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and chonically,
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eavirenmang fuvslves many complex relatlic

neted

eoniee o

{ony of theoe velationcships ave

2t an
r.c blologe

In nature, aguatic cavirommonts acceawdate many types of eguztic

casges P

»

N anant
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XIS
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<o ERAEPS s

azce of thls kind iz ounz of the major problens of ficherices

.

olluted wators

forms ¢f 1ifc,

in tho northars Cuocs Plaing arca == oo

Himan intezference often

taslogleal disturbonces may causa the eavironmoat to becoms wmilt

and azturally occurrving dicturbaaces are cozmon.

asenal enacrobosis of

flch or othor anuctic aximsle and plaats, commonly knowm es winter ¥ill,

winter kill is ucuslly a rozult of discolved cxygen Copletion in tho
witers, &ithkoesh

oo .
T2 bacic cauces

©
(53

)

:der certedn conditions lethal gzents may cause death.

zomaia wasolved,

involved ia winter kill are kawm, but many

There have beea very fow

wilns on winter coaditions of lakes im relation to wintar kill. Due

to tho mazy questionable or ualmown foctors velating to wiater kill and

the mnjor problea in ficheries ounsgemont 4t creatar, this stidy vas

Tels ctuly, which was initizted on Septeabar 25,-1959 and cone

“eluded cn April 2
L~

o\

uadoctalien to galzn a better wadsrsteading of the winterekill phencacaca,

e B

——

57719605 was conducted on -dwo-estab

[7 L 25N

L

50

vz

lighed farm ponds~

ond o @ newly comstructed dugout pond ia eactern South Dakota. The obe
- R - -

7
/

ere to detexmeine if the various meacurcamzats obtalaed throush

cited Lelow could te correlated end to determina 4f they could

£

cr predicting winter kill,
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The srextost prodlem caused by wintey kiil L6 met a total kill of Ehzvéz
Cigh, as ic cuzumaniy thoolht, tut & pat;ial kill of fish life. 1t e /
waotm that some gama £ishes are mdre cusceptible to winterekill condi- a
Lisng than amay of Lhe roulil or non-zand fiches, thercioze, vhen.partialf
wineer kille wccur, a lake tany Le left with a popaiction of rouda fich
walch may gcin coatrel ¢f the laks.

Uintor-kill conditions are EoLe likely to develop in fertile,
chailow ickes which contcin large amuents of dlssolved aad cuspanded
arsanic na:éer in their wacers. Thies organic motter is cubject to

zerosic doeompositicon which utilizes lavge axmounts of dissolved owygen.

(&}
o
[¢]

docw, ciear lokes ususzlly do mot contain eppreciable asounts of ore

goenic matter in their watersy aad, therefore, little dissclved exygen s
veed by deccapesition cf organic mattoer (Hddy aund Surber, 1947).
Slgsolved oxyazn in water is_supplied meinly as & bye-product of
pioutesynthasic. CGreenr plants combine carbon dioxide and water, utilize
inz the cnecgy of sunlight to eynthesize carbohydrctes, giving off
cxyzen,  Aaother sourca 1ls diresct absorption of the oxygen into the water
frem the atmosphere. Wator c&n‘éésorb lerze emounts of oxygen ia this

way eapecially when the wind cauces agitatioa that greatly increases tis

<)

content cad nlxing of the water end air,

Moot of the clssolved exypen 16 utilized in the aerobic decompoeie
tica of the cicsolved or gusponded orgenic matter preceat im the water.
It lg cozzmonly belicvad, by the pudblic in gemeral, that £ich or other

aquatic orgeniems uge larpe amsunts of dissolved oxygen fin respiration.

Tais zssumsticn is not true. Over cight tons of bass (four grams {a



S

size) in o onz=geve pond threo foot cecp would utilize conly 10 perts per

=ikilon {p.p.a2.) dlocolved exygen la 90 days.
Dusing the tims when wateor 1s ice-frez disgolvaed cuysen de usuale
iy not of grecl eoacern.  Ia opeon water light penctration s ucually
verliciong Lo posmic phot&syathcsis. In additicn somz oxygea will be
eozovoad fron the atmocphera during wind action, Uader ica cover,
houover, ohe situation chanpes. The asuatic eavirczment bacomzs scaled

inznd c:; ca can 3 leuger be abrorbed £

"

vz the atzosphere. The main
or only cource of oxnygoea 1o the groza plants which carry on photosyne
thetic producticn by actioa of the light that penctratee tho fce and
ater.  Decause of thle, lisht penetration oftea becosmze the critlezl
factor in the gurvivel of squatic life. In thoce lakes which ave clear
caé Ceep and bhave low phytoplankten populaticns aguatic life must exist

¢u the discolved cuypea preseiat in the water at the tina of freaze up.

It con do this beeauce of the low organic demand of these waters. The
Zectile, cnallow lakes wiich lave a high orgenic demznd becoma depeaden

vpon theolr gaytonlaazkton populetions for oxygea produstion. If the ice
tecomas clioudy or eacw cevered and thereby blecks cut the cunlight,
shictosyathesis will ceasa. Decumposing suspended or cettled remaine of
slants aud aunimels which flourished during the sumer cxert & demaand oa
the ¢ivzolved owyzon as does the respliration of the plants zud aaimals

L 4
still exicting In the watere In this way, 1f eunlight is ewcluded, the

water N.y bacome completely void of cdigsolved oxygcn.

}'!f‘(ﬁ

L

The nrima“y zethod of de ermini..° the winter conditios of rorthera

ponds or laker ie the diccolved oxygen test. Other methods by wiich
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winter conditlons czn be Cetouaingd gra the bloclhomlcaleciyoenedonznd

e m e

oy moasuTaazat of lisht peoactiatioa throush sasw, lce cad water)

t.
burtidity meacurements) the lishtecndedarlhiebotile tect) carbon dloxids
mzoruronentsy hydrogea sullilde moasurements cad ammunla concentrations.
Lo test fow discolved ounygenm, commonly refersed to aé D.0.,
ooarured Lho axsunt of dissolved oxygon in the water in aﬂligrm cf

- §
vad eryrom p

[$]

¢isce ¥ liter of water or parts or millisa., This test is

4
&
-

izporiant Because ¢ shovs the, muount of dicsolved oxygen aveilable et -

eny ting for Tecpirctick of plazts, animals and for the cxication cf

2 bicchenicalesryoraedonand tast (3.0,D.) moasures the quantity
ol ;issclf.*cé cuyzen 4n parts per million rejulred during stobilizatlion
the decompoceble organic natter by sercbic bischamiczl acticn. As
thin test mozoures the cxysen denend of gubstancec in the water on

civealved oxygen 1t can be wsed &5 2a index of the probablility of winter

By moasuring tae inte:saity‘oi 1ight otriking the i{ce surface, the
cacent of light ponctrating the ice, and the éep:h of light panctration
iz ke water, tao zcua vicre cufflcient light {5 zvallchle for photoe
yathesis way bo desemineds Also from this ilvfomsztion the elfects ¢f

thz ice condition, snew cover aad turbidity on lizat ponctreotion mz2y be

Teebidity 1e divectly related to light penctratica. rbidlty ic
g waocuve of {he amount of dicssived and sucpeaded materials prescat io

we water wxich lmpede the trancmiccion of light. Turbidlity measuremouts



light tramsmitting qualitics of the waters.
the poncs can be weazured by tha llghteand-

ect, whleh 15 conductad under watar, wcasures

thc amowmt of ouygen produced by photosyuthecis and the oxygea coatuzed

by recpiration and determinee 1£ wore oxygea is being produced than 1o
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Thare have Looa foar complote studles on vwintzr coaditions of

(9

Iztos v zelaticn Co winmtoyw kill, clt’m wrh certaln of the pheasxienz of
Loz wnder wiator conditions have beaon observed by certein in ’ivid.als.
Caly oo coxplete ctudy of this nature s knwmg this was condusted by

o Groenbank (1245) Curing the wisters of 1937-33 thrcugh 1542+43 oa

)

bisoslved ouygen io pxowably the wmost foportant fictor in the
survivel ef amuatic 1ife dewing winter conditions. IDeth Crecnbank
Li1D45y and Ceidmara {LU57) pointed out thoat moasuzcmonts of diszolved
cxyoen Lo the best inlication of the winter‘ coaiition of & lake as far
e fich ere concemaad,

wae polnery gourze of exypena im aw leswcoveraed laie is from photoe-

~

cynthetic actlivity of phytoplankton. Verdula (1533) reported that the

-~ .

moon phstegynthctic ralo of lake phytoplankton under opsimal light

sout 16 mierogremes of cxygea produced Ter microe

¢

iiter of organisms per hours. The reocults of Bartsch end Allum (1“57) in
- >
tucir work og artificlal sowage ponds compare favorabiy to that of
ercuin, Wisnlemoki 5€) mescure =yse roduse @ algae
sy 15 1 (1958) me < the oxysen prodused by live alga
L3 & clezzd bottle., Do found that in continuous light under experimoxtal
zadltlions wors oerygen was procuced than wag used iz T,0.D. recactlons.
Greenbank (1945) pointe cut that depletion of dtosolvad oxygen in

lekes Cuc to recplratien of fish L5 nat likely. The results of



sy Clauvcen {1930) on thoe comsumption of ouygen by {resawater
Tishos chou that Lloh vse ealy a swall proportlon of the avellable
cicegolved onycen.
Tiora hes beo gicerable zmounl £ worly dene on the tolerae
There hes Leon & congicerable amount of worl dene on the er

Cion threshold of dissolved oxyzen for frecshwater fishes. Cooper ead

[ D, X Y H - ' -4
Wachbaorn {1946) dotemined the &i

S

colvad orysea threcholds for eeversl

repored by Hoore (1942). There hac begen much varicticn ia the recults

c

I tectp condusted to deternine the digsolved orygen requirements of
Zich. Torzwell (1958) ctated thzts

sroat many otudice have been made of the onygen reguiremeats

of Zichos. Zoveotizators hove nobt alweye wied @ unifom
crprsach.,  In fact, theze kat boen great diversity in the
enp2cics ctudlcd, the exporimantal wethocs uszed, the objectives
of the ctudy, thoe calibor of ghe investigation ond the intere
pratzidcn of results., Cousecuantly, data obtained have varied
wlidely end Lave not always bzen ia agreemext.

iz 2lco pointed vutb that £ich can live for a conciderable length
of tize iz cold watcr at low ozygen levels, but tacir life cycles canaot

S2 completed at these low levals aad the objectives chould be to maine

nicczentcal Orveen Domand

B.5.D. tests arc the clmplest meons by which an indication of the
orpanic demand of 2 lzke may be determined, Greenbank (1945) observed
hizher B.0.D0.'e in surface waters than near the bottom. Eo stated this
way indicate mdre zooplaanitoa and phaytoplaaktoa guspended near the cure
fega and that as they settle they are oxidized before reaching the

bottea. He also poianted cut that thie sucponded waterial {a the water



v

wosoprozably reepsaeible Lo & largoe degree for ouygen consuxption uader
lea.  Ihe dovestizetions of Rirge end Juday (1925} have chown that the

Y

-wsters of Luke llandota and soveral other lakes centzia about an average

Lucoss vegetaticon ia poads at timazs eon cauce cuyzen depletions

cven iz oponewater situaticons, Wicha (1934) reported that in cummer the

conger of oxycea depleticn exicts oa wam nights or rurky days vhen {a

ghzerved layze amounts of 2lgze producing oxygen during daylight but
throush thelr respiraticn ef uipht cause an oxygen depletion. Accordiag
£o Zeach znd Wickliff {193%) Bucheye Lake in Ohio bocaze £o choked wi
cubmarsad and surface vesctation {n some arcas ther rospiration depleted

the digsolved cuycen ia thoca cresas to au everass of 0.2 p.p.o.

Wisadewshl {1953) shoucd chat the coxidation rzte of dead algac

Light ie esseatial for photocynthesis to toko place and o5 a

H
[
t
©

It the cifect of light on the aquatic enviromment has had much study.
Tie importance of light is indicated by Clarke (1939) who stated that
AY) produstivity of ery body ¢f vater iz cdepeadeat on the efficlcacy
vith winlcn plants con convert golar radigtion into organic tiscus.

Plante are not too efficicnt in this procecs thus 1licht is often a
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Ao light peorctrates waler 4t le roduced in intonsity axd, acceorde
A Caen ooy ke - . “ - 1 - - - .
vdy LOOC into -w.’-t'] wihere the rate of ’-‘1‘/\—\/3} athezie

3 -2 P PO - 1. ~ - K, .- v
and reontantion of the phytoplantiten s In Lelaunco is teuosd thnae

(s

alc ds tuo lowaer linie of the euphotic zona
which is tho avea where there ig cufficient 1ight for phictosynthesic,

& alzo pointed cut that for ghiytoplankton the compensation intensity is
cemerally about one percent of the lucident light at the surfoce. Tha

wa (1657).

Limit-of-vigibiiity tcets and licht mossurcnonts are the twu
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prineiple moans of meaguring light pcnatrationc 2 weter, The Seechi

Clinll ig cveed ia making tha limdtecfevisibility test aud photronic-cell
couinmant {8 used to mszarura iight (Welch, 1948y, Welch wrote that the
Sacchiegicl mathod gives ”ly 2a izdication ¢o tho visibility~&nd coes
aol mearsuee lioht, It deos, howcver, cerve to cempave different watere.
cvduin (1950) attempited to correlate Secchiedick recdinge and the depth
2f the cuphotic ::c'r.e by waking cizaltancous readingz with the Secchi

~

dick cud 2 photomater. e found that by mmultipling the Szechi- disk

reading in ooters by & convewsion facter of £ive, he could approximate
the cuphotlic zona dapih in weters. He also raported that other iavesti-

eators uced different converclon factors to get accuvate resulte., Waen
using megsurcments chtainad from paired photomaters and & Secchi disk,

Tectan (1957) fouad the Sccchi-disk readingzs to be at a2a svercge of 14.7

percent of the curisce deat light. e also cugsested more inteasive
ctudy to determine Lf Secchi-dick readings caa be correlated with 1light
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gmastvua enx ba prediced by novin latitudes Jor indicated cegnents of

the 2avsh., Thay aloo dovicad 4 graph from which the mizan peveen

3

of

r

toral &inn thae svn le abova She horizon can be dareminzd.
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of light by wazer can have o great eflcct oa the
aviilabiiity of iight to the acuatlc onvivommint. Clazkze (1939) reported
that as sualicht comas in comtact with the curflace of the water the
various eonponents of (hae rpoectium are 13 unequal cuantitles and that
thiege ara abcorbed at different rates gs the light penetrates the water.
2 alee related that cven in 2fstilled water certaia partts of tha

tly abtorbed. Katural waters differ from distllled
vatsr in that they contalin naterials which ichibit the trencmiccicn of
iight. Jomes zad Biige {(1938) classified the varlous substancet ia lake
wzter ac elither suspenssicde or colors. Suspencoids consist of orpaailc
or colicicel materials which will settle out or which cza be filtered.

Cclers are the zesult of deconposition of organic matter in tha lake

w2 penetraticn of 1isht throuzth enow and fce cover i a vary
imperstant factor in the northern veglons wihere lakes are {ce-covered for

L)

considerable pariods of time., Deospite the importance of ice cover, fcu
ctudiep have been made undex these coaditions.

Croxton, Thurman 2nd Shiffer (1937) coandusted experimeate on the
troncnission of iight through onow and ice. They fouvad that 14 inches
of clear ica trzncwitted sufficiecnt light for phctosynthzels. The addie

ticn of gnow, however, greatly recduced light peretration and eight

achoe of ¢acw almsst completely eliminzted light penctration. They
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Ll maqtenl Vompe o0l . - e erum e . L8

aleo ¥neLealas toab oluk, wost, granclar ceadition and wetnezs of the
. - e, A e on . ” ’

smow belped reduze the tronsmicsicn of lickt. The conditlons of {heir

cuneritants were artificially ereated., Chandler {1942) found con western

Lae Eric that only 58 percent of the imcident lisht poastrated ice 492

[ &3

Lo cbzc“ walch vas eguivialent to 48 ceontimetors of water with
20 popem. turdialty.  CGureenbank (1945) in his investigations dichvc:ed‘
thae the teanszicsion of light through ice varied with tha condition of
o ice and that his T2ALUTCRONLE eom mpared favorably with those of
wrevicud fuvectipaters. flic studices veveal that the tranceissloa of
'1;ﬂ£: tirouzi lee is puobably sulificicnt ualesz the fce ic eiceptionally

CLUUly OT

"t
Q

')
“

ae. Ve acted thet with enow cover light is reduced conside

™7, .

e::,;v. “he trancmiccion varied from 23 percent for one fuch of glushy

enow £o 0.7 pereont Zex 10 inches of dry gnow. In general, ccncluded
theg lezs light will scnatrate vot cucw than dry eaow.
Greenbank ilikewice stated that sxcw has a very kigh turface re-

~2 )

Zlection compared to water or ice. Thls expleins inm part the light
bloziing of ooow,

Creenbanlk's investigation exhibited a dalinite correlation

bomrean cnow depih and dicegolved oxygen coanccatrations. In their coxm ple-
centary etudy Covper and Vachbura (1946) obcerved oxygea deplctxoa in

*,

cons Michizan lakes when there was & proloaged grow cover.

Turbidity ic an ewprescion of the optical cuxlity of water end (s
cauced by curpended matter, such o8 clay, silt, finely divicded orzaanic

wotter, plankion and other microccopic organisms (American Public Hezlth
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Aosociation, 1935). It is ghercfore Sirectly "*i*tcd to 1ight peactra-
ticn ia waber o3 proevioucly révieued.

Any stuly of 1ight penctrztlon lnvolvey turbidlity. Jamae axd
Siune (1933) state that those substances contained In laka waters wulceh
eifost the tronsmicsion of l{ght couce turbidity. Chandler (1942)

gtuliad lisht ponctraticen and its relation to turbidity in westemm Loka

Crie. e indicatod the quality of the sugpended matericl alfccted the

itent walch was avuila le to aquatic orgenignms.

o]
(v
o)
fu
B
[
fa
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:don of varicus pertc of the gpectrum in
nztural waltore wes attriduted to the suspended and dilccolved materials
in the wotoee, according to Clarka (1939).

Tursidity is alpo related to the organic matter procent in the
aauatic cnvircamont. Ellls (1936) obcerved that erccion silt causing
tuvdidipy carried with it organle matter which created aa oxygen demand

in the cucreuwnding water. Ounysen cepletlon caused by depositica of siit
zad detrltus was cbserved by Ellis (1940) iu the wppor basin of Elephan
Eutze reocrvolir, low Mexmfco., Ne detemmined silt cenditicas by turbidity

. . -
Toosargn2nis.

’

~4

Li~hteand=DarkeDottin Tocts

ighteand=dack-bottla tests providae a means by whick the recpirae

e

jon of £ pond cea be moasured. Ryther (1956) diccesces the uce of thé
ligkteznd-darkebottle test to measure Sross oxyseon productioa in the
mezsurcmaat of primary production. Hae points out that tie diceolvad
crysen ia the licht bottle ie tniluznced by recpiration of placnts and

bactardia, thorefore, tac dark battle 1s uzed to correct for respiration.

142604



Soibbing (120%) dladlestszd tha valuz of ligutezidednrs bottle tests for
clapersim Ceacmstratlions on o wmoacurancut of diceeived vxygen in
sretoryetiools and respluation,  Ascounding Lo Rythar (1950), lioht-cnde
zto eaculd not oxeesd 48 hours as puotozyathesis occuré at
e evnstant rate fvon 2% houwrs to 48 hours, then decresscs. He cuggests

-

wi torts ghould nob etwesd tha daylisht portion of cna day.

» e v 7 2 a v . ety
Undar cuvgen depletion cenditions varicus forms of anzarobic

Toomel e Ry Ly v C3.m, o e Sepem ¢ 3 ~a -~ 3
vacoerie produce soveral gaces during the prosces of decimpozition of

sumanic matisr., Moot of thecs guses ere toxie to fich ard ¢o other
weestic syganiome,  In gensral thoy affcet the roopivatioa of fich by
veduslug the ability of thic homuglobla of the blsod to walte with oxygen

cr ©o liboxate carbon dicnida, Somz of these zosces ore cavbon dionide,

armssia and hydrogen cuifide. Grocaiank (1945) aotleed production of

e
e
L8
1
€
€
[£3
;
g€
[
pre
$ix
§-
[ 41
(¥
€
©
<!
[0
¥
[ £]
L
15
L
3
3
w
(5.
r
3
o
{é‘
<
0
,(.
.)
‘1’
s
[4]
4
(3]
-

lthough he

3

caldéam noticod zay anpreclable quantities of free carbea diouide, He
eonciuted that ouygen depletion was the maln cause of winter kill Su:
Righ c&nccnzratia'ﬂ of the cther gases arve coeatributing factors.
Ia 2 study to determine the effect of pulp will wastes oa stream

poliviion, Van Hora, Asdervsen and Ratz (1949) fourd that 1 p.p.n. of

cydcezen suifids was tre minimea lethal dose to small eyprinidos. I£
2.5 p.pom, ox more of somcala zre precant *n tho watar harmful effects
way ba expoctod according €2 Ellls, Wcstphal and Bills (19453 but they

gy ctatad that come fipnos caa tolerate from 3 to 10 p.p.m,

Trocimay (1955) fowad harmful coaccutrations of amnealz to bz much lowver
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than ¢his, lils gtudy indicctad theot L over 0.5 p.p.m. amasais ie
precent ia tha vater tie mztzbolica of the fich i cndangered end at

I p.oom. the oxygon concentration of the blood is decreased adout 1/7 of
rormzl value and carvoa diloxide coanteant of tae blosd increscses ebout
15 poreent.  Laglar (1956) pointed out thet frea carboa dicxzide in

cucgse of 20 pop.a. 15 haraful to figh. Mare receatly Scidsore (1957)
cendusted an investigation of carbon dioxuide, ammonia and hydrogen
culilde o5 factors contribu ih, to fich kills in iccecovered l#kcé. His
conciuvding statezent wae that winter kille are ucually valated to conceae

tratlons of these gzses as concurrent phenomend vather thar a¢ the cauce
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TICHTIQUIC OF TiD STUDY

e atud

-3

; wes Initizted ¢n Ceptember 25, 1855, Uacll tho poads

-

bzomna lceecovared cll camnles wore taken frea a boat., After ice cover,
boles weore drilled and comples were teken through the {ce.

Bach tima tha limnoleglcozl moasurenments were made weather data
ceouvded, This included cly canditious, wind velceity, eir tempere
3 othey pertinzat condiglcnz. The tima of arxrival at and
ceparture from gha pond wes recorvded.
iater temporature was wrasured with a Taylor manimumeninicen
themwmeter.  The sericce tempersturs wes takea before the bottom teme
sewature.  During ice cover, surface temperatures ware measurced just
Solew the fce. Dottom temperatures were msacured about 30.4 cm. from
tio bottom to preveat any agitatiocn of bottom material.

woter samples were collected in the sazma arca and depth where the
tenpevatures wore neacured.  Tha sawples were tiken at approximstely the
ceze location ia each pond thr$u~“out the ctudy. All vator cosples
collacted ia the study were taken with a Kemaerer (1200 milliliter)
voter egampler, With this davice samples caa be taken from a kaswa depth

and brought to the surfasce in an apparently w unmodi £ £ied condition (Welch,

The fivst water gcumples on 2ny gilvena date were always tcken from
the gurlace. This inciuvded wvater for the D.O. and B.O.D. tects, end for
t-e precerved sazple. The water used in the D.O. tect was cavefully
fovroduced into a standard blochemical-oxygen-deonand bottle to preveat

zpltacion or bubbling end was then treated chemicaliy. The curface
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2.G.D. and ovecorved camples weor then telea. Thac bottonm ampleg were
coilocted Yy tae ccma prscadure. The cuvface aud Dottun E.0.D. cnd pre-
corved samples weie piaced in clean ome~helf gallon wideemsuthed jars.
foout Dive wilitifters of calerofomz wes ueed as the preccrvetive in thae

2orone =~ L abithe BEIEM
hs‘ﬁ--\,-—l -@Ml"f*\-ﬂ.

Immedlately after tihe dirsolved oxygon cample was collected the
oot wae fnizisted zad buousab L0 2 stable coadition in the ficid by a

PR . m

cuvoniard proecdure.  The final titzatfon was dore in the laborstery.

ALL LD.G. tecte dn chic stud wﬁre by the godiumeguice mudilicaticn of
che Uilnhler mothod (Soorican Mubiic Health Ascoeiabtlion, 1955).

rhca g ponds becanz fcc-covered, light penctration measurcments
vera taboa with matehed surfcoce and cubmerged photrenic cells (Westen,

picdel 823 RE) ponsitive ia a range from 4204720 milliscicrons (Figure 1).

.

e curface vell was egquiprped with a Kodak Wratten neutral-deasity

!
tiicar of Z5 percent tranmcmigelon. Readiogs wero made on a microzm:zter
vhicn was ccunascted throuch a scorice of eight graded resictors to the
¢elle. Under intewnse light ccaditicns additicnel recictance could thus

be a8ded to keop ail readinmgs withia the limits of the microammater.

cacy cover., If a pond uwae completely orow covered a czmall arez was
clearcd thon g clear fce woading was made in adédition to that undar enow
cover. At tbe time the lizat maccuremcats were taken, eky conditicn azd
imy of day were vecovded, The surface cell vas cet on the {co turface
fully euznssed to the cun., The csubmerged cell was then placed with tha

Zaze of the cell £lesh with the uvnder curface of tlhie lce. Surface cell
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Figore I " Hicroamssater and Photronic Celis. “The surface" cell (s oi~ the - = .
left and the submerged cell is on the right. The microacmater
shows the reading of the submerged cell.
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¢2ll moadings wors wmzdo wlthin 10 ceconde of each other,
LAl R O (i I . - - . “ g% ~ .
—ogoe slreraating veadings were costinucd cud the cotmeanged coll wss
toway

vad witil 4L woached the dapin at whiish cno percent tranemlccion of
ace Light was Jotzmmined. e dopth of thoe submorged cell wes
congralied by a callbraged pole. & Linged two foot cxtencien wos

etizchod to the lowor end of the pole. The hinged portica could ba

cueelol o o horizontsl positlion by pulling a cozd atgached to Lt or be

Ia the lcbovatowy the D.0.D. samples were varned £o gbout 25-30
atigrade and apirsted fregueatly to reledse tis cucass diee
colvzd cuyoen., fed £hilz not boen donoe, the samples when placed im the
Jzzues Centigvede foeobator miziat kave been cupcrsaturated for that
cure, resuliing in 2 lozs of oxygen mat attribuable to the
gtoviiizatlon of ovganic walerisl. B.0.D. tests wore thea get up by
Ciluting the water ssaples collectad from the ponds with standard dilu-
tizn wate?. The percant diluticas used varied dependlng upoa whi;h poad
the comnle was Srea bul the dilutions uscd were those estimated to yieid
pavecal depletlozs in the cignliicent ronge of 40-70 percent 2o deter-
wingd by experience with tha E.C.D. techniqua. fhe stondard ellution
vatcr consicted of dalenized and charcoal filterod water (Amsricaa
meblic Mealth Ascoclution, 1955).

For thoée 8.0.D. tzsts cet vp as 100 pexcent poad water, the
ATy s +

cam~le wab 1ot ia the colleetiag jar. It was wived thoroughly and

cE to £11Y ews Steadard B.0.D. bottles. One of these

X
O
(‘t !
o
[
g
3
¥
0
[
)
[«]

»

P
was ploccd in 2 stondzard B.O.D. incubater end the inlclicl D.O. was
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ight Penetration Under Ice.
3 . Appcretes Used for Meeasuring L
Fioere ZA Cill beirg lowered imto subzerged position. B. Cell

. in cubzerged position for reading.
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pocorninagd Loom che othar.

“o2 ramples which razulred Cllution ware wined in the collection
ser and tha doalred anount meacured fato a 1020 milliliter gredusted

Do Ay e b ppy— F3 s A
CYy+ifiili. Jor erampae, Ireguontly di

po

zre uced. The gradeated cylindar was £1iled to the 530 milliliter mark
with pond water and 500 milliliters of standawd dilution vater ware
acead, oohizg @ 5% percent dilution. Tals dil"'ica wze mined with a

Lrolng wed and then Lo standand B.0.D. bot les wero £11led using a
ciphin.  Uhe firct battla was placed fn the ctondazd B.0.D. Inecbator
ane the speoud woo wied as o choek. The dile ution in the gradvated

eylinder was zhan wacted to the 350 milliliter mark and rofilled wish

lon witar to Che 70D milliliter mork meking 2 £5 patcent

ciletion, The cdiulng and siphouing procclures weire then repectad. The
sizhoning prosciures were esccuted with the utmast c2ra &5 provent any

anitotion or bubbling ol the water camples.  All camnles ware in:ubatcd
for f£ive daye “t 20 deguensg Centiprede in the gtandaxd B.0.D. incudator.
& cample of tha standard diluticon woter was also incudated to determineg

if i1t had any 8.0.0. After {noubosticn, D.O. testes were meds ca the

(8}
H
ta
‘3
[9%]
[+
1%}
i
’-Q
b
O
rn
e
1)
3
-
|.;.
©
6]

olved oxygen reading was substracted from the

inleial ceuding. The diffcrence cbiained was the oxygenr uned curing

3

inecudstion., Tha finz2l R.0.D. wvas then datermingd by corrzeting thic
Ciflerenze to the éilution factor.

Turbidity mascuresents wove made oa the preserved water ecmoleg.
Drecavvaticon of untor sampler was not nesessary for turbidity meccurge

zeate, but the pregerved zamples taken im this study were also uvced for

utlong ¢f 20 parcent and 25 porcent

L 133 R s

Eequiiipaitanr

e T RTINS
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Loesucrin Ln fads preolem. Galy czall portlons were

wied for turbidity mazpurensais,

Turoldity fs wensured L turbility uaics, (perts per will on), zc
procuased Ly L popon of silica in diseilled water {Waleh, 1%43). Tho
stondord mithod oo osusuring turbidity is the Jackson candle Bathod and
avy suter dustromants uscd gshould bo calibrated againct it {Azmerlcan
B

Tutlic Health Acgueiation, 1953). Tuchidity meazurezaats fn tals etudy

zuesh and Loud Spectronic~20 spectrophotcacter waich

e N
wog callvoneed ead

SACRECN candle mathod,

Gy
3]
o
¥
1% ]
[ 4%
n
4

(e}
61

s

fovard tha latter pavi of the stedy the recpiration of the poc ds

uos umzzsured. A vater couple was takwen frem the dopth &t which one pece

ca:i of the inczidont light pencticted end three stazadesd B.O.D. bottles

uere filied. fnm Initlcl D.0. test vas run oa water ia ene bottle. Cf

£h2 romzindag Cwo bottles, conz wes wranped in alundauy foil o exclude

aii light end then boeth were plazed In a hardwars cleth basket and

ivwered to tha same dép:: from which the aamplcaAware takea.,  Tho baskets -
were ieft undey water for & 43 hsur p“'iod, retrieved, cad D.O. tzsts

vore v on the. light aad dark bsg Ll;,. Ey compavring the rasults of tha

£.0. tests on the light and dark buttles with that of the initisl values,

the cxyzin preduced or censumed in 2ach boltle could be dstemmized. The

() 3

mificance of this tect {5 thz cuyzea produccd by photosynthetic in

»

s

excese of ¢hit concumad by respivation in the light bottle versus oxygen
gzozymmstica by total reecoiveticn in the cark bottie., In onticum coaw

diziize whg zed poudustion of cxylea 46 gredter thea that comswmed by



o e g anaed . -~ - - -~
Un Lovaidl octczoliias (oIl Lox casbon dlexids, hydrozena culfida
Lod ammenla werg dectemiined on pond waters. Tuo carbaa dloxide cu

Lrczozan cnlflde tecis vove made iz tha field and the test for axmmoala
wvoi conducted ia Cha laboracory.

Caroun dliowida wag deternined by the codfum hydronida titrsation
mechod with phanolphthclein as tha fndlcator (Ualeh, 1843).

Urdzogzen sulilds was weazured with a Baghh hydosgen oulllde kit.
This ncsthed lavolves sarating the hyd“o"cn culfldag ot of the water by

cddition of an cffoverscont Lablot. The gas passes throvgh lesd acctats

-,

parer turnisg L0 @ brova coler if hydrogen sulfide iz precent. The
scunt of hydrogen sulfide ian thz water ie detevmined by cemparing the

cslor of the lead 2cetate paper to the coler chart Iinm the kit.

frmvala was daterzinzd by direct Neselerizztion {Smericaa Public
tiozith Aszcelaticn, 1935). The fimal meogurcment of axmsonia ia parts

pox aillioz was acde by color comparvizon on the gpectrophotometer.
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lll AR 1 Vs 20 V1 a0 ME R B SRS Syt e e 1]
Sely 2SR0G &Y elE, Brovlilngs County, South Dalo Tue dunsut 1o
s L YT, [N = P b
rntu oy LLaston Ullman., I waes conctiusted dccor ding to the £oil Cone

cervation Service spcciflcations {n the cussmer of 19592, It has

Log S VNP 264 &

nas an
arpvonimala gurface 2rea of 8,056 equare feet and a maxizmm depth of
S.& @, The water table inm the ares ig clese to the gurface co
Sefxtel aglitstes the primary water cupply of the duzout. There

iooud dueingze Lnto this poad.  The dugout is loceted In & much overse

In Ontoder, 1959, wvainbow trouk, {(Salma pefvdneri), were planted

cujrut., The presence of cay other fish gpecies is wualilely,
Zelfeil Poad ig located in the rvorthwest 1/4, Section 34, Townsaip
160 Uorth, Zanze 43 UVest, Maody Cosuaty, Souch Dakota. The land is owae
and IZamzmed Ly JSohm MoNeil. An ecarthen dam constructed &n 1956 forms
thizc pond. The volume of tho pond is approxirately thres zcre-feet with
& maxgizes donth of chout 3 . The pond is situzted in a natural draine
az2 lans bordered oa two sides by cazll hille covered by a good stand

oi nutive grasces, lightly poacsturcd. At the crect of ons of these kills
ticre wos a gilase pit with dralnage into the pend.

1122eil Poad was stocked with largedouth bass, bluenills, and

yeilew peseh, (fowvea flovesceng), Wianter kill during 1958 wes alwost

szniete and Cuving the study it i1g doubtlul if any fich ware preceat.
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ha dissolved ozmvmen concentrations oad 5.0.D.'s cacountered ip
suring the perlod of this stuly ere plctted ca tha graga
{n Ficuxa 3. Prom thls graph 4t will bae noted the dissolved oxygen
valuvos derlng tha initiel part of tha study were slighily kigher thaa
10 pone;m. Suriung this period the water wes cocling resulting in higher
gatuoration valuzs for disﬁclvcd oxyzen, Frequent winde which thoroughly
wincd ths vator with the gir introduced 2 conelderzble omseat of digs

colved cuwygea from the atmosphere. Juring this pericd much of the larga

crop of cumzer phytoplaniten snd =zcuplankton probadbly died.
nad 1o this conditioca until the cpring brezkeup occurred the first

Discolved cxygen in the curface water remalned ebove 10 p.p.m.
fer a ghort tizma after the pond boczme fce-covered, whille the dlesslved
exyeen in ¢he veter near ghe botton dropped to 6.5 p.p.m. Table I, in
wilch tha 1ight pensiration mrasuremsuts through onow, lea and water ere
comriled, egacus tuat ot tkzic time theze was suffliciont light peactratiag
ttc Lec to peinit photosynthesis in the upper water. Since this was the
cezce, thin cufficlext oxygen wee beoing produced to sztisfy the organic

conand of ehe weter. The water necr tae bottom wes well below the

golved cxygen ia the dzepor water,

Taz 5.0.D., of Christic Poud was relatively high in both gurface
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<03 LRE eneine puudy. An fucrezzo fin the surfzce
k] A eEe b Yy w R " -
0T, clortly efter ice gover probasiy repregents the uie-cff of the

< zooplankiion which ave wostly found in the wzztc. of tha

They supply & veadily ounidizable suspended corgenle doman
“g thzy elowly cink So the botionm. This orprenic demend is probably

. U I o v Y Y Y 4 ¥ ®
chponnilee for the charp dacrveass ia discolved exyzen of the curface

AT NP

ne bolitna woters Co less than 1 p.pom. batceen Novendbar 29 zad Novemdar
<3, o

%
ARARCH My

Jho Qizaalved cxygen romained &t lcos than 1 p.w.m. till Decoxber

=3, whom thz Cuyzen contoent of both the surface aund bottom waters
Teactas 8.7 pooem, end 5.6 p.op.ems vespoctively. The frerezse in the
CLLLived oxyZen concgalration was & result of mmolf which occurrad

curizmg e suoevicus week of wara weather in which all of the saww moited
and aboul en 20sh of ralm Zpll. The runoff was enouzh to ralce the
pend alaut 45 ex, Wighin 11 days the discolved exygen im the surfice
wotor was below 2 pep.s 2ad in the botionm water belww 1 p.p.m. After

& wericd of 22 daye, the digsolvad cuyzem was balow 1 p.p.m. in the

crrner somsent ramalrod 2 DU s.zeom. L Wevn suricle end watuwm velerd.
Tz lnflex of malte &nd reln water during the warm reliny weik
previzuciy meatfonsd diluted thae pond water waich ceuted & <drop of &
Liex curfzoe B8.0.0. of 22 p.p.ms tOo 13 p.p.2. The bottem B.0.D. reduc-
tion wzs mot o5 proncunced indiczating a msre thorough niuzing of the

froc: znd gurfzee waters. The 13 p.p.m. egurfece B.0.D. vas the lowest
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20, Tha wster gmalled of hryér

5.0.D. of the water vas prodably related
robie conditione walch ware firct woted oa Jenuar
cgen gulfide gas aad a test for tais gas

{a the bottem vzters of the pond. The

On tha ecama date carBon dioxide cone

ent wee 13 popem. aud 17 popatts in surface and bottom weters regpece
tively. The concentrations of Lotk gases frcrezsad with tine; aad, on

(74 R 1.
ifzveh 16, th

and 3.3 n.p.

R RPN ! ey
shasshates,
& I
pEmT 3L LE

czsily onidlaed in the preseace of diesolved oxyzen. VW

water provides @ courzce cf oiyjea.

- 2
Cetlcn of €

Yie condigicn ave oo

<2 e, ™e
2 hydrogan guil

bottoa vatersy aad carbon dioxide velues of 46 p.p.m. in the

»

r and 45 p.per. in the bottom water were determmined.

rzased £rom Just over 1 p.p.m. on Movemdber 33 to 3.2 p.p.m.

<. in the gurfacs and bottom watcrs respestively ca March 16,

sodustion of those gzses by anacrobic bacteria caa ba
cezing B.0,3. In geveral ways., During the reductican
zzed by these bacteria, oxysen may bs takea froa the sulfctes,

azd nitrates iz ths uvater. Anzevcbic bacteria elso attack

g srzmmin cimronmZs vwitlil zrve oal extlly Teduicwd wdar daTiile

Toolr gctlen on thece compoimds leaves reclidces whlich ere

Ton waters in an
t vp ac B.0.D. tests, the cxyszenated dilutic
This cxysea {s utilized 4a tho oxie

e iriticl crgznic conteat but also soms will be used {n
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seis VN SuspaseQI, passpallos and nitretes and fin the oxidetion of
v R IEry v 1. - etd z

veoicven vesultleg frea the anzzredic bacterizl actlun., Therefore, the

S P ma A 20 e an Dvner Compe
LA Ltnane of valsr roculting £ron anzorsbie conditions will cauce a
cinzidezable insrezse fnm incubzted B.O.D. ever that cupected wis

&grovic condiions.
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2 ezmpiled im Teble I, Ths results hars confira those

Lomvenmted ety o - s
nwvectizaziers.  In gomoral, light penctration through

Loy ETOUR R T R, e, 32 -

oo conTiiiomg gncountered in the pond would bave been gufficient to
e LT 8 LT, ~ .

soeablizly o @uph =

Faotic zome of conzidercbla depth 4f the ice wac frez from

Peaotration of lisut through ice vaich wes {ree of snow voried

froa the penetraticn of 3.0 perceat of tha incident light thoouzh 25.4

(x4

¢z, Of partly cloudy lce to 1.2 pearcent penetration through 73.74 ca. of
lee Chiieh wee clouwdy for 5.05 cu. on top aud the botton 15.24 cm. of

vslty. The slushy ice wae probably lergely responsible for

Tre deprec of cloudiness ¢f the ice is anotbier foctor inm light
cenzbrzilon. For imstance, oa cac occasion 6.5 perceat of incident

1ight poueteated 33.1 ca, of cloudy ice wnd in ancthar inctaance 22.6

22,
pereent peactrated 24.3 cr. of cloudy fce. The fomor ice condition was
s ore opacua than the latter although both ice conditions ware
tevozd elowly. Thore ware no dotemminations meds of the desree of
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Poopnt of Lupaotic Zone
Date lca Saow Cover Luchidoun Lizht  Boalwme Undoar Suiiace
_— Pr A o Xeo dna en,
ot vazceat venti (i) RN -
i nm1 Coutigfon Covox  mad Fova Gloar, | Dovored  Ticaz Cover Avavncn
11=20-~59 33.1 None -~ 6.5 - 53.5  e=e wce

11=30=59

Cloudy

rartly cloudy

10.2 lcose

3.8 igoce

31.6

61.0

0.0

1.3

12-11=59 26.7 Upper hal( cloudy, S3 11.¢ 2.6 3.0 16.5 17.5
lower hals clear
12-23-5%  34.3 Cloudy 50 2.5-5.1 22.6 7.6 74.9 49.5 52,1
compactaed
1-9<690 42,5 Upper half cloudy, 40 1.3 conpacted w<o 6.8 was 43,5 wee
lower hal{ c¢lear
1-20-69 45.2 Top 5 cm. clowdy, rest 50  0e5.1 compacted 7.7 5.0 45.6 23.0 36.8
clear
Top 7.6 co. cloudy, 45 2.5 lzosze 7.0 0.3 54.6 0.0 29.5

2-3~69

2=17=060
3-2-590

3-16-60

62.2
75.0

rest pastly oloudy

Clear

Top Cloudy. dotton
15.2 ca. eluwshy

Top 5.1 e, cloudy,

50
90

100

1.3 crusty

12,7 losse

7.5

0.0

8.3
0.0

bottom 15.% ca. slushy
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sihboehroesh dco. Christie Foad was 59 porcent or more tnow-covercd
Lering mose of the ctudy. Maasuremants uador snou corditicns indicote
theo 2.5 cu. or more of frech or loose cnow oa the fce will fanibit
elmcct 211 1ight penstraticn, Compacted crow did uot ianibit lighe

ponziration to the extent that frech or looce snow ¢id, The Individual

intevintes of the cnow crystale in compacted enow are forced tightly toe
zothizy giving it nuch the sama cffect as ice on light pensztration., Inm

looue onow therddony many cpaces bstwoen the crystal interfaces. Ligut
ic reflocted among there pazcas vesulting ia consldercble loss due to
reiiectica., 01 one occasica the pond was coverad with 2.5 to 5 ca. of
comrzeted ¢now. Thgre vas 7.8 percent of the incicdant light penetrating
35.5 e, of cloudy lee wader this compacted gnow cover.

Tervidity of the woter is eleo an important facter in light
penctration theoush water., Turbidicy in parte per rmillion under ice

cover im Chrictie Fond ere listed in Table IV, The effect of turbzdxty

0
o

fale)
-—b

2 ceea by compering the depths to which one porccat of the incident
Loax ;;;e::;{ 3 and tha parceal of Lncident light which penatrated the
oent of wvoe fnoldeny izt vid penatreting
trz ice, 2ad ona percent of the light wac penetrating to S4.6 c=.
vencath tae fce. At this téime the turbidity of tho surface water was

33 p.n.ri. Dy coutract, on February 17, 7.5 percent cf the incident
liche waes peanstrating the ice, and one perceat was pencivating to only
18.5 ¢m. bomoaatk the fce. The tu:bidity of the upper water vas &8 p.p.m,

¢ cas2.  In the above cucansle, an increass of 15 p.p.m. turbidity
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St venctrction ag édiceussed adbove,

Taz lightenndedariiebottle tost was ured in an effost to moscurae
re voonirotion of Christis Tomd,  The recults of this test cdemonstrated

;o3 tLingot he onpgon predusticn was imgicnificant and the 2.0.D. 05 
the pond was Bigh, Dotk ghe lisht ond dark bottlies hed an Znitizl Qice
solvad ouynan eentont of £.1 ponam. After a 43 hours pericd the lisht
satile Rad L4 p.opun. édlooolvad oxmygez, lesing 2.7 p.pom. dleselved

eyzen, aad the dark bottle hed 1.3 p.p.m. dicsolved cxygzen, losing 2.8
p.p.02. dizecolved oxyzen. Tha 0.1 popam. higher discolved oxygen content
£ el Pt !t k] L nl ~ 1¢p.‘ t amsuent Of OXYZ2D was
0‘ \.‘--:: .....:'~.i-.. JLI t C f.; »y tﬂﬂ G y a b:y 6 Craba™ nd b ')D""‘ §¥ 13

beiny produced. Thie locsas exporicioced by both the light and dazk

&

bottler confims the hirsh B,0.D, of the water as demonstrated by iccu-

bated 2.3.0, tects digeuscesd previcusly,
It is belicwed that all fish in the poad dicd. Ag noted before,
fathood winnowe exlated in the poad vhen the study wus {nltizted., On

Ucvozer 20, the dlccolved owygen wes 0.5 pepem. in tho surface waters
and 0.2 =.r.em. i the bortum water (Figure 3). At thic timc &t was

. A . , . . e o
novlicel thant bactouiguers, (Clzsonestn £3.), were coming to the eurfoce

cizur shie hele was drilled 4n ¢ha fce. Do £ish weue fecn. On December
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sctivity, Tals con b2 explaiznad by the fast that after ice cover the
Sinsvived suygen in ehe curfcce watere continued to imcrozse till
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com December & ko Janusry 13 the disselved oxypen cteadily doe

creasid from 13.9 Depete 20l 7.7 popom. to 0.3 p.p.m. and 0.2 popem. in
L3 suriace and bas£0m>uatuxs, rcepactively., Thle reduction was probae
Liy thz zesult of fwo things. Filrst, the phyteplankten population vas

cimlinipihed thoreby cousing 8 reducticn iﬁ the total oxygen production.

TLLo volcctieon was great envegh that dissolved cuygen coacuemcd by the

< ey e

e -



“Ew MILLION

CfARTS

30

25

20

A— SURFACE DO

/--BOTTOM DO

O — SURFACE B.O.D.
A--BOTTOM BOD

Figure 4.

Digsolved Oxygen amd Biochemical Oxygen Demand Levels

in McHeil Pond, Winter 1959-60.




(33 -

.08 of thie pond was

2% 20T tnan tnlk walceh was belagz produced.  Seconde
1y, thecrae was an increage {n the 5.0.D. of t ie pond vhich wis nsted oa

. ~
TR S Y ye e
Lacomzay 38, Naila

«l Pond exporienced the szms wam talay weather tho

Descmacr a5 Chrictic Pond.  The rasult was also ea influx

& walch ralced the pond water level about 45 cz.

[N % L] Y ¥4 .
Tucleled 2o Chis rumef was wob

vex from a silage pit to which the increase

After Joaauzry 13 the dicsolvad oxygzen be2aa a slow insreace,
Thaca o2 Jabruary 24 it iscreased to 1l.1 D.p.m. in the surface wateors

ood on the 204l Lt wes 2L.4 p.p.m.-at & depth of 45,7 cm. below the

]

vader surface of the Loz, 'L":.e r;ha;:p iacrease in dissslved oxygea on
thacsn atas wes the result of an algae bloon gt walch tina large numbers

ol alzze weva ebsarved., It then taok & gharp decling amd on March 9 wae

2.8 meu.m. in the surfacs watar. A slow decline fallowed and on March
23, the last savgling befora breskeup, the diecolved oxygea was 0.2

n.9.0, La the suriace water and 0.9 p.p.m. io the bottoa water. The
bottem somale on this duta was the only tima oxyzen was fovnd to be 0.0
p.o.@, in Hedell Pond duzizg the stuedy.

Tuz incresse ia dlscolved oxygea duzing the algaz bloom was not
1izi5cd to the surface water, as @ slight increzce also occurred in the
uaties uster. Tae euphotic zoue on Fabruary 24 {(Table II) did mot
etead to a depnth w’:zic.h would pemlt photosynthasis 1a the bottoa water,
TaZe wauld Ladicstea thers was sema curreat p“ccc..u uadar the fce whieh
oroudat conz of the oxygenated surface water to the deep wster, Diffue

~

elen of omyzen throuzh undlsturbed weter is oo clow that it iz unlikely
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A - o n
thot Ciffenion conld heve &

hove secountsd for the trancfer of ouycouatizd sure
£aca waker o the bottoxn.

m\_

The algae bloom wan of short duration. The clgze bogan to ine

crense ia nombevs about Felruary 10 and evidently reached thelr peck

whout Tehruney 20 when the discolved ouygen zeading was the highes

TIPS 1.3 .0 L3y .. *
Lo SLES, Ratid '43033-6

(x5
2

acrcaze in dicsclved oxygea after the elgaa blooa

-

by tha incvaceed 2.0.D. resulting from the cdead elgez. A
ivect seiztioachip batmeen discolved oxygen and 8.0.D. ct this readicg
vili be noted in Pigure .
oral the D.0.D. of Melleil Pond was low, Frem the tima the
ctidy vas tndtlated watil the late December runoff, the B.0.D. of the
vvriace or bottom waters never cxsesded 5 p.p.m.  After the runofl
gutozed tho pond the last woek in Decexber the B.0.D. incrczecd to 10
¢.p.. &n the curiace watsre, Moot of this Imerease cas bs ate ributed
Lo dusinage from the silase pit. TFollewing this, two simeltansous

inoveascs cad decreacas of the B.9.D. inm both corface cad bottem wasers

vore netod.  The first wes oa Jonuery 27 éad the cecond on February 24,

]

mra lotier coourzad during the clgae bloom previously discucced. Both

£ theoo Cluctuatlicns wore probobly the result of largs algse conceatia-

b
o
>

neyease in 5.0.D. resvlted £rom the readily ducoawoauble
end algae, and the decrease occurred when the orgentc demand rcculting
Zrca the zlgee uce Eatisficd. Although there ves no correspoading ine
creuis or Caeigace fa 2iscolved oxygsen with that of the §.0.D., ¢on

Janusry 27 an undetected algse blooa is iikely the caouce., As indicated

previcesly, on algce bloum mzy be ghorte ived end the reesulting increase
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aliset enticely fmpedad 1ight penetuatioa. Agzoin Lt was found

macisd gmow Ild mot radule light penctratica to the extex

Therclove, 1t is

may L.eve occurrad

TRt v~ - - I vt T~ ™ 9
Logat ponctratfon dota through ice, enow and wazer ia cilail Poad

TR T IR B N
=6 cuaniled In Table 13.

Irem tale table it can ba noted that Lee, whea Sres from sa
CLumdt goeaily alffect ¢ho lisht pene tzat on 35 far as a suffie

20tle zome Capth vas canceined.  Ice depthe of over 76.2 ca.

c2. of locce gnow entirely or

E 4

that come

ot thee loose

Tha turticity of thia water uadar ice cover in ¥o¥ell Pond is

ioond

In Table IV, Tuerbidic

vy in this pond was low with only onc »ifh

soservad.,  After the late Decomber runoff azd rain tho turbl Lity

Lz thrz zmuface waters was 55 p.pas. This was the highest reading

cesorded aad all cother r2adings vwaerze 32 p.p.m. or delow. Tuchbidity of

watar Lo Votlall Poad was not & graet factor dn light seactoation.

Tia lighteandedarii«bottle Cest was conducted during the alzae

erved ¢a Febeuzry 24. The light and dark bottles were lowerzd

wadzr the ice on Feobruary 25, It {o believed tuies was cfter tha 0eak of

-

the algcae dblocon as Indicated Ly the tast. The infitial diszcolved onygen

ntant

LA

wes 2104 pov.m. of both bottles and 48 hours later the licht
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Losaw Leuenaary oL

Pereoat of- Lupimstie Zono
BLate Lica faowr Cover Incicont Light Leler inder Surface

- Peratatic Ioe nf Ico 40 o2
Lantit Terceni:  Lopth €4, ) )

£ cm. Can- it lnn Cnvanr and F oo Clrav Cavaved Cloar Coronr Avarao

12-4-5% 19.0 Clear, cloudy streak 98 8.9 lovsze 2.9 2.9 e 140.' “orm

ia ceater

12-13«59 24.1 5.1 en. cloudy on top, 65 3.0 lonce 49.2 8.2 con 210.7 e
Leut clear

12-23=-59 2%.1 1.3 cor. frezen siush, 25 0-1.3 leose 23.0 19.3 67.3 54,5 64.1
rest cleav .

l 1-6-G9 34.9 5.1 ca. cloudy on top, S92 5.1-10.2 looue 13.2 2.7 51.9 18.4 53.2
reat cleay

1=13-50 36.8 5.1 crm. cloudy ou top, &5 1.3 compacted 20,5 11.3 113.0 &4.5 101.6
_ rest clcax

1-27-560 55.9 5.1 cm. clowdy on top, 75 6.4 looce 13.8 1.1 55.9 Q.

(]

1

21.6

(¢}
rest clear
2-10=69) 55.2 5.1 cia. clouly en top, &0 2.5-3.8 loose 19.0 1.0 97.2 .0 19.0

rest clear

2-24-60 61.0 Clear 80 5.1 looce 12.25 1.0 45.2 0.0 9.5

39«60 75.6 7.6 crn. cloudy on top, 100  12.7 loose 7.3 0.02 43.2 0.0  eee
rest clear

3-23-560 74.2 2.5 co. clowdly om top, 95 3.8 compactad 20.7 2.1 106.0 32.4 35.0
rest clear )
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Soxowesn Javaary 6 and Tobruary 10 the dlscalived ouyzen in beth

by

w

N
Zo0T3. Liil e

orocuze 2 cxall mmount of cwron.  The dark
Je 8.0.0. ef che pend wztor at thls timo waich

s from tha 4ooubated 2.0.3. test.

cod bottonm watars was belew 1 p.p.m.  I£ S4ch had beea

2z pond, they liksly would kave died during the povied of
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1Zzt fampics tsten on Molell Pord wave after the gpving brezke
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scolved exyzen had fncrensed to 8.9 p.p.m. in both the curfaca

o valuas ¢44 aot chauage ¢ any degres as
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Casy wore Lo provieus o Ehe cpoing breckeup.
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Dond dur JANY t

3 Dusoul wog wsilized g3 chieck ageinst Chrd stis Poad cnd

aic goedy. It wes chosen for thls purpose because

reocnd conctructicn. It, thercfore, would have little orzenic

The d

Verrw M aniune

plotted In Figure 5.

S vatess.

igrolved oxyren and B.Q.D. moacvurezents nzde ca Ullman
scived oxmygen conteont of tha water in this poad did not cxhibe

fluctuztlons. Tho diszcolved exygen fucrecacad slightly {rom

=2 he etedy was initiated to ghortly after fce cover. Thais ine

in cicooived oxysen mizht be cxplalined by the lovwering water
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Figure 5. Dissolved Oxygen and Biochemical Oxygen Deamand Levols
in Ullman Dugout, Winter 1959-60.
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CSILiNIly &0 diccussad previocrsly At the Chirlctlie and isioil Ponds

ecwrw @

Afpzz Socoubar 11 the dissolved oyoea da the cusout gicrted g

cnnll but pletdy decrzazs froa just over 14 2.p.0. {a cle curface znd

Lolbuzowubews ts 3.9 popents fnothe sucface water and 6.1 popom i': tha

y o dror,

wotisn watar oa Horeh 16, tha last sampling date before the spriaj

Loonleum, ig slightly afzhor dlocolvad oxygea content in the chto-_-z
votor con b atiyituicd to tho act thet the 2.0.3, of tia bottoxm water
ves lezov than e curfave 3.0.D. et this date

The B.0.D. of Ullman Dupout wes cutremaly lew curing this study.
Yolthoy the gurfase or botioa weters had 2 B.0.D. that exceeded 3 p.p.m.
Tais indiceten the waters of tha cugout were very low inm orgealc centent
and prodably countadned very iittle phytoplankton.

Lisht peoactretiun date throuzh {ce, sacw and vater en Ullzmon Duge
aet Lo licted inm Table ‘x'.i.“l» in 211 caces but ong, more than ong percent
cf tiha inclcent light penctvated to the bottonm of the duzout. The one
exnczplon vas oa Mareh 16 whon only 0.9 perccﬁc of the incideant light
ponctzated 71,1 eu. of ica covered with 7.0 e, of sncw.

hen more than one percent of the imeident light pencirated to
tha bdottom of the pond throuth enow covered with ice, no sttempt was
molz to clezr the ice and nzde & coapatable light penstration measures
oag throuth cleared ice,

g cover ca Ullman Duguet was not & limitlog fs=etor.as it was

ox Cuvictie Pond and telell I’Md. Caly cn Hareh 16 ¢id encw preveat

lizht penctratics into tha pord, On Decewber Il end 23 £udw COVLr vis



TALGLE IIX. - LIGHUT It

P o Bt il SR =

THAREINT LRNIUCE QD

ENOW LD UALTD 18 UL

s rmgem

-

R R S A T T L T R N S 2 T A T o s L L T T R T T L T T L ST e B TR L T T ARG TR YT
- 3
<1

[3 bre B

L.‘uu‘.‘{*{.:, WINTIR 205257

v L

[V

) Pevecit of Driaolle Aong
Data Xce Snor Govaw Incidont Lichi Delow Under Suriace
DPoeciratics Yoo of Lo dna e,
papih Percout Lewsin (cr.) '
i1 cn. Conditicon Cavow nnd Tiee Clrar A Clear Covar Avoraos
11-20-59 30.4  Cloudy Hoze Nono 12.5 o o 152.5 «-a -
12-22-59 35.5 Cleudy on toup, rest 10 wan 33.8 - 127.6 ee= )
’ clecar
12-23-59 35.8 5.1 ca. cloudy on top, 23 oo 23.8 - 191.8 owe oo
vest eleay }
‘ .
1=3-59 3.9 0.0 coi. clewdy cn top, 99 0.6 loose cow 17.9 w=e 173.2 =wo
rosh cleas
1‘20"60 49-5 5'1 cal. CIoudy cn t.OP, 93 205 1005{! g 13-3 hadeadd 163«8 L dalad
rest clear
2~3-50 58.4 Cilear S0 3.2 compacted —ew £5.5 wes 1245 cem
2-17-06) 63.5 10.8 co. rilky oca top, Noae -—— 75.8 e 119.4 wee oanm
rest cleax
3200 66.0 2.5 ca. cloudy on top, 100 2.5010.2 loose wea 6.5 wes 147.3 ece
rest clear
100 7.6 loorce 12.2 0.9 152.4 0.0 <<=

3-16-060

3.8 cn. cloudy on top,
restclearx
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profent on too cupout Lut it vas limigsd to the fce mear tha chores and
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2T o cosbtiel ehaot de bad any o :

ty of the water o Uliman Tvaoout wnder {ed cover o lists
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y of naither the surlzce nror Tie bottea waters
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Noames s m w S el ) - :
200 QIILaSLS 10 P- ".'JQ:’-I &

ceaune the turbidiey of ths voter was coue

gulnily ow and thore wais excellent ponstration of light throush the
woboz, tuUBlilly was net a factor in preveating light peaetrcilon

hroodt Lhe weter of tho Uliwsn Imsous during this crudy.
T2 zedults of the liputeand-davkebotile test condusted on Ulluen
Tooeut indicate that the pond waes n2arly ia e ctate of equilibrlim, that
mucl exygen was being puoduced &6 ceasunsd,  The initisl dice
solved cwjgen dlu lizht and davl bottles wes 8.4 p.p.m. After a 43 hour
cio light bottle ceatalacd 8.2 p.p.m. éiscolved c:;:ca. a lese cf
G.L pupoas @ad tus dacis bottle contalaad 8.1 p.op.m. dizcolved oxygen, a2

iccs of 0.3 pep.e Zrom thne inltial zeoading., The differzence of 0.2

wepe. balzza thwe light and dack batiles indicates there was phyteplaxke
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voh onygen to offret the clcs alvcd crysea cone
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s

to & cmell degree., This is probebly why

. a4
cunniica by the orgacic deman

¢

gue decrzaco fu the diczolved exysen conteat of the pond was zot :hirp.

Tac grout planted in the dugout survived the winter, Ro wintes-
LiZi cuaditions developed and mo wsrtality froa other factors vas nsted.
Toe floh weoz eboevved surfaee feeding a short imy after tha cpring

Ca Anuil 21 the £iazl ecrsles wore collectod £rom Ullmaa Dugsut.
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Blnter LIl ic o majer problem in Iitherles manzaamaat fn Sas
) [ . e 4 -

nevthom Gueat Rlains crea. It ic generally couced by o éiscolved
erxgen danletion fn the wuter seeulting froa cerchilc decompouzition of

[vlidats -

sunie walter in the wvater. Challow, fertile lakes mora comzonly
sellov winter ki1l fhon o thae desp, clear lakes. At timas othor
facicoe way o2 lovelved &n wiater kill.
Zeeslved cxyzon le suppliced ts en aguatic eﬁv‘ran::at mainly ¢
a by-nceiusl of chstosyathetic astivity of preocsa plants.  Aercation way
otedslznally provide an Imeartoat cource of dlseslived oxygzea.

Tadzr ice caver pustosynihecles of green pleats iy be the oaly

sroduction. Moy times light penetxatioca through ice,
gre ond water oay beeozms fhe eritiesl factor im tho curvivel of aguatic

T s
J-l-c'-'i..-—u-wi

Taz dlssolvad exygen tect is the primsry atha4 of deterzmining
the vinter condition of é laba., The bilochexlcaleoxygen-demond test and
1ot sonstrziloa measurements through fce, &now end water are also
imrnovtant, Other tests are turbidity mozouraments, lighteandeCarke
Soctle teots, and tests for varxious dissolved'gaces cuch as carbon
¢ionide, hydrogen sulfide and exuwmia.

Thio ctudy wae vadertaken in an gttompt to clerify come of the
wintzuvakill pheacmana, Two fam ponds and & dugout pond used as a check

veca chosea for the stu;y. The tesls mzaticned ebove were uced to
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PV
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srsizeoatly hlghe Anzoucble ceaditions developed in the pond and car

h&"
ben dicmids, hydrogen sullide ead cmmonia were all precent in towlc cone

= e, LR
cenTuatlianz,

Ligiat poustraticn throuzh lce in Christic Pond was ustally cuffle
clent Co cotiblich & cuphotic none of considorable depth. Looce snew

oaztraticn vheress compacted

3

cncw affcsted light ponstration to & lesser degree. Turbldity was found
€0 be cn Lmmoztant facier L reducling ligat penetration through vater.

It ic beolicved thera was complete winter kill in this pozd.

£y -~

Palizil Toud cuffored winter~lkill conditions but not cevere. Dise

colved ouyzen vas bolow 1.0 pep.wm. for oaly @ ghsrt tims iz the study,

Tho T.6.5. ¢f the pond weos relatively low. Uo anseroble coacditlons or

hermiuk zoces werte aoted in the pond.  As da Chrictie Fond, snow cover
q the foo was the main fector lim{ring ligat penctration., Turbidity of
he woter fa this pond wos aot & facstor ia light penctration,

Ulicza Duopout previded a chash on the Cavictle and Mclloll ponde,
L1l condltions ware roveyr clocely aparaached in the duzsut, Dige
colves uryzan levele wera concictently high waile the B.0.D. levels were

conziceontly low. Lignt pexctration wae kigh through ice, sacw and
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Pors tie cecu tho dovestizatlica cn tho three poads, ceveral

2 cozelucions can be mader

e Low cigzolved ocuyoen content dn the water 28 & glgaiflcant
cavse of fish moviality.

S CGuygen veleased 55 a byeproduct of photasyathetié cctivity

oI phytoplankion is a souyce of dicsolved cxyZen undzar ice
2. Ta2 0.0.2, tost indicatos che degres of probebility of winter

&, Zmagroule coniitions incuezea the 3.0.D. of 2 pond.

S Tz B.C.3. iuncueascs with the decompspition of lergs &lz

5. Ieo ueesnlly is mot @ limiting factor in p cveating sufficient
ilzht peoctontion to ax aguztic cavironmaat, vut 2.5 ca. o
more of looes oagw cax be considered a critical fzactor inm the

ponobrotion of light, wherezs 5 cu. of caupactsd spow is not

7. dn increase in tha turbidicy of tho vater will decreass ths

Clotaace that 1ight will penctrate the water.

Ll

1N ae cccurance of goces such as catbon dloxide, hydrogea

reY e mw

culfid2 ond ermonia iz conzentrations vhich are ca“*ﬂ to Iich

Fodorw

t

was prelably not & factor 4nm mortality of fich in the winter
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