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a. Abstract

The Kootenai River ecosystem has been altered and degraded during the past 75 years by diking, channelization, impoundment, and losses of floodplain habitat and ecosystem function.  This ecosystem is currently ultraoligotrophic, in a collapsed state, and limited by post-development cultural denutrification. This project is designed to rehabilitate the post-development Kootenai River ecosystem. Ecosystem rehabilitation is needed to reverse declining trends in native populations of kokanee, burbot, interior redband trout, and ESA listed populations of bull trout and white sturgeon.  Past single-species management programs generally failed to restore these populations because they often addressed symptoms (population declines) rather than underlying ecosystem problems.  To address this ecosystem problem on an ecosystem scale, this project is designed to: 1) complete a series of AEA (Adaptive Environmental Assessment) workshops to identify and prioritize ecosystem limitations to native fish populations and supporting trophic levels; 2) generate an ecosystem simulation model through the AEA process to evaluate effects of  various management strategies; 3) design and implement a standardized, annual monitoring program to provide pre and post-experimental biological databases for Kootenai River ecosystem indicator species; and 4) perform, monitor, and evaluate adaptive management experiments designed to improve ecosystem condition, system productivity, and status of native fish populations.  This project is currently in the implementation phase.  The AEA Workshops and the Kootenai River ecosystem simulation model were successfully completed.  The pre-experimental baseline biological data set is nearly complete.  Beginning in 2001, replicated mesocosm experiments will evaluate the controlled addition of limiting nutrients as a means to improve the Kootenai River ecosystem.  If larger scale nutrient additions are warranted by the outcomes of mesocosm experiments, in-river experimentation will occur during subsequent years.  If in-river nutrification turns out to be an inappropriate restoration tool, the AEA workshop and modeling process will be revisited to determine appropriate alternative adaptive management solutions.

b. Technical and/or scientific background
Kootenai River Ecosystem Background

The Kootenai River ecosystem (within the KTOI aboriginal territory from Libby, MT to Kootenay Lake, B.C.) is a highly modified, altered, and degraded aquatic ecosystem relative to historical accounts. Journal entries and anecdotal information concerning the Kootenai River’s condition in the pre-Euro-American era (circa 1850) portray a very different image. The ecosystem was reportedly robust, diverse, and productive in its fishery resources. From the journals of David Thompson (1807-1811) the following accounts speak of spring fisheries used by the Kootenai Tribe “During the spring, trout [probably lake-run interior redband trout] were taken in great numbers in weirs fitted with basket traps. The season only lasted about 10 days…but during this brief period over a thousand fine trout [were caught] at each weir.” Scholz et al. (1985) reported that “In early May, the trout fishing period came to a close and suckers and ling (burbot) were now speared at night.”  It is believed the tribe derived approximately 50 to 75 percent of its sustenance from the Kootenai River fishery (Scholz et al. 1985). Sturgeon, burbot, suckers, kokanee, redband trout, whitefish, bull trout, and cutthroat trout were important elements of the tribal fishery. Currently all these species, except perhaps whitefish, are experiencing difficulties sustaining healthy populations.  

The most recent and possibly most damaging alteration of the Kootenai River ecosystem was the development and operation of Libby Dam near Libby, MT (1972). After Libby Dam became operational in the early 1970's, downstream Kootenai River flow patterns have been unstable (due to power peaking) and nearly reversed from pre-impoundment conditions (USFWS 1999). Presently, natural Kootenai River flows are retained during periods of high discharge (May-June), and released from the reservoir (Lake Koocanusa) during periods of historical low flows (i.e. November-March). Declines in Kootenai River fisheries below Libby Dam are often related to the alteration of river flows since Libby Dam became operational (Duke et al. 1999; Paragamian 1994). For example, the last viable white sturgeon year class to recruit to the Kootenai River population was produced in 1974. The burbot population in the Kootenai River has also declined sharply during recent decades; burbot sampling efforts by IDFG in 1998-99 produced one fish during a 254-hour sampling effort (Paragamian, IDFG, personal communication).

In addition to changes in hydrographic patterns, nutrient concentrations downstream from Libby Dam have dropped to very low levels since impoundment most likely due to the effects of Lake Koocanusa. Woods (1982) reported that 63% of the total phosphorus and 25% of the available nitrogen in the Kootenai River do not pass Libby Dam to enrich downstream reaches. Nutrients (especially P) are highly correlated with runoff events (P binds to suspended sediment) and thus the slower flows existing behind Libby Dam within Lake Koocanusa allow the settling of sediment and attached nutrients.  Snyder et al. (1996) reported sediment trapping efficiencies of 95% by Libby Dam. 

Richards (1998) speculated that the shift towards a chironomid dominated community in the Kootenai River is an indication of reduced ecosystem health. Synder and Minshall (1996) reported that the macroinvertebrate standing crop was quite low in all reaches of the river (downstream from Libby Dam), as was primary productivity and community metabolism (all study sites were considered ultra-oligotrophic), and that the fish community in the Kootenai River was likely food limited from a bottom-up ecological perspective. They also reported that the organic food base in the river could support a greater biomass of macroinvertebrates than was present. Reduced secondary productivity can occur in regulated rivers due to highly irregular flows that limit development of the macroinvertebrate community in varial zones. A study by Hauer and Stanford (1997) reported that macroinvertebrate production was limited by irregular winter flows (power peaking events) from Lake Kookanusa (Libby Dam), which dewatered near shore habitats. Furthermore, the macroinvertebrate community shifted from a mayfly-caddisfly dominated community to a chironomid-dominated community (upstream from Bonners Ferry) when comparing data from the 1979 to data from the 1994-5. Estimates of Baetis mayfly density declined from 6000/m2 in 1979 to < 300/m2 in 1994-95 at a site near Libby, MT (Hauer and Stanford 1997). Most Baetids are  periphyton scrapers, so their decline in the Kootenai River may be an indication of reduced primary productivity (Merritt and Cumins 1996) in this system. 
Ecologically, shifts in community species composition are often observed when an aquatic ecosystem has been altered, either physically, chemically or both (Ward and Stanford 1979; Allen 1995). Thus, large-scale biological changes in regulated rivers are usually strongly related to changes that occur in the physical and chemical parameters within the ecosystem. Physical parameters that are often altered downstream from large dams include: a decline in nutrient levels, changes in annual and diel temperature regimes, river substrate size and composition, a decline in nutrient spiraling distance (a.k.a. nutrient stripping; a decline in nutrient concentration as a function of downstream distance), increased storage of organic and inorganic fines in the river substratum, and a large decline in environmental/habitat heterogenity at both a micro and macrohabitat scale (Webster et al. 1979; Ward et al. 1996). 

The Kootenai River ecosystem, since the formation of Libby Dam, appears to be suffering from most if not all of the aforementioned symptoms. Biological responses to the physical and chemical alterations may include changes in species assemblages at the macroinvertebrate and fish trophic levels. For example, Hauer and Stanford (1997) found a profound difference in the macroinvertebrate species composition when comparing samples from 1979 to 1994, reporting that a mayfly-caddisfly dominated benthic community (1979) was replaced by a dipteran (chironomid) dominated benthic community (1994) in most river reaches downstream from Libby Dam. They further reported that stonefly abundance and diversity in the Kootenai River was not equivalent to other unregulated northwestern rivers. Richards (1998) also found chironomids to be the dominant benthic taxon in the Kootenai River.

Karr (1991, 1995) suggested that fish communities in degraded (simplified) aquatic ecosystems often become dominated by fish species that are habitat and feeding generalists (suckers, peamouth), while fish species exhibiting narrow requirements (e.g. bull trout, redband trout,) for physical parameters (e.g. temperature), feeding, and habitat often decline as ecosystem degradation intensifies. A fish community shift away from habitat and feeding specialist (e.g. Westslope cutthroat trout, burbot) and towards habitat and feeding generalists (peamouth chub, largescale sucker, northern pikeminnow) has occurred in the Kootenai River ecosystem, especially downstream from Bonners Ferry, ID to Kootenay Lake, B.C. 

Changes in the trophic status/structure and selected population parameters within the fish community of the Kootenai River are also evident. Paragamian (1994; personal communication) found a decline in insectivorous fish biomass (trout and whitefish) in the middle reach of the Kootenai River (between Bonners Ferry and the Montana stateline) and a large increase in omnivorous fish biomass (2 sucker species) when comparing data from the early 1980’s to data collected during the 1990’s (Partridge 1983). 

The River Continuum Concept (RCC) is a useful template when analyzing the Kootenai River sub-basin (Vanote et al. 1980). The river, at Bonners Ferry, Idaho represents a lotic system in transition from one driven by primary producers (autotrophic, upstream) to a river system that is heterotrophic (downstream)(i.e. respiration is greater than production) (Snyder and Minshall 1996). Additionally, a difference in substrate type (from cobble-gravel to clay-sand), depth (shallow to deep), and channel morphology (riffle-run-pool to deep meandering run-pool habitat) exists between sites upriver of Bonners Ferry and sites downriver. The RCC predicts a significant community change (macroinvertebrate and fishes) to occur at the 6th to 7th river order juncture as macroinvertebrate community structure shifts from a mayfly-stonefly-caddisfly composition to a community composed mainly of chironomids, bivalves, and aquatic earthworms (Oligocheates). Also fish communities typically shift from pelagic forms (fishes feeding on drifting and surface-film insects;  trout and whitefish) to a bottom feeding benthic fish community (suckers, sturgeon, and some cyprinid spp.). 

Macroinvertebrate and fish data collected in the Idaho portion of the Kootenai River are in approximate parallel with the predictions of the RCC model for a river of its size (8th order). A predominance of collector benthic macroinvertebrates (Chironomids and Oligocheats) are found at sites below Bonners Ferry, ID (within the meandering, glacial valley reach) while a more diverse collection of macroinvertebrates (grazers, shredders, and collecter-gathers) are found at sites between Libby Dam and Bonners Ferry, ID. However, although more diversity (within species and feeding guilds) exists in the macroinvertebrate community upriver, a significant proportion of the invertebrate community is composed of chironomid larvae (65 % numerically; Richards 1998). This may indicate that the Kootenai River is not functioning fully in an autotrophic manner since most Chironomids are collector-gathers that feed on dead and sloughed organic matter. Reduced annual flows, which cleanse substrates of sediment and organic fines, may also be contributing to the abundance of Dipterans in the Kootenai River.

 The fish community composition also differs between these two Kootenai River reaches. Pelagic fishes, such as salmonids, are more abundant at upriver sites, while benthically oriented species (suckers and some cyprinid spp.) are more common in the deeper, slower downriver sites. Historically however, both reaches had greater species and functional diversity than exists today.

Water Quality—mainstem Kootenai River

A number of studies have considered and evaluated water quality parameters within the Kootenai River sub-basin, as the main objective or as a subcomponent of other (usually biological) objectives (Bonde and Bush 1975; Knuden 1994; Kinne and Anders 1995; Snyder and Minshall 1996; Richards 1997; Bauer 1998; Kruse 2000; Bauer 2000; KTOI, ongoing monitoring). Heavy metals, inorganic ions, and nutrients have been the most frequently studied aspects of these examinations. All studies, except one (KTOI study of lower Kootenai River tributaries; Bauer 2000) focused on the mainstem of the Kootenai River. 

 In general, these studies have not reported abnormally high values of parameters examined (at least within the waterbody itself; examination of river sediments and animal tissues for metals and other contaminants such PBC’s are currently being conducted as part of the KTOI white sturgeon conservation aquaculture project, 198806400). However, Bauer (1998) reported several metals (lead, copper, and mercury) at near chronic-level concentrations (in a small percentage of samples taken) near Crossport, ID (rkm 250), indicating that low levels of heavy metals exist in the Kootanai River periodically, and that future investigations should use rkm 250 as a starting point to finding the sources of these metals. 

All studies have reported very low concentrations (usually below detection limits) of nitrogen and phosphorous, except for Bonde and Bush (1975) who reported moderate concentrations of nutrients prior to the construction of Libby Dam (It should be noted though that an operational phosphorous-fertilizer packaging plant existed upriver on the St. Mary’s River, near Kimberley, B.C. at that time.). Ongoing monthly water quality monitoring at the KTOI hatchery, which samples intake water directly from the Kootenai River, is examined for nutrients and metals as a safeguard measure for juvenile sturgeon reared at the hatchery. Covering four years, these data also provides an excellent portrait, of several forms of the macro-nutrients nitrogen and phosphorous (KTOI, inpublished data). 

When these macro-nutrient forms are plotted against an average concentration from other temperate rivers around the world (we used the most conservative values, i.e. not basins with high urban or agricultural development), Kootenai River concentrations of ortho-phosphorous, nitrate-nitrite, and N-ammonia were well below concentrations found in other rivers, even those considered oligotrophic (Allan 1995) (Figures 1-3). In fact, only one lab-detection of ortho-phosphorous (June 1997) was recorded between 1996 and October 2000; all other samples (n = 45) were below the lab detection limit of 0.004 mg/l. Nitrate-nitrite values also are very low in comparison to other riverine systems (Figure 3.); moreover, the average for the temperate rivers was derived from nitrate data only (mean = 0.48 mg/l), while the Kootenai River average for nitrate and nitrite combined is considerably lower (< 0.10 mg/l). Ammonium (NH4+) concentrations, usually the preferred form of inorganic nitrogen by primary producers, are also well below the average for other similar temperate rivers (Figure 2). 
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Figure 1. Concentration of ortho-phosphate in monthly water samples taken at the Kootenai Tribal Hatchery dock (mainstem Kootenai River) over a four-year period. Series compare the average ortho-phosphorus concentration of similar temperate rivers (world-wide) with the Kootenai River. (Temperate river data from Allan 1995). All data points at 0.004 mg/l are less than values, actual values are lower.).
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Figure 2. Concentration of N-ammonia in monthly water samples taken at the Kootenai Tribal Hatchery dock (mainstem Kootenai River) over a four-year period. Series compare the average N-ammonia concentration of similar temperate rivers (world-wide) with the Kootenai River. (Temperate river data from Allan 1995).
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Figure 3. Concentration of Nitrite-Nitrate (NO2-NO3) in monthly water samples taken at the Kootenai Tribal Hatchery dock (mainstem Kootenai River) over a four-year period. Series compare the average N-ammonia concentration of similar temperate rivers (world-wide) with the Kootenai River. (Temperate river data from Allan 1995).

Water Quality--tributaries

A one-year water quality survey was performed on all major tributaries (in US only) within the lower Kootenai River ecosystem during 1998 and 1999. Samples were examined for metals, major ions, and nutrients. Two samples were taken from each tributary, one as near to the tributaries confluence with the Kootenai River as possible, and the second at a point further upstream. The intent of the design was to detect influences of the floodplain (lowermost site), and to detect potential problems within uplands at the upper site. Since this was a preliminary water quality study of these tributaries, the intent was to cover a relatively large area, and to examine a relatively large number of parameters so that future analyses could focus on problem areas if identified (e.g. TMDL analyses). 

Results of metals and nutrient sampling in tributary streams were similar to findings in the mainstem Kootenai River. In general, nutrient concentrations were low and no problematic concentrations (some aluminum and lead were above detection limits) of metals were found (Bauer 2000). Arsenic, cadmium, copper, mercury, selenium, and zinc in the tributaries were generally measured below detection limits; only 1-3% of the samples exceeded the detection limit. The few positive detections of these metals occurred at concentrations very close to the detection limit. The concentrations of these elements (arsenic, cadmium, copper, mercury, selenium, and zinc) did not indicate any potential toxicity concerns given the constraints of the field and laboratory methods used.

The following four paragraphs were willingly provided by Bauer (Bauer 2000) “Sixty-five percent of the aluminum samples were reported above detection limits, and 34 percent of the samples exceeded the EPA criterion.  Higher values for aluminum occurred in March and April, with extreme values occurring during the March 15, 1999 sample period.  Are the higher aluminum concentrations a source of toxicity to aquatic organisms?  Since the metals were analyzed as total metals, it is not feasible to answer this question with the current data set. Bioavailability of metals to organisms is associated with the dissolved fraction of the metal. To obtain a data set more comparable to the water quality criteria, field-filtered samples should be collected and anaylzed for dissolved metals.  If the metals concentrations were in a dissolved fraction (bioavailable), there would be a greater cause for concern. This question can be answered with a follow-up study that targets aluminum in selected parts of the drainage where higher concentrations were found (Rock, Fleming, and Deep Creek) and by using appropriate methods of data collection and analysis, such as field filtration and analysis for dissolved metals.

Twenty-four percent of the lead samples were measured above the detection limit.  An inspection of the data shows that the majority of the positive detections occurred at or slightly above the detection limits.  Do these results represent ambient lead concentrations that are a concern for aquatic toxicity or are they an artifact of the analytical procedures?  To answer this question, the results reported for the tributaries were compared to the results for lead in the mainstem of the Kootenai River summarized in an earlier study (Bauer 1999) from a lab that specializes in trace metal analysis.  The median value for the tributaries of 0.003 mg/L is approximately 100 times greater than the value reported in the Kootenai River.  Based on an inspection of the two data sets and a comparison of the laboratory detection limits used in the two studies, it appears that the positive detections reported for the tributaries in this study are an artifact of the analytical methods. The only way to positively resolve this question would be to resample for lead using clean sampling procedures and low-level analytical methods.”
Nutrients

“Nutrients occur at low levels in the Kootenai River tributaries consistent with the nutrient concentrations observed in the Kootenai River (Bauer 1998).  Dissolved phosphorus concentrations were for the most part below detection limits of 0.01 - 0.026 mg/L.  Although tributaries have been influenced by human activities there is no signal from this data set that the tributaries have been enriched with phosphorus.  It appears that these watersheds have a naturally low level of phosphorus and therefore even land-disturbing activities that may increase sediments (and associated phosphorus)  have not had an effect on increasing phosphorus to the Kootenai River tributaries.

Nitrates were measured above the detection limit (0.005 mg/L) 75 % of the time, but still occur at low concentrations characteristic of oligotrophic systems.  Nitrate concentrations in the tributaries were comparable to nitrate concentrations measured in the Kootenai River (median of 0.022 mg/L vs 0.055 mg/L in the river).  Tributaries on the east and southside (Fleming, Mission, Rock and Deep Creek) were noticeably higher with a median concentration of 0.071 mg/L possibly reflecting some anthropogenic sources.”  

Primary Productivity (Periphyton & Phytoplankton)
Primary productivity in aquatic and terrestrial ecosystems represents the organic matter  fixed (converted from solar energy) by autotrophic organisms through the process of photosynthesis (Odum 1997). In mid-order lotic systems primary productivity is the main source of biogenic development (energy production) upon which all higher trophic levels (macroinvertebrates and fishes) depend (Vanote et al. 1980; Allen 1995). Although a substantial loss in energy occurs during transfer from one trophic level to the next, in general, the greater the level of primary productivity the greater the potential for increased production at higher trophic levels, such as fishes. 

Benthic periphyton (a matrix of algae, bacteria, and fungi) is the key component of primary productivity in unshaded, mid-order streams and rivers (Stevenson et al. 1996). In large, deep rivers, phytoplankton (and sometimes macrophytes) replaces benthic algae as the dominant primary producers (Allen 1996), though in general production is low and is exceeded by respiration in such systems (P/R < 1). As mentioned previously, the Kootenai River in Idaho is a transition zone in terms of river morphology. From the Montana-Idaho border to the town of Bonners Ferry, ID, the river flows though a narrow canyon, then breaks into a wider braided reach. Relatively shallow depths and rocky substrates characterize both reaches. This section of the river may function in either a heterotrophic or autotrophic manner. Synder and Minshall (1996) reported some P/R ratio values greater than 1 (indicating autotrophy), but the majority were less than 1, indicating heterotrophic conditions exist there most of the time, and that external carbon sources (allocthonous) were more important to fueling the food web than was in-river production by autotrophs. However, they further reported that the Kootenai River upstream from Bonners Ferry would behave as an autotrophic (P/R > 1) reach if nutrients concentrations were higher, and that increases in primary production would ultimately stimulate fish production in the classical “bottom-up” manner. Kruse (2000, in prep.) reported chlorophyll a values well below values reported for the Columbia River, indicating low primary productivity in the Idaho portion of the Kootenai River and autotrophic index values indicating autotrophic production is slightly greater than respiration (Table 1.) (APHA 1998).  

Table 1. Comparison of chlorphyll a (mg/m2) and autotrophic index values for the Kootenai and Columbia Rivers. Data from July 2000 for each location. Periphyton scrapes were taken after 4 weeks.





Kootenai River

Columbia River

Chl a
15.7
85.8

Auto. Index
172 (128)1
NA



1 Parenthetic value represents average of sites from Bonners Ferry, ID to Troy, MT.
Secondary Productivity (Macroinvertebrates & Zooplankton)
A number of studies have examined secondary productivity in the Kootenai River (Bonde and Bush 1972; Perry and Perry 1979; Paragamian 1993; Hauer and Stanford 1997; Hopkins and Lester 1995; Richards 1998). Most have identified the Kootenai River as having relatively low levels of macroinvertebrate and zooplanton production, especially relative to other similar-sized Pacific Northwest river systems (Paragamian 1993; Hauer and Stanford 1994; Hopkins and Lester 1995; Royer and Minshall 1997). Comparison of macroinvertebrate densities (3520/m2) prior to the construction of Libby Dam (Bonde and Bush 1972) with studies conducted after impoundment (Synder and Minshall 1996) (917/m2) show an approximate 66% reduction in macroinvertebrate density (upriver sites)(Table 2).  

Moreover macroinvertebrate density during the summer months is much lower than pre-dam estimates; Hopkins and Lester (1995) found a downriver (all sites below Bonners Ferry, ID) macroinvertebrate density of 344.4/m2, while Richards (1998) reported 288/m2 (Table 2, Figure 4).  Macroinvertebrate density in the nearby Priest River (an oligotrophic system) was reported to be 3,944 macros/m2, while macroinvertebrate density in the Coeur d’Alene and Salmon Rivers were 62,938 and 38,233 per m2, respectively (Royer and Minshall 1997).  

However, downriver macroinvertebrate densities in the Kootenai River appeared to cycle seasonally from low to high, with densities as high as 10,000 macroinvertebrate per m2  (avg. approx. 3000/m2) during the late winter and early spring months at sites in the upper meandering reach (Richards 1998; Figure 4.). This strong cyclic behavior of macroinvertebrate densities (97 % reduction from winter to summer) at downriver sites is most likely due to low species richness (chironomids and oiligocheat worms constitute 95 % of the community) in the meandering reach downriver from Bonners Ferry, ID. Since most chironomids have a one-year life cycle, with passage to the terrestrial adult phase occurring in late spring through the summer months, a substantial reduction in chironomid larval density would be expected to occur as adults emerge to reproduce. Additionally, summer cropping by fish (suckers, sturgeon) may reduce benthic densities further (and may result in a food-limited environment for lower river fish several months annually).  

Table 2. Comparison of mean densities (#/m2) of macroinvertebrates found in the Kootenai River (K.R.)(upriver and downriver) from Bonners Ferry, ID, and, to other comparable river systems.


STUDY:RIVER
UPRIVER
        DOWNRIVER       OTHER RIVERS
Richards, 1996-97: K.R.
972.4 1,4
3,399 1 (2822)


Hopkins & Lester 1995: K.R.
NA
344.44 2


Bonde & Bush, 1967-721, 3: K.R.
3,520 
None


Snyder and Minshall 1996: K.R.
917 2
433.33 2


Royer and Minshall 1997: Priest River, ID


3,944

Royer and Minshall 1997: Salmon River, ID


38,233

Royer and Minshall 1997: CDA5 River, ID


62,938

1 Data from 12 month study

2 Data from summer months only.
3 Data from pre-impoundment (Libby Dam) study.
 4 Density estimate from rock-basket samples, semi-quantitative data.
5 Coeur ‘d’ Alene
Another interesting trend from Kootenai River macroinvertebrate studies is a decline in abundance as a function of distance downriver from Libby Dam, MT. Macroinvertebrate abundance appears greatest at sites in the “tailrace” section immediately below Libby Dam then slowly trails off as one progresses downriver. The decline becomes most evident at sites near Bonner Ferry, ID where abundance is approximately 50 percent lower than abundance found at sites in Montana (Table 3). Downstream from Bonners Ferry, Richards (1998) reported higher (about 1 fold) macroinvertebrate densities within the upper meandering reach (Shorty’s Island, rkm 231) compared to the lower meandering section (Porthill, ID, rkm  170), again pointing towards a decline in secondary productivity in a downstream direction (Table 2).   

Table 3. Comparison of macroinvertebrate relative abundance at Kootenai River sites near Libby Dam, MT and Bonners Ferry, ID. Relative abundance was averaged from two sites near each location. 

STUDY

BELOW LIBBY DAM, MT

CROSSPORT, ID


Richards (1998) 1
80
29.5

Hauer & Stanford (1997) 2
9511
4610

1 Rock basket samples (# per 20 x 35 cm basket), # per basket given.
2 D-frame kick-net samples (multiplied to estimate # per m2)
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Figure 4. Seasonal pattern of dominant macroinvertebrate taxa in the meandering reach of the Kootenai River. Data from Richards (1998). Composite of 107 ponar samples collected at four sites from Deep Cr (rk 240) to Porthill, ID (rk 173).
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Figure 5. Macroinvertebrate density (winter season) for upper, middle, and lower sites within the meandering reach of the Kootenai River, downstream from Bonners Ferry, ID (Data from Richards 1998).

Although some interesting patterns have emerged from past macroinverebrate studies, there has been a lack of sampling method standardization that casts a shadow of doubt over conclusions based on these investigations. For example, Hopkins and Lester (1995) and Richards (1998) used rock-basket sampling techniques at upriver sites (from Bonners Ferry, ID), which at best are described as “semi-quantitative” (Merritt and Cummins 1996). Unless extreme care is taken to measure the surface area of each particle within the basket, a true estimate of density is not possible, thus these data should be interpreted as relative abundance estimates. Additionally, Hauer and Stanford (1997) used D-frame aquatic kick nets to sample benthos, again a semi-quantitative method (which yielded the highest estimates). Future sampling strategies need to incorporate gear that are strictly quantitative, such as a Hess, Surber, or Slack Sampler (or perhaps diver-assisted suction dredging), and thus will yield good estimates of benthic production in the Kootenai River.

Only a limited number of zooplankton investigations have occurred in the Kootenai River to date (Paragamian 1994; Richards 1998; Kruse 2000, in prep.). Richards (1998) reported zooplankton densities ranging from 0.1 to 3.0 plankters/L, with an overall mean closer to 0.1/L, a value considered low even among other oligotrophic rivers of the Pacific Northwest. However, preliminary results from dietary analyses on non-game fishes in the lower Kootenai River (KTOI, unpublished data) indicate that zooplanton constitute a small fraction of the diet in some fish species (Figure 6).

Tertiary Productivity (Fishes)
The KTOI began an intensive fisheries survey (focusing on all species except sturgeon and burbot which are monitored by Idaho Fish and Game, project # 198806500) in the lower portion of the Kootenai River during the fall of 1998. Four sites were selected between Bonners Ferry and Porthill, ID and sampled seasonally. Nightime electrofishing was the primary sampling gear used, however gill-netting and angling data have been collected and will be incorporated in future analyses.

Data analyzed thus far shows largescale suckers the most abundant species at lower Kootenai River sites, both in numbers and weight (Table 4). Peamouth chub, northern pikeminnow, and mountain whitefish were the next most abundant species collected. Only a small number of rainbow trout (most were non-native forms, presumably of hatchery origin) were collected, and no cutthroat, redband, or bull trout were found during KTOI sampling (low numbers of both species have been reported in IDFG samples).   

Upstream from Bonners Ferry, the fish community species composition differs from that in the lower river reach. Largescale suckers are still abundant at upriver sites (from Bonners Ferry to ID-MT border); however salmonid numbers increase. Mountain whitefish comprise the majority of the salmonids, with moderate to low numbers of rainbow trout (hatchery and redband forms), westslope cutthroat, and bull trout (Jody Walters, IDFG, personal comm.) observed in recent sampling efforts. Peamouth chub, northern pikeminnow, and longnose sucker, species common in the deeper meandering reach below Bonners Ferry, become rare in the braided canyon and canyon reaches. Factors most likely influencing the fish community change at upriver sites are: increased habitat heterogeneity (riffles, runs, pools, large woody debris, a broader range of current velocities), differing substrata (pebble, cobble, small boulder), increased salmonid spawning and rearing habitat, and a more diverse macroinvertebrate community. Water temperature, however, does not appear to be a limiting factor to salmonid development within either the braided canyon or meandering reaches of the Kootenai River. Summer maximums generally are less than 70( F (KTOI, unpublished data), suggesting that if currently limiting factors could be removed, trout species may rebound.  

Table 4. Relative abundance of fishes collected by nighttime electrofishing at four lower Kootenai River sites between Bonners Ferry and Porthill, Idaho during the fall of 1998 (KTOI, unpublished data).

Catch per Unit Effort
Species1


MWF
LSS
LNS
PMC
NPM
RBT

N/HR2
42
119
13
102
46
3

B/HR3
3
61
6
14
3
--

1 
Species abbreviations are: MWF = mountain whitefish, LSS = largescale suckers, 
LNS = longnose sucker, PMC = peamouth chub, NPM = northern pikeminnow, and 
RBT = rainbow trout.
2 
Numbers per hour 

3 Biomass per hour

Productivity and Water Quality Summary

In summary, a number of factors have been identified as causal mechanisms behind the collapse of most important fish stocks in the Idaho portion of the Kootenai River (Table 5). An altered hydrographic regime, declines in macro-nutrients, low levels of primary and secondary productivity, and the loss of thousands of hectares of slough and wetland habitat have been proposed as causes of ecosystem collapse (Anders and Apperson 1993; Anders and Richards 1996, Synder and Minshall 1996; Walters and Korman 1997; Hauer and Stanford 1997; Richards 1998; Duke et al. 1999; Anders et al. 2000). Data collected from these studies and current investigations by the KTOI, indicate that a lack of lower trophic level productivity is a strong limiting factor to biogenic development within the Kootenai River. Other, perhaps equally limiting factors, are also affecting biological development. Of these, the loss of large, late spring flood events (up to 160K cfs) associated with spring rains and annual snowmelt, and, the disconnection of the river from slough, back-channel, and wetland habitats are potentially most damaging, further reduced nutrient inputs, and habitat heterogeneity. Additionally the loss of keystone species such as kokanee salmon, redband trout, burbot, and white sturgeon, which annually migrated from Kootenay Lake, B.C. to the Bonners Ferry area to spawn, has likely severed local nutrient cycles that naturally benefited the pre-development Kootenai River ecosystem.            

Table 5. A review of studies conducted in the Kootenai River watershed to identify limiting factors to fisheries production. Responses within the matrix table link study findings to mechanisms suspected to limit natural fish production in the post-development Kootenai River.

Problem(
Altered Hydrograph
Lack of Nutrients
Lack of Primary Productivi-ty
Lack of Seconda-ry Product-ivity
Loss of Backwat-er and In-River Habitat
Additional Comments

STUDY(







Walters and Korman 1997 (UBC)
YES
NO
NO
NO
NO
Data used to construct AEA Model, 1960-1994

Hauer and Stanford 1997 (MDFWP)
NC1
NC1
NC1
YES  “declines in abundance among import. Benthic organisms that support fish since 1979.”
NC1
Baetis spp density (Pipe Cr. area) > 6000 m-2  1979, < 300 m-2 1995. Chironomidae abund. in all reaches

Snyder and Minshall 1996 (ISU)
NC1 “BUT” Sediment accumulation in substrate maybe limiting macro production, reduced flows cause.
YES
YES
NC1
NC1
“Bottom-up food limitation, caused by low nutrient levels, is proposed as the mechanism behind declining fish pops”

Richards 1998 (KTOI)
NC1
NC1
NC1
Possible ??
NC1
Found very low macroinvert density during summer season below Bonners Ferry, ID

Duke et al. 1998 (USFWS)
YES
H1
H1
H1
H1


NC  1  = No Comment

H1 = Hypothesized to be a limiting factor to sturgeon recruitment.
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Figure 6. Partial results of dietary analysis performed on dominant non-game fish species in the meandering reach of the Kootenai River, downstream from Bonners Ferry, ID. Samples taken during summer season (1999). CHIRO = Chironomidae; OLIGO = Oligocheata.

c. Rationale and significance to Regional Programs
The proposed continued efforts of the Kootenai River Improvements Study (Project  199404900) will meaningfully address research and management mandates of the Northwest Power Planning Council (NWPPC), the US Fish and Wildlife Service (USFWS), Regional Kootenai River Subbasin Summary planning activities (KRSS), the Columbia Basin Fish and Wildlife Authority's Multi-Year Implementation Plan (MYIP), and the Kootenai River Network (KRN). This proposed research also addresses mandates from provincial and federal fisheries and environmental management and regulatory agencies in British Columbia, Canada, where a majority of the Kootenai River Basin is located. 

The NWPPC system-wide goal in the 1994 Columbia River Basin Fish and Wildlife Program is a healthy Columbia Basin: "one that supports both human settlement and the long-term sustainability of native fish and wildlife species in native habitats where possible, while recognizing that where impacts have irrevocably changed the ecosystem, we must protect and enhance the ecosystem that remains” (NWPPC 1994). The overall vision in the NWPPC’s 2000 Draft Columbia Basin Fish and Wildlife Program (NWPPC 2000) is “a Columbia River ecosystem that sustains an abundant, productive, and diverse community of fish and wildlife, mitigating across the basin for the adverse effects to fish and wildlife caused by the development and operation of the hydrosystem and providing the benefits from fish and wildlife valued by the people of the region.”  

The Kootenai River Improvement Study directly addresses the Fish and Wildlife Program’s system-wide goal (NWPPC 1994) and vision (NWPPC 2000) by: 1) providing baseline data to evaluate the feasibility and appropriateness of future large-scale nutrient addition to Kootenai River ecosystem, and, 2) providing scientifically rigorous methodology applicable for determining if other ecosystems potentially require rehabilitation following cultural denutrification.  This project also directly addresses the Columbia River Basin Fish and Wildlife Program (NWPPC 1994 as amended in 1995) Section 10.8B.22 that calls for the KTOI to “evaluate the biological feasibility of restoring system productivity; identify effects of hydropower operations on aquatic biota and fish assemblages; and to develop, test, and analyze solutions to ecosystem problems caused by factors currently limiting productivity, such as nutrient limitation and hydropower effects”.  This project evaluates and documents primary, secondary, and tertiary productivityin established baseline reference sites and will recommend future rehabilitative actions based on information from the monitoring sites. . Section 10.4B.5 of the NWPPC Fish and Wildlife Program also calls for an assessment of factors, such as limited food resources, that may be contributing to the lack of Kootenai River white sturgeon recruitment.  One of the tasks associated with this project is to assess the correlation of nutrient supplementation with growth and condition of larval sturgeon in an in situ setting. 

This project also directly addresses several crucial recovery measures listed in the USFWS Recovery Plan for White Sturgeon in the Kootenai River (USFWS 1999).  USFWS recovery measure 3.33 and task 3.331 call for “investigations of biological productivity and an assessment of the necessity of increasing nutrients in the Kootenai River”.  The Recovery Plan (USFWS 1999) reported that changes in nutrient availability have affected the food chain for the fish community, the prey base for many species including white sturgeon, growth rates, and possibly survival of larval fish.  

Our proposed research also directly addresses the fish and wildlife goal in the Kootenai Subbasin, identified by fish and wildlife managers in the Kootenai River Subbasin Summary (KRSS 2000 prepared for NWPPC).  This goal is: “to rehabilitate and protect the abundance, productivity, and diversity of biological communities and habitats within the subbasin.”  Objective 15 in the regulated mainstem section of the summary calls for the assessment of “a large-scale, controlled nutrient addition experiment downstream of Montana by 2004”.  This project directly addresses, evaluates, and documents the assessment of limiting factors related to nutrients and Objective 15 by implementing a mesocosm analysis within three biologically, and geomorphologically representative reaches of the Kootenai River in Montana and Idaho and performing an analysis of assessment program results and mesocosm results.  The Kootenai River Ecosystem Restoration Team will then be reconvened to develop recommendations for implementation of a large-scale restoration experiment depending upon the results of the analysis.

Additionally this project is directly tied to Objective 14 within the Kootenai River Subbasin Summary, namely to complete a large-scale monitoring effort of primary, secondary, and tertiary trophic/productivity levels by 2003. Data gathered from  monitoring, and combined with data from Objective 15, will drive the decision process concerning restoration activities in the Kootenai River sub-basin, especially as it pertains to Idaho and KTOI aboriginal lands. 

The primary objectives of this project are supported by the Multi-Year Implementation Plan (MYIP) objectives because they evaluate “healthy ecosystems which preserve functional links among biota to ensure the continued persistence, health, and diversity of all species including game fish species, nongame fish species, and other organisms” (RFM-CBFWA 1997).

The following text from the Draft USFWS Biological Opinion (Effects to Listed Species for Operations of the Federal Columbia River Power System, July 27, 2000), provides strong rationale for inclusion of Objectives 8 and 9 of this proposal (compensation for total fertilizer acquisition costs for Kootenay Lake and Arrow Reservoir fertilization projects O&M Objectives 1 and 2 in Part 1 of this proposal):

· 11.B. Kootenai River Sturgeon 1.i (pg. 74): "The action agencies shall seek opportunities to reduce July/August summer flow through Kootenay Lake.  One such opportunity would be retention of water in Lake Koocanusa under a Libby-Arrow water exchange.  The objective of this effort is to minimize flushing the eplimnetic forage base from Kootenay Lake during the peak of the growing season, as this food base, in part, supports the sturgeon".

· 11.B. Kootenai River Sturgeon 1.j (pg. 74):  "The action agencies shall seek a means to support an equitable portion of the ongoing Kootenay and Arrow Lakes fertilization program by 2001.  This program will minimize harm to sturgeon through forage base loss".

Draft Biological Opinion (USFWS, July 27, 2000) measure 11.B.1.i directly supports inclusion of Objective 8 of this proposal.  Draft Biological Opinion (USFWS, July 27, 2000) measure 11.B.1.j directly supports inclusion of Objective 9 of this proposal.

Further justifying inclusion of Objectives 8 and 9 in this proposal,  the ISRP, in its review of these proposed objectives for FY2000 (submitted as Project 20009), commented that "funding for fertilizer purchase should be evaluated in another forum" (NPPC Document ISRP-2000-2A, pg. 191).  Since no such forum currently exists within the NWPPC Fish and Wildlife Program, Objectives 8 and 9 are justifiably included as meaningful components of this proposal, consistent with its purpose of improving the Kootenai River ecosystem.  Inclusion of these two objectives is also consistent with and supported by NWPPC FWP (1995) measures 10.6C  and 2.2G.1:

· 10.6C:  “Fund efforts to restore sturgeon and burbot populations in the Kootenai River.  These populations are dependant on the productivity of fish habitats in the entire Kootenai River system including Kootenay River and Kootenay Lake in British Columbia.  Coordinate and share costs of this measure with Canadian fishery managers.”

· 2.2G.1: “The Council calls for the development, funding, and implementation of agreements between fish and wildlife managers on both sides of the U.S./Canada border that recognize the mutual benefit of protection mitigation and enhancement for transboundary species…” 

The project’s goals and objectives are shared and supported by the Kootenai River Network (KRN).  KRN is an alliance between citizen’s groups, individuals, business and industry, and tribal and government water resource management agencies in Montana, Idaho and British Columbia.  Through cooperative efforts, the KRN is working to improve resource management practices and to restore water quality and aquatic resources in the Kootenai River basin (KRN 2000). 

Finally, our proposed research goals address mandates from provincial and federal fisheries and environmental management and regulatory agencies in British Columbia, Canada, where a majority of the Kootenai River Basin is located.  Because much of the theoretical and empirical science, and logistical knowledge supporting nutrient enhancement was developed in British Columbia, and because the Kootenai River is an international waterway, our integrated project design provides maximum benefit from international coordination.

d. Relationships to other projects 
The overall goal for collaborative agencies and groups within the Kootenai River basin is to rehabilitate and protect the abundance, productivity and diversity of biological communities and habitats (KRSS 2000).  The objectives of collaborative projects within the basin are intended to address primary limiting factors. This mesocosm project is directly related to the overall goal and objectives of agencies and groups working in the Kootenai River basin. 

The Montana Department of Fish, Wildlife and Parks (MDFWP) in collaboration with the Tribes of Montana and Idaho, Idaho Department of Fish and Game (IDFG), and British Columbia, Canada, is implementing watershed-based enhancement and fish recovery actions to mitigate the losses caused by hydropower in the lower Kootenai subbasin (BPA project #199101903).  The Focus Watershed Coordination Project for the Kootenai River watershed fosters ‘grass-roots’ public involvement and interagency cooperation for habitat restoration to offset deleterious effects to the Kootenai River watershed.  IDFG is determining the status and limiting factors for the Kootenai River white sturgeon, burbot, whitefish, bull trout and redband rainbow trout stocks in the Kootenai River and effects of water fluctuations and ecosystem changes on these stocks (BPA project #8806500).  

The Kootenai Tribe of Idaho is implementing the conservation aquaculture program to prevent extinction, preserve the existing gene pool and begin rebuilding age class structure of the endangered white sturgeon in the Kootenai River (BPA project #8806400).  The implementation of this program also includes a monitoring and evaluation component to evaluate the success of the program, as well as a research component to test hypotheses concerning factors limiting the recruitment of wild white sturgeon.  The KTOI is also performing assessments, data analysis, and research in order to identify best management strategies to enhance aquatic biota in the Kootenai River ecosystem to recover native species assemblages across multiple trophic levels (BPA project #9404900).  An important aspect of the ecosystem project is the formation of a multi-agency team to develop and guide ecosystem restoration, research and management.  The KTOI, Idaho Department of Environmental Quality and the Kootenai River Network are also performing tasks and developing strategies to evaluate aquatic habitat quality and quantity in the basin.  The outcome of proposed mesocosm work will directly enhance the efforts by collaborative agencies to achieve the objectives of the aforementioned projects.

e. Project history (for ongoing projects) 

This project began in 1995 to resolve empirically demonstrated declines in native kokanee salmon, rainbow trout, burbot and white sturgeon populations in the Kootenai River (Partridge 1983; Apperson and Anders 1990, 1991; Ashley and Thompson 1993; Paragamian 1994).  Since then, numerous studies further quantified and reported continuing declines in these Kootenai River fish populations (Paragamian et al. 1995, 1996; Anders and Richards 1996; Paragamian and Whitman 1996; Bonneville Power Administration 1997; Richards 1996; Duke et al 1999; USFWS 1999).  See Anders et al. (2000) for discussion of causal factors of fish population declines in the Kootenai River.  

After the first years of this project, by incorporating data, conclusions, and recommendations from the above Kootenai River fisheries studies, it became clear that past single-species management approaches were largely inappropriate to resolve Kootenai River fish population declines.  Accordingly, the history of this project has been to invoke adaptive management to identify and resolve broad and fine scale ecosystem problems responsible for declining fish populations in the Kootenai River.

The main premise of adaptive management is that our knowledge is currently insufficient to accurately predict how an ecosystem, and its components, will respond to a particular management action or policy (Korman and Walters 1999).  A proven, calculated method to determine ecosystem response is to implement a particular experimental policy, following an extensive risk assessment, and monitor the responses of key indicators to that policy (i.e. adaptive management).

During the mid 1990's, this project facilitated the experimental design of such an adaptive management experiment for the Kootenai River ecosystem, using the Adaptive Environmental Assessment (AEA) workshop process.  The AEA process was developed at the University  of British Columbia in the 1970's, and has been applied world-wide approximately 150 times (Ashley and Shepherd 1996). 

The AEA process consists of two phases : 1) the design phase, including completion of an ecosystem-specific computer simulation model, and 2) the implementation phase. The AEA process involves senior ecologists with computer programming experience that work with an interdisciplinary group of knowledgeable participants to translate ideas, data, and policy concerns into a working computer simulation model for the ecosystem of interest. The Kootenai River Ecosystem model stimulated discussion and development of primary and alternative hypotheses concerning how the ecosystem operates, and provided ecological and economic assessments of potential management strategies. 

Phase one of the Kootenai River AEA process (experimental design and computer simulation model) was completed in May, 1997. The Kootenai River ecosystem simulation model continues to be an adaptable, working model, providing valuable insight into theoretical ecosystem responses to empirical and hypothetical input data.  The model also provides the ability to filter out hypotheses that could lead to futile and costly management efforts. Moreover, data collected since 1997, and data derived from bio-monitoring and water quality analysis proposed over the next few years should be used to bolster the model and its predictive power.

A one-year macroinvertebrate investigation, implemented to help develop a comprehensive inventory of the Kootenai River aquatic ecosystem was completed at the end of fiscal year 1997.  Macroinvertebrates are a vital trophic link, serving as a energy pathway between primary production and fishes. A lack of macroinvertebrate forage for juvenile white sturgeon could be a limiting factor inhibiting sturgeon population growth and condition. Richards (1998) found seasonally high numbers of chironomids and Oligochaetes (preferred food items of juvenile white sturgeon) downstream of Bonners Ferry, ID, an area frequented by both spawning and juvenile sturgeon.  However, total macroinvertebrate densities were very low during the summer months (July-August) during the year macros were sampled (1997-98) in the same reach of the Kootenai River. Low benthic invertebrate densities may represent a seasonal bottleneck in available forage that could have direct effects on juvenile sturgeon (as well as other fish species) survival and carrying capacity in the post-development Kootenai River ecosystem. 

A Kootenai River tributary survey agenda was developed in 1998 to assess the availability of suitable habitat for fish species that use streams to spawn, determine potential sources of perturbation to the streams, and evaluate sites for potential enhancement or remediation opportunities. The information obtained from the surveys will be necessary for the development of enhancement and restoration measures to improve spawning and rearing habitat for a number of fish species including white sturgeon, kokanee salmon, burbot, bull trout, Westslope cutthroat and interior redband trout.  Results from the first survey can be found in "Stream Habitat Survey of Long Canyon, Parker and Trout Creeks: Tributaries to the Kootenai River, Idaho, with Special Consideration of Kokanee Spawning Habitat and Enhancement Potential" (EcoAnalysts, Inc. 1998). 

f. Proposal objectives, tasks and methods

Overview
As part of the adaptive environmental process (AEA), used to guide the Kootenai River Ecosystem Project, co-managers and other interested parties (International Kootenai(y) River Ecosystem Restoration Team; henceforth, IKRERT) met in the spring of 2000 in Nelson, B.C. to discuss past, present, and future of management and research within the Kootenai River sub-basin (in particular the Idaho portion of the river), and steps needed to recover lost habitat, productivity, and fisheries. Taking the lead from past research efforts (and the continuing AEA process) in the sub-basin, talks centered around nutrient conditions, and specifically, the effects low nutrient levels would have on biological strata within the ecosystem. Although a growing body of evidence supports low nutrients and productivity as one of the strongest limiting factors affecting the ecosystem, it was generally agreed that several additional years of water quality and biological monitoring (with a large-scale, landscape design) would greatly enhance the overall portrait of conditions in the watershed. Additionally it would provide a logical pathway (within 2-3 years) to a “decision point” regarding a controlled nutrient enhancement experiment in the Kootenai River downstream of Montana by 2004 (KRSS 2000). 

The salient points derived, and thus proposed, from the AEA process are: (1) do multi-trophic level biological monitoring in each ecologically and geomorphologically differing reaches of the Kootenai River from Libby Dam, MT to the delta of the river at its entrance into Kootenay Lake, B.C. A total of 10 sites (Figure 7) was determined to provide good spatial and ecological coverage of downriver conditions. Additionally a site was proposed upstream from Lake Koocanoosa (the unregulated portion of the K.R.) as an analog or reference condition (though impacts other than river regulation are present, KRSS 2000). The variables agreed upon for monitoring were: primary productivity (periphyton), secondary productivity (macroinvertebrates & zooplankton), tertiary productivity (fishes, all species), and water quality parameters (mainly the macro-nutrients nitrogen and phosphorous in several forms each).

The team felt that in-situ nutrient bioassays (mesocosm experiments) performed simultaneously with biomonitoring would yield the most information in the shortest amount of time. Mesocosm results have allowed mangers and researchers in other river systems to make informed decisions about the effects of nutrient amplification on in-river productivity prior to large-scale, in-river application (Oliver 1998; Ashley et al. 1999).  

The proposed biomonitoring and mesocosm work outlined in this proposal involves several agencies and academic institutions) KTOI, Idaho Fish and Game Dept., Montana Dept. Fish, Wildlife and Parks, the British Columbia Ministry of Environment, Idaho State Univ. and the Univ. of Idaho. An annual meeting of personnel from these agencies and institutions is proposed to discuss results from the past monitoring year, and make adjustments for the upcoming monitoring season (IKRERT, AEA process).
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Figure 7. Map of Kootenai River sub-basin and proposed bio-monitoring locations. 
OBJECTIVE 1:  Initiate NEPA permitting process to accommodate Kootenai River ecosystem restoration research, monitoring and management activities.


Task 1a:  Provide all required NEPA documentation.

Methods:
The NEPA permitting process will be initiated prior to any large scale restoration work on the Kootenai River. All NEPA work will be sub-contracted.

OBJECTIVE 2: Monitor key water quality parameters, with an emphasis on macro-nutrients needed for in-river biogenic development.

Task 2a: Take monthly water quality samples and analyze for macro-nutrients.

Methods:

Monthly water quality samples will be collected at 10 sites within critical reaches of the Kootenai River ecosystem from Libby Dam, MT to Kootenay Lake, B.C. during the biologically productive seasons (March to October) (Figure 7). When possible, water samples will be taken from a boat and will integrate water from several depths and locations along a transect representing near-shore and mid-channel flows. At least three samples will be taken at each site. Samples will be sent to the Spokane Tribal Lab in Spokane, WA within 24 hours for analysis. Total nitrogen, N-ammonia, nitrite-nitrate, total Kjedhal nitrogen, and, total and ortho-phosphorous will be analyzed to the lowest possible detection limit (2 ppm).      

OBJECTIVE 3: Evaluate in-river productivity of the Kootenai River before (and potentially after) a large-scale nutrient supplementation experiment. 

Task 3a. Monitor productivity at all trophic levels in the Kootenai River. 

Primary and secondary productivity will be monitored at the ten standard locations within critical reaches of the Kootenai River between Libby Dam, MT and Kootenay Lake, B.C. (Figure7). Tertiary productivity (fish) will be monitored at least 5 of the same sites identified above. The KTOI will work cooperatively with the Idaho Fish and Game Dept. (Project  8806500) during fish biomonitoring. 


Methods 
Monitor chlorophyll a concentration & periphyton biomass
Monthly quantitative algae scrape samples will be collected at the 10 standard sites (Figure 7) within critical reaches of the Kootenai River ecosystem from Libby Dam, MT to Kootenay Lake, B.C. during the biologically productive seasons (March to October). Samples will be taken from clay tiles. Four tiles will be placed on the bottom of the river along a transect from the shoreline to the thalweg one month prior to the start of the spring growth period (approximately 1 March 01). Two 2.54 cm2 areas of periphyton will be collected from each tile and preserved in acetone. Samples will be sent to the University of Idaho limnology lab for chlorophyll a analysis. Since chlorophyll a concentration and algae biomass are strongly correlated (APHA 1998), we will use this technique to derive estimates of periphyton biomass. 

Monitor algal species composition  
Additional algae scrape samples will be taken each for the purpose of identifying algal taxa (diatoms, etc.) present within the periphyton community (same sites and times as chlorophyll a sampling). Cell counts per unit area of substrate, species composition, and diversity of periphyton collected from glass slides will be used to determine taxonomic richness within treatments. Taxa will be grouped as blue-greens (Cyanophyceae), green algae (Chlorophyceae), diatoms (Bacillariophyceae) or flagellates (Chrysophyceae, Euglenophyceae, Pyrrophyceae and Cryptophyceae). Differences in taxonomic richness will be compared for monthly intervals. Taxonomic analysis will be performed by a yet to be determined subcontractor that specializes in this area. 

Monitor macroinvertebrate species, biomass, density, & community attributes
Monthly macro-invertebrate samples will be collected at the 10 standard sites within distinct reaches of the Kootenai River ecosystem from Libby Dam, MT to Kootenay Lake, B.C. during the biologically productive seasons (March to October). Samples will be taken with quantitative gear (Slack, Hess, and Ponar samplers) whenever possible which will allow the estimation of the density and biomass of macro-invertebrates within a given area (i.e. numbers/weight per m2). Six macroinvertebrate samples will be taken at each site along a transect, with representation of near shore and mid-channel habitats. Macrobenthos protocols set forth by Royer and Minshall (1997) will be used in field sampling and metric analyses. KTOI personnel will clean and sort macro-invertebrate samples from debris in the KTOI lab. Clean, sorted samples will be shipped to EcoAnalyst, Inc. for taxonomic analysis (lowest possible level, except for Chironomidae), biomass determination, and analyses of community attributes (i.e. functional feeding classifications, relative health indices).  

Monitor fish species/community dynamics & abundance
The relative abundance of fishes will be assessed at key locations in the Kootenai River, using the same standard sites. Since the river is large and an open system, fish population estimates will be assessed as  relative abundance (number and biomass per hour) only.  Boat electro-fishing will be the primary gear used and will be performed in near-shore habitats at night. Sampling will be conducted the first two weeks of September each year. The same one kilometer stretch of river shoreline will be electro-fished on each side of the Kootenai River at each site (totaling 2 km). Two netters will net all fish without intentional bias towards size or species. All fish will then be weighed and measured. Since some species (sturgeon, burbot, and sculpins) are less susceptible to electro-fishing, gill nets, hoop nets, rod & reel, and beach seines will be used to supplement collection methods. Hence a more accurate picture of the overall fish community, and its abundance, can be attained.  

OBJECTIVE 4: Test the feasibility of a Kootenai River controlled nutrient addition experiment.

Task 4a:  Perform in-river controlled nutrient addition experiements (i.e. mesocosm) at several key locations on the Kootenai River.
In addition to biomonitoring of ambient in-river productivity (nutrients, algae, macros and fish), the mesocosms will help identify effects of nutrient additions to Kootenai River waters in a controlled environment. Artificial Plexiglas channels containing a cleaned, gravel-cobble mix (for colonization by primary and secondary producers) similar to substrates found in the Kootenai River will be used to test the effects of nutrient enhancement on algae and macroinvertebrates. In addition, a pair of control channels (no nutrients added) will be used to compare results found within treatment channels (nutrients added). A total of three mesocosms will be used; mesocosm locations will be spatially separated to maximize differences in landscape, geology, and water chemistry between Libby Dam, MT and Kootenay Lake, B.C. Exact mesocosm locations have yet to be determined, but will be intentionally representative of geomorphologically distinct Kootenai River reaches.        

Methods 

Measure chlorophyll a concentration 
Styrofoam substrates will be used for periphyton colonization sites in the mesocosm treatments (Oliver 1998). Weekly core samples will be collected from each treatment, placed in vials, wrapped in aluminum foil, and held frozen in a dark environment until extraction with 90% acetone can be performed. Spectrophotometric analysis of chlorophylls will be conducted according to methods cited in Standard Methods (APHA 1998).  The amount of pigment per unit surface area of sample (mg chlorophyll a/m2) will be measured by multiplying the concentration of chlorophyll a by the volume of extract and dividing by the area of substrate.  Chlorophyll a levels will be adjusted to allow for passive settlement. 

Measure periphyton biomass
In order to measure biomass, several replicate clean substrates will be exposed to the individual treatments within each mesocosm.  After one month, accumulated material will be scraped from the slides and material will be ashed according to methods cited in Standard Methods (APHA 1998) .  Biomass (measured as ash-free dry weight) and the amount of pigment per unit surfaced area will be used to calculate the Autotrophic Index (AI) as a measurement of the trophic nature of the periphyton communities within treatments. Ash-free dry weight, time of exposure and substrate surface area will also be used to determine net productivity within the treatments. Changes in ash-free weight per unit area from one collection period to the next will be used to measure net loss or net production between sampling periods and seasons and to develop a picture of time-course chlorophyll a levels.  The affect of flow variation within treatments will be considered when determining net productivity by looking at the flow by treatment interaction (Oliver 1998).  

Identify and enumerate periphyton taxa
Cell counts per unit area of substrate, species composition, and diversity of periphyton collected from glass slides will be used to determine taxonomic richness within treatments (Oliver 1998). Taxa will be grouped as blue-greens (Cyanophyceae), green algae (Chlorophyceae), diatoms (Bacillariophyceae) or flagellates (Chrysophyceae, Euglenophyceae, Pyrrophyceae and Cryptophyceae). Differences in taxonomic richness will be compared for monthly intervals.

Measure macroinvertebrate biomass
Macroinvertebrate biomass will be assessed in two manners: (1) A removable rock-basket invertebrate sampler; and, (2) removing all organic debris (and thus all macroinvertebrates) from the each trough (treatment and controls) at the end of the biologically productive season. The rock-basket samplers will be removed from each trough twice during the productive season (at approximately the mid and end points) and all macroinvertebrates removed. Both methods require sorting of macroinvertebrates from organic and inorganic debris. Aquatic invertebrates will be stored in glass vials and preserved in 70% ethanol. In the lab, macroinvertebrates will be oven-dried at 60 ( C for 24 hours; dry mass for each sample will be determined using a Cahn Microbalance sensitive to 1 (g (APHA 1998). 

Identify macroinvertebrate taxa

A separate rock-basket (independent from biomass samples) will be placed in each trough and will be removed at the middle and end of the biologically productive season (approximately early August and the middle of October). Invertebrates will be sorted from debris, stored in glass vials, and preserved with 70% ethanol. Samples will be shipped to EcoAnalysts, Inc. for identification and enumeration. 

Identify macroinvertebrate feeding guilds

After macroinvertebrates have been identified to either species or genus, a determination of functional feeding groups (herbivores, detritivores, omnivores, predators, etc.) will be made. Ecological software (based on functional feeding determinations by Merritt and Cummins 1996) will be used to determine functional feeding group status of the macroinvertebrate communities inhabiting treatment and control troughs.

Compare control to treatments for all tasks above 

Periphyton and macroinvertebrate biomass, species composition, and chlorophyll a concentration will be directly compared between troughs administered with differing concentrations and ratios of nitrogen and phosphorous treatment, and troughs receiving no nutrient additions (controls).

Compare results of all tasks identified in objective 2 between strategically located mesocosms
Periphyton and macroinvertebrate biomass, taxa composition, and chlorophyll a concentration will be directly compared among in-stream mesocosms strategically located at three geomorphically different locations in the Kootenai River sub-basin, which represent potential differences in in-river productivity (research to date indicates higher in-river productivity at sites immediately below Libby Dam, MT may steadily decline in a downstream direction towards Bonners Ferry, ID (Synder and Minshall 1996; KTOI data)). 

OBJECTIVE 5: To identify, assess, protect, and rehabilitate critical stream segments within tributaries of high importance relative to the lower Kootenai River ecosystem.

Task 5a.  Same as objective.

Smaller, low-order tributaries, are an important functional part of riverine ecosystems (Allan 1995), often comprising a significant portion of overall channel length in a given drainage (Beschta and Platts 1986). They provide nutrients and organic food sources for primary and secondary production as well as nursery and spawning habitat for many fish species. In an ecological context, one can view tributaries as an important continuation of the larger river ecosystem.  Thus, the health of tributary streams is often closely tied to the health of the associated larger river.

Within this ecosystem-food web perspective, the KTOI began a multi-year stream habitat/biota survey of lower Kootenai River tributaries (between Bonners Ferry and Porthill, ID) in 1998. Streams where historical kokanee spawning has occurred were given top priority in selection of tributaries to be surveyed, as these adfluvial, native, salmonids are considered to be an important part of the historical Kootenai River ecosystem, cycling nutrients from Lake Kootenay, B.C. back to tributaries and the mainstem of the Kootenai River. In addition, kokanee presumably served as a seasonal food source for adult sturgeon in the river. 

Methods
Historic reviews, Proper Functioning Condition (PFC) assessments and in-depth bioassessments will be used to determine the overall health and potential of lower Kootenai River tributaries.  One tributary will be assessed at a time, beginning with those of highest priority (based on native species use, landowner cooperation and accessability, and overall ecological importance to the lower Kootenai River ecosystem).  PFCs will be conducted in cooperation and accordance with methods used by the National Riparian Service Team (NRST).  In-depth bioassessments will be conducted in accordance with methods cited in Bain and Stevenson (1999), Barbour et al. (1999), APHA (1998), Century West et al. (2000), and the Idaho DEQ BURP program.  Landowner and community coordination and cooperation will play an important role in the success of this program by providing concensus, property access and assistance.  Following the PFC, baseline assessment and historic review, a planned sequence of activities to determine needs and priorities for restoration of habitat will be prepared.  Pending the results of the background survey, feasible restoration, rehabilitation and/or enhancement activities will commence.  In order to identify stream habitat and aquatic fauna changes over time in response to enhancement and rehabilitation activities, a monitoring and evaluation program will also follow all restoration activities.

OBJECTIVE 6.0:  Provide written summaries of all research and management activities for project 1994-049-00.

Task 6a.  Write quarterly, annual, and completion reports for project work.

Methods:
The principle investigator for project 1994049000 will submit quarterly, annual, and  research and management completion reports in a thorough and timely manner. Reports concerning topics outside the expertise of the project P.I. will be done on a sub-contract basis, and also provided in a timely manner. 

OBJECTIVE 7.0:  To convene with other agency and institution personnel and discuss  management, research, and monitoring strategies for the Kootenai River ecosystem (IKRERT).

Task 7a.   Hold an annual  IKRERT conference-workshop bringing together all academic, agency, and private stakeholders in the management of the Kootenai River ecosystem.

Methods:

An annual conference-workshop will be held to present, analyze, and discuss monitoring and research data collected during the previous year, review ecosystem restoration techniques, and provide a forum for presentations of related topics. All interested parties in the management and/or research of the Kootenai River ecosystem will be invited to attend.  Currently representatives from KTOI, IDFG, Montana Dept. Fish Wildlife and Parks, British Columbia Ministry of Environment, the University of Idaho, Idaho State University, and the University of British Columbia attend IKRERT functions.

Task 7b.   Attend regional meetings, conferences, and workshops covering ecosystem management and other closely related (e.g. biomonitoring) activities.  

When possible, KTOI personnel will attend meetings, conferences, and workshops that deal with subject material related to the improvement and rehabilitation of the Kootenai River ecosystem.

Objective 8.0:  (Listed as O&M Task 1 in Part 1 of this proposal)

Mitigate costs of nutrient addition in the Kootenai River ecosystem (Kootenay Lake), as mandated by the USFWS Biological Opinion, due to lost system productivity caused by construction and operation of  Libby Dam.
Productivity in Kootenay Lake has been significantly reduced by Libby Dam, situated on the Kootenai River in Montana.  Libby Dam and the impounded Koocanusa Reservoir reduced downstream transport of phosphorous and nitrogen by up to 63% and 25% respectively  (Woods 1982), with sediment trapping efficiencies exceeding 95% (Snyder and Minshall 1996).   Serious concerns over this issue were first raised in the late 1980’s, when patterns of declining growth and abundance of Kootenay Lake kokanee, bull trout and rainbow trout were observed.

Intensive study, modelling and a review of options to address the negative effects of  this problem began in 1990 (Korman et al. 1990, Walters et al. 1991).  A large scale, experimental lake fertilization project was subsequently implemented in 1992.  BC Hydro and the B.C. government (MELP) have provided funding and in-kind support.  In the seven years since initiation of this program, a significant increase in phytoplankton, zooplankton and kokanee abundance (seven-fold)  has been noted in the lake (e.g., Ashley et al. 1997a, Ashley et a.l 1997b, Rae et a.l 1997, Yang et al. 1997).  Adult kokanee escapement to the Meadow Creek Spawning Channel and Lardeau River increased from a historic low of 300,000 fish in 1991 to 2.1 million fish in 1998.  Bull trout and rainbow trout abundance and growth have also increased post-fertilization.  Although the lake contains Mysis shrimp, which compete for the same food sources as kokanee, mysids have not responded to the extra food supply to the point of significantly impacting kokanee stocks thus far.

Because native imperilled Kootenai River fish (kokanee, burbot, redband trout, white sturgeon, and others) spend considerable portions of their lives rearing and maturing in Kootenay Lake, rehabilitation of that system is crucial to the success of this project (BPA-94-49).  The Kootenai River has undergone the recent loss or decline of several historically productive fisheries.  Following impoundment of the Kootenai River by Libby Dam, habitat alteration and cultural denutrification have contributed to the lack of recruitment of white sturgeon, burbot, and other native fish populations in the Kootenai River (see below).   

· White sturgeon Acipenser transmontanus – endangered, ESA

· Burbot Lota lota– petitioned for ESA listing (On 12/7/2000, American Wildlands and the Idaho Conservation League filed a 60-day notice of intent to sue the USFWS in federal court due to lack of response to the petition to list filed in February of 2000)

· Bull trout Salvelinus confluentus – threatened, ESA

· Westslope cutthroat Oncorhynchus clarki lewisi– petitioned for ESA listing; abundance low

· South Arm Kokanee stock Oncorhynchus nerka– considered functionally extinct

· Inland redband trout Oncorhynchus mykiss gairdneri– abundance low; status unknown in Idaho

Task 8.1:  Fully fund fertilizer acquisition costs to implement proven nutrient addition to improve the Kootenai River ecosystem (Kootenay Lake).

Objective 9.0:  (Listed as O&M Objective 2 in Part 1 of this proposal)

Mitigate costs of nutrient addition in Arrow Reservoir, as mandated by the USFWS Biological Opinion, to compensate for lost Arrow Reservoir productivity caused by the "Libby-Arrow swap" water management strategy.
A similar situation (post-impoundment ultra-oligotrophy) exists in Arrow Reservoir.   Productivity and nutrient availability in this impoundment have been significantly reduced by a series of three dams: Keenleyside Dam, which formed Arrow Reservoir from Upper and Lower Arrow Lakes, and Mica and Revelstoke dams, located upstream of the Arrow basin.  These dams have permanently changed the flow dynamics and significantly reduced nutrient loading in the reservoir, and have influenced native fish populations by flooding and/or blocking migration to spawning and rearing habitat, altering water quality and decreasing reservoir productivity. Kokanee stocks in Arrow Reservoir have shown a dramatic decline in spawner escapement and mean size over the last several years.  As in the case of Kootenay Lake, this decline is the result of decreased nutrient loading to the system as a result of both the Mica and Revelstoke dams, which are retaining nutrients that historically entered Upper Arrow Lake.

In 1997 and 1998  a detailed limnological study confirmed the ultra-oligotrophic status of Arrow Reservoir, and that nutrient loading is considerably below historic levels (Bob Lindsay, BCME, pers. comm.).  A full-scale fertilization and associated monitoring program was subsequently implemented in the Upper Arrow basin in 1999 to restore lake productivity to historic levels. Benefits to Arrow Reservoir in only two years of fertilization (1999 and 2000) have shown a marked increase in kokanee abundance and size. In-lake kokanee abundance in Upper Arrow increased from 4.4 million in 1998 (pre-fertilization) to over 10 million in 2000 and spawner escapement increased from 47,000 1996 to 193,000 in 2000 (four year life cycle). The average size of kokanee spawners also increased from 190 to 230 mm historically to just over 300 mm in 2000. 

To date, impacts on Kootenay Lake and Arrow Reservoir productivity caused by increased summer flows required for juvenile salmon conservation have not been considered. Salmon flows increase flushing rates at a time of year when nutrient uptake and system metabolism are highest.  Given that flushing rates are inversely related to nutrient availability (Vollenweider 1968), moving additional water through either of these reservoirs during July and/or August will significantly reduce productivity.  A further impact is also expected as a result of the “Arrow-Libby swap” flow management strategy, in which additional water will be passed through Arrow Reservoir to avoid excessive drawdown of Koocanusa Reservoir.  Although the Libby drawdown issue is of recreational concern, the end result of such a flow “swap” is an additional reduction in productivity to  Arrow Reservoir

Task 9.1: Fully fund fertilizer acquisition costs to implement proven nutrient addition to enhance productivity of Arrow Reservoir.
g. Facilities and equipment
All field-research and non-subcontracted lab and analysis work will be based out of the Kootenai Tribe Fish and Wildlife Headquarters in Bonners Ferry, ID. The KTOI will provide necessary support (labor, technical advise) and major equipment (boats, trucks,). Sample analyses (i.e. chlorophyll a, algal taxonomy and cell counts) and data input, management, and analyses will be conducted at KTOI offices and the University of Idaho (UI) limnology laboratory (spectrophotometer, compound microscopes, etc.). UI resources will be available and used through a graduate student partnership (Genevieve Hoyle, MS candidate, and Dr. C. Michael Falter, Major Professor). Site-dependent and site-independent tasks will be addressed by named subcontractors for this proposal, who remain available for ongoing project review, evaluation, and guidance. 
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Charles E. Holderman
Education:  B.S. Fisheries Management, University of Idaho, 1989


       M.S. Aquatic Entomology, with a Stream Ecology Emphasis, University of Idaho, 1998 

Place of Birth: Bellefonte, PA, 10 August 1959

Present Position: Fisheries Biologist, Project Manager (Kootenai River Ecosystem Project), Kootenai Tribe of Idaho.

Office Address:  Kootenai Tribe of Idaho, PO Box 1269, Mission Hill Rd., Bonners Ferry, ID 83805

Office Phone/Fax/e-mail:  (208) 267-3620 (1131); Cholderman@Kootenai.org

Professional Interests: Aquatic (lotic) ecology, cascading trophic interactions, stream-river health, monitoring, and restoration.

Recent Publications and Reports:

Holderman, C. E.  2000.  Field experiments to assess white sturgeon egg development 

and hatching success in the Kootenai River. In prep.  Kootenai Tribe of Idaho report to Bonneville Power Administration (Contract No. 95BI40364).  Portland, OR.

Holderman, C. E.  2000. Fisheries Investigations in the lower Kootenai River, Idaho, with emphasis on non-game and Salmonid species. In prep.  Kootenai Tribe of Idaho report to Bonneville Power Administration (Contract No. 95BI40364).  Portland, OR.

Holderman, C.E. 2000. Distribution and Abundance of the Paiute sculpin (Cottus beldingi) in Lapwai Creek, Idaho in relation to selected physical and biological parameters. In Prep.

Holderman, C.E. 1998. An Evaluation of Benthic Insect-Fish Community relationships in Lapwai Creek, Idaho with emphasis on the distribution, abundance, and the diet of the Paiute sculpin, Cottus beldingi. Masters Thesis, University of Idaho. 

 Employment

· January 1995-Dec. 1998. Graduate researcher, University of Idaho, Plant, Soil, and Entomological Sciences Dept. Earned Masters of Science 1998.

· 1992-1994. Fisheries biologist, United States Forest Service, Umatilla and Ochoco National Forests.
· 1991-1992. Field technician, Cielo Azul Wildlife, consultants. Silver City, New Mexico.
1989-1991. Research Assistant, University of Idaho, Plant, Soil, and Entomological Sciences Dept.  

· Paul J. Anders
University Research Associate, Independent Fisheries Consultant, Doctoral Student

(12 yr. fisheries research experience in Columbia Basin, US, CDA., 17 yr. in fisheries profession)

Education

Ph.D. (In Progress), University of Idaho, Center for Salmonid and Freshwater Species at Risk.

MS. Biology (Fisheries), Eastern Washington University 1991. 

B.S. Natural Science (Aquatic Ecology), Saint Norbert College, DePere WI., 1983.

Relevant Research Interests and Accomplishments

My relevant research interests include accurate empirical documentation of post-development aquatic ecosystem function, and development, implementation, and evaluation of innovative restorative ecology experiments.  My direct involvement  in Kootenai River ecosystem research began in 1989, with a telemetry study (MS. Thesis) of endemic Kootenai River white sturgeon.  Since that time I have been thinking, researching, and writing about how post-development changes in the Kootenai River ecosystem have altered it's ecology.  Since then I have also been proposing and evaluating means to rehabilitate the system, in the field, and in annual reports, peer-reviewed scientific publications, and Federal Endangered Species Recovery Plans (Kootenai River white sturgeon). I designed and helped implement the first ecosystem-based assessment of the Kootenai River (BPA 94-49), and enthusiastically continue to pursue new and innovative approaches to Kootenai River ecosystem rehabilitation.

Employment
· Research Associate, University of Idaho, Center for Salmonid and Freshwater Species at Risk

       Aquaculture Research Institute, ID. (1/99-Present).

· Independent Fisheries Consultant (1/99-Present).

· Doctoral Research Assistant, University of Idaho, Aquaculture Research Institute, Fish Genetics Lab, Moscow,  ID. (7/96-12/98).

· Fishery Biologist/Administrator, Kootenai Tribe of Idaho, PO. Box 1269, Bonners Ferry, 

      ID. (2/93-7/96).

· Fishery Biologist (GS-9-482), U.S. Fish and Wildlife Service, Columbia River Field Station, 

      Cook WA. (8/90 - 2/93).

Relevant Publications

· P. J. Anders,  D. L. Richards, and M.S. Powell. 2000. The First Endangered White Sturgeon Population (Acipenser transmontanus): Repercussions in an Altered Large River-floodplain Ecosystem. ).  In: Proceedings of  130th Annual Meeting of the American Fisheries Society.  August 20-24, 2000.  St. Louis MO. Pgs 8.1 - 8.32. (to be published in 2001 as AFS Special Publication.)

· S. Duke, P. Anders,  G. Ennis, R. Hallock, S. Ireland, J. Laufle, R. Lauzier, L. Lockard, B. Marotz, V. Paragamian, and R. Westerhof. 1999. Recovery Plan for Kootenai River White Sturgeon (Acipenser transmontanus). Journal of Applied Ichthyology, Vol. 15:157-163.

· S. Duke, P. Anders,  G. Ennis, R. Hallock, S. Ireland, J. Laufle, R. Lauzier, L. Lockard, B. Marotz, V. Paragamian, and R. Westerhof. 1999. White Sturgeon: Kootenai River Population. Recovery Plan. Prepared by Region 1, U.S. Fish and Wildlife Service, Portland OR. USA.

· Anders, P. and D. Richards. 1996. Implications of Ecosystem Collapse on White Sturgeon (Acipenser transmontanus) in the Kootenai River, Idaho, Montana, and British Columbia. In: Proceedings of the International Congress on the Biology of Fishes, San Francisco State University, CA. July 14-18, 1996. pp. 27-40.

· Anders, P.J. 1995, 1994, 1993. Natural Spawning of White Sturgeon in the Kootenai River. In: Kootenai River White Sturgeon Studies. Annual Report of Research, 1995, 1994, 1993. Report A. Bonneville Power Administration Project No. 88-64.

Genevieve Hoyle

Fisheries/Limnological Technician—M.S. Graduate Candidate, University of Idaho, Jan. 2001

Education: BS Fisheries and Wildlife Biology, May 1995

University of Iowa, Ames, IA

Employment History:

4/00-present
Lead Fisheries Technician; AVISTA Corporation; Clark Fork, ID



•  Responsible for maintenance and monitoring of two rotary screw traps;



   PIT tag adult and juvenile bull trout; collect data from all species

   Sampled.

•  Constructed and installed four instream box traps used to collect in-out-             migrating adult bull trout; fish were PIT – tagged and measured; collect     otoliths from morts.

•  Collect flow data from nine tributaries in Pend Oreille drainage.

•  Backpack electro fishing for juvenile bull trout; snorkeled for adult bull

trout to determine population estimate.

•  Night telemetry on the Clark Fork River; locate radio-tagged cutthroat,     brown, and bull trout.

•  Responsible for data entry and management, vehicle maintenance, and gear preparation..

10/99-1/00
Biological Aide; Idaho Department of Fish and Game; Clark Fork, ID

10/98-10/99    



•  Maintained and monitored a kokanee weir located in a remote location on Lake Pend Oreille.



•  Involved ten day stays in the backcountry without supervision



• Conducted shoreline kokanee redd surveys.



•  Collected kokanee eggs and roe for the hatchery.

6/99-10/99
Fisheries Technician; ID Department of Fish and Game; Bonners Ferry, ID


•  Involved with night electro fishing for rainbow and cutthroat trout on the    Kootenai River; backpack e-fishing for juvenile trout; snorkeling local tribs looking for bull, rainbow, and cutthroat trout. 


•  Check and maintain a rotary screwtrap; use MS-222 and /or clove it to anesthetize fish to gather length, weight, and cutthroat trout and mountain whitefish to determine age and growth patterns.


•  Responsible for boat and vehicle maintenance; must have gear ready and in working order for field days.


•  Responsible for data entry and Management and for training and supervising bio-aides during fieldwork.

2/99-6/99
Biological Aides; ID Department of Fish and Game; Bonners Ferry, ID

3/97-11/97

3/96-11/96
* Captured adult Kootenai white sturgeon using setlines; fitted them with sonic and radio transmitters; gathered length, weight and pectoral fin ray sections; PIT-tagged new fish.


•  Performed surgeries to determine sex and sexual development.


•  Other duties as assigned

Gretchen Kruse

Subcontractor

Aquatic Biologist - Free Run Aquatic Research

214 E.Hayden Ave.

Hayden ID 83835

Education:

M.S. Degree in Fisheries Resources - University of Idaho, Moscow.  

December 2000

B.S. in Environmental Studies/Marine Biology obtained from Huxley College of Environmental Studies - Western Washington University, June 1990.

QUALIFICATIONS AND EXPERIENCE:
*Field, lab and supervisory experience, boat operation and equipment maintenance, data collection and analysis, computer skills, biostatistical analysis; fish and habitat sampling and surveys; environmental sampling

*Project design, coordination, management and supervision

*Technical writing experience (EIAs, grants, proposals, reports, publications, budgets)

*Public and interagency relations, presentation, education, regulation enforcement

*PADI certified SCUBA diver (open ocean, river and search and rescue)

*CPR and first aid certified; Search and rescue training and experience

RELATED WORK EXPERIENCE:

President: Kootenai River Network.  Non-profit stakeholders organization

Aquatic Biologist/Business owner: Free Run Aquatic Research.  Primary interests are in aquatic habitat and species issues related to altered ecosystems.  

Senior Fisheries Research Technician (8/92-2/00) and Fisheries Research Technician (11/90-8/92): Idaho Department of Fish and Game. Sturgeon and Steelhead/Salmon projects

Research Assistant I and II (1/88 - 6/90): Huxley College of Environmental Studies, Western Washington University
RECENT PUBLICATIONS AND REPORTS:

Paragamian, Vaughn, Gretchen Kruse and Virginia Wakkinen.  (Fiscal Years 1995-98). 
Kootenai River White Sturgeon Investigation.  Annual Progress Report, FY 



1995.  Idaho Department of Fish and Game.  BPA Project No.  88-65.

Paragamian, V.L. and Gretchen Kruse.  1996.  Kootenai River White Sturgeon 
Acipenser transmontanus Spawning Characteristics and Habitat Selection Post Libby Dam.  In S. Doroshov, F. Binkowski, T. Thuemler and D. MacKinlay editors. Culture and Management of Sturgeon and Paddlefish Symposium Proceedings. International Congress on the Biology of Fishes. San Francisco State University, California.

Kruse, Gretchen O.  2000.  The Effects of contaminants on reproduction, embryo develoment and related physiological processes in Kootenai River White Sturgeon Acipenser transmontanus Richardson.  Masters Thesis.  University of Idaho, Moscow.

Gary T. Lester

Aquatic Ecologist, Macroinvertebrate Taxonomist
Gary is an aquatic ecologist with eleven years of work experience in the fisheries and aquatic ecology field.  His principal areas of expertise include bioassessment of surface waters using benthic macroinvertebrate and fish communities.  As an aquatic ecologist with EcoAnalysts, Gary’s duties include acquiring contracts, supervising laboratory personnel, identification of aquatic macroinvertebrates, implementation of QA/QC protocols, data analysis and interpretation, and preparation of final reports.  In addition, Gary specializes in larval Chironomidae taxonomy and ecology, and he is becoming a regional authority on the group. 

Prior to establishing EcoAnalysts, Gary was employed by Northwest Management, Inc. to develop a fisheries program and expand the range of natural resource services provided by the company.  Principal duties included acquiring fisheries and benthic invertebrate contracts, hiring and supervising field crews and laboratory personnel, field data collection, and overall management of the program.

Education


M.S. Candidate Entomology, University of Idaho


B.S. Fisheries Resource Management, University of Idaho (1992)


A.A.S. Ecology and Environmental Technology, Paul Smith’s College (1989)

Presentations/Seminars/Classes Taught

Effects of Seasonality on Metric Selection in Forested Headwater Streams, North Idaho. 
Presented in January, 1995, at the 5th Annual Idaho DEQ Nonpoint-Source 
Pollution Monitoring Exchange in Boise, ID.


Bioassessment of Forested Streams in the Palouse Region, North Idaho. Presented in 
1994 at the Idaho Academy of Science annual meeting, Pocatello, Idaho.


Aquatic Insect Ecology, University of Idaho, Teaching Assistant, 1992-1993



Utility of Larval Chironomidae as Indicators of Water Quality. April 1993. 


Presented to University of Idaho and Washington State University 



entomology departments.

Publications/Reports

Waltz, R. D., G.F. Edmunds, Jr., and G. Lester, 1998. New distributions for 
Raptoheptagenia crutentata and Ametropus neavei (Ephemeroptera: 
Heptageniidae, Ametropodidae).  Ent. News 109(3):213-214.


Lester, G.T. and C. Robinson. 1996.  1996 Benthic Invertebrate 



Bioassessment - Louse Creek and Jordan Creek.  Completion Report, 


EcoAnalysts, Inc. for Kinross-Delamar Mining Company, Jordan Valley, OR.


Lester, G.T. and C. Robinson. 1996.  1996 Benthic Invertebrate Bioassessments:  


Schwartz Creek and White Pine Creek.  Completion Report, EcoAnalysts, 


Inc. for Clearwater National Forest, Palouse Ranger District, Potlach, ID.


Lester, G.T. and C. Robinson, 1995. Benthic Macroinvertebrate Report, Crown Jewel 

Project, North-Central Washington, for Battle Mountain Gold Company, Oroville.


Lester, G.T. and C. Robinson. 1995.  1994 and 1995 Benthic Invertebrate 



Bioassessment - Louse Creek and Jordan Creek.  Completion Report, 


EcoAnalysts, Inc. for Kinross-Delamar Mining Company, Jordan Valley, OR.


Lester, G.T. and C. Robinson. 1995.  1995 Benthic Invertebrate Bioassessments:  


Schwartz Creek and White Pine Creek.  Completion Report, EcoAnalysts, 


Inc. for Clearwater National Forest, Palouse Ranger District, Potlatch, ID.


Lester, G.T. and J. White.  1994. 1994 Benthic Macroinvertebrate Report for the 


Crown Jewel Project.  Completion Report,  Northwest Management, Inc.


for Battle Mountain Gold Company, Oroville, WA.


Lester, G.T. and J. White. 1994. Benthic Macroinvertebrate Monitoring Plan for 


the Crown Jewel Project, North-Central Washington. Northwest 



Management, Inc. for Battle Mountain Gold Company, Oroville, WA.


Lester, G.T., J. White, and C. Robinson. 1994. Habitat Condition and Fish 



Populations in John Day Creek, Idaho County, Idaho.  Completion Report, 

Northwest Management, Inc. for the Bureau of Land Management, 


Cottonwood, ID.



Lester, G.T. and C. Robinson.  1994.  Benthic Invertebrate Bioassessment for the 


Chetco, Galice, Gold Beach, Illinois Valley, and Powers Ranger Districts, 


Siskiyou National Forest.  Completion Report, EcoAnalysts, Inc. for 


Siskiyou National Forest, Grants Pass, OR.

C. MICHAEL FALTER

Limnologist

Place & Date of Birth:
Reading, Pennsylvania, May 14, 1941
Present Position:
Professor, Fish & Wildlife Resources, University of Idaho

Office Address:
Department of Fish & Wildlife Resources, College of Forestry, Wildlife, & Range Sciences


University of Idaho, Moscow, Idaho  83844-1136

Office Phone:  
(208) 885-7123
FAX:  (208) 885-9080
email:  cmfalter@uidaho.edu

Education and Experience:


B.S., Wildlife Conservation, 1964, Kansas State University


M.S., Aquatic Ecology, 1966, University of Pittsburgh


Ph.D., Fishery & Aquatic Sciences, 1969,  University of Idaho


Assistant and Associate Professor of Fishery Resources, University of Idaho, 1969-1977


UNDP lake management evaluation, Lakes Victoria and Tanganyika, East Africa, 1974


Professor of Fishery Resources, University of Idaho, 1977-Present


One year leave with the Department of Zoology, University of Adelaide, South Australia, 1977-1978


Research project design and evaluation, Tanzania (1974), Senegal, Guinea, and The Gambia (1983 and 
1984) for USAID and OMVG


Acting Associate Dean, College of Forestry, University of Idaho, Spring, 1986


Department Head, Fish & Wildlife Resources, University of Idaho, 1989-1992

Specialty Areas:

Limnology, aquatic biology, and management of lakes, streams, and reservoirs


Aquatic pollution ecology; pollution impacts, especially pulp mill effluent biotreatment, biomonitoring, and in-stream effects of pollutants; wetland treatment of effluents


Primary productivity, especially aquatic macrophytes and attached benthic algae

Undergraduate and Graduate Courses taught at the University of Idaho:


Limnology



Undergraduate/Graduate


Aquatic Pollution Ecology

Graduate


Fish & Wildlife Ecology


Undergraduate


The Fishery Profession


Undergraduate


Wildland Ecology


Undergraduate


Wildland Ecology (Summer Camp)
Undergraduate

Continuing Education Activities:


CEFUS training for federal and state agency land managers, annually 1984-Present


Regional lake management workshops, 1985-Present


International Land Use Planning (USDA-OICD), annually 1981-Present

Major Past and Current Research:


•
Pre - post impoundment limnology of Dworshak Reservoir, Idaho.
•
Pre - post-impoundment limnology of the lower Snake River reservoirs, Idaho & Washington.
•
Limnology and plankton controllers in Lake Koocanusa (Libby Reservoir), Montana.
•
Causes and management of hypereutrophication in the mid-Snake River, Idaho.


•
Ecological Modeling of the Lower Boise River, Idaho



•
Algae toxicity in Black Lake, Idaho.


•
Nutrient loading and limnology of Waha, Cocolalla, Black, Payette, and Twin Lakes, Idaho.


•
Idaho lake classification & trophic status assessment.


•
Aquatic ecology and limiting factors of the Spokane River, Idaho.


•
Near-shore productivity of Pend Oreille Lake, Idaho.


•
Limnology and management plan development of the Pend Oreille River, Washington.


•
CTMP pulp effluent biotreatment and biomonitoring, Puget Sound and Pend Oreille River, Washington.

Education

M.S. Zoology 1975

University of Idaho

B.S. Biology 1972

University of Missouri

Additional Training

Experimental Design and Multivariate Statistics, 1995, BSU.

Two semesters Masters Public

Administration, 1992, BSU.
Applied Fluvial Geomorphology,

1993, Rosgen Wildland Hydrology

Introduction to Arc View,

1997, BSU.

Professional Affiliations

American Fisheries Society

American Water Resources Association

Soil and Water Conservation Society

Idaho Water Resources Research Institute

Certifications

Certified Fisheries Scientist:

American Fisheries Society

Certified SCUBA


STEPHEN B. BAUER 

Water Resource Consultant/Fisheries Biologist 

Steve Bauer is a water resource consultant with 25 years experience in watershed monitoring, evaluation, and project management.  Mr. Bauer worked in various positions with the Idaho Division of Environmental Quality for 15 years in evaluating the impact of timber harvests, irrigation return flows, dryland runoff, and livestock grazing.  He was team leader in developing the Idaho Nonpoint Source Pollution Program and revisions of the Silvicultural and Agricultural Water Quality Pollution Abatement Programs.  He has extensive experience in coordinating complex projects with interdisciplinary teams and with multiple local, state, and federal jurisdictions and considerable field experience in evaluating impacts of nonpoint source activities on fisheries habitat and water quality.  Steve has worked as an independent consultant since 1992.  He co-authored a water quality/habitat monitoring guide of grazing effects for the Environmental Protection Agency and served as an Aquatic Ecologist representing EPA on the Interior Columbia River Ecosystem Project.  Steve is monitoring coordinator for a long-term stream restoration project in central Idaho funded by Bonneville Power Administration, conducts storm-event and construction project monitoring using continuous monitoring equipment, and advises clients regarding study design and data analysis.

Specific Expertise:

Water Quality 

· Water quality monitoring design and planning.

· Water quality sampling, data analysis, and interpretation.

· Automated monitoring/remote sensing.

· Fisheries habitat evaluation.

· Technical support for TMDL development.

Watershed Restoration 

· Watershed evaluation team leadership.

· Water quality evaluation for watershed analysis teams.

· Watershed restoration planning, permitting, and implementation.

· BMP and restoration activity evaluation.

Environmental Compliance and Regulations 

· Clean Water Act regulatory requirements.

· State environmental standards.

· Endangered Species Act, Section 7 compliance.

· Public Lands Management

Project Experience:

Kootenai Tribe of Idaho.  (1999-2000).  Kootenai River Water Quality Analysis.   Evaluated effects of nutrients on the trophic condition and heavy metals on toxicity to fisheries in the Kootenai River. 

Coeur d'Alene Tribe.  (2000).   Benewah Creek, Stream Channel Restoration.  Develop stream channel restoration design for a channelized reach of Benewah Creek, tributary to Coeur d'Alene Lake, to assist in cutthroat trout restoration program.  

Utah Division of Water Quality.  (2000-ongoing).   Fremont River TMDL.  Assess target condition, pollution source linkages, and water quality monitoring plan for phosphorus TMDL in an agricultural watershed.

Oregon Governor’s Watershed Enhancement Board.  (1997-present).  Development of water quality assessment techniques and water quality monitoring protocol.  Contribution to the Oregon Watershed Assessment Manual being developed for use by Oregon watershed councils.  

Idaho Water Resources Research Institute (1996-Present).  Lead research scientist on a project investigating the potential for development of Habitat Quality Indicators in the Pacific Northwest.  The project encompasses literature review, data compilation and analysis, interviewing scientists in the Pacific Northwest, and development of a report to EPA on the feasibility of incorporating habitat measures into the Clean Water Act. 

Payette National Forest/Stibnite Mine Inc. (1996-1997).  Evaluation and analysis of mining impacts on water quality, evaluation of heavy metal toxicity, and development of the water quality section of the Watershed Analysis for the EFSF Salmon River in the vicinity of the Stibnite Mining Area. 

Environmental Protection Agency (1995-1996).  Serve as EPA liaison to the Interior Columbia River Basin Ecosytem Project providing expertise on aquatic habitat relationships and water quality in forest and rangelands.   Advising USFS, BLM, and EPA regarding nonpoint source pollution and ecological relationships to aquatic habitats.

Boise Cascade Corporation (1995-1996).  Evaluation of  sources of phosphorus in water and soils in forested land as part of a watershed analysis for the Gold Fork River, tributary to Cascade Reservoir.  Completion of Water Quality Section of the Watershed Analysis.

Kootenai-Shoshone Soil Conservation District (1995-present).  Water quality evaluation of the Lake Creek State Agricultural Water Quality Project in reducing sediment and nutrients to  Lake Coeur d’ Alene.  

Idaho Soil and Water Conservation District/Bonneville Power Administration (1994-present).  Fisheries habitat assessment, planning, and coordination of a riparian restoration program in Red River.  Activities include coordination of a team developing fisheries habitat restoration design, bank stabilization, revegetation, and management of grazing activities on private lands.

Environmental Protection Agency, Region X. (1992-1993).  Development of Monitoring Protocols to Evaluate Effects of Grazing Management on Western Rangeland Watersheds and training professionals in State water quality agencies. 

Idaho Power. (1993).  Evaluation of warm water fisheries populations for hydroelectric facility with Ralston and Associates. 

Owyhee Soil Conservation District (1992-1993).  Water quality monitoring of agricultural runoff from irrigated tract for the state Agricultural Water Pollution Abatement Program.

Surface Water Quality Manager (1991-1992).  Supervised state water quality programs implementing the federal Clean Water Act and state programs.  Employer: Idaho Department of Health and Welfare, Division of Environmental Quality.
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_1037863841.xls
ALKALINITY

		HATCHERY INLET (DOCK)										HATCHERY HEAD TANK

				ALKALINITY (mg/L  CaCO3)										ALKALINITY (mg/L  CaCO3)

		DATE		RESULT								DATE		RESULT

		04/15/96		85.1								04/15/96

		05/22/96		131								05/22/96

		07/08/96		84.8								07/08/96

		08/10/96		87.3								08/10/96

		09/03/96		94								09/03/96

		09/22/96		94								09/22/96

		12/18/96		110								12/18/96

		02/06/97		100								02/06/97

		03/25/97		69								03/25/97

		04/16/97		96								04/16/97

		05/12/97		58								05/12/97

		06/17/97		75								06/17/97

		07/07/97		78								07/07/97

		08/04/97		89								08/04/97

		09/08/97		95								09/08/97

		10/27/97		90								10/27/97

		11/10/97		88								11/10/97

		12/15/97		97								12/15/97

		01/19/98		95								01/19/98

		02/16/98		100								02/16/98

		03/23/98		83								03/23/98

		04/27/98		54								04/27/98

		05/11/98		46								05/11/98

		06/08/98		88								06/08/98

		07/14/98		91								07/14/98

		08/10/98		100								08/10/98

		09/21/98		100								09/21/98

		10/19/98		100								10/19/98

		11/09/98		100								11/09/98

		12/07/98		100								12/07/98

		01/19/99		110								01/19/99

		02/16/99		110								02/16/99

		03/19/99		110								03/19/99		110

		04/23/99		86								04/23/99		86

		05/20/99		58								05/20/99		59

		06/28/99		42								06/28/99		42

		07/30/99		74								07/30/99		66

		09/16/99		94								09/16/99		95

		11/04/99		90								11/04/99		95

		12/07/99		86								12/07/99		87

		01/04/00		94								01/04/00		94
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TDISSOLID

		HATCHERY INLET								HATCHERY HEAD TANK

		TOTAL DISSOLVED SOLIDS (mg/L)										TOTAL DISSOLVED SOLIDS (mg/L)

		DATE		RESULT						DATE		RESULT

		09/03/96		114						09/03/96

		12/18/96		120						12/18/96

		02/06/97		140						02/06/97

		03/25/97		84						03/25/97

		04/16/97		74						04/16/97

		05/12/97		82						05/12/97

		06/17/97		99						06/17/97

		07/07/97		97						07/07/97

		08/04/97		110						08/04/97

		09/08/97		94						09/08/97

		10/27/97		110						10/27/97

		11/10/97		110						11/10/97

		12/15/97		140						12/15/97

		01/19/98		140						01/19/98

		02/16/98		110						02/16/98

		03/23/98		100						03/23/98

		04/27/98		74						04/27/98

		05/11/98		55						05/11/98

		06/08/98		120						06/08/98

		07/14/98		110						07/14/98

		08/10/98		130						08/10/98

		09/21/98		120						09/21/98

		10/19/98		130						10/19/98

		11/09/98		120						11/09/98

		12/07/98		120						12/07/98

		01/19/99		150						01/19/99

		02/16/99		140						02/16/99

		03/19/99		140						03/19/99		140

		04/23/99		110						04/23/99		110

		05/20/99		74						05/20/99		77

		06/28/99		61						06/28/99		64

		07/30/99		84						07/30/99		85

		09/16/99		120						09/16/99		110

		11/04/99		110						11/04/99		120

		12/07/99		110						12/07/99		110

		01/04/00		110						01/04/00		120
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TSUSPSOLID

		HATCHERY INLET										HATCHERY HEAD TANK

		TOTAL SUSPENDED SOLIDS (mg/L)												TOTAL SUSPENDED SOLIDS (mg/L)

		DATE		RESULT								DATE		RESULT

		04/15/96		11.7								04/15/96

		05/22/96		19								05/22/96

		07/08/96		5.1								07/08/96

		08/10/96		1.5								08/10/96

		09/03/96		<  .010								09/03/96

		09/22/96		2.3								09/22/96

		12/18/96		1.9								12/18/96

		02/06/97		3								02/06/97

		03/25/97		32								03/25/97

		04/16/97		14								04/16/97

		05/12/97		71								05/12/97

		06/17/97		17								06/17/97

		07/07/97		8								07/07/97

		08/04/97		4								08/04/97

		09/08/97		2.8								09/08/97

		10/27/97		2.5								10/27/97

		11/10/97		2.3								11/10/97

		12/15/97		2.9								12/15/97

		01/19/98		1.4								01/19/98

		02/16/98		1.2								02/16/98

		03/23/98		4.6								03/23/98

		04/27/98		9.4								04/27/98

		05/11/98		8.6								05/11/98

		06/08/98		8.7								06/08/98

		07/14/98		<2.1*								07/14/98

		08/10/98		3.8								08/10/98

		09/21/98		<1.1								09/21/98

		10/19/98		<1.1								10/19/98

		11/09/98		<1.3								11/09/98

		12/07/98		<1.2								12/07/98

		01/19/99		3.3								01/19/99

		02/16/99		2.9								02/16/99

		03/19/99		5.2								03/19/99		<2.1U

		04/23/99		<1.1U								04/23/99		5.6

		05/20/99		6.4								05/20/99		<2.2U

		06/28/99		10								06/28/99		<1.1U

		07/30/99		4.3								07/30/99		<1.0U

		09/16/99		2.1								09/16/99		<1.1U

		11/04/99		2.2								11/04/99		<1.4U

		12/07/99		1.2								12/07/99		<1.1U

		01/04/00		5.9								01/04/00		<0.010U
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N-NITRATE

		HATCHERY INLET N-NITRATE (mg-N/L)

		DATE		RESULT

		4/15/96		0.08

		5/22/96		0.07

		7/8/96		0.1

		8/10/96		0.11

		9/3/96		0.1

		9/22/96		0.08

		12/18/96		0.1

		2/6/97		0.085

		3/25/97		0.12

		4/16/97		0.077

		5/12/97		0.074

		6/17/97		0.12

		7/7/97		0.079

		8/4/97		0.044

		9/8/97		0.096

		10/27/97		0.094

		11/10/97		0.08

		12/15/97		0.13

		3/23/98		0.056

		4/27/98		0.095

		5/11/98		0.053

		6/8/98		0.075
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N-NITRITE

		HATCHERY INLET N-NITRITE (mg-N/L)

		DATE		RESULT

		4/15/96		<  0.05

		5/22/96		<  0.05

		7/8/96		<  0.05

		8/10/96		<  0.05

		9/3/96		<  0.05

		9/22/96		<  0.05

		12/18/96		<  0.01  *

		2/6/97		<  0.01  *

		3/25/97		<  0.01  *

		4/19/97		<  0.01  *

		5/12/97		<  0.01  *

		6/17/97		<  0.01  *

		7/7/97		<  0.01  *

		8/4/97		<  0.01  *

		9/8/97		<  0.01  *

		10/27/97		<  0.01  *

		11/10/97		<0.010 *

		12/15/97		<0.010*

		3/23/98		<0.010

		4/27/98		<0.010

		5/11/98		<0.010*

		6/8/98		<0.010
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NIT+NIT

		HATCHERY INLET										HATCHERY HEAD TANK

		NITRATE + NITRITE (NO2 + NO3) (mg-N/L)												NITRATE + NITRITE (NO2 + NO3) (mg-N/L)

		DATE		RESULT								DATE		RESULT

		04/15/96		0.08								04/15/96

		05/22/96		0.07								05/22/96

		07/08/96		0.1								07/08/96

		08/10/96		0.11								08/10/96

		09/03/96		0.1								09/03/96

		09/22/96		0.08								09/22/96

		12/18/96		0.085								12/18/96

		02/06/97		0.12								02/06/97

		03/25/97		0.077								03/25/97

		04/16/97		0.074								04/16/97

		05/12/97		0.12								05/12/97

		06/17/97		0.079								06/17/97

		07/07/97		0.044								07/07/97

		08/04/97		0.096								08/04/97

		09/08/97		0.096								09/08/97

		10/27/97		0.094								10/27/97

		11/10/97		0.08								11/10/97

		12/15/97		0.13								12/15/97

		01/19/98		0.055								01/19/98

		02/16/98		0.061								02/16/98

		03/23/98		0.056								03/23/98

		04/27/98		0.095								04/27/98

		05/11/98		0.053								05/11/98

		06/08/98		0.075								06/08/98

		07/14/98		0.1								07/14/98

		08/10/98		0.099								08/10/98

		09/21/98		0.11								09/21/98

		10/19/98		0.14								10/19/98

		11/09/98		0.082								11/09/98

		12/07/98		0.13								12/07/98

		01/19/99		0.11								01/19/99

		02/16/99		0.089								02/16/99

		03/19/99		0.079								03/19/99		0.088

		04/23/99		0.06								04/23/99		0.063

		05/20/99		0.075								05/20/99		0.39

		06/28/99		0.067								06/28/99		0.076

		07/30/99		0.45								07/30/99		0.11

		09/16/99		0.13								09/16/99		0.15

		11/04/99		0.09								11/04/99		0.1

		12/07/99		0.14								12/07/99		0.13

		01/04/00		0.15								01/04/00		0.15
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N-AMMONIA

		HATCHERY INLET								HATCHERY HEAD TANK

				N-AMMONIA (mg-N/L)								N-AMMONIA (mg-N/L)

		DATE		RESULT						DATE		RESULT

		04/15/96		<  .010						04/15/96

		05/22/96		<  .010						05/22/96

		07/08/96		<  .010						07/08/96

		08/10/96		<  .010						08/10/96

		09/03/96		<  .010						09/03/96

		09/22/96		<  .010						09/22/96

		12/18/96		<  .050  *						12/18/96

		02/06/97		<  .010  *						02/06/97

		03/25/97		<  .010  *						03/25/97

		04/16/97		0.028						04/16/97

		05/12/97		0.032						05/12/97

		06/17/97		0.04						06/17/97

		07/07/97		<  .010  *						07/07/97

		08/04/97		<  .010  *						08/04/97

		09/08/97		0.075						09/08/97

		10/27/97		0.022						10/27/97

		11/10/97		0.034						11/10/97

		12/15/97		<0.010*						12/15/97

		01/19/98		0.023						01/19/98

		02/16/98		<0.010*						02/16/98

		03/23/98		0.028						03/23/98

		04/27/98		<0.010						04/27/98

		05/11/98		0.046						05/11/98

		06/08/98		<0.010*						06/08/98

		07/14/98		0.036						07/14/98

		08/10/98		<0.010						08/10/98

		09/21/98		0.024						09/21/98

		10/19/98		<0.010						10/19/98

		11/09/98		0.021						11/09/98

		12/07/98		<0.01						12/07/98

		01/19/99		<0.01 U						01/19/99

		02/16/99		<0.010U						02/16/99

		03/19/99		<0.010U						03/19/99		<0.010U

		04/23/99		<0.010U						04/23/99		<0.010U

		05/20/99		0.013						05/20/99		<0.010U

		06/28/99		0.032						06/28/99		0.044

		07/30/99		0.021						07/30/99		<0.010U

		09/16/99		0.059						09/16/99		0.036

		11/04/99		<0.010U						11/04/99		<0.010U

		12/07/99		<0.010U						12/07/99		<0.010U

		01/04/00		<0.010U						01/04/00		<0.010U
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Sheet1

				ORTHO-PHOS  HATCH INLET								N-AMMONIA										N02+NO3

				K.R.		AVG TEMPERATE R.								K.R.		AVG TEMPERATE R.								K.R.		AVG TEMPERATE R.

		12/18/96		0.004		0.006						04/15/96		0.01		0.24						04/15/96		0.08		0.488

				0.004		0.006								0.01		0.24								0.07		0.488

				0.007		0.006								0.01		0.24								0.1		0.488

				0.004		0.006								0.01		0.24						08/10/96		0.11		0.488

				0.004		0.006								0.01		0.24								0.1		0.488

		06/17/97		0.009		0.006								0.01		0.24								0.08		0.488

				0.004		0.006						12/18/96		0.05		0.24								0.085		0.488

				0.004		0.006								0.01		0.24								0.12		0.488

				0.004		0.006								0.01		0.24						03/25/97		0.077		0.488

				0.004		0.006								0.028		0.24								0.074		0.488

				0.004		0.006								0.032		0.24								0.12		0.488

		12/15/97		0.004		0.006						06/17/97		0.04		0.24						06/17/97		0.079		0.488

				0.004		0.006								0.01		0.24								0.044		0.488

				0.004		0.006								0.01		0.24								0.096		0.488

				0.004		0.006								0.075		0.24								0.096		0.488

				0.004		0.006								0.022		0.24								0.094		0.488

				0.004		0.006								0.034		0.24								0.08		0.488

		06/08/98		0.004		0.006						12/15/97		0.01		0.24						12/15/97		0.13		0.488

				0.004		0.006								0.023		0.24								0.055		0.488

				0.004		0.006								0.01		0.24								0.061		0.488

				0.004		0.006								0.028		0.24								0.056		0.488

				0.004		0.006								0.01		0.24								0.095		0.488

				0.004		0.006								0.046		0.24								0.053		0.488

		01/19/99		0.004		0.006						06/08/98		0.01		0.24						06/08/98		0.075		0.488

				0.004		0.006								0.036		0.24								0.1		0.488

				0.004		0.006								0.01		0.24								0.099		0.488

				0.004		0.006								0.024		0.24								0.11		0.488

				0.004		0.006								0.01		0.24								0.14		0.488

		06/28/99		0.004		0.006								0.021		0.24								0.082		0.488

				0.004		0.006						12/07/98		0.01		0.24						12/07/98		0.13		0.488

				0.004		0.006								0.01		0.24								0.11		0.488

				0.005		0.006								0.01		0.24								0.089		0.488

				0.004		0.006								0.01		0.24								0.079		0.488

		01/04/00		0.004		0.006								0.01		0.24								0.06		0.488

														0.013		0.24								0.075		0.488

												06/28/99		0.032		0.24						06/28/99		0.067		0.488

														0.021		0.24								0.45		0.488

														0.059		0.24								0.13		0.488

														0.01		0.24								0.09		0.488

														0.01		0.24								0.14		0.488

												01/04/00		0.01		0.24						01/04/00		0.15		0.488





ORTHOPHOS

		HATCHERY INLET										HATCHERY HEAD TANK

				ORTHO-PHOSPHATE AS P (mg-P/L)										ORTHO-PHOSPHATE AS P (mg-P/L)

		DATE		RESULT								DATE		RESULT

		04/15/96		<  .02								04/15/96

		05/22/96		<  .02								05/22/96

		07/08/96		<  .02								07/08/96

		08/10/96		<  .02								08/10/96

		09/03/96		<  .02								09/03/96

		09/22/96		<  .02								09/22/96

		12/18/96		<  0.004  *								12/18/96

		02/06/97		<  0.004  *								02/06/97

		03/25/97		0.007								03/25/97

		04/16/97		<  0.004  *								04/16/97

		05/12/97		<  0.004  *								05/12/97

		06/17/97		0.009								06/17/97

		07/07/97		0.004								07/07/97

		08/04/97		<  0.004  *								08/04/97

		09/08/97		<  0.004  *								09/08/97

		10/27/97		<  0.004  *								10/27/97

		11/10/97		<0.004 *								11/10/97

		12/15/97		<0.004*								12/15/97

		01/19/98		<0.004*								01/19/98

		02/16/98		<0.004 *								02/16/98

		03/23/98		<0.004								03/23/98

		04/27/98		0.004								04/27/98

		05/11/98		<0.004*								05/11/98

		06/08/98		<0.004*								06/08/98

		07/14/98		<0.004*								07/14/98

		08/10/98		<0.004								08/10/98

		09/21/98		<0.004								09/21/98

		10/19/98		<0.004								10/19/98

		12/07/98		<0.004								12/07/98

		01/19/99		<0.004 U								01/19/99

		02/16/99		<0.004								02/16/99

		03/19/99		<0.004U								03/19/99		<0.004U

		04/23/99		<0.004U								04/23/99		<0.004U

		05/20/99		<0.004U								05/20/99		<0.004U

		06/28/99		<0.004U								06/28/99		<0.004U

		07/30/99		<0.004U								07/30/99		<0.004U

		09/16/99		<0.004U								09/16/99		<0.004U

		11/04/99		0.005								11/04/99		<0.004U

		12/07/99		<0.004U								12/07/99		<0.004U

		01/04/00		<0.004U								01/04/00		<0.004U
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H20HARDNESS

		HATCHERY INLET HARDNESS (mg CaCO3/L)

		DATE		RESULT

		4/15/96		99.5

		5/22/96		79.2

		7/8/96		89.2

		8/10/96		109

		9/3/96		101

		9/22/96		109

		12/18/96		120

		2/6/97		110

		3/25/97		74

		4/16/97		na

		5/12/97		na

		6/17/97		na

		7/7/97		na

		8/4/97		na

		9/8/97		na

		10/27/97		na



&A

Page &P



CALCIUM

		HATCHERY INLET								HATCHERY HEAD TANK

				CALCIUM (mg/L)								CALCIUM (mg/L)

		DATE		RESULT						DATE		RESULT

		04/15/96		27.1						04/15/96

		05/22/96		21.9						05/22/96

		07/08/96		25.1						07/08/96

		08/10/96		30.5						08/10/96

		09/03/96		28.3						09/03/96

		09/22/96		30.1						09/22/96

		12/18/96		33						12/18/96

		02/06/97		31.2						02/06/97

		03/25/97		19.6						03/25/97

		04/16/97		29.2						04/16/97

		05/12/97		17.1						05/12/97

		06/17/97		21.7						06/17/97

		07/07/97		23.4						07/07/97

		08/04/97		25.1						08/04/97

		09/08/97		30.1						09/08/97

		10/27/97		29						10/27/97

		11/10/97		28.3						11/10/97

		12/15/97		30.1						12/15/97

		01/19/98		31						01/19/98

		02/16/98		30.7						02/16/98

		03/23/98		26.2						03/23/98

		04/27/98		16.1						04/27/98

		05/11/98		13.4						05/11/98

		06/08/98		27.1						06/08/98

		07/14/98		27.5						07/14/98

		08/10/98		0.02						08/10/98

		09/21/98		0.03						09/21/98

		10/19/98		0.02						10/19/98

		11/09/98		0.02						11/09/98

		12/07/98		0.02						12/07/98

		01/19/99		35.1						01/19/99

		02/16/99		35.1						02/16/99

		03/19/99		36.1						03/19/99

		04/23/99		26						04/23/99		27.1

		05/20/99		18.1						05/20/99		18

		06/28/99		13.3						06/28/99		13.2

		07/30/99		22.1						07/30/99		22.5

		09/16/99		27.9						09/16/99		28.2

		11/04/99		30						11/04/99		30

		12/07/99		28.1						12/07/99		27.7

		01/04/00		30.9						01/04/00		30.6
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COPPER

		HATCHERY INLET								HATCHERY HEAD TANK

				COPPER (mg/L)								COPPER (mg/L)

		DATE		RESULT						DATE		RESULT

		04/15/96		<  .003						04/15/96

		05/22/96		<  .003						05/22/96

		07/08/96		<  .003						07/08/96

		08/10/96		<  .003						08/10/96

		09/03/96		<  .003						09/03/96

		09/22/96		<  .003						09/22/96

		12/18/96		.002  *						12/18/96

		02/06/97		.002  *						02/06/97

		03/25/97		.002  *						03/25/97

		04/16/97		0.003						04/16/97

		05/12/97		.002  *						05/12/97

		06/17/97		.002  *						06/17/97

		07/07/97		.002  *						07/07/97

		08/04/97		.002  *						08/04/97

		09/08/97		.002  *						09/08/97

		10/27/97		.002  *						10/27/97

		11/10/97		0.002 *						11/10/97

		12/15/97		0.002*						12/15/97

		01/19/98		0.002*						01/19/98

		02/16/98		0.002*						02/16/98

		03/23/98		0.002						03/23/98

		04/27/98		0.002						04/27/98

		05/11/98		0.002*						05/11/98

		06/08/98		0.002*						06/08/98

		07/14/98		0.002*						07/14/98

		08/10/98		0.002						08/10/98

		09/21/98		0.002						09/21/98

		10/19/98		0.002						10/19/98

		11/09/98		0.003						11/09/98

		12/07/98		0.002						12/07/98

		01/19/99		0.002 U						01/19/99

		02/16/99		0.002U						02/16/99

		03/19/99		0.002U						03/19/99

		04/23/99		0.002U						04/23/99		0.002U

		05/20/99		0.002U						05/20/99		0.002U

		06/28/99		0.002U						06/28/99		0.002U

		07/30/99		0.002U						07/30/99		0.002U

		09/16/99		0.002U						09/16/99		0.002U

		11/04/99		0.002						11/04/99		0.002U

		12/07/99		0.002U						12/07/99		0.002U

		01/04/00		0.002U						01/04/00		0.002U
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MAGNESIUM

		HATCHERY INLET								HATCHERY HEAD TANK

				MAGNESIUM (mg/L)								MAGNESIUM (mg/L)

		DATE		RESULT						DATE		RESULT

		04/15/96		7.74						04/15/96

		05/22/96		5.96						05/22/96

		07/08/96		6.46						07/08/96

		08/10/96		8.05						08/10/96

		09/03/96		7.3						09/03/96

		09/22/96		8.25						09/22/96

		12/18/96		9.14						12/18/96

		02/06/97		8.86						02/06/97

		03/25/97		6.07						03/25/97

		04/16/97		8.76						04/16/97

		05/12/97		5.58						05/12/97

		06/17/97		6.11						06/17/97

		07/07/97		6.48						07/07/97

		08/04/97		6.94						08/04/97

		09/08/97		7.95						09/08/97

		10/27/97		7.67						10/27/97

		11/10/97		7.41						11/10/97

		12/15/97		8.31						12/15/97

		01/19/98		8.54						01/19/98

		02/16/98		8.56						02/16/98

		03/23/98		7.42						03/23/98

		04/27/98		4.49						04/27/98

		05/11/98		3.73						05/11/98

		06/08/98		7.59						06/08/98

		07/14/98		7.5						07/14/98

		08/10/98		0.001						08/10/98

		09/21/98		0.02						09/21/98

		10/19/98		0.02						10/19/98

		11/09/98		0.02						11/09/98

		12/07/98		0.02						12/07/98

		01/19/99		9.91						01/19/99

		02/16/99		9.99						02/16/99

		03/19/99		10.2						03/19/99

		04/23/99		7.59						04/23/99		7.83

		05/20/99		5.15						05/20/99		5.07

		06/28/99		3.65						06/28/99		3.54

		07/30/99		6.09						07/30/99		6.11

		09/16/99		7.82						09/16/99		7.81

		11/04/99		8.29						11/04/99		8.29

		12/07/99		7.44						12/07/99		7.31

		01/04/00		8.49						01/04/99		8.38
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MANGANESE

		HATCHERY INLET								HATCHERY HEAD TANK

				MANGANESE (mg/L)								MANGANESE (mg/L)

		DATE		RESULT						DATE		RESULT

		04/15/96		0.002						04/15/96

		05/22/96		0.002						05/22/96

		07/08/96		<  .002						07/08/96

		08/10/96		<  .001						08/10/96

		09/03/96		0.004						09/03/96

		09/22/96		<  .001						09/22/96

		12/18/96		0.004						12/18/96

		02/06/97		0.005						02/06/97

		03/25/97		0.03						03/25/97

		04/16/97		0.013						04/16/97

		05/12/97		0.037						05/12/97

		06/17/97		0.013						06/17/97

		07/07/97		0.007						07/07/97

		08/04/97		0.005						08/04/97

		09/08/97		0.007						09/08/97

		10/27/97		0.002						10/27/97

		11/10/97		0.003						11/10/97

		12/15/97		0.002						12/15/97

		01/19/98		0.004						01/19/98

		02/16/98		0.004						02/16/98

		03/23/98		0.006						03/23/98

		04/27/98		0.01						04/27/98

		05/11/98		0.006						05/11/98

		06/08/98		0.007						06/08/98

		07/14/98		0.004						07/14/98

		08/10/98		0.001						08/10/98

		09/21/98		0.001						09/21/98

		10/19/98		0.001						10/19/98

		11/09/98		0.001						11/09/98

		12/07/98		0.001						12/07/98

		01/19/99		0.005						01/19/99

		02/16/99		0.004						02/16/99

		03/19/99		0.006						03/19/99

		04/23/99		0.001						04/23/99		0.007

		05/20/99		0.007						05/20/99		0.002

		06/28/99		0.01						06/28/99		0.002

		07/30/99		0.006						07/30/99		0.001U

		09/16/99		0.003						09/16/99		0.001U

		11/04/99		0.003						11/04/99		0.001U

		12/07/99		0.003						12/07/99		0.001U

		01/04/00		0.006						01/04/00		0.001U
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ZINC

		HATCHERY INLET										HATCHERY HEAD TANK

				ZINC (mg/L)										ZINC (mg/L)

		DATE		RESULT								DATE		RESULT

		04/15/96		0.003								04/15/96

		05/22/96		0.003								05/22/96

		07/08/96		0.006								07/08/96

		08/10/96		0.003								08/10/96

		09/03/96		0.009								09/03/96

		09/22/96		0.004								09/22/96

		12/18/96		0.005								12/18/96

		02/06/97		0.005								02/06/97

		03/25/97		0.007								03/25/97

		04/16/97		.004  *								04/16/97

		05/12/97		0.008								05/12/97

		06/17/97		0.004  *								06/17/97

		07/07/97		0.005								07/07/97

		08/04/97		0.004  *								08/04/97

		09/08/97		0.004  *								09/08/97

		10/27/97		0.008								10/27/97

		11/10/97		0.004 *								11/10/97

		12/15/97		0.004*								12/15/97

		01/19/98		0.004*								01/19/98

		02/16/98		0.004								02/16/98

		03/23/98		0.004								03/23/98

		04/27/98		0.004								04/27/98

		05/11/98		0.004*								05/11/98

		06/08/98		0.005								06/08/98

		07/14/98		0.006								07/14/98

		08/10/98		0.004								08/10/98

		09/21/98		0.005								09/21/98

		10/19/98		100								10/19/98

		11/09/98		0.004								11/09/98

		12/07/98		0.008								12/07/98

		01/19/99		0.011								01/19/99

		02/16/99		0.004U								02/16/99

		03/19/99		0.005								03/19/99

		04/23/99		0.004U								04/23/99		0.01

		05/20/99		0.006								05/20/99		0.007

		06/28/99		0.009								06/28/99		0.004U

		07/30/99		0.006								07/30/99		0.004U

		09/16/99		0.004								09/16/99		0.004U

		11/04/99		0.005								11/04/99		0.004U

		12/07/99		0.008								12/07/99		0.006U

		01/04/00		0.006U								01/04/00		0.006U
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ALKALINITY

		HATCHERY INLET (DOCK)										HATCHERY HEAD TANK

				ALKALINITY (mg/L  CaCO3)										ALKALINITY (mg/L  CaCO3)

		DATE		RESULT								DATE		RESULT

		04/15/96		85.1								04/15/96

		05/22/96		131								05/22/96

		07/08/96		84.8								07/08/96

		08/10/96		87.3								08/10/96

		09/03/96		94								09/03/96

		09/22/96		94								09/22/96

		12/18/96		110								12/18/96

		02/06/97		100								02/06/97

		03/25/97		69								03/25/97

		04/16/97		96								04/16/97

		05/12/97		58								05/12/97

		06/17/97		75								06/17/97

		07/07/97		78								07/07/97

		08/04/97		89								08/04/97

		09/08/97		95								09/08/97

		10/27/97		90								10/27/97

		11/10/97		88								11/10/97

		12/15/97		97								12/15/97

		01/19/98		95								01/19/98

		02/16/98		100								02/16/98

		03/23/98		83								03/23/98

		04/27/98		54								04/27/98

		05/11/98		46								05/11/98

		06/08/98		88								06/08/98

		07/14/98		91								07/14/98

		08/10/98		100								08/10/98

		09/21/98		100								09/21/98

		10/19/98		100								10/19/98

		11/09/98		100								11/09/98

		12/07/98		100								12/07/98

		01/19/99		110								01/19/99

		02/16/99		110								02/16/99

		03/19/99		110								03/19/99		110

		04/23/99		86								04/23/99		86

		05/20/99		58								05/20/99		59

		06/28/99		42								06/28/99		42

		07/30/99		74								07/30/99		66

		09/16/99		94								09/16/99		95

		11/04/99		90								11/04/99		95

		12/07/99		86								12/07/99		87

		01/04/00		94								01/04/00		94
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TDISSOLID

		HATCHERY INLET								HATCHERY HEAD TANK

		TOTAL DISSOLVED SOLIDS (mg/L)										TOTAL DISSOLVED SOLIDS (mg/L)

		DATE		RESULT						DATE		RESULT

		09/03/96		114						09/03/96

		12/18/96		120						12/18/96

		02/06/97		140						02/06/97

		03/25/97		84						03/25/97

		04/16/97		74						04/16/97

		05/12/97		82						05/12/97

		06/17/97		99						06/17/97

		07/07/97		97						07/07/97

		08/04/97		110						08/04/97

		09/08/97		94						09/08/97

		10/27/97		110						10/27/97

		11/10/97		110						11/10/97

		12/15/97		140						12/15/97

		01/19/98		140						01/19/98

		02/16/98		110						02/16/98

		03/23/98		100						03/23/98

		04/27/98		74						04/27/98

		05/11/98		55						05/11/98

		06/08/98		120						06/08/98

		07/14/98		110						07/14/98

		08/10/98		130						08/10/98

		09/21/98		120						09/21/98

		10/19/98		130						10/19/98

		11/09/98		120						11/09/98

		12/07/98		120						12/07/98

		01/19/99		150						01/19/99

		02/16/99		140						02/16/99

		03/19/99		140						03/19/99		140

		04/23/99		110						04/23/99		110

		05/20/99		74						05/20/99		77

		06/28/99		61						06/28/99		64

		07/30/99		84						07/30/99		85

		09/16/99		120						09/16/99		110

		11/04/99		110						11/04/99		120

		12/07/99		110						12/07/99		110

		01/04/00		110						01/04/00		120
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TSUSPSOLID

		HATCHERY INLET										HATCHERY HEAD TANK

		TOTAL SUSPENDED SOLIDS (mg/L)												TOTAL SUSPENDED SOLIDS (mg/L)

		DATE		RESULT								DATE		RESULT

		04/15/96		11.7								04/15/96

		05/22/96		19								05/22/96

		07/08/96		5.1								07/08/96

		08/10/96		1.5								08/10/96

		09/03/96		<  .010								09/03/96

		09/22/96		2.3								09/22/96

		12/18/96		1.9								12/18/96

		02/06/97		3								02/06/97

		03/25/97		32								03/25/97

		04/16/97		14								04/16/97

		05/12/97		71								05/12/97

		06/17/97		17								06/17/97

		07/07/97		8								07/07/97

		08/04/97		4								08/04/97

		09/08/97		2.8								09/08/97

		10/27/97		2.5								10/27/97

		11/10/97		2.3								11/10/97

		12/15/97		2.9								12/15/97

		01/19/98		1.4								01/19/98

		02/16/98		1.2								02/16/98

		03/23/98		4.6								03/23/98

		04/27/98		9.4								04/27/98

		05/11/98		8.6								05/11/98

		06/08/98		8.7								06/08/98

		07/14/98		<2.1*								07/14/98

		08/10/98		3.8								08/10/98

		09/21/98		<1.1								09/21/98

		10/19/98		<1.1								10/19/98

		11/09/98		<1.3								11/09/98

		12/07/98		<1.2								12/07/98

		01/19/99		3.3								01/19/99

		02/16/99		2.9								02/16/99

		03/19/99		5.2								03/19/99		<2.1U

		04/23/99		<1.1U								04/23/99		5.6

		05/20/99		6.4								05/20/99		<2.2U

		06/28/99		10								06/28/99		<1.1U

		07/30/99		4.3								07/30/99		<1.0U

		09/16/99		2.1								09/16/99		<1.1U

		11/04/99		2.2								11/04/99		<1.4U

		12/07/99		1.2								12/07/99		<1.1U

		01/04/00		5.9								01/04/00		<0.010U



&A

Page &P



N-NITRATE

		HATCHERY INLET N-NITRATE (mg-N/L)

		DATE		RESULT

		4/15/96		0.08

		5/22/96		0.07

		7/8/96		0.1

		8/10/96		0.11

		9/3/96		0.1

		9/22/96		0.08

		12/18/96		0.1

		2/6/97		0.085

		3/25/97		0.12

		4/16/97		0.077

		5/12/97		0.074

		6/17/97		0.12

		7/7/97		0.079

		8/4/97		0.044

		9/8/97		0.096

		10/27/97		0.094

		11/10/97		0.08

		12/15/97		0.13

		3/23/98		0.056

		4/27/98		0.095

		5/11/98		0.053

		6/8/98		0.075
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N-NITRITE

		HATCHERY INLET N-NITRITE (mg-N/L)

		DATE		RESULT

		4/15/96		<  0.05

		5/22/96		<  0.05

		7/8/96		<  0.05

		8/10/96		<  0.05

		9/3/96		<  0.05

		9/22/96		<  0.05

		12/18/96		<  0.01  *

		2/6/97		<  0.01  *

		3/25/97		<  0.01  *

		4/19/97		<  0.01  *

		5/12/97		<  0.01  *

		6/17/97		<  0.01  *

		7/7/97		<  0.01  *

		8/4/97		<  0.01  *

		9/8/97		<  0.01  *

		10/27/97		<  0.01  *

		11/10/97		<0.010 *

		12/15/97		<0.010*

		3/23/98		<0.010

		4/27/98		<0.010

		5/11/98		<0.010*

		6/8/98		<0.010
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NIT+NIT

		HATCHERY INLET										HATCHERY HEAD TANK

		NITRATE + NITRITE (NO2 + NO3) (mg-N/L)												NITRATE + NITRITE (NO2 + NO3) (mg-N/L)

		DATE		RESULT								DATE		RESULT

		04/15/96		0.08								04/15/96

		05/22/96		0.07								05/22/96

		07/08/96		0.1								07/08/96

		08/10/96		0.11								08/10/96

		09/03/96		0.1								09/03/96

		09/22/96		0.08								09/22/96

		12/18/96		0.085								12/18/96

		02/06/97		0.12								02/06/97

		03/25/97		0.077								03/25/97

		04/16/97		0.074								04/16/97

		05/12/97		0.12								05/12/97

		06/17/97		0.079								06/17/97

		07/07/97		0.044								07/07/97

		08/04/97		0.096								08/04/97

		09/08/97		0.096								09/08/97

		10/27/97		0.094								10/27/97

		11/10/97		0.08								11/10/97

		12/15/97		0.13								12/15/97

		01/19/98		0.055								01/19/98

		02/16/98		0.061								02/16/98

		03/23/98		0.056								03/23/98

		04/27/98		0.095								04/27/98

		05/11/98		0.053								05/11/98

		06/08/98		0.075								06/08/98

		07/14/98		0.1								07/14/98

		08/10/98		0.099								08/10/98

		09/21/98		0.11								09/21/98

		10/19/98		0.14								10/19/98

		11/09/98		0.082								11/09/98

		12/07/98		0.13								12/07/98

		01/19/99		0.11								01/19/99

		02/16/99		0.089								02/16/99

		03/19/99		0.079								03/19/99		0.088

		04/23/99		0.06								04/23/99		0.063

		05/20/99		0.075								05/20/99		0.39

		06/28/99		0.067								06/28/99		0.076

		07/30/99		0.45								07/30/99		0.11

		09/16/99		0.13								09/16/99		0.15

		11/04/99		0.09								11/04/99		0.1

		12/07/99		0.14								12/07/99		0.13

		01/04/00		0.15								01/04/00		0.15
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N-AMMONIA

		HATCHERY INLET								HATCHERY HEAD TANK

				N-AMMONIA (mg-N/L)								N-AMMONIA (mg-N/L)

		DATE		RESULT						DATE		RESULT

		04/15/96		<  .010						04/15/96

		05/22/96		<  .010						05/22/96

		07/08/96		<  .010						07/08/96

		08/10/96		<  .010						08/10/96

		09/03/96		<  .010						09/03/96

		09/22/96		<  .010						09/22/96

		12/18/96		<  .050  *						12/18/96

		02/06/97		<  .010  *						02/06/97

		03/25/97		<  .010  *						03/25/97

		04/16/97		0.028						04/16/97

		05/12/97		0.032						05/12/97

		06/17/97		0.04						06/17/97

		07/07/97		<  .010  *						07/07/97

		08/04/97		<  .010  *						08/04/97

		09/08/97		0.075						09/08/97

		10/27/97		0.022						10/27/97

		11/10/97		0.034						11/10/97

		12/15/97		<0.010*						12/15/97

		01/19/98		0.023						01/19/98

		02/16/98		<0.010*						02/16/98

		03/23/98		0.028						03/23/98

		04/27/98		<0.010						04/27/98

		05/11/98		0.046						05/11/98

		06/08/98		<0.010*						06/08/98

		07/14/98		0.036						07/14/98

		08/10/98		<0.010						08/10/98

		09/21/98		0.024						09/21/98

		10/19/98		<0.010						10/19/98

		11/09/98		0.021						11/09/98

		12/07/98		<0.01						12/07/98

		01/19/99		<0.01 U						01/19/99

		02/16/99		<0.010U						02/16/99

		03/19/99		<0.010U						03/19/99		<0.010U

		04/23/99		<0.010U						04/23/99		<0.010U

		05/20/99		0.013						05/20/99		<0.010U

		06/28/99		0.032						06/28/99		0.044

		07/30/99		0.021						07/30/99		<0.010U

		09/16/99		0.059						09/16/99		0.036

		11/04/99		<0.010U						11/04/99		<0.010U

		12/07/99		<0.010U						12/07/99		<0.010U

		01/04/00		<0.010U						01/04/00		<0.010U
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Sheet1

				ORTHO-PHOS  HATCH INLET								N-AMMONIA										N02+NO3

				K.R.		AVG TEMPERATE R.								K.R.		AVG TEMPERATE R.								K.R.		AVG TEMPERATE R.

		12/18/96		0.004		0.006						04/15/96		0.01		0.24						04/15/96		0.08		0.488

				0.004		0.006								0.01		0.24								0.07		0.488

				0.007		0.006								0.01		0.24								0.1		0.488

				0.004		0.006								0.01		0.24						08/10/96		0.11		0.488

				0.004		0.006								0.01		0.24								0.1		0.488

		06/17/97		0.009		0.006								0.01		0.24								0.08		0.488

				0.004		0.006						12/18/96		0.05		0.24								0.085		0.488

				0.004		0.006								0.01		0.24								0.12		0.488

				0.004		0.006								0.01		0.24						03/25/97		0.077		0.488

				0.004		0.006								0.028		0.24								0.074		0.488

				0.004		0.006								0.032		0.24								0.12		0.488

		12/15/97		0.004		0.006						06/17/97		0.04		0.24						06/17/97		0.079		0.488

				0.004		0.006								0.01		0.24								0.044		0.488

				0.004		0.006								0.01		0.24								0.096		0.488

				0.004		0.006								0.075		0.24								0.096		0.488

				0.004		0.006								0.022		0.24								0.094		0.488

				0.004		0.006								0.034		0.24								0.08		0.488

		06/08/98		0.004		0.006						12/15/97		0.01		0.24						12/15/97		0.13		0.488

				0.004		0.006								0.023		0.24								0.055		0.488

				0.004		0.006								0.01		0.24								0.061		0.488

				0.004		0.006								0.028		0.24								0.056		0.488

				0.004		0.006								0.01		0.24								0.095		0.488

				0.004		0.006								0.046		0.24								0.053		0.488

		01/19/99		0.004		0.006						06/08/98		0.01		0.24						06/08/98		0.075		0.488

				0.004		0.006								0.036		0.24								0.1		0.488

				0.004		0.006								0.01		0.24								0.099		0.488

				0.004		0.006								0.024		0.24								0.11		0.488

				0.004		0.006								0.01		0.24								0.14		0.488

		06/28/99		0.004		0.006								0.021		0.24								0.082		0.488

				0.004		0.006						12/07/98		0.01		0.24						12/07/98		0.13		0.488

				0.004		0.006								0.01		0.24								0.11		0.488

				0.005		0.006								0.01		0.24								0.089		0.488

				0.004		0.006								0.01		0.24								0.079		0.488

		01/04/00		0.004		0.006								0.01		0.24								0.06		0.488

														0.013		0.24								0.075		0.488

												06/28/99		0.032		0.24						06/28/99		0.067		0.488

														0.021		0.24								0.45		0.488

														0.059		0.24								0.13		0.488

														0.01		0.24								0.09		0.488

														0.01		0.24								0.14		0.488

												01/04/00		0.01		0.24						01/04/00		0.15		0.488





ORTHOPHOS

		HATCHERY INLET										HATCHERY HEAD TANK

				ORTHO-PHOSPHATE AS P (mg-P/L)										ORTHO-PHOSPHATE AS P (mg-P/L)

		DATE		RESULT								DATE		RESULT

		04/15/96		<  .02								04/15/96

		05/22/96		<  .02								05/22/96

		07/08/96		<  .02								07/08/96

		08/10/96		<  .02								08/10/96

		09/03/96		<  .02								09/03/96

		09/22/96		<  .02								09/22/96

		12/18/96		<  0.004  *								12/18/96

		02/06/97		<  0.004  *								02/06/97

		03/25/97		0.007								03/25/97

		04/16/97		<  0.004  *								04/16/97

		05/12/97		<  0.004  *								05/12/97

		06/17/97		0.009								06/17/97

		07/07/97		0.004								07/07/97

		08/04/97		<  0.004  *								08/04/97

		09/08/97		<  0.004  *								09/08/97

		10/27/97		<  0.004  *								10/27/97

		11/10/97		<0.004 *								11/10/97

		12/15/97		<0.004*								12/15/97

		01/19/98		<0.004*								01/19/98

		02/16/98		<0.004 *								02/16/98

		03/23/98		<0.004								03/23/98

		04/27/98		0.004								04/27/98

		05/11/98		<0.004*								05/11/98

		06/08/98		<0.004*								06/08/98

		07/14/98		<0.004*								07/14/98

		08/10/98		<0.004								08/10/98

		09/21/98		<0.004								09/21/98

		10/19/98		<0.004								10/19/98

		12/07/98		<0.004								12/07/98

		01/19/99		<0.004 U								01/19/99

		02/16/99		<0.004								02/16/99

		03/19/99		<0.004U								03/19/99		<0.004U

		04/23/99		<0.004U								04/23/99		<0.004U

		05/20/99		<0.004U								05/20/99		<0.004U

		06/28/99		<0.004U								06/28/99		<0.004U

		07/30/99		<0.004U								07/30/99		<0.004U

		09/16/99		<0.004U								09/16/99		<0.004U

		11/04/99		0.005								11/04/99		<0.004U

		12/07/99		<0.004U								12/07/99		<0.004U

		01/04/00		<0.004U								01/04/00		<0.004U
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H20HARDNESS

		HATCHERY INLET HARDNESS (mg CaCO3/L)

		DATE		RESULT

		4/15/96		99.5

		5/22/96		79.2

		7/8/96		89.2

		8/10/96		109

		9/3/96		101

		9/22/96		109

		12/18/96		120

		2/6/97		110

		3/25/97		74

		4/16/97		na

		5/12/97		na

		6/17/97		na

		7/7/97		na

		8/4/97		na

		9/8/97		na

		10/27/97		na
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CALCIUM

		HATCHERY INLET								HATCHERY HEAD TANK

				CALCIUM (mg/L)								CALCIUM (mg/L)

		DATE		RESULT						DATE		RESULT

		04/15/96		27.1						04/15/96

		05/22/96		21.9						05/22/96

		07/08/96		25.1						07/08/96

		08/10/96		30.5						08/10/96

		09/03/96		28.3						09/03/96

		09/22/96		30.1						09/22/96

		12/18/96		33						12/18/96

		02/06/97		31.2						02/06/97

		03/25/97		19.6						03/25/97

		04/16/97		29.2						04/16/97

		05/12/97		17.1						05/12/97

		06/17/97		21.7						06/17/97

		07/07/97		23.4						07/07/97

		08/04/97		25.1						08/04/97

		09/08/97		30.1						09/08/97

		10/27/97		29						10/27/97

		11/10/97		28.3						11/10/97

		12/15/97		30.1						12/15/97

		01/19/98		31						01/19/98

		02/16/98		30.7						02/16/98

		03/23/98		26.2						03/23/98

		04/27/98		16.1						04/27/98

		05/11/98		13.4						05/11/98

		06/08/98		27.1						06/08/98

		07/14/98		27.5						07/14/98

		08/10/98		0.02						08/10/98

		09/21/98		0.03						09/21/98

		10/19/98		0.02						10/19/98

		11/09/98		0.02						11/09/98

		12/07/98		0.02						12/07/98

		01/19/99		35.1						01/19/99

		02/16/99		35.1						02/16/99

		03/19/99		36.1						03/19/99

		04/23/99		26						04/23/99		27.1

		05/20/99		18.1						05/20/99		18

		06/28/99		13.3						06/28/99		13.2

		07/30/99		22.1						07/30/99		22.5

		09/16/99		27.9						09/16/99		28.2

		11/04/99		30						11/04/99		30

		12/07/99		28.1						12/07/99		27.7

		01/04/00		30.9						01/04/00		30.6
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COPPER

		HATCHERY INLET								HATCHERY HEAD TANK

				COPPER (mg/L)								COPPER (mg/L)

		DATE		RESULT						DATE		RESULT

		04/15/96		<  .003						04/15/96

		05/22/96		<  .003						05/22/96

		07/08/96		<  .003						07/08/96

		08/10/96		<  .003						08/10/96

		09/03/96		<  .003						09/03/96

		09/22/96		<  .003						09/22/96

		12/18/96		.002  *						12/18/96

		02/06/97		.002  *						02/06/97

		03/25/97		.002  *						03/25/97

		04/16/97		0.003						04/16/97

		05/12/97		.002  *						05/12/97

		06/17/97		.002  *						06/17/97

		07/07/97		.002  *						07/07/97

		08/04/97		.002  *						08/04/97

		09/08/97		.002  *						09/08/97

		10/27/97		.002  *						10/27/97

		11/10/97		0.002 *						11/10/97

		12/15/97		0.002*						12/15/97

		01/19/98		0.002*						01/19/98

		02/16/98		0.002*						02/16/98

		03/23/98		0.002						03/23/98

		04/27/98		0.002						04/27/98

		05/11/98		0.002*						05/11/98

		06/08/98		0.002*						06/08/98

		07/14/98		0.002*						07/14/98

		08/10/98		0.002						08/10/98

		09/21/98		0.002						09/21/98

		10/19/98		0.002						10/19/98

		11/09/98		0.003						11/09/98

		12/07/98		0.002						12/07/98

		01/19/99		0.002 U						01/19/99

		02/16/99		0.002U						02/16/99

		03/19/99		0.002U						03/19/99

		04/23/99		0.002U						04/23/99		0.002U

		05/20/99		0.002U						05/20/99		0.002U

		06/28/99		0.002U						06/28/99		0.002U

		07/30/99		0.002U						07/30/99		0.002U

		09/16/99		0.002U						09/16/99		0.002U

		11/04/99		0.002						11/04/99		0.002U

		12/07/99		0.002U						12/07/99		0.002U

		01/04/00		0.002U						01/04/00		0.002U
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MAGNESIUM

		HATCHERY INLET								HATCHERY HEAD TANK

				MAGNESIUM (mg/L)								MAGNESIUM (mg/L)

		DATE		RESULT						DATE		RESULT

		04/15/96		7.74						04/15/96

		05/22/96		5.96						05/22/96

		07/08/96		6.46						07/08/96

		08/10/96		8.05						08/10/96

		09/03/96		7.3						09/03/96

		09/22/96		8.25						09/22/96

		12/18/96		9.14						12/18/96

		02/06/97		8.86						02/06/97

		03/25/97		6.07						03/25/97

		04/16/97		8.76						04/16/97

		05/12/97		5.58						05/12/97

		06/17/97		6.11						06/17/97

		07/07/97		6.48						07/07/97

		08/04/97		6.94						08/04/97

		09/08/97		7.95						09/08/97

		10/27/97		7.67						10/27/97

		11/10/97		7.41						11/10/97

		12/15/97		8.31						12/15/97

		01/19/98		8.54						01/19/98

		02/16/98		8.56						02/16/98

		03/23/98		7.42						03/23/98

		04/27/98		4.49						04/27/98

		05/11/98		3.73						05/11/98

		06/08/98		7.59						06/08/98

		07/14/98		7.5						07/14/98

		08/10/98		0.001						08/10/98

		09/21/98		0.02						09/21/98

		10/19/98		0.02						10/19/98

		11/09/98		0.02						11/09/98

		12/07/98		0.02						12/07/98

		01/19/99		9.91						01/19/99

		02/16/99		9.99						02/16/99

		03/19/99		10.2						03/19/99

		04/23/99		7.59						04/23/99		7.83

		05/20/99		5.15						05/20/99		5.07

		06/28/99		3.65						06/28/99		3.54

		07/30/99		6.09						07/30/99		6.11

		09/16/99		7.82						09/16/99		7.81

		11/04/99		8.29						11/04/99		8.29

		12/07/99		7.44						12/07/99		7.31

		01/04/00		8.49						01/04/99		8.38
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MANGANESE

		HATCHERY INLET								HATCHERY HEAD TANK

				MANGANESE (mg/L)								MANGANESE (mg/L)

		DATE		RESULT						DATE		RESULT

		04/15/96		0.002						04/15/96

		05/22/96		0.002						05/22/96

		07/08/96		<  .002						07/08/96

		08/10/96		<  .001						08/10/96

		09/03/96		0.004						09/03/96

		09/22/96		<  .001						09/22/96

		12/18/96		0.004						12/18/96

		02/06/97		0.005						02/06/97

		03/25/97		0.03						03/25/97

		04/16/97		0.013						04/16/97

		05/12/97		0.037						05/12/97

		06/17/97		0.013						06/17/97

		07/07/97		0.007						07/07/97

		08/04/97		0.005						08/04/97

		09/08/97		0.007						09/08/97

		10/27/97		0.002						10/27/97

		11/10/97		0.003						11/10/97

		12/15/97		0.002						12/15/97

		01/19/98		0.004						01/19/98

		02/16/98		0.004						02/16/98

		03/23/98		0.006						03/23/98

		04/27/98		0.01						04/27/98

		05/11/98		0.006						05/11/98

		06/08/98		0.007						06/08/98

		07/14/98		0.004						07/14/98

		08/10/98		0.001						08/10/98

		09/21/98		0.001						09/21/98

		10/19/98		0.001						10/19/98

		11/09/98		0.001						11/09/98

		12/07/98		0.001						12/07/98

		01/19/99		0.005						01/19/99

		02/16/99		0.004						02/16/99

		03/19/99		0.006						03/19/99

		04/23/99		0.001						04/23/99		0.007

		05/20/99		0.007						05/20/99		0.002

		06/28/99		0.01						06/28/99		0.002

		07/30/99		0.006						07/30/99		0.001U

		09/16/99		0.003						09/16/99		0.001U

		11/04/99		0.003						11/04/99		0.001U

		12/07/99		0.003						12/07/99		0.001U

		01/04/00		0.006						01/04/00		0.001U
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ZINC

		HATCHERY INLET										HATCHERY HEAD TANK

				ZINC (mg/L)										ZINC (mg/L)

		DATE		RESULT								DATE		RESULT

		04/15/96		0.003								04/15/96

		05/22/96		0.003								05/22/96

		07/08/96		0.006								07/08/96

		08/10/96		0.003								08/10/96

		09/03/96		0.009								09/03/96

		09/22/96		0.004								09/22/96

		12/18/96		0.005								12/18/96

		02/06/97		0.005								02/06/97

		03/25/97		0.007								03/25/97

		04/16/97		.004  *								04/16/97

		05/12/97		0.008								05/12/97

		06/17/97		0.004  *								06/17/97

		07/07/97		0.005								07/07/97

		08/04/97		0.004  *								08/04/97

		09/08/97		0.004  *								09/08/97

		10/27/97		0.008								10/27/97

		11/10/97		0.004 *								11/10/97

		12/15/97		0.004*								12/15/97

		01/19/98		0.004*								01/19/98

		02/16/98		0.004								02/16/98

		03/23/98		0.004								03/23/98

		04/27/98		0.004								04/27/98

		05/11/98		0.004*								05/11/98

		06/08/98		0.005								06/08/98

		07/14/98		0.006								07/14/98

		08/10/98		0.004								08/10/98

		09/21/98		0.005								09/21/98

		10/19/98		100								10/19/98

		11/09/98		0.004								11/09/98

		12/07/98		0.008								12/07/98

		01/19/99		0.011								01/19/99

		02/16/99		0.004U								02/16/99

		03/19/99		0.005								03/19/99

		04/23/99		0.004U								04/23/99		0.01

		05/20/99		0.006								05/20/99		0.007

		06/28/99		0.009								06/28/99		0.004U

		07/30/99		0.006								07/30/99		0.004U

		09/16/99		0.004								09/16/99		0.004U

		11/04/99		0.005								11/04/99		0.004U

		12/07/99		0.008								12/07/99		0.006U

		01/04/00		0.006U								01/04/00		0.006U
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ALKALINITY

		HATCHERY INLET (DOCK)										HATCHERY HEAD TANK

				ALKALINITY (mg/L  CaCO3)										ALKALINITY (mg/L  CaCO3)

		DATE		RESULT								DATE		RESULT

		04/15/96		85.1								04/15/96

		05/22/96		131								05/22/96

		07/08/96		84.8								07/08/96

		08/10/96		87.3								08/10/96

		09/03/96		94								09/03/96

		09/22/96		94								09/22/96

		12/18/96		110								12/18/96

		02/06/97		100								02/06/97

		03/25/97		69								03/25/97

		04/16/97		96								04/16/97

		05/12/97		58								05/12/97

		06/17/97		75								06/17/97

		07/07/97		78								07/07/97

		08/04/97		89								08/04/97

		09/08/97		95								09/08/97

		10/27/97		90								10/27/97

		11/10/97		88								11/10/97

		12/15/97		97								12/15/97

		01/19/98		95								01/19/98

		02/16/98		100								02/16/98

		03/23/98		83								03/23/98

		04/27/98		54								04/27/98

		05/11/98		46								05/11/98

		06/08/98		88								06/08/98

		07/14/98		91								07/14/98

		08/10/98		100								08/10/98

		09/21/98		100								09/21/98

		10/19/98		100								10/19/98

		11/09/98		100								11/09/98

		12/07/98		100								12/07/98

		01/19/99		110								01/19/99

		02/16/99		110								02/16/99

		03/19/99		110								03/19/99		110

		04/23/99		86								04/23/99		86

		05/20/99		58								05/20/99		59

		06/28/99		42								06/28/99		42

		07/30/99		74								07/30/99		66

		09/16/99		94								09/16/99		95

		11/04/99		90								11/04/99		95

		12/07/99		86								12/07/99		87

		01/04/00		94								01/04/00		94
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TDISSOLID

		HATCHERY INLET								HATCHERY HEAD TANK

		TOTAL DISSOLVED SOLIDS (mg/L)										TOTAL DISSOLVED SOLIDS (mg/L)

		DATE		RESULT						DATE		RESULT

		09/03/96		114						09/03/96

		12/18/96		120						12/18/96

		02/06/97		140						02/06/97

		03/25/97		84						03/25/97

		04/16/97		74						04/16/97

		05/12/97		82						05/12/97

		06/17/97		99						06/17/97

		07/07/97		97						07/07/97

		08/04/97		110						08/04/97

		09/08/97		94						09/08/97

		10/27/97		110						10/27/97

		11/10/97		110						11/10/97

		12/15/97		140						12/15/97

		01/19/98		140						01/19/98

		02/16/98		110						02/16/98

		03/23/98		100						03/23/98

		04/27/98		74						04/27/98

		05/11/98		55						05/11/98

		06/08/98		120						06/08/98

		07/14/98		110						07/14/98

		08/10/98		130						08/10/98

		09/21/98		120						09/21/98

		10/19/98		130						10/19/98

		11/09/98		120						11/09/98

		12/07/98		120						12/07/98

		01/19/99		150						01/19/99

		02/16/99		140						02/16/99

		03/19/99		140						03/19/99		140

		04/23/99		110						04/23/99		110

		05/20/99		74						05/20/99		77

		06/28/99		61						06/28/99		64

		07/30/99		84						07/30/99		85

		09/16/99		120						09/16/99		110

		11/04/99		110						11/04/99		120

		12/07/99		110						12/07/99		110

		01/04/00		110						01/04/00		120
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TSUSPSOLID

		HATCHERY INLET										HATCHERY HEAD TANK

		TOTAL SUSPENDED SOLIDS (mg/L)												TOTAL SUSPENDED SOLIDS (mg/L)

		DATE		RESULT								DATE		RESULT

		04/15/96		11.7								04/15/96

		05/22/96		19								05/22/96

		07/08/96		5.1								07/08/96

		08/10/96		1.5								08/10/96

		09/03/96		<  .010								09/03/96

		09/22/96		2.3								09/22/96

		12/18/96		1.9								12/18/96

		02/06/97		3								02/06/97

		03/25/97		32								03/25/97

		04/16/97		14								04/16/97

		05/12/97		71								05/12/97

		06/17/97		17								06/17/97

		07/07/97		8								07/07/97

		08/04/97		4								08/04/97

		09/08/97		2.8								09/08/97

		10/27/97		2.5								10/27/97

		11/10/97		2.3								11/10/97

		12/15/97		2.9								12/15/97

		01/19/98		1.4								01/19/98

		02/16/98		1.2								02/16/98

		03/23/98		4.6								03/23/98

		04/27/98		9.4								04/27/98

		05/11/98		8.6								05/11/98

		06/08/98		8.7								06/08/98

		07/14/98		<2.1*								07/14/98

		08/10/98		3.8								08/10/98

		09/21/98		<1.1								09/21/98

		10/19/98		<1.1								10/19/98

		11/09/98		<1.3								11/09/98

		12/07/98		<1.2								12/07/98

		01/19/99		3.3								01/19/99

		02/16/99		2.9								02/16/99

		03/19/99		5.2								03/19/99		<2.1U

		04/23/99		<1.1U								04/23/99		5.6

		05/20/99		6.4								05/20/99		<2.2U

		06/28/99		10								06/28/99		<1.1U

		07/30/99		4.3								07/30/99		<1.0U

		09/16/99		2.1								09/16/99		<1.1U

		11/04/99		2.2								11/04/99		<1.4U

		12/07/99		1.2								12/07/99		<1.1U

		01/04/00		5.9								01/04/00		<0.010U
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N-NITRATE

		HATCHERY INLET N-NITRATE (mg-N/L)

		DATE		RESULT

		4/15/96		0.08

		5/22/96		0.07

		7/8/96		0.1

		8/10/96		0.11

		9/3/96		0.1

		9/22/96		0.08

		12/18/96		0.1

		2/6/97		0.085

		3/25/97		0.12

		4/16/97		0.077

		5/12/97		0.074

		6/17/97		0.12

		7/7/97		0.079

		8/4/97		0.044

		9/8/97		0.096

		10/27/97		0.094

		11/10/97		0.08

		12/15/97		0.13

		3/23/98		0.056

		4/27/98		0.095

		5/11/98		0.053

		6/8/98		0.075
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N-NITRITE

		HATCHERY INLET N-NITRITE (mg-N/L)

		DATE		RESULT

		4/15/96		<  0.05

		5/22/96		<  0.05

		7/8/96		<  0.05

		8/10/96		<  0.05

		9/3/96		<  0.05

		9/22/96		<  0.05

		12/18/96		<  0.01  *

		2/6/97		<  0.01  *

		3/25/97		<  0.01  *

		4/19/97		<  0.01  *

		5/12/97		<  0.01  *

		6/17/97		<  0.01  *

		7/7/97		<  0.01  *

		8/4/97		<  0.01  *

		9/8/97		<  0.01  *

		10/27/97		<  0.01  *

		11/10/97		<0.010 *

		12/15/97		<0.010*

		3/23/98		<0.010

		4/27/98		<0.010

		5/11/98		<0.010*

		6/8/98		<0.010
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NIT+NIT

		HATCHERY INLET										HATCHERY HEAD TANK

		NITRATE + NITRITE (NO2 + NO3) (mg-N/L)												NITRATE + NITRITE (NO2 + NO3) (mg-N/L)

		DATE		RESULT								DATE		RESULT

		04/15/96		0.08								04/15/96

		05/22/96		0.07								05/22/96

		07/08/96		0.1								07/08/96

		08/10/96		0.11								08/10/96

		09/03/96		0.1								09/03/96

		09/22/96		0.08								09/22/96

		12/18/96		0.085								12/18/96

		02/06/97		0.12								02/06/97

		03/25/97		0.077								03/25/97

		04/16/97		0.074								04/16/97

		05/12/97		0.12								05/12/97

		06/17/97		0.079								06/17/97

		07/07/97		0.044								07/07/97

		08/04/97		0.096								08/04/97

		09/08/97		0.096								09/08/97

		10/27/97		0.094								10/27/97

		11/10/97		0.08								11/10/97

		12/15/97		0.13								12/15/97

		01/19/98		0.055								01/19/98

		02/16/98		0.061								02/16/98

		03/23/98		0.056								03/23/98

		04/27/98		0.095								04/27/98

		05/11/98		0.053								05/11/98

		06/08/98		0.075								06/08/98

		07/14/98		0.1								07/14/98

		08/10/98		0.099								08/10/98

		09/21/98		0.11								09/21/98

		10/19/98		0.14								10/19/98

		11/09/98		0.082								11/09/98

		12/07/98		0.13								12/07/98

		01/19/99		0.11								01/19/99

		02/16/99		0.089								02/16/99

		03/19/99		0.079								03/19/99		0.088

		04/23/99		0.06								04/23/99		0.063

		05/20/99		0.075								05/20/99		0.39

		06/28/99		0.067								06/28/99		0.076

		07/30/99		0.45								07/30/99		0.11

		09/16/99		0.13								09/16/99		0.15

		11/04/99		0.09								11/04/99		0.1

		12/07/99		0.14								12/07/99		0.13

		01/04/00		0.15								01/04/00		0.15
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N-AMMONIA

		HATCHERY INLET								HATCHERY HEAD TANK

				N-AMMONIA (mg-N/L)								N-AMMONIA (mg-N/L)

		DATE		RESULT						DATE		RESULT

		04/15/96		<  .010						04/15/96

		05/22/96		<  .010						05/22/96

		07/08/96		<  .010						07/08/96

		08/10/96		<  .010						08/10/96

		09/03/96		<  .010						09/03/96

		09/22/96		<  .010						09/22/96

		12/18/96		<  .050  *						12/18/96

		02/06/97		<  .010  *						02/06/97

		03/25/97		<  .010  *						03/25/97

		04/16/97		0.028						04/16/97

		05/12/97		0.032						05/12/97

		06/17/97		0.04						06/17/97

		07/07/97		<  .010  *						07/07/97

		08/04/97		<  .010  *						08/04/97

		09/08/97		0.075						09/08/97

		10/27/97		0.022						10/27/97

		11/10/97		0.034						11/10/97

		12/15/97		<0.010*						12/15/97

		01/19/98		0.023						01/19/98

		02/16/98		<0.010*						02/16/98

		03/23/98		0.028						03/23/98

		04/27/98		<0.010						04/27/98

		05/11/98		0.046						05/11/98

		06/08/98		<0.010*						06/08/98

		07/14/98		0.036						07/14/98

		08/10/98		<0.010						08/10/98

		09/21/98		0.024						09/21/98

		10/19/98		<0.010						10/19/98

		11/09/98		0.021						11/09/98

		12/07/98		<0.01						12/07/98

		01/19/99		<0.01 U						01/19/99

		02/16/99		<0.010U						02/16/99

		03/19/99		<0.010U						03/19/99		<0.010U

		04/23/99		<0.010U						04/23/99		<0.010U

		05/20/99		0.013						05/20/99		<0.010U

		06/28/99		0.032						06/28/99		0.044

		07/30/99		0.021						07/30/99		<0.010U

		09/16/99		0.059						09/16/99		0.036

		11/04/99		<0.010U						11/04/99		<0.010U

		12/07/99		<0.010U						12/07/99		<0.010U

		01/04/00		<0.010U						01/04/00		<0.010U
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Sheet1

				ORTHO-PHOS  HATCH INLET								N-AMMONIA										N02+NO3

				K.R.		AVG TEMPERATE R.								K.R.		AVG TEMPERATE R.								K.R.		AVG TEMPERATE R.

		12/18/96		0.004		0.006						04/15/96		0.01		0.24						04/15/96		0.08		0.488

				0.004		0.006								0.01		0.24								0.07		0.488

				0.007		0.006								0.01		0.24								0.1		0.488

				0.004		0.006								0.01		0.24						08/10/96		0.11		0.488

				0.004		0.006								0.01		0.24								0.1		0.488

		06/17/97		0.009		0.006								0.01		0.24								0.08		0.488

				0.004		0.006						12/18/96		0.05		0.24								0.085		0.488

				0.004		0.006								0.01		0.24								0.12		0.488

				0.004		0.006								0.01		0.24						03/25/97		0.077		0.488

				0.004		0.006								0.028		0.24								0.074		0.488

				0.004		0.006								0.032		0.24								0.12		0.488

		12/15/97		0.004		0.006						06/17/97		0.04		0.24						06/17/97		0.079		0.488

				0.004		0.006								0.01		0.24								0.044		0.488

				0.004		0.006								0.01		0.24								0.096		0.488

				0.004		0.006								0.075		0.24								0.096		0.488

				0.004		0.006								0.022		0.24								0.094		0.488

				0.004		0.006								0.034		0.24								0.08		0.488

		06/08/98		0.004		0.006						12/15/97		0.01		0.24						12/15/97		0.13		0.488

				0.004		0.006								0.023		0.24								0.055		0.488

				0.004		0.006								0.01		0.24								0.061		0.488

				0.004		0.006								0.028		0.24								0.056		0.488

				0.004		0.006								0.01		0.24								0.095		0.488

				0.004		0.006								0.046		0.24								0.053		0.488

		01/19/99		0.004		0.006						06/08/98		0.01		0.24						06/08/98		0.075		0.488

				0.004		0.006								0.036		0.24								0.1		0.488

				0.004		0.006								0.01		0.24								0.099		0.488

				0.004		0.006								0.024		0.24								0.11		0.488

				0.004		0.006								0.01		0.24								0.14		0.488

		06/28/99		0.004		0.006								0.021		0.24								0.082		0.488

				0.004		0.006						12/07/98		0.01		0.24						12/07/98		0.13		0.488

				0.004		0.006								0.01		0.24								0.11		0.488

				0.005		0.006								0.01		0.24								0.089		0.488

				0.004		0.006								0.01		0.24								0.079		0.488

		01/04/00		0.004		0.006								0.01		0.24								0.06		0.488

														0.013		0.24								0.075		0.488

												06/28/99		0.032		0.24						06/28/99		0.067		0.488

														0.021		0.24								0.45		0.488

														0.059		0.24								0.13		0.488

														0.01		0.24								0.09		0.488

														0.01		0.24								0.14		0.488

												01/04/00		0.01		0.24						01/04/00		0.15		0.488





ORTHOPHOS

		HATCHERY INLET										HATCHERY HEAD TANK

				ORTHO-PHOSPHATE AS P (mg-P/L)										ORTHO-PHOSPHATE AS P (mg-P/L)

		DATE		RESULT								DATE		RESULT

		04/15/96		<  .02								04/15/96

		05/22/96		<  .02								05/22/96

		07/08/96		<  .02								07/08/96

		08/10/96		<  .02								08/10/96

		09/03/96		<  .02								09/03/96

		09/22/96		<  .02								09/22/96

		12/18/96		<  0.004  *								12/18/96

		02/06/97		<  0.004  *								02/06/97

		03/25/97		0.007								03/25/97

		04/16/97		<  0.004  *								04/16/97

		05/12/97		<  0.004  *								05/12/97

		06/17/97		0.009								06/17/97

		07/07/97		0.004								07/07/97

		08/04/97		<  0.004  *								08/04/97

		09/08/97		<  0.004  *								09/08/97

		10/27/97		<  0.004  *								10/27/97

		11/10/97		<0.004 *								11/10/97

		12/15/97		<0.004*								12/15/97

		01/19/98		<0.004*								01/19/98

		02/16/98		<0.004 *								02/16/98

		03/23/98		<0.004								03/23/98

		04/27/98		0.004								04/27/98

		05/11/98		<0.004*								05/11/98

		06/08/98		<0.004*								06/08/98

		07/14/98		<0.004*								07/14/98

		08/10/98		<0.004								08/10/98

		09/21/98		<0.004								09/21/98

		10/19/98		<0.004								10/19/98

		12/07/98		<0.004								12/07/98

		01/19/99		<0.004 U								01/19/99

		02/16/99		<0.004								02/16/99

		03/19/99		<0.004U								03/19/99		<0.004U

		04/23/99		<0.004U								04/23/99		<0.004U

		05/20/99		<0.004U								05/20/99		<0.004U

		06/28/99		<0.004U								06/28/99		<0.004U

		07/30/99		<0.004U								07/30/99		<0.004U

		09/16/99		<0.004U								09/16/99		<0.004U

		11/04/99		0.005								11/04/99		<0.004U

		12/07/99		<0.004U								12/07/99		<0.004U

		01/04/00		<0.004U								01/04/00		<0.004U
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H20HARDNESS

		HATCHERY INLET HARDNESS (mg CaCO3/L)

		DATE		RESULT

		4/15/96		99.5

		5/22/96		79.2

		7/8/96		89.2

		8/10/96		109

		9/3/96		101

		9/22/96		109

		12/18/96		120

		2/6/97		110

		3/25/97		74

		4/16/97		na

		5/12/97		na

		6/17/97		na

		7/7/97		na

		8/4/97		na

		9/8/97		na

		10/27/97		na
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CALCIUM

		HATCHERY INLET								HATCHERY HEAD TANK

				CALCIUM (mg/L)								CALCIUM (mg/L)

		DATE		RESULT						DATE		RESULT

		04/15/96		27.1						04/15/96

		05/22/96		21.9						05/22/96

		07/08/96		25.1						07/08/96

		08/10/96		30.5						08/10/96

		09/03/96		28.3						09/03/96

		09/22/96		30.1						09/22/96

		12/18/96		33						12/18/96

		02/06/97		31.2						02/06/97

		03/25/97		19.6						03/25/97

		04/16/97		29.2						04/16/97

		05/12/97		17.1						05/12/97

		06/17/97		21.7						06/17/97

		07/07/97		23.4						07/07/97

		08/04/97		25.1						08/04/97

		09/08/97		30.1						09/08/97

		10/27/97		29						10/27/97

		11/10/97		28.3						11/10/97

		12/15/97		30.1						12/15/97

		01/19/98		31						01/19/98

		02/16/98		30.7						02/16/98

		03/23/98		26.2						03/23/98

		04/27/98		16.1						04/27/98

		05/11/98		13.4						05/11/98

		06/08/98		27.1						06/08/98

		07/14/98		27.5						07/14/98

		08/10/98		0.02						08/10/98

		09/21/98		0.03						09/21/98

		10/19/98		0.02						10/19/98

		11/09/98		0.02						11/09/98

		12/07/98		0.02						12/07/98

		01/19/99		35.1						01/19/99

		02/16/99		35.1						02/16/99

		03/19/99		36.1						03/19/99

		04/23/99		26						04/23/99		27.1

		05/20/99		18.1						05/20/99		18

		06/28/99		13.3						06/28/99		13.2

		07/30/99		22.1						07/30/99		22.5

		09/16/99		27.9						09/16/99		28.2

		11/04/99		30						11/04/99		30

		12/07/99		28.1						12/07/99		27.7

		01/04/00		30.9						01/04/00		30.6
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COPPER

		HATCHERY INLET								HATCHERY HEAD TANK

				COPPER (mg/L)								COPPER (mg/L)

		DATE		RESULT						DATE		RESULT

		04/15/96		<  .003						04/15/96

		05/22/96		<  .003						05/22/96

		07/08/96		<  .003						07/08/96

		08/10/96		<  .003						08/10/96

		09/03/96		<  .003						09/03/96

		09/22/96		<  .003						09/22/96

		12/18/96		.002  *						12/18/96

		02/06/97		.002  *						02/06/97

		03/25/97		.002  *						03/25/97

		04/16/97		0.003						04/16/97

		05/12/97		.002  *						05/12/97

		06/17/97		.002  *						06/17/97

		07/07/97		.002  *						07/07/97

		08/04/97		.002  *						08/04/97

		09/08/97		.002  *						09/08/97

		10/27/97		.002  *						10/27/97

		11/10/97		0.002 *						11/10/97

		12/15/97		0.002*						12/15/97

		01/19/98		0.002*						01/19/98

		02/16/98		0.002*						02/16/98

		03/23/98		0.002						03/23/98

		04/27/98		0.002						04/27/98

		05/11/98		0.002*						05/11/98

		06/08/98		0.002*						06/08/98

		07/14/98		0.002*						07/14/98

		08/10/98		0.002						08/10/98

		09/21/98		0.002						09/21/98

		10/19/98		0.002						10/19/98

		11/09/98		0.003						11/09/98

		12/07/98		0.002						12/07/98

		01/19/99		0.002 U						01/19/99

		02/16/99		0.002U						02/16/99

		03/19/99		0.002U						03/19/99

		04/23/99		0.002U						04/23/99		0.002U

		05/20/99		0.002U						05/20/99		0.002U

		06/28/99		0.002U						06/28/99		0.002U

		07/30/99		0.002U						07/30/99		0.002U

		09/16/99		0.002U						09/16/99		0.002U

		11/04/99		0.002						11/04/99		0.002U

		12/07/99		0.002U						12/07/99		0.002U

		01/04/00		0.002U						01/04/00		0.002U
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MAGNESIUM

		HATCHERY INLET								HATCHERY HEAD TANK

				MAGNESIUM (mg/L)								MAGNESIUM (mg/L)

		DATE		RESULT						DATE		RESULT

		04/15/96		7.74						04/15/96

		05/22/96		5.96						05/22/96

		07/08/96		6.46						07/08/96

		08/10/96		8.05						08/10/96

		09/03/96		7.3						09/03/96

		09/22/96		8.25						09/22/96

		12/18/96		9.14						12/18/96

		02/06/97		8.86						02/06/97

		03/25/97		6.07						03/25/97

		04/16/97		8.76						04/16/97

		05/12/97		5.58						05/12/97

		06/17/97		6.11						06/17/97

		07/07/97		6.48						07/07/97

		08/04/97		6.94						08/04/97

		09/08/97		7.95						09/08/97

		10/27/97		7.67						10/27/97

		11/10/97		7.41						11/10/97

		12/15/97		8.31						12/15/97

		01/19/98		8.54						01/19/98

		02/16/98		8.56						02/16/98

		03/23/98		7.42						03/23/98

		04/27/98		4.49						04/27/98

		05/11/98		3.73						05/11/98

		06/08/98		7.59						06/08/98

		07/14/98		7.5						07/14/98

		08/10/98		0.001						08/10/98

		09/21/98		0.02						09/21/98

		10/19/98		0.02						10/19/98

		11/09/98		0.02						11/09/98

		12/07/98		0.02						12/07/98

		01/19/99		9.91						01/19/99

		02/16/99		9.99						02/16/99

		03/19/99		10.2						03/19/99

		04/23/99		7.59						04/23/99		7.83

		05/20/99		5.15						05/20/99		5.07

		06/28/99		3.65						06/28/99		3.54

		07/30/99		6.09						07/30/99		6.11

		09/16/99		7.82						09/16/99		7.81

		11/04/99		8.29						11/04/99		8.29

		12/07/99		7.44						12/07/99		7.31

		01/04/00		8.49						01/04/99		8.38
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MANGANESE

		HATCHERY INLET								HATCHERY HEAD TANK

				MANGANESE (mg/L)								MANGANESE (mg/L)

		DATE		RESULT						DATE		RESULT

		04/15/96		0.002						04/15/96

		05/22/96		0.002						05/22/96

		07/08/96		<  .002						07/08/96

		08/10/96		<  .001						08/10/96

		09/03/96		0.004						09/03/96

		09/22/96		<  .001						09/22/96

		12/18/96		0.004						12/18/96

		02/06/97		0.005						02/06/97

		03/25/97		0.03						03/25/97

		04/16/97		0.013						04/16/97

		05/12/97		0.037						05/12/97

		06/17/97		0.013						06/17/97

		07/07/97		0.007						07/07/97

		08/04/97		0.005						08/04/97

		09/08/97		0.007						09/08/97

		10/27/97		0.002						10/27/97

		11/10/97		0.003						11/10/97

		12/15/97		0.002						12/15/97

		01/19/98		0.004						01/19/98

		02/16/98		0.004						02/16/98

		03/23/98		0.006						03/23/98

		04/27/98		0.01						04/27/98

		05/11/98		0.006						05/11/98

		06/08/98		0.007						06/08/98

		07/14/98		0.004						07/14/98

		08/10/98		0.001						08/10/98

		09/21/98		0.001						09/21/98

		10/19/98		0.001						10/19/98

		11/09/98		0.001						11/09/98

		12/07/98		0.001						12/07/98

		01/19/99		0.005						01/19/99

		02/16/99		0.004						02/16/99

		03/19/99		0.006						03/19/99

		04/23/99		0.001						04/23/99		0.007

		05/20/99		0.007						05/20/99		0.002

		06/28/99		0.01						06/28/99		0.002

		07/30/99		0.006						07/30/99		0.001U

		09/16/99		0.003						09/16/99		0.001U

		11/04/99		0.003						11/04/99		0.001U

		12/07/99		0.003						12/07/99		0.001U

		01/04/00		0.006						01/04/00		0.001U
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ZINC

		HATCHERY INLET										HATCHERY HEAD TANK

				ZINC (mg/L)										ZINC (mg/L)

		DATE		RESULT								DATE		RESULT

		04/15/96		0.003								04/15/96

		05/22/96		0.003								05/22/96

		07/08/96		0.006								07/08/96

		08/10/96		0.003								08/10/96

		09/03/96		0.009								09/03/96

		09/22/96		0.004								09/22/96

		12/18/96		0.005								12/18/96

		02/06/97		0.005								02/06/97

		03/25/97		0.007								03/25/97

		04/16/97		.004  *								04/16/97

		05/12/97		0.008								05/12/97

		06/17/97		0.004  *								06/17/97

		07/07/97		0.005								07/07/97

		08/04/97		0.004  *								08/04/97

		09/08/97		0.004  *								09/08/97

		10/27/97		0.008								10/27/97

		11/10/97		0.004 *								11/10/97

		12/15/97		0.004*								12/15/97

		01/19/98		0.004*								01/19/98

		02/16/98		0.004								02/16/98

		03/23/98		0.004								03/23/98

		04/27/98		0.004								04/27/98

		05/11/98		0.004*								05/11/98

		06/08/98		0.005								06/08/98

		07/14/98		0.006								07/14/98

		08/10/98		0.004								08/10/98

		09/21/98		0.005								09/21/98

		10/19/98		100								10/19/98

		11/09/98		0.004								11/09/98

		12/07/98		0.008								12/07/98

		01/19/99		0.011								01/19/99

		02/16/99		0.004U								02/16/99

		03/19/99		0.005								03/19/99

		04/23/99		0.004U								04/23/99		0.01

		05/20/99		0.006								05/20/99		0.007

		06/28/99		0.009								06/28/99		0.004U

		07/30/99		0.006								07/30/99		0.004U

		09/16/99		0.004								09/16/99		0.004U

		11/04/99		0.005								11/04/99		0.004U

		12/07/99		0.008								12/07/99		0.006U

		01/04/00		0.006U								01/04/00		0.006U
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&CDATA FROM RICHARDS (KTOI) 1998

&CPrepared by Charlie Holderman (KTOI) 1999

>>>>>DOWNSTREAM>>>>>

NUMBER MACROS / PONAR SAMPLE

1124.9

1265.5

621.8
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						WINTER-SPRING MACRO DENSITY, LOWER K.R.
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		SHORTIES ISLAND				1265.5

		PORTHILL, ID				621.8
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&CMACROINVERTEBRATE DENSITY, DATA FROM RICHARDS 1998

&CPrepared by Charlie Holderman, June 1999

CHIRONOMIDAE

OLIGOCHEATA

TOTAL MACROS

SAMPLING DATE

NUMBER MACROS / PONAR SAMPLE

AVG. MACRO INVERT DENSITY LOWER KOOTENAI RIVER (Deep Creek to Porthill) (N = 107) (CHIRONOMIDS & OLIGO 2 MOST ABUNDANT TAXA)
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								AVG MACROINVERT. DENSITY BY DATE

										SITES = DEEP CR. & PORTHILL

						7/8/96		8/5/96		9/9/96		10/7/96		11/4/96		1/10/97		2/5/97		3/7/97		4/2/97		5/5/97		6/2/97		7/1/97

		CHIRONOMIDAE				1.1		2.25		19		8.3		60.5		162.4		115.2		358.3		195.7		68.4		103		0

		OLIGOCHEATA				0.33		3.75		7.7		1.9		87.7		104.8		65.8		98.5		42.2		12.5		25.4		0

		TOTAL MACROS				4.8		6.25		33.9		13		163		269.4		199.4		489		274.3		90.5		227.1		0
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CHIRONOMIDAE

OLIGOCHEATA

OLIGOCHEATA

OLIGOCHEATA

TOTAL MACROS

TOTAL MACROS

TIME

NUMBER MACROS PER PONAR

MACROINVERT DENSITY IN LOWER KOOTENAI RIVER (PORTHILL-DEEP CR.; N = 107)
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								AVG MACROINVERT. DENSITY BY DATE

										SITES = DEEP CR. & PORTHILL

						JULY				SEPT.						JAN				MARCH						JUNE

		CHIRONOMIDAE				1.1		2.25		19		8.3		60.5		162.4		115.2		358.3		195.7		68.4		103		0

		OLIGOCHEATA				0.33		3.75		7.7		1.9		87.7		104.8		65.8		98.5		42.2		12.5		25.4		0

		TOTAL MACROS				4.8		6.25		33.9		13		163		269.4		199.4		489		274.3		90.5		227.1		0
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