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!he water of the h7Polilmion. ot Wen Loat Lake, Otaego Counv, 
tichigam (!. 32 ••• I. 1 w., Sec. 3), wa pumped to the nrtace 

with a centrliugal pwnp and diacharged into the •P' J :bmion betnell 

luJ:T 29 and .tugut 8, 1952. The TOllllle of water diaplaced wu 20.7 

percent ot the lake TOlUJ1e. .u puaping progreued there wu a 

~ lanring ot the therJlOOline am deer-• in thiclmeu of V. 

lqpoJ1nm.1 m. At the ooncluaion of pa.ping, the vol.ae of the 
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epU1mnien had increued 'by' 49.9 percent and t.he water of the hy'po­

liaion had been displaced to the nrtaoe. The man water tempera­

ture of the lake :remained esaentiall7 coutant du.ring the a:perlmnt. 

In a t.hr.....,..lr: period tollGlfing pwnping, thermal conditiou of the 

lake did not cbange apprecial>l.7. Duriag pumping, conductiv.1.t, and 

aJJraJ:\111"7 ir&cs"eued. in the ep1Jimn:1An ud ill the bott• water, and 

the dia•olnd -,gen of the bot ta water increued rapidq. 'fbe 

addit1oa of bottma water 1ureued the total phoaphoru of tbe epil.ia­

nien "1' 2.a mierGP"m per liter during the tint 48 boun ot pumptng. 

'thereafter, phOIJ)horu deonaaed to apprcldmatel.T the lenl 

ceou.wed before pmp1ng. An eigb.t,told to ten.told increue in the 

velw et phJwpJ.aDkton of t.b• 8,pilillnion took place du.ring 1ihe 

period et pwnpiltg. Die volume ot pbywplanlcton and the weight of 

•nton remained high for a three-week period .tollold.ng the experiment. 

The axperl.aent d.emoaatratea that it 1a ponible w bring about 

partial o1roalatien of mll wout lakes 1n lllidawnmer. The procedure 

appear• to be aCIIUnlhat lus effective in atinllating pbTtoplanlcton 

growth t.ban art.uici&l terUlisatioa. Bowner I the method has ~ 

advantage ot illa'euing rather than 4eoreu1Dg the available vou.t 

habitat during m.dnllmer, and alao it oftera a aethod. ot •ts111la'U:ag 

pl.anktea proctaotien which W01Ud llo\ be l.iDq to caue a wiater 

aortal.1'7 of t.lllh. 
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Dw1Dg tbe ,-t tvo deeadll» the l1ch1pn t.parUillllt, of 

C:O.enation hu .....,S a nNU'Oll proana GMd at. prcrfidinc 

trout t181lirag in inland lalM. 'fhe Nlul.ta of t1eld .. ..,. llaw 
I 

1ndi•W ._. _.. a ..,..Uwq large ...._. of l&1IN ..S.table 

1a tlllpua_.e and 1n the .....t of dMnlftld oqpe tw tNat. 

Certain ot t.tue 1akN an ...U, rai'Jaell' ~.,., ,..,utJ.ed 
1allu nnonc in l1u tna 3 to 2J una. a.o.a1 of .,. •• 

t1ab 1'r --cal tna'tallmt u4 ...,. .... ree!d11g with vout haw 

_.....,. ot ~ l&IDu .,.,. n-...u,.,. w ~. .,._... 

w i.lsproft 1lhia tLlh hanut "' tenillaU.• baw .... tha°' 1iht 

addS.U.on of t~ _,. lNd to adiou -,gen dapJ.eUon durinl 

~ v1nw -- (Ball, 19'0) aa4 .,... -, .__. t.be ft1al of 

•• Md.Ml>le t• vou.t 1V NUiac the 1-'fll ot the ~ 

('l'anlMtr, 1952) • 

._,,_.._..,.wu~to....,_t (l)U 

artUld.al eiNlllation ot tbe wwr ot _. ...U. luN oeulcl be 

ae1dffed bf pmifinc th• bottca ata to the .-, ... , D4 (2) an 

intl\1UN1 U _,., tb4I a&U.tion of t.he ata,paant waw ot the )Vpo­

limla to the photeaJnthetu •• in ...,.... would haw on the 

pl'Odanicm ot planktorl. SUob a ~ 11PJ>9U1 to haw • 

ad.wmtage "9r t..W.U.tion 1n that. it ehould inoNue rat.ho \ban 

.__.. t.he 1ztod babltat l1t eooling w\ deepeld.Dg ._ ep,15:ad•• 

It la al.lo a.ppannt that then ahould be lit.tle r:l.8k of v1atel' 

a;nen -,J.eU. a1nca no •tr:lent •tedal wow.d 'be aclded. to 

Inonu• the ,oten.\lal pl'OCluo\1m of the laDJ the ob3ect 'be1aa te 

aore et~ uUlise 111trient. ~ preeent bat Wh1oh una. 



W'lllll oondt."- ls aol llade aw1l&b1• u Ule pbotoayath.U.c 

... ut,11 la'le tall. 

Tile intl .... that Yel"\1.cal Jddng et water wau bu upon 

the dUV'lllll'ld.c ot 1111.Wiatl aD4 ,apan p1amc:to.n produ.c\ion. of tile 

IN 1laa .._ ~ tor IIUT 7ean (-..tbaneon, 1906). Spr1ng 

ad t.U au:1• et plaztia in the - are CCll'Nlated. with nw 

•••••• 1fh1oh etll"1ob the pboMIJ7ll1lhftio IOae v11lh ld:t.regen ad. 

Jboepboru (....,., 194'). lprine ml fall IIU'.SN in pl.anlnoa 8N 

a1ao 1alown ill INah-n.kr 1a1ree (81.rp -1 Jadlq, 1922). TM 

OfHIIU'NBN of Reb lpr.l.ng and fall ..-dN in nr&t,ifted ialMd 

lalra• w --~ ..W. (Wel.oh, 1952J Allee, ..... hn, 

Park and 8olal.cl\, 1949). Tun are, ll.,..,_, tw data iadieallDg 

tba\ ..U. cl.et1ae4 tpri.lag wl tall MNUdN OOCl1IJ" 1n -.U Slll.u4 lalM. 

Pennat (1946) eaald t1n4 llt.Ue m.-- 1a the U.tent\u'e tor 

-,ring am tall NdM, except 1a luge u4 l'ela\1:f'eq cl-, 1abe 

and ri'M'•• Spring plankton pale• ~ eomd.n of •--

and _,. be nlaW aore to the qua'11i, of .uiea aT&ilable tun 

to th• anuun1v ot other Dlltrieata (land, 19'0). .,...,,. 

bl ... of the~ are characleriatio ot.., ot Uie 1111111 

Inland luu (Hute:1uea, 1944). A11-...J MJdN are Nponed 

1 ... ~'17• su,6a (19JO) nggeated tbat the m.-1\1.w aalw 

of tile IV'pol t.llld cm bNqb• :la\o the \nliloea:lc .. ._.. at the tall 

......,.. are not ued v p1ank\on 1D lakes at high lats..._ beunH 

ot taperatve and. ll&h• eODdi\iou at 1lbia ...... 

tJa,paee\lOIIUly a ftli.e• ot concl1tiana cdau 1n ...:u talaad 

lake8 whioh IIGdift.N • ......,. aaaOMl. ~ ~o ot 

tu ..., and J.uta• inland •--• YOlbtm (1932) tlNDd a rdau 1 ,.. 



-,-
plankton max111Uffl in Takaauka Pond, a ahal.low eutrophic lake, which 

he belieftd was auatained in part by nutn.enta brought into the 

epil:bmion from the hypol.1mi,ion by v1nd action. Be also noted a 

relatiouhip between the quantity of plankton and the inflow of 

stream water. Unatratitied l.akea may or -.v- not ah• tall and 

apri.ng •xiv. It 1a frequently at.ated that a large littoral area 

1nvhich wrt.ical c1reulat1on to a major portion of the bot1k>m t, 

poaaible tbrough0ttt auaer atagnation faffl'!II high production (Strom, 

1930). Maro- 0£ the Michigan trout lakes are lakes whose depth ie 

large u compared. with surface area. Thus a large percentage of the 

water ftlume is below the upper limit of the thermocline. Thia 

reatr.1cts circn1lation of nutrienta during eummer stagnation and 

creates a condition of morphometr:lc oligot;rophJ". It 11 of intareat 

therefore to d.etel'lline whether or not ar'1t1c1ally created water 

movements during summer will to a:trJ' degree oounteract this inherent 

morphometric 1nf'luen.ee. 

After the field work of the present stu~ was ~, Grim 

(19S2) published an account of an attempt to circulate the water 

of a amall German lake in mldnluner bf pmnping the warm surface 

vai.er to the bottom of the hypol.imnion. After 180 hours ot pumping, 

the temperature of the bottom water had increased 5•c. During th1• 

period, the temperature of the aurface water inaeaaed from 22•c. 

to 26-C. as a r911Ult of aol.ar heating. Water movements initiated 

within the }o'polimnion b,y pumping brought about an increue 1l'l 

thioknua of the eypollmnion, and produced a sharp temperature 

gradient within the thermocline, but. apparen~ had little influence 

upon the water or the epilimnion. 
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f•t,• r.,..ture ot the water a\ the dieeharge vu oondatentlJ' 

,.,. Jd.gher thM the temperatvM ot the lake at the intake leftl, 

lndl•tlng tba• ... aw vu ~ tlie pipe through lealra at 

'U1e jointa abow the intake. E.tfi.cd.aay could thereton haft beea 

la.ptG'l'N alidlt.:17 be HGlll'lna W\ter eeale at the pipe 3eiate. 

flllpen1mrea ,,.... taken at, l•foot. intenal.9 uatng 2 ,__.. 

Nlietanoe ~- The undallater :phAoaete.r duor1.Nd .,. 

One1:lllank (1945) vu UH t,o ...._. liaht ,-..v&Uoa. S\\l'MnlrtaM 

uull7 Jll4e attv 2 nocea-11'9 nlllluJ-fue Nl&Unaa. A 11.nt-Sur•rflll 

photoelenr:l.o ~ vu Uecl for 'W'bi.dity meeul'--W an4 

for pholph ... and U"On d.dendn&tiou. Condani..S.t, vu lleMUl"94 

wt.a a ~ • a 11r,opcn.t.:1 eonductidt, Wlclp. 017,-, °"2• 
~O .... \cnal ph.08pUl'WI WN ~ Uing the ... 

•tliaed IV lllla, WuVall am m.18 (1946). To dnen1ne .. 

,..._-.. et diuolftfl o.rgaat.c ph~, 1-,lea ._.. tun ftl• 

--.t tb1'0Ulh 3 lqere of lo. ,0 Whataan ftlter paper with a filter 

PDIP• Jl1 phoaJjloru .......... u .. ._.. made in d»plieate. In 

.,., .... dlplienea 8IJ"4MCl wiWA 1 or 2 acal• tiT.Laiou ot tmJ 

~. In can of pea,._. ~ oomand.natlon _, 

...,.._cl and addit.2onal atendna'1ont Wft aade. Inaqanic: 1ron 

wu ~ Iv' the D1PJl'idy1 •thod • outl.iMd 1n Standard. 

Met.boa of Water Analpu (Alm'icea Pulll.1o Beal.th MIINlati.oa, 1949). 

Sulpl•• for cbelllical ~ UN oolle--1 a\ the Rrfue and •" 

d8pUaa of 6, 13, IO, 36, 39 and 41 , .. ,. '.Die 20-'-' depth waa 

om:tt.4 an JulT r, ad. Ju'J¥ ;i "'1t,,.. added tti..-..twr been•• ot 

tile 1aenue 1n depth of •• eplliaatoa. 
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Id p1an1£\on eolleetiona wre _. v1tb a 10-liter plaatMa 

vap. s-.1 .. ts -tclrl ~tiGU ._.. ..U•• 'Id.th a ~ 

lle\U.. flfO 1.pll• •aapl• "1J.eoW a\ each tlep1'A ..,.. cent.r.lfa&e4 

in a Foerat ~ at a flow rate of 1 ..,U. "'9l'Y 40 ~. 

Mil-I.Ne .,, niahi of ....... detend'wl _, ..,...,.. the oa\ri.• 

fuled wion at 60-C., w:tgldna on a eenn.Uw •J•••• •etdna a• 
llllfll• tunue n ~., am r .. saJd,,.. Plank\on ... ,,.. _.. 

tNII a II04Ule4 ~ ..U whioh cou14 h UN '1IMltr a 

4-11111. ltl.0111-,. •~"• Eat.illa'MI ot b wean m,rJw ot tile 

JIN_._.~ 11'1ttda 1lhe ee11 wen_. uiq the Pl'M•dure 

ft0lij IIP<lff If' S...i:u.rc (1949) • .l 9' ,-oat, OOllft.deaoe J.awnal 

waa aalcn4&ted ter euh ... 'l'be awnse ft1w ot oelmd.• of 

Noh QNLee vu oaloal&ted v •uulnc appNld.a~ 50 .ran«ScalT 

.. 1 ..... ocil.-.... 

The JWineipal OMn&• in t.he vater •••• of t.he lakrt u pmnptna 

pngreaN4 wve (1) a neac\'r 1acrNu9 in the upth ot t.he tpt,lialda, 

(2) a1nJd.ng o~ the thlll'MC4ine at a __.1y cwtaat nte, ucl, u 

would • ~, (J) a ......_ in the thim•• ot th4J ~ 

• the lto"°11 ntw wu dS.ep1aoa4 (F;1&ve J). The .,,_. liJd.t of 

Theftlaeettta. 

epSJ Slmicm vu tlm.8 inoNued lll' 49.9 ,-.at. A a&3or pert,ion et 

th1a 1ncNIUe ~ waa dtle to the diaplao~ of tu •"­

attn- to the nrtaee. Thia 1a 1ndSeated by the •teld.r ..__. 

dope of the 1aotbc'III of the that"IIOOline dmina the period of pamp­

ing (Fipre ,J) • 1'he ........ 1Dffeue 1n wl.12118 1a 12.0 peN8M 



~ 
' ~

 I 
' ~

 ~
 I

 I 1
 !

 I 
f r

 
I I

 i 
! 
f l 

I I
 f I

 1 
~ r

 I !
 ~ 

I ~
 i 

J! 
I 

J 1
 . ~ 

! :
 r 
I r 

i r
 I 

. !
 

• 
l 

• 
a 

f 
i 

J 
i 

M
 
r 
I I

 f l
 

~ 
i 

l 
~ 

t 
~ 

• 
ff

 
1 

~ 
f 

f 
f 

t i 
f 

f 
e 

• 
r 

; 
2 

, 
1 

~ 
t 

f 
f 

i 
i 

~ 
, 

i 

· · 
• 

: 
t 

I 
i 

I t
 I

 
' 

! 
• 
r I

 
., '

 
1 

: 1
 ' 
t r

 t .
 I I

 l t
 ! I

 :
 J I

 f 
1 1

 i I
 f 1

 
~ r

 I 
; r

 -
i 
r f

 •
 • 

i 
i f

 ! '
 

l 
! ,

 

1 
~ I

 f r
 ; 

&
 

, 
I 

; 
f I

 f J
 r

 
f '

 ~ 
I f

 l
 
f r

 ~ 
I 

• 
. 

,. 
~ 

I 
f 

.. 
l 

I 
f 

t 

~
 

\f
 





SURFACE,--------r----,------,--.----...-----r--------------.-----.-------------___.:_---, 

2 

4 

6 

8 

10 

12 

14 

I- 16 
w 
~ 18 

Z20 

I22 
1-
fu 24 
o 26 

28 -

30 

32 

34 

36 

38 

62° 
60° 
58° 

56° 
540 

50° 

40 L___.L___J _ _____l_,___l._ _ _j__~==2=c=:J::::::::::::t=~=:=~:=~====1=~ 
26 27 30 31 2 3 4 5 6 7 8 9 10 11 12 

PUMPING AUGUST PUMPING· 
STAITTED STOPPED 



-lS-

diatribut.ed heat within the lake buln but had not brought &Hilt 

lea- or ga1na ill heat. FollOlfing pamping •••n.tiall.7 the 

the thenooline wu uabMgad.. 1Jntortunatel1' ae obaen'aUom nn 

llad.e 1n Sep~, IT October 5 tbe late vu iao'libenal to a depth 

et 35 tNt. Th9 ~ at th1B time - 5e.2-r. 

Pwlpj.ng vu cU.aeont1ata.ed an.- 10 _, eiaee lt vu appu,m.t 

that all of Vie _,_ •tel- nob in phosph-- aboft the 1a .. 

bad been tU.aplaMd. water •tier.1rac th• 1atake at thia u. wu 

1a th4l th•wO:U.ne. DoabUnl t.be pvmping time WOlWl _.,. a..,1aoe4 

tu •1-- of•'- r•1Sning between the upper lild.t of tbe th--­

&Une and th• 1Dlalca, but would aot. haw inei'eued. \be oonoenvatla 

of ph_,.._ in tho pboloaJA1ale\te •-• 

hrlwU.t, and ~ 

Mor w tihe -,.r111ent, the turbl.dit;y ot waw colleriecl 

'between the nr:taoe and tu 29-toot lewl vu 3 p.p.a. or lua. 

B.-.. 19 tut, am ,, , .. ,. tvld.clit,y- mcnue4 f'rw. 2 to 12 ,., ... , 

ud. be111reen J6 tee\ and tile IIIJdmm depth then vu a .f'tlrtaber incrwe 

ot 2 P•P••• ~ ut.r.ltiaa gaw a pink out w •ter 11nplea 

baa 36 ten and bel.a when Y1etfed 1n diren ll&ht.. '1'hia puoti.oulate 

•tuul eould 'be J'lfflOftd by tu.vaUon qtng a .eoane .til\er, • 

• oentrifqa\1on 111 t.h a plankloa centr1fllp. Cent:rihp-tion rllllOWCl 

3J p.p.a. of organic ••tar fJiom vaw oelleeted at 39 f•t• M1oro­

NOp1.e __,nation 8hOll84 that tb1a uterial RI old.etl;r planltton 

4-tritu of Whiob tr:I.Clbw of O.cdll•'f!'J:f 91>• wwe pncklldnat. 
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Boan aftelo the atan of the paplng • deeNue in tvbldii;y oOCIIITl4 

Ww 29 feet u the deeper nter coft't'G11:lq ~ ma"8r.ial -

np1aoed bv vanspannt •ter of the theraooliM. By Au.gut 4, 

~urbid1t;,r wu J P•P••• or 1- 1n all pate of tr.he lake aoept in 

the atrawa 'belatr the lewl ot the •• intake. 

The addi\ion ot the tvld,d bdwa •W to tbe ep1JillnSOll 

caqecl - .......».a ....... in ~. ------- ... 

wlth the 11Dda1•w ~• indicated li\Ue olum&e duri.ng the 

period tna. ~ 29 \e Aqut ,. .,...,.., • ..,, ............... 

--- apn 3 wt .&\Ip.II'\ f (ft.ave 4) • On Aupat S, a 12 ,...., 

....... in~ ot artace llcht \rauld.tt.N t.e the ~ 

t..n le'f'81 ad a ........ of tra 10 ,.._, to 1, ,..._ 1n light 

.....S."94 to othU' left1a d Vie epJ1"81d1!11l vu ~ A 

logui.tlsaic plot of '11• ~ clna of Aqut J and Augqt S 

.... that tM INll,tNt ........ 1n ~ ..... UOM 12 

fen alth•cta IM11er ebua• are irldlcaW to a depth ot 36 tNt. 

'!'ht '1ae and d8plh ot thaN c11angea in~ are correlatM 

1t!l.th ~~in~. file lncr ..... in ftl.ae ot 

~ bewetn lial1' 31 ad Aupat , (FS.&ve 8) ,,... crea•t 
l1I ta• upper 13 tee\ altbou.gll there vu a _,Jar 1aonue •~ 29 

f•'· 
Omen, A1Ja11ni\y and CeactaotJ.Y1'7 

Ae the llo\tell at• wu cliapl.acecl,. the GJ&1Pll-1'1ah water of tbe 

thenoel1nll llOftd prognaalftlT 1oHr into~• lake bula. Iao,lnbl 

ot cU•ol.Ylld osn• in the lake bum durlng pumping •• a alcp 

..,..able tot.bat., the iaothel'lu (ftave s). HOlnV, ...... , 

.... rapid UlfllllVd .. ,,,aent of diNolftll an• 1a nguted. b.r v. 
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pr•-- of tnoea ot -nu a, the intalaJ 1enl ('9 ten) atw 

onl3 48 h...-. et pap1ng. Thia 1e ~ .... c1.w nth _,,. 

ean_.. ~ fr• tu oonwraet. n. at t.he aw iatue ratbar 

1lbam the nn1dnc of tM t.bennoeline •t.er• '1'.nusN et GQ'PII lfU'e 

pruen.t, at tbe '°"'- ot t.h• lake (41 ffe\) .after ft.ft ..,._ ot ,_,.. 

illa, a the -,ae Md iaorwe4 • 1.8 P•P•L at t.he J9 f..t 

lewl a tb.e Anh _,.. W'h-, paptng vu cUa••imlad., _,. .. 
-.1ua peater tba 5 p.p.a. nN to N found in all pana ot tu 

1ue bula with tile aoepU.on et •• eW&1111l 'be1ev •• t.a_.. 
•• ~ 111 a»aJW\v and apMUio oondlloU:d.ty that 

appeued at tile 29 u4 J6 toot 1"'11 4\1.rina tba nn, 48 lloara of 

,..,,DI (PipN 6) 1\11181\ Ula\ a. •"•••n\ ot ldoa-l\lcmat.e took 

plue ,.._ 1ibe -4 :Sato tM ••• itnU,n'lf,y' wt ~ntJ' 

,-ping peaod u n"8r at tb.M• ap\be ...,. gaduUy "PlMed • 

~ •• J.Mrer in 418ao1'98Cl ulta. Th• iatlow 1ato tM 

ep1Jtwdea ~ lao'lta •ter of ld.gi1 allra.1 ird.ty ucl ~ .._...,. 

•1• ancin Awl• led to a gradul 1ncNue 1n \he OODd\teU.11.\J' 

• alka11•1t7 of the .,,,.,_.s.. On ~ 4 -1ltaltnlv at tbe 

art•• ad ll foot -,tu wu 15 p.p.a. P•W 11ban obNnN • 

Jlal1' 29. Pb!IDOlpbthalein aJk&liJdty iaonued tbnopcN\ the eptl:111-

aion MtMNn J\111' '1 and Augul 4. On Aqut 8 JIHIIO].pbVl•lclra 

elJcalSai\T wu anNlllltered tor \he f1z'n ts. at a depth of 29 tan. 
ad a.. wu a futher l.U'p UONUe at tile .ufaoe, l3 teat. an4 

20 ten. 'lh1a ,....... 1n oar\tonate oetaatdad With Saareuee ta 

~ lin the ep!lSMiGD ancl thenaooliaea 
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~ 

'1'he dbvlation of pll.,._... withf.a Ula 1a1at dul'1Da 1ibe 

-,enaent anc1 tor • ~ period. tcallclldac the ..... u-. ot 

, nsdnc ii._ ill l'1pN ,. oa lul1 r, .w. pho9pllaru ftl"ied 

1111¥ •UllaU, NWMll t.ha ..-taoe a4 tille 29-foo\ .aptb. ha 29 

'° 41 r. the \Otal pboephoru •~ 1neeued boll 7 to 

J1 •Ol"Oll'W ,.. uw. ru .. u. et •• ..,..1.ea ,..,.. 40 

,...._ ot '11e pMllphOl'U fN111en\ at J6 teet, d 51 ,...._ ot tllat 

. pr __ , al 41 .. , .. indiea\ini .. , the ..,..._ pJaaJtlon devl-. 

NaV.ll•W ~ '° \he plloepl:aolu ooa11ms\ et the M\taa ...... 

Tbe ph..,_• ~ the til'hNd .f.ruUon ftl'ie4 all' alJ41'1.7 bll.ow 

", .... , .... that* :l.ataNUtt 1n t."111. _..,.... w., ..... 

lewl wu 6&e prlN.ipallr \o the JlbNpltW of aup111de4 detl'1 ... 

~ ,a ptl"cd of the ~.SlabJ.e ~ ,._. 

ph ... 11&1 tnaafan4 lo the "'11'laee ~ -. tiN' ti1Ne dep 

of ,-,Sac. fbe ftnt oleu 1-U.catia et iMnue4 ld.GWO&l 

..Ud.t, .,,...._ ~ 7 _..of,., •. the~~ et 

phOQhOl"U tJ-a tile '°'-r: ._. • pap1nc t.e Udie&W s.n ,1,.. 1. 

O. .... , 4. Ule COII08D'U'&tiaa ot pboapb.-u at, the 1nt.a'lw W t.U. 

w 16 a1_.... ,- liter, an.cl 80 ,_...t ot * ......S,lnle _... 

pt&_... Ht •• NIie-. a, .&acut a, _._ .... ai t11e intake ... 

aot appreoi.altl.T .-tu than at Nwral point. withla lb.• epSHnd•• 

a. .... total. phoapllofta of the .,Sl1•1• ~ If' 2.a 

14oropw ,., u.w da.r1ag the tint 11, .... ot pmp1,ng but ..._ 

atw ---• neactt11". ca -.ut ,, 1, vaa e,pradaatel.7 ...i. 
to tile •aiat prNllllt at, tb• •tan of•• -,eriaant, anci 1:»r ,..., 

8 1t. wu alllh'11' 1-1• th1II ....i.. (1Wble I), .A. *•nieal. ~ 
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n.,.. , ....................... ., .......... .. ..... ., 
..... ,.......-w.i,._,.. .... .. ,.,,.__ 
el ........... _.....,. Jll•rJ' 11• • lau1111te Jla••• 

..... u illdfAaW Ir••• tatll&SII• ---- ,_ 

~ ............................... . 
1,11 .... , ...... ,.. 
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or :,.:,, ~ perlitilr wiNl.ci ,_ expMWQ oa ~ a ~ ~ 

ltU1a of the CIUllti'7 of ~c ~ added'° the api1' .. 

... 2'h1III it la apputeat *' a 1- ot both d1N01w4 .- ---.. 

Ol"pnie plloepll_... took place --- ltd¥ J1 ad. A,apn 8. SMU. 

.-uu.. of ,-U.Olllale s~c ~ wre 4neo'Md at * 
1, ton _,. • '411' ,i, ~ t11e -.it.ad~ and~ 

ngt.oa on .taaul 4, lat -17' at •• 29. toot dep1ih • ..,..._ •• Ia 

daez- 1-,1e8 tee ~ in --..i pt&oepla.eru htnw1ea t.U.._... 

a4 aftJ.wed •• 11• we .. ...U. u ._ &1• u reltule lncU.ea.t.ta 

ot ....,_e Gl'IIDD pbNpilOftl• tbe IIWS.'-7 .,,...._. of pu-

\.\olll&te ~ .. the••-- ...... ,*•~-
_ .. ___ ~ at tbe N'f&ff,... rapldJ.T 1Nt • _..,.. 

taV.. • tlla1' lit"1AI U-, of the &tied_..,..... W.8 ~ 

~ ....... ~ 
X..Pld,e Jh_,.__ m preHl1t 1n dewotalale .-U,tt.M la 

_,. one --,le ..U..W fllil'1nl *·-'in...,. ot the~ 

'1•• au wu a\ tu ..,.... ol the e,U\eion (U ten) on lal1' r,. 

Ia .U .,._. •-,i.•• relAlnp ot the ~ were neWI/' _.. 

1baa one or we Pde 4l1'1810M ..,tar \bu nadlnp Jlllld.e on clllUUN 

-- 14 .. \o Wb.1Ath elMldoal .._.. had. been adctad. S1DN Ule 

Wl'OI' lmol-4 b ~ the ooJ.er1aeW Sa t.h1e ,-tlcm. of t.lle NI• 

....... IO&l• ~ w.a d.Ut ...... --- ........ 

1t1aab, Ut,t.te can be Niel reprdizal ._ ~ioa of illarpad.o 

Jl't.oapllofta .-pt f;bat, it aner ... ._ a eoneenvau.on ot 1 11 1-o­

pa ,.. u.w. 1.'be ••-- ot d.neeta'bla quanliti• at either 

d:!1N1"4 w NnOJliC t.nwpnl.o ph_,..,.. at _,. d.aptb !nd!•tea 

tu$ lit\le 1aorpn10 ~ 1la4 been repnera- fNa t.be .. 
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b1' NductiYe procesN8 u noted in Eatbwaite Water b., Mortimer 

(1941), and al10 indicated tbat little it any inorganic pb08phoJ'u 

vu tl'uatened to the epil1mnion in the .ton ot ferric or calm.a 

pboapba'9 u OCCUit 1n other 1aku at ti• ot the fall onnura 

(Hutch1D11oa, 19411 U.ttle, 1936, 1938). lone ot the iron detendna­

UODI made on laQ' 71 bt the DipJriql method 1feN poei\i.w t• 

alt.her ferric or f'eaTOU 1ron 1ndieating that the concentrat1on of 

iaol'prd.e. iNa wu leaa than 2.0 llicropaa per liter. 

P1ukton 

The Jlb11,o~n ol 1lhe 1-ke a\ \he time ot the apoiaeat vu 

ot the ~ \Jpe. Ohr 9S pee-' ot the algae pre_. 

~ (Clloda~) w -•• 1n alnadance mt 41.d not ake up 

O'f9I' 4 • S peroeat of the ftlae in an, --.ple. Colacd• of 

'~ -- -,. , 0!'.!!41!P1! re!!eel:!f1! (A. Bna), 

9!!ld!! ap., and B!!e!!!l!! d1!!!1!!!! (Illhot) VG'e pre•nt but not 

ou11a. There waa little ohan&e ill tbe apeelea OGIIIPOlfition of tb4I 

ptvtoplulkton clurlng the apenlMlllt aad during t.be ncoeeding thr• 

wek period. The inm-eue in the T01:mne ot ~ ceUe 'be...., 

JulJ' 28 and Augut S (Pigue 8) 1a in pu1; due to an inoftan in the 

&ftl"&P eJ.•• of eol.oniu of~• but prlaoipellJ' to an 

iacTeue 1n the Daber of colon:l.e■• At. 13 feet the aTV&ge YOlue 

ot Chi".,..._ coloniu iacTeued "1 so.s percent betvNl'l July 28 

and Augut ,. During W.. per1 od the Dl1llber ot ooleaiu increue4 

fr• 945 001.an:lu per liter to 10,509 col.aid.ea per litel". Betnea 

4ucUt s ad AugUt 12 the aftftge oolOIQ' ••• daauae4 alighily, 

bat till_.. vu a f'artJier increue 1n t.he -•r ot col.om.ea to 14.184 



\ 
\ 
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per liter. After 1ih18 1n1t1&1 phue of rapid grarth, ~ 

procluotian raained auttlc1en.'UT high to autain a atuding crop 

int.be epilialdon S to 10 'U.llla1 greater than vu pruent on Jill¥ 28. 

Both plankton ad vaupuonq data ---" tlaat the pulee 

NIU 1n the lanr part of ihe .,Sl1m1on on Jilli' '1 and then epr■a4 

to the nrtue nler. A flwtolcl 1ncr .... 1n plankton wlmle 

oeGUTed batMNn July 28 and 31 at, ll feet. Imnuea at 6 feet u4 

at •• autaoe WN W11 and wre not a:tr ttoant n&ti.nlea.11,T. 

Saa1l ........ 1n ...,_...., too-k plaee be-- 9 ml 15 ten 

dviq w.a pel'iod, al tboqh the fflllllPIINROT ot •• upper pan of 

the tlpSH-r\Oll d.U -' ...._. ai&ftitiean\lf 'IUltU Avpat J. 

Con.ft.._ lJalu of . ..- a\ 6 teet on .lupst 5 clo net cnw­

J.ap 1:IJl1te of~ at the Rl"faOe ad 1J t.M. Thu 1ndicatea a 

detLnlte oone.....wa\ioa ot p1aktoa at tile 6-.too\ c1epv.a. oa Augut 

12 &11418, ..,._,, the 9' perout ccmf'icleaoe Ua1ta ot cants at 

the tvtaee, 6 feat ad la f•t all O'ffflappe4 conaiural>JT, 

tndka'1ng .. , the algae ........ ~ dlnrillu.te&. 

h iaeftUe 1n the wlae ot li'ring ala• 'betweea Nb' 31 and 

A'QWJt S bvMN4 the .... ub-.tne tlr7 W1ght ot eeetaa ot 1ibe 

epUim Id.on lV' Jl,.2 ~. A decreue ill 'the wight of NA01l 

OOCIU'Nd at 29 feet, &l.thoqh then vaa a in_.... in the w1UIII 

et ,a,,toplankton eeU.. Thia vae -,pu,mt.l.7 c1ae t.o the diaplaoe­

aent et uvt--laua nwr of the t,n,olillnion by •tar b-om the 

thenloeUM, low 1n d.etr1'11a but ocnta.iniq aore li'ri.ng algae. The 

H8toD ~ SepWIINI" 1 again ebcnd a predaSnanoe of Chrooeoeou, 

!he awrage veight of ...ton had increuN nlMltanUal~ ffff tb&\ 

on Atagut 12 (Table 2). oa OCtober 6, the lake wu iaotbenal dollll 



,__ L-⇒llfa •· tt.-, wl&k' ~ --- .r 11W••• - _,_ ,_. alee1otecl bGII I glca d 

...._ 11glfde •_.,ate_,, wtp:hd - .aui1 d •• ot u•QJnNas a...._ 

' ......... • •• ... .., 
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to ,S fen, al'Ulollp the .... l'nUN of 1llle aW YI 1 ■11114 h1gb 

(sa.2.,.). Ille_ nigh, of -- • ~ tlate vaa appl'lldaMJ,­

............. __., ... ._.. 11. Jlawtv',tbeJlv'to-

............................ 
M IIIHl'•U.. of iatiltl'ut NIWdeci du'lng the JIIIIIPSng ....... 

... ... - .,,.... 1-Nu• 1n ~ INW1ih - ........ 

lop .. uvitu b IUJl• ••• t• - ~17 ........... 

•*...S.tl.Nr•ft.laellarp ..... , .... ., ......... 

pt.pe ..... ~~- ... ,ot~~lcpd-~ 

6nd.tu fNII tt&e Jlrpo.1:1_,_ 111d.oll had 80'3.N w tile --- of 

........ a.~ ............ eM•t13 ot -- ot 

DS.nn ........ of •• ~ duiag w.a ... WS.'th 

tllat -- .......i ,... ... du1ng .. perJ.ocl of tent.Ua-U.• ii 

an ,-.11:4•• 'Da.e .. u.te. ot ~ ade llr '-• (1912) 

...., .. tenW.ut;;.1.oa 1n 1948 ad after tlle addt.t.lon ot t~ 

(1949-19'0) ,... _. tNa 11ollli "- ftadSap,. The •eetlli G.it 

·--••t.1.Gn ot ..... 1l (tar --· after P'IJIP1nl) - 15 ,..,_ 8 

iadl•, ml ls 1ollw '-'t. _,. nlMng ...._._ 1W flaller in 1948 

__,. Sa ..,..17 ..... 1\ la veU below Ida ........ ot a,., , .. 
,_ 1111• enve ..... of 1948 and OGlpU'e9 taonbl1' vi.th hla 

■■ DfN' ....... ot 1,.1 tee\ f• Ille NOODd .....- ot t1nus.1aua 

(19'0) • TheN liad:'-4 •• al.table tor .....,._ IRllcut t.laat, 

the ~·lewl tollowlalg tbe ~ t.acnue ... 1en .. 

that 'lo - ............... , ar\itl.olal t.u.u..u., at•-­
gnatel' thlll the awnp ~ l:l.r a4diag ,oo ,-• of 1111 •"'4 



leniliffl" during the...,_,.. It ia WO DO~ tibat in 1941 

aeeehi d18k read1n(PI ina-euecl ~ during lat. .Auguat, and ear~ 

Sep•ber• FGU.wing pumping 1n 1952 there vu no iaareue 1a 1nm­

,.,.._, 1n late .tugu,. 1'b1a ngg•te that the atillllua alwn • 

pbJtop]Anklon prodllcti.a by the pamping autained pbJtoplank1ioa 

pnth dm'i.ng tile peri.ecl in 1d1ioh t.bue ia DOll'llll1l,y a 4eonaN 1n 

~. 
Tu prlnoipal ln'Hllltv.a ot -· lake WN 29!!!!:! 1-.e!R!:e!• 

Saall ..,_. ot ~e!!Jl!Jd! 1!!:ebella, Bolld• l~, and 

~ .-.gomuu .... 1'M4111'dect. 1he nmslMtr ot ~ 

l'NOl'd8d trca 4'1pU.ate 10 liter pl.aaltt.on tnp AJJPl•• vu hilhl1' 

w.ri.able. It, _, tlm.a dUtkult to uke ~ of oatcl:lea oa 

tU.ttlNJlt di.IN and at 41.ftennt; deplbe. The da\a, hGWe"WV, do not 

lnd1cat.e an i.aeNaae !.n ~ ...-.lll• to tile ~ 

p&laellOtedallloft. 

C.,U,.Uoa Id.th Eftll'8 •~ fall Oftnul'n. 

Tll4I .,..saent mmlated quli'"1ftl.J'i although not (l'Ullltilat.1.ftlT, 

..,. of the ..,. 1iald.ng place 1n mU tnlad lanl 6ar1n& ib.e 

autl1lnal ........ 'l'ba ater' -■■U Of gl'Nteff pbJd.oal and cbtld.oal 

cHmm1u1:1,y ... aiu4 ml • ..,. ..,... nn 1n1t1atec1 1lh1ob 

llllde pouiltle •ohana• ot el.ea~ •••• ta bottom Nila of 

a large pan of U. lake lu1n u4 tu ~4 waw. Qr,aa 

wu introd&loed lato the ~ ad the IIINNi• euolNa 

dial1de, ud dlaaolftd and IUIJpellded nbatanNI of the bottom •wa 
wn lllroqb\ 1Mo the pbotoqnt.he'U.e 1111118• Cel'win envlromeatal 

oomliUoma, .....-, an quite di.f.tenn\ trca t.boae nol'llll.q atteDdS:ng 

t.- tall circulation. Temperaturu 1a tae upper wa-ter r1m11necl h1gb 
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B 1ilte total .-U.- of beat, ill the ..ui-e la1lt r•1tM4 W1¥' 

........ !hen wu 11\Ue prtJCd.plta1da ad litt.le __,_ nnoft 

......_ u. lake ~ tb1a ,-MM!l. ni. ••rmn ot NJ.ar ntia\'La 

l'IIObJ.ng the J.m avf ... VU ptea\er a4 ... OOllll'Ull\ &\ Ible 

•-• tllaa ia tile tall. It aeuonal .U.Uc ...._ RN ~ 

e11aiuW Jroa ._ .,... of \be •---1 ow:riun, 1'1 WOUl.d t.bu 

.,,... ... , -- Jd.olopoal ........... dulna .. ~ 

._.. 4lr"'1l' • ~ nlaW to tbe Bdxtag of 'U1e •--

aa1•• wld.eb •••--~ t».e .....i ......i .......... ._ 

------~ ...... •-•dl.Nn,..,...'1oanl.­
t1o:1al eS.Nl.kU., 91aea the otae__. ......... ia. . .,__ doN nn 
.,,._ to INI --~ ~ t.b.1a • ot the other ftpoa 11.,.. 

1a11ee at t-tiu •••••• ... ~ an.- •• .a.,1on ot 

i.n1u ... a..._.._~ pa1ae c1t.tten tftm. ~ _. 

t.:11 Pl4As• in ..._ lakN (11.W,. 1952, lirp 11114 """1' 1922), la 

that it ilnr:tJ.194 eblfttl7 a abal• ~ wl tlltat tMre .. •' • 

......... , ,.,.. ..... .,..s. fd14illdq •• IJll\:1&1 pulh. Thu 

.,._.. (GhNeao-.. !!:e!!I> .... the '"4•1naa\ .,..s.. bet.,.. 

,..,,., _, • ......_ The ....... ot....., 1n tti. n.V.o of pnwd_. 

to.....__ f-- tenewJ.ng the :,dae 1a ~• Jfutotd•oa 

(1944) -.aute that ldMI" CtbU1M b the •vL•t 1....i _, 1'ai.rc 

..,_, R.CONaloa of one .,.:I.•• by wt.bar, bectm•• ot •11ala' 
~elegloal ....... 1a ...,.Utsen , .. •tri.-. 

MNual• 

!be vamsi'-7 iMnale in --1 pluNlphoru o-t the .,Sl!adtD, 

tollGINd • a npid. ~ to tile 1--1 Wllfl1Btend at the ._,.. et 



.. esperlaeat ...... that ....... t.t.. u4 pedlape ••s,t,1• 
1:r --. •teri.ala and U\tonl ...,._ua r....,.. ~ tf-. 

the .,._ uaW. 1t MUme4 to a~ ...i... 1l'oa tihe1r 

..., ot 1llle nte of deonue of ndl.ouU.Ye paesphOl'U f:rOll Bl»ff 

Lmt, Ina ket4a (..,._ et. 4, 19'2) ponalated u anift ___,. 

ot ,......,_ ._.._ 1lbe •Mr ad tile puUolpaUng lul .Uda 

(Jtl,,alM ud ... 1., u ...U. u bo"- --> an4 ..... , tbat the 

pheapb-- lddN tio 1akea 1n twW.i.s&Uoa ..,..._ta 1a ~ 1oat 

lo tM N.\ida ...U an ..Ui...,_ la ee\a.blt..... .At ~, 

..,. 1a • -.n -' ~ 111lioll 1t ... u,..,. • ...u tnn1ea 

flt the ialt411. 1MNue after· ten~. lb• MW Jboaph.._ 

......-.u. ., w.. -- ............. ~Ual ~ 

ot the..,~- lfml. IMJ ..... tha1, tille...,,..,.... 
., ......... .-ua..--..1aw•n11PinUlea---,1i1 
dalt to a l"IQWl -,.w-.uoa ot tile pheapbw ._., into the 

upper water vlth the UYlna .,._:l•r na. tban M1911' w ._ 

fl'eolpit&Uea ot uo:rpnu plaoapbol'U ,.._ -.daU. 1a \bet epll• 

a1on • ..,...W 1W Bt.mela, (ltJI). 'Ile n,W nwn. w a,Jftld.• 

-Mtel;f the ial"1&1 l.eftl 1n Wen Lat ~ ...... tba• ... pa"CIOIN 

ot tibia tne Wlldecl to Nldl.lu the pbolpbw leftl.. S:ian 1ilae 

ialUal ~ in paoapbonul vu en1y- ,S ____., 1lba aqu:IJlln.• 

'tlll.ue vould ~ not M 811fficd.entl.7 aboft the 1Dit1al 1-ftl. lo 

The ..-U'7 ot phoephoru ad4ecl to the .,,_11.ad.on • pumpi91 

u ..U ._ Ot'lllJtl,NCl to the quntit, ue41n tvlW...tion .,..S.• 

---• The ._.etioal a4clS.UOn vu 239 &J'UII of pbOlpbcfta, 1lb1eb 

S. -,d.ftltn to 1iu phNpb_.. .__,_, la 43 ,-ad ot ._Nld 



ten11iser contaSn1ng 6 percent 1205• Since there are t• data to 

indioate that pmp:\ng 1-reued •fMI>" tllllpozvily the total quanift" 

of pboaphOIU 1n the •11wn.1an1 1\ mu.at be appONd either that 

ph~ vu r,ot a mu-ient limiting the ponh of Chrooooccul, or 

tba\ 1lbe ad.dtld pboepbon,.a in a<ae 1AV' ineftued the aw1leb1.J1ty ot 

the orpa1.o pboepb.aru la \he epU1Mdon v11ibcNt, ~ the 

total qua"1'7 pre1ent, 1n the va\er. The hea'WJ' pd-•!Ull gl'Wth Oil 

the Im~ of the d1Nllarp .......... \bat t.be detri:1Na .. 

orpnlo •'• broqht 11P .from the bo\'lom w.u men .. -,'1.lt'D to 

brealdon u4 nlw• ot rmW'lent tbu orpa:Lc •ttar ar;\ginaJll' 

~ 1a ~ epll:lanioa. A •low NJ.we ot pboapb.a'k trca t.h• 

a.vs.-. that .... u., to the ., ... 1n the littoral. .... mq haft 

••Waed • in.cnue :I.a plankt,en fW' a COJWiclerable period.• ewn 

•-- ,m in.enue in ao:Luble pboaphate in tihe water vu not eYidellt. 

J.llDt (1950) oltea the work ot ~ (priY&te eG1111U1ioaU-on) 

'Ill.lo tcnmd that A41!!rf:!l!R! oella can ~ pheapbate from wter 

at ooncentn.Uena below o.06 aS.ongraa per 11...,. Ver, UkalF 

can alao nmow and nore inorpnlo ph01phoru.1 at a o.. 

oeavau.on Del.aw t.hat wb1ch oeuLd • deteo\ed. Gba1ca11-,. !hu, 

the data do aot negate the poe.tldlit;r that phoaphOl'b vu a JlllViat 

11Ullae4 1n the plankton pula, althou.{61 the., tbr• little 11a:ht 

The expel"lllent daonetntee that utit:l.o1al a.roula'Uon of 

...,,. ...U..r traut lake• 1a poaaible du.ring the .... rat leut to 

aa IIX'tAmt 811ttio1erl\ to d18plue the water of the JJ;rpol.bnion to 

the nrtue. .Although 1.be pro4'1cs'1on of plankton vu not stimlaW 

to t.he ment aebined anng fertilisation, the veataen _. haw 

1nereued. the carr.,1na capuitq ot the lake tor t'ieh beyond 1ibn 
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1dd.eh could be nfelf' uh1eYe4 b.r art.ulo1al fen.iliaa'1aa. At, 

the oonolutcm ot the ~ .. all of the wter ot tba lake above 

~ in,._ wu witld.n the nnge of tapvat,un an4 eoneeatn\i.oa ot 

dlJltdl nltable tor tNat. DMt pl.am.ta and 1'ottom teo4 .__ 

ot a •3or ,-11• of a lab lau1a ,,... Uma •• affilable. flt.a 

proell4\t.n Oftl'OCIIIIII eb3e~ r&1Nd to U'Ut1e1al twtllilati.• 

ot nalval lAkN (Rael.er, 1947), fteh u butaninc fttropld.ea1d.oa1 

--u.nc • ..,. ........ ud 1-NUiag wed ...... 

, .. 1111f1ed ...... 

tba atbon 1'1ldl w .... ledp the ws.nu.ee ot •• w. B. 

MW.-4, ~t ~ tJle CeAVal. Repair Sb.op of .. n.lcl 

A4a1n14t~ Di~, JUobtau ~ ot c .. enn:1on, tw 

...... ,., to .. lalm. 'the -1nanoe of .. ltatt ., the n.a­
Rl1W Trc,u.t, lelNNh lta14oa la allfo pateflllly ~. DI'. 

ldw1n L. Coepu ud Hr. IOlUll lenloll, 1tho were ........ of tile naff 

at, tlMa t.t.-• dded lr ~ la'borawr, apaee •d ecp.lJIMft'I• 

Mr. Oen.1.d ..,_., Ridl&Nl Sicles ud 1ta7aea4 PWNM uaiaW 1a 

baW1lac acl in """1DI the JlllllP1aa ~t dulDg \119 -,en.­

--. 'lbe a1ibon 1d.ah \o tMnk Dr. A. I. HulU'd and Dr. Ge P. 

Cooper tor readSna the Jllll1U8a'lpt a\tieel:11'. 
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