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IN'mODUCTIOH 

in ou-tatandiDg characteri.tic ot KaDaa. lakes and pond. is 

their nuctuating _ter 18'1'818. Amplitude ot vater levela, according 

to Penlound (19$3), i. the most critical factor in the establ1lhment 

ot aquatic vegetation. Sedonal and. year to 1Hr increase. in rain

tall re811lt in the d.struction ot terrestrial plants in the flood 

lODe ot 1.JII»ouDdmeta and the landward llligrat10n of aquatic plants. 

Reduoti0D8 in ra1.nt&ll reault in recession ot _ter level and nbse

quent destruotion ot aquatic ,..g_tat1on. 

Th18 1nvutigation ia a stud;y ot aD a<matic em1rolll8Dt in 

which tluctuation ot _ter level is rlrtuall7 noou1stent. This 

aondit10n 1. made poU1ble b;y a topographic depreasion supplied vith 

a coutant nov of _ter by an adjacent artesian vall (Fig. 1). 

E1toees water trua the result1ng III&rsh draiD8 a.aT Oftr a broad surface 

on one side aDd leave. the maiD body' ot _ter relatively undisturbed. 

Reducing the amplitude ot the vater 18'1'81 _ke. possible the 1.nYesti

gatioD ot other factor' that contn.bute to plant IODation. 

ftl8 present study gathers quantitative data from one small 

area at 4,750 ~ (1.16 aares). Studies of lentic vegetation have 

tended to COllp&r8 a number ot lakes 01" pond. and involved some con

crete data and much 'leneral observation. In 8cme cues, investigators 

aSftl1Sd that certain tactors sittler were or were not instrumental in 

caU8"1ng variation 1n aquatio looieti... It 18 hoped that thi. study 

includel enough qaant1tatlft data 1;.0 be useful a. a basis of compari

Bon in future aquatic studies. 



Fig. 1. General view (looldng toard the lOUth1l8lt) of the 
bogy marllh 111tb artesian well in left foreground. 



-2

!be presence or absence of certain plant epecies ill otten 

desirable in pondeor lakee of varioue usages. While macrophJtic 

plants may be undesirable tor impoundments del1gned tor fish produc

tion, ~ of thea provide necessary food tor migrator;r _terfow1 

(Penlound, 19S3). KDovledge ot factors cootribut1Dg to plant aggre

1&t1ona Jlight be UMful in their control. '!be prox1m1t)" ot the 

Qu.1v1ra lational Wildlite Refuge and Cheyenne Bottoms _kel a atud7 

ot watArtovl plante in tb1a area pertiDent. 

A Wl1que teature ot the stud)" area i8 the establishment ot a 

bogg)" mat ot Leersia omoides. Bog oonditione are rarely it eTer 

encountered el8e1d1ere in Kaneas. 

1he	 objectives ot this studT be 8W11B8rized as tallon I 

1.	 To prepare a l18t ot Med plant species in the area. 

2.	 !o establ1ah sonation patternll b7 use ot l1De transecta. 

J.	 To lltud;y certain ch81I1cal and physical factors in the 
water suppl¥ aDd the cbaDges in the.. factors at 13 
selected stations. 

4.	 To investJ.gate relatiOD8h1ps between vari<NS plant and 
an1 M] species and betMeen theee species and eovirOD11l8Dtal 
factors. 



REV:mw OF LITER.l'lURE 

Since the ,inception ot their ecience in the nineteenth century 

ecologi8ta have amassed a voluminous literature. Since every colllllU.n1ty 

18 50 complex in ita organization and. interaotiona, any etudy ot a 

comunity can be only' tl"agment&ry in scope and period ot tae. At-tertpt 

will be made here to 11.t only those inveat.igatore mOM published 

works aee.lI8d partioularly helpi'ul 1n this etu.dy. 

ltlch ot the basic pertinent material bas been condeneed or 

5U.I11D1.r1zed in 800108:1' texts. Excellent information on zonation and 

succession vu prepared by We••er and Clemente (19)8). Oosting (1956) 

bad helpful paragraphs on plant I!U.C08ssiOD and on chemical faotors. 

Daubenmire (1947) published pertinent intO,rDBtiOD on 80il nutrients. 

Odum (1953) listed various boic ooncepts in a chapter on treshwater 

ecology Mh1le Coker (19$4) included numerous chapters on the vater of 

streams, lakes, and ponds. Welch (1952) discussed the limnological 

s1gn1ficance o.! larger aquatic planta. 

Many studies have dealt with chemical and physical aspects of 

plant societies. From a study of 22; lakes and streams 1n M1lmesota, 

Moyle (1945) concluded that, "Water chemistry appears to be the .JII08t 

1mportant s1Dgle factor intluenc1Dg the general distribution of aquatic 

plants. ~ •• in that state. WilBon (1935), reviewing the wmok of Fassett 

and Steenia 1n Wisconsin, says that 'these studies have clearly brought 

out the tact that there are det1nite relaUonahips between t1Pel of 

aquatic plant lite and lake chemilt17." Wilson'S own work related the 

distribution of 'legetation to pH ot the vater. Metcalf (1931) correla

ted the distribution of aquatic plants in North Dakota lakes nth the 
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total dissolYed m:i.ne.ral content of the vater. 

Var1ou.s workers have related spee1fic chem1cal character

istics nth aquatic plant distribl1tion. Penfound and Hatballa7 (1938) 

found saUD1:ty to be ODe factor determining plant dis1oribution in 

Louia1aa marshes. Wood (19S2) reported -.rked correlation betweeo 

species ot the Cbaraceae and salinity, met.b1'l orange alkalinity, 

and pH value.. Swindale and Curti. (1951), vor1d.Dg in Wi~coD.l1n, 

analysed submerged plant CO!lll1lm1 ties in areas of conatant depth 

and unitoriU substrate. '!hey reported gradual changes in vegetation 

paral1eUng changes in water conductlT1tl'I water acidity, and 

organic content ot substrate. Wilson (19.3,) indicated that suc

~ssion in Wisconsin lakes vas dependent upon the type ot 80il 

aCCWIIllating in tboae lakel. Hoyle (194$), experimenting with 

Lerma minor, showed that even tree-floating vegetation 18 dependent 

upon the :erti11ty at the bottom soil tor suooessful gr01ilth. ZoBell 

and h1t.ham (1942) observed that bacteria in & 'California marine rud 

tlat have 1Dcre.ued hydrogen-ion concentration by &s mob as 0.02 to 

0.3 pH units. 

Studies relating vater temperature to plant stature and 

seed germination vere reported by Rickett (1924) and MoriDaga (1926a) 

respectively. 

Nwnerous studies have emphasized the produ.ctiv1t7 and tax

onom;y ot aquatic environments. An inteneive tvo-yearst.udy at the 

dynamic_ ot • Minnesota pond ,.. conducted by Dineen (1953). Plant 

co_unities of .32 Oklahoma lakes wre studied by Penfound (195.3), 

DumerOUS re1'erenoes to the ;lIII.J.laCement of aquat10 vegetation around 

lakes bav1Dg been diaousaed in an earl1.- publiaatjJ)n (1952). 
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In Kansas, Jewell (1927) made re:f'erenc.e to ..It muab plante 

in Stattord County. McGregor (1948) listed the plants innding the 

Leavenworth County State Parte lake arter it _s drained. £. s1mi1a.r 

S'tudT _. made by MoQregor and Volle (1950) at JAke Fegan. fieme1er 

(19,1) _pped the ftgetat10n and etud1ed ita changes at the 

.opol1e aeHrvoir. 



.LI~IPfIOll 01 1'HE AREA 

1be marsh S'tudy area is located in northeastern Starford 

County (Fig. 2) and i. part of the Great Bend Prairie Region ot Cen

tral IWulas. '!be Great Bend Prairie, compri.ing the area bounded b7 

the great bend of the Arlcanau River, is an aUurial plain tor the 

most part covered by wind-blown sand. 'D1e dOlll1nantly andy 8011. 

ot th1a undulatiDK plain absorb ra1ntall readily and are productiT8 

of 1Iheat, sorghwu J and paature grasee.. Staftord County lies at 

the south edge of the Central Kansas uplift 1Ib.1ch developed just 

prior toPemsylvanian time. !hi. uplift with associated s..ller 

do.. is favorable for oil accumulation, and the tapping at the.. 

oil pools has becOIB9 an importaDt industry 1n the county. 

1here 18 general agreement (Carpenter, 1938) that the term 

"marsh II reters to • monocotyledonous aollRlDit7 grow1Dg where the 

80il 18 usually saturated or covered with surfaoe vater. Malt 

author. used the term -bog" in referring to depres8ions tilled vith 

living sphagnum, sedges, or ericaoeous shrubs. Waterman (1926) 

suggests that floating mats vithou:t the characteristic bog plante 

should not be included under the heading of boge. Lindsey (19,3) 

used the term abog~ marBhIll in referring to a nat disturbed by 

intermittent flooding and silt deposition. 

1he present atuclJ are., 1Ib1le not having the characteristic 

bOil flora, has a mat of vegetation and a substrate of organic matter 

with much silt and sandy material. !he term "boggy marsha will be 

used in referring to this area to emphasize the pre_Doe at the 

floating mat zone. 
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closed bY the profound folding, dislocation, and upthrust ot strata 

that tormed the Roek.'1 Hounta.1ne. 'Ibis are.at revolution lasted into 

the Cenozoio era. . 

FolloviI32 the formation of the Rocky llountains, their pro

longed erosion brought 'l'ertiary sands and gravels eaetnrd to forra 

the gent1.)r sloping plain exteDdiDg into the western one-third ot 

KanIlU. !he KaMan ice sheet of the Pleistocene did not reach 

Staltard County, but during its penetration of northeast Kana.., 

meandering streams from the Rocky Mountain 1'ootb111s cont1Duad to 

deposit sand and granl over the Te:rt1.ary outwash mater1als. lJhes8 

deposits were later sorted by v1nd aotion nth the result that IIOst 

ot St.aftord County' is covered with Quaternary dune Band. 

1he .Arkansas River channel has eroded into Paleozoic l!hales 

and 'Cretaoeous dePOrtts to torm the present day depos!ting stream 

with its tamiliar anaBt.omoa1ng pattern. 'lbe channel has slowly 

8hUted to the north across Stafford County to form a large bend, 

leaving conspicuous mounds and ridges ot sand 1n its wake. While 

, 

several explanations tor the northward diSplacement ot the river have 

been givan, SahOEnM (1949) suggests that noDe are conTinc1ng. . 

i'he great 'bend of the .Ark&D8as River nov b1PUses northern 

Staftord County, but a tribut&1"7" Rattlesnake Creek, meanders trom 

the county's southwest COrDer, rune between lov-l1ing salt marabes in 

the northeast, and enters the river jWlt beyond the county's north

east corner. S-treu-depos1ted alluTiwn 1s exposed along the Rattle

snak& '. obannel, and marsh depoeits derived from dune ;BlLDd underl1e 

the Big and Little salt l-larsh area8. '1he preeent .study area 11e8 in 

a gentle, alluvial valley that extendB south from the Big Salt Marsh 



~~ 

·~e because of sandy s011. 

io:termittant pools betVBen 

~1.) 

'!he run-ot 

,
 

knolls and seeDS lost 'aporation. Most 1IQ1"

soils 1dnd...orked ands oontain1rJg variab 

imount 'CC&BJ.OD&J. bodies of loe88. Along the 

1."1 alkal1De 

to be used .cu.L"liUl"B.~• 

ound.water and Artesian ConditiODl!l 

Underl.1rl-m: the surface dune sand of Stafford County 1s the 

Heade formation of the early Pleistocene. It consists of UDCOD

solid.ted silt, sand, and gravel deposited on the eroded surface of 

Cretaceous and Pel"I:li.an rocks. '!be sand and gravel beds ot the Meade 

formation yield most of the vater used in Stafford Count)" for public 

8'..lpply, stock, and irrigation purposes. 'lbe vater is g&oeralJ.y 

abundant and o£ ~ood quality, but in several looatiorw has beco. 

highly m1.neralized. 

Local h1ghl.y" mineralized conditions are expla1ned by eDJll .
 
ining the motion and recharge of ground water in the county. As ground 

ter is discharged by seepage, evaporation, transpiration, wlls, and 

subsurface move:lliBllt tron t.'la area, it is being recharged by' local 

preeipitation, seepage trOID. streams, ~ ~surfao9 percolation from 

the west and 8au.~at. 'lhe highly mineraUsed wa-ters at the base ot 

de formation are Dl"obably derived from the underl.Jing Permiul 

rocks, Chqenne sandstone, and Kiowa Bhale (Latta, 19,0). Where ..ter 



-10

1n these bedrook tormat1ona 18 under greater hydraulic head than 

the sotter _ter in tbe onrlJing Meade formation it 111 torced upnrd 

into the Meade gravels. 1be bigbly mineralised vaters, baring great

er 8pecific graviV, tend to CCGcentrate in the lower reg1oDol ot this 

gravel lqer. JfMDMhl1.., 1.001.1 preclp1tatioo ia recbargiDg the under

ground _ter aupp17, ~ it u-rd the _t. A b1gh bedrock ridge 

treAding across the direction of _t.er IIOftIIeDt forces the b1gb.11' 

mineralised _tera UIJRrd 111 Dortbeutern StaUord County where they 

are d1aaharged at the surface at the Big and IJ.ttle Mar8hee. ~ 

lII1Derab are further concentrated b7 8...poration resulting in aal1ne 

vatere at the lIIrllbes. Several wells in the nciD1t;y ot the Big 

Harllh had a chloride OCI!Dtent ot 300 to 1,000 parts per JI1llion (ppll) 

in 191&2. 1'be arteeiaD wll of th18 etuq area, tapping _ter from 

higher reg10na ot the formation, had • chloride cODteDt ot cm11 6.5 

ppm (Latta, 19$0). 

Artes1aD conditions exist where the OIltcrop ot a vater

bearing tornatl00 18 higher thaD the point of d1acbarge aDd a rea':; 

tlvaly 1ape1"lll8Able bed caps tbe aquiter. Because recharge OCOurB 

at the outcropping tlbich haa greater altitude, bydrOlltatlc pr••SU1"e 

build. up 1Ibere the aquifer dips. ~en a ..11 11 drilled tbrougbthe 

confining cap, ..ter r1aes 1n the wll mob like vater atre-miDi: Iroa 

a bole 1n the bottom ot a boat. 

At leaet tift artesian ve.ll8 are tlov1.ng in northeastern

,Stafford Count)". Dle one 10 the pre.nt stud)" area, li.ke the other 

tour, tapa the 'sand and gravel of the, Meade formation and nova 1n 

a topograpb1oalq lovarea. Latta (l9S0) rusODa that since vater 

, 
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r to the level of r table in ounding higher areas, 

artesian canditiona are Btrietq local. ound...water, he ~, 

1s P!"'obabl¥ co: beneath a local lens ot relatively :Jmpermeable 

.Ut Dr elaT. 

As far • determined the present 11911 -. drilled b7 

a core driller 10loe1e tormations in the ear~ 1930'. 

(Sledd, 19$8). the tar riMs from a reported depth of 40 fi. - > 

Ci"-B1Dg (Latta, 19S0). At the surface the _t.er 

escapes through • horizontal 1.75 In. pipe stemd rig a cylindrical, 

iron-cased, concrete block shOlll1 in r1gure 3. .l secoDd pipe" 1 in. 

in d1ueter, extends ....rtical1¥ from the top of the block. In October, 

lonoal Surn17 meanred a flow 01 6 gal/lII1n, the 

water r181ng to 1.h7 ft••bove the top ot the pipe (lAtta, 19SO). On 

August 4, 1958, the present vr1ter J uaing a gaes tube .xteD8ion, 

mauured a _tar head ot 6.) ft. abOft the Tertioal pipe. On that 

date" the O\1tput measured 6.15 gal/min. 

Water flowing from the well takes t.wo possible routes. Some 

water rtlD8 in • generally southeasterly direction over a broad, flat 

area into adjoining grauland, mw-nt"tI' 

thr 

ly to the east aDd 

paralle road, turning north and p&ss1Dg thrOURh the 

concrete road culvert 285 m. (935 ft.) east -of the well. Die 

deri,1Dat.10n ot t.h1J _ter ls the Big Salt Marsh to- the north. !be 

second oo111'ee 18 that 1Ibicb flows into tJle b sh depression 

1I8st of the wll where!t replen1lhe. the _ter lost by ...page and 

8Vaporat1onr.. 

Long-tima residents ot the area report that the p1"'esent 
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11 vas dr1.Ued, suggesting the po.ssibil1t7 

charging of marsh vaters. Narrow streea ot 

tor Stafford County are recorded by the u. S. 

atller Bureau at Hudson, located 7 miles southwest ot the study' area 

.nA~."""?I+. of COTIDerce, Weather Bureau, 1957, 1958). 

cold water in the boggy marsh area rnnning in an easterly' direction 

toward the well were obs8l"Yed on several occasions and add credence 

or 

to the subsurface reCbarn idea. A 20-19&1" resident of the corn!!'lJl11ty 

reported a marsh northwest or the study area llIh1cb ocoalional17 ex

hibited a viRorous utJWel~ of 6ound-wilter thl"ough the sand sub

strate. Other residents 1n the oommunity have substantiated this 

'!be weather in Staf~ord CountyJ t ot the whole state, 

exh1bits !reauent and otten abarp changes. Be change. are due to 

Kanall' nOfU"aph1c loca1don making at to alternate ".4111 of 

armJ II01.St air fro.. co and currents of drier, cold, 
air trOlll POlar rei:1ons. 

South winds prevail in the count7 from April through !lOVMber, 

becomiM northerb durin2 JaDD.&r.V', l"ebruary, and JI1arch. A,.era(!8 

relative tmDddity 1& 40 to 45 per cent in July and abou.t 65 oer cent 

dur1rJR winter months (Flora, 1948). 

The outstanding teature ot the wather nUP1_!'U' 

studT pe.r1.od _s the above-normal precipitation during the growing 

season. Table I Bhovs tbatthe 19~7 precipitation totaled 16.42 in. 

above the aver~e 2) .19 in. for Stafford County. 1his total included 

tile 8 in. of lIDOW which blanketed the county duriDg aetorm on March 
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-1)

inated by abort arusas. 

bo 

33 in.. BUDPOrta the 

occurs du.ring 

the county C.LJ.JDali, 

western KMsIS, 

8 is 

22 to 2;. 

than 

Seventy-six 

Stafford COtmty. 



i'h18 8tud7 8 in! :d loTJl'l'i!h I 1957" vitb "'pp~ ot 

the area and the staldng out of' lWf'81'al qgadrata. Be qudratl were 

byUHd tor nneral obsernUons ~" 

of' llne tranaecU. TranaeN were establ1ahed in .lugu.st" 19S1 J 1Iben 

the first plaDt counts were e. J'ollOlliJ3g this J surface .ter 

temperatures reCOl"ded along transect l1nes and _ter chniatrT 

determ1DatioDS vere made at the _11 and 13 stations in the -study 

area. 

Plant count. aDd variCJl18 meAsu1'emente were repeated during 

the period ot late M.q and e&rlJ' Ju:ne, 1958. At this t1Ju meuure

.nts wre alao taken ot the depth ot eurtace _ter and bottom IIIld. 

Qaaclratal 

EIght 1-metAJr quadrata wre e8t&bliahed in the apr1Dg of 

1957. Two quadrats .1'8 placed in typioa110caUt1.sof' Nab ot the 

3 vegetation 101181 ot the bogQ marsh and 2 were located in the nat 

area southeast ot the well (Jig. 4). 'l'be 4 COrD81"8 of' each quadrat 

were marked w1th lathe dr1ftDlol1dly into the BUb.trate. on MaT 31, 

19$7 J Tegetation _ps vere drawn ot .ach quadrat. On June 22, 19$'1, 

quadrati were ob.el"ftd and " ftgetat10Dal chIng.1 _r8 noted. Dlese 

ObaerftUODII V8l'8 repeated on J.ugust 4, 19SB. 

Line 'tranaectl 

Dete1"'11 n1 ng a method ot ltud;y1Dg both aquatio and terr••tr1a.1 

vegetation ot tbia area in a detailed Jet practical R7 pOled certain 

problea8. The qoadrat _thod connon1J used in grasslanda ..a con

aidered suitable tor the tall grUI comuD1t7 but 1Dadequate tor ahow
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1ng saaation in the aquatic COOmmnity. Gates (1949), Weaver and 

ClMenta (19)8) J aDd OOitiDg (19$6) agree that the beat R1 to 8hov 

how ftgtltatlon varies nth cb&Dging 81)T1rODl8l1t is the transect 

_thode A geD81"al eur'WY' ot the area aDd its ftgetation son.s 1nd1

oa'ted tba't a1:>m'cu1.ma1ie17 10 tranaect8 were ne0888&17 to give aD 

adequate picture of Bonat1.on. SpaciDg 10 iirlDHctl at regular inter

vals would resaltin. total traDMct leDatb of 300 m. Because ot 

the length 1DTo1ftdJ it .. deeMd 1IIpract1.cal to 11M a trannct ot 

appr.c:lable v1dtb. Gates (1949) aDd Oost.1ng (1956) have suggested 

the ue ot the l1D8 tr&Dll8ct in 1dl1ob all the plaDta touching a 

l1De are recorded 1n the order ot oCCU1Tence. In this studyJ the 

l1De transect .. IIOd1tied by C0D81der1Dg the 11M to haft Yertical 

uteuion. tie _thod giftS more near17 equal 'Nlus to speciel ot 

various 'heightll. Arq plant orgaDe ot a certain specie. intercept1.Dg 

th1e vertical plaDe aJ.ong eaob l __ter 1eDIth of the transect were 

noted. 

1Jh. tiret tranaeat eetabl18hed extended trom the 8out..hwat 

oorner ot the triangular study area 'and formed • perpend10ular with 

the road that mrlal the. north boundarY ot the plot. Stakes marking 

the north enda of traDll8ct l1Des 1181'. placed at lS...ter 1D1ierft.ls 

in • nra1gb"t liDe aloDg the ditch QI.'1 the south side of the road. 

Jroa the•• stakes J perpendicular. exteDd1ng south acrou the Bt1ld7 

area :lDtercepted the tenoe .l1M that forru th. llouth bOWldu7 ot the 

plot. W1ere the.. l1De. 1Dteroepted the teDoe, 8'take8 WV8 dr1Ten to 

mark the aoutbend o~ ucb _..-vu. 

1he at&k81 at the end. ot .ach traDS8ct wre 2 in. square and 
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, 
• driven into the ground with cml.T 1 in. 

lett aban the surtaoe to avoid d18turbance b7 road equ1pnent or lift

ROok. 70 make th... po1ntB aore eaaiq rtaible, string.1Ml'e tied 

to the south fence abon the stakel. Along the road woodeD laths 

urk8d the locat,1oD of the IIm'e perm.D8Dt markers. 

'lJ'aqII8cU :in tb1a 8't11d7 wr. dea1pated by tbe lAtter. A 

throwzh J beginn1ng at the eaet end o! the plot. Distance a10Dg 

each traD8eot 1IAL8 measured in ..ters beo1Jm1na at the north end. 

PlaDt Oounu 

.l 7<Muetel' length ot biDder Wine oOmi:Jr1sed the transect 

l:1De. Short l8Dgths of lIb.1te cord were tied at l~ter 1ntenalB, 

with yellow ribbou mark:l.ng eY8r7 15 m. tor ...., rtaib1lltv. Count• 

.... _de with the aid of a band ta~ J-ep.s'ter. Eaob llpec1es, nth 

its DUJIber of 1nterOfl'Dt1.oua along a l-meter l..eDgth, 1I&S r.~ded. 

Reaards wre kept bT an assistant, leaviJ:12 the baDds ot the 1m'esti

gator tree tor operating the tallT register aDd JD&D1pu.latiDg the 

veptat10n dariDg the ,counting prooe.s. EEtremitiea 0.£ the l-met.er 

1aDgth wxIer count were marked with· '98l'tical vires extendiDa trOll the 

li.De to the grcnmd to help establish the Y8rt1ca1 plane. 

W. seed plants were iDcluded 1D the ccnmt8 nth 2 nneral 

except1one. Trees farming the ovwatory and duokweeds _oee loca

tion cbauged vith ..ter currents 1iIlB1'e ~t counted.. When dense grus 

aociet1es of hoao£eneous att"ucture were encOuntered, e:zperimental 

coant.s waro made and \..n_"",,, 

lant Identification 

plants ware ide.nt1fi.ed in the field. Qates l (1937) ka,. 
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used to idEIDt.ify. gras5e8 1irhiJ.e kiJys of FernaUJ (19S0), RJdbe.rg 

(1932), Fasae-tt (1957), and SteTens (1948) 'were consulted to identify 

forbs. Some ident1fications wra q.de ar con1'1rmed b7 Dr. lJ.oTd C. 

Hulbert J Kansas State Un1Te1'ID.t7. 

OMnclature follDw FerDAld (19$0) mere posaible. Species 

not l:1IIted in that PUblication tollow the ~lature ot Rydberg (1932). 

Voucher m>ec1mens ot plauts 10 the study area, whether or not 

encou:ii~red in transects, ware dried inpreases and deposited in the 

,berbaz1.um ot KanA. State Teachers College at Fmpa1'ia,. 

Animal Ident1fioat1on 

JiOmiinc1atu:re ot IIlIJlInals obse,rved 1n the study' area 10110118 

1 (19~$). Field identifications at birds were made according to 

tersoo (191.17). Identifications of reptiles aDd ampbib1ans 

ac.carding to Smith (1950). ! speci.es of t1sh was identified by 

DJ!-. Frank B. Cross, Un11'81'si1i7 ot Kansu. Nomenclature of erayfilh 

and iDaacta tollowed PenD&k (19$3) and ad.th (194,) respectiveq. 

P:tanktcD Collect1ons 

PlankI;on sacplea wre talam With a 70-meah, bQlting s1lk tow 

net fitted with a 130 Ill. glass collectiag bottle. Colleot.10D8 were 

de 1D mid~on on Juq 26, 1958J ~om stat1OD8 3, h and 13. 

Some plankters tmZ'8 1den-tit1ed trom samPles sCOOlleC1 !'rota near the 

well on Karch 16, 19$7 J and June 26, 1958. Spee1me~ were preBeM9d 

in S per cent forw]; n solution and 1dentilied in 'the laborato17. 

Zooplanktars vera idenut1ed accord1ng toPemJak (19$3). 

])ro. M11dred S. W1l8on at the Arctic He:altbRuearch Center ident1t1ed 

a specie,s at Attheyella. pt¢oplankteI-s were d~ by Dr. Rufus 
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H. 1homp8Dn, University 01 Kanaall, with the nomenclature according to 

Fritach (1935, 1945). 

Depth Meal\U'eDl8ntl 

In JUDe, 19S8J _ter depth we IMUUl"8d at eaClb m_ along 

traDaeot l1Dea. 'or this purpose aD ircn aounct'ng rod 1; ID. thick 

&Dd 1.S Ill. long as d1dded into 0.1 a. graduat10DB b7 _11 backaav 

cuts along eIle side. .l 1'lat, wooden shoe, 11.$ CD. squre (1'1g. S), 

... attached to the lower end to retard the .1nJdng ot the rod into 

the soft bottoa deposits. No attempt vu made to ...sure the distance 

to the bottom 1D the area ot the gras. _t sone. 

!be ... 1qlrcrd8ed aound:h18 rod, mirJraa the voodm shoe, _a 

used to .-uure the distanoe froa the _tar 'a surface thrOUlb the mu.d 

to the paoked ADd UDderl11ni the Ed botta. 'lb. beYeled end ot the 

rod .. eu1q forced down to the aand7 lqer. !be. "lIU1'eMIlta 

were alao recorded to the DNl"eat 0.1 Ill. 

!ellperature M8uureJ1enta 

Temperaturel of surface vater vere recorded tl'r8r7 2 m. along 

each transect in an attempt to establ1sh p&tterD8 ot _tar currents. 

'l'emperaturea nre recorded to the nearest O.SOC. and vere taken during 

the late afternoon hours to record the greatelt poaa1ble upl1tude. 

'l'hermometer read1 Dgll were taken on August 17, 1957, and JUDe 28, 19~8. 

At tbe same t1.nBs temperatures 1I'8re taken ot the a1r and ot the 

water 18su1ng from the well. 

Chemeal Determ1nat1ons 

Cbernical ana1¥Ms at .ter from 13 atatiou and the artea1aD 

weU vere _de on August 19, 1957, and June 7, 1958. 1Dalpea were 
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_d. duriDg the att.rD00I1 hour. to a1lD1r recording ~ the tall 

.ft.cts ot sun] 1 gbt CD the ec()8J8te1l.. To aTOld the d1aturbiDg in

nuanoe ot run-ott vater entering the ..et eDd of the boa7 .-JOsh rta 

the roadside ditch. oare _ uera1Md DOt. to JI'1m &Dalpe. t-Mdiate

17 atter ra1D8. CollectiDg IltatloDa wre .nabl18hed at poirau tlbere 

det1D1te nptatlon SOM. intercepted VaDHct8. Detera1Dl.tloDII in

cluded bardDe••, alb.lin1tT, di••olnd oxnen. tree carbon d1ox:1de, 

and. pH. 

~. 

rree carbon dioxide in ppa va. ca~aW.&ted trOll tltratioD 

procedures deaaribed by Welch (1948). 

r..d1ately foll.olrini the oollect1oD o~ suplea in 1,3$ 111. 

reagent bottles, water _. teated with portable titration uniU aDd 

pipettes at the study area. 

DetermiDatioD8 of pH were _de OD .lugua" 2U. 19;7, and June 
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'egetation of the CouDt7 

the ~t abuDdant putur. P'a.... in nortbeut StaUord 

___ nrpWlll L., ADdr'oposon prard1 Vitaan, and 

soreatrwa nutaM (L.) Ifuh. Auociated with the.. tall p'.... moe 

ft!"101lI forb.. 1be IaOre obY1oua 1D.clude De.anthul i] " "OeD.SA 

(Mlc:bx.) MaeM., CleOM eerrulata Purah, and Clea.l1a !Dp!titolla 

Torr. Present 1D aM)]er DWlbers are Cir.i_ \U1dulatum. (latt.) 

Spreng, Gaura J?!,!'!1f1ma Dougl. and EuatOM ruue1J1anum (L.) CtriJIeb. 

Woody 1hrub8 and VM. 1D.clude Cornu a!R!1"tolia Miahx., Prunu8 

U8ri0&Dl. Manb., rom- deltoidee Mar8h., and S&lbt D1p! Marm. 
Occa.laoal su.r8by depren10nll aboud 1D !lRb& lat1.tol1a L. J 

Eleoabari. oalw. torr., aDd Sairpu! amer1oaDW1 Per•• 

Roada1de ditche8 vith1D • l-mila radiue ot the artellian _11 

aupport an ...eJlblage ot plaDta in addit1oD. to those .-atioaed above. 

!bur0Wi80a:1etua of conpo81teB occur, Dotabq SOl1dago caD&derwiB 

L. J LactuCll .carioh L., Baplop!PPu c1l1atus (Mutt.) DC. J Ambrosia 

tritida L., and Heli.anthus uy1m1l1an1 Schrad. Other roadeide plante 

ot the area are Hordeum Jubatum L., setaria Bpp., Verbena haatata L., 

and Melilotu !!2! Deer. 

!he -.rg1.n8 ot the Big Salt Marsh aupport various aquatice • 
. 

Dur1.Dg dry periods the salt flats are invaded bY' Flanria campe8triB 

'J. R. Johnston, sua. depres" (PurBh) S. Wats., and other plants at 

sal.1D.eor alkaline 80U... 
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Vegetation of 

'!he study area itself supports both aquatic and terrestrial 

vegetation. 'Jhe boggy marsh, comprising 2/3 of the plot, conta1nl 

three main zones. In the sO'u:thvast Bone ~ lat1.tol1a dcn1Dates 

with Bel"Ula pua1lla (Hutt.) Fern. as an ear~ SWl'lI81" uaoc1ate. BideD8 

laerls (L.) BSP. parti.al.J.¥ supplants Berula as a marginal subdooinant 

in late suaDBr and tall. lftl8 open vater patches Vithin th18 .",=_ 

zone ottc1 abcnmd in Lema JI1Dor L. and Sp1rodala P21lrh1!a (L.) 

Sahleid. with a].gal t1.l.I&:Mntl ot Spirom. lIP. and Iqngbya lip. tis 

Bone 1s illtJ8trat&d iD Fipre 7 &Del freqw.ma'l data OIl the doa1nant 

lpeo1el are ehOIID in Figures 8 I 9 and 10. l'requen07 1s 1h0llD as the 

number ot interceptions ot plant parta per )~ter 1nterral. 

Bordering the 1)pba BODe on the north and northeast is a 

fioarilJh1ng mat o~ Leer.a Ol7!0ides (L.) Sv. wbioh reaabes to the 

nortnvest edge of the boa7 arab (r1g. 11). lNqueDc1.M ot LHrsia 

are shoIIn :1D I'1pre 12. Included in th18 sane aN .cattered 1Dd1rlduala 

ot .Asclepias incarnata L. A zone ot emergent 8ag1ttar1a latUol1a 

\'1illd. fwme18trOOl the northeast border ot the Leers1a mat tntothe 

channel leading t.m.rard Hel.l (Fig. 13). :u..amentoUB algae are 

resent here as vell as diatOl1l8 of a Coccone1B and Rhopalodia. 

roacbide aDd 

.ApocyDW! oa:rmab1mm L., Sai!pUl 

~ Pars., and salix nigra !farsb. with T.ypba spp. and Bagittar1a 

lat1tol1a ~ near the vater I • 

o~ the boa:r mareh is de-:S.Dated b7 Spartina 

peet1nata with Pan:i.cuP v1retum, Sorchastrom nutans, and Andropogon 
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gerard1 in'lad.1Dg frOll the adjacent pasture. usoo1ated vith these 

gra••s vve DWDBr0U8 pJ..ai.M torbs 1DclwiiDg Asclepias pOiOR 

Torr., ADbroa1a tr1t1da, !. P8ilO1Jt&cbz! DC., HelJ.antbue Mx:Jpil1aD1, 

1.rtu181a ludov1a1aDa htt. t GalilD apu:1De L., and Call:Lrhoe 

inTOlucrata (T. at G.) (ht&7. 

'!he 80Uth baDk ot the IM1"IIh 18 ahaded b7 a _tuN cottomrood, 

Populus deltoid. Marsh., aDd senral JOl1DIC' o-ottamloo<l8. OrOUDd 

cover here includes ~ rad1aana L. &Del fiU. !!lp1n! L. 

'lb. 80utheast buk 18 doJl1Dated b7 Spart1Da peot1Data (ng. 14) 

and lNPP0rtB He1.1aDtbu maxim1]1.ni, Solidago aanadeD8u, COI'DI1I uper

folia, and P.rul'Dw U81'1aana. !be ealltem e%teD81an of th18 bank 18-
the overtlow plain dra1D1Dg vater frODl the marlb duri.ag heaV7 raw. 

'!he overtlov plain extends lOlith aDd ...t of the ar1ie81aD 

vell. Dda eastern U't8naioo is OOYered vith Leerllia Ol7!0ide. aDd 

drains aoese _ter frca the wn 1Dto the adjo1D1Dl pa..... 'lbe 

80il 1D tb1.a area 18 coaparati1'8q solid oouider1.D& that _ob ot it 

is cont:1DuOWIq sublllSrged UDder 1 to 6 CII. ot _t.v. Vegetation here 

dUrers from that in the oarsb. by the greater abunduce ot ScUpua 

valldua Vahl., C1cuta macalata L., and mpatoriUD1 perlol1atum L. 

1Jlhn:~ta tor... are tound only oceuional.J3 in the marsh. Where this 

overflow plain eztends under the fence into the pasture; S!g1ttaria 

lat1fol1& and Eleooharis calva moe joined by RaDunculu8 aceleratws L• 
• 

and M1mulu slabratus DBa. 

In the 1mIIediate ria1.D1t7 of the ve11 (F:I.g. lS), a pure 

colony of liuturtium offia1Dale R. Dr. produces sneral crops per 

18al' • J. wUlow, SAlix nigra, lends partial shade to this col0D7 in 

--------~~~~-==== - - ---
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.lea of 

, BotaDrua 

HbOiC()!Jlb!!l1a. 

pbeu.t,. PhHiau colch1C1U1 

....tGrtlUll SODe U'e • f_ planta 

ti1.aD8Dtao 

, CoCC0D8UI 

Qedogon11X1ll ap. Alao collected 

--24

alt8ri1oar:d e. In aDd near 

., 
KCIll'tm, ~ uaoc1a 

1& 

f 

bird, f)l armtiJI t;rr!DIIa! (L.)J tbe &IIIlJrJ.~ 

Imt1g1Mlma (Backett). the r1Dg 

!.W'!Dal. in or neG' tb8 etnd3 area wre represented by 

the eutem cottontail, Sllrll~ tlO_rid!OiJ18 (J. ! •. Alla), the 

~~ !!PbitUCOJ'Ote.. Canis latraM SayJ the .tripe<! aJmnk 

(Schreber)J mel ft1''101uI UDidet1l1ed ~~-. 

By' tar the IIOIIt frequct.q observed b1rd.l were redIr.lDga, 

Apla1va phoeD1ceu! (L.), lIbioh outed 1D the bRba aD4 UCl.!J)W 

*amatl. D1C1aJialu.-, Ip1.. ..ncana (OIlel1ll), Deated in • Pram1a 

..ric.. ab.rI1b. Other b1.rda .e. ~tq .,. the eutel'll ..dow

laic, SturDalla .... (L.). tIl.7eUowthroat, Qeo!a1lpll t.r1cl1u 

(L.)J tb8 JIIOUm1Dg ~ft, zca1daN ~ (L.)J ua. _t.erD t1Dg
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oatenUer (BlaiDv1J.le}J the .....ug& rattleanake, S18truru8 catenatu 

(RatiDe~)J aDd a garter Im&ke, 1hamnoph1! sp. Other soaklel and 

l1urd8 were obeerTed but not identified. 

!he on:q uphib1.anll ~ were the leopard frog, R&Da-
pip1eDII Schreber. and the eriakBt frog, Aorts crepitaD8 Baird. 

'!he V01UM ot their even1Da chorus, hoveYel" J indicated that the 

DUmber ot 1Ddividuals nsa for the sl!I&ll number ot ci.es. 

OoO&l1onal schools ot irnDature.fa 0118 J Pi::ephale8 

copepoda, oatracode, upu.pods, and aeca eral aVeeps ot a tow• 

net in relativel1' ope~ter areu ~auoea the tollaving cladocerans1 

SiJIoaepbaJu8 vetulus (O.F.li.), Chldorus sphaericus (O.F.M.), Pleuroms 

dentlculatue Birge, and Alona rectangula Sars. 'lbe copepod, ~ClClop8 

agilia (Koch)" 11&1 preeent in mabel's uceec:l1M that or all oladoC8rans •. 

Colonies of Attbe)'!lla nordenald.oldU (LUljeborg) 1JIparted an appar



-26

eDt red color to parta of the and bottoll stream near the nU. '!hie, 

apparent17, i8 the oD17 10cal1t7 in Kan•• froII1Ih1cb th1.8 8p8c1e. baa 

been reported to date. Ostracod. frequented the substrate at nrioua 

collecting po1Dt8 a. well .. SOM near-nrtaoe areu. ODe upb1pod, 

Bplella a.teoa (Saunre) I ... colleoted frQII. the S!g1ttar1a .one. 
While erqtiab cb11lD8J11 _re seen at the edge. ot the boa7 .-rsh, 

the 0.Dly 1nd1Y1du&1 collected ... an OrCODSctes 1worda (Bagen) 

tound dead in the road81de ditah Dear the aulftl"'t ea.t ot the study 

area. 

Sna1la or their llbella, aU le.. than S lB. in diameter, 

were enoountered lrequaDt17. the turbe1lar1aD, Dye.a dorotooepb!la 

(Woodworth), 1IU found concentrated in the clear 8treul near the _11, 

althoup Mftral 1nd1Y1dua111 wer. Hen dnouring a dragcmtlT in the 

_ter near the teee liouth of the vell. 

Tow net IUlPleil oouta1ried the greeD b.7dra, Cblorabzdra 

vir1di8l11ma (Pallu), with its algal lI)'IIbiont, Cblorel1a oondactr1x 

Brandt. 

Physical COndit1oDII 

Underlying the IIIUd 0.1 the boggy -.rllh 1s a firm lqer ot 

sand. 'lbe top of th1II sand deposit 11•• trom 0.4 to 1.0 m. below the 

vater'. nrtace as measured during the last week of June, 19S8. The 

slope at th18 conGa:ve IlUbstrate 18 general17 gradual J the deepest 

po~nt being near the oenwr of tranHct I I about 12 Dl. tr01l the ••t 

end ot the Mr_. 
Bottolll IIII1d varie. in thickne•• frO.ll 0.4 Ill. in the sagittar1a 

Bone to nearly 1 m. &1; transects H and I. Where the mnd 18 not re
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1n!orced by tibrOW!!l root ..,nems, it 18 rather 80ft. In such places 

the writer often ADk 0.5 m. into the mud vh1ch wu topped by an 

additional 0.2 Ill. of _ter. 

During the laat 11 IIDDtba of the ltud7 the vater left1 in 

the boggy l8rehr_a18ed 8 to 10 _. .. l18uured at ltat10n 13. 1he 

1ncreued ater be1.ld1t ... obrioua in aU arab quadrate uoept. 1Ihere 

the Leer.1a at vas well establ1ahad and prellt1ab17 ra1.Hd w1th t.hII 

vater. Ka... ot Leer81a root8, 1nwl"'Jll1.Dgled 111th seU1meDt.8 J wre 

euiq lilted frca 100M UDderly1Dc deposit. making flotation ot the 

_t a detiD1te poeaibUity. 1!le riM in ater leftl 18 attributed to 

the above..YBrage precipitation d\1r1ng the 8tud;y period rHUlting 1n 

~ elevated _ter table. bt even the relatively low .gn1tude ~ 

thi8 _tv 1eYel tluctuation &tfected the fir...a ot the juftnile 

t vu illustrated bY' the writer'. frequent linking through the 

surface 1D the :Ell!!! aaD8 1d11ch had proT1ded adequate nwort earl1er 

in the studT period. 

Marsh w.ters were not deep eD01Jgh tor ID8U1U'1Dg turbidity 

but pneralob8erfttioDl indicated that it va8 relatift17 low as com

pared to that of Kansaa ponds. On i!llight d1JIturbanoe, h01Jl9T8r; 

bottom sed1r.lenta clouded the water, slowly settling tmen the dia. 

turbance ceased. Stirr1.ng action of the wind va8 negligible due to 

topography and the vegetat1.on tbrouahout moat ot the marsh. 

Bottom illumination in an :!npounthDftnt is affected by both 

turbidity and vater dept.h. On JUDe 28, 1958, vater above the loose 

bottom. DIld varied in depth tram 0.,2 m. to on~ a trace. !be deepeat 

water vas found near station 4 in the Saglttaria zone and near eta



.21J.. 

t.iOD 13 in the Opml water area within the f:vDba zone. !:.ttective 

light was son31lhat reduced 1n various areas by the Leersia mat, large 

Sagittar1a leaves, eraerging TlPha' and the tall cottomrood tree south 

ot the !l.2:!! zone. During the summer I!lOntbs duckweed. COTered the 

open surface areas in the TlPh! zone. 

SUrface vater ter.1Deratures were recorded every 2 m. along 

traDllect lines in an attemPt to discover _te~ movements. Welch (19$2) 

reported that temperatures of shallo1J waters tend u, follow those of 

thea~e. In this marsh, however, the constant source at cool 

_tv ~sted the pOssibility of asoe.rtaining current patterns by 

.stud;r1ng taUJPerature groadiente. Temperature readings are reported in 

16. Fourte::rmeratura readings are available tor the vater !'rOIl 

the suppl.1iJ:lg well. Latta (195'0) reported a water temperatursof 

570,. (14OC.) on October 26, 1942. During this studt period the tol

loving temperatures vere recorded at the well. 1.3.S0C. on August 17 I 

1957J 1J.4°c. on February 16, 1958J and 14°0. on June 28, 1958. Sur

tace vaters in the marsh ranged from 15°c. to atmospheric temperature. 

'1be a.f'te%"noon air temperature on August 17, 1957, .. 22°c. 

rmeh vater temperatures ranged. from 15 to 22.SOC. Gradua1l¥ in

creasing temperatures of _tel' at points progressively larther from 

the all indicated a definite flow spreading out tmrard the southeast. 

water in the vio1nity ofstat.1on 2 on transect C r6gistered 15OC. 

The point of themarsb-proper nearest the well along transect D shoved 

2100. compared with a l'OC. reading at ,8tation 13 at the vest 8ide of 

the marsh. 'l'be temperature at station 13 approx1matea the 13.'OC. 

readil12 at the we~l and supports the1deaof ground vater 8upp1J1Dg 



C 13.5/1.L..O
B 

Fig. 16. ¥.ap showing temperature readings (oC.) of surface 
mter every 2 m. along transect lines. Reading 
left of transect lines are for August 17,1957' 
those right of lines for June 28 J 1958. 

, 

met.ers 

" 

o ? 10 2" 

" 

transects L 
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.0 3.0 
.0 23. 

21.0 2. 
2.1.0 -3.0 
21.0 22.5 
21.5 24.0 
22.0 23.0 
22.5 3.0 
22.5 25.5 
22.0 23.0 
22.0 23.5 
21.0 23.0 
1.0 23.0 

22.0 3.0 
21.0 23.5 
20" 22.5 

.., 
J H I J 
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'" the ,marsh in that area. Probings in the v1cin1ty found the usually 

t1rII and 8Ubstrate .a1l1' penetrable due, perhaps, to the upward 

flow of vater. Along transects 0, H, and I vater temperatur•• 

wre generall7 higbut in the Leera1a _t. Where the _t .. 11811 

established, the _tar ..a ao cOftl)1ete17 pocketed that little 

C'1I1'1"ent .... produced b7 e1ther oODftot10n or v1Dd. 

'lbe OD~ 1I1nter oblanat,lon ot the b0U7 arab va. _de on 

the afternoan of February 16, 19$8. '!be _tel" areaa were capped w1th 

seYeral centimeters ot 1ce with tile except10D ot two localities. .l 

22... area i.aul8d1ate17 south and southeut ot the wll remaiDed UD

froKen under the 1nf1uence ot artesian vater. In this area HutUl"tiwa 

ott101Dale vu tlour1ah1Dg, althouab ualler of stature than cIuring 

the 8Prini. .l second open-water area surrounded by enov-eapped 10e 

•• at statton 13 (rig. 17), the point of prellWl8d U<NDd__ter 1.nllow. 

Rear the IOUthwest bank, solid 10e vas ocmsred nth aluh, the tal.l1Dl 

snow apparentlT 11181t1Dg •• 1t al1ght.ed. 1he air temperature ..a -8OC. 

'lb. second batte17 ot te=p8rature measurement. vas taken un

der a 29.-de'gre8 atmoSJilere on June 2.8, 1958. 1'he 1-degree higher 

temperature than that ot the Auguatmeasuring date w&s reflected 1n 

1Iu:re..~ temperature ranges along _ch transect. Southeaat ot the 

11811, _tel' temperatures ranged from 17.5 to 2500. 1he main marsh 

area shoved a range ot 19 to 2900. Station 3, nearest the well, 

measured 2300. !he greatee~ 1Dcreale OftI' August temperature read. 

1nga occurred in the TJpha and open -ter .ODeemers 4 to 7-de,gree 

inareaSe8 were common. the Sag1ttaria zone showed moderate increaHs 

ot 2 to 3 degrees. 1he Leere18 mat showed the least increase over 
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'"	 A1Jgl.l8t readings, 1 to 2 degrees being coomon vith some pointe shaw.. 

1ng a drop in teq>erature. Station 13, farthest from the well, 

registered 2$°c. nth u.ttle indication ot underground reobargiDg ot 

Ja&rah vaters. !he June 'teqwoature pattern Jay have resulted trom 

well _ter replac1.ng the loes ot marsh _tv due to naper.tion. 

Depth eound" ngs taUed to looate the 1000 bottom ADd encountered 

during the August sOUDdings. Recharging troJa a subsurface eource 

apparently 18 operative ~ 1nterrnittently'. 

Chemical Conditions 

Results ot chemical ana1.7M. are tabulated in P1gurel 18 

through 22. A.ugust pH dete:nd.DatloDil (r1g. 18) ahCMtd a raap ot 6.6 

to 7.2, the latter being the pH ot the well _tv. Stationa 1D &Del 

near the Sag1ttaria SODe all had • pH ot 7.1 except the ODe neareet 

the vella Ita pH vas 7.2, lilaI that ot the vell. StatlOD11 9, 10, 12, 

and 1.3 had a pH range ot 6.7 to 6.9. Southeast of the wll, station 

2 bad • pH ot 6.6, the lowest of all stat1ona. June detel'l11DatioDII 

ranged .trom 7 to 8.3. The well vater ahowd a pH ot 7.7, stat10na 

in the Sagittarla sone varying no mare than 0.1 unit trom that value. 

All other stations showed lover values except statJ.OD 13. there a 

pH of 8.3 .s observed. Water standing in the roadside ditch at the 

vest end ot the marsh had a pH ot 8.2. Mean pH values in Augut and 

June were 7.0 and 7.S respectlft17. 

BardDese ot the vater ian1Dg from the _11 (Fig. 19) ... due 

to the preeenoe of calc1m aDd mapsi_ bicarbooate., cODllIOnl1' called 

carboD&te bardneu. !h1a teIIpo1'aq hardDen MaRred 129 ppm in octo

ber, 1942 (Latta, 19$0). Both Augtdt and June determ:1DatloDII registered 



~
 

,. 
'I oi
l 

:)
 

U
~

 
~
~

 

... 
... 

• ...
... 

... 

o 
5 

10
 

20
 

m
.e

te
rs

 

J'
1g

. 
18

. 
M

ap
 

ab
oI

r1
n8

 p
H

 d
.t

er
ll

l1
D

at
1o

ns
 o

t 
v

a
te

r 
a
t 

v
ar

io
u

e 
a
ta

ti
o

n
s 

an
d 

th
e
 v

e
ll

 o
n 

J.
ue

us
t 

2
0

, 
19

S7
 
(l

e
tt

 o
t 

d
ia

ao
n

al
),

 a
nd

 o
n 

Ju
ne

 2
1,

 1
9S

8 
(r

1
g

b
t 

o
f 

di
ag

on
al

).
. 

V
al

ue
 a

t 
lo

w
er

 r
ig

h
t 

o
t 

m
ap

 
is

 f
o

r 
v

a
te

r 
B

ta
nd

1.
ng

 i
n

 r
o

ad
si

d
e 

d
it

c
h

 o
n 

la
tt

.e
r 

d
at

e.
 

, 

8.
. 2

 
~ 



... 

R
 .... 

... 

o 
5 

10
 

20
 

m
et

er
s 

12
0/

12
8 

F
ig

. 
19

. 
t-1

ap
 a

ho
w

iD
g 

_
te

r 
ha

rd
ne

ss
 i

n
 p

pm
 a

s 
ca

lc
iu

m
 

ca
rb

on
at

e 
a
t 

v
ar

io
u

s 
st

at
io

n
s 

an
d

 t
h

e
 w

el
l 

on
 

A
u

g
u

st
 1

9
, 

19
5'

7 
(l

e
tt

 o
f 

d
ia

g
o

n
al

),
 a

n
d

 J
un

e 
7"

 1
95

8 
(r

ig
h

t 
o

f 
d

ia
g

o.
.l

).
 

" 



-31

'" 128 P}n. The JUDe Yalue at station 13 also rerlstered 128. In Au

t total hardnes8 in marsh vaters ranaed from 208 to 400 ppm with 

highest Tallies located at scattered points. A range ot 128 to 296 

was noted in JUDe Vith higheat nlues at stations 6 and 7 and dowmrard 

gradations oocurr1ng gBDerall¥ Vith distance trom those ItatioDS. 

WeU vater conta1n8d 4 ppm ot dieao1Ted carbon dioxide in 

August a. shown in Figure 20. 11arsh vater contained 1$ to 60 ppm 

with highest values at stations 7 and 11. Ho carbon dioxide .s de

tected in artee1an vater or at station 13 in June. Stations 9 and 11 

ehowd the high values ot 80 and 18, perhaps retlect1Jlg rapid bacter

ial action ot decay on the preYiows year's foliage. Lack ot the de

composition gas at station 13 in June vas probablT due to sparaeness 

ot vegetation in that area. 

MetbTl oruge alk.al1n1t7 18 dus to bicarbonatea. Augut and 

JUDe alkal1n1ties ot _11 wter were l2S and 110 ppIIl respeot1ftq 

(Fig. 21). l~ 1118~1 oraage alkalinities ot -.reb _ter wre 2$6 

and 26h ppm. Phenolphthalein alkal1n1ty, du to monocarbODate8, vas 

absent from aU amp1es tested. '1h1s wu attributed to the h1gb con

centration or carbon dioxide 1Ihich corrnrta monocarbonates into 

soluble bicarbonates. 1he halt-bound carbon dioxide in bicarbonates 

18 reportedly available tor photosynthesis (Clements and Shelford, 

1939J Welch, 19$2). 

Dissolved ~ (Fig. 22) ranged tro::s. 0 to 10 ppm in August 

with a mean ot 5 ppm. B1ghast values in general were in more nearly 

open _ter areas probabq due to algal photosynthesis and aeration. 

Decomposition reduced diS801yed oxygen to a msaD 01 2 P1D in June, 
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~ 

8 tJDD. '~s1an vater samples contained 

4 and 6 ppm cti.saol: oxnen 10 Al.im1at aDd June relpeaUvel¥. Acc1

dental aeratioD dur collection IUY account tor the ~ in the 

nbterranean water. 

'lb. pr~sence or decolilpontion gases _s evident at tiM•• 

Wa.1k1Dg on the sott bottom _ter1&115 or on the looselY construe 

T.fpha mat reeulted in bubb_lel r18ing to the surtaoe. Some ot theae 

areu ezbibited emaust10n of dislOlftd OQ'geD, a con<!1tion conduoin 

to metbaDe production. Odors rea:l.nisoent ot hydro~8DlN1.t1de aocOll

pan1eCi d18turbance or bottom deposits. Welch (1952) J btMn'er J states 

tbat odor resembl1nl that of bJdrogen sul11d.=J is not a dependable 

U1dioation or ita W,-__

vall 

6\XJ. 

.mentioned FeT1ous13, ter tez:!peratures at station 13 and 

the _11 wre in close agreement duriDg August J tbe tiM ot prelRUll8d 

1IIIbterraD8aD 1ntlov at ltat10D 13. !'be diacrepeDc1e. in the ahelld.cal 

determ1nat1ona at these two stations 1:ld1cate that the _tera tro: 

nt. or1gin. 'Jh1a 18 to be expeoted 

nnce the _ter head at b17 greater 

than that ot the _ter table in th1a area. -- - _. -- ",-- ~-

1be ch&rutes in _ter~~ch8mstry in this marsh are likely due 

to the act10n of plants in respiration, photoS)'tlthe81s, and decompo

SiUOD. The BOU eubstrate probabq contributed lbDa 1Ihichat1'ected 

and-hai-dnass. ~"1tbin the small range ot ft1"1ations in 

this marsh, d no 8'DDI.rent effect on the distr1bu

tiaD ol the aquatic plaD'Y pneent. 

the 
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ZODIItion 

While Yariatiens in ater cbem1atrT did not plq an obrloaa 

role in the distribution ot aquatio ..ed plants, phJ1I1oal tactor' 

affected the .stabl" JlbmeDt ot Yarlous aonmmni t1e.. !hey 1d.U be d1a

ouaeed in tel"lU of the artesian .tream COIII!DJn1t7 aDd the Leerlia at. 

L Artellian etreua cOllUllmities Bbare with epr1ng cOIDm1ties 

their relatift17 cODStant chemical oo~it1OD, water tuperature, 

and _tar '1'81001ty'. bee features remain uearlJ constant for J a. 

organillllUl modif1 the vater J the mod1.tied _-tar paSHI d0Vl18tr8&ll to 

be replaced by JIIOZ'e subterranean vater. PeDD&k (19$3) and Odwu (1953) 

note that the DWlber ot species in 8'1100 enrtrODJlBDts is relaUvelT 

_11 J the stable cond1ticma providing tnar ecological niches. The 

aD1Jllal 8p8c1el ooncentrated near the artesian nov of tb.1a stud7 iD

eluded Atth!z!Ua nordenak101d11 not encountered el8nb8re in the 

boggy ~ab. '!be p1aD8r1an, Dyeld.a dorotoc!]!bala, vas uualq ob

sernd YeI"T near the _11 outlet. PeDDak (19S3) d.lcr1bes tbi. 

species as a spring brook an1a11lb1ch pre..rera .U ozne_ted head

_ters. Vaucher1a, tOUDd near the vell, i8 alao wmal1¥ found in 

well aerated .ters (Fritsch, 1935). "lIuturUlB officinal. was 

coMpi.CQ0U8 for ,its lush growth ,in the artesian stream and the 

narrow U:m1ts ot its d1Btr1butiOD. Morinaga (192.6&) reported an 

optimum germination temperature ot 1$00. for water- area. leedS. 

til compares favorably vittl the 13.700. mean temperature ot the 

_11 water. 

']he formation ot the boggy mat wu ot special interest. 

Poait1ve detemiDatlon ot auccels10n vaa 1mpoea1ble due to the short 
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study period. BalNver, ob8erv&tloniJ led to epeaulatioD wb1ch 111&7, 

in nbaequent iJmtat1g.t1o~, be BUbstaDtiated or retuted. Suocession 

probab17 began with the emergent T;rpba which dOllinated the deeper 

llI&1"sh U'ea mere ccmd1tiona are geDlral17 cODduoive to germ:l.nation 

and growth ot cattail Meda. Horinaga (1926b, 19260) reported that 

optillum cond1tiOD8 tor the lendDatloD at intact Tzpha latitol1a 

seeds include l1&ht and reduced OJElPD pressure. Vater tramrparen07 

in this marsh va8 high enough for easy penetration of light to the 

bottom md. OJEJPD conoent1"aUon .s tavorable COD8idering vater as 

a diluent. ODoe e.v,bl18hed, the plailt.8 ~..d vegetatively under 

_tar. Seasonal aocwmlat1on of org&D1c matter settles to the bottom 

and rema1D8 largely mere tor.d since the bottom alope i.e .light and 

curreDtII not pronounced. 1he bottom subtendi.nl the open vater area 

at ltatlon 13, probab17 being dlsturbed by oc.slonal intlov of sub... 

terr&D8&D water, did not allow develOl)llllDt ot !Yd1a oolonie•• 

Auoaiated nth '1)pba latitol1a vu T.rpb& &ngU!tUol1a 

vith 1Ih1ch it h7brid1ses, Berala pu.ai1la, and Bide. lurll. Ben1a 

121 a perem1al d....elop1ng dur1Dg the ear17 8UJIIlD8r, its tibroua roots 

feeding 1n the orpn1o mud d.ponted mong the '1)'pba tussocks. Pros

trate tloat1Dg ete.. dnelop aetrentitioua roota at the nodes 1Ib1cib 

help to establish at leas1i a surtace mat ot vegetation. During mid... 

8'W111m", B1d8D.II laev18 (Fig. 23) replaces the tben-Jf&D1ng Berula 1n 

the marg1na of the Tn?ha zone. oeneralobservatioll ind10awd &D in

area.. in 8idene individuals tor the late 19$6 HUon OYer that indi

cated by transect counts the prev10ua year. 

Frequel1C7 or Leers1a ol2!oidee along tr&nActe was by tar the 
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~ highest in the area southeast ot the well, characterized by a ~ 

substrate and onl7 a fev centimeters of vater.. '.l!1:e boRD' mat ot 

Leerna oocm-red large17 at the northwest mardn ,of the marsh bound

!lE!!! zone on the north.. Presumabl,y flpha, Bsrula, and Bidena 

persist until the bottom depo.it8 otter enough coDSi.'tency to serve as 

anchorage for the creeping Leersia rhiso... '!he spravUng posture ot 

the Leers1a in th1a marsh and ita tendencr to root at the nodel result 

ina substantial at. 

Effects of 

Ta road ma.rk1.n.2 the north border of the study area 11 the 

only straight-through route 1Ih1ch runa betwen the B1g and L1ttle 

Salt Marllhes. Thi8 result. in relatinl,y he&Yy' traffic tor • countI7 

road 111 th1a area. !he artesian vell'. prox1m1t)r to the reed _lees 

thl. area a favorite stopping place fc:, travelers. 1he well is the 

in water 1SW'JDl,y tor ftrloWi lo~l residents and hunting clubs 

mOle vells prodnce vater too hiJr.bly miDeralized for normal use. 

Sagittar1a latUol1a and !,n?h! 8PP. tram th1a marsh are 

aomet1ll8s tralwplaDted into priftte tish ponds. Ba.turtium otf1e1nale 

18 collected tor table use. While thele activities teIIJIJorar117 ~18

turb the biotic equ1l1br1U11l, recovery 1s rapid. 

'!be development ot the Quivil"a National Wildlife Refuge in 

the Reneral vic1n1ty ot the stud,- area 187 bring presently untore

changes to th18 bomcr marsh. 
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'" tiJlt4i:lr r~d to 22.SOC. in August ind .to 290C. in June. Temperature 

in iDmst indicated a subterranean water SUDPlY in the marsh 

in addition • 

tar pH ranges 6.6 to 7.2 aDd 1.0 to 

8.3 reepeotivel:r. Temporary hardness of _tar at the wU .s 128 ppm, 

sh .tera rarudmr. from 208 to bOO ppm in ~ and frOli 128 to 296 

ppm in June. Free- carbon dioxide content ranged trom 1S to 60 ppm and 

tro~ 0 to 80 PP=l in August and June. Mean I:Iethy1 orange alkalinity 

due to bicarbonates .s 2S6 ppn in August and 264 m:cn in June com

pared to 12S ppm ,or less in the .U vater. Dissolved oxygen ranged 

fr~ 0 to 10 ppm in August and 11'00 0 to 8 pp3 in June. Variations 

in _ter chend .try were probably due to plant !'JI8tabolism and bottom 

soil. Water chemistrY bad no apparent effect on the distribution of 

quatic	 seed plants. 

iderat10u of' ~oal aDd anatol!lical factors led to the 

speculation that the for-tiOD of the IAtersia mat followed a succeA10D -
of Tzpha, Barola pus1lla J BideD8 laerl8, and Leersia 017!01d... EAch 

probabq dependent upon 1ts abilit7 to root at 

the nodes of artems and UJ)OD'~tbe effect of the preced1Da: SJ>ec1es in 

con8ol1datin6 bottom sediments. 
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!ingd0%!1: ,tae 

Subldngdool 

Dirls10nl 

Class I" 
Qedogoniales 

.t-.:c...L71 Oedoaordaceae 

omuc ap. 

Order I Cladophorales 

.famJ.J.Y: 

tz 

Ororllft" I Cblorococcales 

J;auu.T: OoCJ1ltaoeae 

Chlorella condudr'4...2: 

Order I Z7gDematales 

~: Z' _taceae 

ww.o.UIipl ... ca sp. 

Division. ChrYso:PhYta 

Class I lantboDhvceaa 

Ordor I HeterosiJ>bonales 

AlDJ",&"VI Vaucher1aoeae 

Vau.cn.era ap. 

laas: Bacillariophyc 

der: PeDDllles 

~nht\,.ner: .lclmanth1nea 
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1'u11~1 

o1CO!Jlben1.a 8p. 

Coaoone18 sp. 

Suborder I Ian"") 1neu 

IUD.J,yI C1mbelleae.. 

BhopalOdia 8p. 

Dirt.ionl 

Cla•• 

OSa:Lllator:1ales 

Suborder I Oec11lator1neu 

Fam1l7. 0tIa11latoriaoeae 

1pJbza lip. 

SubkiDgdoml 

D1rt.eionI !r'acheophyta 

ouow.Y181on• 

01&11.. _ _ 

Subclu.. MonoootTledcme.. 

Order, PandaDale• 

.l¥I 'r.9Dbaceae 

.!m!! angua'titolia L. 

:Ell!!! 1&tll'ol:1& L. 

(noll.,., 

Fud.l¥1 Majadaceae 

.!!.1!! lip. 

FalI1ly. ll18mataoeu 

S&gittar1a latitoll.a W111d. 
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Order I (Ira.1 nal88 

I'aItll7I araw1 neae
 

AD:h'opogOD , ...41 Vitm&D
 

___ tectorum L.
 

w.pv.ria !!DI'd M l18 (L.) Saop.
 

Eah1Doahloa aruapll1 (L.) BeaUT.
 

ElpI!! auadeu1. L.
 

Eragrostri! JI!!J••tachla (Koel.) L1Dk
 

Hordeum .Jub!tUII L.
 

Leerld.a orraoidM (L.) Sv.
 

I"am.awa nre1i'WI L.
 

WDId.. L. 

setaria pm.cniLata (Lam.) Bea1lY. 

_~_ , (L.) BeauY. 

Spu1iDa pec\1Data I.1Dk. 

Sorgb.ut.ru. IlUtau {L.} IIuh 

~I CJperaoeu 

Ca.rex 1.&nog1noe abx. 

_____• calva torr. 

Sc1rpus UBr1.canus Pers. 

801.rpwJ ftl:1dWI Vahl.
 

Order I ualea
 

hmi171 lMIraaeae 

Isaoa m1Dor L. 

SpirOdela P01,zbr1sa (L.) Schle1d. 

Order I L1l:1alea 
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'" 1'ur1.l7' 
_____ pau.o.taabp DC. 

Allbroe1a trU1da L. 

Artfti-1a ludOY1cd.&Da Butt. 

BtdeD8 luri.a (L.) BSP.
 

01raiUII undulatml (Butt.) SF' •
 

Baplopappu c1l:1atwl (lutt.) DC.
 

Sel.1aDt.bu 1IU1.m1l1an1 Schrad.
 

La•• ecar10la L.
 

80l.!.d!p .-deu1ll L. ftr. gilyocueeceDil RJdb.
 

Kingdom I A.D:IJIaUA 

Phy1ulll1 Coelenterata 

Clu8. 

order. 

1aIIUJ. lf1'dr1.dae 

,ChJ.o!tob,zdra riri.d1enu. (Pallae) 

Ph71uml PlatJbelm1ntbu 

Clue. lfUrbel1&r1a 

order. triclad:1da 

hLI1l7. PlaDarUdae 

OtoC8phala (Woodlrortb) 

~lwa, Arthropoda 

Cla.s. orutaoea 

Subclau I Branabiopoda 
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Dirtsionl 

order. 01.&4ocer& 

luu..I.Tl ~dae 

SUbfb1l7. ChJdoriDu 

~ reotaDpla sar. 
___ aBA~mJ ,el:iWt Birge 

Chldozoua !J!baer1CW1 (o.r.~1.) 

hII:ll7. 

SiJIooeP!?!lu ntulu (o.r .M.) 

Subcla... Copepoda 

Order. EUoopepoda 

SUborder. C7clopo1da
 

~. C7clopidae
 

E!&olop! ..11 ' • (Koch)
 

SUbard~. Harpac:t1oo1
 

I~I CaD'thocupt1dM 

Atthez!lla DOZ'dcl8Id.old11 (L1Ujeborg) 

SUbcla... Malacoetl'aca 

'D1ri81aD1 Peraoar1da 

Order. .blphipoda
 

J'u11.71 Talitridae
 

___ 1la &st.. (SauRre)
 

DiY18ion. Euaarida 

order I Dllcapoda
 

Pu:i.lT1 4Itac1du
 

SUbtu1l7. Cambar1Dae
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Oroonectesimmmis (Hagen) 

Class t Inseota 

Subclass I
 

Dirt.ion, o.Lo:l8t8bola
 

order. Ipiaol1tel"a
 

~. Danai
 

DaDaua plexiPl'U! (L.)
 

Family.
 

Phoebis sennae var. eubule (1.)
 

Order. Diplaaiooela 

~I Ran1dae 

R!!!!, E!td.ena Schreber 

Clue, Rent11ia 
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'Order. Squaata 

SuboJldmoa Sarpen_ 

r~1 Colubridae 

PituDph1! catmUer (Bla1nrille) 

~lIP. 

FE.l71 Crotalidae 

S18trunla catenatu (1tat1neaqu) 

Clue. 

Subclutn WeomithM 

S1merordC'. 

Ordar. C1cOftiUcmM8 

'~I 
Botaor. lEuR JVHI1J8 (Racket\) 

0rUr1 hloonUonu 

~. Acc1p1tridae 

C1rcu qcea (L.) 

OrderI 

J'-.n". 

Col1Daa !1:fogift1mua (L.) 

Phul.. colah1eu L. 

Order. Charadriitone. 

F-.1lT' Scolop8cd"e 

Capella g']] 1n.1O (L.) 

IJ.lIIIDU"Ozwe8 

r~. Col~idM 



-lS

-

, 

.~ 

(11"(:'[l1li) Pnpew "ids 
"P'1\f!ua:oz •~_:r 

(-1) .'{ILq'[d ~oI 

( -'I) n#iid8 I 

(. '1) 

( -1) tteu.uq.s 

.~ ,-....-.... 

;)	 0 

•	 ~ IAn1Jl8.il 

l.mp.IoqtI. 

( • '1) 1IIlUUN4 
,-....-.. 

'8ntO 



-;i



~ 

APPDDn BI LIMlI>IOOIClL PROCEDmU~ 

Carbon D1ad.de Deterld.DaUon Adap' trOll V.lab (19~) 

•	 glaH..atoppered bottle 
,18 1lb1ch .., allaw ouboD 

1. 

2. Illect1oD, 100 Ill. ot the IUlple 18 'trams
tarred to a 'Om"ae1&1J2 evaporation dish. 

Total Barc1Deee DeterilinaUOD AcSapted trom 1b8rcrQz et. ale (1943) 

1.	 Collect a 2$ ml. 8&111Ple 1D a 1JS 1Dl. glaee-stoppered bottle. 

2.	 Add standard soap solutiOD. about. 0.3 111. at a tiM, wid"" the 
bott.le 1'1g0r0ua~ after each addition, until. lather tora td110b 
staDda tor 5 lli.nu.t8a. 

. 
J.	 1!1. anuf'aaturerls stated lather factor 18 subtracted froIl the 

111. ot lltandard soap solution uaed, ~ dUteren08 JIIUlt1pl1ecl 
by 4D giY1.nl total hardneu equ1nleDt. 'to that produced by' that 
aDT ppII ot calc1wa oarboDate. 



11. '1he total alkaliniV (1') is the 8WI of the product.e denTed in 
8tepe 9 aDd 10. 

bJdrcu:ldae, oarbonate., and biaarbon
ate. maY be obtained by the use of the toUOV'inIz tablet 

P equals 0 0 0 '1' x 10 

P le•• than M' 0 2P It 10 . (T - 2P) x 10 

P equals iT 0 2P x 10 0 

P greater than tT (2P • T) x 10 2(T-P) x 10 0 

P equalll T t x 10 0 0 



.. 
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om 

1 .. 

2 .. add 0.5 to 0.6 w.. of m&Qi&nOus
 
the pipet1i& below the vater'. surface.
 

old about ooS ml. were used.)
 

..LY..JII :J ne POtassium iodide in a similar manner.3. 

bottle several times.4. 

to Bettle.5.	 Allow 

6.	 Add 0.5 to 0.6 ml. of concentrated sulluric ac:l.d. 

7.	 .lllov the solution to stand at leut 5 miImtes. At this point
 
e J the solution m&7 ataDd for several houra if
 

8.	 Del1ver 100 Dl. at the solution into a white porcelain enpora...
 
ting di8b and iJnrnecUateq add H/40 (0.02SH) sodium thioaultate
 
drop by drop until the )'8llov oolor almo8t d1aappHrll.
 

9.	 Add a lev drops ot starch solution and coatim&e to add 1/40
 
sociiua th10nltate drop b7 drop until the blue color jut
 
diA1:JDeU'II. (D18regard &DiY return ot the blwt color).
 

10.	 Rec.ard the IDl. ot sod1'W1l thionltate UHd .. 

11.	 'lbe ml. of N/40 sodium th.1osultate uaed IIII1ltipl1ed by 2 equa~ 
the dissolved oqgen in the euple in ppm. 


