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DJDODUC!IOI 

Wi thi• a period of 69 dq8 extendiag from Jaaua.17 10, 1950, to March 25, 

15() 9 hook aad liu fishermen harvested mre thaa 426,000 legal.-sised white 

Bppie from the :Boatdoclc CoTe of Canton Reservoir, Oklahoma (Buck and Cross, 

152). ~e harvest &110uted to 22 tons of fish per nrface acre for the coTe, 

,icll is the equiftlent of 27 po,mda per surface acre for the entire reservoir. 

,e mapitude of the acgreptioa 1a so dild.autiTe u area, ecarcel7 more thaa 

.ree surface acres, led to a aeries of iaTestiptiona of the causes UD.der

iag the pheJLOMnon. ~e present report coaeems two nccesaiTe phases of 

.Teatiption.e couucted 1• the waters of 1950-1951 and 1951-1952. 

Si:ace the writer vaa not aaeigud to the proJect ,mtil autum of 1950, 

ference is made to the obserTB.tions of Buclc and CroBB (1952) conceraiag the 

.itial phase done in the wiJLter of 1949-195(). As stated b7 them, the oD.17 

tecta.ble difference between the :Boatdoclc CoTe vhereia the aggregations 

iefl7 occurred and others wherein. non.e had takeD. place was u iatlow of 

epage va tar 1a. to the headwaters of the former coTe. I.im. tad readi.Jlca of 

ter temperatures hdicated that the iacollisa& groud water was varmer ( 1a 

ater) thaa the waters of the coTe proper, a.ad led to the concluaien that 

temperature cradient of sou a~rt probabl7 existed, particularl7 when t.here 

a a coverage of ice. Co:aeequeatl7, a theo17 vas adTSD.ced that tile coacea

ation.a had probabl7 'baa cauaed b7 aUraction of the fishes to the warser 

ters of the Beatd.ock Con duriac period• of low lake temperatures. 

A llOre accurate appraiaal of the effects of the i:acombg va ter on t.he 

tera of the con, as well as the fishes wit.hi• it, alone with consideratio:a. 

1 



2 

r other poHible intluencea were the primaey obJectine undertaken b7 the 

dter in the autumn. of 1950. '!he ultimate objective wae to cause fish aggre

ation0 if poaaible 0 in a cove wherein none had prfl'tioual7 occurred. Condi

ions lqpotheaized to be influential on grouping reaction in the Boatd.oclc Cove 

ere to be duplicated in an e%p8rillental area. 



A rnin of lUerature iadicatea that althouch conaiderable reaearch 

fort ha• been expended •• ianatip.Uoaa of factor• coatrollbc uillal 

:grep.Uoaa 1a general, coaparatiTel7 littie •• , ... 41recte4 toward tho•• 
aceniac \he accr•caUoa• of tJmea. lt alao iadicatea that of the com

.ratiTel7 fn ltiologi•t• coac••,raUac th,ir atteatioaa oa the CE"Oupiac 

iha.Tiors of fiahea, atill fewer haw extaaiTel7 ianstipW co•traata ia 

.ter tempera•• a• a cauaatiTe factor. JloreoTer, reaearchera •tu471ac the 

'fecta of temperawre chaace• oa t1u.e• ia \heir aatural •Tiroaaeata ••• 

be fewer ia &llllber tilu tho•• coat1aiac \heir iaTeat1ption.a to tiehea 

,ntaiaecl 1a experimtal gra418',t tau• q4 aqu.ria. A• tar aa caa lae 

,teraiae4, the pr••• t nrk 1a tro4uc•• the f 1rat a tt9111pt to caue u ac,;re-

• tloa ia a gi Tea area of a lake lt7 4eli bera tel7 intlun.ciac the teapera t1a.re 

\he water. 

Morrow (1948) aot 0&17 nuarise4 virtul.17 all of the data coacend.ac 

,Ciera COlldu.c1Te to tho groupiac )ohaTiort ·et fiahea to \bat date, ht COJl

•i.'bated aw tiouJ. aerTice lt7 ciearl7 4et1aiac \he 4Utereace 'betweu the 

1raa 1 aehool1 u4 •accrep.tion.." !he fc,naer 1• doacri'bed a• • ••• a clo••-

Lit coheaiw croup ia aich "1lere appear• to be a tetiaite centripetal 

itluaee enatiac bow.ea tillh a,ad tiu."a \ho latter a• • ••• a chaace 

•oupiac ot 1ad1T14ula brouc}lt iato a cina localit7 'b7 •o• exteraal factor 

• factor• ut coacorae4 wi UL relatioaahip• behea ia41Ticluala." 

lt1aqbg thermal ro•po•••• of tiahea 1a arUticial habitat•, expert-

1ator• 11tili1iac cradieat tu.lea ad. aquaria ha.Te reached coacluioaa that 

3 



e perhaps basic to iaterpretatio• of cauaes uaderlJi.Dc winter aggregat1ons 

aatural watera. Shelford allCl Pewer• (1915) fouad that herriag were remark-

17 ausitiTe to differeace• 1A taperature aad reported obaerTation.a of 

od aggregatioa reactiom.a with a differuce of o.6° c.,. au. fair with a dif

reace of 0.5° c. 'fh97 further obaerT84 tbat herriq; were apparent17 able 

detect grd.ieata a• all&l.l a• o.2° c. :Bewu (1931) foud that 70'UJlC ltlack 

llhead catfiah, .beiura.a ulaa (Batilt.eeque), gave eTidence of poaitiTe 

sponse to highl7 coadi tioaed. water to which the7 had become adapted 11hu 

e coaditioud water was directed apb.et uaco:a.ditioaed water ia a gradient 

Ilk. J>oudoroff (1934) experilleJltecl priacipe.117 with the mariae greeatillh, 

rella aigricona (~ea), ia a compartmted cra4ieat taDk ia which a dif

rem.ce of 18° C. w.s unal.17 -~tai:a.ecl betveea the two eJ&da, aa4 28 C. 

tween each of eipt adJacu.t apartments. lb.ile war.aing that • ••• analogies 

tween experiaatal gradients ud those which occur i:a. aatare should be 

garded with caution. aa the for•r are unal.17 mch steeper,• he defiaitel7 

n.cludecl that aelectioaa Jl84e b7 the f18h i• the experimeatal tulc were 

llicative of the relatiTe atillalative or detri••tal effects of rapid chugea 

ta:perature ud 41cl aot 1a41cate a aeetia& of •optimal colll.ditioaa• or 

bitat pretere:a.ce. He fvther co:aclu4.e4 1ihat • ••• withi• aormal race• of 

nperaturee, rapid cooliac 1• •re detriau.tal or atillul.at111& thaa a rapid 

ae of temperature.~ 

'fheae views are supported "OJ' ProHer, et al. (1950), as eTiclu.cecl b7 the 

llowiac quotation from their teztl,ook on the comparatiTe '.Ph,7eioloe7 of 

lmalaa 1!he temperature selected [b7 fishes ill gradieat tuk•J depell4a o• 

1 acclimt1u.t1011. u.d the rate of transfer from o:ae temperature to uother 

~!!,!!of!!!! or!!!,! of teaperature; hace the term •optimal te11pera

re• has 11 ttle •&Di•g ia gradiea t behaTior • ._ lle-emphaaisine the obaena

i,na of Shelford aad Powers (1915), J>oudoroff (1934) ud others, the7 
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i,nclud.e that fie.ea are at1mulated. pri:acipall.7 'b7 cutueoua thel'll&l. receptors 

1> aelectiTe orieatation reaction• acaiaat heat and cold. 

17 udDC aquaria b. place of gradieat tulca, Bred.er and ligrelli ( 1935) 

ere .able to stud¥ reactioa• to total chugea rather than eelectiona of dif

erencee ia water temperature•. !he7 obaerYed that the 79llow-'bellied 1111&

iah, l,epomia aurih.a (J.i~). fora••-a cleeel7 coapacte4 accreptioa, 

aa\iag quieacn.\17, whea the temperature fell to 5° c. !he7 further obaernd 

bat the teadeac7 to •iatah nch a for•tioa waa oal7 fM'bl7 preaeat at 

• c., aad wa• Tirtu.117 a'baa4ou4 at 9° c. Ia aclcli tioa to low tuperature, 

t waa fouad taat the preaeace of licht aa4 of a alight curr•t were ecraall7 

• eaaeatial to wiater acgrep.tio:a. ilthouch po1at1:ac out that •n•ral other 

aatrarchida aubJecte4 to 14.eatical coaciitioa• ha4 failed to exhibit aillil.ar 

roupi:ac behaTior, the7 did note that the black crappie ahovecl a alight tead.

ac7 to form larce, loo•• accrecatea. !onaead.1 a ezperi•ata ( 1916) with the 

-1 blou th black baH, IU.croptera.a clolollini I.acepede, were ci tecl a• haTiac 

reduced reaul ta reaarka'bl7 1a lceepiac 1'1 th their ova filuU.:ac coaceraiac the 

ellow-bellied aUJlfiah. lo ~ferea.cea-. iaTeati&atioa• of white crappie 

1.der artificial coadi tioaa were f oud, 'but it aee11• reaaoaable that Breier 

acl 11grell1 1a o'baenatioaa of aear relatiTea h the aaae famil7 could. be at 

ea.at nggeatin of ao11e of the factora _leadiq to the crappie concentra

ioaa 1a Caatoa llea•noir. 

lletereace, to ianat1gat1oa1 1a aatural water, lhow that Wiebe (1941) 

114 J>aq (1945) foua4 deaait7 curre:ata ud temperature to 'be hipl.7 1.apor

aat factor• iaflueaciJlc fish cliatrilnltioa ia 4eep reaenoira. !he atudiea 

t Borge• ( 1950), howeTer, are perhap1 110re comparable to tho•• here pre

eated ia '11a t the areas of water ian• tica:,ed b7 hill au. b7 thi• writer coa

aiaed certaia characteriatica ia co ... a. !he relatinl7 ahallow, 1priac-fed 
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laapa .A.I'll of the J.ate of the Osark•, al thoup nch la:rce:r, compare• some

hat faTora'bl7 with the c0Tea--pa:r\icul.a:rl7 the BoaW.oct: CoTe of Oantoa Jake. 

,o:rgea waa a)le to deaoaatrate that the hea4watera of the Iiaagu. .A.I'll were 

atlueaced b7 •. • • a cold, hichl1 0Z7cuated apri:ag-water deaai t7 cvrat• 

ovarcl which time•, part1cularl7 white ba••, lloron.e chrzaop• (llatiuaq_ue), 

ii.grated. whea routed. fro• preferred cleep water habitat• as a renlt of aic1.

i\1111ler atrat1ficaU011. aad stapatioa. Although 'baai:mc hie raper\ primaril7 

:a record.a a:ad obaenation.a 11&4.e du:riag a period from Jue 10 to lept•ber 6, 

947, he 1JL4icate4 that •. • • 0Z7gea and temperature coacli Uoae were uifo:rm 

,t all cl.eptha1 durhg the wiater P4 earl7 eprhg of the Hile 79ar. 

!he fiacli:mc• of thi• iaTestigaUoa are at Tariu.ce with the opiaiea thu 

apl1e4, that the iacoai:mc apriac-water had. 11 tile or ao effect o• the head

aters of the liaapa Arm clviag the wiater moatha. It 1• 'NlieTecl that if 

he wiater phase of tb.1• the •'114T had lteea puraue4 aa thoroucbl,7 a• wa• the 

U111er pb.aae, the etfecta of the waraer ap:ria,;-water 110uld haTe become 4.11-

ena'ble. !he foreeoin.c coaJectve 11 baeed oaa (1) the relat1Tel7 few 

three) wi:ater u.d earl7 apriac Tiaita to the experilumtal area; (2) the 

reat diataace (approx1Jlatel7 two aile11) of the aeareet recor41Dc atatioa 

ro• the apriq fee41ac t.he an; ud (3) the lack of refereace to ice coTer 

t the U• of t.he Tiaita (ul.1ltel7 preaat oa Karch 29 &ad Jlq J). Botw1th

taa41ac thi• differeace of opin.ioa, the oTerall fiaclin.g1 of the !orce• 

epo:rt lead. n.pport to a praiae that if illflowing cooler wate:ra could. iatl~ 

ace llicl.aUBDe:r micratio•• 1a oae boq of water, the reciprocal could peaei'bl7 

• a co:atributi:ac factor to aidwiater accregatioa• h &11.0ther. A• water 

eco•• progreeainl7 heaTier with hcreaeinc water temperature• beweu. 

0 u.d. ~o C. (thus, ai:alcb.c to t.he bottom), the poaaibilit, of de••-

tratiag the preseace of teapol'a17, 7et etfectiTe w&l'ller apriag-wawr 
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ene1 t7 currents did not seem to be too remote 1f the waters were 1Ufficientl7 

neulated and protected from wind action b7 coverages of ice. 

Direct reference, to fish densities that could be correlated with the 

n!low of warmer into colder waters are indeed scarce. Hansen (1951) reported 

bservations of white crappie in Lake Springfield, Illinois, concentrated 

efore a wire screen fastened to a culvert delivering a large volume of water 

roman electrical power plant. The aggregation which occurred in Ma7 of 

9 31 was of au.ch denai ty that the fiah could be caught readily w1 th a dip net. 

n!ortunatel7, no temperature recordings were taken. 

In a popular article concerning angling for burbot, ~ !!!!. maculoaa 

Le Sueur), Hutt (1951) wrote: 1 B7 fishing throut.n ice or in area• where 

ater 1a warmed b7 power plan.ta or b7 other means, 70ur chance• of hooking 

nto them are good.• 

Gordon L. Trembly, Chief Aquatic Biologist, Penna7lvania 11ah Commiaaion, 

n prhate correspondence with w. H. Irwin of Oklahoma Agricultural and 

echanical College, wrote ( in 1951) of observing hea"7 winter concentrations 

f giszard ehad in a 'ba7 at Irie, Penne7'lvania. Hie letter stated that the 

enns7lvania llectric Com:p&n1 (Irie Plant) drew water fro• the lake, used it 

o cool their condensers, and returned 1 t to the area wherein the aggrega-

ions were observed. 

C. A. 1rench, lxecutive Director, Penns7lvania 1iah Comm188ion, also 

nfor11ed Dr. Irwin, b7 private correspondence, of the large concentration, of 

nad in the b&.7 at Irie, Penna7lvania. He wrote: 

b.ere is a large electric plant on the ba7 which discharges warm water, and 
t seem• that as aoon as the shad leave this water, which has a much high.er 
emperature than the 'ba7 proper, the7 begin '71ng b7 the thoueanda. La.at 
ear we removed over three hundred tone of these fish, both living and dead; 
hey were given to the farmers 1:n the neighboring area• who used them as 
ertilher. 
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lrom the foreeoing, a h7POtheai• wa1 thu augceated that winter accreca

ion1 of filhe1 inflwmced b7 1nflowug warm water, whether froa natural 

ource• Buch a1 1eepage or •Prin&•, or of artificial origin au.ch a1 indu

rial plan.ta, are probably of collDlon occurrence and, excepting occa•ion.al 

i1cove17, pa.•• unnoticed b7 the general public. In th11 re1pect, it 11 

alled to mind that the initial great concentration in the Joatdock Cove of 

an.ton lleaerTOir wa• di1covered e11.tirel7 b7 accident 1n J>ece11ber of 1949. 



lJISCBIPTIOIS OF cons 

The three coves involved in in.Testigations subsequently to be discussed 

re situated generally on the western aide of Canton Beservoir at distances 

t>t far removed from the original bed of the lorth Canadian Biver (Jigure 1). 

Ll are characterized by steep, rapidly eroding banlce of exposed Permian red

ed formation and scarcities of marginal vegetation, the combined effects of 

~ich result in rapid siltation and ever increaaing ahal.lowneas of the coves. 

Boatdock Cove 

Boatdock Cove, in which the first great aggregation was diacovered, is 

:>cated approximately one mile northwest of the min dam and ateme along a 

)Uth-southwesterly axis from a larger body of water known as the Cantonement 

reek Arm. The cove• 1 mouth, opening to the north, is approrlmatel1 100 

a.rds from the main body of the lake. !he •draw• embracing this cove also 

3ntains, at its head, a spring-fed pond of between three and four aurface 

:res known as Cantonement Pond. An earthen dam (Permian redbed) constructed 

t a point approrlmately 1200 feet from the foot of the draw impound• the 

)nd and maintains its surface at an elevation conB1derabl7 hi~er than that 

r the cove (Ji~e 2). Waters that have apparentl7 1eeped from the pond 

1roU8h the dam have two principal sites of emergence at its base--one on 

1ch aide-at places conforming with the juncture of the dall and the steeply 

Loping natural sides of the •draw.• In addition to these main •spri:nga,• 

1e first hundred feet below the impoundmant contains many other points of 

a.gress from llhich the inflow ranges between brisk trickles and slow oosinga 

9 



1635 FT. 
EL£VATIONS: 1610 FT.----

J'igure 1. Jlap of Can ton Reservoir 
shoving sites of coves and impoundments 
in~lved in winter aggregiation investi
giations. 

,-~ lliver Channel 
1. Cantonement Pond 
2. Boatdock: Cove 
J. Cantonemen t Cove 
la-. Haag Cove 
5. :hperhlental Pond above Haag Cove 
6. Big Bend Cove 

1 Kile 

N 



Scale 1• • 200 1 1 

Water lle'Tation of Cove 16o5.2 1 

Water ~evation of Pond 1617.1• 

9 

3 

10 

11 
lta. 13 

12 

11 

1igure 2. Jfap of :Boa tdoelc Cow, Can ton leaerroir, 
Oklahoma. Surveyed. by L. B. Patteraon, 1eb1"Ua17 26, 
1952.: 
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roa highl7 saturated aoil. Water• from these sources conTerge into a ab.al

ow, swift17 flowing stream, mich courses over a muclq aan4T bed until 

erging with the standing water of the coTe proper. 

Aa the pool eleT&Uon varied between 16o2 and 1603 feet (above sea 

evel) throucb,out •o•t of the three winter periods of investigation., the 

latan.ce traversed b7 this atream between the dam and the head of the cove 

roper fluctuated between. 125 and 160 feet. A deliberate raiaing of the lake 

1Tel to 16o5 feet during Januar7 of the third winter brou,;ht the upper 

Lmi ta of the cove to vi thin ten t eet of the two •aprings • at the foot of the 

111. When the lake ele'Ya.tion stands at 16o3 feet, the cove attain• a lencth 

t approrlll8.tel7 1000 teet and averse•• 73 feet 1n width. I ta depth, ranging 

rom leas than a toot at the upper llhallova to 13.5 feet at the mouth, 

reragea 6.8 feet throucb,out. The bottom inclines gradua.117 but aucc••

Lvel7, and ia covered with conatantl7 increasing clepoaita of silt. 

:Big :Bend Cove 

:Big :Bend Cove (ligure 1) vaa used as a control becauae ita directional 

Lipment corresponded generall7 to that of the :Boatdoclc Cove, ant because 

Lttl• or no •••page or apring water nowed into it. Its nlu a• a control 

a.a further enhanced b7 ita acceasib1lit7 to fishermen. Located in on• of 

:a.e recreational area.a, u.ai17 reached b7 a good road, 1 t waa fished Yi th

it aucceaa b7 anglers •crowded out• from the Boatdoclc Cove at the height 

r the •crappie rune• in that area. 

!he cove 1a situated approrlma tel7 one and one-halt mile a nor~ of the 

,atdoclc Cove, and Joins directly Yi th the main bo41' of the lake from which 

~ extends along a general aouth-aouthweeterl7 an•. At a lake el8'Y8.t1on of 
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6o3 feet, the total length of the · cove is 450 feet. !he bottom inclines 

ery gentl1 over the first 3()0 feet from the upper limits and drops abru.ptl7 

o a 5.5-foot depth at the point of Juncture with the main boc!T of the lake. 

ne average depth 1• 3.1 feet, and the average width 1• 57 feet. It is felt 

bat ahallown.eH did not great17 iapair the value of the Big Bend Cove as a 

ontrol medium, because thouaanda of fhh had been obaened and caucht at 

eptha of leaa than two feet in the Boa tdock Cove. 

Baa& Cove 

Haag Cove (Jigure 3), aituated appro:rl.mtel7 halt WaJ between the Boat

t>Ck and Bic Bend Cove•, wa• utilised a• an experiaen tal area durin& the 

Ht winter of the inveatip.Uoaa. It extcda from the main boq of the 

alee along a weaterl7 a::x:1.a and. lie• in a deep gul.17-like draw incaNd b7 

brupt11 rising sides of Pel'llian ~edbed supporting 11 ttle vegetation other 

um a tun ted Juniper trees. !he mouth 1a •rked b7 a deep gap in the • red 

Luff•' characterisin& the weatern aide of the reaervoir, and b7 almost 

lreet contact with the old channel .of the •orth Canadian lliver (Jigure 1). 

ta lake elevation of 16o5 feet, ' the cove averages S feet in depth, SO feet 

11 width, and attains approrlm.tel7 400 feet in length. The bottom elopes 

C'OgreHivel7 from a depth of five feet at the head to 14 feet at the mouth 

L th the exception of a hump caused b7 the waahing out of an old dam con

,ru.cted b7 civilian coneenation corpamc before the iapoundaent of the 

••ervoir. Aa will aubaequentl7 be diacuaaed, the daa was repaired during 

le last phaae of the inTeaUption, and a centrifup.l puap waa uaecl to 

apound a one and one-half acre pond behind 1 t. 



14 

W.G COVJI 

. Scale 1•: 100 1 

Water llevation of Cove 16c>5.0 1 

Water llevation of Pond 1613.2 1 

Jicure 3. Map of Has& Cove, Canton Reservoir, 
Oklahoma. Surveyed by L. !. Patterson, March 26, 1952. 



YII~ PHASI 011950-1951 

Xethods and Materials 

The initial series of water temperature recordings taken on December 9. 

950. was obtained at stations determined b7 mean.reacts from one position 

o the next. Data were procured thereafter from permanent stations. Begin-

1ng at the principal area of seepage, thirteen teaperature station• were 

1tabliahed at 100-foot intervals b7 setting atak:ee along the •rgins of 

,atdock Cove. Stations were established at the Big :Bend Cove in the same 

mner beginning at the upper limit. Readings were taken at each station 

r lovering the theraistor of a Whi tne1 underwater thermometer, cenerall7 

1rough ice, and recording the registrations at one-foot depth intervals. 

Information regarding angling successes was obtained b7 general obser

t.tion during the first two visits to the reeer?Oir and. b7 rand.oil inter

Lews and spot-check creel censuses thereafter. 

The data compoaing each series were tabulated and averaged in the an

,r illustrated in '?able 1. Both linear and cu.rYiliaear regreaaion. method• 

statistical anal7sea were applied in pursuance of precise interpretation• 

the intlU8l'lce of inflowing ground water on the colder waters of the coves. 

Calculated linear regression lines expreaeing the formula '? • a t bD 

1neistentl7 exhibited fidelit7 to plotted empirical data pointa. The 

1tb.od was the siapleat and moat convenient method of all coaaidered and is, 

Lerefore, the one moat frequentl7 ued in evaluation• throughout the report. 

Llculations involved in the method are d.eJQOnstrated and explained in '?able l. 
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T.IBLW 1. Demonstration of Derivation of Linear Regression 
Line Calculated from Data Obtained on December 9, 1950 • 

Distance 1n 
Station Bandred.s of 
Slmber J'eet from Sta. 

d 

)f. 

l 
7 
g 
9 

10 
13 

Averages 

1 
2 

l 
5 
6 
7 

10 

3 

.AT8rage 
!911peratures at DeTia tiona from Squares of 

:lech Station the Kean Deviations 
t d t d2 t2 

2.3 -J. 75 +o.25 14.06 0.06 
2.2 -2.75 +o.15 7.56 0.02 
2.2 -1.75 +o.15 3.o6 0.02 
2.1 -0.75 +o.05 0.56 
2.1 +0.25 +0.05 0.06 
2.0 +1.25 -0.05 1.56 
1.9 +2.25 -0.15 5.06 0.02 
1.6 +5.25 -0.45 27.56 0.30 

16.4 o.o o.o 4-9.48 

! : aT. t f- Bml d x t (D - aT. d) 
BUil 42 

: 2.05 + -J:;: (D - 4-. 75) 

= 2.05 - .0891) + .112 

Product of 
Deviations 

d X t 

-0.94 
-0.41 
-0.26 
-0.04 
+0.01 
-0.06 
-0. Yf, 
-2.36 
-4.40 

Calculated 
Temperatures 
T:atbD 

2.38 
2.29 
2.21 
2.11 
2.03 
1.94 
1.85 
1.58 

= 2.11-7 - .089]) (2.4-7 expressing intercept a and .089 expressing slope b) 

~. ~=a± 11D 

and D = cli•tance in hundred.a of feet froa point where 
inflmnce of incoming water becomes effectiT8 (Sta. 3) 

and a (intercept) and b (alope) are constants derived by 
foregoing proceclure. 
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Linear regreBBion ha• been descrilaed b7 Sneclecor (1946) a• a lc1nd of 

1>viag averse• paaai:a.g aaong the data poiate apec1fied 'b7 the hJpo\heaie aet 

p. He demonstrated that eatiaa.tee, BO expressed, tend to be more accui"ate 

tw1 the aample ffluee th•aelne and, a~ the same time, tend to equalize 

b.e influence• of non-un.1fora con41t1on• en.countered along the line. On 

11.Ch baeie, iDfluu.cee other than the b.flowing gro,md water are •a•urable 

o some extent b7 failure of data point• representing coun.terinfiuenced 

rea• to conform w1 th the eet1ma.tecl trend. Yor example, rapid Ml tage of 

ce vi thin a shallow area of water would be d.epic ted b7 the verU cal di• tan.ce 

ro11 the regression. lin.e to representative empirical data points. As aeltiag 

ce take• heat from surrounding aedia, the data point• would lie below the 

ine, and. the vertical dia tance would expreBB nega ti 'f9 de'Via tion. :87 the aame 

oken, data points representatiw of ahallow areas exposed to sustained s,m

igb. t would lie above the regreHion lin.e, and the vertical distances between 

ould be 4emo111trat1ve of positive deviation•. 

Another attrilnite of \he aethod ie that the compon•t• of the fonmla, 

epeciall7 the recresaion factor or alope, ma7 be effeotivel7 used a• 1n41c•• 

a co:mpariaoaa of data. 

!he cum.linear regreaaion. Mthod of anal.J111a wa• applied to the data 

11 H"Nral occaaion.e 1a efforts to establish distance-water t•perature 

1lat1onahip• originatiiac at the source of the gro'IUl.d water rather than at 

b.e Jueture of \he atreaa wUih the headwater• of \he cove. lll Tiew of the 

act tha.t heat gained b7 water in passage through earth waa obvioual7 

Lven off more rapi417 wi\h increased. distance in the atream than ill the cove, 

t was apparent that a aiaple atraigh\ lille relat1on.Bh1p could never be 

stabli ahed. 
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Snedecor ( 19116) exemplified the application. of currllhear regression. \o 

1.ta of Tariable :aature b7 demoa•tratiDg the collforait7 of chicle eab170 growth 

1eao•na with the ezpoaeatial law. He retera \o the law aa homologou with 

!le law of compou.d iatereat 1a that the weicht i11creaae of the ea'b170a at 

,q ... t ia proportio:aal to gah• alreacl7 attaiae4. Collfor-..ce of a aeriea 

r water temperature recordbc• to the law would ai11pl7 aeaa that ~ decliae 

1 anrace water temperature at ~ diataace from the aeepace area would 'be 

l"oportio:aal to ucliaea alread7 exper1eace4; or, u expluatioa still more 

Lpificut to the ebJectiTea of ~ preaut proltlem coud 'be •tated aa fol-

i,wa: a ti ah evillmiag up the coTe would., at &Jl1' po ht, eacou ter aa hcrea•e 

1 aTerage water tempera~ proportio:aal to iacreaee• alrea4y' eacouatere4. 

Cur'riliaear recre•aioa '11aee expreHiag the equa Uoa ! • .!L were fi tte4 
l)ll 

i, eapirical 4ata point•. Ia logari thaic fora, which 1• most coaveaiat, 

~• equatio• ie expreaae4 ! • loc c t • loc D, where f • temperature h 

lp'ee• CeaUcrau, J) • clietaace h huclreu of feet fro• the aeepap area, 

114 c ad. • are ooaa tall t• to 'be 4er1 Tel. I. clemoas tra Uo:a. of calcula Uoaa 

ILTolnd in. the cunilb.ear •thod. ia preaeate4 1• !a'ble 2. 

Air temperature an.cl lake ele'9at1on. data were obtained from filea main-

ain.ed 1a the Canto• Dua ProJect office, Corp• of lagiuen, United Stat•• 

apartment of the J:rrq. Supplemental data were procured from Oklaho• 

U11atological Data releaaed 'b7 the Uai ted Sta.tee Departae:a.t of Commerce, 

ea th.er Bureau. ( 19~9-1952), lazL•• Ci t7, 11 ••ouri. 

Procedure 

Al though a euddea ud severe drop 1• air temperature (l.ppeadix B) 

ccurred between December 4 ad December 5, 1950, the reserToir could aot 



D loc D 

100 2.0000 
200 2.r,10 

~ 2. 771 
2.6o21 

~ 2.6990 
2.7712 

700 2.sii.51 
800 2.9()~ 
900 2.9 

l.000 3.0000 
l.100 3.0414 
l.200 '·2*92 

• !AILI 2. Deaon•tratioa of DeriTation of 
::.dvn.11near llegre••ion. I.b.e Calculated fro• Data 
Obtained on Jan.\1&17 30, 1951. 

! l.o&., ! 
log D 

(log D) 2 Calo. J: (% 100),, (X 100) 101 ! loc ! 

310 2.491- l&..9828 ~.()000 2.5294 

~~ 2.:,017 5.4Jlt3 5.291'6 2.~7 
2.1461 5.~61 6.136o 2.166; 

120 2.0792 5. 103 6.7709 2.0719 
98 1.9912 5.37112 7.284' 1.9913 
87 1.9395 5.,83 7.7184 1.9311 
82 l.9]J8 5. ,, s.Q9l&.6 1.1173 
68 1.1325 5.~99 s.1'280 l.AI 
69 1.,~, 5 • . 325 8.7273 1.80 
55 1. 7 ·. 5.2212 

' 0000 
1.7696 . , 

51 1.70~ 5.1935 9.2501 1.7311 
52 ~128]2 ~.~~ l. 7094 rs· , oli 

(10 .OOS~l 
~ 3 63.io20 ,0.11-

! .L 
~ 
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Cale.! 
Ct 100) 

3.38 
2.00 
1.11-7 
1.18 
1.00 
.s7 
.77 

:~ 
.59 
.55 
~51 

• In logari thaic fora, which 1• •o•t con.Tenien.t, the equation. 1• •tateda 

Log!• log ctn log J) 

where ! 1• the temperature in deer••• Centigrade ( •w.tioa affra&••), 
J) 1• 41•taace in fHt fro• •••pace area, an.4. c u4 a are co:a•tut• · 
deriffd a• follow•• 

(1) 

(2) 

- 23.7583. 99.116o - 32.680!tt 63.8020 
- : 12 • 90.1s66 - 1061.00 5 . 
. 21112.666<> _ 20•a·m~ = 2L.m! 1012.2320 - 106~.~ ~ 

• 4.Q490 

D. = 8UJI toe ! - ( n.uber of FO!i! • loc c) 
na log J> 

, • 2].7513 - ~2 • ~.0!+99) 
. 32.6 4 

: 23.75§~ - 41.5180 • -2~.·~i 2. 6164 · 32. 68 

· • -. 7598 

:. loc ! • l&..ola,go - .759110, J> 
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:t Tisi ted until earl7 moraing of the 9th, wheJL the first aeries of te11pera

:ire recorcliD.gs was iJli tia ted. B7 then., it was gu.e rall7 coaceded 'b7 a.gl. era 

:aat the wiater •crappie nm• had becun the precediac afteraoon.. 

Virtual.17 all but the 8hallower area.a at the upper li:ait of the con 

are UJLder aD. ice coTerace of autf icie11. t s treagth to bear the weich t ot 

Ul&JLS, althollCh the lloo-toot area aeareat the mouth was leH th1ckl7 covered 

11.d became procreaaivel7 more dancerous throughout the dq. !he distaD.ce 

stween the pri:acipal area of seepace au. the head of the ooTe proper 

1.pprorlllatel7 llW feet) was enUrel7 free of ice. llectangul.ar holes chopped 

1. the ice by aaglers durug the afternoo:a of December 8 ha4 frozen onr 

ariac the aicht affordi:ac coapa.rativel7 clear "wiad.ows• 1a the otherwise 

;,aqu ice. ID. the aore shallow areas, Deward lhetstoae, lleeerTOir lluager, 

ad the writer were thwa able to obserre JL\'lllerous white crappie, headed up-

~ ... but o.therwise quiescent, Just abon the boUoa a, depths of two to 

Lree feet. !he fish would, however, quickl7 clisperae at \he passiac of a 

iadow across the •viadows. 11 After the early arriTal of u. ... erou aaclers, 

H>pelliJIC the holes a.ad. choppiJIC aew oaes, •o further such obsern.tioas 

•re 11acle al tho'QCh several fiehermea later reported seeiac siseable • schools• 

LSS uacler the holes tilroucb, vhicll the7 were ancl.1:ac. !he ice ltegaa Ml tiac 

Lpidl7 as the 481' becaae procresaive17 waraer, lna.t aaclere ruaiaed at their 

~iahillc holes,• often. staacliac anlcle-deep h water spreadi:ac olliaousl7 

:"OUJLd tha. .bc].i:ac succeaees con.Uaaed to be uasuall7 hip throucb,out the 

LT, 'beco•hc evn. better ia the late atteraooa. Crappies were frequ.en,17 

LUCht two at a time b7 aaclera uiac m1Jlti-hooked liaea, and o•e fiahermaa 

1ported havug cauc;b t f i Te fi ah vi th a siagl.e mi:anow. It was no tecl that the 

:appiea caused oJl.17 a;Lipt mot1011.s of the bobbers vhen takiac bait, 8D4 all 

ire l1ch tl7 hooked, frequentl7 fallhc off, when lifted from the nter. 



BegiDDiDC with the •apriac•• at the 'baae of illpoundment toward the head 

r the draw, water taperaw.n• were tabm at 10-foot illtenala in the ehal

c,w running water 'between \hat area and the ice-coTered ataadiq water of 

tie cove proper. !hereafter, recordinca were effected at 20-toot 1.nterYala 

1Ul rapid ice •ltage create4 coDdi tiou considered too hazarcloua for con.

Lmumce of procedure be19D4 lu.'1ell 10. -.Cor41age at Station 13 were 

~tained after breakiq ice, b7 boat, to a poaiUon at the center of the 

>uth of ·~ coTe. Jak procvecl at 100-foot intenala (4.ealpatecl aa •ta
lon•) are tabulated and aTerage4 1n !able 2. 

Co11paraUTel7 fn water temperature• were taken on. l)ecember 10, aa moat 

r the daJ' n• gi TD to boriDg 1a to '1l~ c1aa aepara Unc Joatdoclc CoTe ant 

m.to:uaen\ Pon4 (Ji.pre 2). Jor the •- reaaon, o'baenaUon.a of anglinc 

:acceaaea were · 1wte4 but ware gaeralq coaaidara4 to be comparable with 

:aoae of the prnio11.a daJ'. .t. clrop 1a air tempera ta.re cluring the Di&b t to a 

Lnim of 25° J. ba4 re-.covered all. open. area• of the co'N w1 th ice, aD4 

Igler• were · "en. choppillc uw 1fiahinc hole a• aa earl7 a• 7i JO a.•• B7 

Ldaft•moon the air temperature had riaen. to 57° J., and appro:zlmtel7 300 

t0ple :were fi~ wilb. zao apparat decliu ilL aecceaaea • 

.t. gro1JD.d auger, 3 inches in diameter and equipped with 4-foot·-.eslen

Lona, was ued in boring a hole fro• the top of the 4am to a depth of 16 

,et la an effort to more tu1.i7 4-temiu the sou.re• of the •prlnc• near 

Le baae. llolat ear\h, encountered at a 4epth of Ii. feet, became prograa

.Tal7 110re aaturated until, a\ 10 feet, the contents of' the a-acer could 

~c ticall.7 be poured when. evacua tad at the surface. lapid water accumo.

L tion followed further penetration to the mu:hmm depth. 
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.I.• the dialleter of the therabtor of the lhiae7 underwater thermometer 

~eeded the d1•n•1•• of the hole, •u'bs\1 tutioa waa effected b7 loweri:ag a 

La•• the:raoaeter, craAuated ia deer••• 1arhellheit, to Tar,1:ag clepth• withia 

lie dam. Bead.inc• at 10 u.4 11 feet were 50. 2• 1. ( 10.1 ° c.) ad 51. s0 1. 

u.o0 c • .) respect1vel7. !he theraoaeter recistere4 57.2° 1. (11'..o• c.) at 

lie 16-foot depth after a periecl of J ab.ute•, 'bv.t r•ct•tered oal7 52.7° r. 

u.5° c.) wh•• relowere4 to th• •aae depth &1ld allowed. to remaia 30 aiallte•. 

, eeapari•o•, BprS..C auaber l reci•terecl 10.S° c. &ad spriac a1111'ber 2 recim-

1recl 11. 6° c. wha t•• tecl with '1'1• Whi ue7 theraoaeter a uort U•• later. 

!he aec"Uacie• of tempera ta.re reacliac• taaa fro• the hole• wi thh 1ih• 

aa MT have 'Nea 811ch tl7 illpa1re4 tor t~ reamoa• a fir •t, the aero'IU7 

i,lum of the •ult•ti tuted. thermo•ter could have receded 1a tile 1ater111 

1twe• eMrgeace fro• gl'o11JL4 water ad iaterpreatioa at the surface 1a 

pite of a felt cowriac fitted over the bulb u4 IIUim ha•te exercbecl 1a 

a1•1ac the ia•trumeat; ad, ••coadl.7, the opa water ia the hole would. tu4 

i, be rearra:aged with the cold.er aad heavier water ••t tli:ac. Addi tioul 

I.me wa• lo•t at each readiq b7 the aeceasit7 of removuc ndd7 water fro• 

tie graduated area• of the thermo•ter 'before regi•traUoas could be o'bsened. 

lieae difficultie• aad probable source• of error led to the formulatioa of a 

Lu, later nccessful.17 executed, to dale a 16-toot lucth of }-inch pipe 

lth a well poiat aUached to the dis'-! ••cl and threated for a ticht-fittiag 

ap at the nrface. leverthel•••, the procedure appearecl to have adequa tel7 

•••••trated. that a coa•iderable TOluae of water, waraed b7 pa.•sace throuct,. 

arth, wa• •eepiac throllcb the dall betwea· the poad aad the cove u4 

aerciac 1a the priacipal. area• of ••ei-ce aear the laknard 'ba••• A 'brief 

lll"ffJ of Caaton•at Pead verified the pre•••o• of we apriac- feeti-c that 

D4 of water aear the upper liait. 
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Subsequent peruaal of tabulated data iadicated that a nr7 gn.tle tea

arature gra41eat probabl7 enated ia the con between. 9100 a.11. ud 5:15 p.a. 

1 :December 9, 1950. Iu.allUOh aa water de:aai t7 iacreaaea from temperature• 

r o0 to 4° c., 1 t 1• acaia aphaahed that a deaai t7 gratieat existed. It 

,e aote4 that, at aoae atatioaa, alichtl7 wa.raer aad coaaequeatl7 alichtl7 

1&Tier waters were recorded at the hich••t lnela. !hia waa pro'babl7 4u to 

1&Act-c deaaitiea reaultiac fro• rapid ice aeltace at the time the atatioaa 

tre viai ted 1a aidatterJLOoa. 8ipif icaatl7, the air tempera wr• had returucl 

, aear freeslac 'b7 the ti•• the la!lt two etatioaa were proceaeecl ( !able 3). 

t wa• apparen.t that the create•t amount of heat was loat from the grout 

1 ter 1a the last 6o feet of the • treaa aa4 1a the opea or thial7 covered 
. . 

;&ad.he ahallowa at the illae41ate hea4 of \he con: howenr, thia co1114 han 

••• a temporar7 coadi tioa 4u• to heat takea b7 ice •l tace. Sligh u.eaa of 

1.e differeacea betweea record.be• takea ia the priacipal area of eeepap, at 

ut base of the iapoudlleat, u.4 tho•• takea over the iai tial hudrecl feet of 

umiac water aeaed to ia41cate that coaa14erable n.bterraaeaa now eatered 

1e atreaa 1a a4d1 Uea to wa tera from visible eourcea. Ocnrrac•• of hip.er 

1ttom recor41;aca at statioae farther r8110n4 from aolll'Cea of iafiowtac water 

sre perplexbc, to aq \he leaat, aa4 led to a coa,Jecta.re that the record.er 

Ld proba'bl7 failed to coaaieteat17 follow the u.nma course of the 4a.sit7 

irren.t, it such erlated. Warmth takea fro• th• ear"11 at the bottom of the 

1ve wa• alao ci,Tea coaaideratioa, ltut the effecUveaeas of the factor waa 

~pareat17 aiaiaized b7 failve of all bottom readiags to register approrl

Ltel7 the aaae temperata.re. :Sotto• rea4hc• were oaittecl. eat1rel7 fro• the 

UL17eea of several auaeque:at data aerie• without n.ulliticatioa of gratiut 

q,reaaioa. 
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WLI 3. Water !emperaturee in Degeee Centigrade 

llecorde4 at One-loot Dept.he and Averaged for the Statio:u 
in Boatdock CoTe, 9:00 .l.M. to 5115 P.M., Deceaber 9, 1950. 

Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. s 
l 

10.8. 

10,s 

.... ... 

2 ~ 4 2 6 1 8 2 10 11 12 

10.4 2.2 le• Ice Ice le• Ice Ice Ice I 
3.2 2.1 2.0 2.0 2.J, 2.2 2.0 1.0 l 

2.2 2.0 2.0 2.0 2.0 2.0 1.9 l 
2.6 2.2 2.3 2.0 2.0 1.9 1.9 l 

2.4 2.2 2.0 2.0 1.9 1.9 l 
2.5 2.0 2.0 1.9 1.9 l 

2.7 2.0 1.9 1.9 l 
2.3 2.() 1.9 l 

1.9 1.9 l 
2.0 1.9 l 
2.4 1.9 l 

1.9 l 
2.1 2 

10.4 EI !;] !;! :g: 2.1 2.1 2,0 bl 'i -
' ... ,, Jlowing etreaa from •••pace 

, area, appronaa tel7 16o feet 

\I 
' \ 
' I 
' ' I 
I 
I 

\ 
I 
I 
I 
I 
I 

' I I 
' ' ' I 

J.IGDJ> 

= bpirical affl'ac•• 

= Calculated aTerace• 
. (! • 2.47 - .089D) 

( ! • a - 'b:D) 

:Gote: Intercept (a) ezpre•••• theoretical 
t•perature• iD. ucr••• Caticrau at 'begin. 
nine of ice tol'll&tion or Juncture of runni~ 
water w1 th head• ten of cove ( I ta. 3) ; 
elope ('b) ezpre••• fall in ucre•• Cen.U
cra4e for ever7 100 feet to aouth of coTe. 

' I I 
\ . .JllhalloYI of coTe proper 
~!-' _ .......... 

-===-•= • • = - .,__ - -,, ---·--== ---·--= ... 

Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. ta. Sta. 
l 2 3 4 5 6 7 I 9 · 10 11 . 12 

Jipre 4. lmpirical and calculated. av.race water t•peraturee in clecr••• 
Centicracle recorcle4 at one-foot 4.epthe and. aTera&N tor the etatiou in Joat
dock Con. December 9. 1951>. 9rDNHM in ft'a'M.il!! f'an _ 
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It was felt that a more coac1e• e%preaaion. of th• appareatl7 delicate 

aflue:n.ce of hflowiJLg waier was aeeded, ud, to that ead, the cJata were sub-

toted to a n.uber of graphic arraaceaeate aacl statistical ual.79••· Beare,t 

p:-eelieat betwe• calculate4 ud exieteat aTerace temperatuNs was •t 

ll'ouch ·applicatioa of the 11.aear recreseioa aethod (1i,;v.re li-). !he recre•

Loa liae, e%J)reHiag the fonnil.a ! • a - bl>, fitted the plotted e11pirical 

,ta 8Ufficieat17 close to npport a reasoaable assumptioa that a relatioa

>.ip e:z:isted ltetweea the a.Terace temperah.re of a giTea etatioa aad the 

Lstaace of ~t etaUoa from the effectin source of warmer •ter. Pro-

tdure iavo1Te4 1a applicatioa of the ••'1lo4. is e:z:eaplified ia 'fable 1. 

!he aecatin 'Yalu of the coastaat b C recreaaioa factor), e%J>re•Bi-c the 

Lope of the recreseioa 1 :ia•. wa• talc•• to 1:adica te a theoretical decliu of 

)890 C. OTer each hod.red feet Of dietuce 'betweea the effeCtiTe source Of 

1co•iac water , a.ad the mou\h of the con. Coanreel7, a pod tin 'Yalu would 

a.Te iadicated a correepoadiac procreHin rise b. water temperature oTer the 

Lile cli 1taace and would, therefore, h&Te 11& tb.eMUcall7 exclu4ed the seepage 

,ter from coaeideratioa a• an illfl.ueatial waraiag acen,t. 
,. . 

!he coaeta:at a, expreseiac the iatercept of the recreseion. li:n.e, was 

Ike• to da.ote a theoretical water tempera.tu.re of 2.11.7° c. at a poiat 

ltatioa 3) where the iaflowiac water exerted. iai tial effectiveaeH. Stace 

ie ni&ht of wawr chaace• correepoa4bcl7 with taperature chaace•, a 

Letaace-4•••1'7 relatioaahip could haTe beea cleaoaetrated by e11.betit11tioa 
. 

~ anrace water 4a.s1t1ea at each atatioa 1a place of aTerac• temperatures. 

It would be Tirtllall7 111peesibl• to deaoastrate the effectiTa.esa of 

Lcolliac waraer water e:z:cl11.aiTe of 1u.ch other in.flueacea aa ice formatioa, 

1e peculiar 'behaTior of water cleaai ties at temperature• betweo 14.0 c. au. 



26 

1e poiat of freesiac, u.4 wamth pJ.aed fro• earth at the bottom of the 

,.,... A• previoual7 co•••ted, the effects of theae factor• are 41atri'bute4 

L calculatioaa expreaae4 b7 regreHioa liaea. 

PoteatialiUea iaher•t 1• ice eoTerage are paradoxical.17 'both coaatruc-

LTe u.4 d.eatn.ctiTe to the expreaaioa of te11.perature cradi•ta iaduced 'b7 

1e aeepac• water. 
0 lhea air te11perat11rea reuJ.a below 32 1., t!Le cover aot 

L17 ianlatea the uderl7iac wa'\er of the con but becal•• and shield.a 1 t 

taiaat the clitturbac Wluacee of wiad aa4 wan. At hip.er temperatures 

1e ice •lta ud., ia coatl'aat to the unal law of expaaaioa lt7 heat, the 

tlace water aiaka uUl aUaiaiq a ll&ximm deaai'7 at 39.2° 1. Ol' 4° C. 

Ltera warmed aben thia temperature acaia emibit lighter 4eaa1Uea u4 

sceacl ia coafer-ce with the ph7aical law. It ia recalled. that the nera 

acea•al'7 for traaaforaatioa fro• tile aolicl. to the litui,4 state ia talcea 

l:'oa all aurroudiac aeclia-uderl71ac water aa well aa fro• the a aoaphere. 

t cu., therefore, rea4117 N aeea that chaaciag water cleaai Uea caued b7 

:e ••l Uac owr the a tire cove woul.4 aot 'be ia phaae with chaace• origi-
. 

LtiJLC u.4 apreacliac procreaaiTel7 lu:ewa.1'4 fro• ai-cl,.iac con aad seepage 

L tera at the 11.p})er 11•1 t, u.4 th.at the couter-iaflueace could craduall7 

I:' quick17, accorti:ac to cU.11& tic coui tions, obliterate gradien. t exprea-

Lon al tocether. 

!he illfluace of heat absorption fro• nnligb.t ma.at ie con.aidered with 

LOwl•dce that a bricht nJL, eT8ll on. a comparaUnl7 cold chq, is capable of 

tatilLc water to a hich,er t911peratve than that of the a1UTounclin,c atmoa

Lere ( Ide, 1935). Obaer"f&tion.a of dail7 chance• in water t911peratures in 

Le Bic :Bend Cove, wherein no inflow waa e'rident, clearl7 showed that the solar 

Lflueace waa effectiTe thl'ouch ice coTerage when. air temperatures re-.inecl 



tlow '32,0 1. Similar influence of aunlight throucb. ice coverinc farz pond• 

1.a reported b7 Wallen { 1951). In the courae of 1ubaequen t 1urTe7a, it wa1 

,ted, on several occaaions, that a llhallow area of water regiaterin,; low 

amperaturea attributable to ice meltage would, when revi1ited atter a few 

,ura of au.atained 1unahine, regiater temperature, above the influence of 

1coming water. 
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U follow• that data moat expresdve of the unadulterated influence of 

ie aeepa.ce water should be obtained at time• when other factor• are neareat 

> neutral. Sub-freesiDg pre-dawn hours, or at leaat the earl7 aorninc hour• 

t cold, cloudy morninga following ni&ht• of below-freesing air temperature 

ioulcl, therefore, 7ield data of •rlmm interpretive ftlu. A• it waa 

9&1.ised. it would often be impracticable or impoaaible to obtain 4&1- under 

>.ch climatic con.di t ion•, it waa con.ceded., from the beginning, that 4a ta, 

m.erall7 taken, would generall7 reflect a conglomeration. of abetting and 

,nflicting i:ai'luen.cea. It could be demon.atrated, however, that a• long aa 

Le influence of the inflowing ground water waa the predominant on.a, the 

~fectinneaa of other influence• could be detected. b7 the degree of poaitive 

· negative regreaaion. fro• a line representing the wara-water influence. 

1r e:mmple, the calculated trend expreHed b7 the atraipt regreaaion. line 

L 1igure 4 indicate• that a aignifican.t temperature gra4ieat e~iated at the 

.me the data were taken, while positive regre_,aion., charpable to aunligb.t 

11orption, at Station 3, and negative regreaaion, charceable to ice meltage, 

, Station.a 4, 5 and 6, indicate tha' other intluncea were becin.llin& to bear 

( gradient upreadon. cauaed from in.flowing ground water. 

!he above diagnoaia appears reaaonable in new of the fact that 

1ce11ber 9, 1950, folloWinc a au.b-freesing night, wa• a bright •UJU>.7 clq 

ring which air temperature• rose well above 32° 1. before midmorn.inc when 
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ie tipper regions of the coff were te•tecl. .A.a large nUJ1bera of vhi'\e crappies 

tre present, it waa asnMd that the preftilinc gradient was, or recenU7 

L4 'been, of nfficieat steepness 'to promote accreca.tion. 

!he statu of bottoa wara1ng as a contributinc factor to the offrall 

uient expression remained the aoet difficult to 4emonstrate in that nch 

lfluence, unifo1'1117 eat tted, wall not tetecta'ble b7 4nia.Uon from regrea

lon: nor could its effecUveues 'be isolated, as there were no practicable 

i.cili Uea aftilule for diecontinuinc or d1TerU.nc the flow of water froa 

Le aeepace area • 

.A.l tholl&b a rela\ionllhip, 1114:caced b7 groun.ch-hea ted water, seaed to ha ff 

•en deaonstratecl between the water temperature at UT Ci'Nll eite u4 the 

.stance Of the IUe from the J:Lea4 Of the COTe, the fact rua1Jl.e4 that 

,plicabili\7 wa• confine4 al.lloet atirel7 to water• wi1illin the coTe proper. 

Le relationllhip 414 ut asnae accountabilit7 for water temperatures aboTe 

Le aerger of the con aa4 the sveaa. l .t was felt that IIUCh a relationship, 

1aonatrab~e in both the cove u.4 the rmminc atreaa, would proTicle a 110re 

1fini te link between the eprinca at the base of the dam and the coTe I a 

,per limit, and tb.u eTen 110re coacluai vel7 point to the intloving water 

1 the dominant inflUJLCe 'behind gradient expreaaion in. the Joatclock Cow. 

In view of the creater rate of heat loaa in the runiag stream aa co ... 

irecl to that in. the coTe, it appeared eviclen.t that the esta'blillhau.t of 

iCh a relationship would have to be baaed on mathematical procedure, capable 

· expressinc calculated vend.a in conformance with non-linear data points • 

. tb.ema tical proce4urea followed are eumplified 1a !able 2. 

Application of the described proced.ure to data procured on December 9, 

50, reaulte4 in. poor acr••ent between. the curTilinear regresaion line an4 

.ottecl empirical data, al tb.ou,;b a correlation n.• indicated (Jigure 5). !he 
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tabulated data in !able 3.) 
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or agre .. n.t, it•• felt, could be at\ributed to intlueacee counteracUTe 

'that of \he 1.ncolli:ac water. Con.eequenU7, a eerie• of Hlllp8rature 

,cordinc• procured o:a. Je:tJ.TJ&r7 30, 1951-a dq when all intlue:Q.cee o\her 1ihu 

.oee of \he incolli:ac crolm4 •ter should haTe beea Tirtual.17 n.euval-wae 

.bJected to the 11&1119 procecb&re. !he reaul. tan.t parabola, a• ehoWD in. 

pre 6, not oal.7 fittecl the data points with uunal ficlellV throqbout 

.e coTe ba.t continued to dl•plq reaeonable harlloJLT up \he runi:ac •v ... 

withla 100 feet of \he eeepace area. Da'- of tilat date were dell'beratel7 

1lected because the c1q had followed '11ree conNcutln 211-hour period• of 

:b-treesinc air temperature• and was fvther characterised 'b7 ceneral base 

.d clev.4.lne••, · al tholl&h brld period.• of nDmhiae occurr.a lateral ttatl7 

. \he afternoon.. !he a1n1 .. air teaperatare recorted dviDc the prece41Dc 

cht •• 5° "'I., and \he Ndwn reached turiDC the dq wa• 15• J. AltholJCh 

w timhermea were out in the 1enre weather, poHeHio:a. of 2'° white crappie 

· • a:a.c].er1, t,».terri.ewe4 at ran.4.oa, •• considered to be in.4.icatln of 

• accr•ca t1011. • 

.AttenUon ie here 1DTite4 to a coaparimon ot parabola1 repreeentatln of 

.ta on Januar;r 30, 1951, an.4 I>ec•b•r 211-, 1951-almoit a 79ar later--a• 

eeented 1a Jiguree 6 and. 7. Weather con.di tion1 occurrinc for tileee da\ee 

re eillilar in '13at a thick conr of lee lq over '11.e coft on. both 4q'8 

.d 'both had followed euatalned period• of exveae cold weather initiated 

· enere drop• 1D air tempera n.re. J)iff erence• were '11a t eome ice •el tage 

curred. on l>eceaber 211-, a• ail' temperatures re.need. beheea 178 and. 114° J., 

d that the iee wae not· a• \hialc nor ti» clq u clo~ a• on the prececU.nc 

nU&17 date. Sipificant17, the acreemat between. parabola and daa poilLta, 

thouch gaerall.7 aat1afacw7, •• not as cloH ae the fit emll>ited on 
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Figure 6. Dis tance- water t emperature rela
tionship, expressed by curvilinear regression, of 
waters between seepage area and mouth of Boatdock 
Cove of Canton Reservoir, January 30, 1951. 
Maximum air temperature, 15° F.; minimum, 5° F. 
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lllUar7 30. In Tiew of the aimilarU;y of the regreaaion factor• deriTed 

·o• aolve4 equation.a an4 of tile craphicall7 upreaaecl parabola•, it appear• 

iaaonabl;y eTident that, uu.er 1pecific weather con.ditiona, the diau-ibution 

'. aTerage water temperature• between the •••page area and 1ihe aouth of the 

1Te tended to confora w1 th the e%1)C)nen. tial law. 

Calcul•tion1 iDTolTe4 in "1a detel"lliDation of non-11.Jlear relationlh1p1 

'8 m.ch more Uae connminc than tho•• leac11:nc to linear expreHion and 

•e eparingl.7 ueed. !he aillpler Mtho4 1a eubetituted, beoauee it 1• not 

Ll.7 aore upe41ent llut adequatel7 expreaeee the cra4ient tra4.e in tile 

.ab.able d.ep'the of the coTe proper. 

'!he weather ao4erate4 aoon after the fir1t rtait to \ha reHnoir and 

111aiDed. rea1onabl7 alld until the aicht ot Dec•ber 27, when another n44u 

•op in air teapera t'Qre occurred. !,he reaenoir wa1 Tili ted a 1eco:a4 UM on 

L8 tolloviDc 110ntnc. Ice had terae4 oTer moat ot the :Boatdoclc CoTe 4urinc 

Le night 'but vaa too thin to bear one• 1 wei&bt, thu1 preTentiDc the procure

m.t of data in the u~ 111UP1er. Since reacU.nge were taken at llhallov oft

.ore clepthe at each etatio:n rather than in the center of the coTe, U.m1te4 

nfide:nce ie held in '11• calcula-4. vend expreaae4 in Jipre s. !he graph 

1 preaen ted princips.117 to d9i!0n1~rate that, b7 the linear regression method 

· anal.79is, information of lW ted general Talue J18.7 'be deriTed nen from data 

, impertectl;y talcen. It can be seen that a temperatwe gradient of eli&ht 

,eepneee ( .o6° C. per 1()0 feet) cenerall;r indicated over the 600 feet 11.earest 

.e cove• s mouth wae dia~ptecl over the reuillinc distance to the 'Upper limit • 

. e negative recreaeion emi'bited oTer this ahallov recion 1a in lceepiDC vi'11 

.e fact that the da1' warmed rapid,17, w1 th appreciable ice ael tac• apparent 

earl7 a1 !!JI 00 a.11.. 81gn1fican t.'17, tiahing •• generall.7 poor tilro"Q&hc,ut 
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~e cov•, but anglers on the boat docks anchored at the mouth were fairly sue-

11sful. Jar greater aucceases were enJoyed by fishermen in boats out in the 

ll.Ch larger Can toneaen t Cove. 

The month of Janua17, 1951, was, in general, unseasoQ.ably mild and dry 

:i.til the night of the 27th . when a severe cold waye audclenl7 overspread the 

tate. Air teJDperatures tell abrupt17 (Appendix JS) and remained below 

reesing over a period of five consecutive da7s. !he third visit to Canton 

,servoir began on the morning of Januar7 28 and extended through lebrua17 4. 

muary 28 was characterised by a sustained northerly p.le, intermittent 

10w, and severely cold air temperatures (minimum, 7° 1.; maximlllll, 22° 1.). 

Lgh waves were forced from the lake directl7 into :Boatdock Cove throughout 

Le dq, causing a rise in the water level that was particularl7 noticeable 

L the upper limits. lio water temperatures were talcen as the cove did not 

•eeze over during the da7, and the turbulence of water prohibited the us• of 

boat. Large areas of the lake froze over during the night, and on the 

,ming of the 29th the cove could be sat el7 walked upon thro~out 1 ts 

Ltire length. Hundred, of fish, predominantly giHard shad, could be seen 

1bedded in the rouc}l mosaic-patterned ice. 
.. . 

Water temperatures were taken daily over a one-week: period (January 29 

Jebruar7 4, inclusive) in both :Boatdock and :Big :Bend. Cove, by procedures 

eviously described. Jach daily series of temperature recording, taken in 

atdock Cove during the one .. week survey are presented in tabular, graphic, 

d statiatical forms in the following tables and figures. Aleo depicted are 

ily comparisons of average water t•peratures at each station with those of 

e preceding day. 

January~. ~. Data of January 29 ( Table 4 and :rigure 9) show 

tremel7 low water temperatures in :Boatdock Cove with no indication of a 



llllp8ra ture gra.4.ien t. 
0 

Weather of su.ch severi t7 prevailed ( marl11U, 14 J.; 

35 

LnillUll, o0 1.) \hat onl7 two fiaheraen were seen throughout the ea tire da7. 

Januarz: ~. ~. :Data of Ja.nu.r, JO (!able 5 an4 11gure 10) demon .. 

~rate the apparent manifeatation of a tellperata.re gradient in Boatdock CoTe 

Lnce the recordings of the precedinc claT. Oompariaona of aTerage water 

mperaturea at each atation, aa presented in !able 6, c.learl7 ahow rise• in 

1. ter temperature• throu,;bout the coTe in api te of continued aevere wu. ther 

nax1mm, 15° 1.; ai:nillwn, ,° l'.). Attention ia directed to the ceneral pa\

arn of the rises in average water temperature• (Jicure 11) which ia alao in 

ie fora of a cra4ient. Te17 fn angler• braved the extremel7 inclement 

aather, but those who did experieaced. high aucceas tlvinc ahort period• of 

I.Jae-most :tiah.ed lea a than half aa hour. Ice coverinc the con •••ured 
lirteen inches in th1ckneaa. 

Jaauarz: J!, ™· W,-ter taperaturea failed to riae apprecia'bl7, bu' 
1e temperature cr&4ient peraiated throupout Januaey 31, aa evidenced b7 

1"8 presente4 in !ablea 7 ancl 8 and lip.res 12 and 13. Cold northerl7 wincla 

14 low air taperaturea (ll&J:im, 7° 1.; minilma, 6° J.) characterisecl the 

q, but more fiab.e?'ll8D. appeared bll ha4 been present on the pre'rious cla7. 

man and wife inter'riewed during a spo\-check of creel• lla4. barYested Sli, 

Lah in approximatel7 three hours, aad. several catchea of oTer 100 white 

t"&ppie were reported b7 the conceaaioner. Qreel limit• ha4 been remoTed 

r the Olclahom. Gue and Jiah J>epartaent. 

J'ebruarz: !, !22!,. J'ebrU&17 1 vaa the fifth dq of continuous su.b

reesinc air temperature a ( maxim, 19° 1. ; minim, 7° J'.). l>a ta preaen tad 

1 !ablea 9 and. 10 and Jigurea 14 and 15 indicate the continued presence of 

temperature gradient and a general riae in water Mmperatwea throucb,out 

1e cove. !he :uwaber of fiahermen increaaed conaiderabl7 deapi te con tinuecl 



WLI 4. Water Tempera turea in Degree a Oen tigrade 
Recorded at One-loot Depth.a and .Averaged for the Station• 
in Boatdock: Cove, 9,45-11:45 .l.M., Januaey 29, 1951. 

Depth Sta. Sta. Sta. Sta. Sta. Sta. Sta. sta. Sta. Sta. lta. Sta. s 
1 · 2 3 4 5 6 1 g 2 10 11 12 

arface 7.2 0.2• Ice Ice Ice Ice Ice Ice Ice Ice Ice Ice I 
l ft. 0.1 0.05 0.1 0.1 0.1 0.10 0.10 0.1 0.25 0.2 0 
2 ft. 0.2 0.10 0.2 0.1 0.3 0.25 0.10 0.1 0.25 0.2 0 
3 ft. 0.05 0.3 0.1 0.3 0.30 0.10 0.1 0.25 0.2 0 
~ ft. o.4 0.2 o.4 o.~ 0.10 0.1 0.25 0.2 0 
5 ft. 1.1 0.3 o.4 o. Q.10 0.1 0.25 0.2 0 
6 ft. o.s o.4 o.4o 0.10 0.1 0.25 0.2 0 
7 ft. o.4o 0.10 0.1 0.25 0.2 0 
g ft. 0.75 0.10 0.1 0.30 0.2 0 
~ ft. 0.10 0.1 0.30 0.2 0 
) ft. 0.10 0.1 0.30 0.2 
L ft. 0.15 0.1 0.30 0.2 
~ ft. 0.50 0.1 0.30 0.2 
3 ft. 0.5 0.30 0.2 
i ft. ~ 0.2 
verage L! 0.2 0.15 0.07 o.42 0.27 ~ 0.37 0.14 0.13 Q:._! · 0.2 0 
1in ice 

1° c. • I 
I 
I LIGbD 

6° o. I 
I 
I 
I e lmpirical anragea 
I 

5° c. \ 

I = Calculated averace• I 
('f = .20 + .007») 

4° C. 
\ 
I 
I 
I 
\ 

3° c. 
I 
I 
I 
I 
I 

2° C 
I 
I ,• 
I 
I 
I 

1° c. I 
I 
I 
I 

.,,,,,,.,•--- I - :::t- --·-
o0 c. - • 

s 
5 6 7 I g 10 11 

Jigure 9. hpirical and calculated aTerage water temperature• in degree• 
Centigrade recorded at one-foot depth.a and anraged for t.he atationa in :Boat-
dock Con, Januar7 29, 1951, expreaaed in graphic form. 



TilLI 5. Water Tempera turea in Degrees Oen tigrade 
Recorded at One-l'oot De;ptha and Averaged for the Sta tiona 
in Boatdock Cove, 1:00-~iOO P.M., January 30, 1951. 
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Depth Sta. Sta. Sta. Sta. Sta. Sk. Sta. Sta. Sta. Sta. Sta. Sta. S 
1 2 3 4 5 6 7 g 9 10 11 12 

urface 7.5 
1 ft. 
2 ft. 
3 ft. 
4, ft. 
5 ft. 
6 ft. 
7 ft. 
g ft. 
9 ft. 
0 ft. 
1 ft. 
2 ft. 
3 ft. 
l4, ft. 
verage J. 5 
ary thin ice 

II 

7° c. \ 
\ 
\ 

' I \ 

5° c. 

I 
\ 
\ 
I 
\ 
I 

\ 

3.1• 2.0• 1.2• 
2.6 1.4 

1.6 

1.1• Ice 
1.1 0.9 
1.1 0.9 
1.1 1.0 
1.2 1.0 
1.6 1.0 

1.1 

Ice 
0.9 
0.9 
0,8 
0.8 
0.8 
o.s 
1.1 

Ice 
0.8 
0.8 
o.s 
0.8 
0.8 
0.9 

Ice 
o.6 
o.6 
o.6 
0.1 
0.1 
0.9 

Ice 
o.6 
o.6 
o.6 
o.6 
0.1 
0.7 
0.1 
0.7 
0.1 
0.1 
0.7 
1,0 

Ice 
0.5 
0,5 
0.5 
0.5 
0.5 
0.5 
o.6 
o.6 
o.6 
o.6 
o.6 
o.6 
o.s 
o.6 

= bpirical averace• 

= Calculated average• 
(! = 1.34 - .091'J>) 

Ice 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
o.6 
~ 

I 
0 
0 
0 
0 
0 
C 
0 
0 
0 

' 
3° o. 

2° c. 

o0 c. 

\ 
I 
I 
\ • ' ', ',, 

' ' ' ' , __ _ 
-,-. • 0 SC ::.;.:_ -=• a ·- --..::: 

ta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. S 
2 3 4 5 6 7 .. g 9 10 11 12 

1igure 10. hpirical and calculated average water temperatures in degrees 
Centigrad.e recorded at on.e-:toot depths and averaged for the station.• in Boat
dock Con, Janua.J7 30, 1951, expressed in. graphic form. 



Til~ 6. Comparison of .Average Wate:i- Temperature• at la.ch 
Station 1n J3oatdoclc Cove on Jan'1JB.17 30 with Corresponding 
.A.verace• on Januar,r 29, 1951. 

Date Sta. Sta. Sta. 
l 2 3 

WU7 29 7.2 0.2 0.2 
aarz 30 1.:2 £! H rerence_ +.2:,J ~ +....:! 

Jo C. 

2° o. 

Sta. Sta. Sta. 
l 2 3 

Sta. Sta. Sta. Sta. Sta, 
4 ~ 6 1 g 

0.1 o.4 0.3 0.3 o.4 
1.4 1.2 1.0 H o.s 

-t-1.3 ~0.8 - +o:'i +hl +...:,_, -

Sta. Sta. Sta. Sta. Sta. 
4 5 6 7 8 

Sta. Sta. Sta. 
2 10 11 

0.1 0.3 o.i 
H H o. 

+0.3 .... + • - -

Sta. Sta. Sta. 
9 10 11 

11cure 11. l>ifferenc•• in aTerace water taperature• at each 
• ta tion 1n Boa tclock Coff on ·Jan:aar7 30 u4 correapondinc aT•rac-• 
on January 29, 1951, ezpreaaed. in crapl:lic torm. 

Sta. 
12 

0.2 
~ 

+.2.:,l 

Sta. 
12 

s 

0 
0 

+~ 

s 
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li!LI 7. Water Temperatures 1n Degrees Centigrade 
Recorded at One-loot De.ltha and .lvel'8'ed for the Stations 
1n Boatdoclc Cove, 1:00 :00 P.M., January 31, 1951. 

sta. sta. sta. sta. ita. sta. Sta. Sta. Sta. Sta. Sta. Sta. s 
epth l 2 3 4 5 6 1 8 9 10 11 12 
rface 6.1 3.4 Ice Ice Ice Ice Ice Ice Ice Ice Ice Ice I 
ft. 2.3 1.1 o.s o.s o.6o 0.5 o.4o 0.50 o.4o 0.30 0 
ft. 1.1 0.9 0.8 o.6o 0.5 o.4o 0.50 o.4o o.4o 0 
ft. 1.5 1.0 0.9 0.60 o.6 0.50 o.6o o.45 o. 50 0 
ft. 1.0 o., 0.65 o.6 0.60 o.6o o. 50 0.55 0 
ft. 1.3 1. 0.70 o.6 0.60 0.60 0.55 o.6o 0 
ft. 1.00 o.6 0.60 0.60 0.60 0.60 0 
ft. o.6 0.60 o.6o 0.60 0.60 0 
ft. o.s 0.65 0.60 0.60 0.60 C 
ft. 1.2 0.65 0.65 o.6o o.6o 0 
ft. 0.65 0.65 0.60 0.60 C 
ft. 1.00 0.70 o.6o o.6o 
ft. 0.90 0.60 0.60 
ft. 0.90 0.60 

..!!:.... ~ erage 6.1 I;E 2.3 1.2 1.0 0.96 o.69 o.67 o.66 o.63 0.51 • 0 -
7° c. LIGDD 

60_ c. • = Zmpirical aTerage ' \ 
\ = Calculated averaces 5° ·-C. 

\_ 

' ( If : 1.12 - .069D) \ 
\ 
\ 

4° c. \ 
\ 
\ 

~ 
30 c. ' ' ' ' ' 
2° c. ', 

' ' ' ' 
1° c. 

, .... __ ----- • :II 

<..,.__ - ....-- -=• • •==::c - ... 
o0 c. 

Sta. Sta. S\a. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. s 
l 2 3 4 5 6 7 g 9 10 11 12 

ligure 12. lmpirical and calcw.ated average water temperatures in degrees 
Centigrade recorded at one-foot depth• and aTeraced for the atationa in Boat-
dock CoTe, January 31, 1951, expreeeed 1n graphic form. 



Date 

ll&1"7 30 

T.ABLI 8. Compari1on- ot ATerace Water '!emperature1 at Jach 
Station in Boatdoek CoTe on Janua.17 31 with Corre1pond.in,; 
Averages on Janua17 30, 1951. 

Sta. Sta. Sta. Sta. Sta. Sta. lta. Sta. Sta. Sta. Sta. 
l 2 3 4 ~ ' I g ~ 10 11 

4o 

Sta. 8 
12 

l·5 3.1 2.3 1.4 1.2 1.00 0.90 o.so o.zo o.lo o.6o o.~ o 
.1 1.2 1.0 aarz J! i:.! !:.l ~ o.~ ~ o. o ~ ~ ~ o 

rerence -1.4 +9.:..1 -0.2 -0.2 ....:..,_ ~ -0.13 -0.10 -o.oz -0.03 +O.O +~ 

.2;0 c. 

1° c. 

Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. S1 
2 3 4 5 6 7 I 9 10 11 · 12 l 

Jigure 13. l)ifference, in anr..-· water -1;-.pera'*•• ·IJ\ •ch 
8 ta tion in !oa tdock Cove on J,murr 31-aD4 cerreapon41.nc aTerap• 
on Janua17 30, 1951, ezpreaae4 in graphic fora. 



epth 

rface 
ft. 
ft. 
ft. 
ft. 
ft. 
ft. 
ft. 
ft. 
:tt. 
ft. 
ft. 
ft. 
ft. 

.!!:_ 
i,rage 

7° c. 

6° c. 

5° c. 

4° c. 

3° c. 

2° C. 

1° C. 

WLI 9. Water Temperatures in Degrees Centigrade 
Recorded at One-1oot Depths and Averaged for the Stations 
in Boatdock: Cove, 11:45 A.K.-1:45 P.K., 1ebruary l, 1951. 

Sta. Sta. sta. Sta. Sta. sta. Sta. Sta, Sta. Sta. Sta. 
l 2 ) 4 ~ 6 1 8 2 10 11 

6.3 3.2 Ice Ice Ice Ice Ice Ice Ice Ice Ice 
2.2 1.1 0.8 0,9 0.9 0.70 0.70 0.8 o.6 

1.3 1.0 1.0 0.9 0.70 0.10 o.s o.6 
2.6 1.0 1.1 0.9 o.so 0.70 0.8 o.6 

1.4 0.9 0.85 o. 75 0.8 0.7 
1.2 0.85 o. 75 0.8 0.7 

0.85 o. 75 0.8 0.7 
0.90 0.75 0.8 0.7 
1.10 0.80 0.8 0.7 

o.so 0.8 0.1 
o.so 0.8 0.7 
1.10 0.8 0.7 

1.0 0.7 
0.7 

E] :I;! 2.2 I;! 1.3 1.0 ~ 6.84 0.74 
o.s 

0.82 ~ 

~ 
LJGIIJ) 

\ 
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\ • ~irical averages 
\ 
\ - = Calculated averages 
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\ •, 
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Ice I 
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o.6o 0 
0.60 0 
o.6o 0 
o.6o 0 
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o.Go 0 
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o.6o l 
o.6o 
o.Go 
o.Go 

~ -=-- 0 

....... ___ 
• -e- - - ---

o0 c. 
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Jigure 14. lmpirical and calculated average water temperature• in degrees 
Centigrade recorded at one-toot depths and ave~d :tor the etation• in Boat
dock Cove, 1ebrua17 l, 1951, ezpreaaed in graphic fora. 

1 
1 



Date 

T.ULI 10. Comparison of Average Water Temperatures at la.ch 
Station in :Boat.dock Cove on 1ebruar7 l with Corresponding 
Averages on Januaey 31, 1951, 

Sta. st.a. sta. sta. st.a. lta. st.a. sta. st.a. sta. It.a. 
l 2 J 4 ~ 6 1 8 9 10 11 

6.1 1.2 1.0 

42 

st.a. s 
12 

aaey 31 3.4 2.3 0.96 0.69 0.67 o.6o 0.63 0,57 o.56 o 
ruarz 1 H ~ 2.2 bl hl 1.00 0.96 o.84 o.ztt 0.82 .2.:.§9. o.6o 0 
ference +.Q.s.: -k -0.l ~ +.2.:..1 +o.64 .,.0.27 +-0.17 +-.2.:b +0.19 +0.12 +0.64 +Q 

+-20 c. 

+-lo c. 

oo c. 

-lo c. 

Sta. Sta. Sta. Sta. Sta. S 
l 2 3 8 9 10 11 12 

Jigure 15. Difference• 1n a.,..race water temperature• at each 
•tation 1n Boatdoclt Cove on Jebrua17 l an.4 corre•ponding averace• 
on Janua17 31, 1951. 
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!.A!LI 11. Water 'femperatures 1n Degree& Centigrade 
Becorded 1n One-loot Depths and Averaged tor the Stations 
in !oatdock Cove, 9:30-U:30 A.X., 1ebl'1J8.ry 2, 1951. 

sta. !ta. sta. ita. ita. sta. sta. sta. s epth Sta. Sta. Sta. Sta. 
l 2 3 4 ~ 6 1 8 9 10 11 12 

rt ace 6.3 3.0 Ice lee Ice Ice lee Ice Ice Ice Ice Ice I 
ft. 1.8 0.7 0.8 0.55 0.55 0.55 o.6o 0.55 0.8 o.6 0 
ft. 0.8 0.8 0,55 0.70 o.6o o.6o 0.55 o.s o.s 0 
f't. 1.9 0.9 o.6o 0.70 0.70 0.85 0.55 0.8 o.s 0 
f't. 0.9 1.00 o.80 o.so 0.90 o.so 0.9 0.9 0 
ft. 1.2 1.30 o.so 0.90 0.80 1.0 0.9 0 
ft. 0.80 0.90 1.00 1.0 0.9 0 
ft. 0.90 1.00 1.00 1.0 0.9 0 
ft. 0.90 1.00 1.00 1.0 0.9 0 
ft. 1.30 1.00 1.00 1.0 0.9 0 
ft. 1.00 1.00 1.0 0.9 l 
ft. 1.30 1.00 1.0 0.9 
ft. 1.30 1.0 0.9 
ft. 1.0 0.9 

..!i:_ 1.1 1.0 
,rage hl 3.0 1.8 1.13 0.92 o.6s 0.81 0.82 0.91 o.ss 0.96 o.81 0 -

7° c. 

• LIGD:D ,o c. \ 
\ 
\ 
\ = llapirical aTeragea \ 5° C. \ 

= Calcula tecl averaces \ 
\ (If• .92 - .OOSD) 

4° c. \ 
\ 

' \ \ 
3° c. \ 

' ' ' 2° c. ' \., 
', 

' 1° C. 
, ....... _ 

--, C ._._ ___ - WU • n __._ • :4:::- __ ... _ - - =--- = 
c1 

o° C, 
Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta, Sta. Sta. S1 

l 2 3 4 5 6 7 g 9 10 11 12 ] 

ligure 16. lmpirical and calculated averace ,rater teaperatures 1n degree• 
Centigrade recorded at one-toot cleptha and averacecl tor the station• 1n Boat-
doclc Cove, 1ebruar7 2, 1951, ezpreaaed in graphic fora. 



Date 

MJ&r7 1 
MJ&rZ 2'· 
ference 

+2° c. 

-1° c_. 

!J.B~ 12. Compe.ri9on of Average Water Temperature• at kch 
Station in Boa tdock Cove on. 1ebruary 2 with Corresponding 
Averages on 1ebruar7 1, 1951. 

Sta. Sta. Sta. sta. Sta. ita. Sta. ita. sta. Sta. Sta. 
1 2 J 4 5 6 1 g 9 10 11 

st.a. s 
12 

6.3 3.2 2.2 1. 70 1.30 1.00 0.96 o.s4 o. 74 o.82 o.69 o.6o o 
.2:1 ~ . 0.92 o.68 o,s1 o.s2 g.97 o.ss g.96 ~ Q ~ 1.s -- -.Q.:_ -o.4 - -2:.J! ~ -0.15 -0. 02 + • l . +O. 06 +.2:.,gZ t.2:.,gZ +;Q -

Sta. Sta. Sta. Sta. Sta. Sta. s~. Sta. Sta. Sta. Sta. Sta. s 
1 2 3 4 5 6 7 8 9 10 11 12 

1igure 17. :Difference• in average water teaperaturea.i at each 
•tation in Boatdock Cove on 1e'bruar7 2 and correaponding average• 
on 1ebl"Ual7 1, 1951, expreHe4. in graphic form. 



epth 

r:tace 
ft. 
:tt. 
:tt. 
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:tt. 
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ft. 

..!!:... 
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WLI 13. Va ter Temperatures in Degrees Centigrade 
Recorded at One-Joot Depths and .Averaged for the Stations 
in Boatdock: Cove, 1:15-3:30 P.M., Jebruar;y 3, 1951. 

Sta. 
l 

6.3 

~ 

' \ \ 
\ 

\ 

Sta. Sta. Sta. Sta. Sta. 
2 l 4 2 6 

4.7 1.7 1.9 lee lee 
2.0 1.9 1.0 1.0 

1.9 1.0 1.0 
2.0 1.0 1.0 

1.2 1.0 
1.4 1.1 

1.3 

hl 1,82 b]! 1.12 - 1.07 

\ 
' • \ 

\ 
\ 
\ 
\ 

' \ \ 
\ 
\ 
\ 
\ 
\ 

'.----
' ' -,J , . . ' ... ' ..... 

' r r , v r !C..!;1.¢.;;t 

Sta. 
1 

lee 
o.s 
1.0 
1.0 
1.0 
1.0 
1.6 

-1.07 

Sta. Sta. Sta. Sta. 
8 ~ 10 11 

Ice Ice lee lee 
o.s 1.0 0.9 0~80 
0.9 1.0 1.0 0.90 
0.9 1.0 1.0 1.00 
0.9 1.0 1.0 1.00 
0.9 1.0 1.0 1.00 
0.9 1.0 1.0 1.00 
1.0 1.0 1.0 1.00 
1.3 1.0 1.0 1.00 

1.0 1.00 
1.0 1.00 
1.0 1.00 
1.0 1.15 
1.4 l.~ 

1. 
~ 1.00 1.02 1,64 -

= hpirical average• 

• Oalcula ted average• 
(!. 1.10 - .OllD) 

-1-1- = Oalcula ted averac•• 
(! = 1.44 - .056») 
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Sta. s 
12 

Ice I 
o.s 0 
1.0 0 
1.0 0 
1.0 l 
1.0 l 
1.0 l 
1.0 l 
1.0 1 
1.0 1 
1.0 1 
1.0 
1.1 
1.2 

~ 0 !:.2l -

1° c. ------ = " • ·s me- ,. r ;:a -V ~. ~I} 
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Jigure 18. hpirical and calculated aTerap water temperature• in. d•cr••• 
Centigra4e recorded at one-toot depth• and aTeraced :tor the statipn.a 1n. Boat
dock Cove, Jebl'Ua17 3, 1951, expreHed in craphic form. 
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Date 

Ml8r7 2 
Mlary 3 
rerence 

+2° c. 

-1° C. 

T~ 14. Comparison of .lTerage Water !emperatures at le.ch 
Station in :Boatdoclc Cove on lebrua:ey 3 with Corresponding 
Averages on 1ebrua17 2, 1951. 
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sG. s~. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. s 
1 2 3 4 5 6 7 8 9 10 11 12 

6.3 3.0 1.so 1.13 0.92 o.68 o.s1 o.s2 0.91 o.ss 0.96 o.s7 o 
§.:..1 !t:l b!5 8.92 1.12 l.! 1.,z 0~ 1.00 1.02 l.o4 1.0~ 0 = .. hl ~ +.2.:.12. +0.20 +o. ...o. +W +~ +0.14 +0.os +2:1.. +~ 

Sta. StL Sta. StL Sta. Sta. Sta. Sta. Sta. Sta. Sta. S 
2 3 4 5 6 7 8 9 10 11 12 

1igure 19. Difference• in aTerage water temperatures at each 
station in :Boatclock CoTe on lebra&r7 3 and corre•ponding average• 
on 1ebruar;r 2, 1951, expreHed in graphic fora. 
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UJLI 15. Water femperature• in J>egreee Centigrade 
llecorded at One-loot Dept.he and .lTeraged for the Station• 
in BoatdocJc Cow, 10:00 A.K.-12:15 P.K., 1ebrua?7 4, 1951. 

It: .. 
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6.8 

a -
·-

sta. 
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6.5 

hl 

-~ 
\ 
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' ' ' \ 
\ 
\ 
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sta. sta. sta. 
3 4 5 

Ice Ice Ice 
3.1 2.0 1.1 
3.4 2.4 1.2 

2.6 1., 
l. 
1.6 

3.25 2.:,:3 1.32 

Sta. Sta. 
6 1 

Ice Ice 
1.0 1.0 
1.1 1.0 
1.2 1.1 
1.9 1.1 

1.3 

1.30 1.10 

sta. sta. lta. sta. 
s 9 10 11 

Ice Ice Ice Ice 
0.80 o.so 0.70 0.7 
1.00 1.00 0.90 1.0 
1.10 1.10 1.10 1.1 
1.10 1.10 1.10 1.1 
1.20 1.15 1.15 1.2. 
1.20 1.15 1.20 1.2 
1.20 1.20 1.20 1.2 
1.35 1.20 1.20 1.2 
1.70 1.20 1.20 1.2 

l.~ 1.20 1.2 
l. 1.30 1.3 
1.70 1.80 1.4 

1.7 

1.22 1.19 1.17 1.19 

= •pirical anragee 

= Calculated averages 
(! = 1.30 - .017») 

• - - ---e,--a - - - • -=-= • 
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sta. s 
12 

Ice I 
0.5 0 
1.1 l 
1.1 1 
1.2 1 
1.2 l 
1.2 l 
1.2 l 
1.2 l 
1.2 1 
1.3 1 
1.3 
1.3 
l.~ 
1 • . 
1.18 l 

• 

Sta. Sta. Sta. Sta. 
1 2 3 4 
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11gure 20. hpirical and calculated aTerage water temperature• in deer••• 
Centigrade recorded at one-toot depth• and. aTeraged · for the station• in Boat
doclc Cove, 1ebl"UaZ7 4, 1951, ezpreHed in graphic form. 



l>ate 

WLI 16. Comparieon of .lTera&e later !l!emperaturea at Jach 
Station in Boatdoclc CoTe on lebru&r7 4 with Corre•ponc1.1ng 
.lT•ra&•• on lebl'Ual7 3, 1951. 

•~ •~ 1~ 1~ •~ s~ 1~ •~ •~ •~ 1~ •~ s 
l 2 3 ~ 5 6 7 g 9 10 11 12 

Ml&l7 3 6.3 4.7 1.s5 1.92 1.12 1.07 1.07 0.95 1.00 1.02 1.04 1.03 o 
niarz 4 .W M ~ ~ hJg ~ 1.10 1.22 !.Ji 1:1, 1.19 h!!. .! 
terence ~ +r.I +~ +!;!! ~ ~ +0.03 ~ ~ +O 1 +0.15 +0.15 i'Q. 

t2° c. 

-1° c. 
Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. Sta. S· 
l 2 3 ~ 5 6 7 8 9 10 11 12 

ligure 21. l>ifterence• in aftrap water tempera"1re• at each 
station in Boa tdoclc CoTe on lebruar7 14- and corresponding anra&•• 
on lebrua17 3, 1951, ezpr•••ecl in craphil: fora. 



lverae weather coJlditiona, and there wa• no appreciable decline in angling 

i.ccesa. 

1ebruarz !, !22!,. '!'he air temperature• ro H above freezinc in the late 

,ming of Jebruaey 2. .Anclers appeared to have more than doubled in number, 

i.t individual catch•• were obTiousl;y well below those of the previous three 

Lye. 1or the first time during the week-long aeries of surveys more crappie 

tre co.ught toward the mouth than toward the headwaters of the cove. Data 

~eaented in Table 11 and 1igure 16 ab.ow that the water temperature gradient 

LB not as_ steep on the morning of the 2nd. Moreover, comparison.a of atation 

1mperature average• (Table 12 and 1igure 17) show substantial fall• in water 

1mperaturea over the upper region of the cove. 'fhia wa• in lceepinc with the 

Let that the ice over the center of this region had caved-in durinc the pre-

1ding night leaving that area in the form of a V, with both Bides slanting 

Lther steeply toward open water in the center. ~te probabl7 the cave-in 
/ 

1s caused by recession of water forced in.to the cove b7 the high northerl7 

.nd• prevailing during the first dqs of the cold wave. !he drop• in water 

mperatures within th.ii area aeea to attest to the inaulative val• of ice 

,verage. In view of the subsequent drastic decline in angling auccesaes, it 

ipears probable that this sudden loss of heat in the head.waters not onl7 

rtuall;y obliterated the temperature cradient but drove the bulk of the fish 

~regation from the cove. Previoua observation had succested that ailder 

.d more gradual losses in water temperature• were accompanied b;y a more 

adual di speraal of the concentrations. !he ma.rlm air teapera ture for the 

7 vaa 41° 1.; the minim, 7° 1. Bricht sun.shine appeared intermittentl;y 

ro'QChout the da7, and conaiderable ice meltage occurred in the late morning 

dearly afternoon. 

J'ebruary .l, .!25!. J'ebruar;y 3 was clear and aunn;y, vi th air temperatures 
0 . 0 . 

cending from 21 1. to a marlllum of 51 1. b;y midafternoon. llapid ice 



11 tage occurring durinc most of the da7light hour• did not deter conatantl7 

:cUllulating n:ubers of fiehel'llen from choppinc increaainc nuabers of •fishing 

1les• in the deterioratinc ice. Creel counts, howeTer, were draaticall7 

1low those of the prnious dq. De.ta contained. in !able 13 and Jigure 18 

1monstrate that onl;y a ••blance ruaained of the temperature-d.enai t7 graclient 

Lat had persisted in the Januar7 3()-Jebruar;y 2 aerie• of water temperature 

1cordinc•. Attention is directed to the fact that the data were subjected 

, two statistical anal7ses (linear recressiona), grapb.icall7 expressed in 

.gure 18. One · anal.7sis included Station 3, the uncoTered, ah.allow depth of 

,ich appeared to be influenced more b7 aunU.ght than b7 aeepace water; the 

1cond anal7sis merel7 excluded Station 3. The latter wa• in nearer agree-

int with the empirical averse•• of the majorit7 of stations still under ice 

,d was thus considered to be more 1Dd.icat1ve of the ai tuation. Data pre-

1nted in Table 14 and Jigure 19 indicate that, in general, greater gains in 

.ter temperatures occurred in areas wherein the greater loesea had been in 

idence on the precedinc da.7. 

Jebruarz !, !22!• De.ta of Jebruar;y 4 concluded the seTeD.-da7 aeries of 

.ter temperature recordings. Since Jebraar;y 4 was a Sunda7 and the second 

naecutiTe d.a7 of bright &unJ:11' weather, himdreds of anglers swarmed oTer 

th Boatdock and Cantonement Creek Coves in spite of rapidly melting ice 

verage (air temperatures rose to 53° 1. earl7 in the d.a.7). .llthoU&h, the 

owd was b7 far the largest, catche1 were the most meager of the aeven-daT 

rve7. .lnal7se1 of data as presented in !ables 15 aD4 16 and Jigares 20 

d 21 indicate tha\, althoU&h, •mll increases in water temperature• probabl7 

curred in the fiahable depths w1 thin the preceding 24 houri, no more than 

~egligible temperature-densit7 gradient remained in eTidence throughout 

e cove. 



;)a.te 

m. 29 
1951 

m. 30 
1951 

m. 31 
1951 

tb. l 
1951 

tb. 2 
1951 

•b. 3 
1951 

,b. 4 
1951 

51 

T~ 17. Compariaon ot t.he Magnitude ot the Constant b 
( Slope) Ii th Angling Succeaaea ae Determined by :Random Inter
viewa Over a One-Week Period. 

Angler• !otal Average 
Slope Inter- 118h Catch Per Remark• 

viewed Caucht Angler 

+.007 2 2 1.0 Severe weather. Only two angler• 
seen all dq. Max. a~ temp. , 
-10.0° c.: min., -17.8 c. 

-.094 10 246 24.6 Severe weather continued. lew 
anglers. Ice 13• thick. Ma.%. air 
temp., -9.5° C.; min., -15.0° C. 

-.069 3 78 26.0 Severe weather continued. Jew 
anglere--•ome watched bobbers from 
heated cara. Jlax. air temp. , 
-8.4° C.: min., -14.5° C. 

-.100 27 666 20.9 5th da7 ot con tinuoua sub-freezing 
weather. Max. air temp., -1.2° C.: 
min., -13. 9° C. 

-.008 62 707 11.4 Slightly warmer weather. Air temp. 
roe e above freezing. Max. air 
temp., 5.0° C.; min., -13.9° C. 

-.011 73 243 3.3 Much wal'ller weather. lap id ice 
mel tage. Mu:. e.ir tap., 10. 6° c.; 
min., -6.1° C. 

-.017 98 162 1.7 !right and IIUllDY. .Bapid ice melt-
age. Hundreds of ~ere present. 
Ka%. a,ir temp. , 13. 9 C.; min. , 
-2. 2° c. 

lleaul ta of the seven~ aurvey of the :Boatdock Cove are BUIUIBrized in 

~le 17. Attention is again directed to conaideration of the constant b, or 

.ope, which is derived b7 statistical anal.7••• (linear regression) and 

lll.ote• the theoretical riae and tall ot water temperature• in degrees Centi-

·ade per hundred feet between the headwater• and mouth of the coT8. 



52 

Appraisal of the fongoinc ind.lcee recalls to aind th&' Doud.oroff (1931',) 

n.e4 acalllat cu.clueion• 'baaed on analocle• between gradia te produced. in. 

per1UZLtal tank• ant canUer on•• occurrinc la aatural watere. !he 

dlcee preaante4 herein, and other• JLOt mown, etrongl.7 euggeet that 

fective water tempera"1re cradl•nte more delicate ih8ll U1' em1'bite4 ill 

;perlmnul tank• aad aq'U&l'ia ha4 be• 4emonetrate4 in the Joatdock Con at 

nton baenolr. Jurth~ inilcatecl le the apparent neceeait7 of ~ co

iatcce of at least four other contrlbutinc factor• aultaequeatl7 to 'be 41 ... ..... 
Water tmaperature aTeracea (apirical) for the atatione in the lie Bend 

Te between Jan"fJIJ.r7 29 and Jebru.&17 4, inclue1Te, are grapb.icall7 expreaae4 

. Jigure 22. !he crapb.a •how 'that relat1Tel7 eteep taperature gradient• 

:lated OJL all ht the laet cla7, and that 4&117 fluctua.Uone of station water 

imperature aTeragee were aore d.raetic thu. in the Boatdoelc CoTe. Jlmhenaa 

'1,ecl 1n the con repeatNl.7 \hroupout \he anen-481' 8Ul"Te7, ht no filh 

ire known io aa.Te been caupt. - !b.11 natural.17 poaee the question of how ~ 

•adienta could. 'beeo• 11anlfeet la eu1t-frees1Dc weather when there •• no 

1.deace of inflowhc waraer water. In a report on inftaUcat1on1 of eolar 

41ation. in inland lalc••, Birge an4 Jll.dq (1931) demonstrated that a lalce 

,uld. gain hea't atead.117 4.urinc period• of ice coyer. 9197 found. 'that about 

Le-four\h of the h.•t gain. in Lake Ken.clot&, 1f1e.conein, came from the bottom, 

14 the uJor par't of the r-.1.n.1J1c three-founb.a coe from the rem ~uch 

,e ice, wi\h a nall part poaai'bl7 collinc from inflowing water. Welch (1935) 

;atecl that the geater part of the heat from the •= ia abeorbed with1n the 

.rat aeter of water depth. .u the Jig :Bend Con aTera,;e4 alichtl7 leas than 

Le meter in depth and aa water taperaturea recorded cluriDC aorninc hove 

ire al1flL78 lower than those talcen in. the afternoon., 1 t appear• e'Yident that 
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11gure 22. :lmpirical average 
temperature• at each station in the 
Big Bend Cove over a one-week period, 
January 29-lebruary 4, 1951 (dotted 
linea connect temperature averages 
.o! preceding day) • 



.rtuall.7 all the heat gained came from aolar radiation and baai:n. varmi:a&. 

; would. thus appear that the failure of fiahea to co:n.ce:n.trate in conformance 

.th ••••i:n.gl.7 optiJIWI temperature gradien.,a le.de significant support to the 

.:n.41.nga of :ere4er and. Bicrelli (1935) who co:acluclecl that the preae:n.ce of a 

l?"re:n.t of water, however alight, waa eaaeatial ,o wi:n.ter acgreptio:n. of the 

1ntrarehi4 apeciea atucliecl b7 th ... 

Diacuaaion. 

1' appears from the foreeoi:n.c data that the winter agreca·'1ona reaul ted 

·om a co:acurru.t com'bi:n.aUoa of co:n.41 tiolla that could be tenaed aa follow. 

l. !he presence !!, !! adequa~ popu.1.ation. of !!!!, characteriaticall7 

i.clin.e4 !!. yg:repte !! winter ucler cerain condition.a. !he J3uck an.cl Croaa 

1port (1952) showed that the white crappi-predomilaantl7 the 1948 Tear

.aae-repreaenwd 33 percent of their toal catch of 21,633 tiah of all 

,eciea capture4 bewee:a October 1911,g and Oc'°ber 1950. Obaern.tiona clearl7 

Lowed that ao•• other species, alnmclant in the lalce, did not aggrep.w aa 

:taai Tel7 aa did the wh.1 te crappie. 

2. ~ rap14 cooliy !! ~ waters !!. temperatures below !o !• (J'b!0 !.•) 

i.uaecl !l sudden!:!! severe weather changes. Water peaaeaaea maximu. d.enai t7 

; 11.° C. ucl 'becomes procreeaivel7 leaa clen.ae (lipter) aa it approaches the 

·eesinc point. !hua, when temperature• ranee between 11.0 and o0 c., the 

i.raer water in 'U.4.iahrbed a1"1atio:aa ia nearest the bottom. !he initial 

~repUona of both wiJLter aea.aona in. the !oatd.ock CoTe could be clearl7 

1aociatecl with abrupt drops in. air temperatures. U seemed to becou 

1.Creaain.C].7 apparu.t in. the course of the inTeatigationa that a ceneral pat-

1rn of an.gl.iDg ncceasea which progr-eaaecl down. the coTe, into the llU.Ch larcer 
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.ntonemen.t Cove, on. into the lake proper, and back: (more quickl7) into the 

atdock Cove, was in. phase with undulatinc rises and sudden falls in air 

1mperatures. Observations on the highl.7 accelerated angl.inc aucceasea fol-

,wine severe weather chance• suggested a possibili v that the fish might 

LVe began the formation of aggregation.a aa water tempera tu.Na approached 

1 C. and thUB 8D. tered the COVe ill group&, ra th.er than 8 traggled in.di Ticlual.17 1 

Len atiaulated b7 sudden. additional drops in the water temperature. At ezq 

Lte, the temperature gradienu see•d ,o influence the direction taken b7 

LBt number• of fish thus stinlated. 

3. !he formation. of ice coTer. !he in.aulative and becalming qualities - ----
: ice coTer haTe been demonstrated.. .A.Uen.Uon is ap.in. directed to 4aw. of 

1'bruaey 2, when the coTer teaporaril7 ud swld.en.17 disin. tecra ted fro• a 

1rtion. of the Boatdoclc OoTe. 

ll-. !!!, in.tlow !!! waraer water. Contributions of aeepace water appeared 

1 be two-fold in. that it iad.uced 'anct distributed the temperature (and 

m.si v) cractients throu&b,out the con, aacl probabl7 provided water moTemeat 

Lich Jrecler and Jrigrelli ( 19~) demons'1-ated to be essential to agreption. 

: the 19llowbellied sutiah. 

5. ;!!! manifestation !! temperature (!!! density) gradients. It was 

1w.bliahed that temperature gra4.tents perioclicalq existed in. both the Boat-

1ck and the Big Bend CoTes, but remained more stable onr longer periods of 

.me in the fol'll8r. Dou'btlessl7, both coves receiTed similar amounts of heat 

•r unit area from basin. heating and solar radiation and. likewise dissipated 

~portionate amounts of heat at night. It is, therefore, evident that the 

ire persistent gradient found in the Boatclock Cove waa maintained. b7 an 

Ldi tional aource of hea t--crouncl-hea ted seepap water. 



Methods &114 Material• 

!he t1Dal phaae ot th• hTeat1p.t1oaa n• dented to teathc the tore-

1iag lqpotheaia. !he Jue CoTe, (J1prea 1 ancl 3) n• •elected a• the 

cper1aatal ar•, but obaern:Uon.a aad pron.reaeta ot 4.ata were conth:ucl 

; ltoth the Joa tdock au. B1c Ba4 Oona. •o acgrep.Uoaa were Jcaon. '4t haTe 

:cvrecl 1a '\he Baac CoTe dvillC preceding wiater aeaaoaa. •ethod.a aJ14. 

1.teriala apl.0794 1a the precedinc winter phaae were •h tain.ed thro'IICbou.t 

Le fiJlal phaae with tat ezcepUo:a ot '\hree aWUoul f••••• (1) lire 
I 

C'&pa, 11% feet 1Ja. lencth &114 two a:nd ou-ha] t feet ia diameter, were ... , 

L a atteapt to detemh• moTe•nt• of fiah h aad out ot th• cofta au. to 

apeat ancliac ncceHea a• i:adicatora of the •cn1tde of the aggreptioaa. 

!) ~te wooden float• aachore4 to heav atoaea were placed at 100-toot 

ltenala threucbout \he c0Te1 in further eatablillhaa.t of per11a1Lent tempera-

l?'e station.a, aa uglers often taapered wi\h atake• driTen alone 'the coTe 

u-ciJa.a. ( 3) 1'7 cooperation. of the Corp• of hg1n.eera, the water elna ticnt. 

~ the lake ns deliberatel7 ra1aed three feet, toward the encl of the experi-

tat, in order to 'briq the head,,. ten of the !oa tdock Cow nearer to the 

1princ•1 ancl thua decrease the heat lo•• in the 1'1UUUJ1C • veaa. 

Proced.,are 

Ina11m.ch a• no other cow• of CUI.ton lleaenoir wr• fed b7 &D1' T1a1ble 

lltlo of n ter, the 1.Ja.i tial procedure was to determine the UIOlm t of grou.4 
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.ter eteri:a.c the Boat4ock CoTe b. or4er to calculate the aaout 11.eedell fer 

.e u:periaetal area. !o 1ihi• ~pd, the illflowiac water wa• 1apou.4e4 '1 aon

;ruti:ac a du et •ut bap imle41ate17 aboTe th• •tan41:ag heacl1rater• of tu 

,Te. !he 4aa •• peaetratet with 6-ach tile pipi-c aD4 ._ ou.~ow ••nret. 
'ter three 4&79 of 1apeu4ae:at, '117 repeate417 tiainc tM fillinc of a 9-q'll&J'\ 

,ntaiJl.er '117 •top-watch. .A.a &T•ra&e of t• 1 tU11-c•• 8howe4 that 12 pllou 

'. water per aiaw.te ( 720 pl.lo•• per hov) were flowiac thro11Ch the ,ue ,1,. 

(M Joat4.ock OoTe. .illowinc tor a441Uoul n11,errauu. flow lt••tb. •• 

•, it wa• ••Uaatecl ~t approziatel7 1000 &a].loa• et crou4 •t•r ,-r 

,v eater.a the Jeat4.ock Goff, ... 1\ •• ua1cle4 1ib.at a ceapan.ltl• Tol'IIM 

1eut lt• d.ireatet, it po•dltle, into 'he ez,eriae:auJ. ar• ot water. 

!he oriciul plan of pa:pll4 O'OU.4 wter troa a well Hre4 at the 11.pper 

.ait of the ez,eriaeau.J. area•• a\a:a4one4 alter p:refe••1onal driller•, 

11-c rota17 41'111 equ.ipaat, fa11e4 to acouter ntficie\ water •ov•• 1a 

(. · T1cini t7 ot ei th.er th• Bue or 1ih• 11, Ja4 Con•. ru. wa• the pre-

1rrecl plan 'becaue the 1aflow col,114 haTe \ea coa 'trollK, 1.hu perai ttbc 

,portun.1 tie• at will toa (1) 4.e~••trate the effect• of 1ntlow1Jlc waraer 

1ter at 'TU7UIC rate• of flow, ~ ( 2) farther i•olate the iafluace• of 

1ein waning an4 •olar ra4.iaUon fro• '11.a t of th• 1atlowiDI waraer water 1a 

·ad.i•n t expree •io:a. 

!he failure to etfeot an adequate eource of 1rou4-heate4 water 1t7 

•illbc led to 'he uact•nt of u. alteru.UTe plu..-'118.t of 4'QP1ioath1 the 

.nation 1:a the Boa\teu: CoTe 'lt7 i11pOu4hl •ter altoTe the 11pper 11111' of 

Le Bue CoTe. !hi• proce4ure preolu4e4 oppor\uni ti•• to 1awce or ooatrol 

Le iaflew etfectinl7, an4, tu to it• late adoption, 1ihere wa• u aHuruoe 

Lat 1acoa1Jt.c ••JaP wter, H iu.ue4, would attai:a u &Uflu.&te rate of 

.ow in Uae to ooacv wi llL tu o tiler co• tri 'lnl.Unc fac,or•. 



A vallhed-out dall at the upper 11111 t of the Haag Cove va• repaired and. a 

Le and one-half acre pend formed behind. it (1igure 3). !he 4am had been 

1n.Btructed b7 Civilian. Conaervation Corp• personnel in the 1930' • and had. 

ten virtull7 deetro19d eoon. after the impoun.daent of Canton ReaerTOir. .l 

LBoline powered Pratt and lhi tne7 cen trituc&l pup ( cape. ble of pa.ping 

),000 gallon• of water per hour) wa• utilised in hoi•ting water from the 

,ve in to the experiaeu tal pond. 

Sb: of the ou in.cli. meBh chicken wire traps were altered in a ll&Dller 

aat peraitted fillh to enter fro• onl7 one direction. Small boat dock• were 

Lchored at the aouth• of lthe three coves, and two trape, with en.trance• 

LCiDC oppo•it• direction.•, were •upencled from eaoh. !rap• capable of cap

LZ'inc 01117 incoainc fillh are hereafter referred to a• • ia1 trap• and. those 

••tricted to o•tcoiac fillh aa •out• trap•. 

'ho trap• with inleadillg throat• at both end• (hereafter referred to a• 

m-entrance• traps) were later placed. in the •pper region of the Haag Cove; 

a.e at the extreme end, the other, one hun4.re4 feet n.earer the ao•th. 

!he experiaental pond wa• •till 1n the proce•• of filli:n.c when. the first 

tvere colcl. waTe of the 1951-1952 winter eea•on occurred on. December 14 

~ppeD.d.ix C). '!he Baac Cove wa• coTered vi th eube tan tial ice b7 the fol-

1winc m.orning, but trap field• remained in.•ipificant, and no appreciaile 

Lter temperature gradient• were in. eTid.ence throuchout the follovinc •ix 

LJ'•. Temperature record.inc• taken. from the bottom at each •tation. failed 

1 preeent indication• of in.tlowin& warmer water cl.urine the B&lle period. 

Attention is here directed to the fact that the Haag Cove wa• co11pletel7 

arrounded b7 pri Ta tel7 on.ed land. il though 'the on.er was 1n 81JIPll th1' vi th 

Le project, angler•, unable to reach the cove b7 boat d.uring periods of ice 

1Terap, were obliged to obtain a ke7 to a locked gate in. order to gain 
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:ceea to the area. Conaequent17, fishermen were few and trapping conati tuted 

.rtua.117 the 0Dl7 conaiatct uana of gauging fiah dmaitiea. IJ.'bis was the 

lin reaaon for the placeaent of two a4ditional trap• ( totaling four) in the 

cperimen.tal cove, whereae onl.7 two one-1fa1' traps were stationed at entrances 

1 the other coTeB. 

!he Haag Cove, aa depicted b7 1igure 3, ended abrupt17 at the baae of 

Le reconstructed dam. It vas apparent, therefore, that a great part of the 

1epage water from the ezperillen tal pond would emerge at depth• of more than 

lve feet and would not be aubJect to obaenation aa waa poaaible in the 

,aU.ock: Con. 1or this reaaon, profile• of bottom temperature recordings 

•re conaidered carefull,7 for indications of incoming warmer water. 

In compariaon vi 1.1', Baac Con, trap 7ields from Boat4ock: Con increased 

1deratel7 on the 17th and 19th, and a1gnif1cant water temperature g:radien'\a 

•re ~ibited froa the 16th through the 18th. ilr temperatures, riainc to 

aximwaa of 54° 1. on both the 19th and 20th, appeared to have diarupted the 

1velop11ent of aggregation. !hia concurred. with obserY&tiona of precedinc 

.nter aeaaona, which had indicated that appreciable aggregation• 1n. the 

,atdock: Con generall7 followed snere weather changes and ice coverage• 

r three d&Ja, and pereiated in proportion to the duration of sustained low 

.r tempera tares. 

!he ezperiaental pond becaae filled after p1111pinc water continuoual:, 

:-om December 10 to December 18, in.elusive. Water elen.tion on the latter 

Lte waa marked on a previoual7 implanted stake, and pumping was resumed 

Ltermittentl7 to mintain the leTel thereafter at near the original -.rk. 

llaltunction of the reaiatance-t7P9 tb.el'llometer prevented the procurement 

~ 'bottom and water temperatures between December 19 and December 23. Kow

rer, a auppoaition tha,t aeepage water fro• the ezperiaental pond began an 



60 

rer increasing ingress into the Haag Cove within this period of time was 

i.pported by the following observations. (1) •Sand boils" appeared at and 

1ar the junctures of the dam and the natural sides of the "draw.• These 

~ickles of incoming water at visible depths below the water surface sug

~sted the probable presence of numerous others that could not be observed. 

~) More rapid ice meltage (after December 21) was evident in the vicinity 

~ the •sand boils" than in any other area of the cove. (3) Holes bored 

1to the dam midway between the experimental pond and cove rapidly filled 

Lth water. (4) Trap yields appeared to have increased significantly after 

severe cold wave accompanied by complete ice coverage occurred on the night 

r December 20-21. 

The drop in air temperature on the night of December 20-21 was so dras

Lc that, on the following morning, no open water could be seen anywhere on 

lnton Reservoir. Increases in trap returns followed in the coves associated 

Lth inflowing water, but it appeared obvious that acceleration occurred 

>oner in the Haag Cove. In this respect, it should be recalled that the 

angth of the Boa.tdock Cove was approximately twice that of the experimental 

>ve. Angling successes, although not sensational, increased in the Boat

>ck Cove, while trap and angling yields remained insignificant in the Big 

end Cove. 

When bottom and water temperature recordings were resumed on December 24, 

profile of readings from the bottom at each station in the Ha.a& Cove pre

ented strong evidence of warmer water entering the upper limit of the cove. 

ottom temperature profiles taken intermittently between December 24 and 

ecember 30 are graphically expressed in 1igure 23; empirical and calculated 

ater temperature average, at each station on the same dates are g:raphicall1 

resented in Figure 24. lrom this evidence, it seemed apparent that an 
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Jigure 23. Profile• of bot toa temperature 
reading• taken inwrmi ttent17 between Deceaber 2,. 
and Deceaber 30, 1951, in the Bug CoTe. 
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• • . -· ----------------
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T = ~.9+- .11u, 

figure 211.. J.Terace empirical ud 
calculated water temperatve reaclbga 
taken in term. t ten tl7 between J)ecellber 24 
u.4 Deceaber JO, 1951, in the Baac Co"N. 
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fiow of warmer eeepa,;e water waa increaaing in vol'Ulle da.117 and was, in. all 

~babilit7, exerting a defiaite iafluence on gradient expreaaion tbrolJ&hout 

Le con. !lie graph.a alao indicate that the maJori t7 of the seepage water 
. . 

LI emerging in the Ticini\7 of .Station 2, 100 feet from the upper 11.mi t of 

Le cove. !hie was in line vi th two facte that were kDovn before repairment 

'. the original d.Qa ( 1) the dietal end of an overflow pipe, in the original 

1n4, terminated in the Ticinit7 of BtaUon 2; (2) when drilli:a.g tor water 

L the bed of the original pond, a layer of imperTioua clq vae enco1mtered 

; a depth of approrlllatel7 15 feet. .lenming that this l,qer paralleled 

;rata of an identical nature diatin.etl;, expoeed in the aides of the draw, it 

~obabl;, aerged on the eon bot~om in the vicini t7 of Station 2. 

Attention ia here directed to the peculiar bottom and aTerage water 

maperaturee at Station 3, a, depicted in J'igurea 23 and 24. The water at 

Lia poS..t va.1 Bhallow because of a great •hump1 extending coapletel7 acroae 

Le bottom of the eon. :Residents stated that no such topogra~ existed 

,tore 11\pound.llent of the resenoir and that the ' 1h'QllP,• in all probabiliV, 
I 

LB Mterial wallhed from the origiD&l. daa and depoei ted tar'ther down the 

•ve. n appeared eTident, from comparieon of a long aeries of bottom and 

Lter temperature recordings, that warmer water vaa pa.aaing through thia 

nmd on the coTe bottom, although it could not be probed with the thermistor 

the thermometer. 

!he eevere weather change of December 20-21 persisted until the 27th. 

,tween la 30 and lt.aOO p.m. o.n the afternoon ot the 26th, a sudden rise in 

l.&ling successes modera tel7 resembling the •crappie circuses• of the two 

~•ceding winter aeaaona occurred in the Boatclock Cove. lhi te crappie were 

LrTested steadily during that period of tiu 'but ceaaed a'bruptl7 in the late 

rternoon. .ll:lal79ia of scale aamplea talcen from creels showed tbat the 



'8.ppie, aTeracing a pound, were of the 1948 Year Claas--the a&lle age-group 

at had proTided the prmoua hanesta. 
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On Deceaber 27, the air temperature• began a rise which culaina tecl on 

1caber 31 with the warmest da1" of that date on. record. UD.aeaaonabl7 warm 

1ather appeared to haTe diaruptecl--tor a second time--the formation. of a 

~or aggregation, tor trap 7iel~• in both the :a.a& and :Boa tdoclt Cow• geaer

.17 iJLcreaaed and decreased wUh the tall an.d rise of air temperatures, as 

•aphicall7 ezpreaaecl in Jigurea 25 an.4 26. lo such correlation. waa eTident 

L ;yield• from the Big :Bend CoTe. 

!he bal.JDT weather characterizing the laat da7a of l>ecellber ended with 

1e abrupt occurreace of a severe weather chaDge on Janua1"7 1, 1952 

'igures 25 an4 26). 

J7 the end of the following ten. 4&7a, the tour trap• in the Baac Cow 

4 captured 2,308 tiah, of which l,1'-12 (61 peroent) were white crappie and 

·9 (26 percmt) were white bua. Jroa these highl.7 accelerated. trap 

1tarna, it appeared. eTident that an appreciable inflow of ground-heated 

1ter had been attained and. that \he obJectiTe of \he ••cod phase of the 

.Teatiga tiona--that ot cauai:nc tiah aggregation in an area wherein none 

.a kn.own to haTe preTioual7 occurre4--ha4 been effected.. 

!rap ;yield• from December 25, 1951, to Januar;r 19, 1952, in.cluaiTe, are 

eaented. in !able 18. I.t 1a here ellphaaisecl that the 1,817 crappie trapped 

thin the 26-dq period 1n the Baac Cow were more than double the number 

21) of crappie caught during the three-month period of intensiTe nettt:nc 

.d trappinc aeUviti•II! 'between .&:up.at 6 and lowmber 9, 1951. !heae act1vi

ea ••braced the entire lake, utilising gill n.eta and hoop neta, a• well aa 

re trap a. Moreover, the 1, 81 7 crappie were cau&h t in 10 3 aet tin.gs ( 2li-hour 

rioda) of wire traps, whereu 1'-33 settt:nca of \he aaae tn,e of gear 7ielded 
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Date 

~ 
,cember 25"' 
!cember 26 
,cember 27*• 
scember 28 
tcember 30 
tcember 31 
~ 
muary l 
anua.17 ~ muary 
anuary 5 
muary 6 
anua.17 7 
anuary 8 
muary 9 
anuary 10 
anua.17 11 
i.nuary 12 
inuary 13 
inua.17 14 
inuary 15 
inuary 16 
inuary 17 
inuary 18 
i.nua.17 19 

Totals 

~ Traps 
1 Traps 

T..ABLI 18. Total lumber of lish Tn,l.pped in the 
hperimental Cove, December 25, 1951-Januaey 19, 1952 
( 26-Day Period) • 

Total White :Slue- Carp Carp-
1ish Bass gill sucker 

66 

Yellow 
Pikeperch 

Crappie :Slack Gizzard Drum Black 
Bullhead Shad Bass 

26 g 13 4 l 
50 10 31 s l 
13 5 5 ~ 10 2 3 l 
62 25 29 5 l l l 
74 34 28 7 2 l 2 

14o 46 36 10 33 7 3 2 3 
489 322 55 3g 25 3 11 15 23 
269 97 113 4 11 17 11 9 1 
300 166 111 2 6 

g 
9 l 

352 277 55 3 7 1 1 2 
214 179 15 2 9 2 l 6 
233 119 100 2 4 1 1 2 2 2 
131 53 69 2 2 2 2 
195 153 30 1 1 2 3 1 1 3 

74 48 20 2 2 1 l 
52 ~ 11 1 l 2 l 

134 77 6 l l 2 l 
185 73 96 l 2 6 3 l l 2 

66 35 12 14 3 2 
59 42 11 2 4 
29 21 5 2 1 
23 6 l 12 2 2 
18 ~ 1 l 2 

3, 198 1,817 846 172 132 54 53 49 43 20 12 



Ll.7 212 crappie during the preceding three-month period. Overall yields of 

,e opposing single-en trance traps ( 2) at the cove I s mouth, as well as of the 

~-entrance traps (2) in the upper limits between December 18, 1951, and 

1bruary 12 1 1952, are tabulated in Appendix D. 

The large numbers of white baas present in the 7iel4s indicated that 

Lis species was also responaive to influences leading to crappie aggregation. 

a.rthermore, the substantial representation appeared to have corroborated the 

irly conJecture that a winter reciprocal of the findings of Borgea (1950) 

Lgb.t poeaibl7 be demonstrated. 

Because of limited accessibility, very few angler• could be persuaded to 

.sit the experimental cove during the period• of highee~ trapping 7ielde. 

,wever, on January 11, twen t7-fi ve an,;lers--pro babl7 belatedly influenced b7 

aporis of the trap returns--fiahed in the cove to good advantage. Al thouc}l 

lbstantial catches of white crappie and several largemouth black baaa were 

>served, the vast ma.Jor1t7 of the total c;:atch were white bass. 

Within ten daTs after the cold wave of January l, the two one-1'81' trap• 

~ the mouth of the Boatdoclc Cove had captured 752 fiah. Of this number, 

>3 ( 35 percent) were white crappie and 433 ( 58 percent) were white base. 

The white baBB population had •exploded• from numerical insignificance 

, species dominance in the reservoir during the year of 1951. Buck and 

:-oBB ( 1952) captured only 22 apecimans between October 1948 and October 1950, 

1d none were observed or reported during the winter harvests of 1949-1950 

:i.d 1950-1951. J. detailed tabulatiQn of trap returns by species and direc

Lon of movement is presented in Appendix ~. The data clearly indicate that 

~eater numbers of white baas than of white crappie entered and le:tt the cove 

:iring the 1951-1952 winter phase. Moreover, observations of ancling 

iccesaes as well as of trap returns strongly suggested that white baBB aggre

!.tions, although tardier in manifestation, were more persistent than were 
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·appie aggregations. Evidence of greater persistence was demonstrated by a 

,ntinuoua harvest by an&lers (mostly women) of nst numbers of small white 

LBS over a considerable period of time after crappies bad virt'Qal.ly ceased 

, be caught. Thia was particularly evident in the shallow area made anil

tle for fiahing by deliberately raising the lake water level, extending the 

,ve proper nearer to the •springs• previously described. The maximum 

1sired level (involving a three-foot rise over the entire reservoir) was not 

;tained until after January S, 1952. 

The two single-entrance traps at the mouth of the Big !end Cove yielded 

.9 fish, including 28 white crappie and 5s white baas, within ten days fol-

1wing the drastic weather change of January 1. .Although a moderate accelera

.on of movements into and out of °the cove wa.s thus reflected {Appendix J), 

Lere was no evidence of an aggregation comparable to those in the other 

,ves. Yields from the l3ig Bend area were, in general, numerically inferior 

1 the extent that the traps were not lifted as often as those in the other 

ro coves. Moreover, not a single catch by fishermen was observed or reported 

Lrou,;hout the entire 1951-1952 winter season. Jew anglers were actually 

1en in the area, al though evidence of their efforts 1n the form of •fishing 

iles• in the ice were common. 

With the exception of prolonged white baas angling activities in the 

unediate headwaters of the Boatdock Cove, the period of accelerated trapping 

Ld angling yields ended somewhat abruptly with rhing air temperatures and 

.aintegrating ice coverage after January 12. !he final severe weather 

18.nge of the 1951-1952 winter season (January 20-i-24) was of brief duration 

Ld failed to stimulate appreciably either trapping or angling returns. 

,eld activities at Canton Reservoir were terminated on Jebruary 14, 1952. 



.ldditional Observation• Concerning Ji8h Movements 

Information depicted' in Jigure1 25 and 26 lhov that fish moTaenta iDto 

Ld out of th• cone characterised b7 1D.tlov1ng ground va ter were 1n pba1e Yi th 

tscending and a1cend1ng air temperatures coupled with formation and 41s1nte

:oat1on of ice coTerage,. Jur\hermore, it appeared eTident that a more or lea, 

Lpid aeries of temperature ~e, wa, more influential to filh moTeaent \ha:a 

1u1ta1ned period of low air temperature, 7iel4inc slovl7 to gradual warming. 

Lis atron.gl7 1uggeste4 that the fi1h tended to become acclimated to pro-

1nged low water taperaturea and appeared to 1ubstantiate the conclU1ion.1 of 

1urdoroff ( 1934) and others that 1elecUon1 made b7 filh were detera!,ned b7 

1lative sthmlatiTe or detrimental effect, of rapid change, of taperature, 

4 'lihat rapid cooling vaa more stillUlatiDg '1lan rapid rises. 

In general, more fi1h were captured while departing 1ihaJ1 while -.tering 

.e Haag and :Boatdoclt C0Te1. !he reverie was tru of captures in the :Bic 

,nd CoTe. Data presented. in Appendix l) indicate that 27 percent of all 

ah trapped in the Haag CoTe were caught in the •out• t.rap, 21:I. percent in 

e •in11 trap, and 49 percent in the wo double-entrance traps in the head

ter,. l>ata contained in Appendix• ahov 'that 64 percent of all speciaeaa 

p~d in the ]k)atdock Cove were taken b7 the 11out• trap and 36 percent b7 

e •in11 trap. In the Big Ben4 Cove (Appeadix J), 58 percent of the 1peciaeu 

re taken b7 the 11 in11 and 42 percent b7 the •out• traps. !rape were not 

plo79d in the upper limits of the Big !end or in the headwater, of the 

a.tdock Coves because of the extreme ahallowneBB of the former and inter

rence with anc].ing in the latter. As the trap, re,ted on the bot ton of 

e cove entrances, it appear, evident that the 11&Jorit7 of fiah.e1 entere4 

lwel1 creater than wo and one-halt feet from the basins. !he original 

m of au.apen4inc the traps at ftr,ing depths fro• rafts anchored at the 
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ive entrance• •• abandoned due to constant turning ot the raft• b7 wind and 

LTe action. Jor that reason, it i1 auggeated that compartmented trapping 

tT1ce1 exten41ng :troa ba1in to· surface be em.ployed in tu me research ot 

Lis nature. 

Data 491>icted in Jigure 25 further demonstrate that the :rm1iber o:t :tish 

1caping both trap• at the Haag Cove entrance generally increa1ed progrea

Lvely with rising air and water temperatures. Jloreover, continuation o:t 

Lgb. trap Jielda in the upper region despite declining return, at the 

Ltrance atro~ nggested a probabilit7 that the 1n:tlow1Dg grouad water 

it onl.7 attracted but tended to detain fiah in the head.water, o:t the 

cper1Mntal area. 

Jrom anal7eea o:t trap return,, it ia postlilated that the rh;ythmic pat. 

trn.1 of utrances and 4epart'Q.l"el of fiah, a• graphically depicffd in Jigure1 

; &ll4 26. are pl'Oba'bl7 attributable to the following aequ.acea of conva1ting 

~illUli &JLd re1pon1e1. (1) Jiah are at1nlated. b7 rapid. cooling of lalce 

Ltera caued b7 the initial cold wan• ot winter. (2) Warm water-hduced 

im.perature gradient, extendinc throuch and be;,ond the co'99B in:tluence the 

.rection taken b7 large n1Jllber1 of fish thue sUIIUl.ated. ( 3) De1pi te con.

.nuou, e:atrancea aacl departure, b7 1ome, tiah continue to accumlate, 

:oaduall7 or rapidl.7 h accor4ance with intensitie1 of the stimuli, until 

,unterintluencea leading to diaperaal begin to exert e:tfectiveness. (Such 

,unterintluencea are probabl7 accli•tisation, overcrowding, gradient nul

.fica tion b7 ice mel tage, and accruing qaan ti tie a of organic waete,. ) 

,) Jiah disperse toward the lake graduall7 or rapidl7 in accordance with 

Le in ten.al ties of the diapereal 1n:tluencea. ( 5) On return to the lake, 

Le7 are ap.in stimlated b7 comparativel7 colder waters still prevailing 

· recurring cold waves, and respond b7 following temperature gradients back 



L to the co.,..•. ( 6) !he c70le i a repea ied. in TarTiDC e:den b through the 

.nter month•. It raain• tor further reaearch to further teat th• Tal.id.it7 

r the qpo tb.eaia. 

Purauant to an in.vea'1p.Uon ot the d.ittereneea, it &n7, between :a.icht 

t.d da7 catch rate•, the aiD.gle-entraace trap• in the 110uth ot tb.e Joatd.ock 

,.,.. were checked twice cla1l7 on. 8 1.Jlterai ttnt cla7a betvMn. Deceaber 19, 

~51, an4 Januar, 12, 1952. Renl.ta contained in !able 19 ahow that 72 per

tnt ot tb.e total of catch•• ( 401 fiah) were taken between the approxillate 

,ura of 5 p.m. u4 9 a.a. and 28 percent between 9 a.11. an4 5 p.11. Con

~derin.g the white crappie excluai'f'8l7, the data in41cate that S 1dq1 seta 

~ 8-hour 4ura t1011 and S •cSa7-nigbt1 ae-ta of 16-hour duration. 7ielded 203 

lah in. 192 houra-an average of 1.06 fiab. per hour. J. ratio ot 2:1 between 

Le 5 p.a.-9 a.a. and 9 a.•.-5 p.m. 7ielda ahould, therefore, be 9%l)ected it 

1 correlation between catch rate and the hour• of dqligbt and daricn.eH 

dated. !he eapirical raUo •• approziutel7 14-.2zl.O between the 1dq-D.ight1 

14 1dq1 aettinca, which •• ... d to bear evidence that a n.betantial maJori 't7 

~ the white crappie were capture4 cluing hour• of darlaleaa. ConTerael7, the 

Lite baas emibited a dartneaa-dqlight ratio of onl7 1.5:1.0 compared. to u. 

c:pected raUo of 2&1. Other species were of inaut!icient nuaber• to aeri t 

1riou effluation. 

llanaen (1951) 41acuaed a hoop-net experiaent conducted \7 Dr. DaTid. :e:. 

L011paon (reaultl lULpubliahe4) at Keredo•ia !q, Illinoia. :Dr. !hompaon 

Liaed, eaptied, and reaet hi• hoop-net• twice dail7 at the approxillate 

,ura of 6 a.11. and 5 p.11. oa 25 different da7• between June 24 and J.lJCU.llt 17, 

131, inclusive. Banaea atatodl 1The experiment ahowecl that, except on a few 

Ltea, both apecies (white an.cl black crappiea] entered the :a.eta in larger 

lllber• between the hour• qt 5 p.m.. and 6 a.m. than in the re•111ing hour• 



TJ.BLI 19. Catchea of White CraPP1e in Mee-Daily Litts 
of Single-Entrance Traps in the Mquth of the Boatdock Cove on 
December 19 P 20 , 24, 27, a.nd 28, 1951, and January 7, 8, and 
12, 1952. 
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To t al J'ieh Trapped bf :light J'iah Trapped by Day 

Jiah 5 P.M. - 9 A.M. 9 J..M. - 5 P.M. 
Species Trapped Total J'iah Total J'iah 

Day and Trapped 'In' •0ut• Trapped 'In' •0ut• 
Night by Night Traps Trap• by Dq Traps Traps 

1ite Crappie 203 164 59 105 39 16 23 

ii t e Baaa 124 74 25 49 50 15 35 

Lack: Bullhead 15 13 7 6 2 2 

Luegill 14 7 4 3 7 7 

Lrpsucker 14 11 2 9 3 1 2 

Lzzard Shad 12 10 6 4 2 l 1 

Lrp 10 4 1 3 6 5 1 

rum 6 4 2 2 2 1 1 

Lack Bass 2 2 2 

i9llow Pikeperch 1 l - 1 - - -- - - -
Ll Species 401 290 108 182 111 41 70 

( 72.fo) (37~) (63~) (28~) ( 37~) (6~) 

!!he ra tio of white t o black crappie during the en tire winter survey ns 
lpproximat ely 75:l. None of the latter were represented 1n catches on these 
;,articular dqs. 
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~ the da7. • Along with other probable explanations, Hansen suggested that 

>.e fiah were posaibl7 le11 able to aToid the net• or, once captured, to see 

>.eir va.7 to escape during the hours of darkneaa. He further stated th.at it 

1.s not beliend that the lon&er nipt period could full7 accoun\ for the 

Lfferences obserred. 

Discussion 

!he magnitudes of crappie aggrecaUon.s during the winter of 1951-1952 

tre inferior to those of the precedin.g two viii.tar seasons. !he following 

c-e n.maitted aa parlial explanation.. 

1. With the exception of December, the 1951-1952 winter mo:m.ths were, 1n 

tneral, uuaeasou.bl7 milcl and dr7. CliMtological data for the State of 

claho•, iaaued b7 the u. s. l>epartment of Commerce leather Bureau, Ianaas 

Lt7, Missouri, ind.icated that Jan.uar7 of 1952 vae the third varaeet JaD.'1larJ 

,. record and the val'll8&t since 1933. .!he month of Jebruar7, according to 

u. data, vaa also mild, exhibithc a s"tate aT&rage of 46.6° 1., which was 

,9° above normal. As preT1oual7 Jll8ntion.ed, the for•t1on of aggregations 

>lloving eeTere weather changes appeared to haTe been abruptl7 disrupted on 

tTeral occasions si11Ultan.eoual7 vi\h occurrences of uneeaeon.abl7 mild 

tat.her. 

2. !he 1948 Tear-Clase which had largel7 composed the white crappie 

~ecations of 1949-1950 and 1950-1951 had declined from gg percent of the 

~appie •&111>lea in late 1950 to 8 percent 'b7 BoTember of 1951. !he 1949 

LaBS was unaucceaaful, and the 1950 age-group, al thouch generall7 of a size 

;tractiTe to anglers, vae not nearl7 as abundant as vaa the 1948 claaa when 

~ corresponding size an4 age in the winter of 1949-1950. 



Ae the final phaee of the investigations progreeaed, it bee&ll8 increaa

Lg].7 appara t fro• accelerated trap re-.rna--911peciall7 from those 81 hated 

L the hea4vater• of the ezperiMntal coT8-'11.at aubstan.\ial nwabere of both 

Lite crappie and white baea were recurru.·'17 accuulating in the cove• 

1ceh1.ng groud-heated water. Koreover, au.l.79ee of accruinc catch-rate data 

>peared to verif)r further the '\heeie that the aggrecatea were directl7 aeeo

.ated with recurrence• of clearl7 defined--albeit gentle--water teaperature 

~adien.te and severe changes of ••th•r. 

!7 the close of the aerie• of 1:nveat1gat1ona (mid-Jebruar7 1952), there 

1eaed to reain little doubt '11at aipificant concentration• of white crappie 

Ld white 'baee, renltiDC fro• cauea hJpotheaise4 durinc the previous winter 

Ln'8J", b.a4 occvred in bo'\h the Baac an4 Boatdock Cow1. ( 'fable 20; Append.ices 

an.4. I. !heae data alao idicate tha\ aoae apeciea, nch a• channel ca'-9 

.lh, black lnaff'alofilh u4 apotted gar, were apparent17 uaf'fec'84. b7 the 

mi.peratur• gradiu.ta. Other apeciea, luh ae black 'bullh•cl, cizsard aha.4, 

.uecill, carp, river oarpaucker, 4rua, u4 perhaps larce110uth 'baee and vall

re, were re1ponaive to the gradient• in Tal'TiDC deer•••• Coneideration of 

Le fact that ca'<m rat•• of apeciea l••• frequeat17 captured were not necea-

1ril7 in phaae Yi th ou anotiler, or Yi th the two specie• aoet fretue11\l7 

Ikea, pob.te to a ued for fll.tve reaearch. Ia the iatereat of f11.ture Jl8Jl

:eaent procedure, it would be highl.7 a4"111Jltageoue to now if taperawre 

'&dient• epecific 110 the aggegation of different epeciea could be encen4ere4 

1 will within a aituaUon aubJect to controlled vol'Uea of warmer water thu 

18 poaaible fro• the 11111 \eel "tntlowe in Canton Reservoir. 

!he ad.vu.ta.gee to be; gailled b7 cauain& desired specie• of fiah to a&gre

ite in large n:mabera, in order to in.crease winter harveat, were implied ill 

,ncluaio:n.a expreased b7 Jachme7er (19~). Ria concluaiona, baaed. on ata41ea 



ltinds of :riah 

White Crappie 
White Basa 
Black Bullhead 
Gizzard Shad 
Bluegill 
Carp 
Carpauck:er 
Dra 
Larguouth Bua 
Black Crappie 
Yellow Pilceperch 
C>,annel Catfish 
Black Buffalofiah 
Spotted Gar 
Longear Sunfish 

Till.:I 20. Comparison of ?lumbers of 1ishes Captured in 
Coves of Canton Reservoir During December 1951 and January 
1952 vi th Those Captured from the J:n tire Lake :Between 
AU8UBt 6 and llovember 9, 1951. 

Haag Cove :Boatdock: Cove :Big :Bend Cove All Coves 
Dec. 18, 1951- Dec. 19, 1951- Dec. 27, 1951- Dec. 18, 1951-

J'eb. 1, 1952 :reb. 1, 1952 Jan. 29, 1952 J'eb. 1, 1952 
4 Wire !rai9 2 Wire '?raps 2 Wire Traps 8 Wire Traps 

170 Seta 86 Seta 62 Sets 318 Sets 
44 Days 43 Days 35 Days 44 Daya 

1,894 552 57 2,503 
859 801 111 1,771 
219 ~ 21 294 

~~ 4 ~~ 30 4 
56 144 g 208 
55 45 1 107 
51 24 2 77 
24 1 2 33 
24 1 4 35 
14 30 4 48 

Orangespotted Sunfish 
Green Sunfish --

Totals 3,493 1,76o 224 5,477 

• Set= 24-hour period. 

Entire Lake 
Aue;. 6, 1951-
Nov. 9, 1951 

All Gear 
756 Sets 
96 Da,s 

821 
1,593 

816 
884 
267 
293 
413 
148 
106 

41 
51 

165 

~ 
3 
2 
2 

5,673 



inducted at lorrie l,ake, !enneesee, were that angling return• decline dras-

.call7 after the first cold apell of December and generall7 remain poor 

i.roughout the mont.h• of JaJ1U81'7, 1ebruarJ and March, and ~t, during this 

.me, •Where fhh are not highl7 concenvated, the chances are small of 

.:nding a hu.gr7 one.• In explanation, he wrote: 

Le fish ia a cold-blooded animal and its rate of digestion, a• well as ita 
;her bo~ procesee•, alowa down as the water cools. In a std.7 made b7 the 
s. Bureau of 1isheriea a01ie 79ara aco, it was found that in water under 

I degrees Centigrad.e (50 degree• 1ahrenhe1t) \be larger young-of-the-7ear 
LH would take no food. In water 4 degrees Centigrade ( 39.2 degrees Jahren.-
1i t) the fish required onr 350 hove '9 co1rpletel7 digeat a •innow once it 
,d been placed 1n the stomach. During the summer that •am• 11.iDllow would 
1Te been digested. in aenral houra. If a fish 1n lorria BeaerToir which 
.geats a ainnow in aeTeral hour• 1D. 8UIIDler needs about two weeks to do the 
ae Job 1n winter, provided 1 t feed• at all in winter, a plug will Teey 
1ldom be attractiTe eno'QCh to .th• fish to cauae it to strike. Winter 
.ahing u7 be fair where fiah are hich,17 concentrated, aa in the ca•• of 
.uger or white baa• in the tailwatera, because a ••11 percentage of the 
.rge nwaber of fish present 11i&ht be read.7 for another auppl7 of foo4. 

:chae7er 1 s account aubatantiatea a conjecture often held that anglers, 

.ile bemoaning their 111 fortune of arriTing after aggregations had 

~arted the area, were often aUD.clin.g ( on ice) a bon IJ1'1"iad.1 of non-feeding 

ah and probabl7 explain• t.he feeble and lancuid manner in which nen the 

.rgeat crappie took 'bait durinc periods of extremel7 cold weather. 

!he practicab111 t7 of enticinc large nwnbere of harvesta'ble fish during 

nter--a season when. angling 1a ord1nar117 at it• loweat eb'b--haa been 

monatrated b7 fishermen th••elTea at Canton lleserToir. .&Dc1er1 not 01117 

ceiTed recreation.al aJ.Ml d1etar7 benefit from thousands of prime fish that 

uld otherwise haTe expired of natural e&uaea but contributed to the growth 

teatial of re•in.inc 7o'Q.DC an.4 forthcoming gen.era tion.a b7 relieTing the 

eeaurea of competition a:a.d predaUon. Thia vae particularl7 ,rue of the 

rTeats of 1948 Tear-Claes white crappie durinc the winter of 1950-1951 when 



ll restriction• were removed, as evidenced. b7 accelerated growth rates 

mibi ted b7 the 1950 ut 1951 age-group• duri:ag the tollowuc 7ear. 
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On the basis ot evidence reaul.Un& troa the preaent research, a new and 

,raatile manacemen.t technique applicable to the iaprovaea, ot winter har

sating ot tiah has, b7 teat and 4.emon.etraiien, proved nrtq of further 

svelopaent and practical exploitation. 



JDICOJIMDDl!IOBS 

Intena1ve loD.C-term 1nveat1gat1ona conducted b7 \1olog1ata of the Ten

eaaee Valle7 Au1ihor1 t7 (h.0J1711oua, 1950) and b7 other• have unfa111ngl7 led 

o the same conclua1ona-uaeleaa waate due to iDadequate harveat1ng. Su.eh 

eaearch ha• repeatedl7 demonstrated thai aore than two or three percent of 

arnatable f1ah are rarel7 tak:ea 'b7 angl1D.C effort and that the re•1nder 

::q,1re fro• other cauaea. !he aurn79 he.Te ahon that amonc the aa.Jori t7 

t food an.cl gaae fiahea, large population• retard and suppreaa the gro-'11 

f current and oacoa1nc generation.a b7 coapetition ud overpopulation, and 

bat atunUng an.4 progreaaivel7 poorer ancling 1nTar1abl7 follow. lachae7er 

19~9), Killer (1951), Jenlc1na, :Leo:a.ard and Ball (1952), alld llaJl1' other•, 

ave been nrtualq unar.,.iaou in propoainc the promotion and application. of 

arlmwa harvesting ae'11Qda as raedial Maaures, except in aberrant situa-

1ons proved b7 investigation to require otber treatun\. 

1rom increased winter ancl.1nc ud trapping 7iel4a, clearl7 aasociated 

aring these investigations with :a.atural and deliberate deliveries of warmer 

Bto colder waters, it appears evident that the induced temperature-den.ait7 

radient priac1ple baa Clli,alif1ed as a feasible fiaherT man.ageaeat technique 

o'\en.t1all7 41rec'\able to the enhancement of winter fiah harvesting 1a 

reaa of low wa~r tempera~••· !he following recommendations aad aug

estiona pertinent to the potentialitiea ud future utilization of the 

rinciple are IIUbaitted for the consideration of the Council and other 1nter

sted agencies. 

78 
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1. As both the !oatdock and Haag Coves are becomi:ag progreesivel7 ahal-

,wer, it 1• recouended that these areas be preserTed for ta.ture fishery by 

le preven,ion or 4raetic eur1iailment of further siltation through applica-

Lon of erosion controls. If at all practicable, these cove• should be 

C'8df;ed \o their original depth• before enactment of anti-erosion aeasuree. 

2. .Area• in other im.poUJldme11.te, particularly cove• and. •mall baya, that 

re mc,,m to be fed b7 waters that would be warmer in winter than the anrap 

1.ter teaperaturee of t.he iapou:adae•t• proper ehoul4 be marked and •de tnovn 

, the aJLClinc public. A• previouel7 diecueeed, obeer'Yation• contained ia 

-
11• u.d other report• appear to Ju.etif7 a reasonable euepieion. '9 t UD.4.e-

acted winter aggrega Uone occur more co11J10nl7 than has been realised in. 

Lcinitiee of springs, •••pace areas, aD4 outlet• of heated water fro• indue-

~ial plants. 

3. .AddiUon.al areas of water could be 11&4.e conducive to accrecatione 

iring winter mon.the b7 application.a of the varm vereua cold water technique. 

aggeeted aou.rcea and ••thou are (a) wells deliberatel7 drilled near the 

tadwatere of cove• or apena of small bqe, (b) •••pace area• agenclered by 

,rategically constructed b1poundllente as demon8'rated at the head of the 

i.ag Cow, and ( c) w.ter heated epecificall7 for the purpose b7 artificial 

•thode. It remain• for future research to determiJ:1.e whether warmer water 

Ltroduced into unconfined area•, aacl thus susceptible to spreading ia all 

Lrectione, could com.pare fanrabl7 w1 th water introduced into the head• 

Ld. apexes of coves and bqe wherein the flow is diverted in a single 

m.eral direction.. 

4. !he Council could promote the combination of the temperature gra-

,en. t principle w1 th o th.er techniques and device• designed. for the better-

m.t of ancJ.1:ag wherever possible. It appears lilcely that the effectiveness, 
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Lring winter month•, of such 7ear aroun.4 inducement• a• fiahinc docks and 

.era, bruah aheltera, aubmerged cedar {Juniper) bough•, 'baited !iahinc area•, 

rerwater and un.clerwater ligbUnc; 4n1cea, aad combination.a of theae, could 

• aulilstantiall7 enhanced and greater han-eata achiend b7 strategic deliTeriea 

'. warm water curren ta. 

5. J'ur'\her research coulcl be planned with leas reatricted warm water 

1urce• 'ban those pre't'ailing at Canton ReaerTOir. Despite apparent succeaa 

;tained in demo:a.atrating the effeetiTeneas of the temperature gradie11t 

•inciple on white crappie alld white baas grouping behaTior, other poten

.alitiea suggeatiTe of promiae remain.eel unfathomed because of limited warm 

1ter sources and complete laclc of con.trol oTer them. :lxperimenta, such aa 

• fellowing, carried out within aituationa aubJect to controlled in.Jection• 

' warmer water at 't'8.1"7ing temperature• and rates of flow should lead to con-

.uaioas of definite -..agerial Talu. 

a. J'urther experiaentation. with introduced water at "Ta1'7ing 

rate• of flow, an.cl., where posafble, of Tar7in.g temperature•, should 

more clecis1Tel7 determine whelb.er or not certain species or groups 

of apeciea tend. to aggregate ill greateat llllllber within particular 

water tempera '11.re and dnai t7 cra4ien. t re.J:1gea, lb.at 1a, whether 

clifferen.t kinda of fiah react apecificall7 to differnt gradient•. 

b. Co:a:tin:uecl reaearch of thia nature should duonatrate 

whether or not fiah aggreptiona could be conaiatenU7 •11>.tained 

at maxi1111111 denaitiea clurinc YiJLter months b7 atratecic manipulation.a 

' of ~· inflow rate. It ••••• reaeonable that contrasting st1mula-

tive influence• thus enrted could be counteract1w to diapersal 

tendenciea due to gradual accliaatization to sustained low water 

temperatures. 



c. lxperillents involving far greater TOlumes of heated water 

than were attainable at Canton Reservoir should ascertain the feaai

bili tr ot prolonging the duraUon of fish con.cen.trat1on1 bqond. 

adven.h of such other diapersinc iii!luen.ces as riaing vater and air 

temperatures and disintegrating ice coverage b7 progreBBivel;y 

increasing the flow rate of incoainc water. In this respect, it 1a 

recalled that Hanan. ( 1951), aa late in the season aa Ma1', described 

a white crappie segregation before a culvert delivering a large 

volume of water from a power plant. 

d. It would be a relatively aimple matter 1n the course of 

au.ch experillentation to demonatrate further iaolation of the abetive 

influences of baain. warming and solar radiation from that of 

inflowing warmer water. 

e. It does not appear inconceivable that further investigation 

could poBBibly lead to determination.a of practical formulae exprea

ah·e of amounh of inflowinc water needed to advantageously influence 

area• ot specified dimenaiona in conformance with anticipa\ed. weather 

conditions. 

t. It 1a auggea\ed that a system ot s\ationa17 thermiatora 

be utilised in :tuwre research of this nature. Su.ch procedure would 

not only expedite data procureaeat by enabling water temperature 

recording• to be "8ken fro• shore, but would conaiderably alleviate 

41acollforta (and aometimea dal:lgera) such as characterized these 

inve a tigat iona. 

Sl 

6. It 1a recommended that the Council advocate general removal of creel 

! aize limi ta except in special sUuations requisite of such restrictions. 

~onsensus of opinion coDIIIIOn to virtually all fiaher;y biologiata is that the 
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10k and line is at best a very inadequate harvesting implement, and that 

.shing regulations generally tend to detract further from its efficiency. 

1rt1nent statements o! :lschlleyer ( 1946) are particularly articulate in this 

~spect: 

,cause the fish belong to the public and because it is admittedly desirable 
Lat the fish be used, any regulation which is imposed should be supported 
r defini te evidence that the regulation is needed, and by proof that it is 
1n ing its desired purpose. Where the regulations are arbitrarily made, as 
,s t of t hem have necessarily been, the violator, in too many instance,, has 
aen arrested for practicing good conservation, instead of doing harm. 

, further commented that, in general, the trend is properly tending toward 

nrer f i shing regulations and that, in big and moderately fished waters, few 

tgulat i ons a r e needed. 



SmowtY 

1. Investigation• of causes surrouncli:ng winter aggregations of fishes, 

Lrticularl7 of white crappie, 1n certain coves of Canton lleaervoir, Okla

>11&, were conducied 1n iwo succeaaive phaaea during the win.ters of 1950-1951 

l4 1951-1952. 

2. lleaearch actiTities duri:ac the 1950-1951 phase were confined~ the 

>atd.oclt and Big Bend. Coves of the reservoir. !he Eoatdoclt Cove, charac

trized b7 inflowing •••pee• water, contained the initial maJor aggregation 

tpe>rMd b7 :Ba.ck an.d Cross ( 1952) during the winter of 1949-1950. !he Bic 

md Cove, utilised as a eon~ol area, received no detectable inflow of water 

Ld did not emibit fiah,acgregationa. 

3. .lppraiaal of \he effects of the inflowing water on the colder waters 

~ the Boatdoclt Cove and inTeaticaUons of other iDfiuencea posaibl7 bearing 

L the groupiJ:lc behavior of fiab.ea were the obJectives of the 1950-1951 phase 

~ research. 

4. It waa eatabliahed that water entering the upper limU of 'the Boat

>clc Cove waa warmed b7 earth while seeping through an earthen dam separating 

Le cove and an impounded pond of conaiderabl7 higher ele"faUon. 

5. !eapor&r7 manifestations of gentle, 79t comparat1nl7 stable water 

uaperature and water denait7 gradienta were mathematically demonstrated by 

lbJectiac data procured 1n the Boatdoclt Cove to statistical anal7aes. 

tsultant linear and curviliuar regression lines svongly indicated that the 

lfloVing croimd-heated water waa a ll&Jor contributive factor to gradient 

cpreeaion and atabilizaUon '\hrouch,out the coTe. 
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6. Ana119es of da\a furiher indicated that concurrencies of ad.di Uonal 

1.ctora, inclu41ng the infloviDc wanaer water, were eaaenUal 'to gradient 

cpreaaion. and, consequently, \o acgregation. in the Boa'4.ock Cove. !he addi

Lonal factors appeared to be, (a) sudden and ee·nre weaiher chance•, 

•) cooling of lake waters to temperatures below 4° c., and ( c) occurrencea 

comparaUTely peraisteAt ice conr9&e. 

7. lllt.tainvolTin& recurrin& coincidences of in.creased an&lin& rewrJ'la 

Ld gradien. t manif eata ti one in. the Boa \cloclt Cove denote that an apparent 

1rrelation peraiated betveea den.ai,i•• of winter accregationa and the a\eep-

188 of cradien. t expression. 

s. It appeared equall;r eTiden t that changing water denaUiea resul Ung 

•om ice ul~e tended to tiara.pt and. obliterate gradient expreHion and 

·adually or rapidly, according to the ra\e of ael tace, to effect dispersal 

· fish agrep,ions. 

9. ComparaUTel.7 unstable wa\er temperature gradients, steepening pro

eeaively by dq and. declining draeticall1 at nigh,, were deaonatrated i:a. 

e eha.llower !ig Bend CoTe. 

10. lvidence supporting ihe etfectinneaa of iJlfl.owinc warmer water on 

e peraiateAce of gradient expreaaion. was afforded by comparison.a of cra

ent stabilities wi~n the two coves. Ii thu appeared evident that moat 

the heat gaiud by clay fro• aolar radiation an.4 basin w.rain.g in the Big 

lld CoTe was dieaipa.ted a't D.ipt wi~out repluiahlle:nt, except eonUmed 

able contributions from the latter source, while corresponding heat lose 

Hl the Boatcloclt Cove was more substantially replenished b7 continuoual7 

flowing warmer va ter. 

11. JIQ ~grega tiona of f iah were detectable in the Big Bend Con during 

9 winter of 19~1951. 



12. Jrom evidence o'bu.b.e4 during the 1950-1951 phase of research, it 

1.a hJpo1ihea1se4 that winter agcrep.Uou of whl.te crappie in the Boa'4.ock 

,ve of Can ton Jleaervou- were gon1'1le4 b7 a compoai te of the f ollowiDg con

L Uou and enn.waliUea: (1) ezisteue in. the reservoir of an a4eqm\e 

,pulation of fial:l aena1Un to eontraating water temperatures in winter; 

!) conai,\ent 1Dgrea1 of gro,m.4-heatecl water illto the cove; ( 3) rapi4 
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,olin& of reservoir water• to temperature• below 4 c. b7 audd.en and aenre 

sather chance; (4) formaUon of persistent ice coverage; aD4 ( 5) mu.ifeda-

Lon of a stable, albeit gentle, water "8mperature gradient thro'QChout the 

lfl. 

lJ. !he 1951-1952 phaae of research waa contiud to tesUa,; the 

rpotheaia a4TUCecl b7 innaUgation• of the precediDg winter (1950-1951) 

Ld to continued procurement ot dau from the :Boat4ock ud :Big Bead Covea. 

11'.. !rhe carcliul · obJecUn of the final phaae waa to demonatrate imduced 

.nter agcregation in an area of water wherein none had prerloual7 occurred. 

1 thia end, the Baac Cove was selected. aa an experimental area ••rein the 

~tore hJpotheaised to have 1ntluence4 gradient expreaaion u4 crappie 

:crecation in the Boatdock Cove were to be duplicated a• cloael7 a• poaaible. 

15. A vaahecl-out dam imme4iatel7 above the head of the Baac Cove waa 

,paired aad a pond impouaded behind 1 t. lmergace of appreciable amouata of 

·ou.4-hea\ed seepage wahr, 0'84ient 111ULifeaaUona, and. increased trap 

el41 were evid.enced vi tb.111. two week• after repairmen t of the dam--1b: dqa 

·ter complete filliDC of \be pond. 

16. B7 the close of the 1951-1952 phaae of research, 11 ttle doubt 

,1ained tba \ a1p1fiC8ll t conce11. tra tiona of white crappie and white baaa had, 

. eneral occaaion1, occurred in. both \he Baac and '\he Boatclock Coves, and 

at the hJPOtheaia of the prece4iag winter ha4 been 'ftl.idated. lo aggrega-

on waa apparent in. the Jig Bend Cove. 
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17. Aclliewement of induced winter aggregation and, thereby, accomplish

~nt of the cardinal objective, was evidenced by the nagnitu.de of trapp1ng 

leldii from the experimental Haag Cove. A total of 1,894 white crappie were 

:1.ptured by 170 sets of wire traps w1 thin a period of 44 days in the Haag 

>ve compa.r~d with a total of 212 captured by 433 previous sets in 96 days 

rom the entire reservoir. Only 821 crappie were taken with all gear 

:1.cb1ding wire trap•, hoop nets and gill nets ( 756 sets) during the 9~~ 

i,riod. 

18. It was c:learly established that young-of-the-year white bass were 

lghly rasponsive io the same factors apparently leading to the grollping 

M©Uone of whi t e crappie. l'urther indications were that ldli te bass aggre-

1tions accumulated more slowly but, once formed, were generally more per

latent than those of 11hite crappie. 

19. !rb.e data indicated that while some species, such as channel catfish, 

La©k: bu.ffalofish and spotted gar, were apparently unaffected by conditions 

?parently influential on white crappie 8lld white baas, other species, such 

a the black bullhead, gizzard shad, bluegill, carp, river carpsucker, drum, 

D.d probably largemouth bass and yellow pik:eperch, were responsive to 

:1.I'ying extents. 

20. Trapping yields from the coves receiving warmer water exhibited pat,.. 

em s which clearly associated increasing and decreasing yields with 

~crea sing e.nd in~reaaing air and water temperatures respectively. 

21. The data further showed that more fish were generally captured 11hile 

eparting than while entering the Boatdock and Haag Coves, while the reverse 

u gene:t>ally true of fish in the Big :Bend Cove. 

22. Rasul ts of trapping a ctivi ties at the mouth of the Boatdock: Cove 

o.dicatsd that more fish were captured durillg hours of darkness than at any 

thsr time. 



23. Trappbg data from the Haag Cove strongly sugpsted that fish 

a.tered and departed the cove at increasingly higher levels in keeping with 

t eixig air and water temperatures. 

24. On the basis of evidence exposed by research herein described, 1 t 

a contended that a new and versatile fishery management technique--the 

a.duced water temperature.adenaity gradient principle--has been proved, by 

est aud demonstration? to be worthy of application toward the enlargement 

r winter fish harvests and of further improvement. 

25. Recommendations and suggestions pertaining to the utilization and 

(lture development of the technique are presented. 
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.lPPDDII D 

Total Catch Record of Two Single-Bntrance Traps at the Mouth 
and Two Double-h.trance !rape in the Headwaters of the Haag 
Cove During the Winter Investigation of 1951-1952. 

.All Species White & Black Crappie White Ba.BB 
Date 

In Out In Out In Out 

Dec. 18 18 18 9 9 2 2 
Dec. 19 15 15 12 12 
Dec. 20 29 29 6 6 4 4 
Dec. 21 2 l 10 13 l 1 2 4 
Dec. 22 18 14 9 41 3 2 5 10 
Dec. 2, 15 6 l 22 1 l 2 
Dec. 2 15 47 4 66 2 2 2 2 
Dec. 25 ~ 4 13 26 1 1 6 8 
Dec. 26 6 10 50 3 1 10 
Dec. 27 9 1 3 13 2 1 2 5 
~ec. 28 3 1 10 2 2 
Dec. 30 : 13 19 62 5 5 15 25 
Dec. 31 20 

~ 74 1 4 23 : 13 15 28 
ran. 1 44 31 130 16 11 19 19 12 5 36 
ran. ~ 64 286 139 489 26 178 118 322 12 39 4 55 
ran. 153 74 42 269 46 43 8 97 91 13 9 113 
ran. 5 85 95 120 300 il 47 82 166 46 43 22 111 
ran. 6 89 80 183 352 58 153 277 ).6 20 19 55 
ran. 1 45 39 130 214 4o 32 107 179 2 6 1 15 
ran. 8 41 15 177 233 9 5 105 119 30 6 64 100 
ran. 9 6o 40 31 131 12 16 25 53 46 20 l 69 
ran. 10 35 15 14o 190 l~ 

10 130 153 19 25 
ran. 11 21 11 42 74 1 37 48 15 2 3 20 
ran. 12 2 12 38 52 l 3 32 36 l 8 2 11 
ran. 13 25 9 100 134 l l 44 46 22 5 50 77 
ran. 14 4 12 169 185 4 6 63 13 4 92 96 
ran. 15 10 49 59 l ri ~ 5 5 
ran. 16 6 53 59 l l 10 11 
ran. 17 l 3 25 29 l 2 18 21 5 5 
ran. 18 4 5 14 23 l 5 6 l l 
ran. 22 5 25 30 2 21 ~~ l 1 2 
ran. 24 8 9 17 6 8 l l 
ran. 25 2 4 11 3 2 3 8 2 2 
ran. 26 6 5 16 3 2 3 8 l 2 3 
ran. 28 15 2 24 4 4 g 1 4 5 
ran. 29 16 3 22 l 3 l 5 l l 
l'eb. 1 6 3 11 l l 2 4 l 3 4 
reb. 12 g 12 l 2 
~otals 8 17 8 3505 1918 318 g 

' In-Out g 
~tal In-Out illJ.. 
g Grand Total ~ 
1B :a: Traps in Headwa tere; T = Total. 

" 
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APPDDIX D ( Continued) 

:Black: l3ullhead Bluegill Gizzard Shad 
Date 

In Out H* T* In Out :e:• T* In Out H* T* 

Dec. 18 4. 4 1 1 
)ec. 19 2 2 l 1 
)ec. 20 6 6 3 3 10 10 
Dec. 21 l 2 3 6 6 
)ec. 22 5 l 3 9 10 11 l 22 
)ec. ~' 5 5 9 J l 15 
)ec. 4 3 l 8 2 2 4 5 l 50 
!>ec. 25 6 2 5 13 2 l l 4 l l 
)ec. 26 27 2 2 31 3 4 l 8 l l 
)ec. 27 4 l 5 3 ' >ec. 28 3 3 3 l 
lee. 30 22 7 29 2 3 5 
lee. 31 2 5 7 
ran. l 7 3 10 3 4 16 23 4 3 7 
ran. 

' 
10 25 3z 3 14 8 2, 3 3 

ran. 4 l l 2 2 2 2 7 11 
ran. 5 l l 2 3 3 6 l 4 5 
ran. 6 l 2 3 l l 5 7 4 2 6 
ran. 7 l l 2 l 8 9 
ran. 8 2 2 l 3 4 l l 
ran. 9 l l 2 2 2 
ran. 10 l l l l 
ran. 11 l l 
ran. 12 2 2 2 2 
ran. ~' l ~ 6 
ran. l l 2 2 6 
ran. 15 6 8 14 l 2 3 
ran. 16 2 2 
an. 17 2 2 
ran. 18 3 3 6 12 2 2 
an. 22 2 2 4 l l 
an. 24 l l l l 
'an. 25 l 1 
an. 26 2 2 1 1 
·u. 28 l 2 3 l l 
an. 29 l l 4 4 
'eb. l 1 

12 8 l 
227 77 

..1J M 
! • Traps in Headwa tera; T • '!otale. 
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APPDDIX D ( Continued) 

Carp Drum Carp au.ck er 
Date 

In Out B* ~ In Out B* ~ In Out B* rr.• 

Dec. 18 
Dec. 19 
Dec. 20 
Dec. 21 
Dec. 22 
Dec. ~~ l>ec. 
Dec. 25 
l>ec. 26 
Oec. 27 
Oec. 28 
Oec. 30 1 1 1 1 
Oec. 31 1 1 2 1 1 
ran. 1 1 2 3 1 1 2 
ran. 

' 
9 1 1 11 4 8 3 15 21 2 23 

ran. 4 13 17 1 10 11 4 5 9 
ran. l 1 1 7 9 
ran. 1 1 1 1 
ran. 7 1 1 2 1 l 
ran. g l 1 1 1 2 l 1 2 
ran. 9 1 1 2 3 3 
ran. 10 l 1 2 2 1 3 l 1 
ran. 11 1 1 1 1 2 1 1 
ran. 12 
ran. ~' 1 1 1 1 1 1 2 
ran. 3 3 1 1 1 1 
ran. 15 2 2 
ran. 16 
ran. 17 1 1 
ran. 18 1 1 2 
ran. 22 
ran. 24 
ran. 25 
ran. 26 1 1 1 1 
ran. 28 1 1 2 1 1 l 1 
ran. 29 1 1 1 8 9 
~eb. 1 1 1 1 1 
~eb. 12 
~tale 21 28 7 56 12 li 24 51 

~ 
10 55 

, In-Out 4~ I ~ ~ 
!ot al In-Out 21 2 
' Grand T. o t.a1 ~ ~ ~ 
'i • !raps in Bead.waters; T. = To tale. 
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APPDDIX]) ( Continued) 

Largemouth Baee Yeilov Pikeperch 
Date 

In Out B* ,. In Out ~ ,• 
Dec. 18 2 2 
Dec. 19 
Dec. 20 
Dec. 21 
Dec. 22 
Dec. ~' Dec. 
Dec. 25 
Dec. 26 
Dec. 27 
Dec. 28 1 l 
Dec. 30 1 l 
Dec. 31 2 2 
Jan. 1 3 3 
Jan. 3 1 l 
Jan. l l 1 
Jan. 2 2 
Jan. 7 6 6 
Jan. 8 2 2 
Jan. 9 
Jan. 10 1 1 l 2 3 
Jan. 11 1 1 
Jan. 12 1 1 
Jan. 13 1 1 
Jan. 14 2 2 
Jan. 15 
Jan. 16 4 4 
Jan. 17 
Jan. 18 
Jan. 22 
Jan. 24 
Jan. 25 
Jan. 26 
Jan. 27 
Jan. 28 2 2 1 1 
Jan. 29 1 1 
1eb. 1 
1eb. 12 
Totals 1 ~ 21 24 1 11 2 14 
'I, In-Out 33J 671 8! ~~ 
Total In-Out _l 12 
'I, Grand To tal ~ ~ 
'i = Traps in Bead.waters; T • !otale. 
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Total Catch llecord of ho SiD&].e-lntraJ1Qe Traps 
at the Mouth of the Boatdock Cove Du.ring the 
Winter Investigation of 1951-1952. 

All Species 
White & Black 

White Baas Black Bullhead Crappie Date 

In I Out I ,. In I Out j ,. 
In I Out I ,• In I Out I T* 

ec. 19 11 14 25 3 6 9 2 2 
ac. 20 l 4 5 
ac. 21 12 6 18 1 1 
ac. 22 13 12 25 4 4 1 l 2 3 2 5 
BC. 24 12 25 37 7 18 2, 3 6 9 2 2 
IC. 25 2 3 5 1 3 
ac. 26 6 7 13 3 2 5 1 2 3 l l 2 
ac. 27 8 3 11 2 3 5 3 3 
ec. 28 11 20 31 5 8 13 3 5 8 
ac. 30 ~ 22 ~ 2 13 15 4 l 9 2 2 4 
ec. 31 20 l 7 8 2 8 
1.n. l 2 7 9 1 4 5 1 2 3 ,,,. 
m. 3 4 6 10 l l l l 
il.n / 4 g 9 17 l 4 J 2 2 l l 2 
m. 5 123 178 301 21 25 94 :J.44 238 l l 
:i.n.: 6 13 41 54 7 13 20 5 25 ~ 

l l 
m. 7 64 103 167 44 63 107 17 39 2 2 
m. 8 24 26 50 11 15 26 9 5 14 l 1 
m. 9 19 25 44 5 5 9 19 28 l l 
ui. 10 22 78 100 8 4o 48 1 34 41 2 l 3 
m. 11 10 147 157 3 15 18 3 120 123 
m. 12 18 57 75 3 15 18 g 34 42 
Ul. 13 1 1 l 1 
m. 14 11 24 35 3 9 12 7 14 21 l l 
ui. 15 39 44 83 2 2 4 17 14 31 1 g 9 
m. 16 11 62 13 3 17 20 8 33 41 2 2 
an. 17 11 13 24 8 5 ll 2 5 7 
an. 18 10 12 22 5 l 1 1 3 3 
Ln. 25 18 101 119 9 ~ 41 3 51 54 l 1 2 
an. 26 16 15 31 6 12 9 7 16 
m. 28 35 27 62 17 15 32 l l 
m. 29 24 20 44 18 13 31 1 
tb. 1 40 17 57 4 1 1 
tb. 6 41 11 52 1 l 5 8 1 9 
tb. 12 14 2 10 1 
>tale 11:i i!i 577 i 3 
In~Out 3~ 64 
Grand Total ~ ~ ~ 
~ ~ Total. 
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J.PPDDIJ: I ( Continued) 

Bluegill Gizzard Shad Carp Drum 
Date 

In I out I T* · In I Out I ,. In I out I ~ In I Out I ~ 
ec. 19 1 1 6 4 10 
ec. 20 2 2 
ec. 21 6 6 12 
ec. 22 4 5 9 
ec. 24 1 l 
ec. 25 l 1 
ec. 26 1 1 2 
ec. 27 1 l l l 
ec. 28 2 7 9 
ec. 30 2 2 
ec. 31 1 1 
an. l 
an. ~ ~ 3 6 
an. l 5 1 1 
an. 5 l 1 1 l 2 2 2 3 5 
an. 6 1 l 2 2 
an. 7 1 1 
an. g 2 l 3 
an. 9 1 1 l 1 2 2 2 
an. 10 5 2 7 
an. 11 2 6 g 
an. 12 5 1 6 1 1 
an. 13 
an. 14 l 1 
an. 15 2 2 15 18 33 1 2 3 
an. 16 2 2 2 2 
an. 17 1 1 l l l 1 
an. 18 3 8 11 
an. 25 l l 15 15 1 l 
an. 26 1 1 1 1 2 
an. 28 2 1 3 2 2 13 9 22 1 l 
an. 29 3 1 4 1 1 1 4 5 
eb. 1 2 4 6 22 6 28 1 1 2 
eb. 6 1 2 3 g g 
eb. 12 1 1 2 l 1 2 2 10 12 
btala lj 2~1 32 ~ 41 71 ~i m 164 10 lli'. 24 
, In~Out 41 >+2J ~~ 
, Grand Total E.! ~ i! ~ 
T I!! Total. 
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APPIBDIX I (Continued) 

Carpsuck:er Black: Bass Yellow Pi,keperch 
Date I 

In I Out I ,f In I Out I rf' In I Out I rf' 

Dec. 19 3 3 
Dec. 20 1 2 3 
Dec. 21 5 5 
Dec. 22 5 5 
Dec. 24 
Dec. 25 
Dec. 26 1 1 
Dec. 27 l 1 
Dec. 28 1 1 
Dec. 30 l 1 
Dec. 31 4 4 1 1 l 1 2 
Jan. 1 l 1 
Jan. 

' 
1 l 1 l 

Jan. l 1 1 1 
Jan. g l 2 3 2 2 4 
Jan. 
Jan. 7 1 1 
Jan. 8 2 4 6 
Jan. 9 2 l 3 1 1 2 
Jan. 10 l l 
Jan. 11 2 1 3 5 5 
Jan. 12 2 2 
Jan. i, Jan. 
Jan. 15 1 l 
Jan. 16 2 2 4 4 
Jan. 17 1 1 
Jan. 18 1 1 
Jan. 25 l 1 2 2 l 3 
Jan. 26 
Jan. 28 1 1 
Jan. 29 1 1 
Jeb. 1 l 1 2 1 3 
l'eb. 6 6 3 9 
Jeb. 12 1 l 2 l 1 
Tot.ala 28 28 56 2 

1ii 
7 ij 18 3l 

'1, In-Out 50~ 5;QJ $ 4 58J 
'1, Grand Total ~ ~ 
*T ::: Total. 
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.APPINDIX 1 

Total Catch Record of Two Single-Entrance Traps 
at the Mouth of the Big Bend Cove During the 
Winter Investigation of 1951-1952. 

All Species White & :Black White Basa Black Bullhead 0-rappie 
Date 

In I Out I T* In I Out I ~ In I Out I ,t In I Out J ~ 

,c. 27 3 2 5 1 1 2 2 ,c. 28 2 1 3 1 1 ,c. 30 4 5 9 3 5 g 1 1 
,c. 31 25 13 38 11 11 12 11 23 
m. 4 g 25 33 2 6 g 3 10 13 1 5 6 
m. 5 12 1 19 3 2 5 9 4 13 
m. 6 

1~ 
3 6 1 3 4 1 1 l 1 

m. 8 9 23 3 3 6 3 2 
2g 

3 2 5 
m. 11 21 17 38 3 2 5 12 14 1 1 
m. 14 12 6 18 8 3 11 3 2 5 1 1 
Ln. 18 15 15 14 14 1 1 
Ln. 25 11 11 10 10 1 1 
Ln. 26 4 4 1 1 2 2 
Ln. 28 2 2 1 1 
m. 29 

,tale liO 
Ii~~ 

224 41 20 61 62 ~i 111 12 
li31 

21 
In~Out 5, 6?! ~3! 

!11 
~§! s~ 

~ Grand Total 291 
! = Total. 
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APPENDIX F (Continued) 

:Bluegill Gizzard Shad Carp Drum 
Date 

In Out T* In Out rt' In Out ~ In Out T* 

,ec. 27 2 2 
1ec. 28 1 1 2 
'eC. ":I) 
ec. 31 2 2 1 1 
an. 4 1 1 
an. 5 
an. 6 
an. 8 5 2 7 
an. 11 1 1 
an. 14 1 1 
an. 18 
an. 25 
an. 26 
an. 28 1 1 
an. 29 

otals 2 2 4 2 2 4 ,62i 21i 
8 1 1 2 

In- Out 50% 50J 20~ 26J 20% 50~ 
Grand Total ~ ~ ~ ~ 

T : Total. 
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APPINDIX r ( Continued) 

Carpaucker :Black :Baas Yellow Pikeperch 
Date 

1n I Out I rt- 1n I 0ut I r/' 1n I Out I ,r-

Dec. 27 
Dec. 28 
Dec . 30 
Dec. 31 1 1 
Jan. 4 1 3 4 1 1 
Jan. 5 1 1 
Jan. 6 
Jan. 8 
Jan. 11 2 1 3 2 2 
Jan. 14 
Jan. 18 
Jan. 25 
Jan. 26 1 1 
Jan. 28 
Jan. 29 

Tota.la I 4 7 2 2 2 2 4 
'I, In-Out 43 211 - l~ 221 ~QJ 
'I, Grand Total J! 1-! ~ 

•ir = Total. 
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