WEED HARVEST AND LAKE NUTRIENT DYHAMICS

by
Joe K. Neel
Department of Biclogy
University of North Dakota

Grand Forks, North Dakota 58201

for the
Office of Research and Monitoring

ENVEIRONMENTAL PROTECTION AGENCY

Project No. 16010 DrI

Februany 1973



EPA Review Notice

This report has been reviewed by the Environmental
Protection Agency and approved for publication.
Approval does not signify that the contents necessarily
reflect the views and policies of the Envirommental
Protection Agency, nor does mention of trade names or

commercial products constitute endorsement or recommenda-
tion for use.




ABSTRACT

After 60+ years of cultural eutrophication Lake Sallie supports dense
growths of phytoplankton and rooted vegetation. Its major water mass has

the chemical character imparted by photosynthesis at all scasons, and chem-

ical effects of decomposition are rather localized. Phytoplankton domin-
ance alternates among diatoms, blue-green, and green algae, in that order

of abundance. Prior to operation of a weed harvester, attached plants grew

densely over 34% of the hottom area. The bulk of nitrogen and phosphorus

s contained in the wvater mass, with relatively minor anounts in bottom

ediments and biota. The fish population, less than one half the mass of

eds, contained considerable more N and P than weeds in 1971. Harvest in

70 evidently reduced weed density in 1971, and dncreased the cost per

it of nutrients removed. Nitrogen and phosphiorus removed in weeds were

Significant when compared with anmal waste water effluent contributions
he lake. Cost of phosphorus removal by seed harvest was $61 and 31oo
'Qund in 1970 and '71, respectively; nitrogen cost $8 and $21 and car-

64 and $1.62 per pound for ihe same two years.
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’ FINDINGS AND CONCLUSIONS

llie has produced a highly photosynthetic

L Cultural-enrichment of Lake 5a

iake rich in phytoplankton and attached vegetation.
ical character of the major water mess is norinally that impar-

The chem
nce the level of decomposition has peen too low o

da by photosynthesis, si

ter upper watexrs greatly even ander ice and BnOW.
Phytoplankton is not dominated by any najer group. but its composition
Eually varies with season with one of four groups predominating. Greatest
nsities {55,000,000+ pexr 1) have been achieved by diatomsi blue-green
gaé have attained more than 6,000,000 units per 1. Other ranking groups
een algae and Cryptophyceae) have been much less nUMErous.
The major nutrient source is the pelican River which receives the waste

er effluents from Detroit Lakes. A progressive downlake decxrease in
rients is usually evident between the inlet and outlet of this river, but

variation has occurred.
he bulk of nitrogen and phosphorus is contained in the water mass with

vely minox amounts in sediments and bodies of organisms. The £ish
ticn, although less in mass, has contained more nutrients than the

plant assemblage.

ore vear's harvest, density of weeds was about 1/4 as great the
ng year and phytoplankton density and photosynthesis increased.
renovel plus the annual controiled £ieh harvest took out insig-

axnunts of nitrogth and phosphorus with respect Lo amounts brought

1y by the Pelican River.

f nutrient removal by weed rarvest increased with gdeclining weod

—r

{
|
%
!
;
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density, e.g., phosphorus from $61 to $199 per pound from 197C to 1971.

9. Weed harvest can exert little control on phyteoplankion unless it
removes more nutrients than are annuvally contributed from outside sources,
and may actually expedife phytoplankton development if this condition is not
met.

:10. Since most nitrogen and phosphorus occur in the water mass they could
pe expected to decline soon following significant reduction of nutrients

n wastewater entering the Pelican River.



RECOMMENDATIONS

1. In view 'of its cost and inefficiency, weed harvest is not recommended
as a method for lowering, nutrient supplies in a lake receiving cultural
enrichment. Unless it can remove more than a vear's increment of nutrients
 from outside sources, it will be inconsequential or even detrimental to
alleviation of undesirable phytoplankton growth. It could be applied to
hasten recovery of an eutrophied lake whose nutrient source has been sig-
nificantly curtailed, but annual contributions would have to be low and

any weeds in harvestable situations.

Harvesting evidently interferes with weed growth and renewal, and oper-
ion during a second year may be expected to remove much fewer weeds; thus
Few years may need elapse before the method may be economically reapplied
an originally justifiable situation, i.e., where it could remove more

1 year's nutrient increment. Justification may be determined from

.l mutrient lpad entering the lake, standing harvestable weed crop, and
hutrient concentration. ,

order to reach most weeds it would be desirable to have harvesters
of operating in 2 feet of water.

val of weeds and fish may hasten "de-eutrophication” after elimina-
nutrient inflow, but the latter appears to be a mandatory first step
eal success.

the presence of weeds poses problems, cutting and removal can

bring about improvement for at lcast one growing season following



INTRODUCTION

Eutrophication is a term somewhat loosely applied today to both
patural aging of lakes and nutrient and organic matter enrichment of all
water bodies. Enrichment is frequently augmented by man, which has led to
oinage of the term, “ecultural eutrophication”, and evidence has been pre-
nted that suggests it began in the Bronze Age in Europe (Hasler, 1947y .
irichsee in Switzerland exhibited gradual increases in phosphorus, nitro-
and chloride from 1888 to 1916, during which time cyprinids replaced

r

regonid fishes, blue-~green algae succeeded diatoms as dominant phytoplank-
;, and oxygen was reduced in deep water kMinder, 1g26, '38, '43). Some

r European lakes have had similar histories (Hasler, 1947). Cultural
chment has also affected a number of North American lakes, but few of
rere studied before they posed problems. The Yahara River lakes near
on, Wisconsin, Lake Sebasticook, Maine, and Lake Washington near Seat-
re probably received as much attention as any (U.S. DHEW, 1969; Hasler,
Sawyer, 1947; Edmondson 1961, '66, '68).

has been proﬁosed (Livermore, 1954) that nutrient content of lakes
duced by removing large guantities of aquatic plants.‘ Weed harvest
ally been concerned with clearing lakes and canals-for recreation
ation {e.g. Blanchard, 1965), but scme atiention has been given to
s as livestock feed (Bailey, 1965; Lange, 1965). Yount (1964) and
1570) suggested that aguatic plant harvest was one of the more
6lutions for reducing lake productivity.

8 the Mational Eutrophication Research Program, Federal Water

listration, selected Lake Sallie, Minnesota for study of the



effects of large scale weed harvest on lake nutrient content, and awarded
a research grgnt to the University of North Dakota to determine the basic
.'1imnological nature of this lake and varied effects of weed removal. This
rticle, largely based on;data appearing in Peterson {1971) and smith (1972),

omprises the final report on this project.



STUDY AREA

Lake sallie (Fig. 1) has received nutrients supplied by wastewaters B
from the city of Detroit Lakes, Minnesota (1970 population nearly 7:505).f0r
more than 60 years (Larson, 1961)}. Waters enriched by these wastes, which
are now treated by settling, biofiltration, aeration, a stabilization pond,
and flow through a peat bed, in that order, follow a somewhat circuitous
oute into Lake Sallie, that requires passage through 2 other lakes (Fig.

. This city also experimented with lime precipitation and spray irriga-
-10n.as means of nutrient removal, but abandoned the first aftér facilities
ved inadequate and the second when data collection failed. Civil suit
ought against the city in 1951 by lake property owhers was dismissed fox
k of evidence, but the city is now under orders fxom the Minnesota Pcllu-
n_Control Agency to reduce nutrients, especially phosphorus, o non-

ical levels. One hundred and sixty eight cottages along the shores of
Sallie, occuplied for varyiﬁg periods during the year, discharge wastes

dividual septic tanks usually situated in ground areas draining to the

ke Sallie is part of the Pelican River lake chain in northwestern

ta, which is contributory to the Ottertail River and the Red River
lorth. The topography of the Pelican River watershed was primarily

ed by Wisconsin glaciation during the Pleistocene Epoch, which sent
lobes of its ice sheet into Minnesota. The Wadena lobe, which

to the area from the Northwest, and the Des Moines lche, advancing
2¢ River Valley, were chiefly invcelved in formation of this water-

Wadena lobe formed the hilly region (Pergus Falls Moxaine) te the



east, an@ as it retreated, the Des Moines lobe, moving east from the Red
Rivér Valley, overrode this meraine and carried till with it. Withdrawal

of the latter lobe added to deposits on the Fergus Falls Moraine angd formea
outwash areas to either’side of it (Fig. 3). This hillr, glacial overlap

- region is known as the Alexandria Morainic Complex (Wright, 1962). Melt-
ing of buried blocks of ice formed the lakes (kettle basins) as the glaciers
retreated.

. A thick layer of glacial drift now lies within the Pelican River
wvatershed (Fig. 3). Outwash gravel forms the central aréa, with till on
%ther side. Glacial drift exceeds 91 m in thickness in the general area,

1@ outwash deposits vary from 1 to 24 m or more in thickness {(Allison, 1932).
dtershed soils range from well drained, medium textured sandy loam devel-
d from calcareous, buff colored glacial till on the east to dark-colored
rse to medium textured material, formed from outwash near'thé center,

ell drained dark soil produced from calcareous glacial till on the west
strom and Carlson, 1969).

ébout 45% of the Pelican River Watershed is used for agriculture (small
é, ha&, and pasture), water and marsh areas comprise 29%, forests 23%,
and residential areas 3%.

Sallie is kidney-shaped with its long axis lying northeast to
{Fig. 1). The area lying noxth of its hilus has a somewhat irreg-
vttom formed by depressions and elevations, while that south of the
Practically flat below the shoreline slopes. The deepest area in
lies between these two distincuive ereas, east of the hilus. The
iVOr'enters through Muskrat Lake, which was formed by a dam, with

vater level control, across the river inlet. Lake Sallie has




the following dimensions:

| Area - 5.30 km? (1309.6 acres)

Length, total - 3.32 km (2.06 mi.)
Width, maximum - 2.01 km (1.25 mi.)
Depth, maximum - 16.5 m (55 £t.)

Depth, mean - 6.35 m (20.86 ft.)
Volume -~ 33.7 x 106m3 (1.18 x lO9 ft.3)
Shoreline, length - 2.5 km (5.9 mi)
Shoxe development - 0.65

Area and volume have the following magnitudes at the listed depths:

EEEEE Area volume ]
5 % of
ft. m2 ft m ft3 total

0- 51 5,300,000| 57,145,472{ 8,069,397 284,930,408 | 23.94

5-10| 4,460,000} 47,998,712 6,776,281 239,270,482 {20.11

10-151 3,410,000 36,708,996 5,183,360| 183,024,441 |15.37

15-20] 3,020,000 32,545,0431 4,595,619| 162,271,306 |13.64

20-30| 2,660,000| 28,659,848] 8,093,996] 285,798,998 j24.0C2

30-40 290,000 3,101,187 875,824 30,925,345 2.60

40-50 30,000 331,026 93,486 3,300,990 0.28

50-55 10,000 87,112 12,299 434,277 0.04

Totals: 33,700,262(11,189,956,247}11.00

beginning of this investigation Lake Sallie had luxuriant sum-
5. of rooted aguatic plants extending out to the 3 m (10 ft.); con-

¢ patches of Potamogeton praclongus extending out to 6 m (1B ft.

d aboutl 34% of the total bhottom area.



The lake is situated in a transition zone between boreal forest and
wesfern prairie, and water quality is somewhat intermediate bhetween that of
the forest énd prairie, leaning more toward that of the former, which is cén-
sidered hard, whereas thét of the prairie region is classed as alkaline
(Moyle, 1945, '56; Allison, 1932). This region has rather warm summers and
old winters. Over the period 1946-60 mean daily minimuam temperaturgs
ceurring in January averaged 15.1°C (4.9°F) and mean daily maximums recor-

d in July averaged 21.29C (70.1°F), During this time average annual pre-

pitation was 59.86 cm (23.57 in.). Evaporation exceeds-precipitation by

out 25.4 cm (10") per year. About 68% of the annual brecipitation occurs

ﬁ May through September. Depth of winter snowfall varies, as does thick-

of ice on the lake, depending upon precipitation, wind, ang temperature

terns. In 1968-69 ice was unsafe for walking on a large central area,

31 subsequent winters it has become thick encugh to permi£ foot and

e travel to all parts.

£t was assumed that knowledge of major limnological characteristics prior
following weed harvest in this lake with a long history of enrichment

dicate environmental consequences of weed removal as well as its

in reducing nutrients.




MATERTIALS AND METHODS

The basic plan was to determine major limnological characteristics of
the lake, then harvest weeds and ascertain what changes were brought about.

Amounts of nutrients removed in weeds would also be ascertained. Details

Physical Features

Temperature and light penetration were routinely measured, the former
with a thermistor thermometer and the latter with a submarine relative ir—
adiance meter with green, red, and blue filters. Measurements were made
ing open water seaséns and under ice. Discharge in and out of the lake
recordedl by the U.S. Geological Survey, St. Paul, Minnesota, and weather
iwere obtained from Radio Station KDLM, 2.8 miles NE of Lake Sallic.
r radiation was monitored in 1971 with a pyranograph.
Chemical Features
Samples were taken with a Kemmerer Sampler (plastic) and transferred
d: chests in summer and heated ones in winter for transport to a lake-
aboratory for immediate perfo?mance of the following anaiyses: cax-
ind bicarbonate alkalinity, total, calcium and magnesium hardness,
nitrite, and nitrate nitrogen, total phosphorus, orthophosphate,

Oxygen waé also measured in the field by dragging a galvanic
along a series of transects extending across and up and down the
analyses except total P were according to Standard Methods,

n (A.P.H.A., 1965). Total phosphorus was according to Krawczyk

Macrophytes were prepared for analysis by drying and milling

10



to pass a 60 mesh screen. Nitrogen and carbon were determined with a
hydrogen;carbon gas analyzer and total phosphorus with the one solution
ascorbic acid technigue (Strickland and Parsons, 1965), with persulfate
digestion. Sediment saﬁples were air dried and analyses were performed on
the materials fine enough to pass through a 20 mesh screen. Total nitrogen
Qas also determined by the modifisd micro-Kjeldahl method of Koch an@ Mclee-
in (1924). Phospherus was extiracted with 0.6 NHC1, and, after filtering
ﬁd dilution,.tested with standard reagents. Twenty eight samples of 11
ecies of macrophytes had Ca, Mg, Na, K, Co, Cu, Fe, Mn,.Mo, and Zn

isured. Periphyton was normally included with macrophytes. Ca, Al, and
f.séme sediment samples were determined by the method of Chang and

kson (1957). Nutrient analyses of fish flesh were performed on dried

les of ground whole fishes, using the same methods described for plants.
Sediment samples were taken with an Ekman dredge and air‘dried and

d with sieves prior to analysis. Aguatic macrophytes were collected
d;prior to weed harvest, but after this brocess was underway one cubic
amples were picked off the harvestor apron, dried, grated through %"
ploth, and portions of them analyzed. These samples contained
snails, insects, crustaceans, and small fishes in addition to
3&%bresented all materials removed by the harvester.

Biological Features

reas were mapped prior to harvest by collecting along a large
ransects extending across weed beds perpendicular to shore.

6199 vwere neted for each aveo. Plankion was collected in

ns, but most sampling was coniined to the deepest lake area

ere vertically spaced at 2 m intervals in the cuphotic

1l



zone and at varying depths in the aphotic. Samples of 4 1 were concentrated

o 200 ml by settling. Counts were made in Sedgewick - Rafter cells, using

he strip method for common forms and counting the whole cell for rare

rganisms. plankton units were 1 ocular grid (.49 sq. mm) for large ir-

egqular colonies, 100 micron lengths for filamentous algae, irdividual

pediastrum and Crucigenia, and individuals

olonies for such organisms &as

for single celled algae and zooplankters.

Primary production by plankton, net and gross, was measured by oxygen

ange in light and dark bottles filled with watexr from varied depths in
euphotic zone and returned to these depths for incubation, which was

2 hour periods, except during colder seasons with low plankton densi-

when it was 6 hours. Results were converted to mg C fixed/cu.m/hr.

ary production by macrophytes and their investing periphyton was ar-

by isolating an area of lake bottom and its vegetation in a large

of clear vinyl film and noting changes in pH, free CO3, and al-

y at frequent intervals {usually 2 hours) in the enclosed water.

ght'and dark bottles were f£illed and suspended inside the cylinder

mate changes attributable to phytoplankton. Calculation was as

A or B x 0;2? - CP

- Carbon fixed by vasculax plants and their periphyton (mg/m3)

free CO, usecd (mg/m>)

Carbonate increase + total alkalinity decrease {mg/m3) x 0.44

arbon fixed by plankton (mg/m3)

end of incubation a volume of watcr was taken from the cylinder

12



for membrane filtration and determination of plankton dry weight, and all
attéched vegetation was removed from the cylinder to ascertain its dry
welght.

Weed Harvesting
Weeds were removed with a mechanical cutting, loading aﬁd unloading
achine (Marine Scavenger Model 258-II) manufactured by Aguatic Controls
5. This unit has a capacity of 25,000 1lbs. per hour, a pay lead of 8,000
5., a draft of 16-24 inches, and can cut to a depth 05.5 feet. Minimum
actical working depth is slightly more than 3 feet. The lake was divided
o 9 harvest areas (Fig. 6), and loads removed from each were recorded.
ty nine harvester ioads were weighed wet, and one cubic foot samples
ved from them were weighed wet, dried, and reweighed. Wet harvester
geights divided by wet weights of cubic foot samples allowed computa-
>f number of cubic units per load (m3 or ft3). Wet and dry weights
¢ foot samples were then applied to harvester loads to determine
et and dry weights removed from each area and the lake. Cubic foot

were taken from many harvester loads that were not weighed. Nutrient

r harvest area and lake were computed from their concentration in

nation of standing crop. A standard length of line, floated

and any species changes with distance along each cutting

be referred to the nearest line marker, Chewical sampling



DISCUSSION

Climatological Features

Climate during the geriod of this study differed somewhat from norms
established over 1946-60. Average January and July temperatures wvere
lightly lower than these nomms. Total annual precipitation was below nor-
al in 19269 and '70 but above it in 1971. Months with greatest precipita-
ion were July 1969, June 1970, and September 1971 (Table 1}.

Physical Features

Ice Cover
Ice covexr endured-from around mid November until mid April each winter.
ﬁecame covered with snow that varied from 40 (1968-69) to 12 (1969-70) to
ches {1970-71). fthere was some drifting during the last winter giving
ches of snow in some areas. Heavy snowfall occurring during early
ing in 1968 reduced ice thickness to as little as & inches on central
areas, and produced an opaque spongy ice except near shore. Ice formed
subsequent winters was clear and firm and varied from 24 to 36 inches
'Qess. Noticeable surface'fiooding of ice occurred in March 1971.
Temperature
 temperature responded rather quickly to seasonal air temperature
and there were'generally distinct differences between.temperatures
and deeper waters in summer and winter (Figures 7 and 8). Ther-
ication (summer stagnation) endured continuvally from mid July
nher 1969, when the thermocline varied from 5 to 8 m in depth.
?I@ocline that became established Junc 6 disappeared 20 days

not recur. In 1971 a thermocline was present in early May,

14



again 6n June 3, te June 10, then again from June 15 unt#l July‘2l, and
finally from August 12 to August 20. Its position and thickness during
these periodé appear in Figure 9. Winter stagnation Qas well developed
ach year (FPigures 7 and B).

Light and Light Transmission

Solar energy was recorded, with a few interruptions, from June 8 to
cember 22, 1971. Mean daily values in langleys were: June, 477;: N
ly, 559; August, 502; September, 348; October, 187; November, 132; and
cember, 103. The maximum daily value, 708 langleys, occurrxed July 5,
he minimum, 42 langleys, December l. Surface light intensity (total)
d,f%om 402 to 7,153 foot candles at times of light penetration measure-
Total light intensities (as % of surface irradiation) at depths of
3 m varied during open water seasons over the 3 year period (Figure
nd no light was observed to penetrate ice cover, even the minimum
iO") considered safe for observers. Light penetration during open
gasons was commonly restricted by turbidity due to plankiton growth,
'y blue-green algée near the surface. The 1% level of incident
usually occurred at 3 to 3.5 m, but in autumn sometimes reached
kty faint light was sometimes detected at 10 m. Penetration of
and red wave lengths varied over the seasons, with green and
with greater intensity and range (Figure 1l). Red was some-
ably strongexr than green near the surface, but green usually
-most light intensity at depths of 2 m ang greatef.

Sediment

18, which comprise about 45% of the bottom area, are largely

arcas are largely covered with silt and clay, having a

15



gyttia consistency when wet (Figure 12). Bars of cobble sized rocks and

sand extend out from shore in some areas.

Chemical Features
drogen Ion Concentration
surface waters of the limnetic area of Lake Sallie had pH values well
ove 8.0 at qll seasons during open water and under ice and snow cover
gure 13). Deeper water pH fell below 8.0 during summer and winter stag-
on but ?ose above 8.0 during periods of full circulation. Littoral
, especially near inflow, e.g. the Pelican River, Fox and Monson Lake
arges, often had pH below 8.0; but at times Stations 1 and 9 had the
st pH recorded {up to 9.7). Surface pH in the limnetic zone rareiy
éd 9.0, reaching 9.2 on a few occasions in 1969.
hese pH data indicate a virtual isolation of most upper waters from
ith greatest decomposition over most of the year, widespread effects
0§ynthesis'in upper waters, and a relatively minor water volume (in
areas and in a few dsep pockets) undergoing pronounced changes
composition. Persistence of high pH in the absencé or near absence
nthesis under ice and snow further attests to the general low
ecomposition. Upon a few occasions a minor pH increase (0.1 pH)
‘water in contact with the ice cover, and it is assumed that
iong were due to photosynthesis since they were usually accon-
ight increases in carbonate and oxnygen. Winter sampling occur-

cand biweckly intcrvals, and although no light penetrat.cn

<

ecorded, it couvld have occurred between sampling dates.

- . . . 4 N
liy a slight progressive decline in surface water pll with

16



time under ice cover in-'the limnetic zone, with a few interruptions oc-
casioned by rare pericds of photosynthesis.
1kalinity

arbonate
As may be inferred from the above account of pH, carbonate occurred in
rface waters of the limnetic zone at all seasons, was absent from deeper
aters during summer and winter stagnation, and from some littoral areas at
ervals. Its concentration reached 100 mg/1 (as CaCO3).in Muskrat Lake
harges and attained 48 mg/l in the limnetic zone. It increased slightly
f ice cover when pH and oxygen changes.indicated photosynthesis, as

bhe expected.

This ion had its minimum recorded concentration in surface waters of
mnetic zone when photosynthesis was most proncunced and achieved its
for this zone in deeper waters during winter stagnation. The most
in the limnetic zone was 230 mg/l during winter, but Stations
;in the littoral zone and Station 1 in Muskrat Lake discharge
hibited higher values under ice. The highest recorded value was
at Station 9 in January 1971. fThat area appeared to receive

bie ground water during wintexr, or this water was more isolated
ice. During open water seasons photosynthesis was noted to
rbonate to 124 mg/l in surface water of the limnetic zone. 1In
this much bicarbonate would provide sufficient CO, for photo-

.there seoms no reason to suspect that it would be limifting in

17



" Hardness

Total hardness varied above and below total alkalinity in concentration
suggesting that at times cations other than those contributing hardness
exe combined with carboﬂate and bicarbonate. From October 1968 until June
969 hardness continually exceeded alkalinity in surface water of the lim-
otic zone, but this was not true for the remainder of that growing season,
r for the 1969-70 winter, nor for the 1970 open water period. In autumn
1970 and early in the 1970-71 winter hardness overshadowed alkalinity
upper limnetic water, but alkalinity pulled even in late December and
ahead in early Jahuary. Hardness came to the fore again in early )
‘pary and was thereafter greater than alkalinity until early June 1971,
it fell slightly below. It became dominant again in late June ana
ned so through December 31,r197l. The hardness maximum recorded in
ce limnetic water during 1970-71 was 225 mg/l, whereas that of alka-
was 206 mg/l. Minimums during the same period were 167 for hardness
9 for alkaiinity. Alkalinity exceeded hardness by as much as 8 mg/1,
dﬁess was greater than alkalinity by as much as 25 mg/l-
dness and alkalinity were rather uniform from surface to bottom
riods of complete circulation, but both changed with depth during
Sfagnation. ‘The usual tendency then was to increase with depth,
éPeared generally true when upper- and lowermost waters were
but there were several occasions where intermediate waters were
wee above and below; and there were 2 periods during the 1969-
lenses of harder water appeared to flow through the limsetic
Epth of 2 meters. When they disappeared no hardness increase

4 or 6 meters, and it is assumed that they moved out of the

18



sampled area (station 4) laterally. Inflow of the Pelican River has at
timeg exhibited hardness concentrations very near those of these lenses,
and it seems.reasonable that its discharge may pass through the lake as an
terflow when ice cover stills wind driven circulation. With one excep-
on, which may have resulted from an analytical exror, hardness and alka-
:ity augmentation cccurred in surface water under ice cover and likely
sresented retention of freeze-out in the upper, lighter water.

' Both hardness and alkalinity varied in different régions of the 1it-

1 zone, especially when mixing into lake water was slowed by ice cover.

s on three occasicns in late winter at 12 alongshore stations in mg/l1

Total Alkalinity . Total Hardness

198 - 242 210 - 250
196 - 326 215 - 323
182 ~ 408 196 - 372

ﬁest values occurred at Station 9, where concentration diminished
With distance from shore. Maximum concentratién recorded there was
alkalinity and 431 mg/l hardness in January 1871. Concentration
horeline stations decreased abruptiy when wind driven circulation
ith ice melt. Areas most dominated by inflowing water (e.g.

t the Pelican River inlet) tenéea to remain more mineralized

e:; but they were reduced to the general limnetic level by strong
1e55 and alkalinity were generally most concentrated during the

t dilute during open water seasons in surface and deeper



calciuﬁ and Magnesium

In 1imnetic water calcium {as CaCO5) varied from slightly less than

60 to almost 100 mg/l {Table 2}. Createst concentrations noted were in deep
ater during times of stagnation. Magnesium exhibited a similar pattern of
variation, but its range was noticeably higher, from 108 to 157 mg/l in
§70—71. Littoral stations attained greater concentrations of both ions
idex ice cover, and at times in some of those areas calcium attained‘great—
Econcentrat::Lons than magnesium. These occurrences suégest that ground

r entering this lake system is normal for this general area in having

- calcium than magnesium, and this has been confirmed by ;nalyses of
watér in 1872. Preponderance of magnesium in a lake fed by such

d water indicated photosynthesis overshadowing decomposition in

‘tude and placing the more soluble MgCO, in a more favorable position
aCo3 to recombine with CO,. This condition has been noted in other
Hic lakes in this general area. Both ions increased when €O, appeared

om water at Station 4, but magnesium to a greater extent.

el of oxygen in Lake Sallie was frequently determined by photosyn-
a respiration. During open water seasons the entire lake surface
hibited oxygen pulses with concentration declining to near zero
ly morning hours and building up to supersaturated values by

Qon. Greatest concentration (as % saturation) was usually
Qﬁacrophytes and attached algae in the littoral zone {out to 3 m
as would be expected, lowest concentrations also frequently
his area. Stratification in summer and winter frequently oc-

depletion in deeper waters, bult oxygen was always found
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in surface watexr, even under heaviest ice and snow cover. In fact,; photo-
sY

time giving an increase of about 3 mg/1 between sampling dates, although

nthetic production of oxygen occurred at intervals under ice cover, at one

ight measurement consistently indicated no penetration of ice. Carbonate
kalinity and pH increases accompanied oxygen elevations, and there seems
_doubt that photosynthesis was operative at those times. Since photosyn-
esis occurrgd between visits it is assumed that light penetrated ice at
“es that were missed by the sampling schedule {Table 2).

ﬁhemical Oxygen Demand

.Maxima of this parameter appeared to normally characterize early spring,
summer, ané autumn in the limnetic zone, but peaks occurred at other

in Pelican River inflow (Figure 14). Increases and decreases in BOD
rather closely associated with those of plankton, and it would appear

uspended organisms and theilx detritus were major contributors to BOD in

s form of nitrogen was consistently present in all areas and depths

n Lake Sallie. In the limnetic zone it was most concentrated in

ters during summer and winter stagnation (up to 2.6 . mg/1 in summer
5mg/1 in winter). Greater concentration in upper waterxs (1.25 mg/1)
uring periocds of full circulation when maxima attained in bolttom

hg stratification were reduced. Surface concentration wvaried in

ake regions. Highest values (slightly above 4.0 mg/l) werc chserved
under ice cover, which suggests that inflow there was con-

ut concentrations above the general lake level were also
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noted at Stations 1, 12, 19, and 21. These ammonia values were induced by
nfl&wing surface and ground water. That entering at Station 1 represented
¥y far the greatest volume, and was considered most influential on the char-
ter of the lake. Concéntration in the limnetic zone was nearly always

eater than 0.1 and usually more than 0.2 mg/l (Table 2).

Nitrite was usually but not invariably found in samples from all areas,
pths, and dates. It disappeared in August 1969 from all sampled areas;
was missing at times in summer from some stations. Its concentration
éenerally well below 0.01 at all depths during open water seasons, but
creased to 0.1 at Stations 1 and 4 for a short period in September,
With stratification maximums (up to 0.1 mg/l in March 1970) occurred
rmediate depths (6 to 8 m) under ice and at intermediate or maximum
ith open water, when increases rarely occurred below stable thermo-

Table 2).

ate was most concentrated at all depths under ice cover, when the
bserved concentration (0.34 mg/l) occurred in surface water at 3
Vertically in the limnetic zone, it attained peak values at 6
ring winter of 1969~70, but during the 1970-71 winter its maximum
Inflow via the Pelican River generally had higher nitrate con-
than that leaving the lake. Nitrate was rarely absent from sur-
ﬁut zero values there were noted during all seasons except

ver (Table 2).

GgphOSPhorus (PD4) generally was most concentrated in decper
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waters of‘the limnetic zone, especially durxing pericds of stratification
(thé 9.2 mg/l maximum was in the hypolimnion in 1969), but it tended to
‘disappear ffom surface waters during the growing season, although this
ccurred infreguently in‘1969. It varied markedly in svrface water at
tation 1, where maximum values (4.8 mg/l) occurred, but it reached com-
sarable levels in other littoral areas (Stations 9, 10, and 12) under ice
ver. Its maximum for the limnetic zone surface (1.4 mg/l} occurred in
ptember 1968. Surface values there were usually less than 0.20 ﬁg/l.
thophosphate was consistently higher in the inlet than in outflowing

er, declining to zero in the latter for about 30 consecutive days in

- and August 1971. Surface water concentrations were hicher in 1969

in 1870 and 1971.

Total phosphorus occurrence and variation generally paralleled those
, but its concentration was substantially higher. It iﬁcreased with
declined from winter maxima during the growing season, and was almost
more concentrated in inflowing than in outflowing water. Its level
so greater in 1969 than in 1970 and 1971.

anecus Chemical Features

ate, analyzed infrequently, had generally low levels (6.0 - 7.5 mg/Ll).
ebout 3 times as concentrated (20.5 - 27.5 mg/l) in inlet and outlet.
5rlincrease at the outlet are unknown. Conductivity, measured only
summer stagnation, showed an increase with depth (320 umhos at

15 greatest in surface water at Stations 1 and 9, which was not
sidering greater mineral costent at those stations. Hydrogen sul-
é at 1 m intervals down to 15 m at Station 4 on July 8, 1971,

cat 8 m and below, increasing from 0.1 at 8 m to 5 mg/l at 15 m.
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The Pelican River above Muskrat Lake usually had more orthophosphate,
.amménia, and nitrate nitrogen than this lake's discharge, but total P was
more frequen£ly greater in the discharge. Evidently a significant share of
he PO4 entering Muskrat Lake was incorporated into organic matter before
éaching Lake Sallie. Analyses of the Pelican River above aﬂd below where
t receives the ditch from Lake St. Clair (see Figure 2) confirmed high
{rient content of drainage receiving Detroit Lakes waste water effluent.
Rainwater collected near Station 1 in September andAOctober 1971 was
gic (pH 3.8-4.2), at times contained PO4 (0.25 mg/l) and alwgys bore
rogen (NH3—N, .05-.75; NOy-N, L004—.006; NO3-N, ,.054-.426 mg/l). Ice
Snow from atop the lake in November and December 1971 had .38-.52 mg/1
and .053~.414 mg/l NOs-N. Concentrations in the iée were considerably
r than those in surface water on dates of collectien. Reasons for this
ase are only speculative at this time.

"amples taken through ice in the littoral zone in the winters of 1968-
&ﬁd 1969-1970 disclosed a lack of oxygen at Station 9. 2 transect
endicular to shore there in'Mafch 1970 showed én oxygenless condi-
.'to about 90 m from shore, but a rapid increese to 6.28 mg/l at 105
naerokic zone alsc extended alongshore for about 100 m on either
Fation 9.

gen and phosphorous were considerably lower in sediments in shal-
deeper lake areas. Nitrogen was about 4 times as concentrated
chan 'nder 1 m or less of water, although C:N ratisos were little
tal P was about 3.5 times more concentrated under deeper water,

alcium and jron combinations, with the latlter more prevalent.

24



aluminum P was significantly less common, but was alsc greater under desp-
er Qater. Calcium phosphorus was 12 times as great as the water soluble
fraction. In 1970-71 sediment analysis was restricted to total ¥ and
total P, but increases with water depth were still apparent (Tables 3, 4,

and 5).

Aguatic Macrophytes

Analyses.of upper, middle, and lower one thirds {including roots) of
pecies of rooted plants collected in September 1968 showed rather uniform
ﬁcentrations of most elements measured (P, N, ¢, H, Ca, ¥g, Na, X, Co, Cu,
‘Mn, Mo, and Zn) throughout the plant, although they varied in different

ccies. P was greater in upper sections of Myriophyllum exalbescens and

isneria americana; calecium was most concentrated in Potamogeton Richard-

- and Elodea canadensis, and the upper two thirds of Vallisneria; and

m was highest in the root sections of the four species whose lower 1/3

alyzed (Scirpus validus, Myriophyllium, Potamogeton pectinatus, and

hardsonii)(Tables & and 7).

Haxrvester Catches

énisms gathered by the weed harvester included aquatic macrophytes
iphyton and any animals, snails, insects, crustaceans, and fishes,

n the vegetation. Carbon content of this assemblage was rather
roughout the lake weed beds in 1970 and 1971, as wesre nitrogen and
s in 1971. However, in 1970 P was 2.4 times as concentrated in

' in areas 8 and ¢ and exhibited a gradual decrease around the
relockwise from Station 1. Nitrogen was more concentrated in

2 in 1970. ranges in ppm per dry weight of weeds were as fol-

‘P, 1,800 - 4,500; u, 21,000 - 29,900; C, 277,000 - 370,000,
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971. P, 2,200 - 3,450; N, 18,300 - 32,000; C, 294,000 - 336,000 (Table 7).

Fish

Ten species of fish were analyzed in toto for P, N, and C. Sunfishes
.species) had higher levels of P than perch, walleye, pike, white sucker,
;bullheads (3 species). Range among these species was 0.49 - 0.85% wet
ight. Nitrogen (range 1.83 - 2.51% wet wt.) and carbon (range 7.91 -
7% wet wt.) showed no marked relationship to fish species. '
Plankton |
Plankton, including detritus, was analyzed only for phosphorous. P
ed to be more concentrated in plankton from the upper 2 m of the lim-
izone, but at times was about as concentrated in suspended matter from
st water. It varied from place to place in samples from surface water,
éhieving 47,000 ppm per dry weight at Statien 12. Plankten from the
ic zone had markedly lower P concentrations in fall than'in-summer,
sonal trends were much less marked in the littoral zone.
Biological Features

Plankton
ve Features
lections made over the three year period yielded 188 plankton organ-
re listed in the appendix. Green algae, largyely Chlorococcales,
“or the largest number of species (59); diatoms had 38, blue-
25, ciliate protozoans 21, and rotifers 19 species. Less numer-
cpepods (3}, cladocerans (7), suctorians (2), amoehoid proto-
noflagellates (3), cryptoshyceans (1), euglenophytes (3), chry-

#anthophytes (1), and identifiable bhacteria (1), gave 26 spe-
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- seasonal Occurrence

Seasonal patterns were usually considerably modified by location in
the lake, and sometimes were unstable during periods with changing dominant
groups. In the limnetic zone, as exemplified by Station 4, the general
endency appearad to be d@minance by diatoms in spring giving way to
1ue—greens in summer to diatoms again in autumn and ea;ly winter and to

yeen algae (Chlamydomonas) and/or pyrrophytes (Cryptomonas) in winter.

wever, this was by no means a fixed order of succession. For example,

crocystis (a blue-green) replaced Chlamydomonas as the dominant plankter

urface water in February 1971, but was replaced by the latter in March.
amydomonas did not lose dominance in deeper water. In June 1971, domi~

:;changed from Stephanodiscus (a diatom) to Microcystis, back to

nodiscus, and then to the blue-greens Anabaena and Aphanizomenon.

reens, with Gomphosphaeria and Oscillatoria entering dominant ranks

ust and Septembez, were thereafter most prevalent until late September

ey were replaced for about 10 days by the diatoms Melosira and Steph-

us. Zphanizomenon regained dominance in surface water on October 1,

only slightly less numercus than Stephanodiscus at 2 m, but it was

for good by the latter on Octcber 9. This diatom gave way to
fmonas on December 11, and eleven days later this green alga was

Cryptomonas, which had also appeared in dominant ranks with

non in surface water on October 1. Vacillating dominance between
-and diatoms in late spring and early fall suggests that competi-
n them is rather finely balanced and that swings to either side

ioned by minor environmental changes. 1In August 1969 a dense
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along the southeast shore, and, when effects of this algicide wore off,

aphenizomenon was replaced in dominance by Melosira, which achieved even

.greater concentrations. Melosira was gradually replaced by Stephanodiscus,

which became dominant in mid-October. This application of algicide resul-
ted in diatoms assuming dominance about 2 months earlier than they did in
succeeding years {Figure 15).

ariation in Surface Water
variatclon J1n

Plankton composition, even with regard only to major groups, exhibited
siderable variation at any time in both littoral and limnetic zones. In
just 1969 blue-greens comprised 90% of the population at Station 1, 10%
tation 2, 5% at Station 4, 2% at Statién 8, and 20% at Station 1l. Fo;
ame period diétéms were 2% at S£ation 1, 40% at Station 2, 85% at Sta-
4, 38% at Station 8, and 40% at Station 11. Greens ranged from 1 - 30%
é:populations at these stations, and other groups from 4 to 30%. In
970 (1 series of samples) composition was as follows: Station 1, 42%
rgens, 58% diatoms; Station 2, 35% blue-greens, 63% diatoms, others
tion 4, 723 blue-greens, 23% diatoms, 2% greens, 23% dinoflagellates,
hers; Station 8, 25% blue-greens, 65% diatoms} 3% greens, 5% dino-
“ES, and 2% others; and Station 11, 80% blue-greens, 18% diatoms,
hers. Hence, seasonal dominance varied with location, and neither
Or limnetic zone exhibited any general uniformity.

ntly the group dominant at the surface was also prevalent all

ito 10 w, although with as much as 30% variation in degree of
On other occasions dominance changed to anothexr group at an

depth and back to the surface dominant in deepest water. 1In




august 1969 diatoms formed from 90 - 98% of the population down to 3 m,

99 at 5 m (where blue-greens amounted to 98%), 98% at 7 m; and 95% at

5 m. Zooplankters Qere concentrated in deeper walter at times, and Coleps
as often conspicuous in these build-ups. In September 1969 diatoms were
bminant and varied frem 52% of the population at 2 m to 80% at 8 m. Blue-
eens, second in abundance, varied from 10 to 25% of the populations, hav-
both minimum and maximum values at intermediate depths. Greens had 2%
the population in deepest water and 15% at 2 m; dinoflagellates ranged

m 0 - 15% of the populations at varied depths, being most numerous at
and zooplankters varied from 1 - 18% with most numbers in deepest

. In summer of 1970 blue-greens were-dominant at all debths, but they
*réplaced at all levels except 1 m by diatoms in October.

At the generic level variation was often rather marked during periocds
iinance by one of the larger groups. TFor example, on July 6, 1971,

omenon, dominant in upper water, was replaced by another blue-green,

sphaeria, at 6 m, and by CGomphosphaeria and Coelosphaerium, still

blue-green, at 8 m. Generic variation within a major group also

in different littoral and limnetic regions.

tive Features

entration in samples from the limnetic zome varied-from more than
Ofto 12,000 units per 1. Seasonal influences, insofar as these
trmined from only 3 years records, appear to resultlin spring,
:gutumn maxima, with winter, late spring, and late summer minima.
been largely responsible for the spring and fall elevations and
-Or the major summer growth, but diatoms replaced blue-grecns

969 following an application of algicide. Green algae



exhibited about 5 peaks per year, three in summer and one each in spring and
winter. They achieved dominance only in winter, but they were more numerous
£han diatoms during summer, except in 1969. The greatest concentration
hserved, 55;114,200 units per liter occurred at 6 m in the limnetic zone
uring a spring diatom maximum, and diatoms comprised 99.7% of the total
opulation. Diatoms were also dominant in surface and neax surfaqe waters,
t their concentrations were somewhat less being 50,657,500 per 1 at the
rface and 42,802,600 at 2 m. Greater concentration at 6 m may have been

- to settling. The highest observed summer concentration when blue-greens
ycy domin&nt was slightly more than 6,000,000 per 1. Phytoplankters were
eral times as concentrated in spring of .1971 than during either preceding
;. but summer densities were comparable to those of 1969 and 1970 (Figures
17, and 18).

Lake Sallie, although with a long histoxy of cultural eutrophication,
ot dominated by blue-green phytoplankton except on a seasonal basis,
his seasonal domiqance did not appear very firm, but rathe¥ finely

d against incursion by diatoms. Green algae, even when dominant,

tained numbers near those reached by diatoms and blue-greens at

Attached Vegetation

2 sp. grew on. the bottom and Cladeophora sp. and Gleotrichia
'd.) Rab. were attached to aguatic flowering plants. Star duck-
14 trisulca L.} grew both free floating and attached to other

- but other duckweeds (Lemna minor L., Spirodela polyrhiza {(L.)

¢ Wolffia columbiana Karst.) were all surface floaters.

30



Macrophytes observed were:

Najas flexilis (Willd.) Rostk. & Schmidt

Potamogeton amplifolius Tuckerm.

P. crispus L.

[

~ filiformig var. Macounii Marong.

]

. pectinatus L.

I

. praelongus Wulf.

. Richardsonii (Benn.) Rydb.

jro

Ruppla maritima L.

Alisma gramineum var. Geyeri {Torr.) Sam.

. S¢irpus acutus Muhl.

Heteranthera dubla (Jacqg.) MacM.

Elodea canadensis Michx.

Vallisneria americana Michx.

Ceratophyllum demersum L.

Myriophylldm exalbescens Fern.

Nuphar variegatum Engelm.

Nymphaea tuberosa Paine

‘

se macrophytes covered about 34% of the total lake area, all above

ontour except Potamogeton praelongus which grew down to & m (Figure

1969 and '70 Myriophyllum and Potamogeton pectinatus'tended to pre-
especially the former, in the northern half of the lake and along
shore. Scirpus beds have been prominent along the eastern and
ores and in a smaller areca on the west just north of the hilus.
?S in other lake regions were largely covered by a mixture of

a?OQGton Richardsnnii, Vallisneria, and Ceratophyllum, in which
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other species were widely scattered. Duckweeds were most conspicuous in
éhallow areas, especially near Scirpus beds. Gleotrichia first appeared
epiphytic on macrophytes and later became free floating. It and Nostoc
écame very abundant on tbe bottom in late fall.

. Weed distribution in 1971 was quite similar to that noted in '69 and
. but all species, except Scirpus, were noticeably less abundant.

amogeton pectinatus was more prominent in weed harvester hauls, and

th was most luxuriant in Areas 3, 5, and 6, whereas in 1970 it had
greatest in Area 2 followed closely by Aréa 3.

dlng Crop

Standing Crop of aquatic flowering plants and their epiphytes, based

ed harvester hauls from known areas in July and August 1971, was

ted at 119,599 kilograms dry weight for all weed bearing areas (34%
total lake area). This-figure includes roots which hand harvesting
indicated were 13% dry weight of the portion usually taken by the har-
Average dry welight of hérvester hauls was 58.8 g/sq. m. The 19870

as 2.9 times as great as that of 1971 for comparable harvester
Primary Production

1our exposure periods were adopted as standard for light and dark

5, and duplicate sets indicated this gave a precision of %10 mg

nt concentrations declined along the course of the Pelican
into Lake Sallie, and this was also true of the rate of pri-

ON upon some, but not all occasions. It was often greater at
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statién 4 in the limnetic zZone than at Station 1 ox in Muskrat Lake.
yariation among stations in the limnetic zone appeared to be normal.

Most measurements were made at Statioﬁ 4 near the heart of the lim-
etic zone. Surface water there showed maxima in late summer or early
all each year, but summer and fall activity varied noticeably over 1969-
31, average values for the euphotic zone gave a threse-year patﬁern that
esembled that for surface water, but generally had sharper and fewer peaks.
1969 and '71, maximum means for the euphotic zone were comparable with
éhest rates developed in surface water, but the average value was much
ow that of the surface in 1970 (Figures 20 and 21). Surface produc-
ity showed a progressive increase from 1969 through 1971 with respect to
él amouﬁt of carbon fixed per growing season. These upper waters accoun-
for 68% of production at Station 4 over the three-year period. Net
iction was greater and respiration less in 1971 than in '69 or '70 in
urface water and throughout the euphotic zone (Figures 22 and 23).
roductivity varied with depth in the euphotic zone (Figure 24) and
Ime of the day (Figure 25) for which no pattern appeared consistent.
as also no definite relatioﬁship with intensity or emount of light
r a daily or a seasonal basis, but photosynthetic efficiency (mg C
soclar radiation unit) was greatest in late afterncon and in early
r- and during most of October when solar energy was n;ticeably kelow
#ﬁrring in July and August (Figure 26).
d Vegetation
rements within the plastic cylinder chiefly if not exclusively
&he.activity of flowering plants, largely Myriophyllum, and phyto-

5 very few attached alygae were ever enclosed. Depth of sampling
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d botfle suspension inside the cylinder was 10 cm. Net productivity at-
ributable to the rooted plants {total for the cylinder miﬁus that for the
ght bottle suspended inside) ranged from -338 to 780 mg C/m3/hr and that
| tributable to plankton firom -119 to 503 mg C/m3/hr. On a net produc-
vity per gram of dry weight basis phytoplankton greatly outstripped
rooted vegetation, but dry weight of the rooted vegetation included
more parts, roots, fibers, etc., that are nol photosynthetic. It is
1y that rates for attached vegetation would have been higher had at-
ned algae been enclosed with other plants. Thexmal and oxygen strati-
;ion usually deyeloped within the cylinder. Light intensity declined
2dly with depth inside the cylinder, usﬁally being less thén 5% of

ace values at 1 m'{Table 8).

Nutrient Removal

‘d_Harvester

mentioned previously, the weed harvester removed algae, inverte-
and fishes with aquatic flowering plants. Total wet weight of
ganisms remcved was greater for each area exéept Ne. 5 in 1570

imes greater for the entire lake as shown in the following table:

34



Kg {wet weight) of Weeds Removed

Area 1976 1971
1 97,853 6,578
2 ) 138,119 1,928
3 105,351 31,477
4 5,770 1,850__
5 19,856 54,711
6 47,430 14,520
7 ' 673 0
8 3,336 4]
9 9,616 4]
Total 428,034 111,064

bry weight of weeds removed amounted to 30,371 Kg in 1970 and 10,366

1971. Kilograms cof nutrients taken out with weeds were as follows:

1870 1871
Phosphorus 100 26
Nitrogen 721 248
Carbon 10,699 3,219

. percentages of nutrients in dried weeds were:

1970 1571
0.27 0.265
2.34 2.46
32.25 30.73

:wWeeds from Arecas 1 and 2 (near the Pelican River inlet) had
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oticeably highexr percentages of phosphorus and nitrogen than those from

areas farther down lake. This was not trve for P in 1971 when quantities

available to the harvester in Areas 1 and 2 amounted to but a small frac-

on of the mass removed in 1970, but weeds from Area 1 still had the maxi-

um nitrogen concentration. In the 6 most productive areas ({(1870) nitrcgen

pged from 3 to 10 times the concentration of P, and C varied from 64 -

5 times as great as P; in 1871 N was 4.5 to 10 times as great as P and
rom 72 - 132 times.

oved in Fish

Commercial and sport fishermen took out 76,530 kg of fish (mostly bull-

$) in 1569—70, and 39,129 kg in 1970-71. Mean concentraﬁions of P, N,

“ in tested specimens were 0.53, 2.01, and 9.25%, respectively, which

ndicate that gquantities removed were:

1969-70 1970-71
P | 406 kg 207 kg
N 1,591 kg ' 786 kg
c 7,109 kg 3,612 kg

'] 76,530 kg wet weight of fish contained slightly more than 4 times
more than twice as much N, and slightly more thaﬁ 2/3 as much C
:kg, wet weight, of weeds in 1970. In 1971, 39,129 kg wet weight
e almost 10 times the amount of P, 3.15 times the quantity of N,

Y moxre C than 111,064 kg, wet weight, of weeds.



Costs per pound of nutrient removal by weed harvester were:

1970 1971
P $61.19 $198.92
N $ 8.24 § 21.04
C $ 0.64 § 1.62

tside the drainage basin, and harvester depreciation.

always exceeded inflow from the river and lakes.

it costs in 1971 reflect lower weed density.

Water and Nutrient Budgets

Vater Years

Costs include operation, maintenance, trucking of weeds to points

Increased per

Surface water enters Lake Sallie via the Pelican River (major source)
utlets.from Fox and Monson Lakes, and exits only via the Pelican River.
4 water inflow apparently exceeds seepage from the lake, as surface out-
Quantities of water

utrients entering and leaving in surface flow appear below.

1968-69 1969-70 1970-71
Inflow m> 20,197,256 17,858,188 17,849,207
Outflow m> 22,716,382 19,087,138 20,807,164

?us Inflow kg_ 10,140* 7,470*%% 15,643%%*

= Outflow kg 5,810% 2,510%* 7,7758%*
Inflow kg 11,650 5,5%4 10.567
Outflow kg 9,720 2,640 7,217

le p

p

N+ NOy = N + HOy ~ N
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The mean ratio of soluble P to total P was 1:1.7, and, if this may

be applied to the 1968-69 water year, total P entering tﬁen would exceed
17,000 kg and that leaving around 9,900 kg. Both P and N declined notice- -
bly in 1969-70, but recovered substantially in 1970-71. P and N content

f Lake Sallie water was, in kilograms:

1968-69 1969-70 1970-71
P 2,270% 9,690 16,513
N : 24,740 5,070 21,231

* Scluble P

Mean qﬁantities,contained in sediments for 1968, '69, aﬁd '70, in kilo-
s, were 73 P and 748 N, whereas in 1971 they were 89 and 738 kilograms,
sectively. Estimates of total wet weight of fishes (Olson, 1971, *'72)

uvantities of P, N, and C tied up in them, all in kg, follow:

1969 1970 1971
347,545 ' 212,090 594,740
1,980 1,220 3,152
7,210 4,270 11,594
30,340 18,006 55,013

1971 standing crop of aguatic flowering plants and organisms gathered
by the harvester, plus roots and lower stems not taken by the har-
as been estimated as 119,599 kilograms, dry welght. This figure is
mean standing crop of 66.4 g/sqg. m., dry weight, over an area of
§Q- m. (34% of the total lake area). Since percentages of P, N,
Yied weeds were .30, 2.35, and 30.87, respectively, total nutrient

eeds and associatgd organisms in 1971 was 358 kg P, 2810 kg N,
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d 36,920 kg C.

. Nitrogen and phosphorus budgets (Table 9) indicate that harvest of fish
nd weeds to the extent possible with present equipment and practices did

t offset yearly gains vig surface inflow. Removal of a1l fish and weeds
1d make an inrocad on previously accumilated N, but would not equal any
1al P increment recorded to date. Yearly-variation in guantities estima-
Fox fish and lake water suygests that most N and P enter into life

sses, and hence would be subject to rather rapid reduction if their
arge to the Pelican River was curtailed.

Changes Effected by Weed Harvest

wo years Of weed harvest did not alter the basic chemical nature of
iter mass nor the general pattern of nutrient dynamics in the water.
E‘s harvest greatly reduced weed concentration in affected areas and
n. occasioned some cﬁange in dominant forms. Denser plankton concen-
occurred the flrst year following harvest, the amount of carbon
phytoplankton increased, and the ratio of planktonic respiration
xnthesis decreased. These latter developments suggest that weeds
th phytoplankton, and, that.weed removal should not be‘expected
toplankton control unless it depletes nutrient supplies beyond

rements.
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GLOSSARY

eration - Applying air to sewage by means of beaters oxr blowers
T '
Algae - Simple plants, usually microscopic, containing chlorophyll and
other pigments

lkalinity - Property usually imparted to water by salts of strong bases
and weak acids, measured with a standard acid
ofiltration - Wastewater treatment effected by flow over and through
biclogical growths on sfones or other media
ué-g;ggg_g&ggg ~ Algae whose color is usually dominated-by bluish green
pigments .
timeter (cm) - 1 x 1072 meters
gonids - Whitefishes and their near relatives
inids ~ Carp and minnowlike fishes
oms ~ Algae living in glass cases, usually brown in color
dredge - A snapping device used to collect bottom sediments from a
definite area
mn;on —- The upper circulating water leyer during summer stagnation
.1cation - Natural enrichment of a lake accompanying aging or nutrient
enrichment by wastewaters or other outside. sources
Out - Minerals leaving water as it freezes
Oxygen cell - Battery formed by lead ancde and silver cathode in
alkali under a plastic membrane in which current is
generated by oxygen entering through the membrane
zThe weight of 1 cubic centimerer of water at 4° ¢ (0.03527 ounce)
;* Algae whose color is usually dominated by chlorophyll

&Yy production - The sum of oxygen increase in the light and oxygen

44



consumption in the dark, usually converted to carbon

Ggyttja ~ Muddy bottom sediment containing considerable organic matter, ocoze
AL :

pardness - Quality imparted to water by calcium, magnesium, and other metals
Haraness

pilus ~ The indentation in a bean or kidney

H1lus ;

ypolimnion - The bottom water layer during summer stagnation

mmexer samplex - Device for collecting water samples at any desired depth
ilogram (Kg) - 1000 grams {2.2046 1lbs.)

angley —~ one gram calorie per sqguare centimeter, unit of radiant solar energy
er (1} — 1000 cubic centimeters (1.057 quarts)

jology ~ The science of inland waters

zone - The central large open water area of a lake

zone - The shallow alongshore area of a lake

phyte - Aquatic flowering plant, usually rooted

ane Filter - Very fine pored filter that will retain very small particles
and bacteris -

(m) - One millionth of the earth's quadrant (3.281 f£t.)

1) - 1 x 1073 millimeters

A production.~ Measurement based on oxygen gain in é light bottle,
the amount by which photosynthesis exceeds respiration

Elements esgential to plant growth and photosynthesis

2H0get - Gain and loss of nutrients in a water body

8sis - Process by which plants trap solar esnergy to form food

substances



ytoplankton - Plants or photosynthetic organisms living as plankton
Py
ankton - Assemblage of organisms, largely microscopic, that live suspended
in water and are carried along in water movements
mary production ~ Measurement of photosynthetic rate
anograph ~ Instrument thav records solar energy

ewick — Rafter Chamber - Cell used to determine plankton density with a

microscope
ﬁent ~ Materials deposited on a lake bottom

ling - Permitting solids to settle from sewage

jlization pond'— A pond in which wastewater is exposed to algal influences

ing crop ~ The mass of any group of organisms or total organisms present
at any time

stagnation - Thexrmal stratification occurring during warm months that

produces 3 non-mixing layers

- stratification ~ Non-mixing water layers formed by temperature 4if-

ference§

Ane - The transitional or middle layer in summer stagnation

Y — Interference with light penetration by suspended particles or
organisms

I - Water borne wastes produced by industries and municipalities
IGEt - Water gain and loss in a lake

agnation ~ Thermal wafer layers developed under ice cover

n - Animal components of plankton
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TABLE 2

VERTICAL VARIATION IN WATER CHEMISTRY AT STATION 4, LAKE
SALLIE, MIMNESOTA (Concentrations, except pH, in ppm)

Depth COq HCO4 Total
Date {m) pH Alk. alk. Hardness Ca-++
1970
10 October 0 8.85 40 126 166.6 58.8
2 8.80 40 136 166.6 58.8
5 8.80 40 136 166.6 58.8
8 8.90 36 140 186.2 58.8
11 8.90 40 138 176.4 58.8
23 October. 0 8.75 32 142 186.2 68.6
4 8.75 32 142 186.2 58.8
8 8.75 32 142 186,2 58.8
12 8,75 32 142 186.2 58.8
6 November 0 B8.80 36 . 137 186.2 58.8
3 8.80 34 140 176.4 58,8
6 8.80 34 140 176.4 58.8
g 8.80 34 138 176.4 58.8
13 November 0 8.85 40 134 186.2 58.8
4 8.85 40 134 186.2 58.8
: '8 B8.85 40 134 186.2 58.8
19 Decembex 0 9.00 44 142 196.0 58.8
2 8.90 48 140 186.2 58.8
4 8.90 48 140 186.2 58.8
6 8.90 44 © 146 186.2 58.8
B 8.60 24 178 186.0 68.6
12 8.25 8 227 225.4 78.4
29 December o 8.90 44 150 196.0 58.8
4 8.90 44 146 196.0 . 58.8
8 8.30 12 193 196.0 68.6
971
7 January 0 9.00 44 160 196.0 68.6
2 8.90 40 154 186.2 58.8
4 8.85 40 155 186.2 58.8
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TABLE 2--Continued

BO

Ortho Total Temp .
Mg++ '02 PO4 : PO4 NH3~N NOo-N NO3—N oC
107.8 . 8.62 0.18 0.76 0.09 0.006 0.020 9.0
107.8 B.62 0.25 1.28 .10 0.004 0.008 2.0
107.8 8.53 D.25 0.76 0.10 0.006 0,009 9.0
107.8 8.53 0.12 1.00 0.40 0.004 0.013 9.0
117.6 8.82 0.25 1.00 0.11 0.006 0.011 9.0
117.6 10,00 0.12 0.62 0.15 0.008 0.007 2.0
127.4 9.90 0.18 1.14 0.15 0.008 0.009 9.0
127.4 9.90 0.12 0.76 0.12 0.006 0.009 9.0
127.4 9.11 0.12 0.786 0.10 0.006 0.011 5.0
127.4 12.40 0.12 0.76 0.92 0.010 0.007 5.5
117.6 12.40 0.25 0.76 0.97 0.008 0.009 5.5
117.6 12.30 0.12 0.50 0.92 0.008 0.004 5.5
117.6 12.20 0.12 0.50 0.79 0.010 0.005 5.5
127.4 13.20 0 0.50 0.48 0.012 0 3.5
127.4 13,20 0.11 0.36 0.38 0.010 0.007 3.5
127.4 13.20 0.11 0.36 0.37 0.008 0.004 3.5
137.2 16.07 0 0.24 0.25 0.008 0.010 0
127.4 14.31 0 0.12 0.49 0.006 0.006 1.0
127.4 14.31 0 D.12 0.12 0.008 0.010 1.0
127.4 13.56 c G.24 0.20 0.006 0.009 1.0
127.4 9.99 0 0.24 0.49 0.006 G.011 2.0
147.0 6.47 0.06 G6.50 0.38 0.015 0.020 2.5
137.2 15,48 0.05 0.10 0.27 0.008 0.004 1.0
137.2 14.99 0 0.24 0.25 0.004 0.004 2.0
127.4 6.66 0 0.24 0.32 0.006 0.009 3.0
127.4 15.20 .18 0.24 0.23 0.006 0.011 1.0
127.4 15,10 0.05 0.24 .18 0.008 0.009 2.0
127.4 13.10 0 0.24 D0.20 0.008 0.009 2.0




TABLE 2--Continued

81

Depth Co HCO4 Total
Date {m) pH Alk. Alk. Hardness Cat++
6 8.80 36 164 186.2 58.8
8 8.05 0 220 215.6 78.4
10 7.90 0 230 225.4 78.4
12 7.60 0 228 230.3 88.2
January 0 8.80 40 156 196.0 68.6
2 8.80 44 153 196.0 68.6
4 8.80 40 156 196.0 8.6
6 8.70 32 168 205.8 £8.6
8 8.10 4 218 235,2 B8.2
10 7.80 0 230 254.8 98.0
February 0 8.70 36 170 215.6 68.6
. 2 8.80 40 168 215.6 68.6
4 8.55 28 185 225.4 £8.6
6 8,10 & 225 235.2 78.4
8 8,40 18 189 225.4 68.6
. 10 7.80 0 237 245.0 B8.2
February 0 8.80 48 156 205.8 68.6
2 8.75 36 164 205.8 68.6
6 8.70 32 . 172 215.6 68.6
8 7.80 8 200 235,2 78.4
12 8.20 0 232 254.8 88.2
14 7.50 0 254 254.8 88.0
April 0 8.70 34 157 205.8 68.6
2 B.70 32 150 205.8 68.6
4 B.65 34 157 205.8 68.6
8 B.65 34 157 205.8 68.6
10 8.60 32 160 205.8 68.6
14 8.60 32 160 205.8 68.6
April 0 8.70 38 is2 215.6 88.2
2 B.65 34 183 215.6 88.2
4 B8.65 34 157 215.6 88.2
8 8.65 34 157 215.6 88.2
 May 0 8.70 34 155 210.7 68.06
’ 2 B.70 34 155 210.7 68.6
4 8.70 34 155 210.7 68.6
8 B8.70 34 155 210.7 68.6
May 0 8.70 32 155 205.8 68.6
4 8.70 32 155 205.8 68.6




PABLE 2-~Continued

Ortho Total Temp.

Mg+ 02 PO4' POy MH3-N NOz-N NO3~N oc
127.4 12.00 0 0.22 0.20 0.006 0.006 - 2.5
137.2 5.70 0.32 0.24 0.28 0.012 0.014 2.5
147.0 4,20 0.12 0.50 0.30 0.008 0.014 3.0
142.1 2.60 0.25 0.76 0.37 0.008 0.014 3.0
127.4 14.90 0.25 0.38 - 0.008 - 1.0
127.4 15.10 0.18 0.24 - 0.012 0 2.0
127.4 13.60 8.63 0.24 - 0.017 - 2,0
137.2 11.80 0.25 0.38 - 0.012 - 3.0
147.0 5.90 0.18 .02 - 0.030 - 3.0
156.8 2.00 0.18 0.62 - 0.35 - 3.5
147.0 13.33 0.12 0.38 0.16 0.023 0.011 0.0
147.0 12.84 0 0.24 0.16 0.026 0.008 2.0
156.8 ~ 11.47 0O 0.24 0.23 0.030 0.011 1.5
156.8 6.27 0.38 0.64 0.55 0.028 0.015 2.0
156.8 8.82 0.25 0.50 0.40 0.028 0.011 3.0
156.8 3.43 0.25 0.64 0.46 0.026 0.035 3.0
137.2 14.00 0.12 0.10 0.20 0.019 0.009 1.0
137.2 12.50 0.12 0.28 0.22 0.024 0.004 2.0
147.0 11.20 0.25 0.28 0.26 0.024 0.011 2.5
156.8 6.60 0.38 0.76 0.28 0.024 0.050 3.0
166.6 5.00 0.38 0.76 0.32 0.028 0.058 4.0
156.8 0 0.25 1.02 " 0.20 0.021 0.109 4.0
137.2 13.90 0.06 0.30 0.40 0.004 0.004 7.5
137.2 13.90 0.06 0.30 0.31 0.008 0 7.0
i37.2 13.90 0.12 0.50 0.36 0.006 0.002 7.0
137.2 13.90 0.06 0.30 0.44 0.004 0.007 7.0
137.2 13.72 0.06 0.30 0.28 0.004 0.007 7.0
137.2 13.72 0.12 G.50 - 0.006 0.005 7.0
127.4 12.25 0 0.24 1.15 0.004 0.004 7.0
127.4 12.54 0 0.24 1.28 0.004 0.004 7.5
127.4 12.44 0 0.24 1.28 0.004 0.004 7.5
127.4 12.44 0.06 0.36 1.41 0.004 0.004 7.5
142.1 - 12.00. 0.05 0.24 0.48 0.001 0.007 12.0
- 142.1 12.00 0.05 0.10 0.59 0.004 0.004 12.0
142.1 12.60 0 0.10 0.43 0.004 0.004 11.5
i42.1 12.060 0.05 0.24 0.39 0.004 0.004 9.5
137.2 il1.60 0 0.24 0.15 0.001 0.007 11.5
137.2 11.80 0 .10 0.19 0.004 0.004 10.5
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TABLE 2--Continued
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Depth : CO3 HCO4 Total
Date {m) ' pH Alk. Alk. Hardness Cat+
8 8.50 24 165 225.4 68.6
12 8.40 16 177 225.4 78.4
June 0 8.80 40 152 210.7 83.3
2 8.80 40 152 205.8 73.5
6 8.60 28 164 196.0 73.5
10 8.40 16 179 196.0 68.6
June 0 8.85 36 154 186.2 78.4
2 8.85 38 155 196.0 73.5
6 8.65 28 167 196.0 78.4
8 8.35 12 184 196.0 68.6
June’ 0 8.75 32 150 176.4 68.6
. 2 8.70 28 154 176.4 68.6
4 8.70 - 28 157 176.4 68.6
8 8.20 4 192 196.0 78.4
12 7.90 0 202 196.0 83.3
June 0 8.80 32 148 186.2 78.4
2 8.80 36 144 181.3 63.7
4 8.80 36 144 186.2 68.6
6 8.70 28 157 186.2 68.6
8 7.80 0 202 205.8 78.4
10 7.75 0 206 200.9 78.4
July 0 8.80 32° 145 176.4 63.7
2 8.80 32 145 176.4 58.8
4 8.80 32 144 176.4 58.8
8 8.05 2 187 186.2 68.6
10 7.80 0 200 200.9 73.5
14 7.70 0 205 200.9 73.5
July 0 8.70 28 136 176.4 58.8
2 8.70 28 135 176.4 63.7
6 8.70 28 138 176.4 63.7
8 7.90 0 176 186.2 68.6
10 7.50 0 195 200.9 74.4
1.4 7.40 0 200 205.8 83.3
) July 0 8.80 30 135 176.4 63.7
' 2 8.75 28 136 176.4 63.7
4 8.75 26 137 176.4 68.6
8 8.50 16 152 176.4 68.6
12 8.3 10 160 181.3 68.6




TABLE 2-~Continued

Ortho Total Temp.
Mg++ 0, PO, PO, NH =N NO,-N NO3-N oC
156.8 9.20 O 0.24 0.27 0.004 0.004 -  10.0
147.0 7.20  0.05 0.64 0.27 0.004 0.006 10.0
127.4 1110 O 0.24 0.38 0.004 0.004 18.0
132.3 11.70 O 0.10 0.27 0.004 0.004 15.0
122.5 8.80 0 0.24 0.25 0.001. 0.007 13.0
127.4 4.80 0 0.50 0.33 0.004 0.004 13.0
107.8  10.00 O 0.24 0.32 0.001 0.005 17.0
122.5  10.20 0O 0.36 0.33 0 0.006 17.0
117.6 6.20 O 0.24 0.40 0.001 0.005 14.0
127.4 3.40 O 0.24 0.40 0.004 0 14.0
107.8 g.o0 O 0.36 0.36 0.004 0.004 22.5
107.8 8.60  0.12 0.24 0.36 0 0.008 22.5
107.8  8.00 ~ 0.05 0.50 0.31 0 0.008 22.0
117.6 1.40 O 0.24 0.48 0 0.012 16.0
112.7 0.10  0.12 0.24 1.18 0 0.012 15.5
107.8 9.70  0.05 0.24 0.28 0.004 0.002 22.0
117.6 9.60 0 0.24 0.28 0.004 0.002 22.0
117.6 9.60  0.12 0.12 0.31 0.004 0.002 22.0
117.6 5.90  0.05 0.24 0.33 0.001 0.007 20.0
127.4 0.20  0.19 0.24 0.74 0.004 0.002 16.0
122.5  0.10  0.12 0.50 0.82 0.001 0.005 16.0
112.7 g8.10  0.12 0.24  0.36 0.001 0.007 23.0
117.6 8.20 0O 0.50 0.37 0.001 0.009 23.0
117.6 7.70  0.12 0.36 0.39 0.001 0.007 22.5
117.6 1.40  0.18 0.36 0.77 0.001 0.007 19.0
127.4 0.20  0.32 0.50 1.08 0.017 0.008 18.0+
127.4 0 0.32 0.50 . 1.33 0.004 0.004 17.0
117.6 7.52  0.12 0.50 0.33 0.004 0.004 21.0
112.7 7.52  0.12 0.64 0.37 0.001 0.005 2L.0
112.7 6.53  0.12 0.50 0.46 0 0.006 21.0
117.6 0.40 .25 0.50 1.11 0.001 0.003 18.5
126.5 0 0.51 1.02 2.07 0 0.004 17.0
122.5 o - 0.77 1.16 2.60 0 0.004 17.0
' 112.7 8.89 0 4.86 0.32 0.001 0.005 21.0
112.7 g.48 0 0.36 0.32 0.004 0.004 21.0
112.7 7.88 0 0.36 0.36 0.001. 0.005 21.0
112.7 3.23  0.11 0.50 0.74 0.004 0,002 20.0
112.7 1,21 0.1l 0.50 0.81 0.006 0.002 20.0




TABLE 2-~-Continued
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Depth CO3 HCO5 Total
Date (np pH Alk. Alk. Hardness  Cat+
14 8.10 4 166 181.3 68.6
July 0 8.70 20 142 176.4 68.6
2 B.65 20 142 176.4 68.6
4 B.65 20 141 176.4 68.6
8 8.65 20 143 176.4 68.6
14 8.65 20 144 176.4 63.7
August ] 8.90 36 124 166.6 58.8
2 8.90 34 127 166.6 58.8
4 8.90 32 127 166.6 - 58.8
8 8.60 18 147 176.4 58.8
_ 14 8.25 6 165 ige.2 68.6
August 0 8.70 26 135 176.4 63.7
6 8.70 26 133 176.4 58.8
14 B.05 2 167 181.2 68.6
September 0 8.85 30 129 176.4 63.7
2 8.85 30 129 176.4 58.8
4 8.80 28 130 176.4 58.8
8 8.70 24 136 "176.4 58.8
14 8,55 16 - 150 181.3 58.8
Septembex 0 8.70 24 137 176.4 58.8
8 8.70 24 138 176.4 58.8
14 8.50 16 148 176.4 63.7
September o] 8.70 28 133 - 181.3 53.9
8 8.70 28 132 176.4 58.8
14 8.70 26 139 '176.4 58.8
September 0 8.90 36 129 181.3 68.6
2 8.85 34 131 181.3 68.6
g 8.70 26 139 181.3 68.6
14 8.70C 26 141 186.2 68.6
October 0 8.70 28 137 181.3 73.5
8 8.50 14 151 181.3 73.5
14 8.30 4 156 181.3 73.5
Octobex 0 B.55 16 146 186.2 73.5
) ' 4 8.55 i6 146 181.3 68.6
8 8.55 16 147 181.3 68.6
14 8.50 14 149 176.4 68.6
October 0 8.80 34 131 186.2 68.6
8 8.80 34 131 186.2 68.6



TABLE 2--Continued

Ortho Total Temp .

Mg+ 0, POy POy NH3~N ~ NO,~N NO3-N ©c
112.7 0.20 0.11 0.50 1.00 0.006 ) - 20.0
107.8 7.33 0 0.36 0.31 0 0.007 13.0
107.8 7.33 0 0.50 0.33 0.001 0.003 18.0
107.8 7.23 0 0.50 0.33 0 0.004 18.0
107.8 7.13 0 0.50 0.31 0.001 0.005 18.0
112.7 7.13 0 0.50 0.31 0.001 0.005 18.0
107.8  8.90 0 0.50 0.15 0 0.012 20.5
107.8 8.80 0 0.36 0.25 0 0,21 20.5
107.8 8.80 0 0.50 0.22 0 0.017 20.5
117.6 3.30°  0.05 0.50 0.56 0.004 0.024 19.0
117.6 0.20 0.52 0.64 0.95 0.004 0.015 18.0
112.7 6.60  0.11 0.50 0.54 0.004 0.017 20.0
117.6 6.40 0.11 0.50 0.54 0.002 0.015 20.0
112.6 0 . 0.60 0.92 1.69 0 0.012 19.0
112.7 8.12 0.25 0.92 0.32 0.002 0.019 21.0
117.6 7.92 0.05 0.64 0.33 0.004 0.017 21.0
117.6 7.72 0.25 0.92 0.38 0 0.021 21.0
117.6 6.14 0.14 0.64 0.45 0.003 0.025 20.0
122.5 2.48 0.32 0.64 0.94 0.003 0.018 20.0
117.6 6.70 0 0.59 0.42 0.005 0.005 19.0
117.6 6.60 0.19 0.64 0.43 0.004 0.006 19.0
112.7 3.70 0.26 0.52 0.67 0.006 0.011 19.0
127.4 7.80 0.12 0.64 0.26 0.004 0.011 17.0
117.6 7.70 0.12 0.78 0.39 0.004 0.008 17.0
117.6 6.00 0.25 0.92 0.50 0.004 0.008 17.0
112.7 10.60 0.09 0.64 0.01 0.002 0.017 15.0
112.7 10.00 0.09 0.64 0.01 0.002 0.013 14.5
112.7 6.80 0.09 0.64 0.01 0.002 0.019 14.0
117.6 7.10 0.12 0.92 0.01 0.004 0.020 14.0
107.8 9.50 0.05 0.64 0.18 0.005 0.020 17.0
107.8 5.60 0.05 0.78 0.35 0.004 0.026 15,0
107.8 2.70 0.36 0.64 0.47 0.004 0.033 14.0
112.7 °  9.29 0.12 0.64 0.23 0.005 0.012 12,0
S 112.7 9.29 G.12 0.64 0.25 0.004 0.013 12.0
112.7 9.09 0.12 0.64 0.25 0.004 0.013 12.0
107.8 8.99 0 0.52 0.19 0.004 0.013 12.0
117.6 11.40 0.12 0.28 0.13 0.004 0.013 10.0

117.6 10.30 0.05 0.50 0.13 0.002 0.015 10.0
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TABLE 2--Continued
—tihued

Depth. Co3 HCO5 Total
Date {m) pH Alk, Alk. Hardness Ca++
14 8.75 32 132 186.2 68.6
22 October 0 8.80 34 129 176.4 58.8
5 8.80 34 129 176.4 58.8
10 8.55 20 144 176.4 68.6
29 October 0 8.60 20 146 186.2 68.6
6 8.60 24 140 186.2. 68.6
13 8.60 24 140 186.2 68.6
12 November 0 8.15 6 162 196.0 68.6
: : 4 8.55 20 149 196.0 ‘68.6
8 8.25 8 . 156 186.2 78.4
12 7.20 0 158 205.8 68.6
11 December 0 8.65 28 156 215.6 78.4
5 8.50 - 20 164 215.6 78.4
10 7.55 o 192 215.6 78.4
22 December 0 8.40 16 177 225.4 88,2
5 8.30 16 182 207.7 88.2
10 7.60 0 7 19 205.8 78.4
14 7.50 0 205 215.6 88.2
December 0 8.40 18 - 187 225.4 88.2
5 8.20 12 192 215.6 88,2
10 - 7.50 0 202 | 205.8 88.2
14 7 2

.50 o 202 225.4 88.




TABLE 2--~Continued

Ortho Total Temp.
Oy POy POy NH3~N NO2~N NO3-N °c
10.20 0 0.50 0.13 0.002 0.013 10.0
12.90 0.05 0. 24 0.11 0.004 0.014 12.0
12.40 o] 0.24 0.12 0.004 0.011 11.0
6.80 0 0.50 0.12 0.004 0.014 10.5
9.40 0 0.38 0.12 0 0.013 9.0
9.40 0.05 0.50 0.16 0.006 0.007 9.0
9,30 0 0.38 0.21 0.004 0.009 9.0
13.80 0 0.38 0.15 0.004 ©0.011 2.0
13.30 0.12 0.66 0.13 0.004 0.011 z.0
11.80 0.09 - 0.56 0.15 0.004 . 0.011 2.0
5.20 0.12 0.50 0.15 0.004 0.011 3.0
14.80 0.19 0.38 0.06 0.004 0.013 2.0
13.20  0.19 0.38 0.09 0.004 0.030 2.5
1.80 0.12 0.24 0.15 0.006 0.018 3.5
14.40 0.01 0.02 0.09 0.010 0.025 1.5
12.80 0.01 0.01 0.15 0.006 0.051 2.0
1.00 0 0.01 0.30 0.012 0.018 3.5
0.60 0 0.01 0.38 0.006 0.011 4.0
13.00 0.25 0.24 0.22 0.008 0.039 1.5
11.80 0.25 0.50 0.24 0.006 0.050 2.0 ;
0.80 0.12 0.38 0.32 0 0.021 3.5 f
0.40 0.12 0.38 0.46 0 0.015 4,0
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LIST OF PLANKTERS OBSERVED 1968-71

Bacteria

Division Schizophyta

Class Schizomycetes

Sphaerotilus natans Kutz.

Algae
Division Chlorophyta’ ‘ .
Class Chlorophyceae

Order Volvocales

Chlamydomonas sp. Ehr.
Eudorina elegans Ehr.

Gonium formosum Pasch
Pandorina morum {Mull.) Bory
Pleodorina californica Shaw
‘Volvox globator L.

Order Tetrasporales

Elakatothrix gelatinosa Wille

Ererella bornhomensis Conrad.
Gloeocystis gigas (Kutz.) Lag.
Glococystis major Ger. ex Lem,
Gloeocystis planctonica {W. and W.) Lem.
Sphaerocystis Schroeteri Chod.

Order Ulotrichales

Stichococcus bacillaris Naeg.
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Order Chlorococcales

Actinastrum gracillimum Lag.

Ankistrode

smus falcatus {Corda) Ralfs

Characiun

aracilipes Lamb.

Characium

limneticus Lem.

Chlorella

ellipsoidea Gern.

Chlorelia

vulgaris Beyern.

Closteriop

sis longissima Lemm.

Ceelastrum

microporum Naeg.

Crucigenia

fenestrata Sch.

Crucigenia

irregularis Wille

Crucigenia

Lauterbornii Sch.

Crucigenia

guadrata Mor.:

Crucigenia

rectangularis {A. Braun) Gay

Dictyosphaerium Ehrenbergianum Naeg.
Dictyosphaerium pulchellum Wood
Kirchneriella obesa {(W. West) Schmid.
Lagerheimia ciliata G. M. sm.
Lagerheimia citriformis (Snow) G. M. Sm,
Micractinium pusillum Fres.
Nephrocytium sp. Naeg.

Oocystis sp. Naeg.

Oocystis parva W. and W.

Pediastrum Borvanum {Turp.) Menegq.
Pediastrum duplex Meyen

Pediastrum simplex {Meyen) Lemn.
Planktosphaeria gelatinosa G. M. Sm.
Quadrigula lacustris (Chod.) G. M. Sm.
Scenedesmus arcuatus Lem.

Scenedesmus bijuga (Turp.) Lag.

Scenedesmus dimorphus (Turp.) Kutz.

Scenedesmus quadricauda Chod.

Scenedesmus quadricauda var. longispina {Chod.)
G. M. Sm.

Scenedesmus guadricauda var. maxima W. and W.

Schreoderia Judayi G. M. Sm.

Selenastrum gracile Reinsch.

Tetradesmus wisconsinense G. M. Sm.

Tetraedron regulare Kutz.

Tetraedron arthrodesmiforme (G. S. West) Wolo.
Tetraedron pentaedricum W. and W.

Tetraedron sp. Kutz.

Tetrallantos Lagerheimii Teil.

Order Zygnematales

Closterium moniliforme {(Bory) Ehr.
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Cosmarium sp. Breb.
Staurastrum paradoxum Meyen

Mougeotia sp. (C. A. Ag.) Wittr.

S~

Division Chrysophyta

Class Xanthophyceac

Order Heterococcales

Ophiocytium capitatum Woll.
Class Chrysophyceae

Order Chrysomonadales

Dinobryon divergens Imh.

Class Bacillariophvceae .

Order Centrales

Melosira granulata (Ehr.) Ralfs
Stephanodiscus astraea {Ehr.) Grun.

Stephanodiscus astraea var. minutula (Kutz.) Grun.

Order Pennales

Amphiprora sp. Ehr.

Asterionella formosa Hass.
Cocconeis pediculus Ehr.
Cocconeis scutellum Ehr.
Cymatopleura solea (Breb.) W. sm.
Cymbella cistula (Hemp.) Grun.
Cymbella lanceolata {(Ehr.} v. Heur.
Cymbella prostata (Berk.) cl,.
Cymbella tumid: (Breb.) v. Heur.
Cymbelia sp. Ag.

Diatoma sp. DeCand.

Epithemia sorex Kutz.

Epithemia sp. Breb.

Epithemia turgida (Ehr.) Kutsz.
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Epithemia zebra (Ehr.) Kutz.
Eunctia sp. Ehr.

Fragillaria capucina Desm.
Fragillaxia crotonensis Kitt.
Gomphonema acuminatum Ehr.
Gomphonema sp. Hust,

-Gomphonema ianceolatum Ehr.
Gomphonema olivaceum {(Lyng.) Kutz.
Gomphonema parvulum (Kutz.)
Navicula cuspidata Kutz.

Navicula sp. Bory

Nitzschia amphibia Grun.
Nitzschia sigmoidea (Ehr.) W. Sm. -
Nitzschia sp. Hass. .
Rhopalodia sp. O. Mull.

Stauroneis sp. Ehr.

Surirella sp. Turp.

Synedra rumpens Xutz. .

Synedra ulna (Nitzsch.) Ehr.

Synedra sp. Ehr.

Division Euglenophyta

Order Euglenales

Euglena sp. Ehr.
Phacus sp. Duj.
) Trachelomonas sp. Ehr.

Division Pyrrophyta

Class Dinophyceae

Order Peridiniales

Ceratium hirudinella (0. ¥. Mull.) Duj.
Glenodinium berolinense (Lem.) Lindem.
Peridinium sp. Ehr,

Class Cryptophyceae

Cryptomeonas sp. Ehr.
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Division Cyancophyta

Class Myxophyceae

Order

Ordexr

Phylum Protozoa

Chroococcales

Aphanocapsa sp. Naeg.
Aphancthece nidulans Naeg.

Chroococcus cigpersus (Keissl.) Lem.

Chroococcus limneticus Lem.
Ceoelosphaerium dubium Grun.
Coelosphaerium Kiitzingianum Naeg.
Coelosphaerium Naegelianum Ung.
Dactylococcopsis Smithii Chod. and Chod.
Gomphosphaeria aponina XKutz.
Marssoniella elegans Lem.

Merismopedia punctata Meyen
Microcystis aeruginosa Kutz.
Microcystis flcs—agqu (Wittr.) Kirch{_

Hormogonales

Anabaena sp. Bory
Anabaena circinalis (Har.) Rab.

Anabaena spiroides Kleb.
Aphanizomenon flos-aguae (L.) Ralfs
Gleotrichia natans (Hed.) Rab.
Lyngbya sp. C. A. Ag.
Oscillatoria sp. Vauch.

Oscillatoria curviceps €. A. Ag.
Oscillatoria limosa {(Roth) C. A. Ag.
Oscillatoria princeps Vauch.
Phormidium sp. Kutz.

Spirulina major Kutz.

Animals

Class Sarcodina

Order Testacea

Centropyxis aculcata (Ehr.) Stein
Difflugia sp. Lecl.
Difflugia lches Pen.
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Order Heliozoa

Actinosphaerium sp. Stein

Class Ciliata

Order Holotricha

Coleps sp. Ritz.

Cyclidium sp.

Pidinium sp. Stein

Enchelys sp.

Frontonia sp. Ehr.

Lacrymaria sp. Ehr.

Prorodon sp. Ehr.

Saprophilus sp. Stokes
Trachelophullum sp. Clap. and Lach.

Order Spirotricha

Caenomorpha sp. - .

Codonella sp. Haeck. .
Euplotes sp. Ehr.

Halteria sp. Duj.
Oxytricha sp. Ehr.

Strombidium sp. Clap. and Lach.
EEEB%SEEEEIﬁm sp. Schew.
Stylonchia sp. Ehr.

Order Peritricha
Epistylis sp. Ehr.
Thuricola sp.
Vaginicola sp. Lam.
Yorticella sp. L.

Order Suctoria
Acineta sp. Ehr.

Tokophyra sp. Buts.

- Phylum Nematoda

Nematode sp.
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Phylum Gastrotricha
Class Chaetonotoidea
Chaetonotus sp. Ehr.
Phylum Rotifera
Class Bdelloidea

Order Bdelloida

Philodina sp. Ehr. -

Class Monogononta

Order Ploima .

Anuraeopsis sp. Laut.

Asplanchna priodonta Gosse
Brachionus sp. Pallas

Brachionus calyciflorus Ahl.
Cephalodella auriculata Bory.de St. Vincent
Colurella sp. Bory do St. Vincent
Euchlanis sp. Ehr.

Keratella cochlearis {Gosse)
Keratella quadrata (Mull.)}

Lecane sp. Nitz.

Monostyla sp. Ehr.

Polyarthra euryptera (Wierz.)
‘Polyarthra vulgaris Carl.
Synchaeta pectinata Ehzx.
Trichocerca multicrinis Kell,
Trichocerca similis Ehr.

Order Floscularxiaceae

Conochilus sp. Hlava
Filinia longiseta (Ehr.)
Sinantherina socialis (L.)
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Phylum Tardigrada

Order Eutardigrada

Macrobiotus sp. Schultze
Phylum krthropoda
Class Arachnida

Order Hydracarina

Larval mites
Class Crustacea

Order Cladocera

Alona affinis {Ley.)
Alona monocantha Sars
Bosmina longirostris (0. F. Mull.).
Ceriodaphnia sphaericus (0. F. Mull.)
Daphnia longiremis Sars
Simocephalus” sp. Schgd.

Order Podocopa
Ostracod sp.
Order Eucopepoda
Cyclops sp. 0. F. Mull.

Diaptomus sp. Westw.
Nauplii

Miscellaneous

i wrigion Chlorophyta

Volvccalean spores
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‘Division Fumycophyta

Fungal spores
Division Trachecophyta

Pollen grains
Phylum Rotifera

Rotifer egqgs
.Phylum Anne1i§a

Class Oligochaeta

Aeolosoma sp. (egg55

Phylum Arthropeda

Class Crustacea

Order Cladocera

Ephippia
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