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Abstract:

The relationship between land use, chemical dynamics, arid benthic plant corrmunities in Georgetown
Lake was investigated from 1973-1975 and 1981-1982. Experimental enclosures were used to isolate
littoral macrophyte communities and evaluate effects on aquatic chemistry. Over 90% of the
Georgetown Lake drainage was covered by natural vegetation, primarily coniferous forest. Cultural
development is concentrated around the reservoir, but does not appear to be affecting basin water
quality or recreational values due to the small relative area (<3% of the total) developed. Results of a
septic system survey indicated that domestic wastes are not having a significant impact csi water
quality. Macrcphyte communities were found to dominate primary productivity and strongly influence
chemical dynamics in the reservoir. Canopy coverage of Potamogeton praclonqus doubled between
1975 and 1981. An exponential growth rate of 0.1155/yr was calculated for this population. Standing
crops of other macrophyte communities appeared to vary annually in response to meteorological and
hydrological conditions. During July-September, 1974, benthic communities accounted for an average
0f 90% of gross reservoir photosynthesis and 73% of reservoir respiration. Carbon limitation was
suggested as a cause of declining photosynthetic rates in late summer. Rooted aquatic vascular plants
were not limited by nitrogen or phosphorus availability, as indicated by tissue analysis. Ccmmunity
oxygen consumption under ice cover ranged from 0.08-0.32 g O2/m”2/day. Positive rates of oxygen
production (0.089-0.174 g O2/m”2/day) were measured at shallow sites and attributed to algal
photosynthesis. The majority of oxygen uptake was attributed to benthic communities. Concentrations
of inorganic dissolved phosphorus remained low thoughout the ice-free periods and suggested
regulation by calcium hydroxyapatite solubility equilibria. Regulation of pH by macrophyte
photosynthesis is implicated in control of phosphorus solubility. Rates of internal phosphorus loading
up to 3.83 mg P/m”2/day were calculated. Major internal sources of nitrogen identified were release
from sediments during winter anoxia and release from littoral sediments during late summer. Sediment
accumulation rate was estimated at 0.25 cm/yr, equalling 1050 g dry matter/m”2/year. Vertical
distribution of sediment phosphorus indicated an upward mobilization, which was attributed to uptake
and redeposition by rooted vascular plants. Mass budgets for nitrogen and phosphorus indicate that
major nutrient sources are natural and within acceptable levels. Phosphorus loading rates are negative,
but dissolved phosphorus supplies are being buffered by sediment phosphorus supplies.
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ABSTRACT

The relatlonshlp between land use, chemical dynamcs, and
benthic plant communities in Georgetown Lake was investigated from
1973-1975 and 1981-1982.' Experimental enclosures were used to iso-
late littoral macrophyte communities and evaluate effects on aquatic
chemistry. Over 90% of the Georgetown Lake drainage was covered by
natural vegetation, primarily coniferous forest. Cultural develop~
ment is concentrated around the reservoir, but does not appear to be
affecting basin water quality or recreational values due to the small
relative area (<3% of the total) developed. Results of'a'septic _
system survey indicated that domestic wastes are not having a signi--

ficant 1mpact on water quality. Macrophyte cammunities were found to

dominate primary product1v1ty and strongly influence chemical dyna-
mics in the reservoir. Canopy coverage of Potamogeton praelongus
doubled between 1975 and 198l.. An exponential growth rate of
0.1155/yr was calculated for this population. Standing crops of
other macrophyte cammunities appeared to vary annually in response to
meteorological and hydrological conditions. During July-September, .
1974, benthic communities accounted for an .average of 90% of gross
reservoir photosynthesis and 73% of reservoir respiration. Carbon
limitation was suggested as a cause of declining photosynthetic rates',
in late summer. Rooted aquatic vascular plants were not limited by .
nitrogen or phosphorus avallablllty, as indicated by tissue’ analysm.
Cmm%nlty oxygen consumption under ice cover ranged from 0.08-0.32 g-
m</day. Positive rates of oxygen production (0.089-0.174 g
/mz/day) were measured at shallow sites and attributed to algal
photosynthesis. The majority of oxygen uptake was attributed to
benthic communities. Concentrations of inorganic-dissolvéd. phospho-
rus remained low thoughout the ice-free periods and ‘suggested regu-

‘lation by calcium hydroxyapatite solublllty equ:.llbrla. Regulation -

of pH by macrophyte photosynthes:.s is implicated in control of
phosphorus §olub111ty. Rates of internmal phosphorus.léading up to
3.83 mg P/m“/day were calculated. Major internal sources of S
nitrogen identified were release from sediments during winter anox1a

and release from littoral sediments during late summer. Sediment accu- .

mulatlonzrate was estimated at 0.25 aw/yr, equalling 1050 g dry -
matter/m“/year. Vertical distribution of sediment phosphorus indi-
cated an upward mobilization, which was attributed to uptake and rede-
position by rooted vascular plants. Mass budgets for nitrogen and
phosphorus indicate that major nutrient sources are natural and -
within acceptable levels. Phosphorus loading rates are negatlve, but
dissolved phosphorus supplies are belng buffered by sedlment phos—
phorus supplies.




INTRODUCTiON

Georgetown Lake is a multiple use reservoir located between Ana-
conda and Philipsburg, Montana, on theffﬁiiiﬁgﬁafé“ Divide. Highway
10a parallels the shoreline for about 5 miles (8 km). Major uses of.
the reservoir have iﬁcluded water storage for industrial~pro¢essing,
downstream irrigation, power generation, and, as-a by-produét, recfea— .
tion. The beautiful natural setting and absence of 6ther similar
resources in the area have lent particular importaﬁce to the recrea-
tional use aspect. Over time, secondary uses of a resource may
assume primary importanée under changing econamic and social
conditions. So it may be with Georgetown Lake. With the closure'éf
the Anaconda Campany smelting facilities in‘Ahaconda and the develop-.
ment of alternative power.generétion facilities, récreétional uses -of
the reservoir have assumed more importance to the local cdmmﬁnity,
from a standpoint of both personai enjoyment and econcmic assets. Iﬁ'
thus becomes more important to maintain énd protect'phe conditions
and qualities whiéh endow the reservoir with its unique esthétic-andi.,
recreational values. | '

Georgetown Lake has a history of excellent fishing, easy acces-
sibility, and intense recreatidnal use. Recrea;ional activitigs |
include fishing,'power—boatiﬁg, sailing, watér—skiing( swinn@ng,
waterfowl hunting, and in winter, snow-mobiling, cross;cbuntry'

skiing, and ice fishing. The reservoir also has a history of
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periodic algal blooms, occasional winter fish kills of varying eever—
ity, and, to some but not ali recreationists, excessivé aqdatio vas-—.
. cular plant growth. | . i |

As a result of these problems, coupled withracoelerated cultnral
development in the area and intense public concern, Georgetown Lake
has been the subject of considerable limnological investigation over
the past nine years. The work now being reported began in 1973.
Local concern over the problems stated relative to recreational use
of the reservoir and development in the drainage resulted ina
research grant from the Department of Interior's Office of Water
Research to Montana State University for the investigation of limnolo-
gical relationships in Georgetown Lake. Paul Garrison,'William Geer,‘-'
William Foris, and Jonethan Knight; and the author participeted in "’
these studies, which continued into 1976, and have been reported; in
part, by Geer (1977), Garrison (1976), Foris(1976), Knight e_t.a_l "
(1975), and Knight (1980). Several significant questions remeined:
unanswered by these reports. .The follow1ng are of partlcular
concern, relative to lake management-

1) What are the causes of the dense nacrophyte growths observed ‘.

in Georgetown Lake?

2) What are the relatlonshlps between macrophytes and other

aopects of recreat10na1 water quality, such as clarlty, algal -

.growth, and dissolved oxygen concentrations during ice‘cover?

3) What is the probable pattern of macrophyte comnunity.

development and growth’in the reservoir in the near future?
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4) Are there any feasible nanagement‘options which may. bring

biological conditions more in line with those desired in a

multiple-use ;ecreational reservoir?

5) What impacts are recreational use of the reservoir and

cultural development of the surrounding drainage having on’

the condition of the réservoir, and what restrictionS'nay-

be necessary to maintain or impfove the aéthetic qualities

of the neservoir as a recreational resource?

Subsequent to 1976, a perceiued rapid increase in the density
and distribution of macrophytes brought renewed local concern about-
water quality/land use/macrophyte relationships. Under the provi; I
sions of Section 14, Public Law 92-500 (Federal Water Pollution
Control Act Amendments of 1972), EPA administers the Clean Lakes
Program to assist the states in maintaining the recreational water - -
quality of lakes and reservoifs‘through pollution control‘and lake
restoration projects. - Through the efforts of local citizens, Montana
Department of Natural Resources, - and the Montana Water Quality
Bureau, EPA funded a'dlagnqstlc/fea51b111ty study for Georgetown'
Lake to attamnt to answer the above questions. This program was ini-
tiated in August, 1980 and continued through August, 1982; The
author was involved in‘the program as Project Scientist,-and muchvbf.
the data used in this report were collected during the projecﬁ._

The following specific objectives were identified and research
efforts throughouf the project focused on answering the crificaiE

questions involved:
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1. Identify cultural impacts on trophic state and macrophyte
growth through analysis of land use and nutrient budgets.
2. Determine contribution of macrophytes to prlmary productlon
through analysis of seasonal dynamics of biomass and commum.ty
metabolism. . '
3. Investlgate factors 1nf1uenc1ng w1nter oxygen budgets in
Georgetown Lake relative to macrophytes, phytoplankton, and
morphometry. .
4. Identify changes in distribution, camposition, and :
productivlity of macrophyte conmunitiee.
5. Establish nutrient status of nracrophytes_-relatine to the
availability of nitrogen and phosphorus. l _ |
6. Investigate the relation’;;hip'é'of macrophytes to. internal
nutrient cycles.
7. Determine rates of sediment accumilation and evaluate
sediment relative to nntrient-.,bud‘gets, nutrient 's_upplie'-s and
lake management. |
8. Investigate other factors affecting the ex‘pression of
productivity or mplementatlon of management programs in -

Georgetown Lake.

Classification systems of lakes and reservoirs based on “trophAic'v '
. state" have been extensively developed and almost 'nniversally
accepted (Reckhow, i97§). Categories used are usually eutrophic,

mesotrophic, and oligotrophic, in the sense of nutrient supply
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(Hutchinson, 1957a). f’arameters of classification sYs‘tems include -
morphometry (Rawson, 1955); hypolimetie oxygen demand (Hutchinson,
1957a); Secchi disc dépth (Megard, et al, 1980); alkalinity (Wright, .
1980b); phytoplankton pigment concentratiohs (Reckhow, 1979; ‘Dobson
et al, 1974; EPA, 1974a); phosphorus _ahd'hitrogen-coneentratiohe
in lake waters (Hutchinson, 1957a; Edmondson, 1969; EPA, 1974a; -
Sawyer, 1947; and many others); phosphorus loadmg rates i
(Vallenweider, 1968; 1976); commmnity metabolism (Odum, 1961;
Hooper, 1969); nitrogen loading rate (Shannon and Brezonik, 1972).
Suggested systems of classification ‘conil:aining. discussioh of |
parareters, their values, and applications are found in Reckhow -
(1979), Carlson (1977), EPA (1974), and Uttormark and wall (1975).
There are many other excellent references dealing w1th the subject of
eutroph:l.catlon and related llmnologlcal processes.

The relationship of surface 1and use to the process of cultural
eutrophication is well established (Edmondson, 1969; Vollenweider,
1968). Coefficients of mitrient export have been estimated for a.
variety of surface land uses (.Uttormark, g al, 1974’; Reckhow,
et al, 1980). Lake managers have had considerable success in con-
trolling or reversing cultufal— eﬁtrophicatien by control of point. and

on-pomt sources; exarqples mclude Shagawa Lake (Larsen and Malueg,
1981), Lake Washington (Edmondson, 1969), and Lake Onandaga (Bartsch
1981). Although implicated in, many cases of cultural eutrophication,
on eite treatment systems (septic tenk/drainf-ield syetietrls)' have been

shown to be much less troublesare as non-point sources thah suspectied
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(EPA and Wapora, 196l1). In many cases, nutriént loads from septic
tanks have been estimated at less than 5% of the total phosphorus
loading in spite of dense rgsidentié.i development, and in generall
have been much less important than point discharges -from treatment
facilities or ﬁonpoint agricu_ltural sources.

According to Pond (1905), in his pioneering paper ~on thé rela- |
tionship of rooted aquétic 'p'lants. to their subst;atés, the importance
of aquatic macrophytes in stabilizing bottom sediments, i)roviding
habitats for aquatic fauna, and maitxtaining dissolved oxygen concen-
trations had long been recognized at the turn of the ',c'entury. The
role of bent_hic macrophytic vegetation in limnological p:oéesées has -
been given increasing attention in recent research, in part due to -
the public's perception that macrophytic vegetation is in genetal-
more troublesome to many water-based recreational pursuits than'
algae. However, advances in methods have afforded,opport_unities h<=.|r¢—
tofore unavailable for new directions in research on this c&@onent L
of the aquatic environment. |

Recent research has addressed diverse aspects ot the ecology of -
aquatic macrophytes. Pond's (1905) finaing tﬁat rooted aquatic
vascular plants grew better when attached to rich soil than to washed _
sand gave rise to a long-standing argument concerning nutrient
sources fox; rooted aquatics. The éevelopment of isotopic ‘tracer tech-
niques. has provided substantial evidence that such vegetation is.
fully capable of mobilizing hutrient ions, including P, Fé, Ca, and N .
from the substrate (DeMarte and Hartman, 1974; Toetz, 1974; Gentner,

-1977; Nichols and Keeney, 1976; = Barko,et al; 1982), and is also -
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capable of absorbing nutrients (particularly phosphorus) fi'om the‘
free water et low concentrations (Carignen and Kalff, 1980). 'Bark"o.
et al (1982) found that K was not mobilized as effectively as
other nutrient ions under consideratio'n_end speculated tliat campe-
tition for adsorption sites on the root epidermis by more mobile N ‘
compounds may be responsible. It is now iridély accepted thet‘ rooted |
vascular aquatic plants are capable of obtaining most of their
phosphorus from sediment sources and often function as nutrient pumps
. to the free water during senescence (Welch, et al, 1979; . |
Carpenter, 1980). "

: Productivity'of aquatic macrophyt_-.es'is much more difficui‘t to -
study than phytoplankton productivity because of sanpiing problems
relative to accessibility of the submerged communities, spatiel varia-
tion, size of the organisms, edaphic faetors', and interference by
periphyton. As a result, three distinct appi'oaches are frequently .
employed. Much of .the work on photosynthesis and p'riinary produc-
tivity of aquatic macrbphytes has been on' enclosed shoot 6r leaf
samples under laboratory conditions and 1s dlfflcult to apply to
community or stand product1v1ty (Klarich 1977) ‘

Serial sampling techniques have been applied to px.'oductiori-esti-
mates for aquatlc macrophytes (Wetzel, 1964; Westlake, 1969-
Forsberg, 1957; Adams and McCracken, 1974- Boylen and Sheldon, 1976).
Prcblems are encountered due to difficulty in obtaining sqffic1ent
samples, sorting saﬁlples by species, maltiple cohorts in some
species, ‘partial 'seheSCence of steirs, and presenee of significant

underground bicmass. Diurnal measurements of oxygen and carbon
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dioxide changes in unenclosed 'envirenments' have been used to estimate -
aquatic productivity in planktomc and benthlc commzmtles ' Jackson |
and McFadden (1954), Odum (1957), Tallmg (1957), Sugiura (1953),
McConnell (1958), and Hoskin (1959) applied the use of the diurnal
curve method to estimates of ce_;nmunity productivity. ‘-T,h,is method
was subsequently applied to estimatee of commum.ty metabolism in -
estuarine environmehte by Odum and Hoskin ‘(1958), Park, et al
(1958), Odum and Wilson, (1961), and Beyers, et al (1963).

Diurnal curve estimates of pr:.mary product1v1ty, made on unenclosed
plankton communities, have usually been several tmes greater than
light/dark bottle estimates made on the same cemmmtles (O0dum and
Wilson, 1961). '_ | L
Limitations of the diurnal curve method include difficulties in
estimating invasion/evasion coefficients, éarti_cularly for oxygen,
small scale variations. in dissolved oxygen and carbon dioxide, ‘ir";'com— .
plete ‘vertical mixing, excessive bilffering capacity of some waters, -

and equlpment 11m1tatlons. In addition,- 'the method is extremely

time-consuming and phy51cally exhaustmg. -However, it nay be the

method of choice in situations where it can be succeesfully applied.
Gerloff and Krambholz (1966) evaluated the mutrient status of
aquatic'vasculer plants By tissue énelysis' . Tissue content of
nitrogen and 'phosphorus on a dry weight besis was pr'oposed as an
indication of nutnent supplles in patural enVJ.ronments They .
estlmated ‘the critical nltrogen content (that below which- growth was

reduced) to be 1.3%; the coxrparable value for pho_s_phorus was 0.13%..' _




9 .
In the lakes they studied, they concluded that phosphorus was more
likely to be limiting growth of aquatic macrophytes. Subsequently,
Gerloff (1973, 1975) proposed the use of index segments near the
growing tip of the stem as a nnré reliable indicator of nutrient
availability than thenent;.ire stem. Critical levels of P, ‘N, Fe, éu,

%, and other nutrients for several aquatic species were established.
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DESCRIPTION OF ‘THE STUDY AREA

Georgetown Lake, latitude 46° 10' 16" N, longitude 113° 10'42"
W, is formed by the impoundment of Flint Creek, in the Clark Fark
River drainage (Fig. 1). Highway 10A parallels the east shore for
about 8 km. Early human activity in the .area centered around. mining
and ranching. The site now occupied by the reservoit was used as
pasture for cattle as early as 1872 (Lutey, g_t al, 1974'). The-
first dam at the present site was built in 1885, and subsequent
reconstruction, the last in 1937 raised the full pool water level
to its present elevatlon of 6378 feet, msl (USGS, 1971). .

Geology of the area is descrlbd in Alt and Hyndman (1972) and
Ingman and Bahls (1979). The Flint Creek Range is composed mostly of
camplexly folded Ptecambrian metamorphic rocks and pre-Cenozoic sedim-
entary rocks with :1arge granite intrusions.' The general area is char-
acterized as folded metamorphic formatlons, sedimentary dep051ts from
an inland sea, subsequent uplift and erosion, leavmg a fretted
upland. The higher peaks in the area have elevations up to 10,000
feet (3200 m). The North Fork of Flint Creek has known gold and
silver deposits, with mining activity occ(zrring in the area as late
as 1951. There ’are also deposits ‘of,grave,l‘, c1ay; and limestone in
the surrounding drainages. ‘

Reservoir morphométrib parameters are given in Table 1. ‘These




11 ,
were derived fromv a registered survey conducted in 1937 for the Ana-
conda Campany by A J. Davidson. Maximum surface area is éiven as
2,990 acres (1,210 hectares). Maximum mean depth is 16.0° feet (4.88 -
m). Shoreline length is approxi:mately.17‘ 4 miles (27.8 km).

Mean annual precipitation for the area is 18.75 inches (47.6 cm),
measured at the Silver Lake prec1p1tatlon gauge. Prec1p1tat10n is sub—
stantially greater in the higher elevatio'ns' [35-45 mches (89-114 .
cm) /year ] surroundtng- the reservei,r.' May and June are the wettest
months, averaging 32 percent of the annual total. Six of the last.
seven years (1975'~1981) have had above-average precipitatiou, ranging -
from -27.5 to +79.4 percent of normal. - . '

Average annual total evaporation was estimated at 35.4 inches
(89.9 cm). Estimated unnthly net evaporation values (net evaporation =
total evaporation - precipitation) are .showu in Table 2, based \}on pan
" evaporation measurements at several western Montana locations (NOAA,
1979) and euaporation eetin\ates for small lakes and reservoirs der“ived-,, T
by Meyer, (1942) | ‘

Hydrologlc relatlonshlps in the Georgetown Lake area are com—
plex. involving inputs from Sll’ver Lake via the Hardtla ditch, .North
‘Fork of Flint C-reek, Stewart Mill Creek , and a considerable ground—
water flow. ,Outputs 1nc1ude the dam dlscharge via Flint Creek, . |
punping via the Anaconda Company aqueduct which feeds back into.
Silver Lake, and possibly seepage. The mean annual dlscharge from
Georgetown Lake is 29 6 cubic feet per second (cfs) (0. 84 m /s)

!

Silver ILake, in addition to 1ts natural dramage, ‘receives water
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Table 1. Mgrphometric parameters of Georgetown Lake. Total volume
5.9158 x 10/ m3 Storage parameters in x 109, Area in

hectares (ha). Surface elevation as feet on the Anaconda company
gage. Mean depth in meters.

Surface Surface Change in Cumulative Cumulative Mean

Elev. Area Storage A Storage A Area Depth

6429.5 1210.5 4.88
1.835 1.835 13.48

6429.0 1197.0 4.79
1.815 3.650 26.84

6428.5 1183.7 4.69
1.798 6.065 40.16

6428.0 1170.48 4.57
1.774 T.222 53.36

6427.5 1157.2 4.48
1.754 8.975 66.52 :

6427.0 1144.0 4.39
1.734 10.710 79.64

6426.5 1130.9 4.27
1.714 12.423 92.63

6426.0 1117.9 4.18
1.694 14.118 305.55

6425.5 1105.0 4.08
1.675 15.793 131.17

6425.0 1092.1 3.96
1.655 17.448 143.48

6424.5 1179.4 3.87
1.633 19.081 159.68

6424.0 1063.0 3,75
1.608 20.714 159.68

6423.5 1046.6 3.68
1.584 2:273 215,73

6423.0 1030.7 3. 57

diverted from Storm Lake Creek during spring runoff. Under normal
conditions, water from Silver Lake is diverted by the Anaconda
Campany through the Hardtla ditch, which is controlled by a headgate.
Three thousand (3,000) acre-feet (3.7 x 106 m3) or more of water

may be diverted into Georgetown Lake, much of which may spill down
Flint Creek due to insufficient storage capacity.

The reservoir drains an area of approximately 33,900 acres
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Table 2. Net evaporation estimates for Georgetown Lake.

| (s
Month Meyer (1942) NOAA™ 85d."
in, cm in. cm in. am
Jan 0:754: 1,91 e — _— -
Feb 075 1,91 e e _— -
Mar 1301753, 30 e ——— _— -
Apr 2.30 5.84 — - - -
May 3.40 8.64 4.48 111 40" LT 25 5% 3. 0
Jun 4.70 11.94 6.38 16.20.,:1°0.9" 2.3
Jul 6.50 16.51 6.74 17 1257 L1027 2:8
Aug 7.20 18.29 5.63 14.30 0.9 2.3
Sep 4507 " 11.43 3.42 8.69 0.7 1.8
Oct 2900456, 35 - —— - -
Now 1007582, 54 —_— _— - -
Dec 0250 " 1127 _— _— - -

1
“ Data from three western Montana meteorological survey sites
é e 1977, 1978,:1979).

Standard deviation of NOAA data

(13,725 hectares). The North Fork of Flint Creek is the major
surface stream entering the reservoir, draining approximately 10,000
acres (4048 ha). Peak flows usually occur in May or June; these two
months account for 55-80 percent of the total annual discharge.
Extreme fluctuations in discharge are cammon. Total yield for
May-June has varied from less than 2,500 acre-feet (3.09 x 10°

m3) to more than 15,000 acre-feet (18.52 x 106 m3), a seven-
fold variation. Minimal flows are usually obtained in October,
averaging 5-8 cfs (0.14-0.22 m3/s).

Stewart Mill Creek originates as a spring about 300 yards
(meters) upstream from its entry into the reservoir, draining an area
of approximately 10,400 acres (4,210 hectares). Discharge fram
Stewart Mill is much more stable annually and seasonally than the

North Fark, reflecting its basic nature as groundwater. Data from
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Knight, et al (1975) show that the annual discharge from Stewart Mill
Creek varied by less than 10 percent from 1973-74 to 1975-75, while

precipitation increased by 80 percent and annual discharge fram the
North Fork increased by 282 percent. ’

The remaining 4600 ha drains the area to the' northwest and south- |
west of the reservoir. There is né surface discharge, bﬁt presumably

groundwater flows to the reservoir. .
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METHODS
SAMPLING SITES, SAMPLING SCHEDULE, AND METHODS OF COLLECTION

Surface water samples were collected from June 1973 through
June 1975, and from June 1981 through June 1982. Four reservoir
sampling stations and three stream samp].mg statlons uere used m
1973—1975. Locations are shown in .Figure 1. In 1981-1982 fouri reser-
voir sampling stations were established Whlch roughly corresponded to '
stations I-Iv previously used (Figure 2) In addition, a llttoral |
sampling area was established in Philipsburg Bay (Fig 2.) as station
V within which five enclosures, or limnocorrals, were installed to
isolate littoral macrophyte commuhities for exéerimeﬁta'l manipulation -
and monitoring of littoral chemical and biological processes. l

These enclosuree were fabricated to project specifications hy o
Kepner Plastics, Inc.- Torrance, Cali_fornia., from opaque, cloth-
relnforced, polyvinyl fabrlc. They were approximaitely ftwo ueters in.
depth. 'Irlangular frames 3. 9 meters on a side were attached to the
outside of the enclosures w1th wood screws.- They were anchored in
place by steel rods ‘driven through the skirt .into the bottom,' by |
weights attached to the external frame, and by a cham th.ch was -
seamed into the bottom of the skirt, causing it to sink into the
bottam .mud and form a .seal at the mud-water interface.

Exchange of water at the surface was prevented by flotation
collars, uhich proVided about ten centimetere of freeboard.' _The' .
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NORTH

24

1-3 Diel metabolism sites, 1974

I-IV Water chemistry sampling stations, 1973-75

Figurg 1. Georgetown Lake Study Area, Deer Lodge and Granite
Counties, Montana.
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w Stream sampling stations

e sSediment coring locations

4 enclosure sites

I-V, E(1-6) Sampling statid

Figure 2. Sampling stations, 1981-1982.
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depth of the water in this area was about 2.0 meters at reservoir

 full pool. These enclosures were designated E-1 through E-5. They

were installed between 24-27 Jun_e, l981, after soaking in the lake

for three weeks to remove leachable chemJ.cals. Two control sampllng
stations were establlshed in unenclosed conmunltles adjacent to the -
enclosures. Data collected at these sites were pooled as station V.

Experimental treatments planned for the littoral enclosures
included fertilization with mtrogen and phosphorus, harvestlng, and
nutrient inactivation with alum. However, durlng the first two weeks_ -.
of monitoring, which was considered an acclimation palod, the condi-
tion of the enclosed aquatlc communities deterlorated as indicated
by changes in turbidity, pH and dissolved oxygen. Consequently the
enclosures became a means -to examine the relationships of aquatic
plant decay, sediment 'respiratlion, and internal nutrient loading,
with essentially four repliCates .' In late July, one llttoral enclo- .
sure, which had been de519nated E-5, was removed, clear vinyl windows
were installed in the opaque walls to increase llght transmlttance to ‘
the interior, and the enclosure was relnstalled in an undlsturbed
area.

To evaluate differehces in effects of sediments in areas. not
supporting macrophyte growths as compared to those on which dense mac~ ‘
rophyte communities occurred, a deep& enclosure 6.5‘ m deep by 2 m in
diameter similar_' in construction to the littoral enclosures was. |
placed near station I. Macrophytic growth was absent at this loca-
tion, and the bottom was con'posed of fine-grained silt .and .detritus._
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Stream sampling stations were designafed NFF (North For]_;, Fiint‘
Creek), SMC (Stewart Mill Creek) and FCO (Flint Creek, reservoir Out-
fall). MNFF was located about 100 meters above the bridgé on Highway
10a; SMC was located just below the bridge on the road to »Dentcﬂan's
Point, and FCO was located immediately below the Montana Power |
Campany .generating station (Figure 1). .

In 1973-75, lake water samples were collected in a 3 liter Van
Dorn-type polyvinylchloride sampling bottle. Samples were collected
at two-inéter vertical intervals fram surface to near the bottom at
station I, three—rt_téter intervals at stations II-V. In 1981—8ﬁ laké
water samples were collectgd using a portabie, péristaltic nanp,
powered by a 12-volt battery. Discrete water s‘tratavéviere sampled at
two meter verﬁiéal intervals_'at stétion I and Enclosure 6 by lower;
ing Tygon tubing t;o the desired depth and filling saméle bottles. |
directly from the hose outlet. At stationé I1-v and E-1 through E-6,
depth—htegfated samples were collected by lowering the hose intake |
to near thé bottam .'and. raising 1t through the water columm at an,ever';
rate while pumpinc_j , then m‘ixing.the resulting saﬂpie thoroughly for
subsampling. All stream samples were collected as siurface grabs_
directly into sample bottlés} | using rubber "gléves to prevent sample
- contamination. -

Sites were sampled semi-weekly throughoﬁt the sumwer and early
fall. During ice cover, _sam;;ling of selected sites was on a monthly
basis. During 1973-75, only statibn I. on the reservoir and the

stream samples were regularly samipléd through the winter. In 1981-
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1982, stations 1-V, E-2, E-5, E-6 and the stream stations were ail
sampled throughout the winter months.

Samples were filtered in the field for the detemﬁnation of chlo-
rophyll a. The filtered water was retained for the detémlinatioh of
dissolved organic and inorganic coxizponentsT Gelman typ'e'.A glass
fiber filters or equivalent wére used and extracted in 90% acetone
in accordance with procedures described by Strickland ‘and Parsons
(1972). Unfiltered water samples were also retained for the deter-
mination of particulate organic materiais, pH., alkalinity, and conauc- .
tivity. Samples were stored in the dark on ice until analysis,

which was initiated within 24 hours.
WATER CHEMISTRY

Dissolved ortho-phosphorus (as defined by EPA. 1974b) was deter-
mined by the ascorbic acid-molybdate single reégent méthod
(Strickland and Parsons, 1972) on filtered, unpreserved éamples.
Total dissolved and total phosphorus were determined on filtered and
unfiltered samples, respectively, using acid-persulfate oxidation ' |
followed by the single reagent method (Stfiékland and Paréons, 1972;
EPA, 1974b). Anmnié—N was determined by hypochlorite oxidation
(Strickland and Parsons, 1972); nitrate-N was determined by hydrazine
reduction with a diazotization finish as described in Barnes (1959).
Total organic nitrogen was determined by a micro—Kjeldahi technique
as described in Strickland and Parsons (1972), which utilizes a

.phenol-hypochldrite finish on digested, normalized samples.
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Hydrogen ion concentration (pH) was determined in the laboratory
using a pH meter with an accuracy of 0.01 unit or bet;_i':er. Total
alkalinity was determined by titration with 0.01 N acid to an end-
point of pH 4.50, which was consistently found to be the inflection
point of the titration curve of Georgetown Lake water. Conductivity
was determined with a Yellow Springs Instrument Co. Model 31 conduc-.
tivity bridge standardized with 6.01 M KC1 (EPA. 1974b). Dissolved
oxygen was determined in ‘the field using a Yellow Spfings Model 54 ..
meter calibrated accérding to the manufacturer's instructions, and in
the laboratory by Winkler titration (Strickland and Parsons, 1972).
Water temperature was measured using a standard laboratory
thermometer or a thermistor in cbnjqnc,tion with the di'sso;l;ved oxygen

meter.
QUALITY ASSURANCE

General laboratory procedurés followed Handbook for Analytj.cal :
Quality Control in Wa:ter and iﬁastewater Iaboraﬁories (EPA, 1972).
Reagent grade water was prepared by passing glass-distilled water
through three Barnes. Ultrapure iqn,—exchange colum clalr.trid_gés.' Dis-
tilled water for standards and blanks was taken directly from the
colums. All glassware used in nutrient analyses was acid wasﬁea, |
capped and stored in covered éhelves to p:_:event contamination when
not in use. . Analytical standards were prepared weekly from ana~-
lytical reagent grade chemicais dried af 105 C and stored in a
‘AesiCEAtor. L |

Samples were replicated and spiked at a freguency. recommended
1 . . . .







































































































































































































































































































































































































