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Abstract 

To inftatigate the obae"94 correlation bet.nan alkallnit7 and 

productivity or lake waters and to test the use or lime in bog lakes to 

increaae biological productivity, lime application was made to two, acid, 

soft-water, colored bog lakes in the upper peninsula ot Vichigan. IJme 

application was made twice to each of the two lakea, once in the 8U1111Der 

under thermal.17 1tratif'ied conditione and once 1n the au.tum under nearly' 

hoaot.hffmou otm.<11 tione, by' J)Ulll>ing • l.ima-water mixture into the eurtaee 

waten. Total rate of l1me application wu 100 pOW'1de per acre-toot in 

each lake. 

The r_,r U. applicatiom reeulted in raising the pB and 1:a

oreuing a1Jcalinit7, total hardnus and cond.ucti'tit7 in the epUillnion 

anly. The aut'Ulll applio&tian resulted in similar effects in the l•er-
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hypoUmnion, due to a f'all ot the lime solution to the bottom because ot 

the greater density of the solution, which did not later m.1x with lJPl)er 

lay-ers. 

Lhn.e application did not decrease the organic colloidal color. 

Total phosphorus was greatly incr9aeed in the bottom nters ot one 

treated lake which had hadl• original total phosphorus content but was 

not increased significantly in the bottom waters of the other treated 

lake where total phoaphorua concentrations were origine.ll7 high. Total 

phosphorus also increased teq,orari1y in the epil.1.llftion ot one lake 

rollosing the almlJDer application. 

A bloom of' nannoplankton (l(ic:u•!,Uti1 •~•) wu obe_..... 1n 

ane lake tollowing the release or epilimial phoaphorua • Cheaieal. data 

indicated that because of the presence of higher bicarbonate concentra

tions, the nannoplankton utilised carbon dioxide at a rate which _,. not 

have been possible without lime application. In both lakes the f'ollon.ng 

9U'IJD'ler, significantly higher standing crops of net phytoplanktm were 

observed (principally due to Dinob!"l?! eertularia). Increases in stand

ing crop of' sooplankton also occurred the year follotdng lime application. 

Introduction 

A direct correlation between the biological productivity and alka

linity or lake watera has been obaer-nd ani reported frequently (Ball, 

19481 l(qyle, 19h9J Al'ld others). This correlation appears to hold general-

17 true at the lower region of the range of alkalinity tound in natural 

waters (lakes rlth soft to medilDl hardneaa), but at extreael.7 high value• 
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of alkalinity the corral.a tion appears to be reversed with the resu.1 t of 

"alkali trophy" in hard-water lakes (Barrett, 1953). 

In the upper peninsula or Michigan, despite the presence or cal

careous glacial drift, l'BIZ1y" seepage lakes including colored bog lakee 

fall into the lmer pa rt. of the alka.llni ty rangeJ meaauret!.enta reveal 

Jl8.n1' waters of leas than fi"Ye p.p.m. total alkalinity. Theae lakes, 

for the most part, are oharacteristieally of low productivity, aa re

vealed by a paucity of plankton and bottom fauna, a scarcity or aquatic 

vegetation, and the al.ow grarth of fish. 

It was the purpose ot the present experinental program. to test the 

feasibility of increasing biological productivity of these waters by 

increasing the alkalinity through tho application of hydrated lime. 

In tichigan the first attempt to alkal.inize an acid lake was 1n 1943, 

when a small application of hydrated lime was made to a soft-water, 

non-bog lake by the Michigan Dep..'1..rtment of ConservationJ the same lake 

was treated again 1n 194>, this time with limestone,2 neither treatment 

2aeport on Stoner Lake, Algel'-Delta County, Michigan by R. c. Ball, 1947• 

Unpublished report. 

effecting any significant changes in alkalinity. In 195'2, the sue lake 

again wu incorporated. in an experimental alkalinizaticm program which 

continued through 195S (Ms. in preparation)• The use of lime in tree.ting 

. bog lakes was investigated in ·.asconsin in 1948 by Hasler, Bcynildsan and 

Helll (1951). 'l'hey offered several suggestions as to the mechanism by

which productivity might be increased by lime application in colored bog 
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lakes. The color-caused by hum.ic colloids~ould be flocettlat,ed and 

precipit.,at..ed thro-ugh combination w1 th calcium, thu pemi tting d.NJ)er 

light penetration and increasing the volume of the trc,phogenic so.ne. 

Secondly, aLtcalinhat.:tcm of ths water wo'ttl...., mobilize nutrient,a which are 

fixed 1n unaTailable organic forms in the lake soils. Finall:y, a higher 

concentration of' bicarbonates would. result, of'fering available carbon 

dioxide to plants for photosynthesis 1n hi!!her concentration. Following 

their experiment, they reported that the lime treatment resulted in 

clea:rin~ the color from. the water and improving oxygen eond:i. tions for 

trout in t.he deeper, cooler levels or the lakes, but ah.awed no striking 

diftereneas in nutrl.ent content of. the -;,rnter. !twas later reported 

(Johnson and Hasler, 1954) t,t>s.t no apparent i"'erease in production or 

carrying capacity resulted. 

In the summer or 1953 the present research program was initiated 

upon two bop; lakes in the ui,per pel'linsula or Michigan. Three postu.la.tea 

were made rega,rding the 11echard8l!1S by which biological productivity 

might be increased by the use of lime, and the a&J1')ling -program ,rq 

designed to test these postulatetu (1) a greater concentration ot 

bicarbonate alblinity', ottering more aft1.lable carbon dioxide for photo

synthesis, would result; (2} phosphorus would be released either by in

creased decomposition activities or through ion-exchange phenomena in the 

ad.J and (3) the colloidal organic color ·,,-ou.1d be decreased by f'l()C• 

culation and precipitation caused by emnbinati.on with ealciua. 

The two bog lakes used in the experiment, Timijon and Starvation 

labs, are both located in the Hi•atha national Forest, an area which 

cont,11.ins many- small bog lakes o:f' the colored, aeid, soft--wa.ter type. 
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Timijon Lake, T • 44 N., R. 18 W •, Sec• 19, Schoolcraft County, wu 2 .0 

acre• 1n surl'ace area with a maximm depth or J,2 fNt, and Starvatian Lake, 

T. b4 w., R. 19 W ., Sec. 1, Alger County, was 1.7 acre• 1n surtue area 

with a maximum depth or 42 teet. Both lakes were completely' eurrounded by 

an encroaehing aphagmm-leatherleaf bog mat, the waters were acid (appran

mately pH S)., very- sort (3 to 5 p.p.m. tot.al hardness), and colored by 

h'UJDic colloida. The bott• types in both lakes were of bro,m fibrous J>Ut 

near the mat and of a tine, gelatinous }')Ulpy r,eat in the deepest regiona 

of the Jakes. Both lakes appeared. to be meromictic • 

Methods of lake sampling and lime application 

A periodical sampling prograa was initiated in the nrmr of 1953 

oonsieting of the che.aical analyaia ot the water and the collection or 

two net plankton flUIPle• ll)proxima.teq every ten day• trca each ot the 

tollOlfing fom- level•• eantral epillmdan (always three feet), top ot 

tb.ermocline, central bypolimion, and bottoawaters (one toot abffe the 

mud◄ater interface}. Chemical analysis consisted ot the determination 

ot dissolved oxygen, free oarbon dioxide, pH, alkalinity, total hardneea, 

conductivity, color, and total phoaphorw,. Ail" and water temperatures, 

weather data and lii!.1\t penetration (Secchi disk) were also recorded. 

The plankton frQI a ten-liter su;,le was collected with a Juday plankton 

trap and anal~·r. ed volumetrically by counting the organimu under a 

microecope in a Sedgwick-Ratter cell and determining &Terage volwnes 

ot each species by measuring with a calibrated ocular micrometer. 

Liu applications wve made twice to each lake during 1954, the tint 

during the 8Ulllm9r under conditions or thermal stratification and the 
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aecOl'ld in the fall when the lake waters were nearly homothermous. For 

all applloa t.iona, a raft-and-pU?JP system •"U employed which mixed the 

lime vrith water and discharged the mixture into the eurf'ace waters. The 

apparatus consiated. of a ra!'t t&n feet long and six feet wide, supported 

in back by' the edge or the bog mat and in front by two floating 50-gallon 

drums. Through a rectangular hole in the ran was lowered a p~ood 

mixing tank which all•ed the intake of water at the bottom of the front 

11.de ot the tankJ a hopper n.s constructed at the top or the m1.xing tank 

through which the lime ,was introcluced. The intake hose of the p,- •u 

placed in the mixing tank, where both lime am water were taken up• 

carried through the mechania of the pump and through the .xha•t hose ot 

the pump, to be finally discharged into the lake (Figure 1). A total rate 

of application ot 100 pounds h)Pdrated lime per acre-toot was applied in 

this manner to each of the two lakes, half this amount being applied at 

each of the summer and fall applications. The Slllml&r application in 

Starvation t.ake was made as rapidly u possible, and when the apparent 

destruction of the plankton resulted from the precipitous chemical changes 

the aubaec:i,uent summer application to Timijon Lake was made at a more 

gradual rate through most of the summer; the diaeharge point r or the 

9lDlmJ" application to both lakes was immediately in front of the rart. 

Both fall applioationa were llDd.e rapidly, with the discharge point being 

near the center ot the lake. 

Immediate ertecta of lime application 

Beeaus.e of the strong thermal stratification present during the 

WIDID&r applications, the immediate effects or the lime were felt only' 

1n the epilimn.ion and no obemioal changes were obaerved belc:.w the thermocline. 



Figure 1.-summer U. application to Starntim Lake, 

•boring ratt-and-pump ayata. 
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The oheaioal etteota in t.he epUhmian, hCll'ffer, nre abrupt am large. 

11gure 2 ahaa the o.hangea in pl and alka]1nitq :ln the central. ep111a1oa 

ot Starvation Lake, wheN the applicaticn was made rap~, 1f'h1le Figur-e 

l ah.-. the pH and alkalinit,- in the central epU1awm of Timijon Lake 

where lime applications were made througha11t the au.er. 

At the tall application when the lake waters were nearly hoaothermtt8, 

allloat the entire application or lime tell to the bottom., t11PJt&Nntl7 be

ea.111• of the greater density of the lime solution, with little mixing in 

the upper levels of the lakee. Because or t.he meranictio ohat"acter or the 

lakes the lime 1olutian reained at the bottaa and did not later circulate 

through the upper levela. In the bottom waters ef StarYation Lake, the pH 

roae from abollt 6 to U, while total alkalinity inereaaed. f'rca 17 to 1!8 

P•P•• In Timijcm I.Ike, at the aae lenl, pH ftluea aleo roae from about 

6 t.o 11, and total alkalln1ty inereued troa 13 to 17S P•P•• 

Cbange1 in total h..._a and oondueti'ri.ty, 1n both the 9I)Wllt\oa 

and Jvpol1a1•, in both lakea, genera.Jl3r follond thON of t.otal alka-

11nit7• •• decreue in color ua obaened. teUClfing the lille applioatiou 

in either lake. 

Release ot phoaphoru troll lake soil.a 

!'!!Me'nvz: labont.torz: !5?!1"111Jnte .-To obtain 1ont intol'lt&tian upon 

the poeaibil1t)" ot a release ot phoephorus from the lake soil• vpon. lime 

applioaticm, the tollcwing e:iq,erimanta nre carried out 1n the laborato!'J" 

prior to the field experiments involving lime application to the lake.-

The general pattern ot then axperi:Jllante wu to add }vdrated 11118 at knmn 

rate. ot applloatian to bottles containing water &!Id Jmd from the lake• 
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n«ure 2,.-,ptl and allral.:lniv in the central .,u,-1., 

S1riarfttiCll Lake,• ,, 
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11'1.p.re )..-pl{ ad alltalinit,r in the eentral epilJ.lrlnion, 

ftmijan Lake,,-
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and aubeequantJ.1' to anal.J'Z• the water .tor disaol'ved phosphorus. Three 

JIU4,,,,water eaabinationa from each of the two bog lakes were treated with 

lJJlaaa (l) aurtaee water with mud, (2) bottom water with ad, and (3) 

nrface water without sud (control). Six di:tterent rates ot lime 

application were uaed: 0 (control), 25, So, 100, 150, and 200 pOU1lda 

per acre-foot. The experimental unit consisted of' a two-quart jar 

ccmtaining 50 mililitera or mud, ta.lam from the mud.4ater interface, 

and one liter or water. The llae wu added b7 dissolving nighed amotmte 

of lime with water tram the experimental bottles and adding the solution 

to the bottle. ~iJater samples were extracted for ana.lyaia by pipette 

three days after the lime addition. 

The result.a are shown in Figure 4, ,ihere it can be seen that dis

aolftd phosphorus concentrations were r.J.gher at the higher rates or lime 

applloationJ this was true in all series containing mod except that 

eerie• including Starvation Lake bottom water, where the dissolved phos

phorus concentration wu originally high. In both control aeriea (no 

IIUd) there were no increuea 1n disaol'Ved phosphorus concentrations •ith 

l.1me application, indicating that the higher phoephorua concentrations 

observed in the other ael"iea :reaulted tl"Oll the preaeme of mud. 

Held !3P!!:hlmta.-Imaediatel7 following the rapid lime application 

during the summer in Starvation Lake tctal phosphorus increased rroa 

approximately- 15 p.p.b. be.tore application to a high ot about 70 p.p.b. 

in the central epilimnion, as shcun in Figu..---e S. A similar increase to 

about 60 p •P .b. occurred at the top of the thermocline level. The high 

values decreued eoan after to valuea near those existing bef'ore lime 

applloat.ion. It ia suggested that the sottree of releaed. phOS!)horus wu 
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Figure 4 • ....P1eaolved phosphorus in experimental bottles of lal«t 

•ater and ilNd treated with l.iM. 
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figure S.-'.l.'otal pboaphot'US in central epiliaanion1 Starvation 

Lake, 19~. 
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in the bottom llll¥i in those ahallower areas of the lakevmere ep:il1•1al 

waters, originally containing low concentr&tiona of phoaphoru.a, came into 

contact ,vith the bottom. 'l'hese conditions are essentially thoae produeed 

in the bo t.tle experiments with ''mud am surface water, 11 where the release 

of dissolved phosphorus was observed. {The possibility of the inereased 

phosphorus being due to its presence in the liming material waa eliminated 

a!'ter an.a.4,"Sis of the lime sho«ed. no significant aaounte of soluble 

phosphorus.) In Timijon Lake, where the sramner ~ application was 

made gradually through the summer, no significant increases in total 

phosphorus were observed. in the epilimnion. 

Followinz; the fall lime application to Timijon Lake, which :f'ell 

al.moat entirely to the bottO!Il, a large increase in total phoaphorua was 

otserw,ed in the bottom waters. This increase was from• mean of 2.3 p.p.b. 

before the fall :.pplication (1954) to a mean of 1,6 P•P•b• after the fall 

application (195S)J a t-te•t sho«ed the difference to be highl.1' significant. 

This reeult was essentially the same as obtained in the laboratoey bottle 

exper:i.ments with "mud. and bottom nter," ;rhere the releaae of dissolved 

phosphorua was observ4'd. In Starvation Lake, where tbe bottom waten 

originallJr contained high concentrations of total phosphoru1 no 

signif'icant increase in total phosphorus occurred tollaring the tall 

application; this result was similar to that observad in the bottle 

experinlents with Starvation Lake "bottom water and mud." 
The release of phosphorus upon alkalinization may be acc~liahed by 

one or both of two mechanisms. The first is by mineral.uation ot organic 

phosphorus through deconposition. Acid conditions, such u are found in 

bog lake waters and mu.de, have inhibitory effects upa the micro-organinle 



reapm1ible ror decompoeition of organic matter a:nd the aubaequent 

mineralization ot nutrients. It is well established that the addition 

ot liming materials 1 where such aeid conditions exist in soils, improves 

conditions tor decomposition or micro-organisms and, therefore, hastens 

decomposition (for general discussion see Lyon, Buckman, and Brady, 

19531 P• 139, and :'i'almman, 1938, P• 3119). ~econdlJ', phosphate ions may 

be released through anion exchange; 1n the case of the addition or lime, 

an anion exchange between phosphate and the introduced bydrmcide 

radicals is probably the reaction involved. Anion exchange involving 

phosphorus in soils may concern phosphate adsorbed to clq minerals, 

organic colloids, a.nd hydrat,ed aluminum and iron 01Cidea. It 1s not 

likely that clay minerals will be found in a bog lake, so the sources 

of exchangeable phosphate are aost likely to be colloidal b,;rd.rsddaa- and 

organic matter. In a general. discueeion of anion exchange in aoils, 

W1lrl ander (195S) describes anion exchange meehaniae in clay minerals and 

hydrous oxides, and says, tt'ff'wd.c acids t.ake part in anion emhange, as 

evidenced by their parer ot releasing adsorbed phosphate, but the exact 

mechanimn is not knCll'l1." Where releases or phasphol"U were observed :ln 

the present st-my no data were collected to euggest which of the above 

two mechanisms, i.e., increased decomposition ar anicm exchange, n:re in 

operation. 

From the practical standpoint, the release of phoaphonm due to 

increued decomposition would have greater importance than that due to 

anionic exchange. In the former mechaniam, the source ot phoephorus to 

be mineralised is in al.moat 1ne1Chaust1ble supply and might be inoorpo:r

ated 1n a more balanced organic matter cycle, while in the latter 
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wh&nia, the •t.lPP'.b" ot exobangeable Maorbed phoephate iOlll •Y aooa 

beccae exhausted., a phenollanan which baa been obnff94 in the ue ot liae 

to :release nutrient. in European cup ponda (hen, 19h9). 

The value or appqing lime to increase phosphorus conoentratiam 

in h:ypollmial waters, auch as occurred in Tbd.jcn Lake, when auch ntera 

appear never to enter into circulation with upper ,raters, m,q be quutiGl.'194 

when such method.a are applisd in lake management. 'fhe bottcm water ot 

St&rvatitm take contained orig1nal high concentratiau of phesphoruJ yet 

biological produeti'Vit,y 1n this lake (u meuured b7 atand.ing crop of 

plankton) wu no greater than in other bog lakee lacking euoh high ocn

oentrationa ot phoepboru in the )vpoUad.on. Sueh phoephoru rel ... 

cu p:robabl7 best be utilized :t.n lakes W'hieh 1tntif'J' ret •till an 

bolaaict101 in th••• lakea phoephoru, releued 1n the~ under 

demr;ygenated conditiou during the ... _. atratUioa.t.1.on ,_.1oc1, woald 

be tranaported to the upper trophogenio sone during f'all and spring 

circulation periods. 

Effeota of alkal.1n1sat1on upcn plankton product1cn 

The immediate e:tfeete of the rapid slJIVler l!me application to Stcrn

tl• take apparently reaulted in a partial deatruoticm of \he plankton. 

The aubseq\18nt l.ille appllcation to Tbd.jon Lake -na macte gradull.y' through

ou.t the summer, h•ever, the gradual application alao appeared to destro., 

ach of the plankton. ~bipple (l9b.8, P• kOS) diaeu••• the ttff of hydrated 

lilae aa an al.gicide and aq9 that lethal etteota are probe~ due to the 

lon of earbon d.1-148 nailable terr- :photosynthesia or to obangu in 

hJd,rogen 1oD can.cent.ration. 
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Ill Starvation Lake, after the pH in the central epilbmion bad de

creased from its high or near pit 11 tollmng tha aummer lime application. 

to about pH 8 (the point near which tree carbon d.1¢dde ahottld appear), 

a definite plankton bloom or ¥ic3!!l!tia ~osa !:uets. was observed. 

This organism 11 a maiber or the Cyanophyta (blue-green al.gaa)J it wu 

not obserTed prior to lime applioati on nor were any other members or the 

blt1a-green group evar observed in either lake. the blo• did not appear 

among the qoantitatiw data secured &a the plankton aamplea collected 

because the organism was apparently too small to be retained by the 

plankton net ( a ilk bolting cloth number 20) • The blocn wu, hoover, 

ob'Yiaus to the qe; it gaw a definite green cnlor to the water and col

lected. 1n windrows or •scm" along the lee shores or the lab at the 

edge or the bog mat. The. date when it was most 1trikingl.7 obffr'Ved ••• 

August 2, 1954., and chemical data for this same date re.rlAlcted the etrecta 

of the bloom. Disaol ved oqgen increased m.arked.ly- from the previous 

S.aJll)ling date, from 2 .8 to lO .5 p •P ••J a r:in in pH wu observed rt th 

a corresponding shirt in the fora of alkalinity tram the bicarbonate 

form to the normal carbonate fon,., these being the reaul.ta of carbon 

dioxide extraction traa the bieubanates ( see Figure 2) • 'l'he Secohi disk 

reading was decreaaed markadJ:T. 1he bloca oocurrc while the phoarphOl"U 

OODtent or the epillmdon was high (attei- the releue or phoapherue in 

the epil:tanion) which decreased after the beginning ot the bloat (1" 

l'igure ,). 

During the sumer ot the following ye&1" (19SS) the standing crops 

et both p~lukt.on am sooplankton were obeerved to reaoh mch higher 

level.a than be.tore lime appU.caticm. in both lakes, u ah.an in Figm,• 
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6 and 7. The organism principally comprisinr; these large standin.:; crops 

of net phytoplankton 1n both lakes was Dinobey:on eertularia Ehrenberg, 

a member of the Chrysoph,ta (yellow-green algae) which had not been ob

served in either lake prlor to lime applieAtion. There were no changes 

1n pH or in the rorm of alkalinit7 attributed to these large standing crops 

or phytoplankton in 195,, giving no indication of carbon dioxide extraction 

from the bicarbona.t.es. Figures 6 and 7 exclude data concerning one s:pec1ee 

of algae, Peridinium llmbatt1D1 (Stokes) Iemmerma:rm; this organism was 

omitted .f'rom t.'1e net plankton volume analyses beca:use of the extreme 

variation it cm.ised as a result of its relat,ively- large size and scattered 

occm.rrence in the cell counts. 

In consid.e!'lng the question of 11heth1:r a cansal relationship eJd.sts 

between alkalinity Md produ.ctivity, differentiation shoulc! be clearly 

Nile between fertilization and li."ll.0 anplio~tion. In the fomor, the 

effects are princ:lpally direct onosJ i .e • , nutrients are supplied to the 

lake waters vrhieh are utilized directly- b-J producing plants. The latter 

procedure is more a cue of chemical modH'ieation and the effects are 

principally 1ndi:rectt (1) nutrient availability is improved due to more 

optimum reactions (pH) and ion concentrations, and (2) a greater con

centration or immediately available carbon diaxide results. 

The eventa which occurred in Starvation Lake in 19'4 soon after the 

summer lim application provided the necessary dat.a to calculate the 

rate of carbon dioxide production by the lake and also the rate of its 

utilisation under conditions of a plankton bloom, for the central 

epilimnion level. In Figure 2., t.t-ie graph for bical'bonate alkalinity 

shows a linear increase bet;.men the d.a.t.es of July- l>, 195h, and J'Uly' 2S, 
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Figure 6....-Average volume of wet phy"toplankton 

in cubic millimeters per liter in central epibrdon, 

Tim.jon and Starvation lakes .• 
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Figure 7 • ....Anrap ffl'11111 of zoeplankton 1n central epilhmion, 

Starvation and Timijon lakes. 
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1954, covering a period or 10 days which inclmed tiTe aampli.ng dateaJ 

during this period of time the bicarbonate concentration wu increuing 

due to the reaction ot normal carbon&tea with the carbon diarl.de being 

produced by the lake's respiratory aet1vitiea (respiration, decomposition, 

and atmospheric absorption). The slope of the graph represents the rate 

ot increase or bicarbonate, and, proportionally, the rate of carbon dioxide 

production. This rate, calculated by means of ratios ot molecular weights 

of the compounds involved, was 1.94 p.p.m. earbon dioxide per day. 

On August 2, 19S4, the phytoplankton bloom of Mioroczstia aeruginosa 

was obeerved. Since carbon dioxide was extracted .from the bicarbonates, 

it can be concluded that for the eight-day period f'ram July 25 to Auguat 

2, or for an unknam shorter period of time, the phytoplankton utilised 

carbon dioxide at a rate more rttpid than the rate of supply from the 

lak8 1s reapiratory activities. Table l ah•s the "balance eheet• for 

carbon dioxide tor the eight-day period or plankton bloom. Section A ia 

the carbon dioxide available over the eight-day period, being equal to 

the sum of that present at the beginning of the eight--dq period plua 

the carbon dioxide production for the eight daya, or a total or .34.9 

p •P .m. carbon dioxide. The carbon dioxide utilised bJ' the peytoplankton 

over the eight-day period, Section B, is equal to that available {Section 

A) minus that remaining at the end or the period, or 22 .6 p.p.m. carbon 

dioxide. In Section c, the carbon diax:ide available under conditions or 

no lime application is calculated to be 20.3 p.p.m. carbon dioxide, using 

the production rate computed above and the rree carbon dioxide and 

bioa:rbonate concentrations found before lime application, 'lb:e portion of 

that carbon dioxide utilised which was the result of lime application 
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Table 1.-Carbon dioxide utilised by phytoplankton a.f'ter lime application 

compared to carbon d1arlde available without. lime application, 

Starvation take (as p.p.m. carbon dioxide). 

A. co2 available over 8-day period • • • • • • • • • • • • • 3.4 .9 

Present at beginning ot period, 

Free CO2 • • • • • • • • • • • • • • • • • • • 0 .,O 

Half-bound CO2 (biea.l'bonate) • • • • • • • • • 

Production in 8-da;r period. • • • • • • • • • • • 

B. 002 utilized over 8-day period •••• • • • • • • • • • • 

c. 

Available Ol'&r period (Section A) 

teas co2 present at end ct period, 

• • • • • • • • 

Free co2 • • • • • • • • • • • • • • • •••• 

Halt-bound 0~ (bicarbonate) ••••••••• 

C~ available without lime application. • •••••• 

Present at beginning of period, 

o.o 

12.3 -
• • • 

Free CO2 • • • • • • • • • • • • • • • • • • • .3 .O 

Halt-bound CO2 •• • • • •• 

Production in 8-day period. • • 

• • 

• • 

• • • • • 

• • • • • 

• • 

• • 

20.3 

D. Portion ot COi utilised that wu reaul t ot liae • • • • • 2 .3 

CO2 utilised (Section B) • • • • • • • • • • • • • 22 .6 

tea C~ available without 

lime application (Section C) • • • • • • • • • 20.3 -
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(i.e., the difference between the carbon dioxide utilized. during the eight

daT period a..~ that which would have been ava.ilahl.e without lime application) 

1a calculated in Section D. It is one measure or the effect of lime applica

tion upon phytoplankton production. It should be pointed out that it YOUld 

not be necessary to know the carbon d.ioxide production rate in order to 

calculate the figure in Section D, for it wouJ.d. cancel out in the .f'inal 

subtraction. 

In making the above oalculaticma eeTeral asamapt.:l.on.s were neceeaar.rJ 

they were, (1) t.he carbon d.iox:tde prodl1eticm obsened tor the lo-day period 

or increasin,! bioa.rbonate concentration (July- 15 to July 2S) wu not higher• 

due to a more all.'111.ine reaction and increased decompoei. tion, t.htm tor a 

a1mjlar period of time without lime applicaticmJ (2) there occurred no 

lou of carbon dioxidit to the atmosphere during the lo-day period nor 

during the 8-day period of tr.e plankton bloom ''l"l'hich is probabq a valid 

assumption since normal carbonates were aveilable during both ~riods for 

combination with carbon dionde)J ()) the increased standing crq., or 

pqt.oplankton did not raise the rate of carbon dioxide production because 

ot the algae•s respiration, and (4) the period of plankton production and 

intense carbon dioxide utilization was not less than eight day's. If any 

ot the above assuq>tions were invalid, the figure calculated in Section D 

would either be p-eater or remain the saneJ the figure calculated, then, 

ia a nd.nillum value. Furthermore, it would not be expected that the 

phytoplankton would extract the carbon di.oxide from all bicarbonate 

presentJ in the eight-day- i:e riod of plankton bloom, 65 percent of the 

available carbon dioxide was utilized. If, in Section D of the table, 

6S percent of the carbon dioxide available under conditions of no 
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lime application were subtracted trom the carbon dioxide utilized, the 

figure 1n Section D would be even larger ( calculated under theae con

di tiona to be 9.4 p.p.m. carbon dioxide). 

The poaaibili ty exists, horever, that in the absence of high bi

carbonate concentrations but in the presence of other optimmn conditiona 

favorable to the occurrence o:f a plankton bloom, the rate of carbon dioxide 

•upply f'roa the lake eonrces (respiration, dec011Po&ition, and atmospherics 

absorption) aay be increased to such a rate that would supply the demanda 

or photosynthesis. This poaaibillty would depend upon a phyaieal-ehemical 

demand produced by the removal or carbon dioxide by the algae from exist

ing chemical systems 1n equilibri'IDtJ but the presence ot carbonates also 

produces a demand upon carbon dioxide and changes the normal carbon 

dioxide relationships. The question, then, rem.ainst can intense 

photosynthetic demand for carbon dioxide increase the carbon dioxide 

production from the lake•a respiratory activ-5 .. ties (respiration, d.ecomr,oai

tion, am atmospheric absorption) above that rate supplied to react rlth 

carbonate? The ability of some algae., at least, to extract carbon dioxide 

from carbonates as vrell u bioarbonatea (Ru.ttner, 195), P• 6.3) would seam. 

to indicate ao. Further re1eareh into th1.s queetion ia indicated. 

It waa tentatively concluded that a causal relationship existed 

between the level ot bicarbonate alkalini t.11 and the phytoplankton produc

tion during the eight-dlq' period or plankton bloom, 1n other ward.a, 

bicarbonate alkalinity provided a :reservoir or bnllediateq available 

carbon dioxide which •a.a utilized under oanditiona of intense photosynthetic 

activity (plankton bloom) attar tree carbon diadde had been exhausted and 

the further production of carbon dioxide by the lake was insutt:icient to 
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provide for the phytoplankton•s photosynthesis under the high rate of 

util.llation existing at the ti.me or bloom. 

The higher levels of phosphorus concentration in the central epilimnion 

ot Starvation take (see 'll'igure 5) found soon after Um application ay 

have been responsible for stimulating the Micr°'V!til bloom. The reservoir 

or carbon. dioxide in the bicarbori..ates might then have been :responaible for 

permitting the bloom by furnishing carbon dioxlde in exeeaa ot that 

produced by the la.1<:e. Atter the beginning of the bloom total phOIJ)home 

oancentrations decreased, probably because o:f the f'all of the plankton 

bodies out of' the epilimion after utilizing the phosphorws. 

The effects a.f alkalinity upon phytoplankton nroduetion may be..,.. 

marized in the follCJVing hypotheses which received support from the present 

study. (l) In soft-water lakes the bicarbonate al~alin1ty (or "reservoir" 

of immediately availa.ble carbon dioxide) may limit the rate or carbon 

dioxide utilization and thus the rate of phytoplankton production, but 

apparently does not limit the level to which the standing crop of 

phytoplankton may reach providing the rate of carbon dioxide production by 

the lake is equal to or greater than the rate o:f' carbon dioxide utilisation. 

(2) Under optimu conditions or all::alinity the availability of' nutrients 

such as phosphorus is improved, and t.he avatlabili ty of such nutrients 

probab:cy limi ta the level of sta.nd-tng crop. 

It appears possible now to summarise the reasons for ob8e1."'Nld 

differences in production in lakes ~i th different conditions of alkalinity. 

(l) Hard-water, or a.lkalitrophic, lakes appear to autter poor y.,roductirtty 

because of the adverse effects of excess calcium upon the am.lability or 

nutrients (Barrett, 195)). (2) 'Medium-hard lakes with optimum conditiona 

of alkalinity provide large reeervoirs or immediately- available carbon 
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dioxide in the form of bicarbonates am permit phytoplankton •bloou .• 

These lma may also prcm.d.e optimwll nutrient availabilit,-. (3) Sott

watar lakes, such as acid bog lakes, may not permit aa intenae plankton 

blOOIRB because of the laok of high concentrations ot imediately a"Vailable 

carbon dioxide in the bicarbonate term and also limit total prOliuction 

because of poor availability of nutrients. 
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