowest Secchi depth
transparencies were observed on 22 June
1994, and the deepest transparencies were
observed on 11 September 1994 in all
treatments and in the lake. Mean Secchi
depth transparencies ranged from 9.5 -
13.4 m in nutrient addition trestments and
from 9.5-17.9 min control limnocorrals
with measurements generally 2-4 m
shallower in the nutrient addition
limnocorrals compared to the control
corrals. Before the fish were added,
Secchi depth transparencies were
statistically shalower in nutrient addition
treatments than in the control treatments
(df= 6, F= 2.99, P=.016). No statistical
differences occurred between treatments
after fish were added (df= 4, F= .22, P=
92). Control Secchi depth transparencies
were similar to those observed outside of
liiocorrals in the lake (Figure 1).

Nutrient Analyses

Means and ranges for |O-day interval
nutrient samples are presented for the
epilimnetic and whole water column
concentrations in Table 1 (TP, SRP, TKN,
NO, and the N:P ratio). The mean for dl
epilimnetic (6-O m) nutrients analyzed was
higher in the nutrient addition treatments
over the controls except for the SRP data
which were higher in the controls. The
mean N:P ratio was identical in both
treatments.  The same pattern, was
observed in whole limnocorral samples
(17-O m) in that al nutrient concentrations
measured were higher in the nutrient
additions over the controls except SEP.
The N:P ratio was dlightly higher in the
controls over the nutrient additionsin the
whole limnocorral samples. In both the
epilimnetic and the whole limnaocorral
samples, the difference between the two
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treatments was small for all nutrients
measured except TKN. TKN in the whole
limnocorral nutrient addition treatments
was -20 % higher in nutrient additions,.
but overall the nutrient differences
between the two treatments were minor.

The total phosphorous (TP) for the
duration of the experiment in both the
epilimnetic samples and the 17-O m
samples was highly variable (Figure 2).
The highest peaks in TP in both the
epilimnetic samples and the 17-O m
samples occurred in mid-July and late
August. TP in the epilimntic fish- control
treatments was dightly higher than the
control treatments, but the fish-control TP
in the 17-O m samples was similar to those
controls. All treatments in both zones
converged on values around 12 pg/l, the
sameTP concentrations as those measured
a the onset of the experiment.

Depth profiles of TP and TN showed little
variation in TP with depth through time
except an increase in hypoliietic TP on
2 Aug 1994. TN was markedly higher at
dl depths on 2 Aug 1994 especidly in the
metalimnion (the depth at which nutrients
were added) (Figure 3). Total nitrogen
vaues in the limnocorrd experiment were
highly variable among replicates, and thus
SE bars are quite large for this parameter.
Ammonia(NH,) was especially difficult to
measure and values were often much
larger than biologically plausible
suggesting contamination or analysis
problems.

Phvtoolankton

Mean epilimnetic chlorophyll a was
greater in the nutrient addition
limnocorrals than in the corrals which
received no nutrients (Figure 4A).




Chlorophyll a in the nutrient addition
limnocorrals was generally 0.5-1 mg/m®
higher than in control trestments with the
exception of a pesk in chlorophyll a on 22
June, 1994 when chlorophyll levels in
nutrient addition treatments were
approximately 2 mg/m* greater. The range
in mean epiliietic chlorophyll a
concentrations for the duration of the
experiment was 0.13 - 3 mg/m’ in the
nutrients addition treatments and 0.2- 0.9
mg/m® in the control treatments. Nutrient
additions datistically increased epilimnetic
chlorophyll a concentrations before fish
were added to the experiment (df= 6. F=
11.17, P=0.00), but there was no
difference among treatments after fish
were added (df= 4, F= 0.22, P= 0.92).

Mean chlorophyll a concentrationsin the
metahmnion (measured a 11 m before fish
were added on 12 August, 1994 and 12 m
after that point) ranged from 0.18- 5.95
mg/m® in nutrient additions and from 0.14
mg/m® to 1.95 mg/nt in control corrals
(Figure 4B). Metalimnetic chlorophyll a
concentrations showed the same high pesk
on the 22 June, 1994 in nutrient addition
and control treatments as observed in the
epilimnion. The difference in chlorophyll
a concentrations among treatments was
statistically significant before fish were
added (df= 6, F= 7.84, P=0.00) but no
significance was detected after fish were
added (df= 4, F= 0.45, P= 0.77).

Chlorophyll a concentrations measured
from whole water column integrated
samples (17-O m) showed the same
general pattern as the epiliietic and
metaimnetic chlorophyll a measurements
(Figure 4C). Nutrient addition + fish
treatments ranged from 0. 1- 4.91 mg/m*
and control treatments ranged from 0.1 to
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1.19 mg/m’. Overall, the highest values
for chlorophyll a concentration and the
greatest difference between controls and
nutrient addition treatments were observed.
in the metaimnetic samples (1 |-12 m)--the
depth of nutrient application. Additional
chlorophyll data shown as depth profiles
through time are provided in Appendix 6.

Nutrient additions enhanced phytoplanicton
biovolume in whole water column samples
(17-O m) on seven out the eight dates
analyzed (Figure 5). Diiophyta and
Bacillariophyta dominated the
phytoplankton biovolume in all treatments
in the early part of the experiment. Early
in the experiment nutrient additions
simulated Dinophyta and bacilariophyta 2-
3 fold above control treatments. Nutrient
additioappeared to dimulae
Chlorophyta biovolume as the experiment
progressed. After the fish were added, a
smal pesk in cyanobacteria biovolume was
observed in nutrient additions while
Chrysophytes appeared in the controls and
fish controls (no nutrient treatments).

Phytoplankton biovolume was higher at al
depths and on all dates in the nutrient
addition treatments as compared to control
treatments (Figure 6). General trends of
increasing  depth of  maximum
phytoplankton biovolume and an overall
decline in biovolume at all depths through
time was observed in al treatments. The
greatest - phytoplankton biovolume was
observed a 17 m in control treatments and
at 11 min nutrient addition treatments on
2 July, 1994. Dinophyta and
Bacillariophyta species dominated on 2
July, 1994 with Dinophyta species making
up the bulk of the increase in total
biovolume observed in nutrient additions.
This pattern switched on 1 August, 1994
such that biovolume was considerably




reduced at all depths in the controls, and
the greatest biovolume was observed at 17
m in nutrient addition trestments. Further,
the species composition became dominated
amost exclusively by Bacillariophyta in
nutrient addition treatments. By 31
August 1994, all treatments showed a
substantial reduction in phytoplankton
biovolumes at all depths and in all
trestments. Periphyton communities were
not well established in any of the corrals
until August (Figure 7). Subsequently,
nutrient additions stimulated periphyton at
al four depths sampled.  Nutrients
additions stimulated periphyton most a 12
m (the depth of nutrient application), and
to a lesser degree at 17 m. The least
amount of periphyton growth was
observed in epilimnetic samples (1 and 6
m) in al treatments. Periphyton was
negligible in control and fish-control
treatments throughout the experiment.

Zoonlankton

Zooplankton total biomass showed both a
clear response from nutrient additions and
an overdl increase during the experiment
(Figure 8). Tota zooplankton biomass
was greater in nutrient addition treatments
than in control treatments from 12 July
1994 to the end of the experiment. The
increase in zooplankton biomass in nutrient
additions  was statistically significant
before fish were added to the experiment
(df= 6, F= 3.92, P=0.00) but there was no
statistical diierence among treatments
after fish were added (df= 4, F= 1.72, P=
0.21). Mean bemuses ranged from 0.7 -
3 1.7 ug/L and 0.6 - 94.2 ug/L in control
and nutrient  addition  treatments,
respectively. After the fish were added (12
August, 1994), there was a slight increase
over controls in the total zooplankton
biomass in fish-addition treatments.
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Total zooplankton species compositionin
the Emnocorrals was dominated by
cladoceran species such that cyciopoid
zooplankton species usually composed <
5% of the - total biomass. Cladoceran
zooplankton species composition was
dominated by Bosmina and Holopedium in
al treatments early in the experiment
(Figure 9). On 22 July 1994 the species
composition shifted as Daphnia began to
increase and both Holopedium and
Bosmina declined. Control treatments
showed a smali peak in Holopedium after
fish were added to the fish treatments (22
August 1994). This was not observed in
either the fish-controls or the nutrient
additions + fish. Daphnia were more
abundant in the nutrient additions + fish
than in either the controls or the fish-
controls after the fish were added.

Cladoceran egg ratios were generally
higher in limnocorrals receiving nutrients
(Figure 10). Mean Daphnia and Bosmina
egg ratios were grester in nutrient addition
treatments than in controls although the
differences Were small. NO increase in egg
production in nutrient additions over
controls was observed for Holopedium.
Total cladoceran egg ratios were slightly
higher in the nutrient addition trestments.

Fish growth

The mean growth rate (dry weights) of
kokanee in the nutrient addition treatments
was 57% higher than in the controls (11 vs
7%/day; Figure 11).  Growth rates
measured in wet weight were also higher
in the nutrient addition treatments than in
the controls.




Discussion

The results from these limnocorral
fertilization experiments show that
inorganic nutrients added to this food web
resulted in an increase in phytoplankton,
zooplankton, and fish growth. ~ Addmg
nutrients for a period of time prior to the
addition of fish appeared to stimulate
trophic transfer within the food web such
that juvenile salmon could respond
immediately upon stocking to increased
zooplankton food availahility.
Furthermore, nutrient additions applied to
the metalimnion of each limnocorral
stimulated primary production and algal
biomass primarily below the epilimnion,
thus preserving water transparencies of
aesthetically valuable surface waters while
increasing fish growth.

In these experiments nutrient additions
stimulated phytoplankton of species and
size ranges grazeable by most cladoceran
zooplankton (Sommer 1988; Lampert
1978; Porter 1973). The high N:P ratio
appeared to suppress blooms on nitrogen-
fixing cyanobacteria ( Schindler 1971). A
comparison  of chlorophyll a in
phytoplankton versus periphyton on the
sides of the limnocorrals indicated that a
substantial amount of nutrients were
utilized by periphyton communities in the
later half of the experiment.  This
accumulation of high levels of periphyton
in the second part of the experiment likely
contributed to the decline 0 f
phytoplankton in the water column after
mid-July.  While the stimulation of
periphyton is an aternative pathway of
energy transfer that may influence whole-
lake fertilization, the higher surface area:
volume ratio in the limnocorrals as
compared to the lake suggests that
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periphyton growth would be less
pronounced during a whole-lake
fertilization. Despite the loss of nutrients
to periphyton in the liiocorrals,
phytoplankton production was significantly
simulated by nutrient additions .

Although total zooplankton biomass
increased congderably in nutrient addition
treatments,  zooplankton composition
differed little among trestments. The small
difference in zooplankton composition
observed was due to an increase in
domination by Daphnia, a zooplankton
species preferred by juvenile salmonids
(Lazzarro 1987; Luecke and Brandt 1993).
Comparisons of zooplankton biomass in
control treatments to that observed in the
natural lake environment for similar time
periods, showed that ambient densities of
zooplankton in the lake were condderably
lower than in control limnocorral. Thus
the refuge from fish predation for the first
half of the experiment may contribute to
the greater zooplankton biomass observed
in limnocorral enclosures over ambient
lake densities.  However, zooplankton
hiomass continued to increase in response
to nutrient additions after the fish were
added. Consequently, it islikely. that
differences in fish growth between nutrient
additions and controls would have
continued to increase had the experiment
run longer. The short time period over
which the fish demonstrated a higher
growth rate in response to nutrient
additions makes small, but significant,
difference in this growth rate more
notable.
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Figure I. Secchi depth distribution in the three treatments shown as the mean of
three replicate limnocorrals with 1 standard error bars. The Secchi depth
distribution for Redfish Lake is also shown as a reference.
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Figure 2. Total phosphorous (TP) for the three treatments from the beginning of
the experiment to the end of the experiment for the limnocorral experiment, 1994.
The top graph (a.) shows TP concentrations in the epilimnion (6-O m}, and the
bottom graph {(b.}shows TP in the whole limnocorral samples (17-O mj).
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Figure 5. Seasonal changes in the biovolume of different phytoplankton taxa in
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D EPH (m)

2 JUL CONTROLS

6-0

JUL NUTRIENT

g 1 AUG CONTROLS

6-0

1 AUG NUTRIENTS

3 1 i H

0 2 4 6 8 10
31 AUG CONTROLS
6-0
11
17
| | i f

' CYANOP,
Q' crrysoe

8 BACILLARIOP.

B DINoP.
U CHLOROP.

31 AUG FISH

1 AUG NUTRIENTS
-+ FISH

Figure 6. Mean algal biovolumes for Redfish Lake limnocorrals at epilimnetic,
metalimnetic, and near-bottom depths, 1994.



PERIPHYTON CHL a (mg/m?)

81 im
74 .
- 6

“I . o

4+ nutrlent additions -

34 .+ Jish contrals
2 T3

1 . e .

0 T T =L e -

LBy

81 6 m
ﬂl

81

ml

44 . nutrient additions

fi

31 + fish I tontrols
m” il ..\ figh-
a .E.hﬁulﬂ...@\\n.o::.o_w
9

B4 nutrient waa_:o_._& 12 m
71 : +fish B

‘] A

A .-

3 .

21 e — controls
1 i tish-
0 e LAl memnwpuzp;
o .

9 17 m
Nl

M” nutrient additions

g + fish ~‘

g

31 -

2 e _ controls
14 |n-\\ fish-

0 o a .‘._..‘-- —x contrn

JUN JUL AUG SEP

Figure 7. Periphyton chlorophyll a at four for the three treatments shown as the
mean of three raplicate limnocorrals with 1 standard error bars, 1994,

Z
O
T
X
<%
mm
o}7;
O <
N=
29
<<m
T
O
T

130
1204
110
1004

nutrient additions
+ish

w
o
1

B0+

70+
60

504 L
-l . . Is
40 . %m: Aoszo

304

201
104

SEP

fish aamon

Figure 8. Total zooplankton biomass for the three treatments shown as the mean
of threa replicate limnocorrals with 1 standard error bars. The arrow points to the
date the fish were added, 13 Aug 1984,




8 HoLorPEDILM
N D APHNIA

B  sosminA

UTRIENT ADDITIONS + FISH

% OF TOTAL CLADOCERAN ZOOPLANKTON BIOMASS (ug/1)

JUN JUL AUG SEP

Figure 9. Cladoceran zooplankton species composition in the three treatments for
the duration of the experiment. The three replicate limnocorrals are averaged for
each treatment, and data are shown as percent of total biomass. Arrows point to
the date fish were added, 13 Aug 1994.

TOTAL
CLADOCERANS

o.6
o.5

o.47

DAPHNIA
0
(A2
L

(mean # eggs/ #adults)~
(=]

HOLOPEDIUM
)
w
‘'

BOSMINA

CONTROLS “NUTRIENT ADDITIONS -

Figure 10. Cladoceran zooplankton egg ratios shown as the average number of
eggs per female in the nutrient + fish additions (diagonal dashed bars) versus the
controls (shaded bars). Total cladoceran egg ratios are shown at the top, and egg
ratios of individual species are shown below.




0.15 | &. DRY WEIGHTS

0.13 '[
0.12

©
o
\'
HA

L. WET WEIGHTS

FISH GROWTH (g/g/day)

o
o
H4

FISH- . NUTRIENT +FISH-
CONTROLS CONTROLS

Figure 11. Final fish growth in the nutrient + fish addition treatments (stippled
bars) versus the fish-controls (open bars) foi dry weights {g} at the top (a.) and wet
weights (b.} at the bottom.




6-Om

total P

soluble reactive
P (SRP)

TKN nitrogen
NO, + NO,
N:P

17-O m
total P

soluble reactive
P (SRP)

TKN nitrogen
NO, + NO,
N:P

CONTROLS NUTRIENT
ADDITIONS
MEAN 7SE MEAN 7 SE
9.4 0.2 10.9 0.3
2.1 0.1 1.7 0.1
61.9 2.4 70.2 4.0
1.8 0.3 2.8 0.3
6.8 6.8
11.0 0.5 13.3 0.4
2.3 0.1 1.1 0.1
52.5 3.3 66.0 10.3
11 0.7 5.4 0.6
5.8 5.4

Table 1. Limnocorral means for duration of the experiment in the nutrient and

control (including fish-controls) treatments for all measured nutrients and for the
N:P ratio. All values are in gg/l {except the N:P ratio}, and 1 standard error bars
are provided.




Appendix 1. Depth profiles of chlorophyll a concentrations (gg/l} in the Redfish
Lake limnocorrais at three dates during the experiment, 1994.
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CHAPTER 3

Winter Limnology and Ecology of Kokanee Salmon,
Oncorhynchus nerka, in the Sawtooth Valley Lakes

Geoffrey B. Steinhart

and

Wayne A. Wuttsbaugh




INTRODUCTION

In order to reach the ocean, juvenile
endangered Snake River Sockeye salmon
(Oncorhynchus nerka) need to swim over
1400 Km and past seven dams. To
complete this arduous journey, the young
salmon must be healthy enough to swim
great distances, to undergo smoaltification,
and to avoid predators. Rondorf et al.
(1985) found that chinook smolts
migrating down the Columbia River
completely exhausted their lipid energy
reserves in only 400 Km. In addition, fish
beginning the journey with higher lipid
contents had higher downstream survival
The exact cause for the lower surviva is
not known but weak fish are more
susceptible to disease and cannot avoid
predators as well as hedthy fish.

Lipid levels are not only important for

downstream survival, but also influence

the timing of seaward migration. In
Atlantic salmon, high lipid levelslead to
early maturation of males (Metcalfe and
Thorpe 1992, Simpson 1992). Salmon
with low fat levels, however, often delay
their migration until the following year
(Skilbrei 1991, Thorpe 1987).

The Snake River sockeye samon generdly
spend one to two years rearing in the
Sawtooth Valley Lakes before migrating
to the ocean in April and May (Bjornn et
al. 1968, Teuscher and Taki 1994). Since
this migration occurs in early spring, the
winter could be an important period for
sockeye to build up or maintain ample lipid
reserves prior to leaving the lake.

The winter is often thought of as a
dormant period for many fish; however,
sockeye salmon remain active at cold
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temperatures (Brett 1983, Egger 1981,
Ruggerone 1992, 1993). Even at 4°C
sockeye are active and require food, so the
winter is unlikely a period of donnancy. In
the oligotrophic Sawtooth Valley Lakes,
low summer zooplankton densties become
even more depressed during the long
winter months (See Chapter 1, Figures).
In addition diel migrations of zooplankton
and very low light levels under-ice result in
even less food being available to young
samon.  Stocking of juvenile sockeye
salmon into the Sawtooth Valley Lakes
could further deplete food resources in the
lakes. Low food levels could result in
reduced growth or lipid levels, and thus
decrease downstream survival of juvenile
0. nerka headed for the ocean.

The purpose of our winter work presented
here is to answer the following questions.
1) How much do salmon grow
over-winter? 2) Do lipid levels change
over the winter? 3) How much
zooplankton food is available for sockeye
salmon during the winter months? and 4)
What food resources do salmon utilize
during the winter?

Methods

Limnology

From October through May, sampling
occurred at approximately monthly
intervals on Redfish, Stanley and Alturas
Lakes. Pettit Lake was sampled less often,
with only two under-ice sampling dates.
At each lake we sampled temperature,
oxygen, light intensity, water chemistry,
chlorophyll a, and zooplankton (see
Chapter 1 for complete limnology
methods).




In addition to routine sampling, diel
zooplankton sampling was performed on
Stanley Lake on December 17, 1993.
Zooplankton were sampled at two
different stations at four times during the
day: dawn (0800), mid-day (1300), dusk
(1730), an d
Zooplankton tows were performed at
discrete depth intervas as follows: O-2 m,
2-5m, 5-10 m, 10-17 m, and 17-24 m.
Samples were preserved in a buffered
sugar formalin solution for later analysis.
The zooplankton diel data were analyzed
using a 2-factor repeated measures
ANOVA with time and depth as the two
factors.

Fish Sampling

Kokanee (0. nerka) were used as a
surrogate species to study changes in diet,
growth and lipid levels of the endangered
sockeye salmon. Kokanee are the same
species as sockeye, but they do not
migrate to the ocean as smolts. Prior to
migration, juvenile sockeye and kokanee
are functionally Smilar. Sdmon were only
sampled in Alturas and Stanley Lakes.
These lakes represent the extremesin
productivity of the Sawtooth Valley
Lakes.

Latein the fall, and early in the spring, a
mid-water trawl was used to capture
kokanee salmon for our diet and growth
studies. During periods of ice-cover on
the lakes, multi-panel horizontal gillnets, as
well as smal mesh vertical gillnets (12, 20,
and 32 mm dretch mesh) were set to catch
young salmon. The horizontal gilinets
were set by stringing the nets through a
series of holes cut through the ice.
Horizontal gillnets were set on the bottom
of each lake, while vertical gillnets were
lowered from the surface to a depth of 25

mid-night (0000).
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m, through a single large hole cut in the
ice. The gillnets were originally checked
severa times aday, but as catch rates
proved negligible during daylight hours,
the nets were subsequently checked only a
dawn.

Fish were kept in a cooler until returning
to the laboratory, where the fish were
weighed (& 0.01 g) and measured (+ 1
mm). Gut contents were taken either by
dissecting the stomach and removing its
contents, or by flushing out the digestive
system using a smadl syringe., Gut contents
were preserved in 95% ethanol for
subsequent identification. Otoliths were
removed from the fish and saved for later
fish aging. The fish were then frozen for
prior to lipid anaysis.

In the |aboratory, the ‘dry weight of each
fish was measured after drying the fish for
24 hours & 60°C. To measure lipid levels
in the salmon, we used a Soxhlet lipid
extraction (Bligh and Dyer 1959) using
petroleum-ether as a  solvent.
Petroleum-ether does not dissolve the
polar lipids that make up cell structure
(Dobush et al. 1985), and thus extracts
only lipids used as energy stores. The
dried fish were extracted for 24 hours, and
the weight of the extracted fat was
measured. -Changes in mean weight and
lipid content were compared using t-tests
to see if there was a significant diierence
between mean vaues from November and

May.

To measure the vertica distribution of
kokanee in the lakes we used a
combination of hydroacoustic sampling
and vertical gillnets.  Hydroacoustic
measurements were made using Lowrance
X-I 6 chart recorders. By setting the




recorders on the lowest speed, a single roll
of chart paper would last for
approximately 24 hours. In February
1994, a single 45° downward pointing
transducer was used to sample fish
digributions in Redfish and Alturas Lakes.
In March 1994, two transducers and two
chart recorders were used on Stanley
Lake. Smce transducers cannot detect
targets within O-2 m of the transducer, a
45" transducer was suspended 10 m
below the ice in order to effectively sample
fish targets immediately below the surface.
In addition, a downward-pointing 20"
transducer was aso used on Stanley Lake.
Vertica gillnets were set to identify targets
and to supplement the vertica distribution
data

Prey selection was examined using an
electivity index that compares the
proportions of zooplankton prey found in
the diets with the proportions of
zooplankton found in the lake (Iviev 196 1,
Lechowicz 1982).

E =ri-pi / ri+pi

where ri is the proportion of prey found in
the digestive tract and pi is the proportion
that prey group in the lake. Electivities
were calculated using frequencies of the
diierent taxa in the whole water column.

As visual predators, salmon depend on
light to see and capture their prey, but low
tight penetration due to ice and snow
could limit kokanee capture success
under-ice. To determine what proportion
of the water column was available for 0.
nerka feeding, we calculated the capture
success a each depth using data from light
profiles to determine a profile of light
intensity. Then, using data on sockeye
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capture success at different light intensities
(Ah 1959), we were able to predict
capture success at each depth. Depth
stratified zooplankton samples were taken
to determine what proportion of prey were
available in different strata. Prey
electivities were calculated to see which
zooplankton  the  kokanee  were
preferentially feeding on.

Results

A total of 172 kokanee were caught in
Stanley Lake from November ,&rough
May, while in Alturas Lake, only 43
kokanee were caught during the same
period. There were two distinct modesin
the distribution of fish lengths in Stanley
Lake (Figure 1). Although there appears
to belittle changein total length over the
winter, this may be biased because gillnets
are not as efficient at catching the smaliest
fish as the mid- water trawl. The lengths
of fish in Alturas Lake are more evenly
distributed (Figure 2), but the sample size
was small because of the low densities of
0. nerka in Alturas Lake (Teuscher and
Taki 1995, Figure 3). Kokanee in Alturas
Lake did not grow in tota length over the
winter.

Otolith aging of fish from Stanley and
Alturas Lakes has been diicult. In
Stanley Lake, however, it appears that
most kokanee under 150 mm total length
(TL) are age- O+ fish (D. Teuscher, pers.
comm.). For the purposes of this study,
we treated all fish in Stanley Lake under
150 mm TL as age-O+. In Alturas Lake,
age data is even more confusing, so the
data presented in this report represents fish
under 150 mm TL, but not necessarily
age-0+ kokanee.




Kokanee in Stanley Lake grew little over
the course of the winter (Figure 3). In
November, age-O+ kokanee averaged 11.9
g, while in May they averaged 12.3 g.
This difference was not significant {t=0. 15,
df=8, p>>0.25) due to high variability in
weights of age-0+ kokanee on al sampling
dates. Dry weights in November averaged
3.15 g and decreased to 2.2 g in May, but
the change was aso not significant
(t=1.19, df=8, p>0.1).

Lipid levelsin kokanee caught in Stanley
and Alturas Lakes did decrease from
November to May (Figure 4). This
decrease in percent lipid was sgnificant for
both lakes (Stanley: t-2.45, df=8, p=0.02;
Alturas. t=2.1, df=8, p<0.05). Stanley
L ake kokanee had a higher mean percent
lipid than did Alturasin November (7.1%
and 6.2 %, respectively); however, by
May, Stanley kokanee had a lower mean
percent lipid than did fish from Alturas
(4.3 % and 4.8 %, respectively).

When age-O+ kokanee were split into
diierent size classes, it becomes apparent
that the larger kokanee had higher
percentages of lipid in their tissue than did
small fish (Figure 5). Both the 100-125
mm and 125-150 mm size classes of
kokanee showed a drop in lipid levels.
There was little change in lipid content of
the smallest kokanee (<100 mm), but this
was likely an artifact of the small sample
sze.

There is a high correlation between
percent water and percent lipid in kokanee
caught in both Alturas and Stanley Lakes
(Figure 6). The equations of the two lines
differed dlightly, possibly due to diierent
sample sizes or the inclusion of fish older
than age-O+ in the Alturas Lake data
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Kokanee salmon in Stanley, Alturas, and
Redfish Lakes did not appear to undergo. a
diel vertical migration under the ice
(Figure 7). In Alturas and Redfish Lakes,.
hydroacoustic targets ranged from 3 m to
40 m. Most targets, however, were
between 5 m and 20 m, with a mean depth
of 12 m. In Stanley Lake, targets were
detected from 2 m to 23 m deep, with
most of the targets being around 17 m
deep.  After correcting for sampling
volume, however, a large proportion of the
kokanee population was found to be in the
2-5 m depth strata (Figure 8). There
appeared to be little or no differencein
daytime and nighttime depth distributions
in Stanely. Kokanee capture depths from
the vertica gillnets did not support the
hydroacoustic results (Figure 9). In
March, no kokanee were caught above 12
m, even though the hydroacoustics showed
that over 60% of the population was above
12 m. This disparity in results is likely an
atifact of a smal sample size, but for the
acoustics and the gillnet data.  In April,
most fish were captured deep in Stanley
Lake, but by May, alarge proportion of
fish were captured near the surface.

In mid-December, kokanee salmon in
Stanley Lake ate mostly caanoid copepods
(Teuscher and Taki 1994, Appendix 2A),
even though Bosmina sp. were twice as
abundant as caanoids in the lake. In fact,
it kokanee sdmon had a negative dectivity
for both Bosmina and Daphnia, but a

“ positive electivity for calanoids (Figure

10). Cyclopoid copepods had a nearly
neutral eectivity on this date.

Both Bosmina and Daphnia underwent a
significant diel vertical migration on
December 17, 1993 in Stanley Lake, while
calanoid and cyclopoid copepods did not




migrate as strongly (Table 2). During the
day, calanoid copepods had the highest
mean depth of all the zooplankton taxa
(Figure 11), and nearly 80% of the
calanoid copepods were at light intensities
where kokanee have at least a 50%
capture success (Figure 12). For Bosmina,
on the other hand, approximately 50% of
the population was at depths where the
light intensity reduced kokanee capture
success below 50% during the daylight
hours (Figure 13). At night, however,
Bosmina moved much higher in the water
column.,

Discussion

The length and wet weights of kokanee in
both Stanley and Alturas Lakes did not
change significantly during the winter
months. In Stanley Lake, however, the
kokanee show a significant decrease in
percent lipid. This suggests that despite
cold temperatures, there is not an abundant
supply of food avalable for salmon during
the winter in Stanley Lake. In Alturas
Lake, the kokanee also experienced a
significant decrease in lipid content;
however, the decrease was not as large as
in Sanley Lake.

Due to the large variation in the sizes of
age-O+ fish caught in Stanley Lake on any
particular date, it is not reasonable to
conclude that fish do, or do not grow
during the winter from length and weight
measurements alone. Mean wet weights
hardly changed over the winter, while dry
weights decreased only dightly. Lipid
content,  however, did decrease
significantly, demonstrating that the fish
are losing energy reserves even though
their is little change in growth. By
measuring the lipid content of fish we can
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get an accurate measure of the amount of
energy reserves afish has at its disposal.
There is a strong correlation between the
percent water and percent lipid content of
kokanee. This relationship can be used to
make estimates of lipid content without
performing expensve and time-consuming
fat extractions.

Extremely low winter zooplankton
populations probably resulted in the loss of
lipid in kokanee salmon. During the
tinter, Alturas Lake has a higher density
and biomass of zooplankton than does
Stanley Lake (Table 1, see aso Chapter 1).
This more plentiful food may have resulted
in the smaller loss of lipid reserves from
Alturas Lake. This again suggests that the
salmon in Stanley and Alturas may be food
limited during the winter months.

Zooplankton density and biomass were
lower during winter than summer for al

the Sawtooth Valey Lakes, except Alturas
Lake (Table 1, see also chapter 1). In

general, large cladocerans disappeared

first, followed by copepods. Nauplii and

Bosmina were present throughout the
winter the latter makes up most of the
crustacean zooplankton biomass in Alturas
Lake (Chapter 1).

Not only were zooplankton densities much
lower during the winter than in the
summer, but decreased light intensities
under-ice appear to provide a refuge for
some zooplankton where kokanee cannot
effectively feed on them. In Stanley Lake,
Bosmina undergo did verticd migrations,
presumably to avoid predators (Clark and
Levy 1988, Stich and Lampert 1981).
Snow and ice block so much of the light
that kokanee likely have diiculties
locating and capturing zooplankton at




deeper depths. Thisis supported by the
fact that even though Bosmina were quite
abundant in Stanley Lake in December,
they did not make up a large fraction of
the kokanee diet. In contrast, calanoids,
which did not retreat to the darkened
depths of Stanley Lake, were a significant
component of kokanee diets and were
sdected for on that date. Stanley Lake is
the shalowest of the four main lakes in the
Sawtooth Valley. In the deeper lakes,
even more of the water column will be too
dark for effive kokanee feeding and will
provide an even larger refuge for
zooplankton.

In conclusion, the winter is likely a crucia
period for juvenile 0. nerka growth. In
preperation for their long seaward
migration. Low lipid levels can result in
lower survival of migrating smolts, a
problem that is compounded by the
addition of several dams along the Snake
and Columbia Rivers. This decline in lipid
levels is likely due to the extremely
deficient zooplankton populations in the
Sawtooth Valley Lakes during the winter.
Ice and snow cover compound this
problem by reducing the amount of light
available for the visualy feeding kokanee.
As aresult, kokanee in Alturas and Stanley
Lakes lose vauable lipid resources during
the winter. By stocking more fish into
these lakes, we could potentialy reduce an
dready limited food resource, resulting in
even greater lipid losses.

It should be noted, however, that Pettit
Lake has a higher biomass and density of
crustacean zooplankton during the winter
than all the other study lakes. Therefore,
Pettit Lake may provide a system where
sockeye salmon can preserve, or even
increase lipid levels prior to migration. In

addition, lake fertilization has been shown
to increase sockeye smolt production
(Hyatt and Stockner 1985, LeBrasseur et
a. 1978). The fertilizing of Redfish Lake
in1995 could greatly improve its potential
as a rearing lake for young sockeye.
Stanley and Alturas Lakes, however, have
relatively low zooplankton numbers and
ae probably not as suitable for producing
increased numbers of juvenile 0. nerka
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Table 1. Mean zooplankton biomass and density for the Sawtooth Valley Lakes during
the summer and winter periods of 1994.

I>/Ia32/ - IVovember December - A p r j |
mg/m ng/L. mag/m< g/L L
T;g?tri?% 710 84 170 uz 0
140 2.9 197 '
Stanley 19485 24.1 390 g-l?
18.3 77 33

Table 2. Zooplankton, diel migration results from Stanely Lake on December 17 1992

using a repeated measures ANOVA.
—Zooptanktorm—Taxa af ,
Dup;miu < L-rato %L&IH-B=
Bosmina 12 10.14 0.0002
Calanoid 12 4.55 0.007
Cyclopoid 2123 0.6

Nauplii 12
d 0.40 0.94




