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!hi• thft1• .. fflttea •• \be real\ of a •ta.47 of aoH U...1-

ogioal eoad1tiona OD ltoe•r I.alee uar St11.later, Oklahoma. It la 

... ag the ftrt1t ot it• kind 1n the ata\e, and. the nm con.cenlng 

penauat watera, to 'be directed by the Zooloa Jl8panMnt et the 

Oklahoma Acnoul•ral &114 Keohanio&l College at Stlll_.r. I\ 11 aa 

muible contri'blitton to Iha n.p1417 lncnadnc lmowledp ot eoologf.cal 

cha.DC•• occurring 1n fre8h-water,. and it la hoped that it u:r etim

late 0th.en to :fu't.h.er ezplore thla lntereatinc ts.el.4 of 1nwat1catlon. 

Grateto.l aclalowleqeaellt 1• due Dr. Joha D. IQ.selle, of the 

Departaent of Zooloa of the- abon-named ia1tilutS.on, tor hi• aid in 

direction ot the probl• and the organt.1at1on of thia pap1tr. 

I aa inubted alao to llr. J'red Car.en, the ltlc:e caretaker, for 

the uae of hi• boat durl.nc the t1U1111er or 1931: to Profeuor Gharl• 

~. SanNn, of' the lnto•loa .Dep&rtaent ot the -CoU.,., tor th• ue 

of Ill• 'boat 411ring the tnl1IINI' of 1939; to Jluo14 Ci,,-.v. SIT uo-tMII" 

and. co-worker;. u4 to all peraone llho oaatrlmted literature which 

aiu4 the productioa ot thi• thnl•• 
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JU S!ORY OJ' LIIQIOLOGT 

u ~17 aa \hree or tour hundred. 7ean bef"ore Chri•t, liaoloa aa a 

field of actence ia ooaparaU-Yely ..... !h• earl;, kao1'leqe of 8C(Uatic 

lite, at be•t. •• a aixhre o-t truth and epeculation. lmept tor 

hl•torleal interea\, ach bowledce 1• of litU• or ao ftl.11e. lt ._. 

perhap• twe tho'G.ND4 7981'8 lat•r that mq work waa aom llhtch coul.4 

be Nlle4 on bJ' the •den 11.mololi,9'. 

!he la"81lt1on ot \he Jdcro•oJtll prolal>l.7 ad .. 111ch ,o clo with 

the ...-c-o• ot U..Uloa, u lt 414 14th 111Ul7 ot the ttth•r 9l)Nlal-

1se4 ft.elu ot bioloe7. Aa\oa fta Leeuwnhoek (1,632-1723) .... \he 

ftrn to cle•cr11- Id.ate orpnl ... 1a •t•r. .0\to J'J1.e4rich Jiu ... 
a ».ilh 'bioloet1t, 1a 1716 ftr•t a1\ap..,_ clan1tloation of ld.oro.

eopio orgu.1 ... ia hi• 11.&ai-.J.ca.la Infu110ria lluYlaUUa et Manna• • 

.Another etep ~t marked th1• early period. •• •fh• latueioa Aniaal

culea aa Oollplet• Orpns. ... •. by lb.nnberc in 1836. (l) 

The d1ac0Ter7 ot plamcton waa the ••oond great atillllu.• for water 

111nat1gaUona and there ••• to be •o• que•t1on a1 to Juet who 8houl.4 

recet'ft cre41t tor th.ta. It 1• belien4 b7 BeeAhaa and Llo7d, that 

L11Jeborg and Sa2-a d1 acowred. plankton la their won on th• Bel Uc ha. 

!hq toa.nd. what the7 4"cr1 bed. aa a wll-a4Ju.ate4 •ooiet7 of oJ"gUi-

aagen. 

!he work of Joluua-.• llhler la th• hrth Sea near Kelcol.ud u4 

'116* ot Peter ha.an.• Jill.le:r in oen&111 Swl•• lalcn 414 a CJ"e&t 4eal to 
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d.1.apel the pZ"ffioul7 he14 14ea that clear lakea wn clnoid ot aicro.

oopic Ute. It wall not uaUl la\el', 'howeYer, that a d.et1rd te name •• 

PT• to thia driftinc •H of ldoroa,opio lite. Be.pn la 1117 pw 

the nw •pJ.aakton•. to all ld.a11.\e plant a, anSMl.a, . aa4 cle'br11 founcl 

noatiJag ia opu aten. Kaeclcel u•ed the ten to iacl,ade ell pehclo 

11 te, ba. t Beaten'• det1n1 Uon has beao•e more or leaa UDi Y8raall7 aoeept

.i. !he \era ilplulcton•, boweYer, haa beooae Natricted. to orpm.

onl7 and the ala7a preaent detrlma 11 de91gnate4 b7 other tenaa. !he 

organl•• 1aclu4e4 1n the IIOH recent uae ot the term plankton are: 

(1) plants, which include Algae and tangt and (2) an1Ml•, which 1nclu4e 

J>rotosoa, Coelenterata, !rochelld.nthea, l&olluecoidea, and Anhropoda. 

The lntomoatraca of the phJ11111 A.rihropocla ia probabl7 the moat prold.n

ent and dpiftoant ot the plankton groupa. 

Certainl7 aoae credlt ••t p to Peter....._. llh1er and Auton 

Jriuoh tor their disoowri•• on tre_._w..ter plankton, lnlt •· A. Jto-rel. 

(1.Al-1912) 1• recoplsed a• the - who toreNW '1w real biolocical. 

opporiunlt7 in lake U&YNtipUou. fo Jorel goea the hoer aacl title 

of the fomlder ot modern Uaoloa. So• of Jorel '• pr1.D.c1J)lll works 

are, 1 laatrv.ot1on a• l • e-.de 4e la tmna profoncle c!o. Lac Leman', 111 

1869; •11a.teriatlC pour aemr a• 1 1 eta.de 4e la tmna pro fond.• &i Lau,•. 
in 1s?4-1s79; •Le L4man. llougrapJt.1• lumologi"1it1 , ln 1892-1901; •J.a 

taa.na proton4e 4" lac• 1111••••, 1n 1U5, tor which he -. awarde4 a 

prin: •Ban4blloh der S.enla1Jl4e • .Allep1191.a• Limologle•, in 1901., 

which. mgb.t be tened the n.r,t te:stboolt ot lianoloa • .. In 1910,. Clm.alq 

11.tecl •o• 116 papen that NH published. b7 l'onl. J!1• OOJIP1"M8H1W 

.talon of lilmoloa and hl• anticipation ot the future of the n.bJect 

wae not aurpaned ~ eTea "· 8l1m17, who, about 1850, 41aoown4 \herm1 
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atra\1f1cation and who, by aome. is balieTed abould be regarded ae the 

founder ot limolog • 

.A.a an outgrowth of the work of l'orel there •• eatabl1 lhed a part 

ot the Swiae labral. BietoX7 80018'7, a l1imoloc1cal collllieaion in 

Sw1 tserland, and later an International Co-S. ••ion of limoloa. 

!he 1ape"1.e ot treeh--ater 1nnatipt1on1 eoon began to be felt in. 

both Jwtope and .America. !hie retra.l.ted in the eetabliehaent of treeh

water b1olo«i,cal 1t&tlon1 on both continent, •. 

!wo pioneer ata.tlone of •rih were t one in the Bohemian toreat 

tounded. 'by Profeaaor Anton hi tech in 18SI, and another at Pl.la. Clenlan7, 

tound.ed by O. Zachariae a little later (1891). Soon after the e-atab-

11.ehmnt of the .. heeb-•t•r etationa other• nre eet up in h:rmDT, 

!'ranee, •o1'1NQ', Sw4en, Sw1 tserl.and, Dellll&!'k, .An.atria, Ital.7, Scotland, 

lneeia, J'ialand, Belgillll, and in the United S\atea. According to 

Welch (1935), a tn important inTeetiga.tione alao had their inception 

cm..ri.ng thia period: (1) the work of Zechokke and hi·• anocia.tee on 

the .Alpine Lake• o! Switserland; (2) the work o! $1r Johll Mlirrq and 

hi• aasociatea ,wh1ch remlted in the po.blication of the menein aix

TOluae •:aathymetrical Sllney ot the Scott1eh hem-water Loche•: (3) 

the Plankton kped1 Uon of Yictor Heneen to the Borth Atlantic Oceaa 

in connection w1 th which certain laproTed plankton 11ethode nre u.aecl; 

(4) the work of Apatein on the pl&nkl.on of the Holstein lalcea; (5) 

the 1n:nat1gaUona of We•enbtirg-Jmid. ancl hi• •tlidenta on Damdeh Lalcee; 

(6) the 1n•••tiga.t1ona of Woltereck aiid hie atu.clenta, first at the 

Biological Station at I.mis, .luatrla, and later in conaection with the 

1JniTeralt7 of Leipsi,e; (7) the naeanh•• of ltelghard and l ard and 

their co-wortcen oa certain portion, ot the Great Lake•; and (S) the 



work of Birge and Juda:, and co-worker• on the inland lake• of liacou1n. 

!he plankton ot American Lakee •• 11 ttle mown prmoue to 1870. 

,except from a taxonollic atandpoint. Conalderable work •• p11bliahed 

concerning the Great Lalcea 1a the latter part of the 19th centUJ7 ba.t it 

dealt le.reel:, w1 th Tegetation and. tl ah••· Qu.oUng troa felch: • Dtiriq 

the decacle of 1890-1900, tour tretah-water blolocical. etaliona were tcnua4-

e4. ns .• by the Uninnit7 of llinaeeota at Goll t.ake, Miuqow.. 1893, 

b:, the l1Jd.Tereit7 of Ill1no11 on the Illinole r1Ter, 1894; bJ' the l1n1nr

ai t7 ot Indiana at !a.rke:, Lake, Ind1ana1 1895; and b7 the Un1Tere1 t7 ot 

Montana at 1lathu4 La.lee, lloatana, 1198. larl7 work waa clone by :Birge 

and Ma.rah on fiscon1in lakea1 b:, Whipple in the New Jmgland Stat••• b7 

lleighard in Mtch1gan, Md by othen. In 1193, work was again undertaken 

on t he Great Le.kes b;r a party, maintained by the Michigan ft1h Comd•

lion and compoaed of abou.t one-half do-sen men, worlc1ng under the direc

tion of Prot. J. I. Reighard. Lake St. Clair •• the eeat of the work 

and a series of reports reeulted. 1 

Some lillllological information was gleaned tr01ll the iaTestigatione 

or certain boards ot health on •ter eyaten in genere.l. !he :real 

tcnmdation of Aaerican Limoloa •• lald by the work ot (1) lotoid. 

on the Illinoi• llinr,. (2) Birge and Juda7 on lieoonain lalcee, an4 (J) 

leed.bu on the lakes of •• TorJr:. .tccordiq \o Welch (1935) t there 

wre in acti •• ni•tnce in 1935 the followiag IID.llbere ot bioiopoal. 

etationa: luope, a'bou.t 50i .Aaerica, about 20;. China, l; .Japan, 2; 

and la.aaia. 17 etatione. Bearly all the heu-watff atatione of .Aaeriea 

are in the United. Stat••• 

Six aeetinge of the International Coner••• of Limoloa. haft already 

occurred, a• follon: (1) 1'.iel, Geraan7. 1922; (2) lna•bmck, Au.atria. 
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1923; (3) Moscow, u.s.s.a., 1925; (4) lloae, I\al.1, 1927: (5) '.ald&pe•t, 

Hungary, 1930. and {6) Aaaterdaa, Bolland, 1932. 

~oting Welch (1935): •Dtirtng the laat 4eca4ea of the 19th 

century, a tn tonal. caur•e• 1n h7d,robioloa were g1 nn in collece• 

and uni Terai Uet, bo.t almat entirel7 of taxonoalc-faani•tic nature. 

Of recent 7eara, a few cov.••, •trictl.711anolog1cal in content baw 

been offered and the nwaber la •t-4117 1acna•ia«. In. a recent r9J10rt, 

leedham {1930) atatee \hat •leNn Merican un1Terd.ties otter work in 

general limology. JAecauee of the nene•• of the lll.bject, the content 

of the T&rioue coun .. ie ettll yeey dlftr••• Of the ~t array of fresh

water laltea, very few haft rece!;Yed an7 attention .troa limolociata, 

and rm.ch onee ae han been etudied are, tor the •oat part, eontined to 

restricted geograph1c&l reglone. 111 America the innamerable inland lslce• 

•o generoualy d1•tr1buted oTer upper United States, aouthern Canada, 

the 110Unta1n red,on1, end eleewhere preaent a wide open opportun.1t7". 

1'he author 1• not aware of any 11.mologieal •tudy hanng been 

prmoual7 don• on Oklahoma lakea. , 
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Thia atud;r waa made on Boomer Lake, which 1• about one a.nd one-halt 

Idle• north ot Stillwater, Oklahoma, in the edce of the Great Plain•. 

!he lake normally is about two Iii.lee long (north-110Uth) and appro:nmate

l;r one-half mile wide with a dam at the aouth and. It drain• 9.13 

aqua.re Iii.lea of MUTOUndinc tenain (~. 1939), and 1• 1U.bJect to 

coaaid.era.ble change in else beeaa.•e of •eaeonal d11tribu.Uon of rainfall. 

There is a riced 1ncreaee 1n volume from llarch to Jul.7, when aoet of 

the spring and sun•er rains occur, according to the U. s. Departaent of 

-'griClll.ture. eather »u.rea.u. In late tA.ll aud winter the lake 1• oft811 

reduced to a comparat1Tely narrow channel which aa.rks the s1 te of the 

creek (Boomer) which•• damned. !'hia body ot water is oonllidered 

permanent sinoe, after i ts 1mpound1ng in 1925, it baa newr gone dry. 

The bank• have gentle elope• and the shoreline is ~ot extensive. Vog .. 

ete.tion of' the 11SUAl type for this region is present around the lake 

bit aone nontally penetrate& into the water. At timea aoae terreatrial 

Teget tion is incorporated in the lake due to rapid riaea following 

heavy raina. Oompe.rati ve absence of ll tto:ra.l Tegetat1on 1 a due mainly 

to the tact that this artit1c1sl lake 1s the main nter supply for the 

city of Stillwater an4 men are hired to remove yegetat1on which m1,Jtt 

tnYade it from the shore•. 

!he nnt part of th1a atad.7 wa.a made 1n J,me and July ot 1931. 

At this time f01a station• weN e19tabl1shed. as ahon in tipn 1. !he" 

were seleet&d w1 th the idea. o'f saiupling the main aquatic habitat• which 

the lake had to ofter at the time. StaUon I •• eelected. near the 

llaeatoae-lined. clam 1n water about t1 fl meters 4eep. Station II waa 

located in water abo11t the same depth a• in Station I and near the center 
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ot the lake m1ch had unobstructed acceH to w1n4 action.. Statton Ill 

•• located near the eaetern ahore in water about one meter deep. 

Station IY •• selected alao on the eastern ahon, bnt 1n a receatl7 

flooded area which con~necl weed.a and P"U••• of a terrutrial •on. 

'l'he water here was about the aaae depth aa that la Station lU. Dv

tnc the aecond tnmmer•• work (Ju.Jae and Jul.7, 1939), the water lenl 

had fallen w.ttici•UT to cleatro7 atat1ona III and lT. Since Station 

l waa ao manif"eatl7 like Station Il, it waa decided to eliminate the 

former and e•tablilh another atatlon (II-A), in a •••t &I'll ot the 

lake where the water was leaa than ot1e •ter deep, to replace Station 

III. !h.eu changes resulted in 9811pl1ng tram only two stations (II 

and U-A) during the second. part iJf the work (smmier of 1939). Sta-Uon• 

laYOl Ted were Ti 81 ted oae a.tternoo_n per wee1c, approxi•tel7 betwe• 

the houn of two and tour o'clock, tor the duration of the sw.47. 

Measu.reaenta of temperature, turb1d1t7, snd pl together with collection• 

ot plankton were ma4e t?-om the water n.rfac sud. aleo at a point near 

the bottom for each at1ttion. A few drops of ~ toralin. were a4decl to 

the plankton surple•· After the organia• were killed and had. •ettled 

to the bottoa, the top part ot the fiuid wa• poured otf autf1cientl7 

to allow ad.di tion of enouch tonaali.n (~) to malce a 4-~ aolution. 

:&a.ch collection waa then labelled., atoppered, and placed 1n a container 

tor conveyance to the laboratoey. 

Since th1a work •• the tint ot ih kind to be undertaken at Okl.a.

homa Agricultural snd Mechanical College, moat of the equipment uae4 

during the fint halt of the inve1t1gat1on. waa ot an impronaed nature. 

and somewhat inadeqaate. Jlld1.DC this period, the plaakton collection• 

(20 p.llona each) were taken with a large-mcn,.th gallon Jue, •1111.lar in 
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conatru.et1on to Me7er's bottle (Rel&ba,rd, 1918). F~r 11nb1n1rtace sample• 

the contain.er was lowered ( closed) by- mean• ot n1ghta and Mllhco:rd. 

At the deB1red depth, th& cork s\opper wa.e removed by- 11ean11 of a string, 

the Jue filled, e.nd waa then hauled to the surface. It is thought that 

only 11 ttle sinnc of the Jue content• and extrinsic lake water ocCUJ'N4 

during the paaeap ot the Jug to the aurla.oe. The nter was then 

atrainecl through a mo.a11n plankton net which ha4 a bottle attached to~ 

reee1rtng the organ! ... (ftg. 2). hllperature •• det,endJled 'bJ' ..... 

ot an ordinary centigrade thermometer. Temperature read1nc• for 9Ub

sa.rtace uaple• were taken· !1111ediatelT on arrl ru of the a,uaple at the 

w:rtaoe. fu.rb141 ty wa• determined. by aeana of an impro'ri••cl lechhi 

41ec. !he writer 1a ••re of the tact \hat tu>bl41t:, readinp b7 thi• 

aethocl are woPth 'ftJ7 little because ot light in\aaitT ftl'iat.iona \hat 

oeaa.r due to obatmction ot •olar ray•, ti• of dq, naaoa of the 

TM!', •n action, et-c. pit n.a dehra\ned. w1 th a 11ell1ge pH •t. 
l)o.ring the aeooa4 ruaer, the plankton colleotion• (30 ltten 

each) wre taken with a l'eent-Iapro"Nd. •ter aampler (30 11 tar, fig. J) 

and the 9a:me aet- (m.al in). the temperature •• aeatrUNd w1 th a deep11ea 

re••~•1ng thal'IIOJMter, JDllllll.faetured b7 the H-:a lnst:rnaent COIIJ)6ll7 of 

Philadelphia. !urbi41 t7 Nad.inga were done under 9tandard light oon.di

'1 ona '111 th a Jackaon candle tu.rb1d1aeter and interpreted in parta peP 

ai.l11on of diato-.ceoua earth. !he pH reading• were made with LaMotte 

block comparatora. Plankton count• wen made w1 th the aid of a wid• 

field binoculai- 111.cro•eop• an4 a Seqewick-lafter counting chamber 

(1 cc.). Jach. concentrated. eampl waa diluted to JO cc. in a gradnated 

qlinder, agitated thorau.ghly-. and 1'1Te separate counts (1 cc. each) 

nre made on. each saaple. An aTera«e wae then calonlate4 tor nparate 
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oromi•• and mltiplled by 30 to ,., \h• muaber of each per JO liter• 

of water. hent7-gal.lo11 ... pl•• taken thlnng Jue aad Jul7 of 1938 

wre calculated oa a 30 liter baai•. 
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!here haw been a great mazq d.-efinitlon• giwn aa to what deaic

nates a lake. !he te1'1D8 "l,ond• and "•'IIUI.P" are often eonfu•ed with 

the term "lake". ~nl, 1Jl 1892, deftaecl a lake u bod¥ of •'6ndlac 

•ter occup71ag a buin and lacking conUnui\7 with the ,ea. 'lhi• 

clef1n1Uon would. include the entire atandin«-water nri.••· lla.tU:ow91d, 

la 1911, ••t up crl \el'la which would make a lake taclucl• onl7 \hoH 

bo41•• of ata.n41:ng water 'llhich are of con•14e:rable u:pmiae and deep 

eough to etratU)' thermally. !hia definition woa.ld eliminate all the 

Paller bo41ea of water. Perha1>9 the moat aatiefactoey clasa1fl.catioa 

hat grown out of that deftloped b7 J'orel and later modified by lhipPle 

('felch, 1935). Re clueifted temperate lake• as those whose ft!"face 

temperature• T8.r7 &bow and below 4° c. into \hree order•• 

•order l. tupeatlln o~ the 'bottoa walez at~ C. ~t 
,he pu; he elreulalton perto48 poaelble (one la 
apnag aacl one ia au.t11111) • onn aeae. 

Order U. teiera~e of the 'boltoa water ft.!'1•• not tar troll 
~· • ; \90 etrculaUoa perloda (oRe in eprlng aad 
one in an'1am>.). 

Order .111. 'leaperature ot the 'b<>ttoa waler T8r," a1a1lar lo t1aa, 
of the tlllJ"face nter: clrculaUon le conU1l11.0lla 
eseept when trosen.• 

s1se of plaakten la open aten. Aao.nc ~ •re 0011110a are ligh\. 

H11perat111'e, food, turbld.1\7, wind, pH, wal•r 4-pth, and dlaaolwd. 

ca•••· According to the 11 terature. lakee of & g1'Y91l tn• aho• ooad.4-

erable unltol'llit7 in plankton content. Bone ot the abow-11eatione4 

factors cu be diecuaaed ucuratel7 tn th• aba•ee of the othera. !he 

effeota of each an qualifted by one or more ot the other factora. 
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:a. R. langtord (1938) think• that light inteneity ls the prlme 

influence upon dietri bu.Uon and point• out that in moat caaee there 1, 

endence that maxima in 1trata near the eurtace are held there by a 

peeit1Te phototrop1d. He tnrther •tatea that an abaence of plankton 

enete at the i•ediate eurface layer• and in the deeper la79rs 'becaa.ee 

of the intensity of 11,;ht and the lack of light respectively. 

A group of experiments carried on by G. L. Clarke (1930) on the 

reaction• of Dapbni;a to light in'\en1i t7 and to light direction eacgeat1 

a po1aible an .... r to diurnal migration and Tertical diatriba.Uon; how

ever, obaerYatione in nature are contr&17 to the laboratory reclta. 

Clarke think• that diurnal migration 11&7 be due to a po81t1w photo

tropiu and a negaU n geotropiaa prodnced b)" the r1a1ng ot the aun ia 

the aomin.g and to a renreal ot these trop1•• when the eun aet, a, 

night. Be ha1 eho• by hit exp&riaents that lla:phnil!, em!. bi ta complete 

power ot adaptation to light in the laboratory. ba.t whether it l• an 

active or pae•in efteet on the organ1•• in nature remaina a quenion. 

A great deal has been written on the eftectt of te,a:peratu.re on 

pl~on. According to ol>eern.tione by Lalagford (1938), temperature 

haa some direct ettec,• on plank'°»· l:1e found that eoae epeoie• pre

ferred the cool hypol1m1on when th• upper water• wn warae4. Other 

epec1ee were found conaietentl7 at the thermoclin• while still othel'tl 

were near the crface d.a.7 and night, so 1t ap:pean that the temperature 

wae poasi bl7 the dominant factor eo tar s.e light and temperature a.re 

concerned. Dlaaolffd gaeea, turbidity , plt, food or wind 11&7 han 

entered into the reeulta. 

Quo.ting troll Lancford (1938) • 1The tuperature gradient at the 

thermocline 1e an important factor 1n the nrtical diatri bution of _,. 
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1peciee. '!'hie he.a not been as noticeable w1 th reep.ect to diurnal .,.,.._ 

mente aa 1• cited 1n so may- instaaces in the literature, but definite 

ettect.e haTe been obeerred in daJ'light di•tr1 bu.Hon. In moat eaae• 

maxim. are obae~ e1ther aboTe or belOlt' the thenaocliu, or, in IOae 

oaeee, in both ep11111D.lon and hypol1111lion. Under such circumatane•• 

there 1e usu.all7 a deftni le aca:rc1 t7 ot the epeciee in the thenaocllne 

region 1 taelf. In ••1"7 fe'I! ca1e1 were n\'lllbera found in thla region 

equal to, or larpr than, tho•• obeert'e4 either abow or below. It 

would appear where a te11pe:r&ture gre,di1m.t exi11t1, the fo7ln a.re able 

to orient thaaelTee and mve toward fa~rable temperahna. In so• 

-cue• the temperature gra4i•nt 1• ob .. rved. to be a definite barrier to 

9Uch selection o! habitat.• 

According to lf. X.. !NHler, UniTereit7 of llntfalo, and lnbT 

._re, UniTenit7 of 11acoll91n (1936), the region of teapen.ture chance 

or thermocline 1• a Tel7 important region in a lalce. I ta poai tion 

deterainee the depth to which winda are able to a1'fect the -circulation 

ot the lake •te:r. Differences in deae1t7, due to temperature dltfer

encea,. preftnt an7 clrco.l&t1on of the water below the the:raocline 

durin« the eu111Htr, and it 1• a well kao,m fact that th11 region froa 

the bottom to the J"egion ot temperature chan.Ce 1• only- able to 111.x 

with the upper waten d.u:rinc the per1odtl when temperatures aN llDifora 

from top to bottoa. !heae perloda of unlfo:ra nrtical te11perature1 

occur in the 1pring &nd fall and are T1 tal facton in the econollJ' of 

a lake. 0X)"pn 11 re1tored to the depth• at the•• period• and 4ecom

po1ition prodalet• are Iii~ w1 th the upper waten and in thla 'fl&'T aN 

part1all7 eltataated from the bottom. watera. thu prnen.ting etapatioa 

and JD8ld.ng life- pose1 ble. 
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A •ttrat claH• lake, according to Biro, 1• one that ha• suffi

cient eise and depth to enable it to acquire the max:11111111 aao,mt o:t heat 

poH1ble under ezitt1ng weather condiUone. 'the &110UJ1t of heat which 

a bod.7 ot water can ab90rb 1• a TUal factor in the prodnct1"1ty o.f 

a lalclt. 

Jl. I. Coker of the UninreU1 of •orth Ca.rollaa (1934) carriM oa 

sou 1ntere•ting uperimenta w1 th copepod.a ad. their rel&.Ucm to , ... 

perature. Be write• that. 1n tpite of mch d1Terait7 ot else within 

the cl&H, the la.rpat copepoda reued. at 290" C. would. nr•11' be aa 

large a• the snaallest of the ea.me sez reared. at 19° C., while few, lf 

any, reared at 19° c. wen equal ln aise to the ual.leat reared at about 

9° C. Change in aise with ncoeH1Te pneraUou, independentl7 of the 

te11pera'\ure at which the particular copepoda wire reand, wa• not not.cl. 

At 8:t17 gi Ten teapera\ure lnel the 118.les. alwa7s smaller than the teu.l.es, 

nre relatively 110re ui:torm in aise than nr• the females. Dit:ter-

encee in size between temperature claHN were alao notabl7 l••• tor 

11alea than tor femalea. Dewlopment ie greatl7 re'\&l'd.ed 'both bJ' lo• 

waperature and. b7 shortage of food; bu.t INll1-atanation. carried . ., 

far a• to prolong the pedod of de•elopaent to nx Umea the nol'!lal 

period for the temperature, aeeaed to ha•• no marked et:tect, as eo!lp&NCl 

with temperature, on aiz.e attained when deft'lopment could be OOIIJ)leted.. 

!'here waa no clee.r indication of an opUIIDll temperature for ain, a'bow 

and below which the copepoda wre .-lltl'. hggeatiozaa of an optuaa 

teaperature refl.eetec! in else aml abu.dance of copttpec!.a nceiw no sup

port f:roa our e:Eperiaent•, •1nee the optl• for •l•• ad rate of d.nelop.. 

aent, reapeot1Tel7, •ould be near oppoaite en" of the range of toler

able teapere.turea. 
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Rau of dnelopment it a fa.nction. of temperature ud of food 

nppl7. and. d.oa.btl••• of 1nher1 tance, while. it oa.r u:periaente are 

properl.J' lndicatin, d.se of -copepod• 1• a function of tempeN.\ure an4 

ot inheritance, and, onl.7 fl'l'T allghtl7. it at all, qt food applJ' (a, 

far aa 1l'QADU t7 of food 1 a conceraed.). 

Coker al.90 found other ohaagea., •• to t1111perature, mch. aa ftl"la

tlon, in the relatl Te l•&'ha u4 w141Jla of the fu'cal rut. HM ftria

Uou in the awilllling fHt and nen to 110•• phJ'aiological. cbuc••• 

Plaalr:toa orpni••• like other fora• of life, 111,t haTe w.tficient 

food to ll&iiitain optima growth sad. nproducUcm or tlle po:plll.aUoa will 

w.tfer. ,er, U ttle haa 'been done to determ.ne the actual BOD.l'Ce of 

food of plankton. Lucford (1931) atatea, •fhe 1mpor'8aoe of the ut1l

lsatlo11 of particulate orpn1o material othJiJJ' than phrtoplanlttoa 1• not 

lr:non. • lanmann hat ahown that floeeb.-•t•r Daphn:la rapidly tilter out 

detri tu• 'Id th attached bacteria. ifol tel'eclc decided th&I pelaclc Dgbnia 

cannot make uae of detri. tua, al though pond fora• do eo. 'l'he utilisation 

of bacteria 'b7 plankton organ19JU ta little lcnon, ba.t Ml' be ot ,cme 

conai4erable 111J)Oriance. Bond. and. Stew.rt, Mc.Pher,oa, and. Cooper haTe 

8ho11.11 that certain baot•ria ar. utilised aa too4 'b7 "farioa.a planktoa 

orgam .... 

-It !a r.-lise4 that aan7 of the plalr:toa cn.atao• te.ect upon 

phJ'toplanlcton tonu 11htch u• more o-r l••• reatrioted to the upper atrata, 

bl2. t abwldan.ce or 1Urcl t7 of pbytopl~•n ahoul.4 not be con:tb.ae4 with 

a'btu,dance or scarcity of too4, •ince other particulate organic material 

-.7 • u.til1secl. Plankton cru•tacea an not alwayw 1m.11erou1 where alpe 

aad protosoana are ••t abu.daat, and, until OU!' lcnowledge ot the food 

rela tionship• ia IION detailed.. no al>aolute correlation can be expected. 
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Jt l•, ot COU'ae, realised that other 110dif7in.g f'actora •7 be more 

1ntluent1al than the relation between food &nd tee4&r in deteratnlnc 

the Tertlcal distribution of a. population • 

.ln increase in phytoplankton with its decompo•ltion product• 

causu an incna•e in turbidit,-1 thua catting off the SW11 a rq• and 

11•1 ting the growth of phytoplankton to the upper aters. '.rhe tur'bid-

1 ty of a giyen bod.7 of water depencl• a great deal on the nature of it• 

bottoa and the ll'IU'TOUD.ding terrain. lottou of eand, gra,..el, or rock 

show a low degne of tur'bid.i t:,. If the bottoa 1• clq. turb14it7 1• 

umall7 high. Swillllling lite keepa aatter euapended. in ater and 1Atlow-

1ag secU.aent ca.••• ftl'iationa 1n tur'b141t7. hrbld water• alpt be 

faTOral>le or unfaTOrable. It the 11,;ht 1ntenB1 t:, •• l••••ed. by 

a111pend.ed -.tter 1 t would pe.rmi t some forms to teed n•nr to '11• n.r

!ace where fooc1 algbt be 11Dre plent1to.l. 

!he direct effect ot wind on 41atribo.t1on of pla:nlcton haa been 

definitely 14ent1fie4 in onl7 one inatance. according to Langford. (l9JS). 

Di atri bu. tion in nearl7 all cases is the aaae in quiet or winq weather 

ao tar ae the direct an action ia concerned. Ind1rectl7, howeTer, 

the cooling e:tfect of the wind lowers the thel'IIOcline &D4 cona~entl7 

acattera the inhabitants of the epili-.lon and concentrate• thoae o:t t~• 

h11>0limdon. 

!he h:,di'ogen-lon ooncntratton or pH of lake water• 1 a lmon to 

poasff• a 10.ff101ent 1-,onance to require attenUon, bat 4etin1 te 

lmowledce 1• often qa.ite trapenta17, often lnooherent, and nene too 

oertaln. So• lakes haTe ahowa & unitora ohanp 4&111' an4 .aea90nabl.7, 

othen ahow a progreaal n ahaage dail7 or oTer a --· l e..-bu.re,-liaad 

tcn:&.Qd la ao.ae lakn of Denwrlc a 'YU'latloa ot troa 4.~ to 9.~. Chaacea 

of 9.2 \o 6.6 haTe been lmoa to occa.r la a dq. laia, TeC•tation, al. 
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a peat ll8DT other tactora probabl;r conff1"'1\e11 to JiR cb.an&9. 

hobabl;r none o.f the aboft-aeationed factor, can.,• an.y great 

decree ot ftrl.atlon et plaak\en. tn lk>oaer Lake. It 1• not of autft.

cient depth w pre'ftn, light pene\ra\1o_n. or to hafl a great deer" of 

'8perature ftl"iaUoa troa top to bottoa. It h not large •ouch to 

pel"llit UCHU'ft waft action, and the foo4 1• probabl.7 u1tol'lll.;r 41etr1-

bnted. AccordiJ&c to the olu1tficaUon aa gi'Nll b7 1orel and pple, 

there 1• ftey 11 t\le it azq tft• theru.l. atrat1t1oat1on an4 co119equnt

l7 the turbidity ia relatlTel;r mdf'ona and without apparent etfecl. 



DISCUSSIOI 

Jt 1• genere.lly recogn11ed that to110atrace. in thermally atraU

f'1ed n.tere tend to occup7 the aera,ed nglona (Welch, 1935). Thu.a 

th b.ypol1mnion conte.ine then fora• in tewer and fewer DUllben as the 

stagnation period pl'Oceed.1 atter the eprinc oTerturn. In pond• and 

ehallo,r lakes ff ere no true thermal stra.t1t1cat1-0n exists there ie little 

or no tortheollln« n:pl.a.nation on the ba11a ot ph79icsl factor, for the 

periodic inoreaaea, d.eereaaee, and vertical popul.at1on lhifta ln micro

crustacean fao.na. !his has been recently concluded by Ward. (1939) who 

ex&ld.aed. a maber o~ ponds, OYer period• ranging from one to two 7ear1, 

1n the Y101n1t7 ot Cincinnati, Ohio, and 'b,y Crowda (unpa.blithed \hel11) 

for a teaporary pond located aear StUl.n,er, Oklahoma. Since tew 

general conclu11on1 can be drawn other than that there are periodic 

pop\11.atlon peak1 whieh •'T be clue to inoru.1e in nmibeh 8:Dll/or ftl'tical 

ahlfta of the fon11. 1nolftd, the finding1 in thta thni1 will be 

presmted aoeord1ng to (1) coll•Unc period•, and. (2) the coll.cU.nc 

1ta,1on1 1n-.o1Ted. 

!he 1nen eoll.ectlon• of 1931 troa lt&tioa 1 sbow peak.a at the 

n.rface on June 27th and hlT 18th for all the Copepoda lnnl ftl. Oil 

June 27th, the Cruopa pealc wa1 lower than thoae for \he other two 

(deYelopaental foraa and. ptaptom1) bJ' 80• 250 o-rpntaa per .-aapl.e. 

!he July 18th high• 9how a conelc!erabl• -n.rlat1on in muabere thougll. 

they 1till repre1ent peak• for each of the :torms. CfClCJR• ehon approx

laatel7 50, denlopaental fol'lla 200, and Dl&Rto•t 6oo indi'ridual• per 

aaaple of 30 11tera. !he d.e:ep aamples preaente4 peak• tor denlopmetal 

copepoda (450 per ..-p]..e) on. Jul7 5th, for DlapH!P,! (150 per sample) 

on June 27th, ad tor CJ'Clopt (50 per 1aaple) on June 20th. Dlaph,mo•o• 
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and Ter'T 1ft11g Cladocera showed •light increa•e• which culllillated 011 

June 20th. and the tormer •bowed a coaparati vel7 high peak on Jul7 18th, 

whereae the young Olad.ocera and. llouina •tead.117 decreaaed in the rest 

of the surface collectiou. The onl7 noticeable peak for Cladocera 

(Diap)wloaoma) in deep auple• •• on June 20th (250 per auple). Bae 

unaent1one4 datea ot collection llhow ralati-ntl7 low muabera of plankte1'11. 

In general when incr .... ea. aa aarked. by peak•. ecou.r in the 11.P.P•r •t•n 

there aN alto peaka in th• d.eep auplea, bu.t the latter are of ...Uer 

-,;aitude. 

111 the 193g collectlona tor Statl on II, the da•elo,-ntal Oopepoda 

aad C.zolop1 •• aurtace popuation J*lk• (150 per Ull,Pl•) w1 th corn ... 

poJldiac lo• in 4-up ...,1ee on alternate dat•• ~t the ftllllU', 

Intervening collecUoa• allow a reftraal of then concli Uona. Bach aur

tace population 1• accoapuied by an lncna•• in tellJ)eratuN, where.aa 

populatioa peak• 1.n deep waten are -.rked by UIQ)eratnre decreaea1. 

hrf'ace popil.ation peakt tor Diaptoma oc.curred on lane 27th (one ,...k 

later than. that of the n.rat peak for the a'bo-nt tona), and on J11l7 11th. 

1'h1ch coincided w1 th the thil'd date for .... w1 th refeNDce to U1Q>l.U. • 

aetanaupl11, and Cz:glop•• Dla;p!!aaop• ahowed a 4-etiai ta h1&b on June 

20th and on Jul.7 18th at the n.rtace, while the other forms of Cladoce.ra 

remained coaparati'ftly ecaroe for the other sa.rfue nad.inca and all 

deep rea4 lnga. 

In Statton xn· the 4nelopaental tonaa at the 811J'face e.ow4 tluct

uatlon• in mmbera ,1m11ar to tho•• in Station n. Sur~ace popilaUoa 

peak• for D1a1toma oo"'1J'1"84 on Jw 20th and Jul.7 18th. Thea• la 

h•l&b.t appnached. tho•• tor the deftlopaea\al c-opepo4,. C19lop1 ahowacl 

0J117 oaa low IUJ'fac• peak on June 27th. In -.riced COJltra•t to \he 
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picture tor dMp and SUJ'tace 9&11plee tor deYelopaente.l copepod• in 

Sta tion 11, the•• foJ'II• in Stat1oa III aho,red onl7 one, ba.t Tery high, 

i,ealr for deep AllJ)le• (Ju.17 5th). Highs tor Cz:clo;pa and Diaptoau ia 

deep wa-ter nre one eaeb tor th• .-er and occurrecl on June 27th and 

Jul7 13th, reapecti'Nl.7. Diaphaaona, the dolllunt cladoceru tor 

thia nation \hrouchout the «1111181" ot 1938, ahon4 one aipitican\ peak 

at the mrfaee on June 26th and one a\ the 'oottoa on Jul,- 13th. J'or th• 

other Cladocera (Pleu.romt, J)apbala, •a1aa, and J01U1C torm) there 

were C011p&ratiTel7 low read1nge. 

!he dewlopamauJ. Copepoda 1n Station tY were pre .. nt in enonoa.a 

J1U11bera (97~ per .NIIJ)le) 1Jl the !Nl"face water on June 20th and nry acarce 

in all other N&dinca. Ia the deep uaple• a •4erate17 high poptlatlon 

(475 per Ullple) -.. pre•mat on Jul.7 5th, bat th••• torn nre Yff7 

acarce in all .other Ullpl•• durin.g the nwr. D1aptow 9howed aillllar 

'behaTior tor \he airtace aaaple• but w1 th a loNr peak (175 per auple). 

!hie genua, for the deep UllplH, showed. a coaparaUTel7 low peak (lfio 

per uaple) on June 20th, which inclie&-ted 11 ttle preference for cond.1-

tione in diffei-ent depth• of thl• atation. Aaother peak was preaated. 

'b7 the•• torma on Ju17 5th ladicatlnc a algrati~n to th• lower wate!'8. 

On June 20th the behaTlor of C7clop• wa• HTer•ed wt th reference to 

Diaptoma and dttelopaental f'oJ'll8. 'fhq moTed to the upper waten one 

nek: later, then pracUcal.17 diaappea.red troa both r.glona tor the re•\ 

of the collecting period. !hi• pro'babl7 IIN.Jl• that the7 lllgrated to 

deep water farther oa.t ·in the lake. Olad.ocera are pre•ent in •mall 

mu1ben during the n.nt of the collection•, ahowtng little p:r-eterence 

for parUoular hor1sontal lqen of water and 11ke the Copepod.a declined 

towarcl the end of the co,llectinc period. 
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In Statio11 II tor 1939, the beh&Yior of the different fo1'119 

inTOlTed allowed little or no consistency in their beh&Yior with refer

ence to 1938. In general the copepodt we:re scarce bom June 19th to 

.Jul7 10th and were found in both top and bottoa waten. An lncna .. 

1n. Dio.ptollll.• occurred in deep 1ample1 on July 20th and .August 19th an4 

Diaptoma ud dneloJ)llelltal. fM'lla thowed tn.cPeaH1 on Jul7 26th in .IRlr• 

taee watera. !hate pheno1Nlll& indicate that the wind 141q have been 

reeponaible for their ecarcit7 during the f1Nt part of the 11UJD111er. 

Silllilar behavior vaa noted for DS.aphagao•. !he other Cladecera wre 

preaent in small nuabera end. onl7 in the 1111r-tace 9&B1.Ple1 for the entire 

collecting perlod. 

Station. Il-A (1939) •• established to replace Station Ill (19,S). 

Da.e to a aballow d.epth, onl7 1111rtae• auplet nn ~n. Defflopmatal 

copepode. OU1,9pe, P\•ptom.e, Md Di9!!!!9po• -11GYM w111!.lar belmYior 

with in-ereaaea .aniteat on June 19th, Jul.7 10th and July 26th. Jepif 

wen absent froa all collectiona until July' 26th a1'ter which thq ro•• 

ahal"plJ' (~ per aaaple) on Augut 19th. 

In swmning p the re8Ults ot the two tlll.ldleN atud.7, the poptllat1oa 

pults for all ll.'lto11e>•traca coneemed haw occurred aoat cona:htentlr 

tor June on the 20th and. 27th. and tor July on the 5th and 18th. !he 

outstanding factors for the Jue peaks at the 9lll"tace wen clear eldH, 

high turb1d1 tie•, and high temperature• for June 20th. '!he lul7 collec

t lone were taken in clearer wa.ten than those of June. !he temperature• 

were e.lao hi&her and the wind wae stronger. BoweTer, the abow-aentioaed 

pealca n.e..-er occu.rred on dates when the wir,.cl waa Te"Q' strong. 'l'h.e fonq 

••••ed to be well di•tri"ba.ted with re:terence to depth. According to 

Welch (1935): •w1nd effect ot any alcniticant UIOWlt ftriea with the 
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••••· Do.ring the. llllllller, it cu 1ittluence diree\17 onl7 the epilia

m.on ln which during bard blow, 1 t ma.7 make chanc• ln the Te.rtlcel 

diatriba.Uoll ot the pla~on. lloft'ftr. it 111 pl"Obable that ,uch chance• 

are not 10 extensi'f'e as baa been 1JUppoaed. eince acti'H f'or111. particu-

larl1' the Oru.at.acea. are to a conaiclerable degree independent of so.ch 

Tertical cnrrente at may be temporarily prodU.ced and. in :taet, may 

reapond negati Tely to tho. J'u.rih•niore, 90me or the non-aotile. float-

ing phytoplankton lhow aurpr1e1ng re111tance t"o nch mechanical 1nfiuencea 

rld.ng towart cbanCS.n« their nol'llal lewl1. • 

•taperanre aet1 both cli.rectl7 and ind.ll'ectl.7 in influencing verti

cal d1:a-c.r1ba.Uon ot plankton. Direct ettecta are una.117 manite,tecl 

throacb. e1 ther (1) aelect1on l>7 ao• motile plankter, of cenain faTOr

able temperature• or (2) il1abilit7 of some non-motile fttr•• to enat in 

le•el• hanng certain temperature,. 

•teaperatu.re acta 1n41reetl7 la oau.S.ac chancn ill the 4•1it7 aacl * 
n.aooait:, of •ter, n.ch chazlc•• altering the tlota.tton lewl• ot thoN 

plaakten which are 4•lieat•l7 ad,Ju1ted to notatloa. lt 1• aJ.10 u14 

to act ladireotl7 in chaaging \he aeneltiYeaea• to light of the 11 ... etic 

ora.ataoea; higher temperature lacrea••• while lower teaperata.re 4ecrea .. a 

tilia •••lU"1tJ. thua leading to 41tfeftllt clac:r•• of re9POnae. • 

A-a baa 'been auueated: before in thia the1t1, it 1• cliffiClllt to 

AJ' what taotora uel'\ the ao,t intlueac• when th•1 are all preaent and. 

actinc at once. It one factor could be applied to ple.nlcton in the ab-

aence ot the othera, one coa.ld reach deftni te coneluaion• ae to that 

factor'• etfecte, bnt when 1t 1• modified by a great man1 other• thoae 

effect, are quite uncertain. Jor relat1Te heights of pealt9 ae well a, 
for acoollp8D11.ng condition, the reader u.ould conault the graph•• 
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!hia paper 1• an atteapt to diaeoTer cru8'e.cean plankton pheuoana 

o=currln& in Boomer Lake whieh 11 located. near SUllwater, Oltlahou.. 

Data w re takell during the 9111111en of 1938 end 1939. !he at rial 1• 

organ1,zed according to the stations collected. trom a.ad t1t'9Jlt1"-two paph• 

<l4Pict the popalation phenomena. 

'l'he result• show no d.etin1te relat1oneh1pa of planktoA pop,alation• 

with t~erature .. light, h.rbtdity-, pl[. or wind. ~ftl.ta 1nd1cate \ha\: 

aauplU and aetanauplll tend to congregate or denlop "ffrJ' fa"ten.bl.7 

1n areaa ot tlooded v-egetatio~and that wind may attect the horisoaUl 

diatribu.Uon of Copepod.a and Ol&d.ocen.. 

!'he olll7 Copepoda that were toUAd were members ot \he geaua 

Ozclopa, Diaptomue, and developmental !oras of these genera. !he genera ;¥ 

o! Cladooen. collec.ted were Diaphe.n.oaoma, Daphnia, l3opmina, and. 

Pl euroxo.s. 
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