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a. Abstract 
This project assesses habitat limitations for Snake River sockeye salmon Oncorhynchus nerka, and investigates fish community dynamics (e.g. competition, predation, life histories) in sockeye salmon nursery lakes, including the relationships between resident and anadromous forms of O. nerka in current or potential Sawtooth Valley production areas.  We will continue activities (e.g. lake fertilization) deemed necessary to increase or re-establish sockeye salmon production in historic nursery lakes of the Sawtooth Valley, Idaho as recommended by the Stanley Basin Sockeye Technical Oversight Committee (TOC).  We will continue to assist the Idaho Department of Fish and Game (IDFG) in captive broodstock activities such as net pen deployment and assessment of sockeye salmon performance in nursery lakes through smolt emigration.  Our immediate objective is to increase survival of captive broodstock progeny from the time they are stocked in the lake until they emigrate. 

Limnological conditions are used to estimate sockeye salmon carrying capacities for each lake.  Kokanee salmon standing stock biomass estimates are then taken into consideration to make recommendations for stocking densities for progeny of the captive broodstock program into each lake.  Without this data, stocking at densities greater than existing carrying capacities could result in a zooplankton crash that would reduce available rearing habitats and impede recovery of Snake River sockeye salmon.
b. Technical and/or scientific background
Lake fertilization has been successfully used to stimulate primary production in oligotrophic lakes and, through trophic transfer, increase macrozooplankton production thus improving rearing habitat for young planktivorous sockeye salmon (LeBrasseur et al. 1978, Hyatt and Stockner 1985, Stockner and Shortreed 1985, Stockner 1987, Kyle 1994).  Lake fertilization programs replace nutrients formerly derived from decaying salmon carcasses with liquid fertilizer in nutrient limited systems with depressed adult escapement (LeBrasseur et al. 1979, Stockner and MacIsaac 1996).  In Alaska and British Columbia, lake fertilization has been associated with increased survival and growth of young sockeye salmon (LeBrasseur et al. 1978, Robinson and Baraclough 1978, Hyatt and Stockner 1985, Kyle 1994) and elevated adult escapement (LeBrasseur et al. 1979, Stockner and MacIsaac 1996).  The productivity of a nursery lake can be manipulated with nutrient applications resulting in higher lake carrying capacities (Stockner and MacIsaac 1996).  While success of fertilization programs is often determined by increases in zooplankton abundance and biomass (Kyle 1994), a successful program could also result in stable zooplankton populations under increased grazing pressure from expanding O. nerka populations.  

We hypothesized that the decline in numbers of returning sockeye salmon and the subsequent loss of those marine derived nutrients (MDN) has resulted in decreased productivity of the Sawtooth Valley lakes.  Limnological investigations were initiated in 1992 to determine current lake conditions. Nutrient loading to Redfish Lake was 492 and 922.5 kg phosphorus in 1992 and 1993, respectively (Gross et al. 1998).  Using that data, Gross et al. (1998) developed a model that estimated only three percent of the natural loading of phosphorus in Redfish Lake came from sockeye salmon (3,800 adults).  However, based on paleolimnological studies, Finney (TOC meeting notes January 2001) estimated that sockeye salmon escapement in Redfish Lake historically ranged from twenty to forty thousand.  Stockner (2000) used a photosynthetic rate model (Shortreed et al. 1999) to estimate an optimum escapement of 19,000 to 46,700 sockeye salmon.  Using carcass composition percentages found in Larkin and Slaney (1997), and a mean escapement of 30,000 adult sockeye salmon, it is estimated that 242 kg (26-49%) of additional phosphorus would have been added to Redfish Lake from MDN.

The combination of high densities of non-endemic kokanee salmon and the oligotrophic conditions of the rearing lakes result in impoverished habitat conditions for introduced sockeye salmon from the captive broodstock program (Budy et al. 1995; Teuscher and Taki 1995). In 1993, we began evaluating nutrient additions as a tool to increase survival of stocked sockeye salmon pre-smolts in the Sawtooth Valley lakes (Budy et al. 1994; Budy et al. 1998; Gross et al. 1994; Gross 1995; Gross et al. 1997; Luecke et al. 1996).

Experiments were performed in large (350 m3) limnocorral enclosures, that were slowly dropped into the lakes, allowed to fill with lake water, and subsequently closed by SCUBA divers.  In 1994, the experimental design included a control (C), and two treatments (F), and (NF), each with three replicates (Budy et al. 1998).  Treatment F was stocked with juvenile kokanee salmon and treatment NF received nitrogen, phosphorus and juvenile kokanee salmon.  Nutrients were added for two months prior to the addition of fish in treatment NF.  The experiment was conducted in two parts, part 1 (13 June-12 August) where nutrients were added to three limnocorrals (NF), and part 2 (13 August – 11 September) where nutrient additions were continued and fish were added to the three NF and three F treatments.  During the 1993 experiment, fish were added concurrently with nutrients.  Chlorophyll a increased but no significant increase in zooplankton biomass was found (Budy et al. 1994).  This information was used to alter the 1994 study design to allow nutrient addition effects on lower trophic levels to take place before the introduction of fish.  The 1994 experiment was statistically analyzed as the two parts described above using repeated measure ANOVA’s, accounting for time and differences among treatments.  In part one there were two treatments with three replicates for the NF and six replicates for the control treatments (C and F).  In part two there were three replicates of each of the three treatments C, F, and NF.

The enclosures were sampled every ten days for water transparency, temperature, oxygen, and zooplankton abundance and biomass.  Water was collected four times during the experiment to sample TP, SRP, TKN, and NO3.  Primary production was measured twice.  Juvenile kokanee salmon were measured and weighed before introduction and at the end of the experiment.  See Budy et al. (1998) for a more detailed description of methods used for these experiments.

The results from the 1994 experiment indicated that nutrient enhancement should increase lake productivity.  Chlorophyll a increased significantly in the both the epilimnion and metalimnion in the NF treatment prior to the addition of fish (Budy et al. 1998).  Integrated samples taken from the whole water column showed a significant increase during both parts of the experiment.  Total zooplankton biomass followed a similar increase as chlorophyll a in part one, yet continued to be greater than the C and F treatments after the addition of fish in the NF treatment.  Growth of fish in the NF treatment was higher than in the F treatment although this difference was not significant (P = 0.36) (Budy et al. 1995; Budy et al. 1998).

We investigated five different models to predict carrying capacities for O. nerka in Sawtooth Valley lakes (Teuscher and Taki 1995).  Four models relate fish production to lower trophic level productivity: 1) chlorophyll a model (Rieman and Meyers 1992), 2) euphotic volume (Koenings and Burkett 1987), 3) total phosphorus (Plante and Downing 1992), and 4) primary production (PR) (Stockner et al. 1995).  A fifth model, stock recruitment (Bowles and Cochnauer 1984) used sockeye salmon survival at various life stages as well as predation by other fish and potential harvest.

Based on limnological data collected, we felt the primary production model was best suited for the conditions of the Sawtooth Valley lakes.  Using this model, we predicted a carrying capacity of 2,600 kg of O. nerka biomass for Redfish Lake (Teuscher and Taki 1995).  Hydroacoustic surveys estimated 2,400 kg of kokanee salmon biomass present in the lake, leaving unoccupied habitat to stock 20,000 10g smolt equivalents.  Approximately 80,000 sockeye salmon pre-smolts from the captive broodstock program were scheduled to be stocked in 1995. These stocking efforts raised concerns that Redfish Lake’s carrying capacity would be exceeded, resulting in density dependent impacts on zooplankton size, density, biomass and species composition (Goodland et al. 1974).  Edmundson and Peltz (1990) and Zadina and Haddix (1993) reported declines in sockeye salmon growth and survival after supplementation exceeded carrying capacities. Because of these concerns, the TOC recommended a test fertilization of Redfish Lake in 1995.

Prior to the implementation of lake fertilization, a risk assessment strategy evaluating fertilization effects was established in the 1994 Snake River Sockeye Salmon Sawtooth Valley Project Conservation and Rebuilding Program Final Environmental Assessment (DOE/EA-0934) (BPA 1994).  In the EA (DOE/EA-0934), BPA deferred a decision on the lake fertilization action, stating that ‘Additional scientific information is needed before a finding can be made.’ The EA (BPA 1994) states that the risk assessment of a temporary lake fertilization program requires several steps: (1) Collection and evaluation of data on existing conditions, (2) development of a plan for conducting fertilization activities, (3) small scale testing, and (4) implementation, monitoring, and evaluation of a full-scale (whole lake) fertilization program.  This information was to be collected during 1994 and 1995. 

This risk evaluation process was addressed in the research conducted in 1994 and 1995 (Budy et al. 1995; Budy, Luecke, and Wurtsbaugh 1998; Gross et al. 1996; Gross, Wurtsbaugh, and Luecke 1998; Teuscher et al. 1995; Teuscher and Taki 1996; Wurtsbaugh et al. 1997; Wurtsbaugh and Budy 1997). Based on the results of this research, BPA, in consultation with the National Marine Fisheries Service (NMFS), the U.S. Fish and Wildlife Service (USFWS), and the U.S. Forest Service (USFS), concluded with a finding of no significant impact (FONSI) associated with lake fertilization. The Supplemental Environmental Assessment (BPA 1995) further concluded that it is likely that lake fertilization would decrease potential limiting factors in the life cycle of the sockeye salmon and shorten the period to attain a self-sustaining population in the Sawtooth Valley.

Several risks associated with whole lake fertilization and the alteration of food web structure were identified in the Supplemental Environmental Assessment Snake River Sockeye Salmon Sawtooth Valley Project Conservation and Rebuilding Program (DOE/EA-0934).  That EA states that lake fertilization could adversely affect water quality and a variety of biological parameters.  Fertilization and associated increased productivity could lead to a rapid increase (bloom) in phytoplankton.  A bloom could result in decreased dissolved oxygen (DO), reduced water clarity through increased turbidity, and potential alteration of water related aesthetic values.   Lake fertilization could also result in increased food resources for potential non-target predator and competitor species of fish.  Furthermore, fertilization could alter phytoplankton and zooplankton species composition and densities. This could result in an altered food web structure benefiting undesirable species, while adversely affecting juvenile sockeye salmon.

To address risks identified in the Supplemental EA (BPA 1995), monitoring of a variety of limnological parameters was proposed and implemented.  Monitoring of these parameters would allow the detection of potential adverse affects to water quality from fertilization.  Limnological parameters monitored included; total and dissolved nitrogen and phosphorus, Secchi disk-water transparency, light penetration, water temperature, dissolved oxygen, chlorophyll a concentration, primary production, and phytoplankton and zooplankton taxonomic composition, density, and biomass.  Selected parameters were monitored in the epilimnetic, metalimnetic, and hypolimnetic strata of the lakes.  It was determined that if any of the measured parameters exceeded set standards, fertilization would be discontinued.  As an additional protective measure, fertilizer additions would have a 20:1 nitrogen to phosphorus ratio. The high N:P ratio provides excess nitrogen, reducing the risk of creating a nitrogen limited environment where cyanobacteria, which fix atmospheric nitrogen, may thrive. 

As part of the risk assessment monitoring of potential changes in fish population dynamics due to lake fertilization was implemented.  Parameters examined included species composition, biomass, density, and diet.  Attention was focused on the response of potential predators and competitors.  Data was collected on native and introduced species such as kokanee salmon, northern pikeminnow (Ptychocheilus oregonensis), bull trout (Salvelinus confluentus), brook trout (S. fontinalis) and lake trout (S. namaycush).  Due to life history characteristics fish population dynamics may have a delayed response to lake fertilization.  Therefore, long term trends in fish population dynamics continue to be monitored.  

The EA (BPA 1995) set fertilizer quantities to increase chlorophyll a by a predicted 60% in the epilimnion and by a predicted 100% in the metalimnion.  The EA predicted that these increases should result in a 50% increase in zooplankton production and 12% increase in the growth rate of juvenile sockeye salmon.  Increased productivity was predicted to decrease water transparency by 25%, resulting in a mid-summer Secchi depth of 10 m.  This value is similar to ambient water clarity found in the spring under unfertilized conditions.  

During lake fertilization in 1995, epilimnetic chlorophyll a remained similar to the three previous years in Redfish Lake and water transparencies were only slightly shallower (Budy et al. 1996).  Even though chlorophyll a showed little increase in 1995, primary productivity was approximately 100% higher than the other lakes.  Phytoplankton biovolume during the July and August sampling was highest in 1995 although the annual mean was below that observed in 1993.  All the lakes were at their highest phytoplankton biovolume in 1993, the first normal water year following six years of drought.  Zooplankton biomass followed the same seasonal pattern as previous years with the peak in summer and fall and low densities in the winter and spring.  However, in early October of 1995 biomass exceeded 20 (g/L.  The previous high in Redfish Lake was less than

12 (g/L.  In addition to total biomass, Daphnia biomass was higher than the previous three years.

Kokanee salmon may provide intra-specific competition with juvenile sockeye salmon for available forage (Rieman and Meyers 1992).  Kokanee salmon diets from the Sawtooth Valley lakes (Teuscher and Taki 1994) included prey items commonly found in juvenile sockeye salmon sampled in other systems (Groot and Margolis 1991).  Concurrent to lake fertilization we attempted to limit the kokanee salmon biomass in Redfish Lake.  Two different options were available: 1) reduce the number of fry recruiting to Redfish Lake from Fishhook Creek, and 2) reduce the number of adult kokanee salmon spawners in Fishhook Creek.  During 1995 we used both methods to reduce kokanee salmon recruitment (Teuscher and Taki 1996).  A portion of the fry were collected in early 1995 and transported to the Sawtooth Hatchery to be stocked at a different lake in the valley as was requested at a meeting with the Custer County Commissioners.  That summer we attempted to capture adult spawners as they entered the stream with a goal of releasing 2,000 females to spawn.  Egg deposition from 2,000 females would have been approximately 460,000 eggs with a fry recruitment to Redfish Lake of approximately 60,000.  Unfortunately, the weir did not operate well and our goal was not achieved.  No more fry were collected after that year, but we did try and limit kokanee salmon recruitment for three more years with limited success.

Abundant numbers of progeny from the captive broodstock program were available in 1997 to supplement the Sawtooth Valley lakes.  With over 250,000 fish available we were able to put sockeye salmon pre-smolts into all three lakes where access was available (Taki et al. 2000).  The PR model predicted that unfertilized carrying capacities for Redfish, Pettit, and Alturas lakes would be 5.5 kg/ha, 7.0 kg/ha, and 6.0 kg/ha, respectively.  With lake fertilization the carrying capacities increased to 9.96, 11.04, and 10.53 kg/ha for Redfish, Pettit, and Alturas lakes, respectively (Stockner 1996).  

During January of 1997 we estimated that in October 1998 total O. nerka biomass would be 6.2 (IDFG) to 7.7 kg/ha (SBT) in Redfish Lake (TOC January 1997).  This included background biomass of kokanee salmon and supplemented sockeye.  We estimated O. nerka biomass in Pettit Lake would be 16.2 kg/ha and 2.5 kg/ha in Alturas Lake.  Based on this information the TOC endorsed the idea of fertilizing all three lakes.  Because Pettit Lake was estimated to exceed carrying capacity only 8,600 sockeye salmon were stocked there.  This decision was based on the high overwinter survival of sockeye salmon stocked there in 1995 under similar lake productivity conditions (Taki and Mikkelsen 1997).  Although Alturas Lake was projected to remain below its unfertilized carrying capacity, we recommended lake fertilization to speed zooplankton recovery after a crash in the early 1990’s.  Results from these efforts can be found in Section e. and detailed results from four years of nutrient supplementation of Redfish Lake can be found in Griswold et al. (in review).

Cascading trophic interactions are known to influence primary productivity of lakes (Carpenter et al. 1985, Carpenter and Kitchell 1987, Carpenter and Kitchell 1988).  Phytoplankton species assemblages have remained stable under fertilization and are oligotrophic in character.  Small grazable autotrophic picoplankton, nano-flagellates, and diatoms dominate phytoplankton species assemblages in the Sawtooth Valley lakes.  The predominance of these phytoplankton and the absence of accumulations of non-grazable taxa (sinks) are indicators of efficient energy transfer between trophic levels, which should result in improved forage production for endangered sockeye salmon (Stockner and MacIsaac 1996, Stockner 1998).  Some attempts to stimulate lake productivity with nutrient additions have been unsuccessful; energy sinks developed from inefficient trophic transfer, which prevented energy flow to juvenile sockeye salmon (Stockner and Hyatt 1984, Stockner 1987, Stockner and Shortreed 1988).  Plankton sampling and analysis remains part of the monitoring program and is used to assess the efficiency of energy transfer from lower to higher trophic levels and identify shifts in species assemblages.

c. Rationale and significance to Regional Programs
Section 7 of the FWP (1994) called for a coordination of salmon production and habitat.  This project evaluates and enhances habitat for Snake River sockeye and is intimately involved with sockeye production from the captive broodstock programs (Project numbers 199107200 and 199204000).  Lake fertilization and barrier removal are identified as tasks 1.3.a and 1.6.c in the Proposed Recovery Plan for Snake River Salmon (NMFS 1995) and 7.5A.1 in the FWP (1994).  The Snake River Salmon Recovery Team  (Bevan et al. 1994) also recommended implementing those measures in chapter 5, section 6.  As noted above in 9a., all Snake River sockeye recovery efforts are coordinated through the TOC and each individual project is dependent upon the other.

The overall objective of this project is to increase sockeye populations in the Sawtooth Valley, Idaho. This objective directly addresses Section 2.2A of the FWP (1994) that states  “The program preference is to support and rebuild native species in native habitats, where feasible.”  

This project also addresses several points in the new FWP (2000).  In Basinwide Provisions under Section D. STRATEGIES it states, “Where the habitat for a target population is absent or severely diminished, but can be restored through conventional techniques and approaches, then the biological objective for that habitat will be to restore the habitat with the degree of restoration depending on the biological potential of the target population.”  While rearing habitat for juvenile sockeye salmon in the Sawtooth Valley is not absent, it certainly is diminished as evidenced by the paleolimnological study mentioned in the previous section. In order to increase sockeye populations we need to increase survival during their freshwater life stage.  The null hypothesis, Ho = adding nutrients to sockeye rearing lakes will not affect sockeye survival, was rejected during our first year of lake fertilization.  Captive broodstock progeny released in Redfish Lake during 1994, when there was no lake fertilization, had an estimated survival from time of release to outmigration of 6.7%.  Sockeye released during 1995, the first year of fertilization, had an estimated survival from time of release until emigration of 15.8%.  Survival increased to 23.5% after the fourth year of lake fertilization.  Results from fertilization of Pettit and Alturas lakes can be found in Section e of this proposal.  One must use caution when comparing survival rates because of the many confounding factors involved.  Annual variations in predator abundance, competition from kokanee salmon, climatic conditions, and snowpack, all confound a simple fertilized versus non-fertilized analysis.

Within Section D.3.  this project is best described by “The Primary strategy: Identify the current condition and biological potential of the habitat, and then protect or restore it to the extent described in the biological objectives.”  Also in the same section it states, “This program relies heavily on protection of, and improvements to, inland habitat as the most effective means of restoring and sustaining fish and wildlife populations.”

Actions undertaken by this project directly address Appendix D:  Provisional Statement of Biological Objectives for environmental characteristics at the Basin level.

4.  Increase energy and nutrient connections within the system to increase productivity and expand biological communities.

6.  Increase genetic connections and gene flow within the ecological system to facilitate development, expansion and protection of population structures.  

-  Increase the abundance and range of existing habitats and populations.

d. Relationships to other projects 
This project is one component of an inter-agency effort to restore Snake River sockeye salmon runs to the Sawtooth Valley, Idaho.  As mentioned in Section 9.a., all activities involved in our recovery efforts are coordinated through the TOC.  Shoshone-Bannock Tribes’ fisheries personnel involved with this project work closely with their counterparts in the IDFG (Project Number 199107200) and the NMFS (Project Number 199204000).  Cooperation is evident by the coordination of field activities and the sharing of personnel between agencies.

Overall project goals are similar for all of the agencies involved - the immediate goal is to prevent extinction and promote recovery of the Snake River sockeye salmon evolutionarily significant unit (ESU), and the ultimate goal of having a viable population of Snake River sockeye salmon is shared by all.  The scope of this program dictates that each project is responsible for specific tasks involved to reach our mutual goal.  Achievements by each agency have contributed to making informed decisions regarding management issues and future direction of our work.

Genetic analyses of the O. nerka populations in the Sawtooth Valley lakes by the NMFS and the University of Idaho (Project Number 199009300) have defined which stocks may be endemic and which are introduced.  That information has allowed us to focus our efforts toward sustaining the ESU without expending energies on non-endemic stocks.  Improvements in culture techniques by the IDFG and the NMFS have made progeny from the sockeye broodstock program available in large enough numbers that we have been able to reintroduce sockeye to Pettit and Alturas lakes.  Our work has enabled the TOC to determine release strategies for those fish, and has improved their rearing habitat.  We have also increased available habitat by removing the fish passage barrier below Pettit Lake.  This was done in collaboration with the Forest Service, the DEQ, the BPA, and the IDFG.

e. Project history (for ongoing projects) 

Although the Northwest Power Planning Act of 1980 was congressionally enacted to restore depleted salmon runs, the remnant Snake River sockeye salmon run to Redfish Lake near Stanley, Idaho continued to decline toward extinction throughout the 1980's and 1990's (National Marine Fisheries Service 1995). Snake River sockeye salmon were officially listed as an endangered species in 1991 (56 FR 58619), necessitating the implementation of a multi-agency recovery program.

This project has been adaptively managed by the Stanley Basin Technical Oversight Committee (TOC) since its inception.  The TOC is an inter-agency team of scientists with the expertise needed to recommend actions necessary to increase production of Snake River sockeye salmon.  Current members of the TOC are the SBT, the National Marine Fisheries Service (NMFS), the University of Idaho (UI), the Idaho Department of Fish and Game (IDFG), the BPA, the Idaho Department of Environmental Quality (DEQ), and the U.S. Forest Service (USFS).  All activities addressed in this project have been endorsed by the TOC.

Limnological and fish community sampling began on four lakes in 1992 (Redfish, Pettit, Alturas, and Stanley).  While we understand that Stanley Lake is not a true control, we have used that lake as a reference to evaluate climatic effects on that system during the same time frame we added nutrients to the other lakes.  

Lake Fertilization

Redfish Lake

Mean values for selected variables sampled in 1993-1998 in Redfish and Stanley lakes are shown in Table 1.  

Table 1.  Mean values and sample size for selected variables before (1993-1994) and during (1995-1998) fertilization of Redfish Lake, Idaho.  Stanley Lake (unfertilized) data corresponds to the time periods before and during fertilization of Redfish Lake.












Before fertilization
During fertilization

Lake
Variable
mean
n

mean
n

Redfish
Secchi depth (m)
13.6
(19)

11.8
(31)


Compensation depth (m)
28.4
(14)

21.6
(28)


Total phosphorus (ug/L)
7.9
(24)

6.7
(25)


Nitrate (ug/L)
4.8
(14)

4.4
(25)


Chlorophyll a (ug/L)
0.5
(22)

1.0
(30)


Primary production (mg C m-2 day-1)
92.4
(4)

200.4
(26)


Daphnia biomass (ug/L)
0.8
(14)

2.6
(32)


Zooplankton biomass (ug/L)
7.9
(14)

10.3
(32)


O. nerka density (fish/ha)
239.8
(1)

301.4
(4)


Sockeye overwinter survival (%)
6.7
(1)

19.7
(4)









Stanley
Secchi depth (m)
8.4
(21)

6.1
(18)


Compensation depth (m)
16.6
(13)

11.9
(19)


Total phosphorus (ug/L)
7.7
(18)

7.7
(12)


Nitrate (ug/L)
3.5
(8)

2.1
(8)


Chlorophyll a (ug/L)
0.7
(22)

0.9
(19)


Primary production (mg C m-2 day-1)
110.2
(1)

125.3
(10)


Daphnia biomass (ug/L)
8.3
(14)

7.9
(23)


Zooplankton biomass (ug/L)
24.7
(14)

24.3
(22)

Figure 1 illustrates the similarities between four years of fertilization in Redfish Lake and unfertilized Stanley Lake.  Decreases in Secchi depth and compensation depth, and increases in total primary production, chlorophyll a, and total zooplankton biomass occurred in both lakes.  The decrease in Daphnia biomass in Stanley Lake and an increase in Redfish Lake was the only dissimilar variable.  The magnitude of increase for primary production and chlorophyll a indicates an affect at lower trophic levels from fertilization.  Phytoplankton abundance and biovolume in Redfish Lake remained at moderate levels during fertilization (Stockner 2000).  Phytoplankton species composition remained stable and did not show a significant change during fertilization (Stockner 2000).
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After lake fertilization, water clarity increased to a greater depth than during the pre-treatment years.  The 1999-2000 mean for secchi depth was 15.5 m (unpublished data).  The compensation depth (1% light level) was 24.5 m, deeper than during fertilization, and chlorophyll a remained similar to the fertilization period at 0.9 (g/L.

Total zooplankton biomass increased during fertilization and sockeye salmon stocking (Table 1).  Concurrent with an increase in O. nerka biomass, the zooplankton community shifted from a Daphnia dominated system to a Bosmina dominated system (Figure 2).  Daphnia remained depressed in 1999 (Griswold et al. 2001), but rebounded to 13.5 (g/L in 2000 (unpublished data).  This occurred simultaneously with an O. nerka population of 117.9 fish/ha (unpublished data), the lowest density recorded in Redfish Lake since the inception of the project.
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Figure 2.   Zooplankton biomass (ug/l) and O. nerka density (fish/ha) for Redfish Lake, Idaho, 1993-1998.

Pettit and Alturas lakes 

We fertilized Pettit and Alturas lakes from 1997 through 1999.  Water clarity decreased in all three lakes during fertilization compared to pre-fertilization years.  Mean total phosphorus decreased in Pettit and Alturas lakes, yet increased in Stanley Lake during the same period.  A 58% decline of nitrates in Alturas Lake was the greatest observed for all three lakes during fertilization.  That decline has warranted a change in the fertilizer prescription to a ratio of 30:1 (N:P) to avoid stimulation of nitrogen fixing algae.  Phytoplankton species assemblages remained similar to pre-fertilization years (Stockner 2001).  As was found in Redfish Lake, primary production and chlorophyll a levels increased substantially.

Daphnia biomass in Pettit Lake experienced a 99% decline during fertilization (Table 2).  However, Daphnia dominated the zooplankton community during 1993-1994 and almost disappeared during 1995-1996 (Figure 3). Subsequently Daphnia reappeared, and in 2000, the first post fertilization year, species diversity in Pettit Lake returned to levels found before fertilization was implemented.  Pettit Lake also had the smallest change in O. nerka densities during fertilization periods.

Table 2.  Mean values, sample size, and percent change for selected variables before (1993-1996) and during (1997-1999) fertilization of Pettit and Alturas lakes, Idaho.  Stanley Lake (unfertilized) data corresponds to the time periods before and during fertilization of Redfish Lake.



1993-1996


1997-1999





Before fertilization


During fertilization



Lake
Variable
mean
n

mean
n
% change

Pettit
Secchi depth (m)
13.1
(36)

10.6
(24)
-19%


Compensation depth (m)
24.3
(29)

21.1
(23)
-13%


Total phosphorus (ug/L)
6.1
(25)

5.7
(15)
-6%


Nitrate (ug/L)
2.0
(15)

2.0
(15)
3%


Chlorophyll a (ug/L)
0.5
(39)

1.4
(23)
171%


Primary production (mg C m-2 day-1)
122.9
(12)

234.1
(10)
90%


Daphnia biomass (ug/L)
8.16
(30)

0.08
(23)
-99%


Zooplankton biomass (ug/L)
16.7
(30)

13.5
(23)
-19%


O. nerka density (fish/ha)
363.1
(3)

407.0
(3)
12%


Sockeye overwinter survival (%)
30.2%
(1)

36.4%
(2)
21%










Alturas
Secchi depth (m)
11.5
(34)

9.9
(24)
-14%


Compensation depth (m)
19.8
(25)

16.1
(23)
-19%


Total phosphorus (ug/L)
9.1
(27)

8.4
(15)
-8%


Nitrate (ug/L)
3.3
(15)

1.4
(15)
-58%


Chlorophyll a (ug/L)
0.6
(38)

1.3
(23)
121%


Primary production (mg C m-2 day-1)
111.8
(9)

199.0
(10)
78%


Daphnia biomass (ug/L)
0.16
(28)

3.22
(23)
1971%


Zooplankton biomass (ug/L)
1.9
(28)

10.4
(23)
445%


O. nerka density (fish/ha)
61.0
(1)

403.9
(3)
562%


Sockeye overwinter survival (%)
      -
      -

32.5%
(3)
      -










Stanley
Secchi depth (m)
7.5
(35)

5.3
(7)
-29%


Compensation depth (m)
14.3
(24)

11.8
(10)
-18%


Total phosphorus (ug/L)
7.8
(26)

8.2
(6)
5%


Nitrate (ug/L)
3.3
(12)

3.2
(6)
-4%


Chlorophyll a (ug/L)
0.8
(38)

1.1
(7)
41%


Primary production (mg C m-2 day-1)
112.1
(5)

147.6
(10)
32%


Daphnia biomass (ug/L)
6.9
(29)

10.4
(10)
50%


Zooplankton biomass (ug/L)
23.2
(29)

26.5
(10)
15%
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Conversely, Alturas Lake experienced an increase in total zooplankton biomass and Daphnia by several orders of magnitude (Figure 4). 
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This may be attributed to the large densities of kokanee salmon in Alturas Lake during the early 1990’s (Kline and Lamansky 1997) that severely depressed the zooplankton assemblage.  O. nerka (dominated by kokanee salmon) densities in Alturas Lake are currently at the high levels found at that time (Table 3) and zooplankton densities are declining but species composition is more complex than during 1993-1995.
Nursery Lake Fish Communities

Hydroacoustic sampling has been used to estimate O. nerka densities in the Sawtooth Valley lakes since 1993.  Potential problems with the equipment in 1993 (Steinhart et al. 1994) preclude us from using data from that year.  The IDFG has been conducting trawling surveys since 1990 in Alturas Lake and also during our hydroacoustic surveys in Redfish and Pettit lakes.  O. nerka densities in Pettit and Alturas lakes are cyclical in nature similar to sockeye salmon lakes in Alaska (Koenings and Burkett 1987) and Canada (Hume et al.1996).  Kokanee salmon in Alturas Lake peaked in 1990 fell to a low in 1994 and was peaking again in 2000.  Abundance of kokanee salmon appear to be following the same cycle in Pettit Lake. The population was depressed in 1994 and followed with four years of high densities before beginning to decline.

Table 3.  Hydroacoustic and trawl population estimates for three Sawtooth Valley, Idaho lakes.


 Population Estimate 
(± 95% C.I)

LAKE
 Acoustic 
Trawl

REDFISH 1994
                     133,360 
51,529 ± 33,179

REDFISH 1995
 103,570 ± 24,500 
61,646 ± 27,639

REDFISH 1996
 66,325 ± 24,000 
56,213 ± 27,306

REDFISH 1997
 131,513 ± 32,319 
55,762 ± 13,961

REDFISH 1998
 107,613 ± 33,615 
31,485 ± 10,839

REDFISH 1999
 69,472 ± 29,887 
42,916 ± 13,097

REDFISH 2000
 24,481 ± 10,520 
10,268 ± 5,675

PETTIT 1994
 12,265 ± 8,360 
14,743 ± 3,683

PETTIT 1995
 77,765 ± 46,900 
59,002 ± 15,735

PETTIT 1996
 77,680 ± 15,850 
71,655 ± 10,631

PETTIT 1997
 63,195 ± 29,581 
21,730 ± 11,262

PETTIT 1998
 67,206 ± 30,950 
27,654 ± 8,764

PETTIT 1999
 51,496 ± 12,171 
31,422 ± 21,280

PETTIT 2000
 40,435 ± 20,977 
40,559 ± 11,717

ALTURAS 1990

126,644 ± 31,611

ALTURAS 1991

125,045 ± 30,708

ALTURAS 1992

47,237 ± 61,868

ALTURAS 1993

49,037 ± 13,175

ALTURAS 1994
 10,980 ± 1,090 
5,785 ± 6,919

ALTURAS 1995
 32,260 ± 5,090 
23,061 ± 9,182

ALTURAS 1996
20,620 ± 4,140 
13,012 ± 4,668

ALTURAS 1997
30,795 ± 5,869 
9,761 ± 4,664

ALTURAS 1998
101,519 ± 32,605 
65,468 ± 33,479

ALTURAS 1999
 130,133 ± 25,936 
56,675 ± 43,536

ALTURAS 2000
 134,867 ± 33,244 
125,462 ± 27,037

Kokanee salmon in Redfish Lake spawn in Fishhook Creek and recruitment may be habitat limited keeping the population stable through time.  Population estimates from trawling (Table 3) indicate that population has remained relatively consistent until 2000.  Because we are unable to use gill nets to partition targets in Redfish Lake, our hydroacoustic estimates may include other species in a given year.
Residual sockeye salmon spawning surveys in Redfish Lake and kokanee sockeye salmon spawning surveys are conducted in all four systems annually. There has been a steady decline in the number of sockeye salmon since the surveys began (Figure 5). Only five residuals were observed in 1998 (two during one survey and three on another), and no residuals were observed in 1999.  Residual and anadromous sockeye salmon were observed in 2000 spawning in the same area (southeast inlet).


Kokanee salmon spawning ground surveys are conducted annually in Redfish, Alturas, and Stanley lakes.  Spawning in Pettit Lake occurs within the lake during November-January and we have been unable to accurately enumerate the number of adults.  

Fishhook Creek (Redfish Lake) escapement remained relatively stable for seven years  (Table 4).  Beginning in 1998, escapement began decreasing to values not previously recorded.  Even though we assumed our weir was ineffective at capturing adults, the decline in escapement would correspond to the years it was operated.

Alturas Lake kokanee salmon escapement in 1998 was the largest found in the three systems (Table 4) even though lake surface area is half of Redfish Lake.  In 1997 escapement increased significantly from previous years and preceded the large densities estimated by hydroacoustics in the following years.
Table 4. Kokanee salmon escapement, fecundity, and estimated recruitment for three Sawtooth Valley lakes.



Adult
Eggs/
Sex Ratio
Egg-Fry


Location
Year
Escapement
Female (n)
M : F
Survival
Recruits

Fishhook
2000
                60 
148(9)
2.4 : 1
12.30%
321


1999
           2,336 
233
1 : 1
12.30%
33,474


1998
           6,149 
241(2)
4.6:1
12.30%
32,549


1997
           8,572 
232 (24)
1.4 : 1
12.30%
101,921


1996
         10,662 
286 (26)
3 : 1
12.30%
93,767


1995
           7,000 
230 (68)
1 : 1
12.30%
99,015


1994
           9,200 
230
1 : 1
13.60%
143,888


1993
         10,800 
230
1 : 1
11.00%
136,620


1992
           9,600 
300
1 : 1
12.00%
172,800


1991
           7,200 
300
1 : 1
3.30%
35,640

Alturas
2000
              827 
339(12)
1 : 1
13.00%
18,223


1999
           8,334 
285(12)
1 : 1
13.00%
154,387


1998
         15,237 
220
1 : 1
13.00%
217,889


1997
           8,492 
168 (2)
1 : 1
13.00%
92,733


1996
              744 
150
1 : 1
13.00%
7,254


1995
           1,600 
150
1 : 1
13.00%
15,600


1994
           3,200 
150
1 : 1
13.00%
31,200


1993
              200 
-
1 : 1
13.00%
2,000

Stanley
2000
           5,236 
243(4)
1 : 1
7.00%
44,532


1999
              948 
270
1 : 1
7.00%
8,959


1998
              783 
270
1 : 1
7.00%
7,399


1997
              629 
270
1 : 1
7.00%
5,944


1996
              825 
270
1 : 1
7.00%
7,796


1995
                90 
270
1 : 1
7.00%
851


1994
              600 
270
1 : 1
7.00%
5,670


1993
           1,900 
-
1 : 1
7.00%
19,000

Detailed results from previous fish diet studies can be found in past annual reports to the BPA.  Following is a summary of 1999 investigations for rainbow trout and kokanee salmon.  Electivity indices for all years are currently being reanalyzed using percentage of individuals in the diet rather than percent of dry weight.

The stomachs of 19 rainbow trout (RBT) caught during Pettit Lake gillnet efforts  (4 in June, 1 in August, and 14 in October) were analyzed for diet comparison.  No O. nerka were found in the stomachs of any of the 19 RBT.  However, the diet of the 4 RBT captured in June was composed of 24% dry weight unidentified salmonids.  The diet of the 15 RBT from August and October efforts was composed of 5% unidentified salmonids.  Additional piscivory was evident with approximately 13% by dry weight of the average June RBT diet represented by cyprinids.  A total of 37% by dry weight of the diet of RBT captured on 2 June 1999 (n=4) was composed of fish prey items, the remainder was composed of invertebrates (Figure 6).
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Figure 6.  Composition of prey items found in rainbow trout stomachs sampled in June, 1999 (sample size=4).

Diet analysis was conducted on kokanee that were collected by IDFG trawling in September 1999 (Pettit Lake n=19, Redfish Lake n=40, and Alturas Lake n=21). Kokanee salmon from Redfish and Alturas lakes were divided into age classes according to size (age 0 <85 mm, age 1+ >85 mm) in order to quantify potential ontogenetic diet shifts.  Pettit Lake was eliminated from this comparison because no small size class kokanee salmon were caught in the trawl.  Zooplankton biomass by species for each lake is presented here to aid interpretation. 

The diet (percent by dry weight) of age 0 kokanee salmon in Redfish Lake was dominated by 62.5% cyclopoid copepod (Table 5), which represented 45% of the in-lake zooplankton biomass (electivity index of 0.17).  The diet of age 1+ Redfish Lake kokanee salmon was 49.1% Polyphemus sp., which represented 6% of the in-lake zooplankton biomass (electivity index of 0.78) and 1.5% (dry weight) cyclopoid copepod, the dominant species found in the lake by biomass (electivity index of –0.94).  Diet overlap between age 1+ and age 0 kokanee salmon was 17%.  

Similar differences were found in the age 0 and age 1+ kokanee diet (percent by dry weight) in Alturas Lake (Table 5). The diet of age 0 kokanee salmon in Alturas was 45.7% Bosmina sp. which represented 73% of the in-lake zooplankton biomass (electivity index of -0.23).  The diet of age 1+ kokanee in Alturas Lake was dominated by 57.6% Polyphemus sp. which represented 1% of the in-lake zooplankton biomass (electivity index of 0.98) and only 1.7% Bosmina sp., the dominant species found in the lake by biomass (electivity index of –0.95).  Diet overlap between age 1+ and age 0 Alturas Lake kokanee was 40%.

Table 5.  Comparison of Redfish and Alturas lakes kokanee salmon diet by age class in 1999. Diet is presented as percent dry weight of prey species. There were no age 0 kokanee captured in Pettit Lake. (age 0 <85mm, age 1+ >85mm).


DAPH
HOLOPED
BOSMINA
POLYPHEM
CYCLOP
CHIRO PUP

Redfish Lake







Age 0 
19.3
0.8
3.7
0.1
62.5
13.5

Age 1+ 
0.93
0.0
0.1
49.1
1.5
48.4

Alturas Lake



Age 0 
11.7
*
45.7
16.9
20.6
5.0

Age 1+
38.9
*
1.7
57.6
1.8
0

Pettit Lake







Age 1+ 
4.2
0
68.0
10.7
5.9
11.2

f. Proposal objectives, tasks and methods
Goal 1.
  Characterize limnological attributes of Sawtooth Valley lakes in order to better assess O. nerka production limitations and potential.


Assumption:  Able to identify changes in lake habitats relative to climatic conditions and O. nerka densities.

Objective 1.  Continue monitoring to evaluate inter and intra-annual habitat fluctuations and update annual carrying capacity estimates for the three Sawtooth Valley lakes rearing sockeye salmon stocked from the captive broodstock program.


Task 1.1: Conduct ongoing limnological studies in the Sawtooth Valley nursery lakes during 2000 and 2001 to provide continued information on physical, chemical, and biological characteristics relating to O. nerka habitat and production.  This will also include a lake fertilization monitoring program.

Task 1.2: Complete winter limnology sampling to estimate sockeye salmon production opportunities and constraints during this season.


Detailed methods for limnological sampling (Taki set al. 1999) and sample analysis (Griswold et al. in review) are reported elsewhere.  Following is a summation of our proposed sampling for the Sawtooth Valley lakes.

Sample Redfish, Pettit and Alturas lakes twice per month from June through September and once per month in October, November, January, March and May.  Sample Stanley Lake once per month in March, June, August and October.  There are three sampling locations for each lake.  A primary station where samples are taken for every parameter and two additional stations where zooplankton samples are taken.

Collect temperature (oC), dissolved oxygen (DO, mg/l) and conductivity (uS/cm) data each sample period at the primary station of each lake using a Hydrolab® Surveyor3™ equipped with a Hydrolab H20® submersible data transmitter or a Yellow Springs Instrument Model 58 dissolved oxygen meter.  Record temperature, dissolved oxygen and conductivity at one meter intervals from the surface to 10 m, one to two meter intervals from 10 m to the thermocline, then at 2-10 m intervals to the bottom.  

Measure water transparency at the primary station of each lake with a 20 cm secchi disk.  Record depth at which secchi disappears, drop secchi and retrieve slowly, record depth secchi re-appears, and record transparency as the mean of the two values.

Identify the euphotic zone as defined by the one percent light level at the primary station of each lake with a LiCorr® Li-1000 data logger equipped with a Li-190SA quantum sensor deck cell and a LI-193SA spherical sea cell.  Measure photosynthetically active radiation (400-700 nm) at two meter intervals from surface to 2-4 m below the one percent light level.  Simultaneously record deck and sea cell readings to correct for changes in ambient light.  Depth of the one percent light level will be determined by linear regression of the natural log of percent surface light at each depth versus depth. 

Collect water for nutrient analysis at the primary station of each lake from the epilimnion, metalimnion and hypolimnion during stratification, and for , chlorophyll a and phytoplankton at the epilimnion, metalimnion, and 1% light level.  Collect three discrete water samples from each strata with a three L Van Dorn bottle and mix in a nine L churn splitter.  When lakes are weakly stratified or isothermic, collect surface water from 0-6 m with a 25 mm diameter, 6m long lexan® tube.  Collect discrete samples from mid-depth (Redfish = 45m, Pettit and Alturas = 25m, and Stanley = 12m) and 1-2 meters above the bottom.  

Once per month analyze water for total phosphorous (TP), dissolved phosphorus (DP) and nitrate (NO2+NO3-N).  During May, June, August and October add assays for kjeldahl nitrogen (TKN).  Water for ammonium and nitrate-nitrite nitrogen assay will be filtered through 0.45 um acetate filters at 130 mm Hg vacuum in the laboratory.  Water samples will be frozen and shipped to the UC Davis Limnology Laboratory for analysis. 
Determine chlorophyll a concentrations during every sampling period.  Store chlorophyll a samples at 4oC in the field, then filter onto 0.45 um cellulose acetate membrane filters with 130 mm Hg vacuum pressure.  Place filters in centrifuge tubes and store frozen (-25oC).  Extract chlorophyll pigments in methanol for 12-24 hours then measure with a Turner model 10-AU fluorometer calibrated with a chlorophyll standard obtained from Sigma Chemical Company.  Run samples before and after acidification to correct for phaeophytin. 

Identify phytoplankton species composition and bio-volume.   Preserve phytoplankton samples in lugol’s solution and ship to Eco-Logic Inc.  Inverted fluorescent microscopy techniques will be used to determine phytoplankton species composition and biovolume.

Collect zooplankton every sample period.  Pull vertical hauls with a 0.35 diameter, 1.58 m long, 80 um mesh conical net, with a removable bucket.  Sample discrete depth intervals using a release mechanism.  A General Oceanics flow meter modified with an anti-reverse bearing will be mounted in the mouth of the net to correct for net efficiency (clogging).  Retrieve the net by hand at a rate of one meter per second from 10-0 m, 30-10 m, 60-30 m and 2 m above bottom to 60 m at the deep station in Redfish Lake.  The shallow stations in Redfish and all stations in Pettit and Alturas Lakes will be sampled from 10-0 m, 30-10 m, bottom-30 m.  Stanley Lake will be sampled from 10-0 m and bottom to 10 m.  Samples will be preserved in 10% buffered sugar formalin.  Techniques that will be used to subsample, count, and measure zooplankton were adopted from Utah State University (Steinhart et al. 1993) using techniques and length-weight relationships developed by McCauley (1984) and Koenings et al. (1987).

A description of sampling periods and protocols for 2001 can be found n Appendix A.


Task 1.3:  Conduct primary productivity investigations to enhance the evaluation of the effects from fish stocking and lake fertilization (objective 2).  This data is also used to predict carrying capacities.


The 14C light-dark bottle technique is used to evaluate primary productivity.  A detailed description of this method is provided in Wierenga (1999).  Samples within the photic zone are taken at eight depths in Redfish, Pettit, and Alturas lakes and six depths in Stanley Lake.

Goal 2. Restore or increase, if necessary, nursery lake productivity to levels conducive to optimize sockeye salmon survival in these systems.


Assumption:  We will be able to sustain or improve forage availability for stocked sockeye under increased grazing pressure.

Objective 2.  Implement and evaluate lake nutrient enhancement of Redfish, Pettit, and Alturas lakes when sockeye salmon stocking efforts are expected to exceed carrying capacities.  This objective will follow protocols of a successful test fertilization of Redfish Lake in 1995, with refinements made in successive years.  We are trying to achieve a goal of 30% overwinter survival of sockeye released as pre-smolts. We will comply with DEQ monitoring requirements as specified in the nutrient enhancement consent order.  The decision to implement this objective is made by the TOC after evaluating the previous years limnological and kokanee salmon data, and the number of sockeye salmon to be stocked in each lake.

Task 2.1: Apply pharmaceutical grade nitrogen and phosphorous by boat at weekly intervals.  Rates of application have already been determined for 2001 and after evaluating 2001 limnological data and O. nerka population estimates those rates may change for 2002 (June through October).

Liquid fertilizer (28-0-0 and 10-34-0) will be added weekly to Redfish, Pettit, and Alturas lakes from June through October.  The N: P ratios (30:1 by weight) are skewed toward very high nitrogen loads to prevent any possible occurrence of colonial N-fixing Cyanophyta.  Approximately 242 kg of phosphorus and 7,260 kg of nitrogen will be added to Redfish Lake.  This is the phosphorus equivalent of 30,000 adult sockeye salmon.  Fertilizer will be applied by boat and will be directed by four spray nozzles toward the wake while traveling at 2-8 knots.  A set number of parallel transects will be used for each lake, and boat speed is determined by the amount of fertilizer applied for each particular date.
Goal 3.  Reduce the number of mature kokanee salmon spawning in Fishhook Creek.  


Assumption:  Decrease intra-specific competition for habitat between stocked sockeye salmon and kokanee salmon.

Objective 3. Use a picket weir to reduce the number of spawning females to approximately 2,000 as identified by the TOC.

Task 3.1: We will use the past years’ timing data to decide how many adults will be allowed to pass the weir on a given date.  Due to the difference in run timing we will use a three day running mean to determine how many fish should be upstream of the weir on each date to reach our escapement goal (August through September).

Goal 4.  Estimate smolt emigration from Pettit and Alturas lakes and downstream survival from release until interrogation at lower Snake River dams.


Assumption:  We can estimate overwinter survival of juvenile sockeye salmon by comparing the number stocked the previous year to the number of smolts leaving the lake.


Assumption:  We can estimate in-river survival rates from nursery lakes to lower Snake River dams using PIT tagged fish.

Objective 4.  Estimate overwinter survival and outmigration rates of the broodstock sockeye released into those lakes during the previous year.

Task 4.1: Continue collecting sockeye smolts from Pettit and Alturas lakes. Operate a smolt weir on the outlet of Pettit Lake and a screw trap on the outlet stream of Alturas Lake Enumeration and PIT tagging will be undertaken at each location.  All techniques used are in accordance with the Endangered Species Act and are permitted under Section 10 Permit #998 from the National Marine Fisheries Service.  We are allowed to handle 1,300 and PIT tag an additional 700 sockeye salmon smolts emigrating from Pettit Lake.  We are allowed to handle 5,300 and PIT tag 700 additional sockeye salmon smolts emigrating from Alturas Lake (April through June).

Goal 5.  Characterize O. nerka population dynamics in Stanley Basin lakes.  


Assumption:  We can identify inter-annual trends in spawning densities, fecundity, and lake populations of kokanee salmon.


Assumption:  We can identify spawning success of sockeye salmon.

Objective 5.1. Estimate stream spawning kokanee population size and sex ratio in Redfish (Fishhook Crk.), Alturas, and Stanley lakes using spawning ground surveys. 

Task 5.1:  Conduct spawning ground surveys to estimate spawner distribution and stream residency.  Streams will be walked by one or two people every two to three days to count adult kokanee salmon.  We will enumerate fecundity by sacrificing up to 50 females from each system.  If the escapement is small in Stanley Lake Creek we may chose not to enumerate fecundity.  Survey Pettit Lake for shoal spawning locations. 

Objective 5.2.  Estimate residual and adult sockeye salmon spawning.

Task 5.2:  Snorkel surveys will be conducted weekly at Sockeye Beach and the south end of Redfish Lake for residual surveys.  Boat surveys will be made on entire lake shoal areas in any lake where adult sockeye are present to estimate redds developed.  Coordinate with IDFG (September through November).

Objective 5.3.  Estimate the total number of O. nerka in Sawtooth Valley lakes (Redfish, Alturas, Pettit, and Stanley).  

Task 5.3:  We will use hydroacoustics to survey the Sawtooth Valley lakes. Echo sounding data will be collected with a Hydroacoustic Technology, Inc. Model 240 split-beam system. We use a 15 degree transducer, and the echo-sounder criteria are set to a pulse width of 0.4 milliseconds, a time varied gain of 40 log(R) + 2 r, and six pings/second for Redfish Lake, five pings/second for Pettit and Alturas lakes, and four pings/second in Stanley Lake.  Data are recorded on a Panasonic SV-3700 digital audio tape recorder. Established transects are followed using a global positioning system (GPS).  Waypoints were established in 1994 and set to allow for sampling fourteen and eight transects to run zigzag across Redfish and Stanley lakes, respectively.  Target strengths and fish densities are processed using a Model 340 Digital Echo Processor and plotted with a Model 402 Digital Chart Recorder.  Fish densities are computed by using adjacent transects as replicates within a stratum (lake). Population estimates and variance for individual size classes were estimated using equations found in Gunderson (1993).  Vertical gillnets are used to assist in partitioning targets.  Determine year class strength and mortality.  (October).

Goal 6.  Determine predator effects on O. nerka populations. 


Assumption:  Identify which fish species compete with and/or predate on juvenile sockeye salmon. 

Objective 6.  Estimate species composition and diet of potential fish predators (bull trout, lake trout, rainbow trout, squawfish) and potential fish competitors (rainbow trout, brook char, and redside shiners) in Sawtooth Valley nursery lakes. Continue sampling fish in Pettit Lake per the NMFS request to evaluate hatchery rainbow trout/O. nerka interactions.

Task 6.1:  We will capture fish using fyke and gill nets.  Nets are set at dusk and checked once during the night and again at daybreak.  Four littoral and one pelagic stations are used in Pettit Lake.  One pelagic station is used in Alturas Lake.  Stomach contents from live fish are taken by flushing the stomach with water (lavage).  Samples are taken back to the laboratory for content analysis.  Samples are taken seasonally (ongoing).

Goal 7.  Estimate carrying capacities under non-fertilized and fertilized scenarios for each lake scheduled for sockeye salmon stocking.


Assumption:  Predict what density of O. nerka each lake is capable of supporting without detrimental effects on the lake habitat.

Objective 7.  Using data collected the previous year, use the primary production model and empirical data to determine carrying capacities for each lake and present to the Technical Oversight Committee.

g. Facilities and equipment
The office and laboratory for this project are located in Fort Hall, Idaho, approximately 220 miles from the Sawtooth Valley.  In addition to our lab, we have the use of the Biolines Environmental Consulting (Biolines) laboratory that is located in the Sawtooth Valley.  We utilize the Biolines lab for all limnological work and our lab for stomach analysis and otolith and scale readings.  We send nutrient samples to Cal State-Davis for processing, and phytoplankton and zooplankton samples are counted independently by the same individuals who have counted them since the inception of the project.

Our office is fully staffed and equipped to accomplish our work objectives for this project.  Office equipment includes computers, facsimile machines, a copy machine, etc.  We use a Hydroacoustics Technology, Inc. echosounder system for our hydroacoustic surveys.  This project uses two boats for collecting samples and applying nutrients and two pick-ups for transportation to and from the Sawtooth Valley.  We have two snowmobiles and a six wheel ATV, which are used to access the lakes and smolt sampling sites from late November through June. 
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Appendix A: Sampling Protocol for the Sawtooth Valley lakes – 2001
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Sample Bottles



First sampling per month  “heavy” sample nutrients

Viruses
30 ml (1 oz)

Second sampling per month “light” (skip nutrients) 

Bacteria/Picos
60 ml (2 oz)









Phytos

120 ml (4 oz)

Redfish and Pettit lakes

Sample once per month in October, November, January, February, March and May

Sample Redfish and Pettit twice per month June through September

Alturas and Stanley lakes

 Sample once per month in January, February, March, May, June, July, August, Sept and October, November. (Do not sample bacteria and viruses in these lakes)
Each Sample Period

Secchi Transparency

Record depth at which secchi disappears, drop secchi and retrieve slowly, record depth secchi reappears.  Secchi transparency is the mean of the two values.

Chlorophyll

Collect water from the epilimnion, metalimnion and 1% light level based on profile data. Epilimnion should be 0-6 until thermocline drops below 6 m.                                  Integrate samples within each level (sample 3 depths and mix in churn splitter).
January, March and May  - sample water at surface (6-0 m) only

Phytoplankton - each sample period

Integrated epilimnion and metalimnion and 1% light
Focus on picoplankton (1-2 um) and nanoplankton (2-20 um)

Fix in 3 drops Lugol’s per 100 mls water

January, March and May  - sample water at surface (6-0 m) only

Consider dropping Meta in 2002 for Chl a, Phyto and Bact  

Zooplankton 
Lake and Station    



Depth






Redfish A


10-0 m 
30-10 m
60-30 m       bot-60 m

Redfish B and C 

10-0 m 
30-10 m
bot-30 m

Pettit A,B and C

10-0 m 
30-10 m
bot-30 m

Alturas A,B and C 

10-0 m 
30-10 m
bot-30 m

Stanley A,B and C

10-0 m 
bot-10 m

Add rotifers and ciliates?

Ice free season

Temperature, Dissolved Oxygen and Conductivity’s 

Collect profile data using hydrolab or YSI for temperature (oC) and dissolved oxygen. Record at one meter intervals to 10 m then record changes.  Identify depth where DO drops below 5 mg/l, then do meter intervals to bottom.  

Light Profile 

Identify euphotic zone.   Collect light profile using LiCorr at 2 m intervals to 2-4 meters    below 1% light level.  R = sea/deck at surf, record depth at 1% R.

Bacteria – each sample period during June-November (Redfish and Pettit only)
Collect water from the epilimnion, metalimnion and 1% light level based on profile data. Epilimnion should be 0-6 until thermocline drops below 6 m.

Integrate samples within each level (sample 3 depths and mix in churn splitter).

Use 60 ml (2 oz) bottles.  Fix 30 ml sample in 3 drops gluteraldehyde

May  - sample water at surface (6-0 m) only 

Viruses – once per month (Aug and September) during early “heavy” sampling 

(Redfish and Pettit only)
Collect water from the epilimnion, metalimnion and 1% light level based on profile data. Epilimnion should be 0-6 until thermocline drops below 6 m.

Integrate samples within each level (sample 3 depths and mix in churn splitter).

Use 30 ml (1 oz) bottles.  Fix in 2 drop formalin per 15 mls water
May  - sample water at surface (6-0 m) only 

Nutrients - once per month (May-Oct) during early “heavy” sampling      

Collect water from the epilimnion, metalimnion and hypolimnion based on profile and light data. Integrate samples within each level (use churn splitter).  Analyze for TP, TDP and NO3. Epilimnion should be 0-6 until thermocline drops below 6 m.

May, June, August and October (Full)  - add assays for kjeldahl nitrogen (TKN) at each strata first sampling per month

May - sample 3 discrete depths while lakes are isothermal, collect water at surface (6-0 m), mid-depth (RFL 45m, Pet and Alt 25m, Stan 12m), and 1-2 meters above bottom.   Analyze for total phosphorous (TP), total dissolved phosphorous (TDP), nitrate (NO2+NO3-N) and kjeldahl nitrogen (TKN)

Identifying Lake Strata











If weakly stratified sample:

epi
0-6m
(epi always minimum of 0-6m)






meta
7-1% light






hypo 
1m below 1% light to bottom
Integration - divide interval by 4, 
upper depth add ½ of quotient to top depth






mid depth add 2 x quotient to top depth






lower depth - subtract ½ of quotient from bottom depth

Example   20-30 m

10/4=2.5
upper depth = (2.5/2) + 10 = 11.25m






mid depth = (2.5*2) + 10 = 15






lower depth = (2.5/2) - 20 = 18.75
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Figure � SEQ Figure \* ARABIC �1�. Percent change of selected variables for pre-fertilized (1993-1994) compared to fertilized years (1995-1998) in Redfish and Stanley lakes, Idaho.





Figure � SEQ Figure \* ARABIC �4�.  Total zooplankton biomass in Alturas Lake, Idaho, 1993-2000.





Figure � SEQ Figure \* ARABIC �3�. Total zooplankton biomass in Pettit Lake, Idaho, 1993-2000.
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Figure � SEQ Figure \* ARABIC �5�.  Peak counts of residual sockeye salmon spawning in Redfish Lake, Idaho.  Two locations are surveyed, Sockeye Beach (S. Beach) and an area by the inlet streams (SE inlet).
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Table 1

		Table 1.  Supplemental nutrient loading rates for Redfish Lake, Idaho, 1995-1998.

		Sockeye carcass equivalents were calculated based on phosphorus content.

														Carcass

		Year		P (kg)		N (kg)		mg P/m2		mg N/m2		TN:TP		equivalents

		1995		260.6		4,622.8		42.4		751.7		17.7		32,500

		1996		51.1		933.5		8.3		151.8		18.3		6,300

		1997		190.0		3,695.0		30.9		600.8		19.4		23,500

		1998		189.8		3,701.7		30.9		601.9		19.5		23,500
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Table 2

		Table 2.  Mean values, sample size and percent change for selected variables before and during

		during fertilization of Redfish Lake, Idaho.  Stanley Lake (unfertilized) data corresponds to the

		time periods before and during fertilzation of Redfish Lake.

						Before fertilization						During fertilization

		Lake		Variable		mean		n				mean		n				% change

		Redfish		Secchi depth (m)		13.6		(19)				11.8		(31)				-13%

				Compensation depth (m)		28.4		(14)				21.6		(28)				-24%

				Total phosphorus (ug/l)		7.9		(28)				6.1		(31)				-23%

				Nitrate (ug/l)		4.4		(16)				4.0		(31)				-9%

				Chlorophyll a (ug/l)		0.5		(22)				1.0		(30)				106%

				Phytoplankton volume (mm3/l )		-		-				0.24		(12)				-

				Primary production (mg C m-2 day-1)		92.4		(4)				200.4		(26)				117%

				Daphnia biomass (ug/l)		0.8		(14)				2.6		(32)				225%

				Zooplankton biomass (ug/l)		7.9		(14)				10.3		(32)				31%

				O. nerka density (fish/ha)		239.8		(1)				301.4		(4)				26%

				Sockeye overwinter survival (%)		10.6		(2)				23.0		(4)				117%

		Stanley		Secchi depth (m)		8.4		(21)				6.1		(18)				-27%

				Light penetration (m)		16.6		(13)				11.9		(19)				-28%

				Total phosphorus (ug/l)		7.5		(21)				7.0		(16)				-7%

				Nitrate (ug/l)		3.2		(10)				1.8		(11)				-44%

				Chlorophyll a (ug/l)		0.7		(22)				0.9		(19)				16%

				Phytoplankton volume (mm3/l)		-		-				0.12		(4)				-

				Primary production (mg C m-2 day-1)		110.2		(1)				125.3		(10)				14%

				Daphnia biomass (ug/l)		8.3		(14)				7.9		(23)				-5%

				Zooplankton biomass (ug/l)		24.7		(14)				24.3		(22)				-2%
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Figure 1

		

				Figure 1. Map of study area.
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Figure 2

		

		Figure 2.  Mean annual discharge for the Salmon River at Salmon, Idaho, 1990 through 1998.  Mean, minimum and maximum are for period of record, 1913 to 1998.
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Figure 2
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Figure 3

		

		Figure 3.  Relationship between primary productivity (Ppr) in mg C m-2day-1 and annual phosphorus supplementation (mg P/m2).
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Figure 3
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Figure 4

		

		Figure 4.  Percent change of selected limnological variables for fertilized years compared to pre-fertilized years in Redfish Lake and Stanley Lakes, Idaho.
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Figure 4
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Figure 5

		

		Figure 5.  Zooplankton biomass (ug/l) and O. nerka density (fish/ha) for Pettit Lake, Idaho,

		1993-1998.
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Figure 5
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		Figure 6.  Zooplankton biomass (ug/l) and O. nerka density (fish/ha) for Redfish Lake, Idaho,

		1993-1998.
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Sheet1


			Redfish Lake residual snorkeling surveys																														S. Beach			SE inlet


																														1993			32


			Year			Location			Date			Peak count			Method															1994			22			40


																														1996			6			6


			1993			S. Beach			1 Nov.			32			snorkel															1997			2			14


			1993			S. Beach			1 Nov.			28			boat															1998			3			2


																														1999			0			0


			1994			S. Beach			11 Oct.			22			snorkel


			1994			SE inlet			19 Oct.			40			snorkel


			1995			A statement "that there were fewer than in 1994."


			1996			S. Beach			16 Oct.			6			snorkel


			1996			SE inlet			1 Nov.			6			snorkel


			1997			S. Beach			21 Oct.			2			snorkel


			1997			SE inlet			4 Nov.			14			snorkel


			1998			S. Beach			20 Oct.			3			snorkel


			1998			SE inlet			11 Nov.			2			snorkel


			On the 20th approximately 20 net pen fish were observed.
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 Density

		Pettit Lake zooplankton density (#/l)																																								Year		O. nerka (kg/ha)

		Date		Daphnia		Holopedium		Bosmina		Calanoid		Cyclops		Nauplii		Polyphemus		Total																								1993		0.80

		9/Jun/93		0.7		0.0		1.2		0.0		0.8		0.3		0.0		3.1																								1994		3.10

		23/Jun/93		2.9		0.0		6.8		0.1		0.6		0.3		0.2		10.7																								1995		15.00

		8/Jul/93		3.3		0.1		4.5		0.1		0.5		0.2		0.2		9.0																								1996		15.20

		22/Jul/93		4.0		0.2		2.9		0.0		0.4		0.5		0.1		8.2

		5/Aug/93		2.7		0.1		0.9		0.0		0.3		0.3		0.1		4.5

		18/Aug/93		2.2		0.2		0.7		0.0		0.3		0.4		0.0		3.9

		2/Sep/93		3.9		1.5		0.3		0.0		0.4		0.4		0.2		6.6

		16/Sep/93		2.3		0.1		0.1		0.1		0.5		0.3		0.1		3.5

		15/Jan/94		0.4		0.0		0.3		0.0		1.8		2.1		0.0		4.6

		19/Mar/94		0.0		0.0		0.2		0.0		1.9		2.6		0.0		4.7

		20/May/94		0.4		0.0		0.3		0.5		3.6		2.2		0.0		7.1

		6/Jun/94		0.9		0.0		0.7		0.6		2.0		0.6		0.1		4.8

		28/Jun/94		4.1		0.4		3.3		0.7		3.5		1.4		0.5		13.8

		19/Jul/94		3.6		0.7		0.7		0.7		1.3		1.1		0.1		8.2

		14/Aug/94		2.7		0.7		0.1		0.1		1.0		1.0		0.0		5.6

		29/Aug/94		2.5		0.1		0.0		0.2		1.6		2.2		0.1		6.6

		17/Sep/94		4.9		0.1		0.0		0.2		2.2		1.2		0.0		8.6

		16/Oct/94		2.1		0.2		0.0		0.0		0.9		1.7		0.0		4.9

		3/Nov/94		0.4		0.4		0.0		0.0		0.5		0.9		0.0		2.3

		18/Dec/94		0.0		0.0		0.1		0.0		1.0		0.9		0.0		2.0

		16/Mar/95		0.0		0.0		0.3		0.0		0.4		0.7		0.0		1.4

		20/May/95		0.0		0.0		0.4		0.0		0.2		0.2		0.0		0.8

		6/Jun/95		0.0		0.0		0.4		0.0		0.5		0.3		0.0		1.2

		21/Jun/95		0.0		0.0		0.6		0.0		0.5		0.2		0.0		1.5

		4/Jul/95		0.0		0.0		0.5		0.0		0.4		0.2		0.0		1.1

		20/Jul/95		0.0		0.0		0.3		0.0		0.5		0.3		0.0		1.1

		1/Aug/95		0.0		0.1		0.2		0.0		0.4		0.7		0.0		1.5

		18/Aug/95		0.0		0.1		1.1		0.0		0.4		0.8		0.0		2.4

		29/Aug/95		0.1		0.2		1.4		0.0		0.2		0.5		0.0		2.4

		17/Sep/95		0.1		0.5		5.4		0.0		0.5		0.3		0.0		6.7

		17/Oct/95		0.1		0.6		4.7		0.0		0.4		0.2		0.0		5.9

		21/Nov/95		0.0		0.0		2.9		0.0		0.6		0.2		0.0		3.8

		10/Jan/96		0.0		0.0		2.3		0.0		0.6		0.3		0.0		3.2

		22/Feb/96		0.0		0.0		1.3		0.0		0.7		0.6		0.0		2.6

		19/Mar/96		0.0		0.0		0.9		0.0		1.0		1.8		0.0		3.7

		28/May/96		0.0		0.1		0.2		0.0		1.8		1.1		0.0		3.1

		13/Jun/96		0.0		0.1		0.1		0.0		1.1		0.8		0.0		2.1

		25/Jun/96		0.0		0.0		0.2		0.0		1.0		0.6		0.0		1.8

		11/Jul/96		0.0		0.1		0.3		0.0		0.9		0.6		0.0		2.0

		22/Jul/96		0.0		0.2		0.4		0.0		0.9		0.6		0.0		2.1

		6/Aug/96		0.0		0.9		5.7		0.0		1.9		0.9		0.0		9.5

		26/Aug/96		0.0		1.9		12.7		0.0		0.8		0.5		0.0		16.0

		8/Sep/96		0.0		0.1		10.8		0.0		0.9		0.3		0.0		12.1

		22/Sep/96		0.0		0.2		15.6		0.0		1.1		0.4		0.0		17.3

		24/Oct/96		0.0		0.2		4.2		0.0		1.1		0.7		0.0		6.2

		20-Jan-97		0.0		0.0		0.5		0.0		0.5		0.4		0.0		1.5

		25/Mar/97		0.0		0.0		0.3		0.0		0.0		0.3		0.9		1.5

		28/May/97		0.0		0.4		0.2		0.0		0.2		0.6		0.0		1.4

		9/Jun/97		0.0		0.2		0.3		0.0		0.4		0.3		0.0		1.1

		23/Jun/97		0.0		0.3		0.7		0.0		0.6		0.4		0.0		2.1

		8/Jul/97		0.0		0.6		2.6		0.0		0.5		0.3		0.0		3.9

		27/Jul/97		0.0		4.1		11.7		0.0		1.0		0.9		0.0		17.7

		7/Aug/97		0.0		0.8		13.1		0.0		0.7		0.4		0.0		15.0

		19/Aug/97		0.0		0.4		21.3		0.0		0.6		0.9		0.0		23.3

		8-Sep-97		0.0		2.0		9.8		0.0		0.4		0.5		0.0		12.8

		23-Sep-97		0.1		1.6		6.1		0.0		0.6		0.2		0.0		8.7

		16-Oct-97		0.1		1.1		2.5		0.0		0.0		0.6		0.2		4.5

		14/Nov/97		0.0		0.0		1.4		0.0		0.0		1.1		0.6		3.2

		21/Jan/98		0.0		0.0		0.8		0.0		0.0		0.3		0.5		1.5

		12/Mar/98		0.0		0.0		0.4		0.0		0.2		0.6		0.0		1.3

		8/May/98		0.0		0.0		0.3		0.0		0.2		0.5		0.0		1.1

		9/Jun/98		0.0		0.1		0.5		0.0		0.7		0.6		0.0		1.9

		21/Jun/98		0.0		0.2		1.2		0.0		0.9		0.5		0.0		2.8

		7/Jul/98		0.0		0.6		2.6		0.0		0.6		0.5		0.0		4.3

		20/Jul/98		0.0		1.9		10.4		0.0		0.6		0.4		0.0		13.3

		2/Aug/98		0.0		0.6		9.7		0.0		0.5		0.2		0.1		11.0

		17-Aug-98		0.0		0.9		8.5		0.0		0.5		0.3		0.0		10.1

		13/Sep/98		0.2		0.0		10.3		0.0		0.3		0.2		0.0		10.9

		23/Sep/98		0.2		0.1		7.3		0.0		0.4		0.3		0.0		8.4

		10/Oct/98		0.1		0.0		4.1		0.0		0.3		0.2		0.0		4.8

		14/Nov/98		0.0		0.0		1.6		0.0		0.1		0.1		0.0		1.8

		10/Mar/99		0.0		0.0		0.2		0.0		0.2		0.5		0.0		0.9

		4/Jun/99		0.0		0.0		0.3		0.0		0.6		0.5		0.0		1.5

		6/Jul/99		0.0		0.1		0.8		0.0		0.4		0.5		0.0		1.8

		19/Jul/99		0.0		0.8		4.3		0.0		0.5		0.6		0.0		6.2

		2/Aug/99		0.0		0.0		6.5		0.0		1.0		1.1		0.0		8.7

		18/Aug/99		0.0		0.1		15.8		0.0		0.4		0.6		0.0		17.0

		5/Sep/99		0.0		0.1		14.1		0.0		0.5		0.9		0.0		15.6

		21/Sep/99		0.0		0.1		18.7		0.0		0.6		0.6		0.0		20.0

		10/Oct/99		0.0		0.2		15.4		0.0		0.5		0.3		0.0		16.5

		23/Nov/99		0.0		0.0		4.5		0.0		0.5		0.2		0.0		5.3

		25-Jan-00		0.0		0.0		0.3		0.0		0.2		0.4		0.0		0.9

		8-Mar-00		0.0		0.0		0.1		0.0		0.3		1.5		0.0		1.9

		20-May-00		0.0		0.0		0.1		0.0		1.4		1.2		0.0		2.7

		13-Jun-00		0.0		0.0		0.3		0.0		1.3		0.7		0.0		2.4

		26/Jun/00		0.0		0.1		2.8		0.0		1.6		1.2		0.0		5.7

		11/Jul/00		0.0		0.5		6.0		0.0		1.0		0.7		0.0		8.3

		24/Jul/00		0.1		1.7		8.8		0.0		1.0		0.4		0.2		12.3

		9-Aug-00		0.2		1.2		6.5		0.0		1.4		0.6		0.2		10.0

		21-Aug-00		0.3		3.3		4.0		0.0		0.6		0.4		0.2		8.8

		5-Sep-00		0.9		0.2		4.2		0.0		2.0		2.0		0.1		9.5

		18-Sep-00		0.9		0.2		5.0		0.0		1.4		0.9		0.2		8.5

		26-Sep-00		1.6		0.5		2.6		0.0		0.9		1.3		0.1		7.0

		14-Oct-00		1.6		0.4		1.1		0.0		0.8		0.6		0.0		4.6

		7-Nov-00		0.8		0.2		5.4		0.0		0.7		0.6		0.0		7.7
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Biomass

		Pettit Lake zooplankton biomass (ug/l)

		Date		Daphnia		Holopedium		Bosmina		Calanoid		Cyclops		Nauplii		Polyphemus		Total

		9/Jun/93		2.1		0.0		2.3		0.1		2.0		0.1		0.2		6.8

		23/Jun/93		12.9		0.1		11.5		0.2		1.9		0.1		0.6		27.4

		8/Jul/93		12.9		0.4		5.9		0.4		1.6		0.1		1.5		22.8

		22/Jul/93		21.5		0.8		4.6		0.2		0.8		0.2		1.1		29.1

		5/Aug/93		16.4		0.5		1.6		0.1		1.1		0.1		1.0		20.9

		18/Aug/93		15.5		0.8		1.3		0.1		1.3		0.1		0.3		19.5

		2/Sep/93		28.9		7.8		0.7		0.4		1.1		0.1		1.5		40.6

		16/Sep/93		15.1		0.4		0.2		0.5		1.9		0.1		1.0		19.1

		15/Jan/94		4.4		0.0		0.6		0.0		5.9		0.6		0.0		11.6

		19/Mar/94		0.2		0.0		0.5		0.0		6.8		0.6		0.0		8.0

		20/May/94		2.0		0.0		0.9		0.8		13.7		1.2		0.0		18.7

		6/Jun/94		3.3		0.1		1.6		2.8		7.4		0.2		0.2		15.6

		28/Jun/94		20.5		1.6		4.3		4.2		12.6		0.4		2.2		45.7

		19/Jul/94		27.7		3.7		1.3		4.9		6.8		0.3		0.6		45.3

		14/Aug/94		16.7		2.9		0.3		0.9		3.3		0.3		0.1		24.5

		29/Aug/94		18.9		0.3		0.0		1.6		8.6		0.6		0.3		30.3

		17/Sep/94		31.9		0.4		0.0		1.7		14.9		0.3		0.2		49.5

		16/Oct/94		10.8		1.0		0.0		0.3		4.2		0.5		0.0		16.9

		3/Nov/94		2.2		2.6		0.1		0.3		2.1		0.3		0.0		7.6

		18/Dec/94		0.1		0.0		0.1		0.0		3.0		0.4		0.0		3.7

		16/Mar/95		0.0		0.0		0.6		0.0		1.6		0.2		0.0		2.4

		20/May/95		0.0		0.0		1.0		0.0		0.3		0.1		0.0		1.4

		6/Jun/95		0.0		0.1		0.8		0.0		1.8		0.1		0.0		2.8

		21/Jun/95		0.0		0.1		1.3		0.0		1.5		0.0		0.0		2.9

		4/Jul/95		0.0		0.0		0.7		0.0		1.1		0.0		0.0		2.0

		20/Jul/95		0.0		0.0		1.1		0.0		1.9		0.1		0.0		3.2

		1/Aug/95		0.0		0.1		0.5		0.0		1.9		0.1		0.0		2.8

		18/Aug/95		0.0		0.4		0.9		0.0		1.4		0.1		0.0		2.8

		29/Aug/95		0.2		0.4		0.9		0.0		0.6		0.1		0.0		2.2

		17/Sep/95		0.1		0.6		4.1		0.0		0.7		0.1		0.0		5.7

		17/Oct/95		0.3		1.4		6.0		0.0		1.0		0.1		0.0		8.7

		21/Nov/95		0.1		0.1		4.2		0.0		1.8		0.1		0.0		6.2

		10/Jan/96		0.0		0.0		4.0		0.0		2.5		0.1		0.0		6.6

		22/Feb/96		0.0		0.0		3.4		0.0		3.6		0.2		0.0		7.2

		19/Mar/96		0.0		0.0		2.5		0.0		3.2		0.6		0.0		6.3

		28/May/96		0.0		0.1		0.8		0.0		4.3		0.4		0.0		5.6

		13/Jun/96		0.0		0.1		0.4		0.0		3.7		0.4		0.0		4.5

		25/Jun/96		0.0		0.1		0.5		0.0		2.7		0.2		0.0		3.5

		11/Jul/96		0.0		0.3		0.7		0.0		2.9		0.2		0.0		4.1

		22/Jul/96		0.0		0.3		0.6		0.0		2.8		0.2		0.0		3.9

		6/Aug/96		0.0		1.7		3.6		0.0		5.9		0.3		0.0		11.5

		26/Aug/96		0.0		4.0		8.4		0.0		2.7		0.2		0.0		15.4

		8/Sep/96		0.0		0.2		9.8		0.0		2.6		0.2		0.0		12.7

		22/Sep/96		0.1		0.3		19.1		0.0		3.0		0.2		0.0		22.7

		24/Oct/96		0.1		0.5		6.4		0.0		2.6		0.2		0.0		9.9

		20-Jan-97		0.0		0.0		1.2		0.0		2.0		0.1		0.0		3.4

		25/Mar/97		0.0		0.0		0.4		0.0		0.0		1.0		0.3		1.6

		28/May/97		0.0		0.5		0.5		0.0		0.3		0.2		0.0		1.5

		9/Jun/97		0.0		0.3		0.5		0.0		0.8		0.1		0.0		1.8

		23/Jun/97		0.0		0.6		1.3		0.0		1.6		0.2		0.0		3.7

		8/Jul/97		0.0		1.4		3.3		0.0		1.3		0.1		0.0		6.1

		27/Jul/97		0.0		12.5		9.3		0.0		3.1		0.5		0.0		25.5

		7/Aug/97		0.0		2.3		11.5		0.0		2.7		0.1		0.0		16.6

		19/Aug/97		0.0		1.0		19.3		0.0		1.7		0.4		0.1		22.5

		8-Sep-97		0.1		5.2		12.2		0.0		1.5		0.2		0.1		19.3

		23-Sep-97		0.3		5.4		9.3		0.0		1.6		0.1		0.0		16.7

		16-Oct-97		0.3		4.3		3.9		0.0		0.0		1.3		0.1		9.8

		14/Nov/97		0.1		0.1		2.6		0.0		0.0		3.0		0.2		6.1

		21/Jan/98		0.0		0.0		1.8		0.0		0.0		0.7		0.1		2.7

		12/Mar/98		0.0		0.0		1.1		0.0		0.5		0.2		0.0		1.8

		8/May/98		0.0		0.0		0.7		0.0		0.5		0.2		0.0		1.5

		9/Jun/98		0.0		0.3		1.0		0.0		1.5		0.2		0.0		3.0

		21/Jun/98		0.0		0.4		2.6		0.0		2.3		0.2		0.0		5.5

		7/Jul/98		0.0		1.1		2.4		0.0		1.8		0.2		0.0		5.6

		20/Jul/98		0.0		4.8		13.5		0.0		1.9		0.2		0.1		20.6

		2/Aug/98		0.0		2.7		10.8		0.0		1.4		0.1		0.2		15.2

		17-Aug-98		0.1		2.8		12.4		0.0		1.3		0.1		0.0		16.7

		13/Sep/98		0.5		0.1		13.5		0.0		0.8		0.1		0.0		14.9

		23/Sep/98		0.5		0.3		9.2		0.0		1.3		0.1		0.1		11.5

		10/Oct/98		0.4		0.1		6.4		0.0		0.8		0.1		0.0		7.8

		14/Nov/98		0.1		0.0		3.0		0.0		0.2		0.0		0.0		3.4

		10/Mar/99		0.0		0.0		0.4		0.0		0.6		0.2		0.0		1.1

		4/Jun/99		0.0		0.1		0.8		0.0		1.7		0.3		0.0		2.8

		6/Jul/99		0.0		0.3		0.9		0.0		1.4		0.2		0.0		2.7

		19/Jul/99		0.0		1.8		4.5		0.0		1.7		0.2		0.0		8.1

		2/Aug/99		0.0		0.0		6.8		0.0		3.4		0.4		0.0		10.6

		18/Aug/99		0.0		0.1		19.1		0.0		1.2		0.3		0.0		20.7

		5/Sep/99		0.0		0.1		24.8		0.0		1.2		0.3		0.1		26.6

		21/Sep/99		0.1		0.1		29.7		0.0		2.1		0.3		0.1		32.5

		10/Oct/99		0.1		0.4		22.5		0.0		1.3		0.2		0.1		24.6

		23/Nov/99		0.1		0.0		9.8		0.0		1.7		0.1		0.0		11.6

		25-Jan-00		0.0		0.0		0.9		0.0		0.6		0.2		0.0		1.7

		8-Mar-00		0.0		0.0		0.2		0.0		1.0		0.6		0.0		1.7

		20-May-00		0.0		0.0		0.1		0.0		4.9		0.6		0.0		5.6

		13-Jun-00		0.0		0.1		0.7		0.0		3.9		0.3		0.0		5.0

		26/Jun/00		0.0		0.1		4.4		0.0		5.7		0.4		0.1		10.8

		11/Jul/00		0.1		1.0		5.7		0.0		2.6		0.3		0.2		9.9

		24/Jul/00		0.2		5.5		9.5		0.0		3.9		0.2		0.7		19.9

		9-Aug-00		0.6		4.6		8.4		0.0		6.9		0.2		0.8		21.6

		21-Aug-00		0.9		14.9		8.2		0.0		1.8		0.2		0.7		26.7

		5-Sep-00		2.2		0.5		7.4		0.0		8.7		0.8		0.6		20.2

		18-Sep-00		2.1		0.5		8.3		0.0		4.1		0.3		0.7		16.0

		26-Sep-00		3.7		0.9		4.9		0.0		2.6		0.6		0.2		13.0

		14-Oct-00		5.0		1.3		2.6		0.0		2.6		0.3		0.2		11.9

		7-Nov-00		3.3		0.6		8.2		0.0		2.4		0.2		0.0		14.8
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		Pettit Lake zooplankton biomass (ug/l)																																Pettit Lake zooplankton biomass (ug/l)

		Date		Daphnia		Holopedium		Bosmina		Calanoid		Cyclops		Nauplii		Polyphemus		Total																Date		Daphnia		Holopedium		Bosmina		Calanoid		Cyclops		Nauplii		Polyphemus		Total

		9/Jun/93		2.11		0.02		2.35		0.07		1.97		0.09		0.19		6.80																1993		15.7		1.3		3.5		0.3		1.5		0.1		0.9		23.3

		23/Jun/93		12.92		0.08		11.54		0.22		1.95		0.10		0.62		27.43																1994		17.0		1.3		0.9		2.1		9.3		0.5		0.4		31.4

		Jun-93		7.52		0.05		6.95		0.15		1.96		0.09		0.40		17.11																1995		0.1		0.4		2.3		0.0		1.1		0.1		0.0		4.0

		8/Jul/93		12.89		0.42		5.94		0.44		1.57		0.08		1.46		22.78																1996		0.1		0.7		5.6		0.0		3.4		0.3		0.0		9.9

		22/Jul/93		21.48		0.80		4.62		0.18		0.77		0.20		1.10		29.13																1997		0.1		3.2		6.3		0.0		1.3		0.4		0.0		11.2

		Jul-93		17.18		0.61		5.28		0.31		1.17		0.14		1.28		25.96																1998		0.2		1.1		6.6		0.0		1.3		0.1		0.0		9.3

		5/Aug/93		16.38		0.48		1.61		0.14		1.14		0.12		1.01		20.89																1999		0.1		0.3		13.2		0.0		1.7		0.3		0.0		15.6

		18/Aug/93		15.52		0.76		1.34		0.08		1.34		0.13		0.33		19.49																2000		1.3		2.5		4.8		0.0		4.4		0.4		0.4		13.8

		Aug-93		15.95		0.62		1.47		0.11		1.24		0.12		0.67		20.19

		2/Sep/93		28.91		7.83		0.72		0.44		1.13		0.13		1.48		40.63

		16/Sep/93		15.05		0.36		0.20		0.48		1.95		0.13		0.97		19.15

		Sep-93		21.98		4.09		0.46		0.46		1.54		0.13		1.22		29.89

		1993		15.66		1.34		3.54		0.26		1.48		0.12		0.89		23.29

		20/May/94		2.01		0.04		0.89		0.81		13.73		1.21		0.03		18.72

		May-94		2.01		0.04		0.89		0.81		13.73		1.21		0.03		18.72

		6/Jun/94		3.25		0.09		1.63		2.80		7.42		0.21		0.20		15.60

		28/Jun/94		20.52		1.59		4.25		4.22		12.58		0.40		2.18		45.75

		Jun-94		11.89		0.84		2.94		3.51		10.00		0.31		1.19		30.67

		19/Jul/94		27.67		3.72		1.34		4.88		6.82		0.34		0.57		45.33

		Jul-94		27.67		3.72		1.34		4.88		6.82		0.34		0.57		45.33

		14/Aug/94		16.72		2.90		0.32		0.90		3.32		0.28		0.09		24.52

		29/Aug/94		18.86		0.29		0.05		1.56		8.60		0.56		0.35		30.27

		Aug-94		17.79		1.60		0.18		1.23		5.96		0.42		0.22		27.39

		17/Sep/94		31.93		0.39		0.00		1.71		14.89		0.30		0.25		49.46

		Sep-94		31.93		0.39		0.00		1.71		14.89		0.30		0.25		49.46

		16/Oct/94		10.78		1.03		0.00		0.35		4.20		0.49		0.01		16.86

		Oct-94		10.78		1.03		0.00		0.35		4.20		0.49		0.01		16.86

		1994		17.01		1.27		0.89		2.08		9.27		0.51		0.38		31.41

		20/May/95		0.01		0.03		0.99		0.00		0.33		0.05		0.00		1.42

		May-95		0.01		0.03		0.99		0.00		0.33		0.05		0.00		1.42

		6/Jun/95		0.02		0.06		0.77		0.01		1.82		0.08		0.00		2.77

		21/Jun/95		0.01		0.05		1.31		0.02		1.46		0.05		0.00		2.90

		Jun-95		0.01		0.06		1.04		0.01		1.64		0.07		0.00		2.83

		4/Jul/95		0.02		0.03		0.74		0.02		1.14		0.03		0.00		1.99

		20/Jul/95		0.04		0.04		1.11		0.00		1.91		0.07		0.02		3.21

		Jul-95		0.03		0.04		0.93		0.01		1.53		0.05		0.01		2.60

		1/Aug/95		0.04		0.10		0.54		0.00		1.94		0.12		0.02		2.77

		18/Aug/95		0.03		0.36		0.91		0.00		1.35		0.10		0.03		2.79

		29/Aug/95		0.16		0.35		0.93		0.00		0.61		0.09		0.02		2.16

		Aug-95		0.08		0.27		0.79		0.00		1.30		0.11		0.02		2.57

		17/Sep/95		0.13		0.64		4.08		0.00		0.73		0.08		0.00		5.66

		Sep-95		0.13		0.64		4.08		0.00		0.73		0.08		0.00		5.66

		17/Oct/95		0.27		1.41		5.99		0.00		0.97		0.05		0.00		8.69

		Oct-95		0.27		1.41		5.99		0.00		0.97		0.05		0.00		8.69

		1995		0.09		0.41		2.30		0.00		1.08		0.07		0.01		3.96

		28/May/96		0.00		0.06		0.77		0.00		4.35		0.42		0.00		5.60

		May-96		0.00		0.06		0.77		0.00		4.35		0.42		0.00		5.60

		13/Jun/96		0.00		0.13		0.36		0.00		3.70		0.36		0.00		4.55

		25/Jun/96		0.00		0.07		0.46		0.00		2.75		0.19		0.00		3.48

		Jun-96		0.00		0.10		0.41		0.00		3.22		0.28		0.00		4.01

		11/Jul/96		0.01		0.30		0.66		0.00		2.89		0.23		0.00		4.09

		22/Jul/96		0.00		0.33		0.57		0.00		2.75		0.23		0.00		3.88

		Jul-96		0.01		0.31		0.61		0.00		2.82		0.23		0.00		3.98

		6/Aug/96		0.02		1.66		3.64		0.00		5.86		0.34		0.00		11.52

		26/Aug/96		0.04		3.97		8.43		0.00		2.72		0.19		0.02		15.37

		Aug-96		0.03		2.81		6.04		0.00		4.29		0.27		0.01		13.45

		22/Sep/96		0.13		0.29		19.14		0.00		3.00		0.15		0.00		22.72

		Sep-96		0.13		0.29		19.14		0.00		3.00		0.15		0.00		22.72

		24/Oct/96		0.14		0.53		6.36		0.00		2.62		0.23		0.00		9.89

		Oct-96		0.14		0.53		6.36		0.00		2.62		0.23		0.00		9.89

		1996		0.05		0.69		5.56		0.00		3.38		0.26		0.00		9.94

		Date		Daphnia		Holopedium		Bosmina		Calanoid		Cyclops		Nauplii		Polyphemus		Total

		28/May/97		0.0		0.5		0.5		0.0		0.3		0.2		0.0		1.5

		May-97		0.00		0.54		0.48		0.00		0.32		0.21		0.00		1.54

		9/Jun/97		0.0		0.3		0.5		0.0		0.8		0.1		0.0		1.8

		23/Jun/97		0.0		0.6		1.3		0.0		1.6		0.2		0.0		3.7

		Jun-97		0.00		0.46		0.91		0.00		1.23		0.13		0.00		2.73

		8/Jul/97		0.0		1.4		3.3		0.0		1.3		0.1		0.0		6.1

		27/Jul/97		0.0		12.5		9.3		0.0		3.1		0.5		0.0		25.5

		Jul-97		0.01		6.96		6.28		0.00		2.24		0.29		0.02		15.80

		7/Aug/97		0.0		2.3		11.5		0.0		2.7		0.1		0.0		16.6

		19/Aug/97		0.0		1.0		19.3		0.0		1.7		0.4		0.1		22.5

		Aug-97		0.00		1.64		15.38		0.00		2.21		0.30		0.05		19.58

		8-Sep-97		0.1		5.2		12.2		0.0		1.5		0.2		0.1		19.3

		23-Sep-97		0.3		5.4		9.3		0.0		1.6		0.1		0.0		16.7

		Sep-97		0.22		5.31		10.77		0.00		1.54		0.14		0.04		18.02

		16-Oct-97		0.3		4.3		3.9		0.0		0.0		1.3		0.1		9.8

		Oct-97		0.27		4.25		3.87		0.02		0.00		1.28		0.08		9.77

		1997		0.09		3.19		6.28		0.00		1.26		0.39		0.03		11.24

		Date		Daphnia		Holopedium		Bosmina		Calanoid		Cyclops		Nauplii		Polyphemus		Total

		8/May/98		0.0		0.0		0.7		0.0		0.5		0.2		0.0		1.5

		May-98		0.00		0.04		0.73		0.00		0.54		0.22		0.00		1.53

		9/Jun/98		0.0		0.3		1.0		0.0		1.5		0.2		0.0		3.0

		21/Jun/98		0.0		0.4		2.6		0.0		2.3		0.2		0.0		5.5

		Jun-98		0.00		0.32		1.80		0.00		1.93		0.21		0.00		4.26

		7/Jul/98		0.0		1.1		2.4		0.0		1.8		0.2		0.0		5.6

		20/Jul/98		0.0		4.8		13.5		0.0		1.9		0.2		0.1		20.6

		Jul-98		0.01		2.99		7.96		0.01		1.87		0.18		0.05		13.08

		2/Aug/98		0.0		2.7		10.8		0.0		1.4		0.1		0.2		15.2

		17-Aug-98		0.1		2.8		12.4		0.0		1.3		0.1		0.0		16.7

		Aug-98		0.07		2.74		11.59		0.00		1.35		0.10		0.13		15.98

		13/Sep/98		0.5		0.1		13.5		0.0		0.8		0.1		0.0		14.9

		23/Sep/98		0.5		0.3		9.2		0.0		1.3		0.1		0.1		11.5

		Sep-98		0.53		0.18		11.32		0.00		1.06		0.10		0.04		13.23

		10/Oct/98		0.4		0.1		6.4		0.0		0.8		0.1		0.0		7.8

		Oct-98		0.42		0.05		6.44		0.00		0.79		0.08		0.00		7.77

		1998		0.17		1.05		6.64		0.00		1.26		0.15		0.04		9.31

		Date		Daphnia		Holopedium		Bosmina		Calanoid		Cyclops		Nauplii		Polyphemus		Total

		4/Jun/99		0.0		0.1		0.8		0.0		1.7		0.3		0.0		2.8

		Jun-99		0.00		0.08		0.75		0.00		1.66		0.28		0.00		2.77

		6/Jul/99		0.0		0.3		0.9		0.0		1.4		0.2		0.0		2.7

		19/Jul/99		0.0		1.8		4.5		0.0		1.7		0.2		0.0		8.1

		Jul-99		0.00		1.01		2.72		0.00		1.51		0.20		0.00		5.44

		2/Aug/99		0.0		0.0		6.8		0.0		3.4		0.4		0.0		10.6

		18/Aug/99		0.0		0.1		19.1		0.0		1.2		0.3		0.0		20.7

		Aug-99		0.02		0.09		12.95		0.00		2.27		0.33		0.00		15.67

		5/Sep/99		0.0		0.1		24.8		0.0		1.2		0.3		0.1		26.6

		21/Sep/99		0.1		0.1		29.7		0.0		2.1		0.3		0.1		32.5

		Sep-99		0.09		0.14		27.29		0.00		1.67		0.30		0.06		29.54

		10/Oct/99		0.1		0.4		22.5		0.0		1.3		0.2		0.1		24.6

		Oct-99		0.14		0.38		22.52		0.00		1.34		0.19		0.06		24.63

		1999		0.05		0.34		13.25		0.00		1.69		0.26		0.02		15.61

		Date		Daphnia		Holopedium		Bosmina		Calanoid		Cyclops		Nauplii		Polyphemus		Total

		20-May-00		0.0		0.0		0.1		0.0		4.9		0.6		0.0		5.6

		May-00		0.00		0.01		0.13		0.00		4.89		0.57		0.00		5.60

		13-Jun-00		0.0		0.1		0.7		0.0		3.9		0.3		0.0		5.0

		26/Jun/00		0.0		0.1		4.4		0.0		5.7		0.4		0.1		10.8

		Jun-00		0.01		0.08		2.55		0.00		4.84		0.38		0.04		7.91

		11/Jul/00		0.1		1.0		5.7		0.0		2.6		0.3		0.2		9.9

		24/Jul/00		0.2		5.5		9.5		0.0		3.9		0.2		0.7		19.9

		Jul-00		0.13		3.28		7.57		0.00		3.27		0.22		0.44		14.91

		9-Aug-00		0.6		4.6		8.4		0.0		6.9		0.2		0.8		21.6

		21-Aug-00		0.9		14.9		8.2		0.0		1.8		0.2		0.7		26.7

		Aug-00		0.78		9.75		8.31		0.00		4.35		0.21		0.76		24.17

		5-Sep-00		2.2		0.5		7.4		0.0		8.7		0.8		0.6		20.2

		18-Sep-00		2.1		0.5		8.3		0.0		4.1		0.3		0.7		16.0

		Sep-00		2.13		0.47		7.82		0.00		6.39		0.59		0.68		18.08

		14-Oct-00		5.0		1.3		2.6		0.0		2.6		0.3		0.2		11.9

		Oct-00		4.99		1.30		2.56		0.00		2.59		0.31		0.18		11.92

		2000		1.34		2.48		4.82		0.00		4.39		0.38		0.35		13.76
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		34228		34228		34228		34228		34228		34228		34228

		34350		34350		34350		34350		34350		34350		34350

		34382		34382		34382		34382		34382		34382		34382

		34412		34412		34412		34412		34412		34412		34412

		34469		34469		34469		34469		34469		34469		34469

		34491		34491		34491		34491		34491		34491		34491

		34513		34513		34513		34513		34513		34513		34513

		34534		34534		34534		34534		34534		34534		34534

		34560		34560		34560		34560		34560		34560		34560

		34575		34575		34575		34575		34575		34575		34575

		34594		34594		34594		34594		34594		34594		34594

		34623		34623		34623		34623		34623		34623		34623

		34641		34641		34641		34641		34641		34641		34641

		34687		34687		34687		34687		34687		34687		34687

		34722		34722		34722		34722		34722		34722		34722

		34753		34753		34753		34753		34753		34753		34753

		34774		34774		34774		34774		34774		34774		34774

		34850		34850		34850		34850		34850		34850		34850

		34856		34856		34856		34856		34856		34856		34856

		34872		34872		34872		34872		34872		34872		34872

		34886		34886		34886		34886		34886		34886		34886

		34901		34901		34901		34901		34901		34901		34901

		34912		34912		34912		34912		34912		34912		34912

		34927		34927		34927		34927		34927		34927		34927

		34940		34940		34940		34940		34940		34940		34940

		34959		34959		34959		34959		34959		34959		34959

		34990		34990		34990		34990		34990		34990		34990

		35023		35023		35023		35023		35023		35023		35023

		35118		35118		35118		35118		35118		35118		35118

		35144		35144		35144		35144		35144		35144		35144

		35214		35214		35214		35214		35214		35214		35214

		35230		35230		35230		35230		35230		35230		35230

		35240		35240		35240		35240		35240		35240		35240

		35258		35258		35258		35258		35258		35258		35258

		35304		35304		35304		35304		35304		35304		35304

		35316		35316		35316		35316		35316		35316		35316

		35330		35330		35330		35330		35330		35330		35330

		35362		35362		35362		35362		35362		35362		35362

		35396		35396		35396		35396		35396		35396		35396

		35452		35452		35452		35452		35452		35452		35452

		35578		35578		35578		35578		35578		35578		35578

		35590		35590		35590		35590		35590		35590		35590

		35609		35609		35609		35609		35609		35609		35609

		35618		35618		35618		35618		35618		35618		35618

		35637		35637		35637		35637		35637		35637		35637

		35649		35649		35649		35649		35649		35649		35649

		35662		35662		35662		35662		35662		35662		35662

		35681		35681		35681		35681		35681		35681		35681

		35697		35697		35697		35697		35697		35697		35697

		35717		35717		35717		35717		35717		35717		35717

		35756		35756		35756		35756		35756		35756		35756

		35818		35818		35818		35818		35818		35818		35818

		35867		35867		35867		35867		35867		35867		35867

		35929		35929		35929		35929		35929		35929		35929

		35955		35955		35955		35955		35955		35955		35955

		35966		35966		35966		35966		35966		35966		35966

		35983		35983		35983		35983		35983		35983		35983

		35997		35997		35997		35997		35997		35997		35997

		36009		36009		36009		36009		36009		36009		36009

		36024		36024		36024		36024		36024		36024		36024

		36046		36046		36046		36046		36046		36046		36046

		36061		36061		36061		36061		36061		36061		36061

		36079		36079		36079		36079		36079		36079		36079

		36114		36114		36114		36114		36114		36114		36114

		36230		36230		36230		36230		36230		36230		36230

		36315		36315		36315		36315		36315		36315		36315

		36347		36347		36347		36347		36347		36347		36347

		36360		36360		36360		36360		36360		36360		36360

		36374		36374		36374		36374		36374		36374		36374

		36388		36388		36388		36388		36388		36388		36388

		36408		36408		36408		36408		36408		36408		36408

		36424		36424		36424		36424		36424		36424		36424

		36442		36442		36442		36442		36442		36442		36442

		36493		36493		36493		36493		36493		36493		36493

		36550		36550		36550		36550		36550		36550		36550

		36593		36593		36593		36593		36593		36593		36593

		36665		36665		36665		36665		36665		36665		36665

		36690		36690		36690		36690		36690		36690		36690

		36703		36703		36703		36703		36703		36703		36703

		36716		36716		36716		36716		36716		36716		36716

		36731		36731		36731		36731		36731		36731		36731

		36745		36745		36745		36745		36745		36745		36745

		36757		36757		36757		36757		36757		36757		36757

		36773		36773		36773		36773		36773		36773		36773

		36785		36785		36785		36785		36785		36785		36785

		36795		36795		36795		36795		36795		36795		36795

		36813		36813		36813		36813		36813		36813		36813

		36835		36835		36835		36835		36835		36835		36835



Daphnia

Holopedium

Bosmina

Calanoid

Cyclops

Nauplii

Polyphemus

Date

Biomass (ug/l)

0.0052177128

0.0295861802

0.0125268866

0

0.3215490812

0.0059904609

0

0.0246610611

0.0208727776

0.0373972424

0.0029579068

0.2269381129

0.0135938699

0

0.0142108962

0.0428992455

0.0524280265

0

0.0929082788

0.0129783127

0.0278603141

0.0123708896

0.0113313561

0.0751610404

0

0.1064415829

0.0184571774

0.0179634751

0.0089489381

0.0033287342

0.0696798777

0

0.1314187739

0.0342296055

0.0236149189

0.0413952306

0.0212977227

0.654022118

0

0.0865621437

0.0399283027

0.2859087521

0.0519123604

0.0161297289

0.665392119

0

0.091271827

0.0233695032

0.1223979227

0.0315077482

0

6.6099824207

0

0.0342818199

0.0038900814

0

0

0.0001793723

4.9981259729

0

0.0165908161

0.0089302129

0

0

0

5.9043137571

0

0.0334404274

0.0213676509

0

0

0

1.231823999

0

0.2459895805

0.0672327469

0

0

0.010006955

4.6358793236

0

0.3369636283

0.0147986883

0

0

0.0391379233

4.8554087586

0

0.1769811984

0.0109828406

0

0.048000292

0.14242107

6.9613144767

0

0.0705371572

0.0324567568

0.0266691735

0.0017792573

0

2.5600606515

0

0.0527097677

0.0210587741

0.116572817

0.0087385641

0.007672675

2.3269286006

0

0.1423254946

0.0397246412

0.0411316659

0.049846929

0.007518343

2.2074316273

0

0.1330659612

0.0281228197

0.0785649464

0.144457896

0.0066737879

3.69201768

0.006007548

0.2003783581

0.0751614876

0

0.1913121247

0.0359067147

1.9283458179

0

0.3068038897

0.0526426607

0

0.0855243575

0

2.0931550047

0

0.3331867113

0.0317409668

0

0.0075482411

0

1.0379775559

0

0.1576661839

0.0618287293

0

0

0

0.8872060554

0

0.1191524617

0.2114763267

0

0

0

1.1632311783

0

0.0929297817

0.1981980732

0

0.002705559

0.0007739326

0.2932407216

0

0.3048585434

0.0368978572

0.0052406393

0

0

0.5323309736

0

0.365113944

0.0295171036

0.00204883

0.0015449186

0.0023634516

0.1415324682

0

0.5929900877

0.0169032536

0

0.0000728695

0.0037457884

0.2000874527

0

0.4983530375

0.0158479743

0

0

0.0118091615

0.3715940288

0.0035757807

0.1712220468

0.0184769207

0

0

0.0414318416

0.7698136416

0

0.2802979805

0.0419669919

0

0.0397292793

0.0354805927

1.5013090872

0

0.3325369929

0.02945466

0.0807076826

0.0528970756

0

1.182829408

0

0.1190464119

0.0259629947

0.0402624384

0.0714555096

0.0194160039

3.1934414288

0

0.2134960601

0.094339776

0.0165119571

0.1144164084

0

8.4653529378

0

0.3791796972

0.0890689968

0

0.1401301164

0

15.1828170358

0

0.8843882284

0.233683956

0

0

0

1.5301300802

0

0.2908526971

0.1275073826

0

0.0001161703

0

0.0993806251

0

0.1379608869

0.2988058379

0

0

0.0008454193

0.0005605605

0

1.0777721031

0.124627625

0

0.0026012442

0.0081415873

0.00019992

0

1.2917775371

0.0385493594

0

0.0028009963

0.004459834

0.0015052459

0

2.2519432226

0.0173893677

0

0.0017674219

0.0056088075

0.0023434478

0

0.597163616

0.0307125126

0

0.5973470435

0.8200701204

0.7216856464

0

0.320666432

0.0745293597

1.4576210045

0.4094016388

0.2123599866

0.3750751899

0

0.2380830104

0.0654686459

3.1381604933

2.9057217415

0.4952860281

1.1032145543

0

0.4468934184

0.1956595489

4.2400693991

11.7026613248

1.7128724643

9.9105640404

0

1.1329653999

0.2600555268

0.0774636778

6.4510898717

2.0224548446

12.8619150234

0

1.5063705196

0.1550538977

0

0.6426911924

0

4.6578628726

0

2.5015164537

0.2531915091

0

0.1326856929

0.0344233419

0.0065823842

0

2.25233041

0.4668127718

0

0.2886876262

0.0899747797

0

0

3.8880124482

0.1528418343

0

0.7572671809

0.4533486218

0

0

5.964951332

0.0307413497

0

0.8746121733

0.410663909

0.0087922343

0

7.6515049338

0.1012289262

0.0094360309

1.710498668

1.558566144

0.0330189521

0

1.8811688829

0.1004193693

0.0609416346

3.8199046385

1.1179446888

0.1724316713

0

1.2009357911

0.0739475033

0.3477924832

8.2405693494

0.9889842861

1.9162890483

0

0.8852120799

0.0853571068

2.9316944284

29.8499804416

1.4878310498

6.634422813

0

1.1545424149

0.1511215631

1.120165806

15.2790650937

1.6301635627

4.8393241814

0

0.738976145

0.334145366

0.1094566458

0.2835219977

0.3003777841

4.6858544053

0

1.7423707317

0.5838169868

0.0388753471

0.3235021375

0.0330762053

1.7305089516

0

4.781701142

0.7082415854

0

0.0030283332

0

4.6958756183

0

4.9382513461

0.3031399161

0

0

0

3.4809218834

0

0.6931432551

0.7290544562

0

0.0017510711

0.0007443577

0.6588824669

0

2.22118754

0.4118571133

0

0.0229666069

0.0079277124

1.0139762056

0

6.4435357934

0.085896787

0.0110227119

0.0280471926

0.008144515

1.1485712829

0

4.8338492394

0.0524032821

0.01360506

0.1028120738

0.0281923066

0.6695482029

0

1.9766058622

0.061988075

0.0103766492

0.4201728287

0.040511284

1.2791436244

0

1.2688626346

0.0944752361

0.0804463355

0.9639699283

0.1326446163

4.9878680691

0

1.60554577

0.0921172502

0.6467928948

2.1742681861

0.0663345751

13.5713420832

0

1.0593032894

0.0983104002

3.8797152332

22.7310994582

0

11.9133508173

0

1.9319814354

0.129851672

1.0873216328

5.7460876804

0.0792948131

8.0204081602

0

1.8947734705

0.419234651

1.1616441932

0.4634346777

0.0049897847

6.6113232887

0

2.3794400361

0.5870647707

0.1243505785

0.1069399674

0.0051433419

2.2595780967

0

3.3589377426

0.4770260691

0

0

0

0.2021988523

0

1.2203043297

0.4483511071

0

0.0133539924

0.0015503714

0.1697958246

0

3.6300286949

0.0994775126

0

0.0745573635

0.0023266105

0.2819879857

0

3.0010287272

0.1675026465

0.0057630579

0.0815245938

0.0015870048

0.2883078017

0

2.5454720018

0.4221598623

0.0566170029

0.1491110017

0.0067275701

0.9979965331

0

2.405951279

0.5126661818

0.5349286057

0.3048212043

0

2.7039436907

0

3.9200917411

0.3630382068

0.8508215869

1.1969446243

0

6.7195955082

0

4.6030300454

0.3671964619

0.2956850675

3.556017926

0

30.9672259281

0

4.3136765042

0.4630426319

0.0349180289

8.6026518073

0

8.4497941834

0

3.7449692515

0.4015366975

0.1809493977

5.6510985687

0

0.1308901263

0

4.1819823727

0.3467896415

0

0.1101495271

0

0.2405805385

0

3.0186450452

0.6261384272

0

0

0

0.3127578315

0

1.0973462873

0.804541696

0

0.4498512076

0

0.1914453941

0

1.3831632195

2.0416609291

0

0.4491272992

0.0041872079

0.2007478267

0

10.0620103129

0.1395810327

0.0113133616

1.1636062271

0

0.1981357059

0

9.4657798485

0.1697296552

0.01845031

0.6814465613

0.0121943895

0.9853040884

0

3.6306948068

0.1635069283

0.1314796704

0.6901321251

0

2.9969157099

0

2.3999499287

0.1617613599

0.5425238967

0.4695273218

0

8.39238793

0

1.1722952837

0.1544569355

0.5609969629

1.1749197738

0

10.4036771873

0

1.901392978

0.1552439974

0.2126204366

4.3472292956

0

4.7024099503

0

0.9853051142

0.1395436941

0.0617478303

2.5677438974

0

4.5142017837

0

0.893037664

0.1316787492

0.0661131331

1.3045115014

0

0.4834327219

0

1.2479937609

0.1340790785

0

0.4287055452

0

0.1862030874

0

0.6069080753

0.0536761397

0.0373259673

0.1868655598

0

0.0915572539

0

0.4856763464

0.2129165657

0



Density

		Alturas Lake zooplankton density (#/l)

		Date		Daphnia		Holopedium		Bosmina		Calanoid		Cyclops		Nauplii		Polyphemus		Total

		9/Jun/93		0.0		0.0		0.0		0.0		0.1		0.0		0.0		0.2

		23/Jun/93		0.0		0.0		0.0		0.0		0.1		0.0		0.0		0.1

		8/Jul/93		0.0		0.0		0.0		0.0		0.1		0.0		0.0		0.1

		22/Jul/93		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.1

		5/Aug/93		0.0		0.0		0.1		0.0		0.0		0.1		0.0		0.2

		18/Aug/93		0.0		0.0		0.1		0.0		0.0		0.1		0.0		0.2

		2/Sep/93		0.0		0.0		0.8		0.0		0.0		0.1		0.1		1.0

		16/Sep/93		0.0		0.0		0.5		0.0		0.0		0.1		0.0		0.7

		16/Jan/94		0.0		0.0		4.7		0.0		0.0		0.0		0.0		4.7

		17/Feb/94		0.0		0.0		4.2		0.0		0.0		0.1		0.0		4.2

		19/Mar/94		0.0		0.0		3.6		0.0		0.0		0.1		0.0		3.7

		15/May/94		0.0		0.0		0.9		0.0		0.1		0.1		0.0		1.1

		6/Jun/94		0.0		0.0		2.7		0.0		0.1		0.0		0.0		2.9

		28/Jun/94		0.0		0.0		4.2		0.0		0.0		0.0		0.0		4.3

		19/Jul/94		0.0		0.0		6.0		0.0		0.0		0.1		0.0		6.2

		14/Aug/94		0.0		0.0		1.5		0.0		0.0		0.1		0.0		1.6

		29/Aug/94		0.0		0.0		2.5		0.0		0.0		0.2		0.0		2.7

		17/Sep/94		0.0		0.0		2.3		0.0		0.0		0.1		0.0		2.4

		16/Oct/94		0.0		0.0		3.1		0.0		0.1		0.3		0.0		3.4

		3/Nov/94		0.0		0.0		1.2		0.0		0.1		0.2		0.0		1.5

		19/Dec/94		0.0		0.0		1.5		0.0		0.1		0.1		0.0		1.7

		23/Jan/95		0.0		0.0		0.8		0.0		0.1		0.2		0.0		1.1

		23/Feb/95		0.0		0.0		0.6		0.0		0.0		0.4		0.0		1.1

		16/Mar/95		0.0		0.0		0.6		0.0		0.0		0.6		0.0		1.2

		31/May/95		0.0		0.0		0.1		0.0		0.2		0.1		0.0		0.3

		6/Jun/95		0.0		0.0		0.2		0.0		0.1		0.1		0.0		0.4

		22/Jun/95		0.0		0.0		0.1		0.0		0.2		0.1		0.0		0.3

		6/Jul/95		0.0		0.0		0.1		0.0		0.1		0.1		0.0		0.3

		21/Jul/95		0.0		0.0		0.4		0.0		0.1		0.1		0.0		0.5

		1/Aug/95		0.0		0.0		1.3		0.0		0.1		0.3		0.0		1.7

		16/Aug/95		0.0		0.0		1.9		0.0		0.1		0.1		0.0		2.2

		29/Aug/95		0.0		0.0		1.6		0.0		0.0		0.1		0.0		1.8

		17/Sep/95		0.0		0.0		2.7		0.0		0.1		0.4		0.0		3.2

		18/Oct/95		0.0		0.0		6.3		0.0		0.2		0.4		0.0		6.9

		20/Nov/95		0.0		0.0		10.9		0.0		0.3		0.5		0.0		11.8

		23/Feb/96		0.0		0.0		0.8		0.0		0.1		0.5		0.0		1.4

		20/Mar/96		0.0		0.0		0.0		0.0		0.0		0.5		0.0		0.6

		29/May/96		0.0		0.0		0.0		0.0		0.4		0.2		0.0		0.6

		14/Jun/96		0.0		0.0		0.0		0.0		0.5		0.1		0.0		0.6

		24/Jun/96		0.0		0.0		0.0		0.0		0.4		0.0		0.0		0.5

		12/Jul/96		0.0		0.0		0.0		0.0		0.1		0.1		0.0		0.2

		27/Aug/96		0.2		0.4		0.9		0.0		0.1		0.2		0.5		1.8

		8/Sep/96		0.1		0.1		0.3		0.0		0.1		0.2		0.9		0.8

		22/Sep/96		0.8		0.1		0.8		0.0		0.2		0.5		1.0		2.5

		24/Oct/96		2.5		0.6		6.7		0.0		0.4		0.7		0.0		11.0

		27/Nov/96		1.2		0.4		7.2		0.0		0.4		0.6		0.0		9.8

		22/Jan/97		0.1		0.0		2.1		0.0		0.6		1.0		0.0		3.8

		28/May/97		0.1		0.0		0.0		0.0		0.8		0.8		0.0		1.7

		9/Jun/97		0.1		0.1		0.0		0.0		1.2		0.3		0.0		1.6

		28/Jun/97		0.2		0.1		0.0		0.0		1.1		0.1		0.0		1.6

		7/Jul/97		0.3		0.1		0.0		0.0		1.3		0.2		0.0		2.0

		26/Jul/97		0.5		0.6		0.0		0.0		0.4		0.2		0.0		1.8

		7/Aug/97		0.9		0.5		0.2		0.0		0.3		0.3		0.1		2.2

		20/Aug/97		2.5		0.6		2.5		0.0		0.2		0.3		1.0		7.0

		8/Sep/97		7.4		0.5		4.8		0.0		0.3		0.5		0.3		13.7

		24/Sep/97		3.1		0.4		3.0		0.0		0.2		1.0		0.0		7.7

		14-Oct-97		0.0		0.2		2.0		0.0		0.5		1.6		0.0		4.3

		22-Nov-97		0.0		0.0		0.9		0.0		1.6		2.7		0.0		5.3

		23-Jan-98		0.0		0.0		2.1		0.0		1.2		1.0		0.0		4.3

		13-Mar-98		0.0		0.0		1.6		0.0		0.2		2.5		0.0		4.3

		14-May-98		0.0		0.0		0.2		0.0		0.9		0.7		0.0		1.8

		9-Jun-98		0.0		0.0		0.3		0.0		1.3		0.2		0.0		1.7

		20-Jun-98		0.0		0.0		0.3		0.0		0.9		0.1		0.0		1.4

		7-Jul-98		0.0		0.0		0.2		0.0		0.4		0.2		0.0		0.8

		21-Jul-98		0.1		0.0		0.5		0.0		0.3		0.2		0.0		1.2

		2-Aug-98		0.3		0.1		4.1		0.0		0.3		0.3		0.3		5.3

		17-Aug-98		0.7		0.0		8.0		0.0		0.3		0.3		1.2		10.4

		8/Sep/98		5.7		0.0		6.4		0.0		0.3		0.5		0.3		13.1

		23/Sep/98		1.0		0.0		4.4		0.0		0.4		1.0		0.2		7.1

		11/Oct/98		0.1		0.0		3.5		0.0		0.6		1.5		0.0		5.7

		15/Nov/98		0.0		0.0		1.0		0.0		1.0		1.5		0.0		3.5

		11-Mar-99		0.0		0.0		0.1		0.0		0.3		1.7		0.0		2.1

		4-Jun-99		0.0		0.0		0.1		0.0		0.8		0.1		0.0		1.1

		6-Jul-99		0.0		0.0		0.2		0.0		0.4		0.4		0.0		0.9

		19-Jul-99		0.0		0.0		0.2		0.0		0.5		1.0		0.0		1.8

		2-Aug-99		0.1		0.0		1.0		0.0		0.5		0.9		0.1		2.6

		16-Aug-99		0.2		0.0		1.9		0.0		1.1		1.1		0.2		4.5

		5-Sep-99		0.4		0.0		4.9		0.0		1.2		0.9		0.1		7.4

		21-Sep-99		1.2		0.0		18.8		0.0		1.2		1.1		0.0		22.3

		9-Oct-99		2.6		0.0		6.1		0.0		1.0		1.0		0.0		10.6

		29-Nov-99		0.9		0.0		0.1		0.0		0.9		1.1		0.0		3.0

		25-Jan-00		0.0		0.0		0.1		0.0		0.9		1.5		0.0		2.5

		8-Mar-00		0.0		0.0		0.1		0.0		0.3		3.0		0.0		3.4

		19-May-00		0.2		0.0		0.1		0.0		0.6		3.5		0.0		4.3

		13-Jun-00		0.2		0.0		0.1		0.0		2.6		0.3		0.0		3.1

		26-Jun-00		0.3		0.0		0.2		0.0		2.0		0.4		0.0		2.9

		9-Jul-00		0.3		0.0		0.9		0.0		0.8		0.3		0.0		2.3

		24-Jul-00		0.3		0.0		3.5		0.0		0.5		0.4		0.1		4.8

		7-Aug-00		0.2		0.0		6.9		0.0		0.4		0.4		0.2		8.1

		19-Aug-00		0.5		0.0		7.2		0.0		0.4		0.3		0.1		8.4

		4-Sep-00		1.5		0.0		3.3		0.0		0.3		0.3		0.0		5.3

		16-Sep-00		1.1		0.0		2.3		0.0		0.3		0.4		0.0		4.1

		26-Sep-00		0.5		0.0		0.3		0.0		0.3		0.4		0.0		1.5

		14-Oct-00		0.2		0.0		0.1		0.0		0.1		0.2		0.0		0.6

		5-Nov-00		0.0		0.0		0.1		0.0		0.2		0.6		0.0		1.0
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&L&D&R&F
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		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0
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		0		0		0		0		0		0		0
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		0		0		0		0		0		0		0
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		0		0		0		0		0		0		0

		0		0		0		0		0		0		0

		0		0		0		0		0		0		0
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Biomass

		Alturas Lake zooplankton biomass (ug/l)

		Date		Daphnia		Holopedium		Bosmina		Calanoid		Cyclops		Nauplii		Polyphemus		Total

		9/Jun/93		0.0		0.0		0.0		0.0		0.4		0.0		0.0		0.4

		23/Jun/93		0.0		0.0		0.0		0.0		0.3		0.0		0.0		0.4

		8/Jul/93		0.0		0.0		0.0		0.0		0.2		0.0		0.0		0.3

		22/Jul/93		0.0		0.0		0.1		0.0		0.1		0.0		0.0		0.2

		5/Aug/93		0.0		0.0		0.1		0.0		0.1		0.0		0.0		0.2

		18/Aug/93		0.0		0.0		0.1		0.0		0.1		0.0		0.0		0.3

		2/Sep/93		0.0		0.0		0.7		0.0		0.1		0.0		0.3		1.1

		16/Sep/93		0.1		0.0		0.7		0.0		0.1		0.0		0.1		1.0

		16/Jan/94		0.0		0.0		6.6		0.0		0.0		0.0		0.0		6.7

		17/Feb/94		0.0		0.0		5.0		0.0		0.0		0.0		0.0		5.0

		19/Mar/94		0.0		0.0		5.9		0.0		0.0		0.0		0.0		6.0

		15/May/94		0.0		0.0		1.2		0.0		0.2		0.1		0.0		1.5

		6/Jun/94		0.0		0.0		4.6		0.0		0.3		0.0		0.0		5.0

		28/Jun/94		0.0		0.0		4.9		0.0		0.2		0.0		0.0		5.1

		19/Jul/94		0.0		0.1		7.0		0.0		0.1		0.0		0.0		7.3

		14/Aug/94		0.0		0.0		2.6		0.0		0.1		0.0		0.1		2.8

		29/Aug/94		0.0		0.0		2.3		0.0		0.1		0.0		0.0		2.6

		17/Sep/94		0.0		0.0		2.2		0.0		0.1		0.0		0.1		2.5

		16/Oct/94		0.1		0.0		3.7		0.0		0.2		0.1		0.0		4.1

		3/Nov/94		0.2		0.0		1.9		0.0		0.3		0.1		0.0		2.5

		19/Dec/94		0.1		0.0		2.1		0.0		0.3		0.0		0.0		2.5

		23/Jan/95		0.0		0.0		1.0		0.0		0.2		0.1		0.0		1.3

		23/Feb/95		0.0		0.0		0.9		0.0		0.1		0.2		0.0		1.2

		16/Mar/95		0.0		0.0		1.2		0.0		0.1		0.2		0.0		1.5

		31/May/95		0.0		0.0		0.3		0.0		0.3		0.0		0.0		0.6

		6/Jun/95		0.0		0.0		0.5		0.0		0.4		0.0		0.0		0.9

		22/Jun/95		0.0		0.0		0.1		0.0		0.6		0.0		0.0		0.8

		6/Jul/95		0.0		0.0		0.2		0.0		0.5		0.0		0.0		0.7

		21/Jul/95		0.0		0.0		0.4		0.0		0.2		0.0		0.0		0.6																								Year		O. nerka (kg/ha)

		1/Aug/95		0.0		0.0		0.8		0.0		0.3		0.0		0.0		1.1																								1993		2.60

		16/Aug/95		0.0		0.0		1.5		0.0		0.3		0.0		0.1		1.9																								1994		0.40

		29/Aug/95		0.1		0.0		1.2		0.0		0.1		0.0		0.0		1.4																								1995		1.70

		17/Sep/95		0.1		0.0		3.2		0.0		0.2		0.1		0.0		3.6																								1996		1.40

		18/Oct/95		0.1		0.0		8.5		0.0		0.4		0.1		0.0		9.0

		20/Nov/95		0.1		0.0		15.2		0.0		0.9		0.2		0.0		16.4

		23/Feb/96		0.0		0.0		1.5		0.0		0.3		0.1		0.0		1.9

		20/Mar/96		0.0		0.0		0.1		0.0		0.1		0.3		0.0		0.5

		29/May/96		0.0		0.0		0.0		0.0		1.1		0.1		0.0		1.2

		14/Jun/96		0.0		0.0		0.0		0.0		1.3		0.0		0.0		1.3

		24/Jun/96		0.0		0.0		0.0		0.0		2.3		0.0		0.0		2.3

		12/Jul/96		0.0		0.0		0.0		0.0		0.6		0.0		0.0		0.6

		27/Aug/96		0.6		0.8		0.7		0.0		0.3		0.1		1.5		2.5

		8/Sep/96		0.4		0.2		0.4		0.0		0.2		0.1		3.1		1.3

		22/Sep/96		2.9		0.5		1.1		0.0		0.4		0.2		4.2		5.1

		24/Oct/96		11.7		1.7		9.9		0.0		1.1		0.3		0.1		24.7

		27/Nov/96		6.5		2.0		12.9		0.0		1.5		0.2		0.0		23.0

		22-Jan-97		0.6		0.0		4.7		0.0		2.5		0.3		0.0		8.1

		28/May/97		0.1		0.0		0.0		0.0		2.3		0.5		0.0		2.9

		9/Jun/97		0.3		0.1		0.0		0.0		3.9		0.2		0.0		4.4

		28/Jun/97		0.8		0.5		0.0		0.0		6.0		0.0		0.0		7.2

		7/Jul/97		0.9		0.4		0.0		0.0		7.7		0.1		0.0		9.1

		26/Jul/97		1.7		1.6		0.0		0.0		1.9		0.1		0.1		5.3

		7/Aug/97		3.8		1.1		0.2		0.0		1.2		0.1		0.3		6.7

		20/Aug/97		8.2		1.0		1.9		0.0		0.9		0.1		2.9		15.0

		8/Sep/97		29.8		1.5		6.6		0.0		1.2		0.2		1.1		40.4

		24/Sep/97		15.3		1.6		4.8		0.0		0.7		0.3		0.1		22.9

		14-Oct-97		0.3		0.3		4.7		0.0		1.7		0.6		0.0		7.6

		22-Nov-97		0.3		0.0		1.7		0.0		4.8		0.7		0.0		7.6

		23-Jan-98		0.0		0.0		4.7		0.0		4.9		0.3		0.0		9.9

		13-Mar-98		0.0		0.0		3.5		0.0		0.7		0.7		0.0		4.9

		14-May-98		0.0		0.0		0.7		0.0		2.2		0.4		0.0		3.3

		9-Jun-98		0.0		0.0		1.0		0.0		6.4		0.1		0.0		7.6

		20-Jun-98		0.0		0.0		1.1		0.0		4.8		0.1		0.0		6.1

		7-Jul-98		0.1		0.0		0.7		0.0		2.0		0.1		0.0		2.8

		21-Jul-98		0.4		0.0		1.3		0.0		1.3		0.1		0.1		3.2

		2-Aug-98		1.0		0.1		5.0		0.0		1.6		0.1		0.6		8.4

		17-Aug-98		2.2		0.1		13.6		0.0		1.1		0.1		3.9		20.8

		8-Sep-98		22.7		0.0		11.9		0.0		1.9		0.1		1.1		37.8

		23-Sep-98		5.7		0.1		8.0		0.0		1.9		0.4		1.2		17.3

		11-Oct-98		0.5		0.0		6.6		0.0		2.4		0.6		0.1		10.2

		15/Nov/98		0.1		0.0		2.3		0.0		3.4		0.5		0.0		6.2

		11-Mar-99		0.0		0.0		0.2		0.0		1.2		0.4		0.0		1.9

		4-Jun-99		0.0		0.0		0.2		0.0		3.6		0.1		0.0		3.9

		6-Jul-99		0.1		0.0		0.3		0.0		3.0		0.2		0.0		3.5

		19-Jul-99		0.1		0.0		0.3		0.0		2.5		0.4		0.1		3.4

		2-Aug-99		0.1		0.0		1.0		0.0		2.4		0.5		0.5		4.6

		16-Aug-99		0.3		0.0		2.7		0.0		3.9		0.4		0.9		8.1

		5-Sep-99		1.2		0.0		6.7		0.0		4.6		0.4		0.3		13.2

		21-Sep-99		3.6		0.0		31.0		0.0		4.3		0.5		0.0		39.3

		9-Oct-99		8.6		0.0		8.4		0.0		3.7		0.4		0.2		21.4

		29-Nov-99		5.7		0.0		0.1		0.0		4.2		0.3		0.0		10.3

		25-Jan-00		0.1		0.0		0.2		0.0		3.0		0.6		0.0		4.0

		8-Mar-00		0.0		0.0		0.3		0.0		1.1		0.8		0.0		2.2

		19-May-00		0.4		0.0		0.2		0.0		1.4		2.0		0.0		4.1

		13-Jun-00		0.4		0.0		0.2		0.0		10.1		0.1		0.0		10.9

		26-Jun-00		1.2		0.0		0.2		0.0		9.5		0.2		0.0		11.0

		9-Jul-00		0.7		0.0		1.0		0.0		3.6		0.2		0.1		5.6

		24-Jul-00		0.7		0.0		3.0		0.0		2.4		0.2		0.5		6.8

		7-Aug-00		0.5		0.0		8.4		0.0		1.2		0.2		0.6		10.7

		19-Aug-00		1.2		0.0		10.4		0.0		1.9		0.2		0.2		13.8

		4-Sep-00		4.3		0.0		4.7		0.0		1.0		0.1		0.1		10.2

		16-Sep-00		2.6		0.0		4.5		0.0		0.9		0.1		0.1		8.2

		26-Sep-00		1.3		0.0		0.5		0.0		1.2		0.1		0.0		3.2

		14-Oct-00		0.4		0.0		0.2		0.0		0.6		0.1		0.0		1.3

		5-Nov-00		0.2		0.0		0.1		0.0		0.5		0.2		0.0		1.0
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		Alturas Lake zooplankton biomass (ug/l)																		Alturas Lake zooplankton biomass (ug/l)

		Date		Daphnia		Holopedium		Bosmina		Calanoid		Cyclops		Nauplii		Polyphemus		Total		mean seasonal (May through Oct)

		9/Jun/93		0.0		0.0		0.0		0.0		0.4		0.0		0.0		0.4		Date		Daphnia		Holopedium		Bosmina		Calanoid		Cyclops		Nauplii		Polyphemus		Total

		23/Jun/93		0.0		0.0		0.0		0.0		0.3		0.0		0.0		0.4		1993		0.0		0.0		0.2		0.0		0.2		0.0		0.1		0.5

		Jun-93		0.00		0.02		0.01		0.00		0.34		0.01		0.00		0.39		1994		0.0		0.0		2.9		0.0		0.2		0.0		0.0		3.2

		8/Jul/93		0.0		0.0		0.0		0.0		0.2		0.0		0.0		0.3		1995		0.0		0.0		2.3		0.0		0.3		0.0		0.0		2.7

		22/Jul/93		0.0		0.0		0.1		0.0		0.1		0.0		0.0		0.2		1996		2.3		0.4		1.8		0.0		0.6		0.1		1.0		5.2

		Jul-93		0.02		0.03		0.04		0.00		0.16		0.01		0.01		0.28		1997		5.1		0.7		1.9		0.0		2.6		0.3		0.4		11.0

		5/Aug/93		0.0		0.0		0.1		0.0		0.1		0.0		0.0		0.2		1998		2.8		0.0		4.8		0.0		2.5		0.3		0.6		10.9

		18/Aug/93		0.0		0.0		0.1		0.0		0.1		0.0		0.0		0.3		1999		2.3		0.0		5.9		0.0		3.6		0.3		0.2		12.3

		Aug-93		0.01		0.01		0.07		0.00		0.12		0.03		0.02		0.26		2000		0.9		0.0		2.8		0.0		1.1		0.7		0.1		5.6

		2/Sep/93		0.0		0.0		0.7		0.0		0.1		0.0		0.3		1.1

		16/Sep/93		0.1		0.0		0.7		0.0		0.1		0.0		0.1		1.0		5 yr avg		1.5		0.2		1.8		0.0		0.8		0.1		0.3		4.5

		Sep-93		0.05		0.02		0.66		0.00		0.09		0.03		0.20		1.05

		1993		0.02		0.02		0.20		0.00		0.18		0.02		0.06		0.50

		Date		Daphnia		Holopedium		Bosmina		Calanoid		Cyclops		Nauplii		Polyphemus		Total

		15/May/94		0.0		0.0		1.2		0.0		0.2		0.1		0.0		1.5

		May-94		0.00		0.00		1.23		0.00		0.25		0.07		0.00		1.55

		6/Jun/94		0.0		0.0		4.6		0.0		0.3		0.0		0.0		5.0

		28/Jun/94		0.0		0.0		4.9		0.0		0.2		0.0		0.0		5.1

		Jun-94		0.00		0.02		4.75		0.00		0.26		0.01		0.00		5.04

		14/Aug/94		0.0		0.0		2.6		0.0		0.1		0.0		0.1		2.8

		29/Aug/94		0.0		0.0		2.3		0.0		0.1		0.0		0.0		2.6

		Aug-94		0.01		0.00		2.44		0.00		0.10		0.03		0.08		2.66

		17/Sep/94		0.0		0.0		2.2		0.0		0.1		0.0		0.1		2.5

		Sep-94		0.05		0.01		2.21		0.00		0.13		0.03		0.08		2.50

		16/Oct/94		0.1		0.0		3.7		0.0		0.2		0.1		0.0		4.1

		Oct-94		0.14		0.01		3.69		0.01		0.20		0.08		0.00		4.12

		1994		0.04		0.01		2.86		0.00		0.19		0.04		0.03		3.17

		Date		Daphnia		Holopedium		Bosmina		Calanoid		Cyclops		Nauplii		Polyphemus		Total

		31/May/95		0.0		0.0		0.3		0.0		0.3		0.0		0.0		0.6

		May-95		0.00		0.00		0.29		0.00		0.30		0.04		0.01		0.64

		6/Jun/95		0.0		0.0		0.5		0.0		0.4		0.0		0.0		0.9

		22/Jun/95		0.0		0.0		0.1		0.0		0.6		0.0		0.0		0.8

		Jun-95		0.00		0.00		0.34		0.00		0.48		0.02		0.00		0.84

		6/Jul/95		0.0		0.0		0.2		0.0		0.5		0.0		0.0		0.7

		21/Jul/95		0.0		0.0		0.4		0.0		0.2		0.0		0.0		0.6

		Jul-95		0.00		0.01		0.29		0.00		0.33		0.02		0.00		0.65

		1/Aug/95		0.0		0.0		0.8		0.0		0.3		0.0		0.0		1.1

		16/Aug/95		0.0		0.0		1.5		0.0		0.3		0.0		0.1		1.9

		29/Aug/95		0.1		0.0		1.2		0.0		0.1		0.0		0.0		1.4

		Aug-95		0.03		0.03		1.15		0.00		0.24		0.03		0.04		1.48

		17/Sep/95		0.1		0.0		3.2		0.0		0.2		0.1		0.0		3.6

		Sep-95		0.07		0.02		3.19		0.00		0.21		0.09		0.02		3.59

		18/Oct/95		0.1		0.0		8.5		0.0		0.4		0.1		0.0		9.0

		Oct-95		0.11		0.00		8.47		0.00		0.38		0.09		0.00		9.05

		1995		0.04		0.01		2.29		0.00		0.33		0.05		0.01		2.71

		Alturas Lake zooplankton biomass (ug/l)

		Date		Daphnia		Holopedium		Bosmina		Calanoid		Cyclops		Nauplii		Polyphemus		Total

		29/May/96		0.0		0.0		0.0		0.0		1.1		0.1		0.0		1.2

		May-96		0.00		0.00		0.00		0.00		1.08		0.12		0.00		1.20

		14/Jun/96		0.0		0.0		0.0		0.0		1.3		0.0		0.0		1.3

		24/Jun/96		0.0		0.0		0.0		0.0		2.3		0.0		0.0		2.3

		Jun-96		0.00		0.00		0.00		0.00		1.54		0.06		0.00		1.61

		12/Jul/96		0.0		0.0		0.0		0.0		0.6		0.0		0.0		0.6

		Jul-96		0.00		0.01		0.00		0.00		0.60		0.03		0.00		0.64

		27/Aug/96		0.6		0.8		0.7		0.0		0.3		0.1		1.5		2.5

		Aug-96		0.60		0.82		0.72		0.00		0.32		0.07		1.46		2.53

		8/Sep/96		0.4		0.2		0.4		0.0		0.2		0.1		3.1		1.3

		22/Sep/96		2.9		0.5		1.1		0.0		0.4		0.2		4.2		5.1

		Sep-96		1.30		0.51		0.73		0.00		0.34		0.11		2.95		2.99

		24/Oct/96		11.7		1.7		9.9		0.0		1.1		0.3		0.1		24.7

		Oct-96		11.70		1.71		9.91		0.00		1.13		0.26		0.08		24.72

		1996		2.27		0.51		1.89		0.00		0.83		0.11		0.75		5.62

		Date		Daphnia		Holopedium		Bosmina		Calanoid		Cyclops		Nauplii		Polyphemus		Total

		28/May/97		0.1		0.0		0.0		0.0		2.3		0.5		0.0		2.9

		May-97		0.13		0.03		0.01		0.00		2.25		0.47		0.00		2.89

		9/Jun/97		0.3		0.1		0.0		0.0		3.9		0.2		0.0		4.4

		28/Jun/97		0.8		0.5		0.0		0.0		6.0		0.0		0.0		7.2

		Jun-97		0.52		0.27		0.00		0.00		4.93		0.09		0.00		5.81

		7/Jul/97		0.9		0.4		0.0		0.0		7.7		0.1		0.0		9.1

		26/Jul/97		1.7		1.6		0.0		0.0		1.9		0.1		0.1		5.3

		Jul-97		1.29		0.98		0.02		0.00		4.77		0.10		0.04		7.20

		7/Aug/97		3.8		1.1		0.2		0.0		1.2		0.1		0.3		6.7

		20/Aug/97		8.2		1.0		1.9		0.0		0.9		0.1		2.9		15.0

		Aug-97		6.03		1.05		1.04		0.00		1.04		0.08		1.64		10.89

		8/Sep/97		29.8		1.5		6.6		0.0		1.2		0.2		1.1		40.4

		24/Sep/97		15.3		1.6		4.8		0.0		0.7		0.3		0.1		22.9

		Sep-97		22.56		1.56		5.74		0.00		0.95		0.24		0.61		31.66

		14-Oct-97		0.3		0.3		4.7		0.0		1.7		0.6		0.0		7.6

		Oct-97		0.28		0.30		4.69		0.00		1.74		0.58		0.04		7.63

		1997		5.14		0.70		1.92		0.00		2.61		0.26		0.39		11.02

		Date		Daphnia		Holopedium		Bosmina		Calanoid		Cyclops		Nauplii		Polyphemus		Total

		14-May-98		0.0		0.0		0.7		0.0		2.2		0.4		0.0		3.3

		May-98		0.00		0.00		0.66		0.00		2.22		0.41		0.00		3.29

		9-Jun-98		0.0		0.0		1.0		0.0		6.4		0.1		0.0		7.6

		20-Jun-98		0.0		0.0		1.1		0.0		4.8		0.1		0.0		6.1

		Jun-98		0.03		0.01		1.08		0.00		5.64		0.07		0.01		6.83

		7-Jul-98		0.1		0.0		0.7		0.0		2.0		0.1		0.0		2.8

		21-Jul-98		0.4		0.0		1.3		0.0		1.3		0.1		0.1		3.2

		Jul-98		0.26		0.03		0.97		0.00		1.62		0.08		0.05		3.02

		2-Aug-98		1.0		0.1		5.0		0.0		1.6		0.1		0.6		8.4

		17-Aug-98		2.2		0.1		13.6		0.0		1.1		0.1		3.9		20.8

		Aug-98		1.57		0.10		9.28		0.00		1.33		0.10		2.26		14.64

		8-Sep-98		22.7		0.0		11.9		0.0		1.9		0.1		1.1		37.8

		23-Sep-98		5.7		0.1		8.0		0.0		1.9		0.4		1.2		17.3

		Sep-98		14.24		0.04		9.97		0.00		1.91		0.27		1.12		27.56

		11-Oct-98		0.5		0.0		6.6		0.0		2.4		0.6		0.1		10.2

		Oct-98		0.46		0.00		6.61		0.00		2.38		0.59		0.12		10.17

		1998		2.76		0.03		4.76		0.00		2.52		0.25		0.59		10.92

		Date		Daphnia		Holopedium		Bosmina		Calanoid		Cyclops		Nauplii		Polyphemus		Total

		4-Jun-99		0.0		0.0		0.2		0.0		3.6		0.1		0.0		3.9

		Jun-99		0.01		0.00		0.17		0.00		3.63		0.10		0.00		3.91

		6-Jul-99		0.1		0.0		0.3		0.0		3.0		0.2		0.0		3.5

		19-Jul-99		0.1		0.0		0.3		0.0		2.5		0.4		0.1		3.4

		Jul-99		0.08		0.00		0.29		0.00		2.77		0.29		0.03		3.46

		2-Aug-99		0.1		0.0		1.0		0.0		2.4		0.5		0.5		4.6

		16-Aug-99		0.3		0.0		2.7		0.0		3.9		0.4		0.9		8.1

		Aug-99		0.23		0.00		1.85		0.00		3.16		0.44		0.69		6.38

		5-Sep-99		1.2		0.0		6.7		0.0		4.6		0.4		0.3		13.2

		21-Sep-99		3.6		0.0		31.0		0.0		4.3		0.5		0.0		39.3

		Sep-99		2.38		0.00		18.84		0.00		4.46		0.42		0.17		26.26

		9-Oct-99		8.6		0.0		8.4		0.0		3.7		0.4		0.2		21.4

		Oct-99		8.60		0.00		8.45		0.00		3.74		0.40		0.18		21.38

		1999		2.26		0.00		5.92		0.00		3.55		0.33		0.21		12.28

		Date		Daphnia		Holopedium		Bosmina		Calanoid		Cyclops		Nauplii		Polyphemus		Total

		19-May-00		0.2		0.0		0.1		0.0		0.6		3.5		0.0		4.3

		May-00		0.18		0.00		0.06		0.00		0.62		3.46		0.00		4.32

		13-Jun-00		0.2		0.0		0.1		0.0		2.6		0.3		0.0		3.1

		26-Jun-00		0.3		0.0		0.2		0.0		2.0		0.4		0.0		2.9

		Jun-00		0.23		0.00		0.12		0.00		2.32		0.34		0.01		3.01

		9-Jul-00		0.3		0.0		0.9		0.0		0.8		0.3		0.0		2.3

		24-Jul-00		0.3		0.0		3.5		0.0		0.5		0.4		0.1		4.8

		Jul-00		0.30		0.00		2.19		0.00		0.64		0.35		0.08		3.56

		7-Aug-00		0.5		0.0		8.4		0.0		1.2		0.2		0.6		10.7

		19-Aug-00		1.2		0.0		10.4		0.0		1.9		0.2		0.2		13.8

		Aug-00		0.82		0.00		9.40		0.00		1.54		0.15		0.39		12.30

		4-Sep-00		4.3		0.0		4.7		0.0		1.0		0.1		0.1		10.2

		16-Sep-00		2.6		0.0		4.5		0.0		0.9		0.1		0.1		8.2

		Sep-00		3.46		0.00		4.61		0.00		0.94		0.14		0.06		9.20

		14-Oct-00		0.4		0.0		0.2		0.0		0.6		0.1		0.0		1.3

		Oct-00		0.43		0.00		0.19		0.00		0.61		0.05		0.04		1.31

		2000		0.90		0.00		2.76		0.00		1.11		0.75		0.10		5.62
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Nauplii

Calanoid

Cyclops

Bosmina

Daphnia

Holopedium

Polyphemus

Total

Alturas Lake mean seasonal (May-Oct)
 zooplankton biomass (ug/l)



		Alturas Lake zooplankton density (#/l)						Alturas Lake zooplankton density (#/l)

		Date		Nauplii				Date		Cyclops

		9/Jun/93		0.0				9/Jun/93		0.1

		23/Jun/93		0.0				23/Jun/93		0.1

		8/Jul/93		0.0				8/Jul/93		0.1

		22/Jul/93		0.0				22/Jul/93		0.0

		5/Aug/93		0.1				5/Aug/93		0.0

		18/Aug/93		0.1				18/Aug/93		0.0

		2/Sep/93		0.1				2/Sep/93		0.0

		16/Sep/93		0.1				16/Sep/93		0.0

		16/Jan/94		0.0				16/Jan/94		0.0

		17/Feb/94		0.1				17/Feb/94		0.0

		19/Mar/94		0.1				19/Mar/94		0.0

		15/May/94		0.1				15/May/94		0.1

		6/Jun/94		0.0				6/Jun/94		0.1

		28/Jun/94		0.0				28/Jun/94		0.0

		19/Jul/94		0.1				19/Jul/94		0.0

		14/Aug/94		0.1				14/Aug/94		0.0

		29/Aug/94		0.2				29/Aug/94		0.0

		17/Sep/94		0.1				17/Sep/94		0.0

		16/Oct/94		0.3				16/Oct/94		0.1

		3/Nov/94		0.2				3/Nov/94		0.1

		23/Jan/95		0.2				23/Feb/95		0.0

		23/Feb/95		0.4				16/Mar/95		0.0

		16/Mar/95		0.6				31/May/95		0.2

		31/May/95		0.1				6/Jun/95		0.1

		6/Jun/95		0.1				22/Jun/95		0.2

		22/Jun/95		0.1				6/Jul/95		0.1

		21/Jul/95		0.1				16/Aug/95		0.1

		1/Aug/95		0.3				29/Aug/95		0.0

		16/Aug/95		0.1				17/Sep/95		0.1

		17/Sep/95		0.4				18/Oct/95		0.2

		18/Oct/95		0.4				20/Nov/95		0.3

		20/Nov/95		0.5				23/Feb/96		0.1

		23/Feb/96		0.5				29/May/96		0.4

		20/Mar/96		0.5				14/Jun/96		0.5

		29/May/96		0.2				24/Jun/96		0.4

		14/Jun/96		0.1				12/Jul/96		0.1

		24/Jun/96		0.0				27/Aug/96		0.1

		12/Jul/96		0.1				8/Sep/96		0.1

		27/Aug/96		0.2				22/Sep/96		0.2

		8/Sep/96		0.2				24/Oct/96		0.4

		22/Sep/96		0.5				27/Nov/96		0.4

		24/Oct/96		0.7				22/Jan/97		0.6

		27/Nov/96		0.6				28/May/97		0.8

		22/Jan/97		1.0				9/Jun/97		1.2

		28/May/97		0.8				28/Jun/97		1.1

		9/Jun/97		0.3				7/Jul/97		1.3

		28/Jun/97		0.1				26/Jul/97		0.4

		7/Jul/97		0.2				7/Aug/97		0.3

		20/Aug/97		0.3				20/Aug/97		0.2

		8/Sep/97		0.5				8/Sep/97		0.3

		24/Sep/97		1.0				24/Sep/97		0.2

		14-Oct-97		1.6				14-Oct-97		0.5

		22-Nov-97		2.7				22-Nov-97		1.6

		23-Jan-98		1.0				13-Mar-98		0.2

		14-May-98		0.7				9-Jun-98		1.3

		9-Jun-98		0.2				7-Jul-98		0.4

		20-Jun-98		0.1				21-Jul-98		0.3

		7-Jul-98		0.2				2-Aug-98		0.3

		21-Jul-98		0.2				17-Aug-98		0.3

		2-Aug-98		0.3				8/Sep/98		0.3

		17-Aug-98		0.3				23/Sep/98		0.4

		8/Sep/98		0.5				11/Oct/98		0.6

		23/Sep/98		1.0				15/Nov/98		1.0

		11/Oct/98		1.5				11-Mar-99		0.3

		15/Nov/98		1.5				4-Jun-99		0.8

		11-Mar-99		1.7				6-Jul-99		0.4

		4-Jun-99		0.1				19-Jul-99		0.5

		6-Jul-99		0.4				2-Aug-99		0.5

		19-Jul-99		1.0				16-Aug-99		1.1

		2-Aug-99		0.9				5-Sep-99		1.2

		16-Aug-99		1.1				21-Sep-99		1.2

		5-Sep-99		0.9				9-Oct-99		1.0

		21-Sep-99		1.1

		9-Oct-99		1.0
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Sheet1

		Redfish Lake residual snorkeling surveys																				S. Beach		SE inlet

																				1993		32

		Year		Location		Date		Peak count		Method										1994		22		40

																				1996		6		6

		1993		S. Beach		1 Nov.		32		snorkel										1997		2		14

		1993		S. Beach		1 Nov.		28		boat										1998		3		2

																				1999		0		0

		1994		S. Beach		11 Oct.		22		snorkel										2000		3		0

		1994		SE inlet		19 Oct.		40		snorkel

		1995		A statement "that there were fewer than in 1994."

		1996		S. Beach		16 Oct.		6		snorkel

		1996		SE inlet		1 Nov.		6		snorkel

		1997		S. Beach		21 Oct.		2		snorkel

		1997		SE inlet		4 Nov.		14		snorkel

		1998		S. Beach		20 Oct.		3		snorkel

		1998		SE inlet		11 Nov.		2		snorkel
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Sheet1

				Redfish Lake		Stanley Lake

		Secchi Depth (m)		-13%		-27%

		Compensation Depth (m)		-24%		-28%

				117%		14%

				106%		16%

		Zooplankton Biomass (ug/L)		31%		-2%

		Daphnia Biomass (ug/L)		225%		-5%

		Sockeye Overwinter Survival (%)		194%
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Table 1

		Table 1.  Supplemental nutrient loading rates for Redfish Lake, Idaho, 1995-1998.

		Sockeye carcass equivalents were calculated based on phosphorus content.

														Carcass

		Year		P (kg)		N (kg)						TN:TP		equivalents

		1995		260.6		4,622.8		42.4		751.7		17.7		32,500

		1996		51.1		933.5		8.3		151.8		18.3		6,300

		1997		190.0		3,695.0		30.9		600.8		19.4		23,500

		1998		189.8		3,701.7		30.9		601.9		19.5		23,500
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Table 2

		Table 2.  Mean values, sample size and percent change for selected variables before and during

		during fertilization of Redfish Lake, Idaho.  Stanley Lake (unfertilized) data corresponds to the

		time periods before and during fertilzation of Redfish Lake.

						Before fertilization						During fertilization

		Lake		Variable		mean		n				mean		n				% change

		Redfish		Secchi depth (m)		13.6		(19)				11.8		(31)				-13%

				Compensation depth (m)		28.4		(14)				21.6		(28)				-24%

						7.9		(28)				6.1		(31)				-23%

						4.4		(16)				4.0		(31)				-9%

						0.5		(22)				1.0		(30)				106%

						-		-				0.24		(12)				-

						92.4		(4)				200.4		(26)				117%

						0.8		(14)				2.6		(32)				225%

						7.9		(14)				10.3		(32)				31%

						239.8		(1)				301.4		(4)				26%

				Sockeye overwinter survival (%)		10.6		(2)				23.0		(4)				117%

		Stanley		Secchi depth (m)		8.4		(21)				6.1		(18)				-27%

				Light penetration (m)		16.6		(13)				11.9		(19)				-28%

						7.5		(21)				7.0		(16)				-7%

						3.2		(10)				1.8		(11)				-44%

						0.7		(22)				0.9		(19)				16%

						-		-				0.12		(4)				-

						110.2		(1)				125.3		(10)				14%

						8.3		(14)				7.9		(23)				-5%

						24.7		(14)				24.3		(22)				-2%
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Figure 1

		

				Figure 1. Map of study area.
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Figure 2

		

		Figure 2.  Mean annual discharge for the Salmon River at Salmon, Idaho, 1990 through 1998.  Mean, minimum and maximum are for period of record, 1913 to 1998.
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Figure 3
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Figure 4

		

		Figure 4.  Percent change of selected limnological variables for fertilized years compared to pre-fertilized years in Redfish Lake and Stanley Lakes, Idaho.
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Figure 4
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		34939		34939		34939		34939		34939

		34958		34958		34958		34958		34958

		34989		34989		34989		34989		34989

		35023		35023		35023		35023		35023

		35117		35117		35117		35117		35117

		35142		35142		35142		35142		35142

		35213		35213		35213		35213		35213

		35229		35229		35229		35229		35229

		35240		35240		35240		35240		35240

		35257		35257		35257		35257		35257

		35268		35268		35268		35268		35268

		35283		35283		35283		35283		35283

		35303		35303		35303		35303		35303

		35317		35317		35317		35317		35317

		35331		35331		35331		35331		35331

		35350		35350		35350		35350		35350

		35361		35361		35361		35361		35361

		35396		35396		35396		35396		35396

		35453		35453		35453		35453		35453

		35515		35515		35515		35515		35515

		35577		35577		35577		35577		35577

		35593		35593		35593		35593		35593

		35603		35603		35603		35603		35603

		35618		35618		35618		35618		35618

		35636		35636		35636		35636		35636

		35648		35648		35648		35648		35648

		35661		35661		35661		35661		35661

		35680		35680		35680		35680		35680

		35696		35696		35696		35696		35696

		35718		35718		35718		35718		35718

		35756		35756		35756		35756		35756

		35817		35817		35817		35817		35817

		35865		35865		35865		35865		35865

		35922		35922		35922		35922		35922

		35954		35954		35954		35954		35954

		35966		35966		35966		35966		35966

		35982		35982		35982		35982		35982

		35996		35996		35996		35996		35996

		36010		36010		36010		36010		36010

		36024		36024		36024		36024		36024

		36050		36050		36050		36050		36050

		36060		36060		36060		36060		36060

		36078		36078		36078		36078		36078

		36113		36113		36113		36113		36113
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