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1. EXECUTIVE SUMMARY

puring the 1978-79 budget period, the Flathead Research Group began
documentation of baseline limnological conditions in the Flathead Lake-River
Ecosystem. Major research objectives included {), quantification of temporal
dynamics of important physico-chemical paramete#s {i.e. those compounds
present in dissolved form that are often associa&ed with pollution problems
and cultural eutrophication) in the rivers and lake, and 2). association
of fish food organisms and their productivity with these measured seasonal
trends. Work toward these generalized objectives has been guilded by several
a priori working hypotheses dealing with prediction of responses of aquatic
biota to temperature, phosphorus concentration and clay turbidity in the
water. Verification of these hypotheses reguires consideration of field
data and information derived from controlled exﬁériments, in which the
response of indigenous biota (mark.r species) to extremes in important
environmenta} variables (i.e.those most likely to be changed by cultural
practices in the drainage) are carefully quantified. We have studied
baseline conditions in the ecosystem and report our preliminary findings in
this report; the limnological studies on the lake and rivers will include
additional baseline monitoring during the next budget period {1979-80}, but
experimental work will be emphasized.

Documentation of the 1ife histories of the majority of aquatic
insects in the rivers has largely been accompiished, although some work remains
with the mayfiies (Ephemeroptera) and true flies (Diptera). Insects are the
predominant fauna in the rivers; over 120 species co-exist. Analysis of
measured physico-chemical parameters in association with this tremendous

diversity of benthic invertebrates indicates the rivers remain in an

oligotrophic and relatively pristine state. No chemical parameters were



present in high enough concentrations to be ofw%arm to riverine biota. Some
important Speéifﬁcs in our river research include:

1} Concentrations of all chemical parameters decrease significantly
during spring runoff, except dissolved and parﬁécuiate carbon, phosphorus,
and clay turbidity. These parameters are positively correlated with discharge,
except in the South Fork below Hungry Horse Dani We have also documented
significant differences in chemical compositéon;ef the three forks. In
general, the Middle Fork carries higher dissolved solids and considerably
higher suspended soiids.

2} Significant differences in relative %bundaﬁce of species of the
major insect groups were observed when csmaar%ng species composition and
productivity in the three forks and mainstream. Production (e.g. of
Hydropsyche) is an order of magnitude higher infthe Middle Fork in
comparison to the North Fork; production is sigpificantly greater in the
North Fork than in the Mainstream. Production ?f bottom fauna in the South
Fork below the Dam is limited to only a few species of Diptera and Ephemeroptera.
By inference, it appears that the Middie Fork i; more productive than the other
river segments in spite of (or perhaps because éf) higher TSS locading.

3) Life histories of all species studieé in detail correlate with
temperature regima, while biomass or productivéfy is closely related to
richness of habitat and food. Many details are ‘unclear here, however, and
further analysis of data in association with piénned experimental work are
needed. ;

4} The single most important negative i%pact in the riverine environ-
ment, as it exists today, is apparently the hyd%npower discharge regime from
Hungry Horse Dam. Limnological phenomena in thé reservoir greatly alter the

physico-chemical integrity of the water mass and river bottom. These



negative impacts extend downstream in the mainstream segment and probably into
Fiathead Lake as well. Summer, peaking discharges are most harmful by
interferring with emergence of important insect species and periodically
dewatering large areas of the river bottom rendering it unsuitable for

even temporary colonization by fish and invertebrates.

Primary productivity in Flathead Lake did not decrease during and after
the spring period of turbidity, as we had expected. Rather, it increased due
to increased carbon fikation {i.e. photosynthesis) by very small microbes. In
spring and summer, 1979, the hypothesized flocculation - stripping of detritus
and nutrients from the water column of the lake was not observed. However,
the runoff event and resulting turbidity plume was not as intense as has been
observed in previous years; at least an additional year's data, coupled with
results from experimental additions of nutrients and clay turbidity into
microcosms placed in the lake, are needed before we are prepared to reject
the hypothesis.

Nata derived from measurerent of chemical and inflow parameters
permitted calculation of the first accurate phosphorus budget for the lake
(see Fig. 51 pg 102). Because incoming phosphorus roughly equaled outgoing
concentrations, it appears that the lake exhibited nutrient equilibrium. This
means that productivity in the lake is balanced with respect to import and
export of nutrients and that phosphorus is rapidly cycled by mineralization
processes in the trophogenic (1ighted) layers of the lake.

During the report period, 1ittle phosphorus reached the lake bottom:
rather it was recycled continuously in the upper portion of the water
column, where total {i.e. autotrophic and heterotrophic) biological activity

was always greatest. This supports the notion that productivity is limited by



pacuity of the growth nutrient, phosphorus. However, low nitrogen concentrations
were continuously observed, which may mean that nutrient is an important
timiting factor as well.

Preliminary observations are that the lake remains oligotrophic (on a par
with Lake Superior) and not greatly influenced by river discharge. However,
additicnal work is needed, especially since our river data indicates correlations
between turbidity and phosphorus and carbon concentration.  Productivity in
the lake could greatly be influenced by river discharge on years when runoff
pattern is more intense and sustained. Also, discharges from Hungry Horse Dam
may move water masses through the lake that are having an impact we have not yet
quantified.

We also ihitiated study of physico-chemical conditions in specified
tributary streams in the drainage. It is evident from only two sampling
periods that the streams draining Glacier National Park are very poorly
buffered (i.e. are not resistant to acidification). Also, the streams all have
differing thérma] and jonic characteristics and therefore we expect to docu-
ment major differences in biotic composition and productivity.

Most of the data generated in our limnological study are given in figures
or tables included in the report. Ye have also summarized results and future
pians for studies that indirectly support cur research objectives. A1l of our
work is being prepared for publication in scientific journals as the study

progresses.
The work is proceeding exactly as proposed and within the planned timeframe.
We have recently encountered a sample backlog, due to re-location of our
analytical water analysis facility from North Texas State University to the
Biological Station. A full-time, aralytical chemist, Mr. John Lamb, has Joined

the research group and we should clear our sample ﬁackéog shortly.
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IT. TINTRODUCTION

Limnological analyses of the Flathead Lake-River ELcosystem, Montana,
were initiated in Spring, 1977, and funded 1/¥/1978 by the U.S. Envivonment-
al Protection Agency (Region VIII, Water Division) through the auspices
of the Flathead River Basin Environmental Study. This report basicaliy
encompasses progress on the research through fhe first funded year, ending
1/V/1979, Preliminary results, ilargely without detailed interpretations,
are presented herein, along with descriptions of alterations in the
research pian (see Stanford, 1977).

During the first year of the study, we were to provide a basic
description of the 1imnology of the ecosystem by focusing research effort
on two major topics: 1) nutrient-plankton dynamics in Flathead Lake;

2} life history ecology of insectc (emphasizing the Trichoptera) in the
mainstream Flathead Rivers z;d with respect to physico-chemical dynamics.
We were also to begin study of physico-chemical dynamics and benthic
ecology in selected tributary streams within the drainage basin. Although
this Tatter research effort was not initiated until late Summer, 1979,

some preliminary results of our 'creeks study' are reported below.

THE SAMPLING NETWORK

The research program has revolved around field work conducted at
specific sites within the drainage basin, mostly upstream from Kerr Dam
{Fig. 1). These sampling sites have been visited at least monthly;
field data and appropriate samples for laboratory analyses {e.g. water,

plankton, benthos, etc.) were collected.



1.
la
2.
2a
2b
3.
4.
4a
5.

6.

7.

8.

8a

8b

9.
10.
11.
12.
13.
14,
lda
15.
15a
1s6.
17.
17a
17b
17c
18.
18a
19.
20,
21.
22.
23.

24.
25.

Figure 1.

FLATHEAD RESEARCH GROUP SAMPLING STATIONS

North Fork at Camus Creek

North Fork at Polebridge

Middle Fork at West Glacier

Middle Fork at Walton

Middle Fork at Shafer Meadows
Mainstream at Hungry Horse

South Fork below Hungry Horse Reservoir
South Fork above Hungry HoOrse Reservoir
Mainstream at Presentine Bar

(Also sample at Kokanee Bend and Reserve Drive)
Howell Creek

Trail Creek

Kintla Creek

Kintla Creek

Kintla Creek

Whale Creek

Quartz Creek

Fish Creek

McDonald Creek

Big Creek

Dolly Varden Creek

Dolly Varden Creek

Logan Creek below Tally Lake

Logan Creek above Tally Lake

Flathead River at Sportsman Bay

Swan River at Bigfork

Swan River below Swan Lake

Swan River above Swan Lake

Swan River at Goat Creek

Lion Creek

Licon Creek

Dayton Creek

Yellow Bay Creek

Midlake North (Flathead Lake)

Midlake South (Flathead Lake)

Narrows (Flathead Lake)

(Flathead Lake is also sampled at Skidoo Bay, Polson Bav,
Yellow Bay, Big Arm Bay, Somers Bay, Bigfork Bay and
elsewhere) .
Flathead River at Polson

Flathead River below Kerxr Dam
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TIME FRAME

Our work to date has been largely of a descriptive nature, as per

the research plan. The work has progressed mostly on or slightly ahead

of schedule, and we are presently moving into the experimental phase of
the project (see Stanford 1977). 1In our first progress report (29/1/79)

a detailed time frame was presented. We have managed to work generaily
within that time frame, although some items of research have recently been
delayed for logistic reasons (see below) and due to our recently completed
re-location of the Analytical Water Quality Labovratory from North Texas
State University to University of Montana Biological Station. A1l chemical
analyses of water samples from 1/I1V/79 through duration of the study will

be complieted at UMBS.

) III. LIMNOLOGY OF FLATHEAD RIVERS

INTRODUCTION

Previous work on benthic ecology in the Flathead Rivers elucidated
several important working hypotheses that are being addressed in tae
present study:

1) Aquatic insects sequence 1ife histories {e.g. growth and emergence)
by thermal criteria, but individual and population size is a function of
food (and secondarily, habitat) availability{

2) Productivity or energy flow through successive trophic levels is
controlled by food quantity and quality of clay-detrital aggregates that
accumulate on the river bottom; j

3) Heterotrophic processing of organic carbon {mostly allochthonous

detritus) is the primary trophic event in the mainstream rivers.

In order to verify these hypotheses, it has been necessary to quantify
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key structural and functional relationships in the riverine ecosystem.
Considerable effort has been directed toward documentation of distribu-
tional patterns of macrobenthos {mostly insects} on specific riffles in
the North, Middle, and South Forks and Mainstream Flathead Rivers. These
basic ecological inter-relationships have been analyzed concomittant

with temporal dynamics of physicochemical parameters {e.g. C, P, N, °C,
turbidity, metals).

The major goal of our riverine work is to fully elucidate the environ-
mental requirements of insect species that ;re very abundant at all riverine
sites. These may be considered 'marker’ org'ﬁype* species by which baseline
ecology of the riverine environment may be monitored. Data on Tife histories
are being used to verify the working hypotheses given above.

Work during the budget period was designed to elucidate 1ife histories
and distributions of macrobenthos in the rivers and establish baseline
data on temporal dynamics of physicochemical parameters thought to be
important environmental parameters for main?enance of observed bottom.faunaﬁ
Efforts were to emphasize temporal sampling of the bottom communities
at the major river sites {see Fig. 1}; initial emphasis was given to the
caddisflies (Trichoptera) iﬁ these bottom s;mp!ess since this order
seemed dominant in the benthos and previous studieslhad delineated needed
information on stoneflies {Plecoptera}. Data collection followed methods
prescribed in the research plan (Stanford 1977).

1. THE ECOLOGY AND DISTRIBUTIONAL RELATIONSHIPS OF ARCTOPSYCHE GRANDIS
IN THE UPPER FLATHEAD RIVER, MONTANA =

Morphological Considerations

Two morphologically distinct types of Axctopsyche grandis larvae

occur abundantly throughout the mainstream Flathead Rivers above Flathead



Lake. Obvious morphological differentiation is restricted to pigmentaticon.
One of the morphological types, which we have termed.morpho-type I, has
a light coloration or stripe running from the interior edge of the fronto-
ciypeal apotome posteriorly through the coronal suture and the mid dorsal
ecdysial line of the pronotum and mesonotum. The other morphological type
{morpho-type 11} has no stripe. The two morpho-types are also different
in the size obtained by each instar with the average morpho-type 1 larvae
in the final instar being significantly larger than the average morphy-
type I larvae (Fig. 2). In order to correlate the morphologically
distinct larvae with aduit characteristics, larvae of both morphy-types
were reared in laboratory microcosms. To supplement the results from
laboratory-reared material, pupae were also collected from the rivers with
the intention of correlating the sterite pigmentation with adult character-
istics being expressed by pupae in later stages of development. This method
of larvae-adult associations has been in wide practice for many years
{Voorhees, 1909; Milne, 1938; F.ss, 1944). Fourteen morpho-~type I and 9
morpho~type II individuals were successfully reared in the laboratory.
Twenty-three late development morpho-type I and 12 morpho-type II pupae
were also collected from the river. The results of these associations
revealed that all of the morpho-type II were female, while morpho-type I
associations proved to be both male and female.

Size sexual dimorphism in aguatic insects is common and is the situation

for Arctopsyche grandis in the Flathead River. This sexual dimorphism is

reflected in the larger size of the morpho-type II larvae; also the morpho-
type 1 larvae appear to be bimodal in headwidth although not significantly
differentiated. This would account for the observed size sexual

dimorphism.

//
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Life Histories

Throughout the drainage Arctopsyche grandis has a two-year life cvcie.

Adult emergence is initiated in mid-June and continues to the end of July.
Peak adult activity is during the first two weeks in July with actual
emergence taking place at sunset. This is also the time of maximum daily
activity. In the Upper Flathead Rivers the 1ife history of Arctopsyche
grandis is closely 1inked to physicochemical differentiation between the
North Fork, Middle Fork, and Mainstream. The Middle Fork and subsequently.
but to a lesser degree, the Mainstream carries a greatef sediment load
during spring runoff and remains turbid after peak runoff for a longer
period of time than the North Fork. Also, the Mainstream Fork is more
subject fo periodic increases in turbidity and closely associated parti-
culate organic carbon (POC) (Fig. 3), due to periodic fall rainstorms

than the North Fork. In the North Fork the rubble bottom is very coarse
grained and Toosely associated, providing very large interstitial space
within the rubble. In contracc¢, Middle Fork rubbie is a smaller river and
the large volume interstitial spaces are filled with coarse sand and

gravel. Arctopsyche grandis is reported to build its retreat on the tops

and exposed sides of large rocks; but, in the Upper Flathead Rivers retreat
tocation is restricted to the bottom sides of the'very large rubble or in
very protected locations near the edge of large rocks. Presumably, this is
in response to the tremendous amount of anchor ice and occasional scouring
of the tops of exposed rubble by floating ice during the winter months.

We have observed Arctopsyche grandis retreats on rock surfaces only in

some of the lake outlet creeks in western Glacier National Park (tributa-
ries of the North Fork), which develop anchor and floating ice only in

the most extreme winters.
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Dvnamics of particulate oraanic carbon (POC) in the mainstream

Fiaure 3.
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Life cycle analyses revealed that faunal response to the difference
in environmental conditions between the Nortb Fork, Middie Fork, and
Mainstream Rivers is significant. In the North Fork 2nd year class
morpho-type I1 larvae grow rapidly into later instars, while morpho-type
I larvae are much slower in instar development (Figs. 4, 5). In the
Middle Fork and Mainstream, however, both larvae morpho-types are much
slower in growth, not proceeding into later instars as rapidly as either
morpho-type, especially morpho-type II, in the North Fork (Figs. 6, 7, 8,
9).

Relative Abundance

The two morpholicgical larvae types respaﬁd differentially in terms of
relative abundance between the North Fork, Middle Fork, and Mainstream
River (Figs. 10, 11, 12). Throughout all seasons there is a greater total

abundance of Arctopsyche grandis at Stations 3, 2, and 1 respectively.

In the North Fork, however, morpho-type Il larvae are more abundant than
morpho-type I larvae during all seasons, while in the Middle Fork and

Mainstream morpho-type I is significantly more abundant than type II.
Trophic Relationships .

Temporal, locational and morphological differentiation of trophic

dynamics was readily apparent in Arctopsyche'grandis in the Upper Flathead

Rivers. In the North Fork (St. 1), which appears to have considerable
autotrophy, diatoms contributed approximately 50 per cent of the gut
contents. In the Middie Fork (St. 2}, which has a large detrital component
in the seston, amorphous detritus contributed significantly to the trophic
reiationships; During the fall the trophic %eTationships between morpholo-
gical types of larvae are very similar yet di}tinctfy different between

locations (Fig. 13). During the winter, only at Station 1 (North fork)
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Figure 5. Growth of Arctopsyche arandis (II) in the North Fork.
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Figure 7. Growth of Arctopsyche arandis {I1) in the Middle Fork.
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Figure 8. Growth of Arctopsyche arandis {1} in the Mainstream River
at Presentine Bar (St 5).
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Figure 9. Growth of Arctopsyche arandis

at Presentine Bar (St 5).
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Figure 10.
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of Arctopsyche grandis in winter
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Relative abundance of Arctopsyche grandis in sprinag.

Figure 12.
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were the morphological types substantially different from each other in
their trophic relationships, yet trophic relationships between locations
were again distinctly different (Fig. 14). During the spring, animal
tissue became the most important food item for both morpho-types at all
three locations except for morpho-type I at Station 3 (Mainstream) where
once again green algae constituted the largest percentage of the out

contents (Fig. 15).

Discussion

A unique aspect of the ecology of Arctopsyche grandis in the Upper

Flathead Rivers is that it exists as two distinctly different morphologicai
types which respond differentially to their environment. The North Fork
is characterized by large rubble with much interstitial space, a low
amount of turbidity, except during spring runoff, and appears to have a
significant amount of autotrophy. The biotic response by A. grandis is
that morphological type II larvae grow more rapidly and become more

robust than type I larvae. The Middle Fork is characterized by smaller
rubble with much Tess interstitial space, periodic increases in turbidity
and associated particulate organic carbon, and appears to be more
heterotrophic than the North Fork. The biotic response by A. grandis is
that both morphological types grow at approximately the same rate; however,
type I Tarvae are much more abundant than type II larvae. The Mainstream
River (partially regulated) is characterized by rubble of a similar size

as to that in the Middle Fork but with more interstitial space, a periodic
siucing of hypolimnetic releases from Hungry Horse Reservoir, and signifi-
cant growths of green algae which readily become a part of the seston.

The biotic response by A. grandis is high productivity of type I larvae

and rapid growth and robust type Il larvae.



Figure 13. Trophic relationships of Arctopsyche grandis durine the fall

(mean percentage of out fiiled under each chart).
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2. ECOLOGY, GROWTH, AND PRODUCTION OF HYDROPSYCHIDAE IN THE UPPER
FLATHEAD RIVER, MONTANA

The role of filter feeders and especially net spinning Tfichoptera
has been the subject of many studies over the past two decades. This has
been due not only to the increased interest in lotic ecosystems in general,
but also because filter feeders in some ecosystems are exceedingly impor-
tant in the processing of organic carbon and play an integral role in the
spiralling of energy and nutrients (Wallace et al., 1977). Since net
spinning caddisflies are very specific in the size fractionation of seston
POM, they tend to partition the trophic resources regard]eés as to whether
those resources are 1imiting or not. Considerable effort has been placed
on trying to understand filter-feeder inter-relationships and their role
as processors of organic carbon (Williams and Hynes, 1973: Gordon and
Wallace, 1975; Wallace, 1975a, 1975b). The concepts of spacial resource
partitioning are just beginning to be looked into at both the macro level
{Cummins, 1975; Wiggins and MacKay, 1978) and the micro level (Alstead,
1979).

Unlike eastern deciuous forest biome streams and rivers which'have
very fine particle filter feeders as an integral part of the macroinverte-

brate community, such as Dolophilodes, the Mainstream Flathead Rivers have

only two genera of Hydropsychidae, Arctopsyche grandis and three species

of Hydropsyche: H. cocherelli, H. oslari, and H. placoda. This is not an

unusual condition for western montane rivers.
Life History Relationships

Arctopsyche grandis is the largest of the Mainstream river Hydropsychids

and has a two-year life cycle (see Arctopsyche grandis section). The

three species of Hydropsyche deviate to a slightly positive degree from

Sonsgm o



4th to 5th instar from Dyar's Law of expected insect growth. Hydropsyche
cocherelli is the largest of the Hydropsyche genus with a mean terminal
instar head width of 1.09 mm (Fig. 16). H. oslari and H. placoda have
similar mean terminal instar head widths of 0.99 mm (Fig. 17, 18).

There is much periodicity in Hydropsyche growth (Fig. 19). H.
cocherelli grows very rapidly during the Tate summer and early fall after
hatching, so that by the beginning of cool temperatures in the late fall
most of H. cocherelli growth has been completed. The species overwinters
as a final instar larvae and maintains a retreat and net. Presumably
winter and spring are used to acquire the energy necessary for gonadal
development. Emergence of H. cocherelli begins in early June and is
completed by early July. H. placoda initiated growth immediately after
hatching in August. Development into final instar takes place over the
entire fall and into early winter with generalized growth delayed behind
H. cocherelli. Adult H. placoda begin to emerge in late July and continue
through most of August. H. oslari develop the most slowly of the three
species and overwinter mostly as early to mid instar larvae. As temper-
atures warm in the spring, growth is reinitiated until pupation and
emergence during mid-summer, from July to the first half of August. It is
interesting to note that the two species of Hydropsyche which exhibit
the most similarity in larvae growth (i.e., H. cocherelli ana H. placoda)

have non-overlapping emergence times. Hydropsyche oslari, in contrast,

overlaps both of the other species emergence times.
Relative Abundance

Throughout this report the differences between the Horth Fork,
Middle Fork, and Mainstream Rivers have been emphasized. The significant

differences in environmental parameters, in terms of biotic response, is
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Figure 16. Growth of Hydropsyche cockerelli as a function of instar.
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Figure 19. Life cycle dynamics of Hydropsyche spp.

e

va o

CRARAIGD pn AedeAThy

,Wm& -

amahid p.bax.rm ..... -3
AP AAA Y e — e G

e

[ TS

addnd

ANMDIHE Imay

B SO V"

fronmadommd

o4

49

CadlAS T




most obvious among the Hydropsychids. The North Fork (Station 1) is
much less productive of net spinning caddisflies than the Middle Fork
(Statien 2) (Fig. 20). Although the production of A. grandis is greater
in the Middle Fork than the North Fork {see section on A. grandis}, the
greater production of Hydropsychids is most apparent for H. cocherall]
and H. oslari, where in the North Fork the mean number M2 is Tess than
60 individuals for both species for all seasons with maximum numbers of
242 H. cocherelli and 148 H. oslari M™2. In the Middle Fork, however, the
fall mean for H. cocherelli is greater than 250 with a maximum of 456;
and for H. oslari, the spring mean greater than 200 with a maximum of 486
individuals M-2. H. placoda is, by comparison, relatively rare.

The Mainstream River {Station 3), which is downstream from the confluence

of the South Fork, is very high in Arctopsyche grandis production with

fall, winter and spring means of 104, 220, and 257 M-2 respectively.
Hydropsyche sp are greatly reduced, however, which is not what would be
expected in relationship to the concepts of the river continuum. This may
be caused by the autumnal hypolimnion releases from Hungry Horse Reservoir.
This situation, however, needs additional clarification prior to making

any definitive statement.

3. ECOLOGY OF BRACHYCENTRUS AMERICANUS IN THE UPPER FLATHEAD RIVERS

The caddisfly, Brachycentrus americanus is apparently very site selec-

tive in microhabitat selection. Although it is ubiquitous throughout the
mainstream rivers, B. americanus is restricted to locations of moderate to
slow current velocities, often at the edge between the lotic ercsional

and lotic depositional zones. It is very rare in locations of turbulence,
preferring Tocatibns of smooth, almost laminar, water flow. Because §f

the highly clumped distributional patterns, parametric statistical analysis
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is inappropriate for this species. However, because this species is 50
widely distributed along the river continuum and has very specific environ-
mental requirements in terms of habitat selections and food gathering,

B. americanus will be used extensively in micro and macro habitat and river
characterization.
Life History Relationships

Brachycentrus americanus has two cohorts in the Flathead River, with

each cchort requiring one year to complete its 1ife history {Fig. 21).
There are two adult flight periods, one for each cohort. The first aduit
flight period is from early June to mid July, and the second is from late
July to late September. The consequence of this is better resource utili-
zation and reduced intraspecific competition for the level of production.
Growth through instar development is apparentiy linear (Fig. 22) with no
observable differences between cohorts.

4. ECOLOGY OF THE CADDISFLY GENUS, GLOSSOSOMA, IN THE UPPER FLATHEAD
RIVER, MONTANA

There are four commonly occurring species of Glossosoma in the Flathead

Rivers. One species, Glossosoma alascense, appears to be the most abundant,

based upon flight records, adult collections and laboratory rearing. Since
to date no morphological distinctions can be made between species during
the larval stages, determination of instar growth is a collection of all
Glossosoma {Fig. 23). First instar individua?é are exceedingly small,

with a mean head width of .055 mm. So few of these individuals were col-
lected that it suggests that Glossosoma may not build cases and actively
begin the grazing of periphytic growth until the end of their first instar.
Fifth instar larvae are also relatively small, with a mean head width for

all species of 0.346 mm.
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Figure 22. Growth of Brachycentrus americanus as a function of instar.
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An analysis of major growth periods was divided into two categories,
those larvae which are believed to be G. alascence based upon adult emer-
gence and laboratory rearing, and the other species of Glossosoma treated
collectively (Fig. 24). From these data it is obviocus that G. alascence
exhibits most of its growth during the fall, overwintering as the 4th and
5th instar larvae, with pupation beginning just after ice ocut in the ear]
spring. In contrast, the other Glossosoma sp hatch and enter the system
later than G. alascence and grow more slowly, thus spreading out their
growth over the entire year with much occurring during the spring. Emer-
gence of Glossosoma is very overlapping of all but two of the species,

with emergence beginning in early June and continuing through July.
Relative Abundance

Similar to the caddisfly species previously mentioned in this report,
Glossosoma sp are restricted in the type of environment in which they are
Tocated; consequently, interpretation of abundance data must be made judi
ciously. Trophic habits of Glosscsoma dictate site selections within
specific Timiting factors. Glossosoma are nearly always observed on the
top and sides of large stones where periphytic growth is abundant yet
limited to a thin film of diatoms and associated fungi and bacteria.
Glossosoma sp were never cbserved in association with filamentous algae
or heavy diatom growth. Glossosoma sp are also restricted to lotic ero-
sional areas. Deposition of clay and organic matter on the tops of rock
precluded all Glossosoma.

Since Glossosoma sp are grazers of diatom growth, their abundance is
indication of the level of autotrophy within very specific environmental

constraints. It is evident from Fig. 25 that the North and Middle Forks

Y

an

(St. 1 and 2) have a much higher production of Glossosoma in the fall than
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the Mainstream {(St. 3}. During the fall, however, considerable quantities
of filamentous algae and diatom growths, which preclude Glossosoma, build
up in the Mainstream River below the South Fork. Therefore, autotrophic
production which often stimulate Glossosoma production in this situation
resuits in Tittle production. During the spring, a very large production
of Glossosoma are observable in the North Fork, presumably because of the
resurgence of diatom growth after winter conditions of ice and reduced
1ight. The Tack of similar growth in the Middle Fork (St 2) may be due to
less auvtotrophic production caused by the periodic increase in turbidity

that is very common in the Middle Fork in the spring.

5. ECOLOGY OF DICOSMOECUS ATRIPES IMN THE UPPER FLATHEAD RIVERS

In the Flathead Rivers Dicosmpecus atripes has a two-year life cycle.

First instar larvae are first observed in early spring with the loss of

ice cover and anchor ice and warming of the river a_few tenths of a degree
above 0°C. Early instar larvae construct cases out of pine needles and

fine particle detritus. As the larvae increase in size, case construction
changes to stone materials so that in intermediate instar cases the front

is stone and the posterior needles. By the final instar, cases are entirely
constructed of stones. Growth from instar to instar is linear, closely

following Dyar's law of predicted insect growth (Fig. 26). During the

runoff period Dicosmoecus atripes larvae concentrate in back water and

pool areas. As high runéff waters recede, larvae are no longer restricted .
to pool areas and can also be found in main current areas where currents
are not turbulent; yet the area is lotic erosicnal with ]%ttle.or no
accumulation of sediments. Late in the fall, first year larvae have

reached 4th and 5th instars and overwinter in the main river channel in

diapause {Fig. 27) by attaching the opening to the underside of a large

,g,:,i
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stone resting on other stones, thus providing considerable interstitial
space. The selectivity of current is such that diapausing larvae are

found in areas of even flow with no turbulence, most commonly above riffle
areas or well downstream from ripple turbulence. Larvae cease diapause

in mid spring when temperatures have reached approximately 2°C, by disen-
gaging case from rock. Frequently several larvae will congregate and
attach their cases for overwintering under the same rock. Activity of

4th and 5th instar larvae resumes just prior to the beginning of runoff;
therefore, most activity takes place in the back water area in the same
areas as the ist and 2nd instar Tarvae. In mid summer, 2nd year larvae t&at
complete growth attach their case once again to the underside of rocks in

a similar fashion and choice of location as for winter d%ag&usé. Larvae
may then remain in a prepupae condition for several weeks prior to pupation.
The length of time for the prepupal conditions appears to be a function

of how soon Hth instar larvae cease activity. Pupation begins in mid to
late August for all individuals that will be emerging that fall. Emergence
begins in early to mid-September and continues until early November. Peak
activity is in the late afternoon after a wérm fail day when individuals
can be observed emerging off the water surface and flying to stream-side

vegetation. Dicosmoecus atripes is the largest of the Flathead River

caddisfliies and is readily identified even in flight because of its size
and very dark black veined wings. Females have been observed ovipositing
on the surface of slow reaches of the river usually making a hopping or

skipping motion.

RIVERINE PHYSICOCHEMISTRY

A17 chemical data collected on the rivers is tabulated in Section X

below. However, some discussion of trends in certain parameters may be



<5

especially informative here.

Intensive study of total suspended solids (TSS) and particulate
organic cérban (POC) dynamics have revealed that in the river ecosystem
155 and POC are very closely correlated. During the faill, winter and
spring months prior to runoff, TSS average between 0.9 and 2.0 mg/Y and
POC between .05 and .2 mg/1. In late January and early February there was
an increase in the level of POC without a corresponding increase in TSS.
Since this occurred just at ice~out, the measured increase in POC at both
Stations 1 {(Morth Fork) and 2 {(Middle Fork} may be related to possibie
reiease of particulate carbon trapped in or on river ice. Spring runoff
peaked in early June with a corresponding peak in both TSS and POC at ali
stations (Fig. 28, 29, 30). After the peak runoff the North Fork cleared
more rapidly than the Middle Fork and, consequently, the Mainstream River.
During fall, the Middle Fork exhibited periodic increases in turbidity,
which was associated with precipitation and subsequent bank erosion. The
higher POC Tevels observed at Scation 5 are most likely a function of
déscharge from Hungry Horse Dam, causing a sloughing of periphytic growths.

The inter-relationships of total phosphorus (Fig. 31), total kjeldah]
nitrogen and hitrate nitrogen (Fig. 32} are not as definite. MNitrogen
concentrations fell or remained the same at most locations on June 6, the
date of maximum runoff, except at the mainstream {Presentine) station
where TKN increased from .04 mg/1 in May to .10 mg/1. Phosphorus appears
to be more closely écrrelated witg‘the runoff cycle. It appears that
phosphorus concentration peaks approximately 3 to 5 weeks after the peak
rungff. Exceptions to this were at Middie Fork West Glacier where total
phosphorus concentrations were greatest in April and in the South Fork

where concentrations were greatest in the fall and early winter. It may be
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that some inherent change occurs in the Middle Fork between Walton and

West Glacier. This change may be due to a man-caused effect, such as

erosion from Highway 2 or Burlington Northern Railroad road berns, or it

may be a natural event since there are many exposed erosional banks in

the canyon areas along the Middle Fork. In the South Fork below the dam

the increased TP concentrations correlate with two events: a) increased

discharging in the fall from Hungry Horse Reservoir and b} probable decline

and precipitation of phytoplankton communities in the reservoir. These

observations may explain TP dynamics observed at Station 5 (Presentine Bar).
Additional analyses of physicochemical dynamics in the rivers are

forthcoming, especially as they relate to insect ecoiogy.

RIVER SYNOPTICS

Time series data gathered in the routine sampling program (e.g.,
monthly) facilitate analysis of long-term trends. However, short-term
{e.g., houriy or diurnal) events signal Tonger term trends and may be of
valuable use for comparing ecological responses between sampling sites.

We therefore initiated short-term {usually one-two day) sampling programs
at specific sites within the study area. Many parameters are monitored
diurnally. These short-term, but continuous, and intense sampling efforts
are termed synoptics. |

In the rivers our objective in synoptic studies isrto thoroughly docu-
ment microdistributional patterns per species and correlate these with
observed diurnal dynamics in physicocheﬁica] parameters. Such data cannct
be feasibly generated on a long-term basis.

Qur first river synoptic was conducted in October, 1978, on the North
Fork at Camus Creek. Diurnal changes in temperature, pH, conductivity,

seston drift of organic carbon, and biomass estimates using ATP analysis



were all conducted over 24-hour periods, measuring all parameters both
above and below the riffle under investigation. Upon completion of this
diurnal work, nine transects were established across the riffle. A total
of 43 samples were taken along these transects. Each sample location
was measured for water depth and current velocity.

The results from this effort are sti1l undergoing analys%s;'however,
preliminary results of microdistribution patterns of benthic aguatic
insects indicate that the tremendous heterogeneity of the river habitat
results in a corresponding high variance in abundance estimates. For
many of the aquatic insect species microdistribution and habitat require-
ments are highly tuned, due largely to resource partitioning at the trophic
and spatial level. The results from the seston particulate organic carbon
data (Fig. 33) reveal that distinct diurnal patterns in this parameter may
be of great interest. The results show that in all cases there is a net
movement of POC off of the riffle when comparing the locations above and
below taken at the same time. Also movement of POC is greatest just before.
sunrise and just at dusk, in comparison to well after sunrise when the sun
is well overhead énd several hours after dark.

A1l of the data from the synoptic will be completed, analyzed and ready
for publication by the end of 1979. An additionai synoptic was\csnducted
in Spring, 1979, at the same locality, but data are presently incompletely

assembled. Synoptics are planned on the Middie Fork and Mainstream for

Fall, 1979.

TIME FRAME AND RESEARCH PLAN

Routine field sampling remains ahead of schedule. We rescheduled

additional synoptics until Fall, 1976, due to the massive amount of 1ab

time required to work up the samples in addition to our regular sample Toad.
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Laboratory analyses of field water samples for chemical parameters
has also fallen behind schedule, due to installation delays on our new ion
chromatography system. We expect this backlog to dissipate rapidly,
‘however, when this instrument is on 1ine. Al17 samples have been stored
frozen at UMBS.

_Near]y all of the benthic samples taken to date have been sorted to

“order. A1l of the work with the caddisflies (Trichoptera) is complete

and we are rapidly finishing needed work with the Ephemeroptera, Plecoptera
and Diptera. This work is about 6 months ahead of schedule as given in

the time frame in Progress Report Ho. 1 (1/1/79).

The river research will now move into the experimental phase as
proposed. We will concentrate efforts heavily in the coming year on labor-
atory rearing of marker species in experimental thermal and food regima to

verify field-derived conclusions. MWe will also begin measurement of auto-
trophic productivity and community metabolism in the field using plexiglas
environmental chambers in sit. {following recommendations of Bott et al.,
1978: Hydrobiol. 60: 3-12.) These data will be coupled with results from
on-going physicochemical monitoring, experimental rearing and delineation
of Tife histories to permit statistical predictién of ecosystém functional
processes. This will provide the basic framework for delineating any
future environmental'degradatien {(i.e., via mode]iﬁg studies) and permit

faisification or acceptance of our working hypotheses.
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IV. LIMNOLOGY OF FLATHEAD LAKE

INTRODUCTION

Fiathead Lake research 1973 - 74 by Dr. J. A. Stanford (Tibbs,
Gaufin and Stanford, 1975) produced three basic hypotheses about key
ecological phenomena which were related to annual influx of turbid water
during spring runoff. The results of the 1973 - 74 study indicated that
primary productivity was reduced and/or slowed after the culmination of
turbid inflow. It furthér suggested that primary productivity was reduced
and/or slowed, because the sedimenting clay turbidity stripped phosphorus
from the water column and carried it permanently to the lake bottom. Quali-
tative observations during the 1974 runoff season led the observers 1o believe
tﬁat sedimenting aggregates of clay and organic detritus ave colonized by
microbial organisms, and that they grow because of heterotrophic biomass
increase and/or adsorption or agglomeration of organic detritus, serving in
the process as major sources of energy rich food for higher trophic levels
such as zooplankton,

Our lake research effort to date has been gathering data which was
oriented toward documenting the preceding hypotheses. Fieid sampling
began in Fall 1977 at four inténsive%y studied stations where Timnolo-
gically important physical, chemical and biological samples were gathered
(Table 1). Three of these stations, the two river tributaries and the
lake outflow, have been yielding information about basic budgetlary aspects
of water and nutrient recruitments and losses from the lake. The fourth
station, in the deep, central pelagic area, has been extensively sampled

to yield information on the lake's planktonic biomass and productivity



Table 1. Sampling Parameters for Flathead Lake Research

Physical ' Biological
Secchi depth 14¢ Primany Productivity m2 and m~3
Light Transmission Biomass (ATP)
Temperature Phytoplankton
Flow Data Zooplankton
Depth ‘ TSS - Percent Organic Carbon
Incident Radiation : TSS - Percent Biomass

P - Percent Biomass

Chemical
pH Conductivity D. 02 Redox
TSS Inorganic € Alkalinity $i0,
S0, P-total TKN NO5-N
TOC DaC POC - Ca
Mg Na K Co
Cu | Fe Mo Mn

in
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and how it responds to seasonal fluctuations of certain physical and
chemical entities. Less intensive sampling for predominantly chemical

- parameters occurred at Midlake North (M.L. No.), Midlake South (M.L. So.},
Big Arm Bay and Yellow Bay.

Use of a submarine transmissometer, secchi disc and aerial surveying
helped to follow and map turbidity plume development and ice cover,

Synoptic {whole lake, synchronous) productivity studies have begun
(August, 1979)and will be continued in an effort to study plankton
productivity in different areas of the lake. These studies will help
us understand how areas of the Take differ in productivity and how this
relates to human shoreline development.

A preliminary analysis of some of the processed data has been per-
formed for the sampling period September 1877 to March 1979. AP the
Midlake station this analysis has been confined to investigation of
generalized trends and water column means for parameters examined. Ne
qualitative nor quantitative analyses of preserved phytonlankton nor
zooplankton have been performed to date although the samples have been
collected. Results reported in the next section address the working
hypothesis, but we make no attempt in this preliminary report to finaiize
interpretation of data gathered to date. Statistical analyses which may

itlucidate unobserved relationships are not yet complete.



RESULTS

MIDLAKE PELAGIC STATION TRENDS

Zhr']) was fairly low after the Fall,

Primary productivity {mg C m
1977, overturn-mixing period and remained low during the mid-Winter period
when trophogenic zone water temperatures were 2-3°C and the water
column was inversely stratified (Figure 34). During this period of time,
the Total P concentrations in the trophogenic zone were 6 ug/1 (Table 2),
the TSS values of the trqphogenic zone were relatively low (.86 mg/1; ‘

Table 3); the Organic C (both POC and DOC) of the trophogenic zone decreased
to minimal values (Figures 35, 36 and 37); the absolute amount of ATP/liter
was relatively low {Figure 38); and the percentage of the living suspended
?ariicu?ates was relatively low (Figure 39).

By mid-April the water column had destratified énd was rapidly
warming to 4%C+ in the shallow layers. The high productivity in Spring
1978 (Figure 34) was probably the resu:It of a vernal plankton bloom occurring
in the pelagic regions. Correspundingly lower dissolved Si concentrations
(Table 4 and Figure 40) and much greater TSS concentrations (Table 3 and
Figure 41) were measured in the trophogenic zone during this period. Large
increases in Total [P] concentration (Figure 42) and ATP concentration
{Figure 38} occurred coincidentally with thié Spring productivity peak.
Calculations also yielded information that suggested large increases
occurred in the percentage of living POC (Figure 43) and in the percentage
of Viving TSS (Figure 39). Although not yet confirmed by visual, qualitative
analysis of the particulate material, it appears that the mixing, warming
and fertilizing of the trophogenic zone coincided with a large bloom

of diatom biomass in Spring 1978. Previous studies of Flathead Lake
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{1974 study confirmed this) plankters have also shown Spring diatom
pulses. The hypothesized biomass bloom produced large amounts of T3S
in the trophogenic zone, but the suspended particles had a relatively
Tow percentage of organic carbon content (Figure 44) as might be
expected from largely siliceous diatom frustrules.

The samples from late May. just two weeks prior to turbidity over-
flow into the Midliake station, contained evidence of a decline in
planktonic biomass (Figure 38) and primary productivity (Figure 34). A
large reduction in 7SS was evident (Figure 41) and the particulates which
remained in the water column contained considerably less Tliving PGC
{Figure 43) and less living material (Figure 39). Phosphorus concentrations
were slightly reduced (Figure 42) in the water column in May and Nitrogen
concentrations reached minimal values {Figure 45) for the study. Dissolved
Si concentrations reached minimal values for the study of 4.0 mg’i“E in the
trophogenic zone (Table 4 and Figure 40), but were higher (4.7 mg?ﬂi) in
the lower 50 meters of the water column.

| The 1978 turbidity plume reached Midlake in the middle of June, and
the secchi disc reading reached its minimum value (16 feet} for the 1977~
1878 water year (Figure 46a). Primary productivity increased through the
mid-July 1978 period {Figure 34) while the largely inorganic suspended
particulates {Figure 44 and Table 5) sank through the water column. The
content of POC in the entire water column as well as the trophogenic zone
decreased {Figure 37 and Table 6). The conceniration of ATP increased
through this period {Figure 38) and was significantiy greater in the
trophogenic zone than it was in the tropholytic zone {Tab%e.?E, As the

allocthanous sediments settled during the June-July period, the water
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column cieared {Figure 46a) of the largely inorganic TSS {Figures 41 and
44), and the remaining POC and TSS increased in their percentage of living
biomass (Figures 39 and 43).

During the mid-June to mid-July period, concentrations of Phosphorus
held relatively steady (Figure 42), Teta!lﬂftrogen concentrations increased
{Figure 45) and soluble Silica increased {Figure 40).

From mid-July to the end of August 1978, TSS decreased (Figure 41} to
minimal values in the entire water column. Secchi disc readings reflected
a clearing of turbidity from the shallow depths (Figure 46a). DOC and TOC
concentrations decreased (Figures 35 and 36) to minimal values. Primary
productivity decreased (Figure 34} and then increased again, as did the
concentrations of Biomaés (Figure 38), and the relative percentages of
Tiving POC (Figure 43) and TSS (Figure 39)}. N and Si concentrations
fluctuated up and down by relatively minor amounts but Phosphorus concen-
trations fell from 14 to 5.5 ugl"l.

1978 FALL TO WINTER 1979

Primary productivity decreased from mid-Summer highs to low values
through late Fall and into Winter 1979 (Figure 34). MWater transparency
reached maximum values (Figure 46a). The TSS content returned to relatively
low values (Figure 41), both forms of organic carbon (POC and DOC) decreased
(Figures 36 and 37), and Biomass (Figure 38), and relative amounts of POC and
T$S which were 1iving decreased (Figures 39 and 43). Concentrations of
Nitrogen continued to increase (Figure 45) and phosphorus (Figure 42) and
silica (Figure 40} both fluctuated..

Samples from the Midlake Pelagic Station have been analyzed for

concentrations of ten important metallic cations from September 1978
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through March 1979 (Table 8). Concentrations of the two major cations,
Ca and Mg, are well within the expected concentrations for Flathead
take. Concentrations of N, K, Co, Cu, Fe, Mn, Mo and Zn are very low
and often are present at less than detectable levels {i.e. BDL; see |
data matrices below, pageiz2z).

ALLQ&%H@NOUS CONTRIBUTIONS TO AND LOSSES OF C, N, TSS AND P AND METALLIC
CATIONS FROM FLATHEAD LAKE |

The allocthanous coqtributions of suspended sediments TOC, Nitrogen
and Phosphorus by the two major input sources {(Flathead River and Swan
River} have been calculated on a monthly basis and compared to inflowing
water volumes (Figures 47, 48, 49 and 50 a, b, c¢; Tables 9, 10, 11 and
12). Inspection of those graphs reveal that contributions of the three
major nutrients are highly correlated with the volume of inflow per month.
Maximum water inflows occurred in April to July 1978, as expected.
Absciute amounts and concentrations o7 phosphorus'in the inflowing waters
reached maximal values during the runoff period and appeared to be
positively correlated with inflow volumes (Table }0).

Contributions of Nitrogen by the two major river sources were also
positively correlated with inflowing volumes on a monthly basis. However,
concentrations of [N] in the inflowing waters reached maximal values
during late Fall - Winter 1978 and 1979 in both rivers. Nitrogen contri-
butions appear to be inversely correlated with inflow volumes (Table 11).

Absolute contributions and concentrations of TOC are both positively
correlated with inflow volumes (Table 9).

Loss of C, N and P in the outflow under Po]sbn bridge is positively

gorre!ated with outflow volumes.



Cation

Ca
Mg
Na

Co
Cu
Fe
Mn
Mo
in

Table 8. Metallic Cations - Midiake Station
September 1978 to March 1979

% Concentration {(mc/1)

29

5.5
1.5
0.4
G.011
0.002
0.014
6. 001
BDL

8DOL

e e

“.‘\“
f3,
\

Range {mg/1)

10 ~ 46
3-17.5
b~ 2.5
8.2 - 0.7
BDL - 6.030
80l - 0.013
BOL - G.085
BOL - 0.02
BUL - 0.003
BDL - 0.003
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The calculated amounts of C, N and P entering Flathead Lake from the
two major rivers are only slightly greater than the amounts exiting
under Polson birdge (Tables 9, 10 and 11) for the period March 1978
through March 1979.

A basic Flathead Lake water budget for USGS Water Years 1976-1977,
1977-1978 and the early part of 1978-1979 has been tabulated (Table 13].
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DISCUSSION o R

Two major periods of high plankton productivity and biomass were
evident in the pelagic zone of Flathead Lake during Spring and Summer
1978. The first major productive period is suspected of being a normal
vernal diatom pulse during which time the Midlake water column was
characterized by Jow turbidity, high suspended solids with relatively
tow organic content and vet a relatively high biomass. This biomass
pulse occurred after Spring 1978 mixing and warming of the water
column. The Spring 1978 concentrations of phosphorus increased by more
than 100 percent during the period in guestion, while concentrations of
Nitrogen decreased. By late May the biomass and primary productivity
had substantially decreased and the water column was becoming thermally
stratified.

The Flathead River reached maximum flow stage during Jdune 1978 but
had contributed a Targe load of primarily inorganic sediments to the
north end of the lake by that time. The turbidity piume which flowed -
across the Midlake station in mid-June 1978 settled through the water
columm by the middle or end of July. During the turbidity advent and
sinking period at Midiake, which was very light compared to that of 1974,
the trophogenic zone ethbited increassd biomass and productivity until
15 August 1978.

Inflowing turbid waters which spread to the Midlake station coincide
with a rise in Phosphorus concentration in the water column during early
Summer 1978. In late Summer, phosphorus concentrations decreased by more

than 100 percent from previous highs of 14 ug/1 to low concentrations of



of Jess than 6 ug/1. No analyses of particulate [P] or [N] have been
made so far, therefore we know very Eittie about the relative amounts
of these nutrients associated with suspended particiés through the
Summer. S0 far our field data do not support a “nutrient stripping”
type relationship between sedimenting inorganic TSS and Phosphorus in
the pelagic water column, either because it didn't exist or because

our detection 1imits for Phosphorus and TSS are causing precision
problems with our data. It is presently an unexplained ssinciéenée

that an increase of TSS in April 1978 also corresponds to a rise in

% water column [P], and that the inverse occurs in late August 1978.
Budgets calculated for [P] inflow and outflow data suggest that the lake
Tost (107 metric tons) an amount of P roughly equivalent to what it
gained {102 metric tons) from March 1978 to March 1979 (Table 10).
However, during the same time period the two riverine sources contributed
approximately 261,174 metric tons "able 12 and Figure 50) of largely
inorganic seﬁiments which were not lost through outflow. Thus; §uring
the period March 1978 to March 1979, the lake very definitely acted as -
a sediment trap {Figure 51).

Suspendedrparticies in the Trophogenic zone of the Midlake water
column were found to be different in quality and quantity from those in
the deeper tropholytic zone. Trophogenic zone particulates were presenf
in greater quantity, contained more organic méteria? and ATP, éhd were
also composed of_a relatively greater percentage of organic an§_§§v§gg
materials than particles in the lower 50 meters of the water column.

Particles sampled from the water column often exhibited the following

trends with increasing depth:

Rt st S o S

gas




0 loss of weight {Table 3):

0 reduction in associated organic matter (Figure 52}

0 reduction in biomass (ATP) content {Figures 52 and 53}.

In general, it appeared that particles sedimenting through the water
column were being mineralized in route toward the bottom sediments. The
nreceding trends were generally more pronounced during periods of water
column stratification and tended to be disrupted during periods of
mixing in Fallaend Spring.”

The estimated allocthanous contribution of organic C to the lake
by both major rivers is 16,369 metric tons (March 1978 to March 1979).
In contrast, the estimated contribution by autocthanous production is
73,043 metric tons during the same time period (Figure 51).

Positive correlations of Phosphorus concentration with inflow
volumes suggests that Phosphorus may be physicaliy linked with sediments
or some other parameter which is positively correlated with river flow.
Negative correlatieﬁ of Nitrogen concentrations and inflow volumes suggest
a diluting effect. Nitrogen inputs from the drainage may be primarily -
via soluble forms in ground water. Ground waters may be either diluted
with fresh snoﬁme]t or rain water, or their flow into the main river

channels may be altered during high runoff heriaés,



2
g 701 = 0'H
LW 120°L = 1303~
"I'W 0L = (23034
"LWogLLSL = 201
"L'W 909°LL = SSL

MOT4LNO

A8 SSO1

TYNNNY

{suol oLa3BY = * L")
6L, YOUBW 0} 8/, Yddey

@je7 pesylefd 40} s3oadsy Aueyabpng |G aanbl4

“1°W
v21°192 = SSL
S1UBWLPIS 03 $ISSOT

sdoun Buppueis

Aep/pexis 9°L'W (52-061L
“d "d ALLe

"LU'H EVOEL = 'd "d
s3nduj snoueyloolny [enuuy

)
¢t 6°%2 = 0 H 6G9°€2 = 200
op8cz = [N] 006°%Z = 201
802 = [d] 00£°GL = SSL “Buouy
0222 = 920d 00¥°81 = SS1

v

FAYT 3T0HM NI dO¥D ONIQNYIS

g 6°6 = O H
"1'W 1BLEL

L

| 2303 -N
"1°W 201

]

L2039 -
‘LW 69£°91
*L'H 08L°2L2

B

J01
SS1

i}

S1NdNI
SNONYHLJ0TTY
TYNNNY -




Fra 522 Primary Fropucrion, ATP - TSS Orufme CoNTENT on  30)¥1/33
. 4
Hi

T \& T T Y [ i M o
3 & & & 2 S 2 ' & 2 ° Q
(rmnady) .aq/sm/jﬁ-u )
k]
X T T ¥ ) ¥
: (?rigy T/ awwbu
A o T T I % T TR P A

~



i vo LY - Y Lo Ry M W FGoo M i
he N 3 X . o v - - .

Loh

il

L o€

o

b 1
=3

NwoteTy A21pA QRuatluiG, Y MT SONIM] 4Ly - g0y

Hob

Lo

- Of




PREL IMINARY CONCLUSIONS

The results presented in the previous sections indicated that
primary production and biomass of pelagic piankters continued to increase
after the advent of Spring turbidity at Midlake during 1978. No signi-
ficant stripping of phosphorus or nitrogen was demonstrated from either
the trophogenic zone or the entire water column when the turbidity
cleared and the biomass and productivity decreased in late summer.
Analysis of suspended particulates in the water column seemed to indicate
a trend toward mineralization and recycling of their organic content and
decreasing biomass content with increasing depth {Figures 52 and 53).

It appeared that essential nutrients in the water column were being
recycled rapidly by the planktonic biomass. Standing crops of water,
Phosphorus and Nitrogen were each present in amounts equal to two to
three times the known allocthanous inputs, and were imported %o and
exported from the lake in practically equivalent amounts From March 1978
through March 1979.

Substantial amounts of inorganic erssional materials were trapped
in the Take basin during the thirteen months thus far surveyed, just as
they were in 1973-74. However, the allocthanous contribution of inorganic
sediments in the 1973-74 study was apparentiy several t§ﬁ§§ﬁ§§é3§ér than
during the Summer of 1978. Submarine tight transmission and secchi disc
data suggggszhat éaring runoff suspended sediments were 5 to 10 times
more concentrated at Midlake in 1974 compared to 1978.

It is possible that a substantially different regime resulted in

tess suspended sediment being flushed across Midlake in 1978, Lower:



T3S values measured during the present study may not have been sufficient
to promote the hypothesized flocculation-stripping action in the water
column. Thus, we will monitor effects of the spring, 1980,turbi§ity plume
and conduct experimental work outlined below prior to concluding that the
working hypothesis is, in fact, false.

LAXE SYNOPTIC

We presented plans in our first progress report {29/1/79) to conduct
intensive, short-term study of comparative primary pfoductivity of plankton
at multiple sites on Flathead Lake. These synoptics were designed to
iliucidate which areas of the lake, if any, were most prodgctive, thereby
identifying areas potentially undergoing chronic cultural eutrophication,

The first of these whole-lake studies was conducted on 11/VIII/79.
Data are not yet available. Additional synoptics will be conducied in the
fall, 1979 and spring, 1980.

TIME FRAME AND RESEARCH PLAN

Research on the lake has proceeded basically on schedule, except that
water samples for chemistry samples are backlogged from April, 1979. Theée
will be cleared shortly by ion chromatography analysis. Also, We have not
completed phytpplankton and zooplankton counts from field samples.. These
data, however, are low priority in terms of research objectives.

The lake research will continue on its present course, although field
efforts during mid-winter will be minimized in favor or intensive sampling
during spring, 1980 runoff. We will alsc initiate analysis of periphyton
production at selecﬁed lécations around the lake and in conjunctiocn with

synoptic studies.



The major thrust of our research effeort on Flathead lLake, after
September 1979, will encompass planning and initiation of experimental
work. In order to shed additional light cn the field derived relation-
ships between plankton biomass, clays, and phosphorus, we intend to place
several polyethylene enclosures in Yellow Bay. Known amounts of sediments
and mutrients will be added to simmulate enhanced spring conditions. The
effects of these experimental manipulations on the enclosed natural plankton
populations will be close%y monitored. Resulis will be extrapolated to
field conditions., These data will be coupled with laboratory study of
phosphorus sorption on clay sediments from the drainage basin. In this Qay,
we hope to get a better picture of phencmena controlling primary productivity

in the lake.

V. FILATHEAD CREEES STUDY

The Flathead Research Group initiated study of limnology of selected
tributary creeks (see Figure 1) in the Flathead River drainage in July,1979.
The objective of this work is to document baseline physiochemical COnditions
in these importaﬁt tributaries and provide initial data on benthic ecclogy
in Trail, Kintla, Logan, Dolly Varden and McDonald (reeks. All of these
streams were selected for study because they seem represeﬁtaﬁive of those
in geographical regions of the hasin.

METHODS
Samples are obtained on a monihly schedule on all eXxXcept the remotie

creeks (e.g. Dolly Varden}. Field measurements of pH, conductivity,
dissolved oxygen‘and discharge are gathered; samples for laboratory
analysis of chemical parameters (i.e. TSS, C, N, P, Cu, Zn, Na, Fe, K, Mo,

SiOz, Ca, Co, Mn) are alsc collected and returned to UMBS for analysis.



For benthic samples, we employ the same procedures used in our riverine

astudies.

PRELIMINARY RESULTS

Initial results indicate significant differences between cresks in
ion chemistry. For example, the streanms dréining the Flathead National
Forest on the west side of the North Fork are more buffered than the streams

draining Glacier National Park on the east side of the river (Table 14).

Table 14. Field physicochemistry of North Fork Tributary Streanms.

3

Alkalinity Conductivi%y Maximum ~C
PH (ppm) (umho cm ) (aug)

CLACTER NATIONAL PARK

Kintla Creek 8.1 21 80 19—212

guartz Creek 7.6 19 60 19-21

McDonald Creek 7.0 23 70 19-21°
FLATHEAD NATIONAI, FOREST

Trail Creek 8,2 42 100 ' 122

Whale Creck 8.3 56 150-190 14

Big Creek 8.0 56 | 150 16

The Glacier Park streams drain mostly argilite formations that contribute
few ions to solution. They also all fléw through various natural lakes which
tend to trap dissolved solids as well as elevate thermal regima. Streams on
the ﬁational Forest side drain exposed limestone formations and do not flow
through lakes. They are also shaded from afternoon solar insulation and
the resultant thermal regime is much lower. The faunal response to these
profound differences in physicochemistry is presently incomplete; but, in
general, rivering forms are found in the Glacier Park streams, while the colder

streans on the forest side of the North Fork contain specific, stenothermic forms.



The most significant, early conclusion from these data, however, relates
to the poor buffer system in the very pure waters of Glacier Naticnal Park.
These streams and alplne lakes contain very little inherent resistance to
pH change. Perturbations promoting acid rain, such as smoke plumes from
coal~burning power plants, would have an imﬁediaie, dévasiating effect on
these waters by reducing pH to lethal levels.

TIME FRAME AND RESEARCH PLAN

We will continue sampling physicochemical parameters monthly and with
greater emphasis on benthic ecology during spring, 1980 including comparative
estimates of benthic primary productiviity in those sireams selescied for more

intense study (e.g. Trail, Xintla, McDonald).

VI. RELATED STUDTES
It has been the policy of the Flathead Research Group to invelve
interested colleagues in research efforts ancillary to the major objgctives
of the project. Someol these efforis involve researchers that lmve been
members of the group for some time {e.g. Zimmerman, Shelton) and cur joint
work is nearly completed. Others have only recently become involved {e.g.
Busby, Mills, Drenner; Vinyard) and studies are preliminary or planned.

SIZE FRACTIONATION STUDY OF METABOLICALLY ACTIVE PLANKTON

The objectives of this work are to measure rates of autotrophy and
microbial heterotrophy simultaneously in the water column of cligoirophic
Flathead Lake and hyper-entrophic Lake Texoma. These data provide great
insight into the attachment of microbes to detrital particles and algae and
the amount of carbon preocessed through autotrophic versus heteroirophic
pathways. The procedures involve use of radiocactive tracers in samples

incubated in situ and ultra-precise analysis of microbial standing crops



using scanning eleciron microscopy and ATP assays. This work has been
conducted by Bonnie K. Shelton in collaboration with other members of the
group and has contributed to our understanding of the rate of microbial
decomposition of detrital particles in Flathead ILake. The research project
will be completed by December, 1979, |

ECOLOGY OF KINTLA CREEK, GLACIER NATTONAL PARK

Kintla Creek originates on the continental divide in Glacier National
Park. 1In collaboration with Dr. Earl Zimmerman (NTSU), we have documented
physicochemical benthic community composition, plankton limnology, and fish
distribution in this important creek-lake system. This work is nearing
completion and will be a part of the Proceedings of the Second Symposium
on Research in National Parks. Major findings include 1) discovery of
specific altitudin&l_distribution of insect fauna, apparently in response
to changing thermal regima as the siream flows through lakes on its course
to the North Fork; and, 2) documentation of an isolated, genetically-
segregated population of Dolly Verden in Upper Kintla Iake that are non-
Pisciverous, rather feeding exclusively on gammarid amphipods.

FISH FEEDING STUDIES IN FLATHFAD LAKE

Drs. Ray Drenner (Texas Christian University) and Gary Vinyard (University
of Nevada at Reno) have developed a unique videographic technigue for studying
feeding behavior in fish. With the help of Delano Hanzel (MDFW&P), these
researchers have begun study of planktiverous fishes in Flathead Lake.
Preliminarily, they have found that Kokanee salmon are rather inefficient
feeders on certain lake zooplankters (e.g; copepods), while Yellow Perch
are significantly more efficient. Both species were found in high numbers
in pelagic areas of the lake. This may suggest an important competitive

interaciion is occurring. Additional work, coupled with our limnological



studies, during summer, 1950 should help delineate such relaticns.

BASELINE ANALYSIS OF CARCINCGENS

Known carcinogenic pollutants are present in all fossil fuel formations
and in fly ash and smoke from coal burning power plants. Certain mixed
function oxygenaﬁe enzymes (e.g. cytochrome P-450 and related aryl
hydrocarbon hydroxylases (AHH)) can activate these carcinogens in specific
metabolic pathways in organisms and man. Dr. David Busbee (NTSU) has shown
that measurement of AHH levels in environmental samples {e.g. water
sediments, fish) can be related tc the potential for cancer if hydrocarbon
pollutants (e.g. benzo {a) - pyrene, chaysene, benzanthrocene) are also
present. The higher the AHH levels in the presence of these hydrocarbons,
the higher is the occurance of cancers.

The ¥lathead Basin should be relatively free of hydrocarbon poliution
at present, However, it would be quite valuable to establish a baseline of
AHH in fish before possible pollution occurs. Dr. Busbee has offered to
measure the amounts of AHH in fish from varicus points in the Flathead
using procedures that he has g@@neered. He will also quantify concentrations
of polynucleur aromatic hydrocarbons (PAH) in water and sediments from the
same localities using high pressure liquid chromatographyiigalysis. The
questions of interest include: 1) are these compounds present in meésurable
concentrations; and 2} what is the potential for harmful effects at measured

and future levels? The preliminary work will be completed by spring, 1980,

LIMNOLOGY OF HUNGRY HORSE RESERVOIR
Ms. Kim Mills recently Jjoined the Flathead Research Group and will begin
limnological investigations in Hungry Horse Reservoir in spring, 1980 using

methodology presently in use on Flathead Lake. This stlidy will greatly aid



the ongoing efforts to access the effects of discharges from the reservoir
on downstream biota (see below}., At present we do not have funding for

Mills® work.

VIT. COOPERATIVE STUDIES ON STREAM REGULATION WITH MONTANA DEPARTMENT
OF FISH, WIIDLIFE AND PARKS

FUNDING AND PERSONNEL

9tudies funded by the Bureau of ﬁeclamation and Army Corps of Engineers
will investigate the effects of stream regulation on benthic invertebrates
arnd fish in the Flathead ;nd Kootenai Rivers., The Department of Fish,
Wildlife and Parks is the lead agency for this work, and Ms. Sue Appert
is employed to direct the limnological investigations. She is also a member
of the Flathead Research Group and the work is closely interfaced with
ongoing riverine studies.

OBJECTIVES AND METHODS

The objectives of the study are to illucidate effects of releases from
Hungry Horse Dam and Libby Dam on lae downstream aquatic invertebrates; to |
document post-impoundment changes in the species diversity and bioma&s of
all taxonomic groups of benthic invertebrates in the Flathead and Kootenai
Rivers, and to assess the probable effects of construction of the Hungry Horse
and Libby re-regulatory dams on the aguatic invertebrates and chemical
1imnology of the Flathead and Kootenai Rivers. Changes in the life historles
of benthic irnsects due to temperature and flow variations in the regulated
areas of the Flathead River are being compared to similar responses in
unregulated sections of thai river (i.e. McDonald Creek and Swan River).

Monthly benthic invertebrate and water samples {(for chemical analysis)

will be taken on the Flathead River just above the mouth of the South Fork,



/3

at the Bible Camp and Hungry Horse, at the Kokanee Bend Fishing Access, and
at the Quarter Circle Bridge on McDonald Creek (work commenced in July, 1979).
Five sites on the Kootenai River downstream from Libby Dam will be sampled
monthly {(or bimonthly during the months when high flows necessitate
cooperation from the Corps in providing controlled releases) beginning in
September, 1979. The upper South Fork and upper McDonald Creek will be
sampled periodically. Benthic invertebrate sampling methods will include

the use of a kick net, two different modified Knapp-Waters circular samplers,
drift nets, elutriation pumps, drag gear, basket samplers, and scuba gear for
collecting in runs and deep pools. All invertebrates will be identified to
the lowest taxonomic level possible, counted, and volumetric measurements
will be made. Species diversity and biomass estimates will be made using
computer programs at Montana State University at Bozeman.

The effects of various discharge rates from the dam on thé drift of
invertebrates will be assessed. The species of insects most affected by
regulation will be selected for life history and experimental siudies. These
species will be reared under various temperature regimes to study the effects
on growth rates and emergence times. Transplant experiments will be done
in the field to study the effects of moving insects from un-regulated to
regulated areas and vice versa. Adult insects will be collected by the use
of light traps, pit traps, emergence traps, and sweep nets to document
the effects of changed thermal environments on emergence times. Fish food
nabits will be studied on each river to tie the invertebrate work to
fisheries studies being done under the same grants. Physical, chemical, and
biological data will be integrated and correlations will be drawn. Differences

in the benthic invertelrate composition in the two regulated rivers and



between regulated and unregulated sections of the Flathead River will be

assessed using principal components and canonical analysis.

VIII. SCIENTIFIC CONTRIBUTIONS OF
THE FLATHEAD RESEARCH GROUP
DURING BUDGET PERIOD
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Perry, W.B. and J.A. Stanford. In manuscript. Flathead Lake, Montana:

availability of sediment phosphorus to algae.

Perry, W.B., J.T. Boswell and J.A. Stanford. 1In press. Critical
problems with adenosine triphosphate (ATP) assays of planktonic
biomass. Hydrobiologia 59.

Ward, J.V. and J.A. Stanford. In press. Limnological considerations
in reservoir operation: optimization strategies for protection of

agquatic biota in the receiving stream. Proc. Mitigation Symposium.

Tech. Report Series. Rocky Mtn. Forest and Exper. Station.

Stanford, J.A. In press. Proliferation of river deltas in reservoirs:

2 natural mitigative process? Proc. Mitigation Symposium. Tech.

Report Series. Rocky Mtn. Forest and Exper. Station.
Ward, J.V. and J.A. Stanford. 1979. Ecological factors controlling

stream zoobenthos with emphasis on thermal modification of regulated

streams. In: J.V. Ward and J.A. Stanford (eds.) Ecology of Regulated

Streams. Plenum Press, New York, N.Y.

Stanford, J.A. and J.V. Ward. 1979. Stream regulation in North America.
In: J.V. Ward and J.A. Stanford (eds.) Ecology of Regulated Streams.

Plenum Press, New York, N.Y.

IX. CHEMICAL DATA COLLECTED TO DATE
FLATHEAD RIVERS: Pgs /1§ to 12! .

FLATHEAD LAKE: Pgs 122 Yo /5 .



FLATHEAD PROJECT - CHEMICAL DATA
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NTSU RO 7300 7309 7318 7325 7332 7339 7389 7356 7363 7373 7380 7392 7400 7407
pH 7.3 8.]* 8.0 7.9* 8.0% 7.3* §.50% 7.1% 7.3* 7.2% 7.3% B.0* T.3* B.0% 7.0% B.5*
TEMP 7 11 10 17 9 5.5 1 0 0 0 2 3 3.8 5.8 14.7 o
COND. 110%  140% 148% 170% 160* 205* 245% pEZ*  274%  (77* 233F
1SS 325 14.1 11.5 1.0 2.0 5 3.1 1.0 1.9 1.9 2.3 4.8 2.5 217 3.5 mg/ 1
POC 4.49 .359 .488 .266 .145 .119 .286 L0771 .083 097 .09 434 3.83 .28%  .163 ma/
Boc 3,68 1.61 1.22 2.09 .633 .568 562 531 .357 171 278 2.35 2.70 .60 .523 ng/1
ToC 8.17 1.97 1.71 2.3 .718 .687 928 .607 .446 .268 .369 2.78 6.53 .889 .68% g/
k1 7 15 11 7 i3t 8 8 16 10 10 5 mg/d
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Mo **k *x ok ik * wk *k ug/ 1
in *k *x sk ok E3 &% * % uQ/T
504 40 61 122 g9 114 133 197 350 187 193 mg/

* | aboratory Measurements
** Below Detection Limits
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e [ Sy S e [xe] Lo P o o

P, C ey, Tt [ ] fas [va] S o b ™ o ™~ s

Pt Yol Lamd und . L T, L L N Ead e Sountt

ot bt —t L] b2 — [ ot et T~ S f st

= = = = et b > > ot ~ tamg o b=

Sy S, S, Ny, Ty, S, S, S, S e p] T ~

L (=] [Fy) e} < o [ o o o, e, e [

[ [ar) pu (22 (98] (s [a o o~ o od [a ¥ P
NTSU 8O. 1 5315 5370 5411 5445 5479 5513 5563 5593 5627 5674 5703
pH 7.9% 8.5 8.2 8.38 8.05 7.58 7.9 7.93 8.2
TEMP L 20.5 i5.0 11.6 5.5 4.0 6.2 13.9 0¢
COoND, 144% 165 34ﬁ* 147 130 130 150 176 110
Dis. 02 9.3 9.3 10.9 12.3 13.8 10.4 10.2
™ 8 g8 10 8 15 14 | mg/ 1
TEN 70 40 50 75 70 140 100 : ug/i
Nﬁgﬂ 16 40 20 *k 80 60 ug/1
5109 4,3 5.9 4.3 4.0 4.3 5.6 4.9 mg/
Sﬁg 27 30 17 23 32 16 : mg/ 1
Ca 2% 39 Ky 30 20 mg/ 1
fa | 7. 7.3 6.3 4.0 3.5 mg/
Na E 3.0 1.6 1.3 1.7 5 mg/ 1
K 0.5 0.4 0.4 Q.5 0.2 ma/ |
Co 9 wk 8 i6 5 ug/1i
Cu ? 2 L *% ug/ 1
Fa : 1 *k 80 * ug/ 1
Mn bl 1 2 4 * ug/1
?’;EQ : 3 2 ¥ *% ¥k ug/‘;
7n 2 *% 2 *% ok ug/l

*Laherate?y'ﬁeasurements
w* Below Detection Limits MIDLAKE NORTH - 1 Meter
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/37 7

* Laboratory Measurements
** Below Detection Limits

MIDLAKE NORTH - 10 Meters

: foe) 0

o0 [en] ™~ | o0 h <h

P~ ™~ ~ S~ [e0] o ™ ™~ o ~

S~ e [ Lo} ™~ o0 P e . on P~ s

ot ] ot 4 - ™~ . —i L] (=23 [3a¥ — ot

=4 L] — i - M, Pt ot L T e Pt —

=] P pee = bt 4 > > I . L T ==

S S o S S S S &> —~ Z Z ~ ~

o o — (13 (3] (0] [37] ] 3 h o [N —
fITSU NO. | 5316 5353 5412 5446 5480 5514 65564 5594 5628 5675 5709
pH 8.1* 8.35 8.2 8.37 8.0 7.57 7.85 6.44%* 7.92 B.2
TEMP 17.0 14.1 11.6 5.5 4.0 5.5 12.9 o
COND. 138* 160 134* 150 135 130 158 135 170 110
DIS. 0y 9.7% 9.3 10.7 11.9 13.0 10.2 9.8
TP 10 7 10 10 g 11 8 mg/ 1
TKN 40 30 40 -40 50 60 110 ug/1
NO;N 40 50 35 20 *k 60 60 ug/1
5102 4.9 8.7 3.6 3.9 5.2 5.8 4.4 mg/ 1
S04 32 14 16 . 18 49 17 mg/ 1
Ca 39 24 30 32 mg/ 1
Mg 7.4 6.1 4.0 5.4 mg/ 1
Na 1.4 1.4 1.6 1.0 mg/ 1
K 0.4 0.4 0.4 0.3 mg/ 1
Co 3 *k 16 19 uag/ i
Cu *k Fok *k ok ug/1
Fe wf *';' ok % U g/}
Mn ] i *% 1 ug/ 1
MO “; & *& F 4.4 ug}j?‘
n ek *k ¥ ok 4g/1
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o0 o0

o0 &0 P ~ oo Ch o

f e g v " fe0] 0 T T~ [»2) o

~ -~ ot — [ foe) ~ ~ ~ o P~ ~

[ L] it L S [ e, (o] Bt o P~ ~. g

L ot [ ] - S Pk —t ot [ - et unen]

e -3 =] Zom Pt -2 4 -4 - ot T . e e oo

Ty, e, S, T S, oy, . Mo, e o = e v,

4] <o Ly L] fs ) (o) [on] [6.0] L aad T, e e faN]

— ™ " o ] Iie] o — ™M o od o~y e
KTSU NO. 5317 5354 5413 5447 5481 5515 5565 5595 5629 5676 5710
oH 8. 1% 8.1 8.2% 8.12 7.98 7.57 7.83 6.31* 7.92 8.3
TEMD 8.0 11.5 11.4 5.6 4.0 5.3 6.8 o¢
COND. 138% 175 134* 351 147 130 168 148* 171  ag
DIS. 0 10.4 9.6 10.6 1.8 12.9 10.1 10.5
P 11 10 10 9 8 8 12 | mg/
TKN 70 46 40 -40 ** 110 140 ug/
magw 40 40 40 20 20 60 110 ug/l
510 5.1 7.2 3.9 4.0 4.4 5.1 4.5 mg/1
S04 21 17 20 25 46 17 | ma/]
Ca 33 30 30 28 mg/
Mg 7.0 6.4 4.0 3.6 mg/ 1
Na 1.9 1.5 1.6 .5 mg/1
K 0.4 0.4 0.5 0.1 mg/ 1
Co 4 6 17 2 ug/ |
Cy 2 ok e | ok ug/1
Fe *k ®*h 80 k4 ug‘/’é
i 1 2 % * ug/1
Hin 1 %k *k i ug j}
Z r *i ik *% 33 ] g j'§

* Laboratory Measurements
** Below Detection Limits

MIDLAKE NORTH - 20 Meters
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* [aboratory Measurements
** Below Detection Limits

MIDLAKE NORTH - 30 Meters

[s4] o0 Q - ?9- [a8] [« [
[ P~ ~— ~ ool [ve] M ™~ o [
™ . 3ot L] ~ o0 [ant e T oh [t —
Lol L] =t i S [ S o i T [ e et
-t -t bt ot v . Yt t p—t Ea ~ — [
o] o] = - Fnd - o ko [ . Fad o=} e
~ ~ e ~ s ~. ~ . ~ pec® = ~ -~
[Ty ) o) L1 o [ [ o) [} [v ] e .. . P~ [
o ™ o (2] [an] (e (5] aand o (52 o o g
NTSU NO. 5355 5414 5448 5482 5516 5566 5596 5630 5577 5711
o 8.05 8.2* 7.98 7.57 7.57 7.8 6.92% 7.91 8.3
TEMP 5.5- 6.9 7.7 5.6 4.0 5.2 4.2 og
oD, 177 142% 153 150 145 168 180% 170 80
D1S. 0p 10.9 10.0 10.8 11.8 12.8 10.0 10.7
P 7 10 7 7 g 10 mg
TKN | ** 40 -40 110 100 - 100 ug
NOSN 50 50 20 20 707G ug
510, 6.2 4.0 4.2 4.6 4.1 5.1 ™3
S04 21 29 22 42 20 g
Ca 22 41 28 40 24 Mg
Mg 7.0 7.4 6.7 4.0 3.7 mig
Na 1.7 1.9 1.5 1.7 0.4 e,
K 0.4 0.4 0.3 0.4 0.1 mg,
o 4 3 3 ] ug,
Cu 1 3 *k *% *k g,
Fe 'E e ek w e *% i §j
Mn ok 1 1 3 ug,
Mo 3 wk ok %% dw g/
7n 2 ddke ok *% *w WG/
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oo 0

[ea) <o P~ ™~ [ve) o

~ e ~— ~. =] ¢ ~ ™~ o fe.

~ ~ Yot - r~ [so] ~~ -~ ~ [ [ ~

[ d i st funsef s i . st Ll oh . gae . famart

il bt b -t > S et [ bt P~ ., — ot

$ £ 3 3 5 £ ¥ 2 =z 3 £ = &zt

pub ! &2 A = = s = P N < =
RT3U NO. 5318 5356 5415 5449 5483 5517 5567 5597 5631 &s675 5712
oH 7.9% 8.2% 7.91 7.52 7.6 7.24%*
TEMP 5.5 6.0 5.6 o
COND. 146*% 142* 155 151 145 179
DIsS. O - 10.1 10.9 11.8
TP 10 7 10 g9 8 12 ng/ 1
TKN 40 30 40 30 80 80 mg/ 1
%Q%ﬁ 40 60 70 50 ** 60 ug/1
5i0s 4.4 6.2 4.3 4.1 4.4 5.2 mg/ 1
S 32 11 16 20 46 mg/ 1
Ca 40 34 50 mg/1
My 6.6 6.8 4.0 me/
Na 5.9 1.8 1.8 my/ 1
K 0.4 0.4 0.4 mg/ 1
Lo 5 4 13 ug/1
Ty 2 gk ok ug/}
Fa ** 100 90 ug/1
#n 1 2 8 ug/?
Mg '| b 2.1 Jdoke Ug”
in ki *k *k g/ 1

* Laboratory Measurements
** Below Detection Limits

MIDLAKE NORTH - 40 Meters
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* Laboratory Measurements
** Below Detection Limits

MIDLAKE SOUTH - 1 Meter

[y ~ S S a9} [a0] P~ [ £ i
S Sy L] et P~ o P~ s S (3] [ s
L] ot - L] e P S, bt ] o 2 ha g Bt
et e el ot < S, —i ] ] e o L] |
= - P - —t > > > =i . i pe] =]
By S S ) B e ey S T = = e T
L [ &Y o fun [on3 o o0 o s S M~ o3
o 3 e g o3 o o3 P 3 o)} od o o
NTSU NO. 5331 5361 5416 5450 5484 5518 5568 5602 5636 5683 717
pt! 8.2* 8.45 8.1* 8.43 8.1 7.6 7.83 8.0 8.2
TEMP 22.0 14.7 11.5 5.6 4.2, 5.4 13.0 o
COND. 130* 160 140* 149 135 137 155 168 110
BIS. 02 8.5 9.3 11.4 12.2 13.1 10.8 10.3
P 8 6 10 8 8 [} mg/}
TKN 90 S0 60 40 60 145 ug/1
NO N 40 | 70 30 =20 ** 90 ug/ 1
5309 4.6 7.3 3.7 4.0 2.6 6.8 mg/
30y 43 319 21 4 mg/
ca 38 38 60 mg/1
big 6.2 6.7 4.0 ma/l
Na 2.3 1.8 1.7 mg/ 1
K 0.4 0.4 0.5 mc/ 1
Co k% 8 15 ug/1
Cu 4 1 w* ug/ 1
Ta *k wk 80 ug/ ]
Mn 1 2 ug /]
Mpy dok ok ok ug/ 1
n %k *% ek ua/ 1
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/499

o0 0 = ~ o o o

Py T~ ~ ~ [+0] Ios) P~ P~ o o

. ., [ el T~ [+ %) [ S s [a 3] ™~ -

[ ] bt [ =t o [ s ol et o o . it

[ ] it (=] ey b4 ., — Pl (e s e el —t

= = == pes — P 5 >< — ~ ot S =

S, e e Ty S T, ) T, S ] =g — -

[Ty [ i) o2 [uaw) <y Lo ] oo o Ty S, - faS |

fand M L o] [as) (o] [ap — o < od faN —
184 HO 533z 5362 5417 5451 5485 5519 5569 5603 5637 Iap4 571D
! 8.0* 8.5 8.2*% 8.45 8.06 7.5% 7.8 8.0 8.3
Fpuit 15.0 14.2 11.4 5.6 4.3 4.4 10.3 ag
SOND 134% 168 138* 149 135 137 168 170 100
31S. 0p 10.0 9.3 10.7 12.0 12.8 10.7 10.4
Tp 11 8 10 8 g 8 mg/ 1
TEN 40 50 40 40 140 ug/1
403N 20 60 30 -20 **  5Q ug/1
5309 4.8 6.0 3.8 4.1 £.2 4.4 mg/
394 49 3 23 33 38 mg/1
Ca 23 36 31 30 ma/ 1
g 6.2 7.3 6.1 4.0 mg/ 1
Na 1.1 1.7 4.0 1.7 mg/ ]
¥ 0.4 0.3 0.4 0.4 mg/ 1
N 5 6 *x 19 ug/1
Cu 1 1 *k *k ug/1
Fo ] *k *k *% ug/ 1
Hn *x 1 1 ug/!
o 3 1 *k tok ug/!
7n ? *k k% ki ug/1

* Laboratory Measurements
** Below Detection Limits

MIDLAKE SOUTH - 10 'eters
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o0 o0 i@- 1?9- [ve] (w3} o

P~ P~ . o, o0 [ I~ [ Fxt T

~ ~— - et [ foe] [ . e o P o

— -t ] st R P S, ] et o [ ., bt

L] st fon ] f ] -2 o L] Yowr [ i o e Foa]

= = - =g [and =2 -0 p o] s Faned pee] =

. e, T S S Sy M, S R =g e e bt

w0 [ 10 o o oo a3 [ey] — . S e ot

o [p] e o o} oy ) [ap] Fd o [my] O o g
NTSU KO, 5333 5363 5418 5457 5486 5520 5570 5604 5638 5685 5719
oH 8.0% 8.1 8.2* 8.1 8.01 7.6 7.77 8.0 8.3
TEMP 8.3 10.3 11.3 5.8 4.3 4.2 6.3 or
COND. 142*% 170 146* 152 143 150 160 170 90
DIS. Oy 10.4 9.57 105 11.8 12.7 10.7 10.6
P 8 6 10 8 8 12 mg/
T 130 30 40 60 ** 100 ya/l
nogN 75 40 80 -20 ** O ug/1
5109 5.2 6.4 4.0 4.0 4.8 5.2 mg/ 1
504 35 16 23 26 39 mg/ 1
Ca 66 36 30 ma/
Mg 8.3 6.3 4.0 mg/ 1
Na 4.4 1.5 1.8 mg/ 1
K 0.4 0.4 0.4 ma/
Co *% 190 ug/l
Ly Z i wdk %ﬁ%gfg
Fe i dok 80 ug/t
.?v:n *w “i s ijgfff
Mo 1 wk i ug/ 1
Zn sk L3 ik ua/ 3

* {aboratory Measurements
*% Bejow Detection Limits

MIDLAKE SOUTH ~ 20 HMeters
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o0 [re] rqe g [ea] on w3

~ ~ ~ ~ [>e] o] ~ ™~ on T~

~ - B —t e o0 e S S~ [*1] e .

P et b ot s o . et t—t on [ . ot

g ot o — o e — st it e ~~ s #—t

-3 2 e 3 = Ll - > > Pt e et = e

S~ . ~ ~. ~ . o~ ot s = e . ~.

1 Lan) [Ty o <& o je =4 Ll ~ S P od

pe L] o Yy [0 ] Lo ry — (e o (4] [a ¥ o
NTSU NO. 5334 5364 5419 5453 5487 5521 5571 5605 5639 5586 5720

. pH 8,0* 8.07 8.2 7,99 7.55 7.6 7.75 8.0 8.4

TEMP 5.0 ° 6.0 5.6 5.6 4.3 4.1 4.3 og
COND 144% 178 114* 157 155 152 168 170 80
DIS. 0, 0.9 10.0 10.8 11.8 12.6 0.7 10.5
™ 7 | & 11 8 8 12 mg/
TKN 80 * 40 60 50 130 ug/
waéa 20 4 70 60 ** g0 ug/
SiGy 4.8 5.5 4.1 4.3 4.8 4.8 mg/
504 36 . 3 16 22 37 mg/
Ca 22 49 28 10 ng/
Mg - 6.3 7.0 6.3 4.0 | - mg/
Na 1.0 3.4 3.3 1.6 mg/”
K 0.4 0.5 0.4 0.5 ' | mg/"
Co 5 g ok 15 ug/
Cu _ 2 3 Kk kk ug/ 1
Fo . 1 et k& Yok ug/}
Mn , *k 2 ] *k ug/1
Mo 4 s E33 Jrde ug/1
n _ 1 *% *& * ug/1

* Laboratory Measurements
*% Below Detection Limits MIDLAKE SOUTH - 40 Meters




FLATHEAD FROJLCT - CHEMICAL DATA

P o ~ 0 © o o

P ~ T " o) = 0] i~ faaY T [t

~ ~ bt —t r~ o0 i~ ~ ~ o o ~.

-t Jumif i =i S~ T e i — (%2 M~ ~ 1

— [ [ — > e oy — it [t . i ek

g pe-J - e — o o o land ) i g -

S T s T S S g, T S~ - ] s S

we o [Fg) o [ fan) o [+ e . S, I o

Faaed [3p] e £ (3 ] [ap} (a2} e o o o™ o9 g
NTSU HO. 5277 5357 5407 5441 5475 5509 55589 5588 563z BS79 5713
it 7.7% 8.4 8.3* 845 8.2 7.7% 7.9 8.1 8.5
TEMP 20.0 21.0 4.7 10.7 4.8 3.5 7.5 12.7 oc
COND 140% 160 T128% 150 133 137 150 170 110
DIs. 02 8.5 9.3 11.6 12.6 13.5 i0.6 10.7
TP 13 6 6 8 3 10 mg/ 1
THN 80 85 40 -40 100 100 ug/ 1
Nagm 40 8 120 -20 ** 100 ug/!
Sé%z 4.1 5.8 4.1 4.0 4.8 4.4 mg/ 1
30y 27 22 16 20 31 mg/1
Ca 25 40 10 mg/ 1
Mg 6.4 6.2 1.0 mg/ 1
Na 1.1 1.4 3.0 1.0 mg/ 1
K 0.4 0.5 0.4 0.1 mg/ 1
gg 4 x¥E sk *k ug/}'z
Cu ? de *¥ *x ug/l
i’:ﬁ 3 i ok k& Ug/]
Hn * dede *ok %ok ug/1
Mo 2 ok bl ug/1
7n 3 e i ug/'}

* Laboratory Measurements
** Bolow Detection Limits

BIG ARM BAY - 1 Meter
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pre

o) 0
[+0] a4 s o oo o oo
e [ s Sy S [es] 0] T [ . (93] o
. ~— et bt [y oG [ T S o o e,
ey — St ] B i S, L] et o P ., pu—
[T P ot [l > e~ L) Ll = P T, s o
> = = o Foni > > >< et ~. et = =
~ ~ ~ ~ ~ ~ ~ ~ . = = . .
Wy [am) Xe [ fan o [ ] o5 g . S~ e od
— - o ) ™ & o’ o o o od i —
NTSU NG, 5358 5408 5442 5476 5510 5560 5598 5633 LEBG 574
nH 8.35 8.2 8.49 8.1 7.75 7.85 8.1 8.3
TEMP 13.2 13.2 14.7 10.7 4.8 3.6 7.0 7.3 “c
OND 160 140* 152 133 137 150 170 90
1S, 02 10.1 9.48 10.9 12.6 13.1 10.6 10.9
P 5 8 8 B8 10 e/ ]
KN 30 20 A6 116 120 ug/
WOQN 50 90 30 ** 100 uc/ 1
310, 6.2 3.8 4.1 4.3 4.8 mg/ 1
50, 28 11 19 36 mg/ 1
oa 17 41 20 mg/ 1
g .8 7.4 4.0 ma/
Na 1.5 1.6 1.7 ma/1
0.4 0.3 0.4 S
Co 5 K 12 ug/ !
Cu 4 ¥ 10 ug/ 1l
Fe *%k ke whk g fi
Mn 1 2 e ug/l
Mo 2 ** haled ug/
in Hk *k dok o/

* | aboratory Measurements
** Below Detection Limits

RIG ARM BAY -

10 Meters
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o~ e ~ S o0 o0 ™~ £ o Py

M Sy e d  and | o s . s on S s

b Frerd ot [l S f . L] L} [#21 [y o L

Jo - [ ] o | b4 e, i bt - 3 S, —_ —

- == == - Lol k] o Fd bt ., o - e

S — =~ . ~ ~. —~ ~ -~ = S ~. s

W& ) P ) (= o o o) — <= L. ~ e

e [ap] — o (42 o oy — s =3} od o pun
NTSU NO. 5278 5359 5409 5443 5477 5511 5561 5600 5634 5681 5715
ol 7.5* 8.0 8.2* 8.07 7.6 7.75% 7.85 8.0 8.2
TEMP 6.7 7.5 9.0 7.4 4.8 3.7 54 5.9 %
oKD 140% 175 444* 1585 740 145 163 170 90
DIS. 92 10.2 8.6 10.6 12.3 13.0 10.6 10.5
TP 13 8 10 8 9 12 mg/’
TN 85 40 40 100 160 20 ug/’
%G%N 65 60 110 40 *k i10 ug/’
Si@z 5.0 5.7 3. 5.3 4.6 2.2 mg/’
304 26 24 16 21 11 mg/”
Ca 25 14 33 10 mg/’
My 6.5 7.1 6.0 2.0 ma/
Na .1 1.6 1.6 2.0 mg/ 1
¥ 0.4 0.4 0.4 0.2 mg/1
Co 3 6 g ok ug/1
Cu 1 5 ¥ ok ug/1
Fe 2 *k *k *k ug/1
Mn *x 2 1 bl ug/1
Mo 2 3 ** k% ug/1
Zﬂ 'i Wk k& ¥ ugjj}

* Laboratory Measurements
*% Below Detection Limits

BIG ARM BAY - 20 Meters
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FLATHEAD PROJECT - CHEMICAL DATA

P P~ T . (2o oo P ™~ h i

. S s et P oo ™~ s S o e .

et ot bt bt . P~ ~ L) =t o ™~ - B

ot ot Pt L] -2 b — —t ot | g™ b f] omd

= oo e - L > ! < bt T b = e

. i~ T S, ) e o ey e = = S T

s o) (1) Lo [ ue < [+ o] — e ., P ol

e o P [32) o o] (o2 ] Fad (2] (23] o ol o
NTEU NO. 5273 5366 5403 5437 5471 5505 5555 5589 5623 5670 5704
P 7.7% 8.45 8.2* 8.35 8.05 7.6 7.8 6.7% 8.05 8.2 8.0
TEMP 18.6 19.7 14.7 11.4 5.5 4.4 5.2 14.5 18.6 oc
(OHD 140% 155 137% 147 135 135 155 168%* 120 130
DIS. 0y 9.5 9.48 11.1 12.6 13.1 11.2 10.5 8.3
TP 14 7 10 8 10 12 11 ma/’
TKH 80 96 60 ~-40 80 106 115 ug/1
HO 4N 20 20 40 -20 40 60 90 ug/1
5105 4.2 7.7 5.2 3.8 4.9 3.8 4.2 mg/1
50, 20 3% 18 21 3 27 mg/1
Ca 2% 28 40 20 23 ‘mg/1
Mg 6.4 5.9 6.6 4.0 33 mg/1
Na | 0.9 1.9 1.8 2.0 05 C mg/1
K 0.4 0.4 0.4 0.4 0.1 mg/1
to 5 5 6 17 ok ug/1
-y 2 15 %% k% %k ug/1
?e } *#k * i *k *k ug/l
¥n *i 1 2 *k | *% ug/1
?&{?G 3 %k wk ok kk UG;‘,]
n 2 ok *% *k % ug/1

* Laboratory Measurements ~
** Below Detection Limits YELLOW BAY - 1 Meter
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* Laboratory Measurements
** Below Detection Limits

YELLOW BAY - 20 Meters

FLATHEAD PROJECT - CHEMICAL DATA
= 2 £ 8§ o , g 2 2 . 2 2
£ 2 B E 2§ g2 EE & 5 5%
5 g 5 g 8§ 8 g 2 & & & 5§ o
HTSU NO. | 5275 5368 5405 5439 5473 5507 5557 5591 5625 5672 5706
pH 7.8% 8.37 8.2 8.1 8.02 7.58 7.75 6.51* 8.1 8.1 8.1
TEMP 8.0 12.3 11.3 11.3 5.6 4.5 4.0 7.6 8.6 ¢
COND 140% 162 146* 150 149 150 157 144% 170 90 100
DIS. O 9.65 $.83 10.6 11.9 1i2.7 10.8 10.8 10.1
TP 12 8 10 M 12 10 mg/1
TKN 135 30 40 -40  ** 50 100 ug/1
ROZN 30 50 40 -20 60 60 60 ug/1
510, 5.8 5.1 4.2 4.0 4.6 4.1 4.0 mg/ 1
30, 30 3 18 20 30 22 mg/ 1
La 34 38 20 22 mg/ 1
Mg 9.6 6.4 4.0 2.7 mg/ 1
Na 2.1 1.5 1.6 0.4 mg/1
K 0.4 0.4 0.4 0.1 mg/ 1
o & 3 15 2 ug/
Cu 3 ok *% *k ug/1
Fa *k *k Tk k% ug/1
Mn 1 i Kk wk ug/1
Mo ok ke sk *¥ ug/
in ek “k * &k Ve R ug/]
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