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lale fertillizetion
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Fertilization of lokes hns becen subjected te emveri eritetion
for somc time but is a recent technisue wien coiy red te nofern
netoods in terrcestrial agricultures In tie soutl, >riun ozl swisle
(1940, oaeng others, bave shown fertilization to wroduce ircr.aucs
in lale an’  ond rroluction. ealizin thot olim tes diflerent from

e

t.ose existing in the south mar heove <ilferent effects uyon Ui

results of fertilizotion, o werimert-tion Lhas been crrricd our in

Piendmsen B a1l and Tanner (19C1l), aie in other s ates wiilch ere

subiectud to severe weather corn’iticns by othiers, with vorying [and
hl

stactines delcterious; resultse  an drcrcasins - orule

fis -onds throughout the country hos resulted in inereosca soscirch
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along this line. 3Boti: orzanic (cotbtonsesd meal, soy bean nesl,
animal manure) and commercial, inorgenic fertilizer (varying ratios
of nitrogen, rhos-horus ani rotassium) have been used. The orjanic
fertilizers supply nutrients in the form of proteins, caruohyirates,
and vitamins, in addition to inorganic nutrients, wiile cowmercial
tyres, surilying only the inorganic, must rely uron the photosyuntietic
levels of the food chain to produce food for higher organisase. 4Al-
thouzh most results show tne inorgenic fertilizer to be the nore
effective, both tyres are used with th:e purrose c¢f surnlying specific
nutrients where theilack of those nutrients is a liniting factor up-
on the vproduction and growth of the food-producing levels of the

food chain,

The calcium-deficient lake

A method of fertilizatiosn which has receivel little attention
as yet, however, is the ap lication of lime to the calciuwm-deficient
lake, a type which is common in the northern, forested regions of
¥ichigan and “iisconsin, arens which are receivinsg more and -iore
fishing rressure from vucationing tourists each year.

The use of lime as fertilizer hes been przcticed in rLurore to
produce increased yields in r~ond-culture of curp (Yeess, 1949). 1In
isconsin, Juday ond Schloemer (1938) used lirme in conjuncition with
other inerganic fertilizers with no avrcarent imnmedinte effect upon
the abundance of rlan:tone In a somevhat diflerent nspect, lime
and basic slay are sometires used with other fertilizers to off'set
the acidity causzd by the decomrosition of amraonium salts wien used
as fertilizers (Compton, 1943, and Snitn and Swingle, 1929)s Lime
as o direct treatment of calcium-deficient lales his been used in

this country by J'asler et. al, (1951) in 'isconsin, whose work was
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concerned with the development of acid bosz lales for trout produc-
tion,

In his review of fertilization in JFurore, llecss (1.49) re:orts
that 1lime will flocculnte organic colloics and, by reducing their
adsorptive capacity, relcecase nutrients into tlie water, iie ealso
reports that bacterial decomrosition in scid, peait scils is low, and
in such a mediun desired nutrients accuwrulate in an undesirable form;
the addition of lime results in a morc alkaline condition of the scil,
leess alsy brings out that with the nddition of linw, the surrly of
carbon dioxide avsilable to rlants in the form of bic rbonates weuld
be increased.

lesler ets ale (1951) postulated that the aprlication of calecium
comrounds would (1) clear the colored vater, by means of the calcium
flocculating and rreciritating hunic coiloids causing the color, and
increase the trophozenic zone; (2) increuse brceterial decomrosition
of the bottom soils, by offering a more alkaline medium; and (3)
increase tne carbon dioxide avsilable to rlants in the form of
bicarbonates. The results of their study uren two snall bog laies
of about 8.5 acres each, showed an increase in the bicartonate allia-
linity, a higher 1rY, and a mar¥ed clearing of color.

In addition to the bog-type lalies which 'asler and his co-workers
used, many lakes abound in these northern regions which characterist-
ically are bordered by regulsr shorelines of hnrd sand bottom, ore
exceptionally low in bicnrboncte allzalinity, ant have a high culor
which gives the effect of "teca=-colored" water. This tyre of lake,
similar to those described as soft-water "seeyrage" loles by Juday
et. ale (1935) and Prescott (1951), is well “nown as a poor producers
A paucity of mmatrients, acic conditions und.a shallow tropho, enic

zone combine to keep production at a low level. “Jith no inlets and
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a source of water which must seep througn sterile flocial sands or
drain from the acid rodscl siils chrracteristic of this region, these
lakes receive little in the forn of carbonites from the aodjoining landse

To study the vossibilities of imrroving these prrticular fishery
resources the Lichigan Institute for Fisheries Research, in ccopera-
tion with IMichigan State College, has initiated a program of research
on the allalization of one such calcium-deficient lalte in the ur:er
reninsula of I’ichigan. The term "allkalization" is here used as being
synonyrous with "lime arplication," and is not meant to i:nly that
the water is necesscarily made more elicline, cven thouglh: such cn ef-
fect is to be expected; the tern "alkalinizaéion" is reserved for the
purvose of denoting an wctual increcse of alialinity.

This revort is concerned with the first yewr's results of the

alralization nrograms.

Lalke descrintion

The lalze used for this experiment was Stoner Lale, located in
the 'fimwatha Lational Forest in the upper peninsula of ‘ichiigan,
Alger and Delta Counties, It is essentially a two-basin lale,
avrroxinmately three-quarters of a mile longe. 3/ile a rrevious sur-
vey indicated an arca of 75 acres, measuremerts made July 21, 1852,
showed the oven water urea to be 85 acres, and marsies with depths
of weter up to two feet extended the area to cbout 95 acres (Fi-ure 1),
A rise in lake level was felt to be the factor accounting for the
increase in srea, Its maximum depth was slightly over 20 fcet, while
its average depth wius ubout 6.5 feets A hord sand bettom cheracterized
the entire shore line out to a depth'of about 10 feect, while the deeper
portions of each basin were found to be yartially filled with an ore-
zanic soil of a type classified by Roelofs (1944) as pul y reat,

The area irmedietely surrounding the lale was of a forested
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nature, hemlock, maple and birch being nredominante. In the lake
itself, higher aquatic »lants were scorce, the major ones being

Eleocharis, Juncus and Scirrus spp. Leatherleaf (Chanmedarhne caly=

culata) and sweet gale (iiyrica Gale) lined the entire shoreline, and
also made up the shallow marshes mentioned above (Plutes I, II, end III).

The fish population was maile up of yellow perch (Perca flaves-

cens), common white suckers (Catastomus coitrersonnii comnersonnii),

and bluegills (Lepomis macrochirus)e Yellow perch were in great

nunbers and showed evidence of stuntinge.

Water temperature at the surfrce reached a moximuwi of 76CF.,
and bottom temperature a maximum of 69°F, during the summer; the
formation of a thermocline was never observede The water was highly
colored, giving the characteristic "tea=-colored" aprearancee

Stoner Lake is a pit lake, located in the outwesh rlain of the
Munising moraine to the north, whici: was described by Rergquist (1936).
The laie lies in a shallow centripetal basin, and there is no inlet
nor outlets The surrounding land was privately owned except for a
small public access point owned by the U. S. Forest Service from
which operations were carried out and which was accessible by road.
Utilization of the lale for recreational prurposes was slight, only
two parties of fishermen having visited the lake during the time of

the ex-erimcent (June 11 to Sentember 4),

History of rescarch and managenent
Trevious to the beginning of this vxneririent two attempts to
alkalinize Stoner Laie had been made. The first, mnde in July, 1943,
consisted of the ayplication of three tons of hydrated line by the
Michigan Institute for Fisheries Researche Tiic seconti was in August,
1946, when Ball (1947) applied 20 tons of rebble-sized crushed lime-

stone. chemical analysis of the water before and after the latter
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aprlication indicoted a bicarooncte alialinity of 6 pe pe me waich
did not change a.ter aprlication, aesrite observotions mode at the
time that the limestone, swread upon the sand rortions of the bottom,
had sprarently dissolved within a few days after ar:licatione. Ball
also indicuted that at this time aquatic vegetation lied ¢ soft and
legthery consistency and thet beds of vegetation were srerses A
visit to Stoner lalie in July of the following year showed the bicar-
bonatc ali-alirity to have undergone no change and the censistency
of the acuatic 1lants similar to the previous ycur, but a slizht
increase in the vegetaticn beds vas cbserved.

In 1950, raul He Barrett (in lett.) pointed cut that crganic
scils exhibit the zrorverty of bose-exchunge, whereby catione would
be adsorbed to the surface of tiie scil »narticles; in an cttem t
to allalinize the woter enocuzh additional calciwa nust be added to
neutralize tie adscrrtive properties of the bottem soilss

In 1951, rulry peat sanmrles were collected from Stoner Lale
and used in laborator; experinents at llichigen state Collepe designed
to study the effects of calcium adsorption b;: tiiese bottom devosits
(Barrett, 1952), rom the laboratoery exrerinents, Barrett stowed thot
more than the top centireter is involved in the adscrptive -rocess,
and recormencded that enough calcium compounds be «yrlied to neutraslize
the top t'ree centimeterse. ITydreted lire, being much more soluble
than limestone, would give o [ister reaction and its efi'ects nore
easily detected than those of lirestone. (It may be that the eflects
of the limestone applied by Ball in 1946 were not detectabic because tle
rate of adsorption by the orpanic soils ecuslled or exceered the rite
of dissclution.) Upon the basis of these fects and the results of the
laboratory erperiments on the pulpy peet, Barrett fecomnended the

aprlication of hydrated linme (Ca(Cf)g) at the rate of 20 pounds per



8
acre-foot, celculated to increase the clialinity 10 fe pPe Me; 2245
pounds nydrated lime per acre-centiieter to neutralize the top centi-
neter of pulyy peat; and %04€ pounds crushed livestone (CaC0gz) per
acre-centinreter for slow dissclution to offset adsorption by tiro

additional centimeters of soil.

METHODS AND MATERIALS

Apvlication of calcium compounds

It was decided to apply to Stoner Lale hydrated lime and lime=-
stone at the sgbove rates recommended by Barretts In computing ihe
amounts to Le used, an area of 75 acres and an average devth of 10
feet were used, giving a volume of 750 acre-feet., Using the above
rates of application, the amounts used were 8.5 tons hydrated line
and two tons finely ground limestone. These materials irere rurchased
from Haviland Products Company, Grand hiavids, Michigan, at a cost
of $35 per ton for hydrated lime and $30 per ton for limestone,
with the total cost amountiny to $357. The hydrated lime was packe
aged in 50-pound bags, the limestone in 8C-pound bags.

These materials were arplied to Stoner Lake on June 20 and 41,
1952, following a limited chemical survey. The unonened bags vere
carried out with a rowboat, slit épen in the center of the bag and
released from the side of the boat (Flate IV). The materisl wus
allowed to settle where released and to dissolve and cdiffuse. The
bags were released only over hard sand bottom along all shores ard
in the central portion between the two besins (Figure 2), care being
taken not to release sny over julry peat bottom, where the nnateriel
woulc have sunk into the pulry peat and its effects been lost to

the watere
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Chemistry

“Jlater

Realizing that a lmowledge cf chemicel conditions in the ernvir-
cnment is essential to an understanding; of the status of an eninal
or plant poyuletion, it was desired to gain informetion about the
more critical substances influencing the biota and its cuantitative
fluctuations (if any) resulting from allalizatione. Also, it is
rossible that sone substances, such as allalinity end ihosphorus,
may be used directly as indices-of lake productivity ((loyle, 1949).

Water samples were collected periodically through the swimer
with a modified I'emmerer water sampler from both basins, of which
routine field analyses were made. Two staiions were located and
marlied with ean anchored buoy for this rurpose, one station being
set in the arrroximcte center of each basin (Figure 3). 'ater fron
depths of three and nine feet was tested for oxygen by the rapid
Winkler method (Ellis 32'43l" 1946), for carton dioxide and alkali-
nity by procedures cutlined in "Stancard lMethods" (1$46), for pH
with a Fellige comparator, and for color with a U. S. Geologicael
Survey kit which uses rlatinum cobalt standardse Below nine fcet,
saiples were collected at every three-foot level dovm to where mud
was first encountered, and csti:nted for oxygen and carbon dioxide
onlye Temperature in degrees Fahrenheit was talen at all levels,
at surface, and of the air, with a pociiet thermcmeters, These dota
were recorded on a prerared record sheets Secchi disk recdings and
a note of weather conditions were also recorded on the record form.
This vrocedure was followed at each station, the times of analysis
being 10:00 an for the north basin and 11:C0 am for the south basine
The derths at which wddy water was encountered at these two siations

“were a:proxzimstely the same, both varying between 16 and 18 fect
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depending on the turbulence of the water and the lake lcvel at the
time. A deliberate atten;t was made to obtain & samrle not more thaen
one foot from the mud-water interfaoce.

Ir addition to the above field ai.alises, water sanyles of eprroxi=-
mately 200U mle were collectcd at reriodic intervals of one week through-
out'the sumier, stored and returned to the laboratory for further
analysise. Two such samples were collected at the rosition of each
chemristry station on cach sarpling date, at a depth of one foot be-
low the surfacee From these sanrles, estinmntions were mude cf total
and dissolved vhosphorus by procedures outlined by llis EE‘.EE'

(1946) usin; the ¥lett-Swazerson Fhotoelcctric Colorimeter; dissolved
calciun by the Fach modification of the versenate method (Diehl et.
ale, 1950), with rroccdure and materials furnished by 'ach Chemical
Company; and dissolved rcbtassium with th; use of a Beclman Plame

Spectovhotometer (Vest ete ale, 1950

Soil

Because of the suspected strong effect of tie orsanic soil
upon the chemicel coniitions of the water, it wos alsc desired to
study further the degree to which the pulpy peat would enter into
the calcium distribution after allialization. It was necessary,
therefore, to collect saarles of the rulry peat for laboratory
analysis.

Collections were made from four stations, two beinz located in
each basin (FPigure 3). It was thought best to locate the stotiors
near the edge of the pulpy peat ond sand boundary, in order to ob-
tain a sharper interface between water ancd soil; these noints were
located with a sounding line and marked with an anchorcd buoy.
Sarrles were collected witn an Elman dredge, an atiempt being mede

each time to collect the sample at such a depth that the nud-wnter
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interface wns held within thw dredgee lien the wi ter had been
poured off, the a,rroximate‘top threc certimecters of mud were scoored
into a jare. <Cn shore, these sarivrles were noured onto parer filter
dis'rs, allowed to drain, end dry in the cire. The samples, after
having dried, were stored for return in air-tight bottles. In the
laboratory, the samples were oven dried at 60°C. to a constant
weight, ground to & powder by mecans of a mortar and restle and strained
through a ros 40 soil seives <{ne _ran of the resulting yowder was
used for each analysise

An estizate of adsorbed calcium was macde by the versenate
method given by Cheng and Bray (1951)s Cne-gzram samples were uscd,
and the results converted to a percentage firure.

An estirate of total carbonates was mocde of eacih sample accord-
ing to the following method, modified from those reviewed by iAlex-
ander and Byers (1932):

1. Exactly 10,00 cce of 002N sulfuric acid (I7p504) was added
to 1,00 gram of vowdered soil in a test tube, shalken for
one minute and allowed to stand for one hour.

2e The test tube was shaken for snother one minute, cnd the
contents poured into a paper filter disl: folded into « fun-
nel., The test tube was washed with boilel .istilled woter,
and the filter parer was similarly washe” until the filtrate
was brought ur to apvroximately 50 ml,.

3« The filtrate w:s then tested with a Beclzaan ¥ meter, and
titrated with 0,02l sodium hydroxide (1aCll) until a p’T of
740 was reached,

4, The carbonate content was computed by first subtracting the
nwaber of ml. socdiwm hydroxide used in the titretion frcn

10,00, and 1multiplying the remsinder by a constunt (deter-
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mined by standardizing the sodium hydroxide azainst sulfuric
acid with the pH meter) to obtain tie result in grens, ex-
pressed as calcium carbonate (CalCgz)e Conversion wes tlen
made to a percentage figure.

It was desired to geain some furtliier information about the
quantity of pulpy pcat in the two basinse For tiiis rurnose, 24
stations (11 in the north basin, 13 in the south) werc either located
or arproxiiated, ani an esti-ate of the denth of the sedinentation
was made at each of these stationse. This was done by taking two
soundings at each station: (1) depth of watcr at wiich mud was
encountered with the water sampler, and (2) depth to which a heavy
weight would sinic into the pulpy peat.‘ The derth of the scdi en-
tation was calculated aos the difference between these two messure=-
mentse The weicht used v s a six=-foot piece of cnzle-iron weighing
about 745 pounds, allowed to sinl: vertically into the mud, peint
firstes It must be rointed out that thesc measurementc rerrcsented
only minimums; the weight probably did not sinl to the lowest level
of tne sedimentation. The stations of sounding cre si.cvm on the
map in Figure 2; sounding measurements are given in Table 1.

The botton ereas corrrised of pulry reat were estiieted from
a constructed mar showing bottom tipes (I'i.ure 2). These were,
roughly, for the south basin 14 acres; for the north basin 16 acres;
and total for the laoke, 30 acrese

The censity of the wet pulpy pcat w s meoasured as 1.C3 .

per cc. ‘eight of oven=dry mud (609C.) vas measured as C.045 g

per cce of wet mud.

Biology
Because the success of any inorzanic fertilizer deicends upon

the utilization of a ded nutrients by a rhotosyntiictic level of the
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Table leo Iud soundings teien on August 19 ond 20, 1952,

Depth of Thic¥ness of
Station water sedinentation
(feet - inches) (feet - inches)
1 10 = 9 6 -6
2 10 - 3 G -0
3 10 - 9 4 -0
4 12 = 6 6 -9
5 11 - 9 4 -9
6 10 = 9 6 -0
7 15 = 0 10 = 6
8 15 = 0 9 « 0
9 15 - 3 8 =3
10 15 - 6 8 -9
11 19 = 9 9 -3
12 14 - 6 8«9
13 14 - 6 9 -3
14 9 -6 3=-6
15 9 -3 5 =6
16 10 = 6 6 =6
17 9 -6 4 -9
18 7 -0 4 -6
19 8 -6 6 -6
20 11 -0 7«9
21 11 - 9 7«3
22 15 - 9 9 -9
23 10 = 3 4 -0

24 7-9 S =9
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fooa chain, and realizing therefere, tiat ony clange in lele rro-
ductivity might be reflected in all trophis levels of the chzin,
it wns desired to sarle all levels possible in the hopes of esteb-
lishinzg the effects of the alialization uron the vurious rlarnt and

anincl grougpse

Fish

Collections of fish were made at irresular intervals throughout
the surmer with the use of a ;ill net and by anglinje Yellow perch
mude up the gresnt bull. of the saarles; bluegills and suckers were
collected only in very small nurberse Scales were tallen from the
area directly bel ind the left nectoral fin on the yellow rerch und
bluegills, and on tihe suclers from the region dorsal to tl.c lateral
line and cnterior of the dorsal fine Total lengths, weishts and sex
were recorded frem all fishe Because tne nunber of sucers and blue-
zills taken wnos so low, srowth studles were 1li.ited to yellow perch,

Scales from 82 yellow perch were eramined with a 1rojector having
a magznification of Z845Xe .Apes vere determined and total lenztis
at previous annuli were colculutel from a normegrarhe. The anterior
radius of =211 scales of the yellow perci wes 1lot ed «ainst total
lengt: at tine Ef copture and « lincor rogression lince fitied to
the resulting scatter diagram (Figure 4)s The corrclation coeffi-
cient,.i, (Snedccor, 1946) was calculated as 98, which was highly
siznificant. The point at which the rogression linc cut the zero
abscissa (zero scale radius) was taken as the calculated total
length at which the scile w.s formed on the young fish, the Tijure
found beinz 1433 inches. Aalthough tids figure is robubly Ligher
than that existing as tic uctual cuse, more accuracy would be ob-
tained by using it, rather than using ey iric: data, hHecouse the

metiod of calculuting total lengtiis at nrrevious unnuli (the nomo-
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graph) asswres a linszar relationship belbueen scale radius crd tetol
length during the rcriod of growth following scale lormntione. Tow-
ever, data were nct cvailaoble for the lower section of tThe groph
for scale radii less than three centiuweters (yrojected), is €o, be-
low line X=X, so0 any culculations m.ce uron previous annuli witih:
radius of less than three centiueters could not be entirely relied
upone. Data thut include measurcinents falling in this section of

the graph are indicated as unreliable sthere presented.

Bottom fauna

Among the various biolozical sawrles talren, it was felt thot
the wbuniance of bottom orgonisizs would be one of the most irmore-
tant as an index, inosmuch as this source of fish-food was the rri-
mary supply for those age groups of fish which siowed the grentest
degrec of stunting.

Tor o prograa of sarnyling, four stations were located in the
littoral arca of the la.e, with an attearnt bein; mode to include
varyinz bottom tyres betwecn the stations and o homngeneous boittor
tyre within the ares of eaci. statione Station 1 was loeuted =ncar
the east shore of the lake in &« small, shallow bay wliich solmost
COntinuously received incoming vind cnd weves. enth of water was
35 feet, the botton being of sand overlaid with = rmode.ratc anount
of partly decayed vlant moaterial ond chironomid cases. Growing vege=-

tation consisted of Nitella flexilis in very slight amounts, and

Potamogeton erih:.<rus var. lutalli in moderate amounts. Utation 2

was located near the west shore at the entrance to a large, wcedy
bay and rarely received any wind or wave acticne DNepth of wat r was
4,0 feet, the botton being of sand and slight anounts of pulry reate

Growing vegectation consisted of iitella flexilis, Eriocaulon septan=-

gulore and lyriophyllum tenellin in moderate amountse Jtation & wus
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A

located near the east shorce directly off a roint of 1lznl anc -as

subject to continuoas winl sni wwave wctione Devth of water was 340
fect, the botton being of bare sand with no srowing vegetation.
Station ¢ was located near tihe cxireme norti: end of the lrle und
received very little wave actione. Iuch of tlie botton area of tic
laice in this section wos of a homojeneous nature., Derth of vater

was 2.0 feet, the bottom being of sand overlaid with « slight amount

of dead plant materieles Growing veictation consisted of Iriocsulon

septanzulare in nmoderate amounts, with scattered ylants of Glyceria

borealise (3e¢ Figure 3.)

Four =lcan dredze samnles were collected froii eacl: station at
one=week intervals througiout the swumer, maling o total of 1€ sam=-
ples collected ner weeirs Thils program wis carried out for ten weels,
all following the lire arylications Lach samile ~ms washed and vicked
over soon after collection, and the organisms rreserved in 5 percent
formaline In the leboratory, the orgmnisms were identifiel and
counted. DBecause of the grent paucity of all organisms, volwre mea=-

surement of the serarate taxononic proups was precluded, and organ-

isms were separated into only two major groups for volume measurements.

Planiton

Four stations were located in the lake for planirton samplings.
Station 1 was located in one corner of the lalte, rrotected from two
sides by hemlock and maple foreste This station only occasionally
rcceived any wind action, and tiren to receivec woters blovm in fron
other areas of the lalles Station 2 was located in the ajnroxinnte
center of the lale, over sand bottom betiieen the two basins, in about
five feet of water. This station wers almost continuwously subject to

KA

wind sction, often to a very heavy turbulence., st.bions 3 anl 4

were located on orrosite sides of a projecting point (Ficure 3).
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Two marlcrs were set out and anchorced 20 feet arart at each

station. 3Samrling wus cdone by towing a small “"isconsin plan! ton

net of 12 cme top diamcter between each rair of markers for the
distance of 20 fect at such a specd as to keepr the urper rim of the
tow net just melow the surface, One saminle was talren at each station
at intervals of anjroximately oune week, for a ten-weel: yeriod follow-
ing the lime avplication. After each tow was made, the concentrate
was transferred from the collecting buciet to a one-ouncec bottle.

On shore the planiton concentrate was treated with o few drops of

10 rercent formalin to kill the organisms, and the sample vms then
allowed to séttle. The supernatant liquid wes removed with a snall
ripette, the reimaining concentrate then removed to o vial with tie
addition of emough 5 vercent formalin <o form a final nreservative

of aprroxiintely 3 percent formaline

In the laboratory, the contents of each vial were brought up

to a constant vclume of 10 cce with the addition of water, fuanti-
tative counts were made according to methods ziven by “hirrle (1948),
with some modifications, using a Sedgewick-Rafter counting cell.

The rlankton samcle (of 10 cce volume) wis agitated to insure uni-
form distribution, and 1 cce. of the concentrate was nlaced into the
cell with o small pipette. Uéing a microscove with a low .ower

1CX objective and a jripple ocular micrometer disk, forty random
fields were observed and all orgaenisms seen reccorded on a record
form sheet. After counting, the avera;e number of eaci. organism
observed rer field was calculated; conversion was then mare to
obtain the number of organisms per somples o attenrt wi s made
- to estimate the number of organisms per unit volwie of water, because
the method of sampling, without an accuratc 'mowledze of the volume

of water concerned in each sample, rrecluded such o computations
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Rooted vegctation

Because any change in lale productivity would nrobebdbly be carly
reflected in thc abunlance of the higher aguatic plants, & quantita-
tive mensure of this level was tliought highly desirab’e. Frescnt day
methods, however, fall far short of a rrocedurc which: would quici:ly and
accurately give a true quantitative measure of this lini: in the food
chaine The method of Ricliett (1921) was modified slijghtly end usecd
in Stoner Lal e

Four sanpling stations were located in the lalie, each one selccted
as to zive (1) a homogeneous floral tyne within the station crea of
sampling, (2) a type distinetly ldifferent than the others, and (3)
a maximum growtih of that rarticular type (i. e., arces of pgreatest
abunidance)s Station 1 w-s located in a shallow bay near the cast side
of the lalie, with a deth of 1.5 fcete Specics of plants present were

Juncus lonzistylis,. 3lyceria borealis, and Glyceria canadensis. Station

2 was located a short distance lakeward from Station 1, with & derth

of 2.0 feetse Glyceria borealis was the only species present. Stotion

3 was loceted in the north basin in & snnll yrotected cove, with o

derth of 3.C fcete Potamogeton epihy irus vare jutalli wns the only

species present. station 4 wos located nenr the extreme nortii shore,

with & depts of 2.0 feet. Species rresent were lriocaulen septan ulare

and Glyceriu borealis. (See Figure 3.)

Two samnles were collected =t each station on euci of two difler-
ent dates, the first being scon after the lime aprlication and the second
at the end of the swmrier, for a votal of 16 scmiilese For each saiyle,

a squore yard of the betton was denuded of vegetation (emclusive of
riizoniatous parts), and weights were obtained of the collected vegeta-
tive materiul under the following conditions: (1) air-dry, (2) oven-

dry at 100°C., and (3) asheds Ashing was done in a rmfile furnuce at
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a dull red heat,

A linited survey of submergent vezetation was also carried out.
This was done from a rowboat by following a line from an anchored buoy
in deep water (in some cases, buoys marking soil and biolegical stations
were used) to a point on shore and sampling the bottom with an Elman
dredge avrrroximately every 50 feet of horizontal distence covered.
A total of 63 such observations were mode,

Ferbariwa collections were made of all rooted aquatic and marginal

plants found in the lale and identified in the laboratory.

Anelysis of variance

In studying the effects of alalization upon the more critical
chemical characteristics of the water and soil, onalyses of veriance
were made of the values obtained for slialinity and pH of the water,
and for total carbonates and adsorbed cunleium in the puluy veate The
analyses were made according to procedures given by Snedecor (1946).

Several accountable sources of veriance were recognized siong the
data, the major ones being tihie differences among voints of sampling
and the differences among dates ("Among roints" and "among detes"
in the analysis of variance tables)s The prinury purpose of the anal-
yses, however, wias to discover whether or not a significant effect
resulted from the lime aprlication; i. es, o significunt difference
between the values obtained before and nfter applicntions Variance
due to this difference is included in the wvariance "jaong detes,"
but does nct account for the total variance existing emong dates; the
Iremainder is that due to differences occurring fr-m dey to day aside
froem the before-and-after effect, regerdless of their causes The total
variance among dates was therefore divided inte two recognizable por=-
tions: (1) that due to the differcence between the nean values before

applic-tion and the meon values after arplication, design.ted ns "Dcefore
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ané zfter" in the snalysis c¢f wve.riance tables, an! (2) thit dve to
differerces amony cates before arplication nlus thet duc to differences
arong dates after application, designated &s "Darm te day" in the tables.

o day" verience should be used for

ct-

It was felt that tiie "Day

com; arison in judging whether or not the "Before and «fter" wviriarce
vas significant. The "Day to day" variance includes, in ed- ition to
that due to any normal, seascnal changes, some variance due to differ-
ences resulting from the lime ejriicution (for exwm;le, in the coses
where the chemical values decreased from the initial high values found
irmediately wfter lime anrplicotion)e The "Day to day" variance, t.ere-
fore, is higher tThan would be expected if it were wholly due to factors
other than clizmlization. The use of "Day to day" variance ss is (i. e,
includin: effects cof 2llielization), is justified in that it ofTers a
means of cetermlnlr the degree of yermanence of a chemical chen e,

at least for the durationrn of the exreriment. In other vords, a signi-
ficant difference betwern tire "Before and after" variance and "Day to
day" variance, viien ccmpared in the "F" test, would suprort the hyyo-

thesis that a permanent change had been effected,

RESULTS OF SAMPLING
The essential featurc of ellkalization is iix.ediste chemical rodi-
ficution, and certain biological changes 1ay be cxvected later as tle
result. The clanges, then, con be roughly classified into "faost-ccting"
and "slow=acting", resrecctively, and because this report is concerned
only with the first year's results, tie two distinct types of duta nust
be recognized: (1) chemical, or fast-acting, vhere before-snd-after
conditions may be compared; and (2) biological, or slow-acting, where
conditions can merely be presented wnd data used for comarison only

after additional work hns been completedes A5 attem:t hrs been nade,
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thcrefore, to rrescnt herc cll biolozical data is stch. a way that they
may be used later for a stetistical cerrarison witiout rccourse ©To ori-

ginal recordse
Chenical

Oxygen

In general, no changes in oxygen content of the water occurred
vwhich could be related to the alializatione. As no therial stratifi-
cation occurred, it should be cxrected that little or no oxygen cerle=-
tion would be found. such wes the coses Strong winds which prevailed
durinj; most of the summmer doys aprorently caused thoroug: circulavion,
anc all vuter levels dowa to two feet above tiic mud-water interfoce
conteired oxyzen at o concentration betvieen 6 ard C pe pe me; below
this level oxygenvaried betwecn 1 and G pe re Me, bein; sonevhut less
apnarently because of orgenic decormrosition at the boticme These con-

ditions were maintained throughout the time of the experiment.

Color

Yo anrarent change in color of the wutcr occurrcdes The high color
present, measured at a value of €0 P.CeSe, did not change after allali-
zation. Secchi dis.. reoadings of G+ feet were also consistent tarough

the sumere.

Al¥alinity

llo hydroxide or monocarbonate allalinity was ever observed, either
- before or after alialization.

Bicarbonate alkalinity, however, wes found to have increased iimedi-
ately after the lime application, as shown in Figure 5. An cnalysis of
variance (Table 2) sliows the variance anong the different points of

sampling ("Among roints") to be non-significente. “T.en the variance
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Table 2, Changes in bicarbonate alkalinity (analysis of variance)e

Source defe Ss 1S "p"

Total 119 132,32 1l.112

Among points 3 57 «190 0650 =

Among dates 29 93495 3412 9405 *x
Before and after (1) (68440) (684400) (62469) **
Day to day A (28) (30455) (1.091)

Error 87 32480 377

= Not significant
* Significant (5 percent level)
*% Highly significant (1 percent level)
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"befecre and after" is comrared to "Day to dey" varisnce, it is found
higrly significante. This indicites that the increasse in alwelinity
wus permanent for the durcation of the sampling period; this vernanent
effect is also shcown in TFigure 5 as the maintenunce of the incressed
values throughovt the veriod,.

J'ean biccrbonate allalinity bofore alielization vimis 542 pe Po Moy
and ufter alxalization, Ce2 pe pe me The difference, ¢eC pe pPo Me,

represents an estinate of ti:e increase due to sllalization.

pH=-Tenperature--Carbon dioxide

These three measurements are here treated togetiier because of a
suspected inter-relationshir. Fipure 6 shows the voristion of the
mean values of the four rocints of sanmpling (derths of 3 and 9 feet in
both basins)vthrough tiie sampling period. The graph indicctes that,
in :reneral, pli increasec at the time of line application to a high value,
and then decreased at a rioderately rapid rate to the original value.
Carbon dioxice content ot l..ese surfnce levels rcroined cbout 2 pe pe Mo
for most of the swmer, but it arrears fron the grarh that it, toc,
was affceted by the allialization as to rroduce o temporary decrcase;
this was probably duc to tre utilization of free carbon dioxide in the
conversion of hydroxides to bicarboncstes. ILxaminution of thec raph
also shows an arparent correlation between pH and tempereture, esvecially
near the end of the saupling period when the elfects of tic alialization
had arparcntly dissipitated.

An analysis ol variance of tlie vH values (Table 3) shows that
nighly significant differences existed between the two de:ths swrpled,
as well as between the two basinse. The mean diflerences are givern in
Table 4.

The snalysis of vorience also shows that tie "Refore and uiter"

variance is non-significant wien coupwred to the voriance "Day to day."
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Table 3. Changes in pH (analysis of variance).

Source d.f. SS MS "F"
~ Total 119 4,56 «0383

Among points 3 o34 11353 28434 *x
Between basins (1) («05)  (40500)  (12450) ==
Between depths (1) (e29)  (2900)  (72450) *=*
lasins X depths (1) («00)  (00C0)

Arnong, dates 29 3487 01334 33435 *%
Before anc after (1) (e12)  (1200) (0e90) -
Day to day (28) (3475)  (+1339)

Lrror 87 35 «0040

= Not significant

* Significant (5 percent level)
*»* Highly significant (1 percent level)
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Table 4, Mean values of pH found at roints of sampling and the
highly significant differences amonz points,

South North Difference
basin basin between basins
3 feet 7.C2 6493 «09
9 feet 6,98 6.E8 «10
Difference ) 04 <05

between depths
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This does not indicate that a significant iimediate increase vwas not
effected, but rather that the increase wos not a permanent one, even
for the sampling neriode. Trom thc graph in Pigure 6, it appesrs that
pHd values returned to original values about five weecits after the lime
arvlication.

To study further the effect of temperature uron ti, an analysis
of covariance was made of terwerature and pHe No signifiicant reduc-
tion of error variance wes found; the "Among points" veriance remained
iiighly significant and the "Before and after" variance rcmeined non-
siznificant, as was the case in the analysis of varisnce. It was cone
cluded that variations of tempercture did not o27fect the values of

pH to a measurable degree.

Phosphorus=--Celciun-=Fotassiun

The water samples collected during the first three weel's of the
exneriment, a reriod of time which included dates of samrlin;; before
and irmediately after line apnlicttion, showed contamination, and no
seasonal chanmes can be showne MNean values of the uncontaminated sam-

ples, all taten some time -~fter allwlization, are given in Table Y.

Adsorbed czlciwm in bottom soil

Adsorbed calcium in the soil increased irmedictely after line
apnlication, as shown in Figure 7, and remained at a level higher than
that observed before alkalizatione

An analysis of variance (Table 6) shows that significant differ-
ences existed among the noints of collection ("Amons stetions")e. The
"Before and afterﬁ variance is showm to be highly sijnificant when com=-
vared to "Day to day" variance, indicrtins a change which wis permoncnt
for the pericd of sarmnrlinze It will be noted from an ex:mination cf
the graph in Pigure 7 that a high varintion was observed in adsorbed

calcium frou day to day which can not be logicully attributed to the
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Table 5o Yean values of phosphorus, potassium and calcium,

llean Standarc Nuriber
deviation samples
Phosphorus (dissolved) 5.8 33 8
ppb
Phosphorus (total) 24,42 443 8
PFb
Potassium 353 «095 32
' ppm
Calcium 10,12 o 77 32
Fpm

ppb = 001 miligrams per liter (parts per billion)
prm - miligrams per liter (parts per million)
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Table 6. Changes in adsorbed caleium in pulpy peat (analysis of
variance).

Source defe Ss MS "p"

Total 47 4,53 096

Among stations 3 «26 087 3435 *

Among dates 11 3642 311 11,596 %%
Before and after (1) (2438)  (24380)  (22.88) =xx
Day to day (10) (1.04) (+104) (4400) #x

Error 33 «65 «026

- Not significant
* Significant (5 percent level)
** Highly significant (1 percent level)
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allalization; tiis is further indicated by o hisghly significent "p*
value for thre "Day to day" viricncc when compared to "Irror." Inus-
much as the laboratory determinntions were na.le uron the sanrles in
chronologiczl order, ratier than in o~ random order, the possibility
that this highly significant virinance may be <ue to varictions in
laboratory tecinioue is su;~csted.

The mean value beforec allalizetion was 0,072 percent, ond after

elrralization, 04132 nercent, by weight, on the basis of oven-dry soil.

This represents an increase in a“sorbed cnlciwa of 66 percente

Carbonetes in bottom sovil

The results of ennlyses of 48 soil samples for carbon-tes sliowed
a mean value of 0,82 percent, by weizght, on the basis of oven-dry soil,
expressed as ctlciun carbonete (CaCCz)e An snalysis of variance
(Table 7) shows tha*t the "mrnon; stations" veriance wins highly sinifie
cant; i. e., tiic carbonate content Qaried from roint to point within
tre lales Also, the table shows that "Among detes" veoriance to be

~

hizrly significant; however, this high variunce is accounted for al-

most entirely by thc "Day to day" vuriance, comrared to "Error," and
because the saaples were determined in a chrocunoln_ical ordere--as were
tiiose analyzed for adsorbed culcium==this verionce moy be due Lo foc-
tors within leboratory techniquese The "Before ond after" vori:nce,
vhen commarcd to "Day to day", is rnot siznificant; consecuently it can

be concluded that aliralization hod no apparent per:unnent effect upon

the curbonste ceontent of the pulpy reate

Biological

Fish

The growth rate of fish is an important index to rrouctivity
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Table 7 Changes in total carbonate content of pulpy peat
(analysis of variance).

Source de.fs Ss 1S "F"

Total ' 47 2305 »0049

Among stations 3 «0555 «0185 7040 *x%

Among dates 11 0921 «0C84 3036 *x%
Before and after (1) («0009) (,0009) (0,10) =
Doy to day (10) (+0912) (40091) (3.64) *x

Error 33 0829 0025

- TNot significant

* Significant (5 percent level)
*x Highly significant (1 percent level)
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because, from o fisheries managenent vievpoint, its increase is the
desired end. Three mecasureaents ivere selected to be used for compari-
son with data of subsequent ycars' samrling: (1) calculated total
lengti. at last annulus, (2) increment of growth during the last full
yecar, and (3) instantaneous rate of growth,

Aamong the yellow perch collected from Stoner Lake, @& bimodal
size distribution was observed. From a limited nunber of observa-
tions made of stonach contents, it was ayparent that the large fish
making up the second mode hal been largely fceding upon the simaller,
stunted incdividuals; an exanmination of their scales showed thet these
large fish had had z rarid growth in their early years. This plenone-
non of canuibalism, where some inlividuals of the comaunity attain a
large size with an exceptionally high rate of growth has been previously
observed in stunted yellow perch populations by Fschmeyer (1957). Canni-
balism in rearing ponds has also been observed among largemouti: bass
by Cooper (1937) and among snallmouth bass by Langlois (1936).

It is obvious, for reasons of size limitations, that not all
individuals of a population can be connibalistic; the reason why a

certain number among tiie Stoner Lale perch shoul! have had a rarid

-y

early growth, attained an early size advantage and thus arparently
became destined for cannibalism is not clearly understood. But when,
in a stunted ropulation, a size large enough to becone piscivorous
was attained, an abun .ance of food in the form of small, stunted fish
became available. Thereafter, for these cannibal fish, food vms not
a limiting factor upon growth, and in contrcst to the smaller, stunted
majority, their growth rate was high,

The occurrence of cannibalism among the yellow perch of Stoner
Lake, with the resulting "two-level" porulation, mclies the swmari-

zation of the above threc measurements in a reliable form theot may
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be uscd for statistical compeorison a difficult once. TFurthermore, the
largcr fish were collectes withi a [ 1ll net having a mesh-size too lurge
to tal:e the smanller, stunted fish, and it was felt, therefore, that
these large fish were rerresented in the collection in o {reater pro-
portion than they were nresent in the lale, Adefinite sampling bies,
then, existed in favor of these larger f{ish, und consequently in fovor
of the faster growing onese. If the calculation of nean values for
the selected measurcments of growth rate were to include these large
individuals in the proportion collected, the mean values so culculated
would overestimate t:e population values.

Tor these rcasons some stratificstion of tlie data was felt neces-
sarye The total sample was scparated into three size groups for the
calculation of means: (1) 3¢5 to 640 inches, (2) 6+41 to 1lUeO inches,
and (3) 101 inches and larger. This classification was made on the
basis of the abun-ance of foo:l available, obviocusly a function of tlhe
fish's sizee Fish in group (1) had available as food, primerily,
bottom organisms, and those in group (3), rrimarily, small fish of a
stunted size (i. e., group (1))e. The abundance of bottom organisms
vi.s low in comrarison to that of the fish in sroup (1); the reverse was
true with thie abunidance of food available to group (3)e Group (2) wus
se;arated out for the purpose of eliminating overlar betiwvecn thie other

two groups, for tne food of this group probably consisted of both bot-

tom fauna and snall fishe. Therefore, the growth rates within groun (1)
can be expected to be lower than thiose of a normally growing population;
in group (2) higsily variable; and in group (&) higher than nornal.

It vias believed that tie manner of collecting the fish in group
(1) was unbiased, and it was thus assumed that tihe meosurements in

group (1) were normally d.stributed within that groupe Kurthermore,

it was in group (1) that the effects of stunting were most cvicents



39
It is felt, therefore, that an increase in proiuctiv>ty will be re-
flected earliest and most accurately in this groupe.

It is stressed that tne mean values of the growth rate measure-
ments for any one of the three groups are not meant to reflect the
condition of the ropulation, but only of that group, and are therefore
useful only for conpurison with siwilar data {rom subseccuent years!
sampling.

These mecan values and their stan’ard deviations, for the various

age classes, are siven in Tables 8, 9, and 10.

Bottom fauna

The abundance of bottom organisms varied hig:ly among the differ=
ent stations, but in genoral, all stations sam»led showed a great vau-
city of this important fish food. L comrlete absence of any orgenisms
was observed in some sampless A comparison with several otacr lales
in Lichigan and Ontario is shown in Table 11, where it will be noted
that the abundance of bottom fauna compnres more fuvorably with the
soft-water, dark color:d lakes in Ontario, than with the more hard-
water lakes in Michigane The original data of liller (1938) were given
in termns of pounds per acre andwere converted to cubic centimeters for
purposes of comparisone

The seasonal v;riation of volume and numbers of or anisas per
square foot is shown in Figure 8.

These graphs exclude the (Cligochaeta and Tabanidaee. The large
Oligochaetes and Tabanids were of relatively large volune and in few
numbers; small Oligochaetes were sometimes found in large nuwaibers but
contributed little to the volume of the sample. They were sc small
that undoubtedly many escaped thrcugh the washing screen, which prob-

ably accounts for their inconsistent nresence in the sa.ples. It was
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Table 8. Total lenzgth at last ennulus of yellow perch, in inches.

Size group (inches)

305-6.0 6.1-10.0 10.1 G lar‘ger
Age class
11 A 345* - -
B o467 - -
C 10 - -
III A 4.2 6.0 -
3 550 «794 -
C 22 4 -
IV A 560 Te2 9.0
B 359 995 720
C 8 10 )
VvV A 563 746 10,0
B 265 1,118 922
C 4 5 9
B - 400 0224
C - 3 2
A - mean
B - standard deviation
C = number
* o

mean is not reliable for this age class
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Table 94 Increment of growth during last full year of growth of
yellow perch, in inchese

Size group (inches)

345-640 6e1=1040 1041 & larger
Age class
II A «GO* - -
B 0287 -— -
C 10 - -
III A «30 1,58 -
B 0224 0428 -
C 22 4 -—
v A «79 l.21 2.00
B e254 «616 752
c 8 10 5
V A 50 ' 1.14 1.86
B 294 750 «548
C 4 5 9
VI A - l1.13 1.90
B - 0381 0141
C - 3 2
A = mean
B - standard deviation
C - number
*

riean is not reliable for this age class
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Table 10, Instantaneous rate of growth during last full year of
yellow perch.
Size group (inches)
3‘5-600 6.1-10.0 10.1 &3 larger
Age class
II A 0 264* - -
B «067 - -
C 10 - -
IITI A 0239 « 305 -
B «0565 041 -
C 22 4 -
IV A 172 «180 «253
B «059 «087 «104
c 8 10
V A 0101 o157 0232
«060 +«088 072
C 4 5
Vi A - «150 «199
B - «048 012
C - 3
A - mean
B - standard deviation
C « nuwnber
* -

mean is not reliable for

this age class
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felt that these tiiree grours vpresented a source of large variation,
and they were senrarated for volume measurement.

Unmodified data for all organisms are ziven in Tables 12 and
13, For the most part, these data probably represent mininw: valucs
occurring during the year., The occurrcnce of a mid-sumrer decline
in abundance in the littoral zone has been observed by Ball (1948);
Eg:sleton (1931) reported an annual minimun in the profundal area in
late summer and eurly fall., The bulk of the sapling in Stoner lale
was done during July and August and, as with Ball's sarwypling, in the
littoral zone. It is important, therefore, in a comparison with data
from a rerlicete exreriment, that seasconal trends be accounted fore
From the ;raphs, a slight trend toward a summer minimum, occurring
about the middle of July, can be noticed; the abundance was so low,
however, and variation consequently high, thot this trend is not
distincte

The possibility was considered that, with a chemical modifi-
cation in «ltalinity or pll, specific changes within the invertebrates
might occure. To aid in evaluating allkalization as o means of rroduc-
ing biological modifications of this type, a study cof tie most abun-
dant group, Tendipedidae, wus considered the iwost suitable. Uhe

species of this group are listed in Table 1l4.

Plankton
Absence of accurate quantitotive data will maiie couparison of
these results with those of a duplicate cxperiment difficult. liow-
ever if sampling is done by the same metiiod and with sinmilar equip-
ment, any significant quantitative changes should be obscrved.
Total nurbers of the two major groups, zooplani-ton and phyto-
rlaniton, are given in Table 15. In the case of colonial srecies,

only the number of colonies were countede. Graphically, the seascunl
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Table 14, Species of Tendipedidae (= Chironomidae) found in
Stoner Lakes*

Subfamily Hydrobaeninae
Subfamily Pelopiinae

Harnischia tenuicaudata (}alloch)

l‘etrocnenius lundbecliii Johannsen

Letrocnemius spe

Fentaneura monilis (Linne)

Fentaneura sp. (monilis group)

Procladius spue
Other Pelopiinae
Subfamily Tendinedinae
Tribe Calorsectrini

Calopsectra (Microrsectra) sp.

Calousectra (Zavrelia)? sp.

Tribe Tendipedini

Cryptochironoimus blarina Tovmes?

Cryptochironomus psittacinus (lieigen)

licrotendipes pedellus (DeGeer)

Faratendires albimanus (I'eigen)

Polypedilum (Pentapediium) Spe

Polypedilum (Tripodura) halterale (Cogqe.)
< —

Tanytarsus (stictochironomus) devinctus (Say)?

Tendipes fumidus (Johannsen)?

Tendipes (Limnochironomus) modestus (Sz))

Tendipes staegeri (Lundbecic)?

Cther Tendiredini

*Identified by Dre La Verne L. Curry
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trend is sliovm in Figure 9. Fre-alkalizotion data were not available
and any direct effects attributable to the line aprlication cannot
be demonstrated for this season. Peal:s in the abundance of bLoth
zooplankton and phytoplankton, the latter occurring after the former,
were noted; the maximum of phytoplankton, occurring on July 25, was
almost entirely the result cf a sudden and terporary increase in

abundance of one organism, Dinobryon sertulariae.

FPerhaps of more importance than the quantity of plankiton is the
quality, especially of the phytonlan’tone. It is well lmown that these
organisms have distinct nreferences for certain enviromacentse Frecs-
cott (1951) poirts out that in soft-water secrape lalies the elpal t'lora
is predominantly of green al;oe (Chlorophyta), while that of :ore alia-
line lakes is vredoninantly of blue-green olgee (Cyancrhyta)es A total
list of the zoowvlankton species is given in Table 16; the phytoplank-
ton species are listed in Table 17, where the predominance of chloro-
phycean species will be noted among the rhytorlaniton. (nly two srecies
of the Cyanophyta were present, and these wcre very scorce.

In additicn to the rlan!tonic srecies listed in Table 17, several
filamentous aljae were observed in the laies These filamentous ilorms
were all members of the Chlorophyta and consisted of Esgogonium SDey

ougeotia spe, Spirogyra spe, Desnidiw: Baileyil (Ralfs) llordste,

Desmidiun Grevillii (kutz.) DBye., and Gymnozyga moniliformis Lhrenbe.

Cnc of these, l'ougeotia spe, was very sbundant, being thiclly wrarrvea

around almost every individuel of the rooted anustic rlants,

Rooted vegetation

The results of the quartitative samuling of the rooted aquatic
rlants are given in Table 18,

Rickett (1921) indicated that significant errors will result

in this method unless a large number of samples are tairen, a prac=-



*suorje}s Jnoy Jo uesuw ‘uojsus1d JO UOT}RFIca [BUOSEBAG *°§ 9JNITJ



51

! ‘ LSNoONy

A7NL

N

N ,
§§\\\\\

%

NOLMNVY TId00Z

NOLYNYT40L AHd

/i
)

-

- 0/
-o?
L o¢
X4
- o6
09
-0l
L 09
- ob
L 00/
L 0//
o7/

- OF/

F7dwWvS

yId
SONYSNOHL




52

Table 16, Zoonlankton found in Stoner Lake,

Stecies Abundance
Cladocera
Acroperus angiustatus 3ars 1
Bosmina longirostris (0. Fe Luller) 2 A
Ciriodaphnia lacustris Birge ? A
Daphnia arcuata Forbes ? C

Sida crystallina (O. Fe kuller)*

——— .-

Copepoda
Cyclops fimbriatus Fischer ? A
Wauplius A
Rotatoria
Anuraea coclilearis Gosse A
Nothoica»longispina Kellicott R
hattulus longiseta Schrank R

Qther rotifers not identified

- abundant

common

- rare

- observed in lake; not found in plankton

*3T Q>
]



53

Table 17, Phytopiankton found in Stoner Lale.

Species Abundence

Cyanophyta

Coelosphaerium spe. R
Férismopedia glauca (Ehirenb.) Nuegeli R

Crlororhyta

Dictyosphaerium Ehrenbergianum liaegeli
Dictyosphaerium pulchellum ood

et ol proene T

Dinobryon sertulrria ihrenbe
Nerhroecytium Agardhianum Naegeli
Pediastrum araneoswn (i:acibs) Ge Ife Sriith
Scenedesmus armatus (Chodes) Ge Me Smit
Volvox tertius A. leyer

QuEuapa

Desnidaceae (Tesmids)

Closterium Kutzingii Breb.
l'icrasterias radigta llass.
ldcrasterias radiosa Ralfs
Staurestrum Johrisonii wWest and viest
Staurastrun Ophiura Lund.
Steurastrum O'}Mcarii Arch.

BraaQawm

Chrysophyta

Carysosrhaerella longisnina Lauterborn A

Bacillariophyceae (Diatoms)

Tabellaria fenestrata (Lyngb.) I'utze
Tabellaria flocculosa (Roth) Kutze

> >

Pyrrhophyta

Peridinium limbatum (Stokes) Lerrnermann R

Other phytoplankters not identified

A - abundant
C - commion
R - rare
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Table 18. Tjeight of rooted aquatic plants per squere wvard of

bottom, means of two sarrlese

Alr-dry oven- Ash
Date Station (grams) dry--100°C. | (percent of
(grams) oven-dry)
A 242 212 4430
1
B 3648 31.1 ! $022
A 30 21 { 11438
2
B 2.1 1.4 ; +701
June 30 t
A 135 115 ' 16426
3 \
B | 845 7ol ! 0262
| N
A 22 20 [ 26461
4 : ) )
B 2.1 ; 2.1 .028
A cl4 270 ] 2486
1 i .
B B85 ; Tel i 010
A 14 | 10 i GeB4
2 . | i
B o7 i o7 i J1354
August 14 + +
A 76 ' 66 i 18,74
f 3 ! '
; B 1544 | 12.0 W77
? A 48 40 { 24,44
I 4
! B o7 o7 14350
| |
A = mean

B = standard deviation
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tice that would entail much tine and ¢ffort. Some errcr was felt to
be eliminated in Stoner lLalic by sarrling crecs of masxinun abuncance
for comrarative purwncses rather than randomly selected neints, but
because maximo were selected extremc care should be exercisei to se-
lect the some areas in any replicote exrerinent, It will be noted
that the standord deviations are high; this will malle statistical
comrarison difficult unless changes in abundance are great., Frobably
the abundence of rooted aquatic vegetation, samnled by this rcthod, can-
not be considercd an efficient indexe

The results of bottom samy:ling for vecetation indicated that
very few nlants were present beyond depths of three feet. lLarge ocreas
of sandy botton were present in the lake at deptis of three feet but
were almost completely devoid of sny rooted squatic vegetation. Fos-
sibly this absence of vegetation was due to the reduction of light
by the high color present in the water,

In Table 19 are listed the total species found in Stoner lale.

DISCUSSICH

In evaluaeting alkalization as a means of increasing the produc-
tivity of a natural lake, the ultimate test of the wvalue of this method
as a tool of fisheries manogeaent is whether or not fish oroduction
is increased. To use fish nroduction as the sole index of producti-
vity, however, might require many years before a significant c<iffer=-
ence nay be observed, if at all. It is important, then, that the
exverinienter follow through the chain of events which he would cxrect
to take place if fisi: rroduction were eventually to be increased.

In attemrting to estiiate the amount ¢f lire to be used in =z
lokc to produce desired chemical results, such factors as volume of

the lale, extent of the organic soils, and the chemical vroperties



Table 19« Rooted aguatic rlants found in Stoner lale.

Brasenia Schreberi Gmel,

-—— - -

Chamaedaphne calyculata (L.) lioench

Dulichiwn arundineceun (L.) Britt.

. — e -

Fleocharis Srallii Britte.

Eriocaulon septangulare Withe

Glyceria borealis (Nash) Batchelder

Glyceria canadensis (Iichxa)

Isoetes muricata Dur.

Juncus articulatus vare. obtusatus Engelm.

Juncus longistylis Torre.

Jyrica Gale Le

¥yriophyllum tenellun Bigel.

Nitella flexilis (L.) C. A Agardh

T'unhar variczatum Engelm.

Potamogeton erihycrus var. Nutalli Fern.

Potamogeton Qalesianus Robbins

Scirpus subterminalis Torr.

Scirpus validus Vahl

Snarganiwn angustifolium l'ichxe.

S:arzanium spe

Snhagnum spe
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of both the watcer and soil must be ccnsidered as nrinery. In csti-
noating the amount of 1lime to be used in Stoner Lake, only airroxincte

values for the arca ond volwne viere usccde Also, it was learned thet

the lake level had fluctuated since earlier vhysical measurchents were

o

made, so it was necessary that corrections in volume and crea be noces
An area of 75 acres and a volume of 750 acre=fect werc used in the lime
calculations, and the area of organic soil was assuncd to be 75 ccres
also; at the time of the experiment, the measurements mace of aree

and volume were 95 acres and 63C eccre-feet, respectively, and the area
of orranic soill 30 acres.

The first event following lime application is chemical modifica-
tion, but cven this initial phase 1s complicnted by the activity of
the bottom soil,

TheOretipally, if 211 the calcium compcunds annlied (6.5 tons
hydrated 1iue (Ca(Cii)g) and two tons linestone (CaCOz), equivalent
to 19,950 rounds hydrated limé) were to have hecen converted to the
bicarbonate form, the a:piication would have resulted in an increase
of 16 pe pe Me bicarbonate aliralinity. Actually, thc all'alinity was
increased by only 3 pe pe me This, in terms of hydrated line, is
equivalent to 3,800 vounds, or l.9 tons. If it is assurmed that the
remainder, 16,150 pounds (in tcrms of hydrated lime), was accounted
for by the nulpy peat, the ratc of utilization was 540 pounds hydrated
lime per acre of vulpy peate. If the data on adsorbed cnlcium in the
soil are converted to the nroper units, they show an sccounting of
only 13.2 pounds hydrated lime per acre of pulpy peat, for the top
three centimeters, or about 4.4 pounds rer ncre-centimetere. Cbviously,
the results of the determinstions of adsorbed calcium in the pulpy
reat do not tell the full story. The figure of 540 pounds ter acre

is undoubtecly high, because o rart of the lime unnccountel for was
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probably distributed in vortions of the lalie other than the pulpy
peat; for examnle, acid organic material along thie shores ané in the
marshes might also have a higlhi lime recuirement. And probably more
than the tor taree centimcters of the soil was active in the odsorrtion
processe At any rate, it is safe tc say that vbout 16,150 rounds of
hydrated lire were distiributed to elements of the lale other than the
water,.

The auestion arises wthether the lime recuirement of the pulpy
pent in Stoner lake is an exact amount, such as 840 or 13.2 nounds
hydrated lime per icre, or whether the rezuirement is a function of
tiic concentration of caleiwn in the water,

In a general discussion of base-cxchange, liillar and Turk (1948)
state that the efficicncy of ion exchange depends upon, among other
fuctors, the relaotive concentrations of the ions involveds Neess
(1949) rcoorts that laboratory ex:ierinments in ZTurope showed that the
concentration of potassiwa, added to wnter with & soil suspension,
decreased for some time until it reacheq an equilibrium at a roint
where the concentration was only a fraction of the originel; and "As
the votassiwa was removed from tie winter by apgents otler than the scil,
more was relcased from the latter, which arreared tou be acting s a
reservoir." Neess also mokes reference to a someviiat siniler situo-
tion with phosphorus in ponds,

It would be reasonable, then, to postulate thut a relatiouship
czists between the rate of lire application and the rate of calcium
adsorption; in other words, if higher retes of arnlicetion are used
in Stoner Lake, and nresumingly in other siiilar lalies, & corresyond-
ing increase of calciun adsorption by the soil con be expectede.

Another cheriical effeot of allnlization, the cl.ange of pi, ur-
pears to have a somewhat differené relotionshire The fact that the

increase was only of a ten orary nuture, while the increase in nliu-
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linity wos more rermanent, would scem to indicate that some frctors
other than calciwun adsorption of the soil were effective in reducing
the pH of the water to the original values within a siort tine after
allralizations This reversal to original values can ;probably be attri-
buted to tiie buflering effect of wea: clectrolytes in the vmter.

Mo data were talren in resard to the »’7 of the bottom scil, nor
of the water at the levels near the rmud-vmter interface, so it would
be difficult to estimate thc effects of allalization in terms of
increased bacterial activity and decomnosition due to a chonge of
pll at these levels, If a huffering effect were rresent st these
lower levels, as at levels nearer the surface, it is doubtful whether
any nermanent chance of pll was effected.

Thet no observiible clearing of the color in the water occurred
was well establisheds Theoretically, if the color is caused by sus=
penced colloidal orzanic material, as is thought to be the case, these
rarticles, carrying a nezative charge, would adsorb rositively cherged
calciunm ions, flocculate, and precciritate oute ©Tx eriments carried
out in the laboratory on water from Stoner Larxe indicated that such
a clearing would result when lime had been aided at the rate of approxi-
mately 400 prounds per acre-foots. The failure of the viater to clear
nt the rates anplied to Stoner Lae may elso be due to the lach of a
nore efficient coarulating substance. 1In water and sevme treatment
plants, the coagulants most comnonly used to remove color are aluninum
sulfate, ferrous sulfate, ferric sulfate, iron chloride and sodiun
aluninate; use is also made of mognesiwr: naturally prisent in the
water (Theroux,.gz. 2}:, 1943). Failure of the wiater to clear rag
be atiributed to two possibilities: (1) an insufficient aount of
line aprlied, and (2) a lacl: of a more efficient coasulsant, such as

ma-nesium, in the waters
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By far the most ianortant, from a mansgenent viewpoint, is the
increase of biological rroduction which way result froa an all
tion projgraie

In view of the large cegree of stunting among the yellow perch
of Stoner lLake, however, sirnificent changes in certein levels of
the food chain may be difficult to detect. Tor examnle, if the
canacity of the lae to rrcduce botton organisms is increased, the
resultant increase in production of these organisias may not bc re-
flected in the results of a VLottom sampling wvro;ram because of a
greater utilization by the large populstion of stunted fishe Simi=-
lar situations may possibly be found at other levels of the food
chaine It is important, therefore, that an attemrt to neasure all
levels be mads.

It is vossible that a higher grouth rate of the fish could be
effected more ravidly by some other management pro ram directed
toward an adjustient of the fish poruletion; for exarrle, the intro-
duction of a species rredatory uron yellow rerch misht reduce tie
nw:ber of stunted fish and iucrease the average size. liovever, a
nrogran of this tyie would not change the fundanental carncity of the
lake to produce, and the effects, although desirable, may not hav
the degree of permanency that the effects of higher rroductivity
are rreswied to have.

Because certain chemical modifications may be rroduced is no
real assurance that an increase of vroductivity will necessarily
followe. An increase of 3 pe pPe me allalinity does not remove Stoner
Lake {rom the class of soft-water lalzes, and it is difficult to be=-
lieve that such a small change will greatly alter biological condi-
tionse Iio doubt it is possible to increase the concentration of
bicarbonates by 10, 50, or even 100 pe pe e if erough calcium con-

rounds are avnplied, but even then it would still be nccessary to
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Sustify such a rrocram os a mencgenent methol b increased bicleosi-
cel sreoductions. The values oblained for the virious biological
indices are rresented here for comraoriscn in later years. <The real
test of whether or not this method of habitot :ocific-tion can be
develoved into an efficient tool cf manzgenent, for the rurpose of
irproving the syort fisheries of the soft-water, tea-colored lalies
in these northern regions, lies in the degree to which I'ish produc-

tion is increased. This degree hes yet to be determined.
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le Calciuu comrounds vere aiplied at the rate of 2645 rouuds

~

nydroted lime (Ca(0H),) and Ge2 rounds ground lisestone (Callg)
per acre-foot of water, the total being equivalent to 3l.2 pounds
hydrated lie or 42.2 pounds limestone per acre-foot.

N

2 Concentrations of oxygen and cerbon dioxide were not si;nifi-

cantly affected.

Se The high amount of color present in the water (80 TI'eCeS.) was

not affected.

4, Bicarbonate alkelinity increased fromn S5e2 pe pe Mo to &e2

Pe De Te; this increased was highly significant statisticallye.

5¢ pli values increased from 648 to 7,3 imrediately after the line

applicotion, but returned to original values af'ter cbout five wecelis,

6o The cnrbonote content of the bottom soil was not alfectede

Te Adsorbed calcium in the pulpy rcat increased from 0,072 percent

to 04132 percent; this increasc was highly significant stautistically

& Quantitative and qualitetive biological data of fish, bottom

invertebrates, net plankton and rooted aquatic vegetation were ccl=-

lected and are presented for the »urpose of mal:ing en evaluation of

biologicel eflects after further sampling in subsecuent years.
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