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rnu,P'J'E,R II 

Gladfelter Pond, completed June 8, 1958, is approximatelY 14 

miles northeast of Elmoria, Kans<i\,s, (TlBS, ~7, mOE) on the F.B. and 

Rena Ross Natural History Reservation. The roo-acre reserv,ation is in 

the eastern edge of the Flint Hills Upland in Lyon County. The pond 

lies :in a ravine which runs nortbeast along a scrubby and wooded course 

(Figure 1). The watershed for the ravine and pond consists of 80 acres 

of rolling bluestem prairie, located in an area of dark, friable and. 

silty to clayey soil. 

The basin of the pond, situated between U-TO hillS, has a surface 

area of approx:iJnately 2.5 acres. It is in a region of grayish-bro1ilIl, 

silty or gravelly soil three to four inches deep that occurs on hills 

with steep, rough, and broken slopes littered vIith limestone outcrop­

pings and heavy gully erosion. The basin extends up two arms on the 

west side. The shoreline is irregular and is exposed dur:1Jlg periods of 

low water as a sloping, silt-covered area, With only sparse aquatic or 

terrestrial vegetational cover (FiPre 1). 

Griffith (1961) reported that Gladfelter Pond, after construc­

tion, had a maximum depth of 20 feet. At present the maximum depth is 

apprax:imately l~ feet, indicating that the pond is filling l!l"ith sedi­

ment. During periods of heavy runoff, the v1ater level is controlled by 

an overflow pipe extended through the bod,. of the earthen dam and by an 

emergency spillway on the northeast corner of the basin. The pond, 
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SQLdam at full capacity, undergoes frequent fluctuations in water level, 

simultaneous with wet and dry climatic conditions. ~lave action, gener­

al-ly slight, tends to be somewhat greater When the wind is from a south­

westwardly direction thus increasing turbidity along the shorelines. 

Ice cover may form "in December, January, and February. 

Vegetation S\U'rounding the pond consists primarily of the domi­

nates and subdominates found in the tall grass prairie association of 

the Flint Fills. These include Andropogon gerardi, Andropogon scopar­

iUs, Sorghastrum nutans, Sporobolus asper, Bouteloua curtipendula, 

Boutelo¥a hirsuta, Bouteloua gracilis, Buchloe dactyloides, Panicum 

virgatum, and Elymus canadensis. During construction of the pond, the 

dam and side spillway bank WeTe seeded with bermuda grass ,C;rnodon 

dac-tylon (Hartman, 1960). 
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1'fere. taken "ith a Kemmerer water salTl'oler. Top 

and. bott ater re placed in uJ.astic bottles and returned to 

the laborato .. les from the bottom '!fere used to determine alkalin­

1 

Sampling was started on June 5, 1965, and 'Was terminated on Ua.,y 

26, 1966. A single sampling station was selected approximatel,y thirty 

feet '-lest of the dam in the area of maxi.Im.U1l depth of the pond. Samples 

lere obtained weekly 'bettfeen 0900 and 1100 hours exce'pt during periods 

of unfavorable 1-1eather. 

ity, pH, specific conductance, chlorophyll, calcium, sodium, pot..':l.ssium, 

nitrate, and phosphate. Those from the top were analyzed for alkalin­

ity, pH, and specific conductance. Ten liters of l-later from the top 

meter (equivalent to the euphotic zone, as estimated by a Becchi disc) 

ere placed in a plastic carboy. A portton of this water was siphoned 

into a plastic bottle to be used. for laborato-ry analyses elf c,alcium, 

sodimn, potassium, nitrate, phosphate, ,chlorophyll, and or~anic <:>\;;~\I'UI." 

The composite sample uas also, used in tbB estimation of pri.marJr produc­

tivity. Dissolved ax:;rgen aoncentrations in the top, middle, and bottom 

meters of water were also determ1ned. 

Most of the cherni,cal a.na1y5a,s were determined by methods des­

cribed in StandQ.l'lCi Methods !2!: ~ Examination 2! 'llate,r ~?: SeHage 

(Al'HA, 1961). Dissolved oxyg,en determinations Vere conducted by too 

unmodified i;Tinkls,r method. A Beekman Zeromatic II (Model. 96oh) pH 
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-as used. Y..etby'l orange and phenolphtha1ein alkalinity were 

obtained by titrating a 100 mJ. SaMPle Wi:l;h N/50 sn1furic acid to the 

end points of pH h.6 and pH 8.3, respectively. The results ,"Tere then 

used to estimate the carbonate and btcarbonate values by the formula.e 

described in Standard 14ethods (1961). Wate,r samples, from which cal­

cium, sod-i"um, potassium, nitrate, and phosphate contents were deter­

mined, were cleared of all organic material by centrifuging in a Foerst 

plankton centrifuge and stored in a refrigerator until the analyses were 

made. A Coleman Model 21 flame photometer, -;nth a Coleman Model 6 D 

Junior soectrOl)botolneter as the readout, tJ'as used in measuring the cal­

cium, sodimn, and potassium levels in the water. Phosphate was measured 

coloriJnetricillY b;'l the stannous chloride method, and nitrate nas deter­

mined by a modification of the brucine method as suggested by the Each 

Chemical Coomamr. j\ Model R C 12 Industrial Instruments conductivity 

bridge 'HaS used to trleaBlll"e the electrical resistance of "the Wa.ter. 

ecific conductance -waa then calc:ula.ted from the reciprocal of tl 

resistance and e:z:preased as m1eromhos/cm at 2'oC. Wa.ter temperatures 

\<J'ere measured at intervals of oRe meteT t"ram. the surface to the bottom 

iith a Whitney Underwater Thermistor thermometer. Air temperature lias 

detennined before d.rotroing the the:rnd.6tor probe into the \later. Water 

level "Wa.s estimated by measuring the ditference betlifeen the wr:face of 

the WAter and the top of the overflow pipe. 

Organio reston \las obt.a:ineci by c. a 500 ml samola from 

the co osite entrifuge operating at 20,000 

rpm. sidue s removed to a pr rocelain crucible ""hich was 
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d in an the• ter i 

lriw.gned. The crucible con­

taining the residue 'Was then placed over a s,st'lame and brO\.U!ht to a 

red heat for a pe,riod of 30 minutes, after ,.nJ.icb it vIas cooled in a 

desiccator and weiF!hed again. Weights Were determmed to the nearest 

.0001 gram on an Aloe ch3.i.nomatic balance. }Jeight loss after he~tmp, 

multiplied by tlvO 'klas equal to the o,rganic se~ton expressed .in mg/liter. 

Chlorophyll Has used as an estimate of the abtmda.nce of phvto­

plankters. Five-hundred ml of water were centrifuged in a Foerst plank­

ton centrifuge. Re'sidue le,tt j.n the centrifue:e cutl Has transferred to 

a clean glass test tube, and then centrifuged in a clinical centrifuge 

for 10 minutes. Bbtcess tiater was then decanted and 5 ml of 90 per cent 

acetone uere added. The a.cetone extracted the chlorophyll from the 

.hyt.oplankton during 2h hours in a refrigerator. AbsQrbances at 665, 

.\IS, and 630 JD)l "Were read on a Beckman Modal B spectrophoto~eter and 

used to estimate chloro'Db:vll (chloropntU With a peak absorbance at 665 

mp) by methode described by Richards With ThcIDpson(19$2). 

PrimarY nroductivity estimates W'&remade by' the lidlt and dark 

'ottle method wbi.ch Was first deScribed 'bJ' Gaarder and Gran in 1927 

(IWth.er, 1956). Ei«b'b ~o ml g1a.ss-.stO'D'Derec:i bottles were filled from 

e campo,site ..... VV,," QCoI~.... , 

it of bubbles. 'fhx'eeof th 

three were painted bla.ck and covere 

(the- dark bottles). The remaiJting 

of a:z::rn.en Dl"f!sent in the eompositew_ 
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k oott.1es 'Were su.spended from a chain, held!. in a 

,rtioal Dosition by a float and. anchor, at three intervals. The Pd:I.1:'1;lU 

ligh'c and dark bottles "'ere suspended just beloll the surface and at 

depths of 0.5 and 1.0 mete'rs. The bottles ,-lere allo,-Ted to inaubate for 

a lJeriod of three to four hours. After incubation, the bottles l"ere 

returned to the laboratory and tr.e oXygen in each H'as measured. OXygen 

values in toe two start-bottles liere averap;ed, giving an estimate of 

the averag'e oxygen content in all the bottles at the beg:iJ'lnin,~ of the 

e!ltperiment. The decrease in ~en in the dark bottles lias used as a 

correction for community respira~on. The OXygen increase in tbe light 

bottles '\las attributed to photosyntbetic oxygen produced in excess of 

respiration. Gross primary productivitY'''as calculated bJr subtracting 

the oxygen value in the dark bottles from the oxyg,en value of the light 

bottles. 'The results were e::tPt"essed as the average rate of p'hot.osyn­

thesis per liter per hour of euphotic zone. 

Starting on Ju.ly il, 1965, solar insolation was recorded during 

the period of :incubation of the pr:lJnary productivity runs. AnEppley 

pyrheliometet" was used to measure the inten_sity of di.rect solar radia­

tion at normal :incidence. ! Bristols Model 570, 64 A-lpb Hide Strip 

Dynamaster recorder was used to record the measurements on a continually 

moving strip of calibrated paper. Solar insolation measured in gm­

cal/cm2/min was detennined from the paper strips. 



CHAPTER IV 

RESULTS AND DIBCUSSIOll 

Temperature. The thermal conditions in GlaMeltel" Pond were 

subject to frequent and relative~ rapid changes throughout the period 

covered by this study. The small surface area, shalloW depth, and 

exposed location of the pond were probably the most :iJnportant features 

which contributed to the variation in the thermal conditi.ons. As wouJ.d 

be expected, changes in 'Water temperatures closely follOl-.Ted the pattern 

of air temperatures (Figure 2). 

During hot, calm weather conditions, the surface "l'1ater Was sub.. 

j ected to rapid heating <fhich resulted in the development of a marked 

difference between the surface and bottom temperatures. The infiow of 

spring v1ater probably contributed to the thermal differenoes observed. 

Thermal profiles recorded dur:iJig the warmer months of the year are sholm 

in Figures 3 and h. A.s can be seen 1n Figure 3, a thermocline was pres­

ent at a depth of 1-2 meters on June 15. During the follolvJ.ng weeks, 

the surface waters continued to beat and the dif£erence between the 

surface and bottom temDera"tures beoame more marked. By July 11, there 

Has a differc....nce of more than BO'c betveen the top and bottom. On this 

date there lias a relatively constant decrease :in water term:>era:ture With 

increased depth. Themal stratification persisted until late September. 

Increased Wind actiVit.y and decreasing air temperatures during 

early fall yielded a homothermous condition in the pond which continued 

into December. On December 18, an im'erse thermal condition was noted. 
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Figure 2. Honthly mean air, surface and bottom temperatures, 
June, 1965, to May, 1966. 
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s rsion was caused ra.pid 

resultant coolin-It or the surf&c&. By the end of DeMmber, the pond l'TaS 

again in a homothermous oondition. A second inversion was noted on 

FebruarY ,6 Witll recorded tamoeratures of I.BoCon the surface and 3.2oG 

on the bottom. On tllat date'~ a six-inch ice cover blanketed the pond 

and nrobably contributed, to the la:.ler surface temperature. Hater tem­

peratures increased. during the J,¥!1IIgi n ing weeks of the study, and "b<J la:te 

iJ. there was ,a.:zain evidence of tbermal stratification (Figure 4). 

The m!1JdJrmm t.op and bottom temperatures 'l,:l'(U'8 28. 2°C and 21. 20 G 

respectively, recorded on July 4. The monthly average surface ~rate;r 

temperature was highest during July (27 .4°c); tbe maxirmlm mean bottom 

erature of 19.100 occurred during August. llthough the surface 

temperatures reeo,rded dUring tilis study ma;r apps'ar to be 1'.dg,h, such 

temperatures are not unusual in I'iAnSQs impoundments. Forexamp1e, 

Prophet (J:964) reported an average surface temperatwe of 300 e during 

JulY', 1963, for Lyon County State Lake, a Eall lake located in north 

central Kansas. 

The general pa.ttern and cluraticm of thermal stratifiea,tion of 

stu~ was aiJnilM'" to that described in 

,d the 

preVious works on t OWlcl:PJents. Grif­d 

fith (1961 ) recorded the:nna.t. BWat.U:::l.cs;t.:1on r t'ond from the 

middle of MaY, 1959, through August, 1959. Kingsbury (1963) reported 

that Gladfelter Pond began to stratif'y' in JI, 'aB :fully strat11'ied 

in June. The pat-tern of dissolVed oxygen ,ue observed dnrinE! the 

current study has channd little (1963). 
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Figure 3. Thermal profiles detected during June to September, 
1965. Each curve represents temperature variation with increased depths 
on selected dates. 
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La" oorman (1957)
 

found mar tberm:ocline development pera.:tsting until August i...'rJ. eastern
 

'Gas farm ponds. 

Dissolved 7?' P-­n. 

Rere greatly influen 

t' 

·ssolvod. 

tbe~ conditions. E:{cept 

till~ca.tion, sll.fficient dissolved 

"en levels in Gladfelter Pond 

present in the pond. to S'I,1s-t • aquat aerobic orr.ani~s 

5). ~en depletion in the bottom meter occurred eight d~vs 

afte,r the onset of thermal stratification. From June 13 tl1..rough August 

2~, zero 

cation 1'1&9 de 

in 

at all depths 

in OXYsten throllR:hout 

Depen.di.mt Ul)on the the conditions, depth, and turbidity, 

dissolved in '1ft ~!,.,'U" II imPc:nmdmen .• criti ­

5, aeI'obiccal levels t ' 

enated. surface water..,.organi would be forced to move tnt 

to her +...............
Factors such as C1"Clfd:] _ .d nave 

serious effects upon a pondls According to 

reference to pollution ctf tnire , d::v1sory Committee 

the dissolved ax-ygen "te· fOlr habitats of . '.....ter 

ishes as not less t: 5 ceeding 16 hours of an.." 24 

hour period .::II at no 'tiJtte be' less 3 ppm. To sustain coarse 
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of Gladfelter Pond, June, 1965, to May, 1966. 
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fi.sh the value could drop below 5 ppm, but never below 2 ppm. Tiemeiar 

and Moorman (1957) found that di,ssolved oxygen in nmnerous Flint Hills 

farm ponds near l'1anhattan, Kansas, Wa-S too low during most of the summer 

to be ccmducive to good growth and developnent of fish. 

Hydrogen-ion Concentration. As can be cted in a body of 

water containing a rel~tive abundance of dissolved solids, especiall,y 

carbonates, the hydrogen..ion concentration (pH) in Gladfelter Pond 

remained fairly stable throughout the • Although slight fluctua­

tiona were observed between sampling periods, the pH never changed more 

than a few tenths of a pH 'tlDit from one sampling day to the next. 

Throughout the year pH tended to remain on the alkaline side. 

Variations in pH usua.1ly extended throughout the ent:ire depth of 

the pond, except during periods when free circulation occurred. Subse­

quently, the imum valUes determ1ned for 'the top and bottom. meters 

Here obtained on different ~smp~g cia: as were the min.iJmun DR value s. 
J; 

The highest pH value of 8,.3 for the top ml!O+A'i'" B recorded an MaY 8, 

while the high for the bottom meter of s observed on March 13. 

The min:ilnum pH values of 7.4 for the top meter and 6.8 for the bottom 

meter were recorded on .september 26 and JuJ,:9' 16, respectively. 

The pH nes ob ed in Gladfelter POD cOJTI!:larable n t'li1 

values obtained in other s artificial impounml~nts. ",st 

of the values report.ed tend to be ~ine due to the vast 

amount of lime stone found in the • (1952) and Carter (1954) 

reported hydrogen-ion concentrations in L ~oster on the carrlPUS of 

Kansas State Teachers Callelm in inclusiveran.ge of 7.h to 8.8. 
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6.8 to 10.6 d'957) no pH 

~,lls.thro er in po: 

In general, bot.tom pH values in G1a.d.felter Pond 'Vere 101'1 in the 

summer months, increasi.ng during the ..linter months. Ilvdrogen-ion con­

centrations were usua1l.v l:dgher in -the bottom meter than in the top 

eter during the summer, l\rith 1ihe opposite being true for the mnter. 

Increased acid1.t;y - ODS or eastern Kansas impoundments 

bjT other workers. Differences induring the summer " be 

pH, as much as .65 units, ltare observed. betl~een the top and bottom 

depths in Lyon Coun'ty State Lake during trerrnal stratific·ation (by 

Sctmittker, 19',66). A decrease in pH With clep 

was also reported in ~ County State Lake (by Youngsteadt, 196,). 

Most natural Yat..ers containing buffering agents tend to be in a 

pH range of 6.5 to 8.5 (Welch, 1952). When the nB ED:tends to the e:xtreme 

upper and lmrer portions of the pH scale, it usually llmits the proeJue­

tivity of the water. Ordinarily, aquatic organisms, such as fish, can 

tolerate wide ranges and l"aoid ehanR:Ba in the aelCll.W ano alKRL.an:l.'tY as 

expressed by 01" the "Water in Gladfelter 

Pond during this e-tudv Y, or tbs growth and devel­

opment of aqUatic organ1 (1.agler, 195,6J. 

In, V' 

I'efo 

A1ka1~m.ty. 

Pond dUring this stuay, 

total a.lka1inity. H~ever, carbonates 

other workers. Griffith (1961) detect­ s 

t detected in Gladfelter 

~aLJn~ty represents 

been noted in this pond by 

:ht a..'llounts during the 

months of _ ary, ch, and( May, 1961, sbury (1963) relX>rted 
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"~bonate CUKa.u.n:L -il" d June, 196~, 

mum monthly average for dun 20 p In ral, carbonate alkalin­

ity tends to be low or absent in Kansas wat.ers. .Amounts ranging from 1 

to 26 li1'er-e found during the spring :months in roadside ditches by 

,tzlaff (1952). Prophet (1964) and SClmitit' (1966) stated that car­

bonates tended to IUtthei-r studies on Lyon County State 

Lake. 

Thr u t the S1.JD!IIer onthe alkfllinit:r increased (figure 6). 

rise in the bicarbonate ~rol1a:bly the result of June and 

July rains. the runoff from the rains made itS'Vlay to the pond's 

basin, it .,th c-a:rbon eli OJ in to form carbonic acid. 

....1lo,[1] 'C02 + ~ + ~ CEC03)2'2 °3 '3 
~ 

This acid, in turn, TElaC "i-lith lim.estone (CaC03) in the draina..a:e area 

to fom calcium bi , which entered the pond and increased the 

alkalmity content. F carbon dic«ide from bioJ.o~ca.1 activity could 

also h contrtbuted to the rise (U""IIA.dnity tbr'O'WZbthe f -,M.on of 

d w'itb calc' t'!~T'l'\nnate to formca1.ciUl'!1carboni,c 

bicarbonate • 

e first t',,;ro months of the ,linity tended to be 

lo1ier in the bottom than in the top meter, hdNever, RuguBt the bottom 

- kalinity bad e.,,"{ceeded that in ter 6, • difference 

of 16 top s wm.s observed d'Uting 

that month, the' grea'test differ linities in the tap and 

bottOlllmeters for the ye-' ion of the top and bottom alka.­

1inities in August as prob carbonate 
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precipitat:" t1 B. Thi amobae 

produoed '.OX-:LQe Ibytoplankters, ifting 

the equLlibrium of the equation [2] to the right, and causin 

[2] Ca( lm03)2 
-.:a 
~ GO) + CO2 + ~o 

formation and :orecipit;J.tion of calcium carbonate. Due to the more 

rom Old-up ,of carbon dioxide fromr in the bo~ 

respiration and de.composition, r'eLUtltNlved r .tim1.:in 

an increase in alka.linity. 

Durin~ the faJ.loverturn in Septembar alkalinitv became reduce,d 

in the pond, with the alini.ty beina la-der than the surfa.ce 

linity (Fi 6) • 'bonate concentrations continued to deere 

i:.':l October, at \-lhich time they Were relatively uniform from top to bot­

tom. This drop was pl'obSb~y t." r'8ffiL1.t of escaping equilibrium carbon 

dioXide eration of ·the 1~ater through cirCUlation and 

hotoeynthetic processes of ae. Calcium 

then ovea frOLll the ........+- thr prec'ipitation to the 

bottom sed:iJnents (Ruttuer, 1953) it 'inity rose sharply 

in November and -thi .d continue remainder of 'the 

study, being re her in the upp stratum of 'W'ater throughout 

ter and spring mon.~s. 

Calciu - .- -------- AIt.hough sodium and potassL 

not considered limitin to natural ~atersJ eac 

ions are ortantin the biolodcal aspect of h waters. Accord­

ing to Welch (1952), scdi' tilT serve tl~ role or a conserver of, 

replacement for, potassium., and an Bid . ,ty of potasmtDn 
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ant for lQ+.T"nna~'or lZl"een &auatic plant.s. It may also De an 

s:ingle-salt solutions in tic habitats ( 1 

the absence of sodi (.uePfJJl, 621. 

ee.."1 aquatic lants, si..'1ce it is used in 

food manufacture and a nlelch, 52). Usually, productivity 

is not l:imited by potassium in n.a terse Barrett (1957) 

showed that production 'hen treated with 

and PotaSSi\JlIl.phosphorus and nitrate or 

c~ Gla.dfeltel' Pond 'Were lowerSocii'lll11 and 'Dota9 ad: 

~ ,:,urmittJeer (1966). Hethan thos 

otasBimn. While du:st.ated the maxiImm. monthly Ine ·s 

this study it Was h.v IJUlJ,L. ,.....-.v.; ....t1"t.ed 50,0 Dm in Gladfelwr 

Pond durin.a: the YeaI"'; the maxi.Jn'IJm. orted by Schnittker (1966) for 

Lyon County Sta.te Lake -was •18 p Pn+~~Qium contents of most natural 

kes in the United St.a.tes r s fr- .2 to 3 ppm (Barrett, 1957). In 

normal freshW'o.ters, sodium concentr... ''''e u ly higher than potas­

5 (Reid, 1961). 

Values for sodium 'Were aJ.ways higher :in the top meter than in the 

bottom meter of G1adi'eltel" Pond. Potassi'WU. fluctuated greatly betvTeen 

the top and bottom meters • P'otassium wa.s h1mler in the bottom meter 

during the months of February anti ,May and between the months of July 

through October (Fi,gures 7 and B). 

Trends in. calcium concentr ons reflect those observed for alka­

linity and specific c,onductance. Since calcium was allied With the 

bioarbonate-carbonate BY.........., imty als 0 pertain 
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Figure 7. Calcium, sodium, and potasSiU1l1 monthly means in the 
top meter of Gladfelter Pond, June, 1965, to May, 1966. 
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Figure 8. Calci'l.lJ1l~ sodium, and potassium monthly means :U1 the 
bottom meter of Gladfelter Pond, June, 1965, to ?-iay, 1966. 
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toe Due to !!I of caJ.c hi >nate with precipitation 

runoff the calcium content biP..her clurin.q; the SUfll111er months. During 

that time, calcium approximated 30 ppm in the pond. 

Generally, with other factors being constant; vTaters containing 

large amounts of calciUtnuill oove a high productiVity. O}'\~e, a German 

limnologist, classified lakes c~t~ ore t 25 P}J!1 as rich .in 

production. !my Ii'll ng .less than 10 ppm l:TaS considered poor 

in production (Moulton, 1939). G1 1 tel" Pond should be relatively 

productive. 

Nitrates ~d Pbo.sp,hates. }Tttrates and phosphates are relatively 

scarce in freshWater impO'Undments of the Uni'ted States. :Uut.chinson 

(1957) st.ated ~ solUl'JJ.e ~DhaT.eS u _y range from .001 to .208 

ppm in uncontaminated 1ake :rs. cont.ent for most 

lake \'Taters :in the United States is from .01 to .3 ppm, and nitrate con­

i trate s were more abun­

9). ro!ean nitrate levels 

Phosphate means in the 

top meter v 'ed fr • 1 to •.351 ranges for both nutri­

en'ts Here lower in the batt, etar than in the top meter (Figures 9, 

12, and 13). 

Although the for phOsPhates wer _gher in 

the ton meter than in the boM meter, the tes tended to more 

Me phosphate - highestconcentrated in the bottom 

in the top meter only durin 01' July, October, January, and 
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. Figure 9. Nitrate and phosphate monthly means in the bottom 
meter of Gladfelter Pond, June, 1965, to May, 1966. 
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beca.use of less biological demand for the nutri ­l' • 

on zone 01- 'ti.ne Dand, allOlling fer its build-up.ant in 

'Nitrates and llhospbates a.re the primary l;i....niting nutrients for 

produ. organisms. Amounts' of both nutrients in the Dond tended to be 

low ~m.. -.r productivity values ...rere high, except 

during the ter a8Birnulate more nutrients 

during periode of ,IJl.<DOIIIWD, the summer, lOW' amounts 

of both nutrients can e:xne,cted dm'1ng that time. Changes in nitrates 

were more prominent than were those of H thoul;h cycles ~;1ere 

not measured in this studY, there cy for bigb and 10"1 

hOSOMtaa altern.ated everyn1trat~ flue_ e those 

rl 13). 

Phosphate has am:eared to increase in Gladfelter Pond since 1963. 

Kingsbury (1963) reported a J:"ange of .006 to .2~O pm for her stuetv. 

During 'the period of this study, 'Dhogpha-te varied. from a mean of .0U 

to .351 ppm. These ooncentrations were alao hiEher than those re'Oorted 

tbre 

in Lyon Coun" State Lake by 

voir by Th (1914 ".ed to be higher in G: el'ter Pond 

ter inmoundments in 

1939) •
 

Since _ ifiO conductance is eo measure of 

the ioniz.able salida :in the water, I!Ieasu:reme,n1;.s of dissolved solid,s in 

Gladfelter Fond correspond to rea.surements of specific conductance. 

TbrOl1ghOJ.t most of June and July, heavy rains filled Qladfelter Pond to 

overflOW'1.nF., c,ausi.ng a sharD increase in snecific conductance due to " 
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try of materials in. the panel with nmo.f.r water (Figw-e 10). The 

increase in specifio cond.uctaneec'0rr8 SPODded. increase in cal-

Clum., sodium, po1'ia~cu.UlIl --.te, and aJ.kalinity. Of all the dissolved 

ions measured in this study, none more closely paralleledspecir:1c con­

ductance than aufl'I! I U~ d oa.loium ( '~es 6, 7, and 

10) • 

IR"T"nnnate.., 

COIllPuable obtained by 

bury (1963) for Gladfe-lter Po • Readings for her study rannd from 

162 to 353 micronmo$/em f'rQID 62, to June, 1963. Values for 

this 8 rSlllZEld from 112 to 316 mcrohmos/cm 1:."'l the top meter. e­

cif1e conductance • I, in than in Lyon 

t (1964) ns in 

the top me icrohmos!cm with little di.ffer­

ence bett-Teen msxiJmm of 775microhmos/cm and 

93 mcrobmosA d for Lyon County State 

Lake by Se r (1966). 

Dissol' ian concentratio. ~e of extreme :lJDoortance since 

their atly decreases • of 

iUatic ecosy • Wa,tere of electrolytes 

should be highJ.y rod.uctiv~, constant. 



Figure 10. Monthly mean specific conductance values in the top 
and bottom meters of Gladfelter Pond, June, 1965, to Hay, 1966. 
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December, iliA'!",,;.::!. rot.ation of t em-t 

cnsi.!'" or incidence of t: n to increasecturing t' late 

fall. and BOring mtmths, mea8\ll"l!ments of solar ra.Oiation again inc 

reaching the highs for the stud;v in Usy (Figure 14). A mean of 1.26 

cal/cm2/min Has determined for that Inonth. 

(1919) stated tha.t the aeneral~:1lnUtn Bolar insolation 

on a cloudless day wa.s 1.71 l!im-cal/CfIli!:/mdn. an tlw sur:face all'!m'here in 

the United States. Edmondson (1956) suggested that the most lyidely 

acceoted solar C!lll::Jtant was J..94 sm-cal/c:m2/rn:in i1"Ill1ediately outside the 

a.tm.oSDlmre, reaehi.ng a high of anprax:i:mately 2.0 gm-cal/cm2/J"lID on the 

_:esurface of '9: • of oaches a direct 

solar beam, ,ticm .fc1 round exceed 2.0 

-caJ.!cm2/min 'because .of a. combination of direct radiation, :olus scat­

teredradiation. lin a'Vel"'age of 1.5' gm-cal/em2/minhas been determ:ined 

for the earth' ssurface at sealevel (Reid, 1.961).ThB higOOst daily 

aver~e obt.ained durinR this study ~as 1 •.39 gm-Oal/cm2/min on April 24. 

cent claud. covs.r was ob6Brved em that date. 

Ii-up of radiation oaused by the 

ect r produced cloud CI:JVel'. 

ot all of the solar insolation which strikes the earth's surface 

enters the surface of tba water. The mount that does enter is depend­

ent won the a1titude of the Slm, surface rouglmesa, and cloud cover. 

Of the total atJ10unt of Bolar liglIt 't.bat strllres tbe surface of the 

water, approximately 95 per cent penetrates the surface (Ryther, 1956b). 

- ter penetrating the :a.ir-SUTfaee interface, the depth at Which the 
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1 i O'ht travels i.e determined by .d turbidity. In m.ost nat­

he twhich enters through 

the mn"f'tl,ce is transfo: into .t :in the first mete!'. Over 50 per 

s, 

strikes the 'Surface is absorbed Within acent 0.£ the total 

depth of two meters (Reid, 1961). Since Gladfelter Pond was hiElhlv 

turbid throughout most t ar, J.ight 'Denetration seldom reached 

below one meter in depth. The lack of effective light in the· deeper 

water was probably the cause of a more effective, qI.licker thermocline 

,. not ad at the lower depths. 

Solar radiation is of ·extreme iJm)ortance to the a·quatic ecosystem 

as a maintainer of phytos,ynthetic activity of producer organisms. Low 

levels of radiation in natural waters can be a limiting factor in pro,,:, 

duction. Such levels are produced by ice cover, coloration and turbid­

ity of the 'l<l"ate-r, overcrmrding of pl~kton organisms, dec.reased solar 

:intensities during th r, or a comb5 iO' these factors. 

Ryther (1956b) found that light was a limiting fa·ctor of photosynthesis 

:in ocean waters. Solar insolation prob.3.bly direct:s seasonal changes in 

the rate of produotion by lim1~· >opulation density of algae 

during time 8 of low Ii intensities. 

formation since the 

G!'~S8 Prima.rz Productiv,i:;tY. 

OOum (19$9), is the r' stored by photosynthetic chemo­

synthetic activity 0 cd1 green plants) in the 

form of organic substanees which sed a.s food ma.terials. Gross 

primary productivity (Pg) is the rate of photosynthesis including 

the organic matter ut ed in respiration 'b<J the community during the 
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measuremen on 

generu, .e o aquati:c 

sal.to ." 
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437..$ p.g 02/ obtained Thomas (1964) in Jolm end 

ervo1r g the SWI'lIIle.r of 19~. Of the tot9..1 est:ilnations n 

during this study, anJ,y 2.3.7 per oent r,-mre found to be above 100 PP 

02/1iter/hour, vlhich toTas consi.d.erably lower than the approximate 75 Del' 

cent over 100 ).l.g' 02/1iter/}1~ur reported by Prophet (1966) for Jom 

Redmond Reservoir. Lyan County state Lake was also found to be higher 

iI:l production than 'GJ.adfelter Pond. Youngsteadt (1965) re'Dorted net 

primary productivity averaging a.s high as 129 ~ 02/1iter/hour during 

July, 1965, ~'1hich was appralCimat.ely three times greater than gross 

primary productivity in Gladfelter Pond for the same month (Table III). 

Prophet, Youngsteadt, and Schnittker (1966) reported 52.6 per cent of 

their total photo~thesis estimaticns exceeded 200 mg 02h{2jhour in 

Lyon County State Lake from April tl'..:rougb Mareh, 1966. This was also 

cons,iderably higher than production values :recorded. for Gladfelter Pond. 

Of the total measnrementsfor Gladt'e1ter Pond, 5.2 percent exceeded 200 

Pg 02/1iter/hour. Gross primary produotiVity can he relatively hip 

depending on enviroI1Il1Sl1tal and biological factors. Pr1mary productiVity 

measurements as lWth as 18,883 JIg 02!1it6r/hour were reported by Hepher 

(:1.?.')2) in unfertilized fish ponds in Isr~l. 

i can be seen in FiRUre 14, p~ mentb1.v means increa,s 

the sunmer mon1;b5 to ,..+...~- in, 

:increase ous 

community,. production in 5eptem­

ber i1as ced by tbe :iJ'l.rmeass PQP1l.I.i£:l;iions. 

te Ie. dropped due toDuring this 



'educed light by' sh 

Variations in pr' p directly With 

remainder of'bhe stu • e maximum ,uc­

_orop'hyll rcductivity oCCUTI'ed in April When 

tr, lO}. Th1s W'aa prababJ-T the re su1t 

of low levels in nitrate hates (Figores 12 and 13) .. 

s was • .t during this study, priInary produc­

tivityl.lTas infloonced s in the algal populations. The algal 

3~ 

.air uptake by' ae (Figures 12 and 1.'3) II TnnT'A~qea in the l>ootO.1'ntrl­

s been Doted by ot 

workers. d Youngste.adt (.1965) found Pg hi 

J' _ in state Lake. Thoma.s (196U) l"epor'­

ill John He .. 

Due decre'"'' :insolation (F:iJru:re 14) and 

nitrate s (Figure 12) 

<he enrichment ofOctober ( 

creased durin~ thethe 

tul"la 

e wintetr.As ean br-o 

ins; Decemberlit-ho 

It is feltandJan~ , per:lm.ar.r produoun.~ 

that so radiation "ng those months. 

1.vriJtht (196O) etated that increased p, 

nec (1956) and ooum,an increased producuT:L 

,ell, and Abbo'tt omrou.nities 
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Figure 11. Honthly mean gross primary productivity and, chloro­
phylla estimates in the euphotic zone of Gladfelter Pond, June, 1965, 
to May, 1966. 
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Figure 12. Honthly mean estimates of gross primary productivity 
a.nd nitrates in the euphotic zone of Gladfelter Pond, June, 1965, to 
May, 1966. 
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Figure 13. Phosphate and gross primary productivity monthly mean 
determinations in the euphotic zone of .Gladfe1tel" Pond, June, 1965, to 
May, 1966. 
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Figure lh. Monthly means for gross primary productivity and 
solar insolation, June, 1965, to Hay, 1966. 
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Figure 15. Nonthly mean chlorophyll· estimates in the top and 
bottom meters of Gladfelter Pond, June, 196~, to May, 1966. 
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o.armmmi.W in sp d to changes levels 

to seas~ ions available solar radiation. 

Chl.orophl11. C -rQpltrll Was UBed a rat-erence to the ,:1bun­

HUe of phytoplankton bottom rr'.eters of Glad­

feltar Pand. racti from material cen­

trifuged from the water, .J.5TtJ.nCtion can be made between amounts 

~ ived from livU1g or dean p1a:nt ma.tt.er. Therefore, chloroph,.vll alone 

is an inadeauate mea.st.tnt of productiv:illY. 

aamp.ung ~s. Th­

durlngthe 

days wMD chlorophyll wa.s relatively 

bottom, ids apprax:1matel;V '5 

unjj"ormity in 

:test in tbe euphotic 

meter did equal 

erenes of ax:ima.tely 

pg/liter the top and bottom 

mete'Ts. Le-win tion 

temperature ha. d 

1bstances 

p,mrtopl to bottom chloro­

hyll deteT'ITnna 8 ti.In0 an extensive ice 

cover overlaid the "pond. 10.2 M/liter was noted 

for that month. 
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In lileneral, hlor<>pbyJ bottom "''''+Ln<O 

reflection of the ccmte zone (Fiaure 15). 

son, 1956). 

PbytoplanktoD """ftm.r~ tar imPoundments ,are 

known to cliff loaat.ed in the s geQgrapbical 

region (Welch, ~952). In general, ana.s and - 1 contain 

'M proba aJ. ce~ls (Edmond­

, 

a greater varie .d d.enrri.ty of 

(Reid,. 1952). s"tUdtr, 

ranR:ed hillher than retlo:rtg 

," sa.s. fl!anthl: rom 4.8 to 22.4 

ter in eas 

op meter and 1.8 '",tar in the bottom meter. 

Prophet (19&) reported cb.1.orl)phyU con ranging from .66 to 3.0 

• •.111 on the 

11.8 

to 75 iter durin 

P'ond 

58) NPorted a mean ~ight 

through October. 

r ef 196,.1. 

Ferry Reservoir in l'1on 

of 2.9 p.g!litar in that 

• 

so 

hast monthly 

Or~_anlc Seston. 

'ter. The 

seaton d from 2.0 mgjli.te 27.6 

rin 

!MllVUH 

tlovember. 'The ~0W95t ean was :in l~arc 

In .l!eneral, there o reJ.atio .p oowean primary 

chJ.orophyll, c stone Or~anic seston 

tended to be lOiiBst d~ June, JUJy, March, ).
~ 
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Figure 16. Nanthly means for organic seston in the top meter of 
Gladfelter Pond, June, 1965, to Nay, 1966. 
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..,.. the months of S't,Highs :in organic seston were 1t:.JUll.1J,J.. 

September, and November. 

-d in II 'ber Pond canpare to t,hose re'Portel 

P,cmd. Rat.zla1'f (]952) ob,taJ.Dl;l~ 0.1" .19.9 

• :'b:Le BS .te ofOr G seaton :li..s prob tb 

production becau of or:tJnarY" prod.'Ucers, 

by OTiffitb (1961). enol 

• 

dl detritus as Hell.but also an estimate 

d occur in times of grea.testever, maxi.Dl\llDS in 

w.aw;tJ.Lter Pond throughout most ofproducti"'V.LlIYe 

ere 'Protla,blythe study 

6 deCOlDDosition.influenced 



L'1;I.::J.lUL~ () 

Po: arnR"+.A<ti , d' 

1 

e because 

ODDS, sucn as tf.LaruS.L'fBI' 

lora along the shoreline 

f'raauentva'riations in Hater 

f,e 

terms of flora and 

Q due to the pond IS i-' 

or the
 

ter d
 _ en level, 

critical for life, 

;;;I!JJ.:'~ montns. 

}rvdr,o~an-icm. concentration in t: 

bot'tau. regions, c"" e .pa1iSU, 'inth the fo ~on of epilimnetic 

and b;ypOl:;1mnetd c ions. 

-trates, a eiU1Xl, sodi.um" and p concen 

the a:r<'lth and development of nora iUtd 

fauna in Glad!' lULJ.iU.l.OJlS or turbidity :end colora'tion of 

t1t~.....+-<>st amo1Dlt of 1Jl"im.a.rY production in the nond 

be in 

t 

,ctivity was affected by 

,wi'th more freauent flu.., ­

tua:t:i.ons cAused bv c' s in J]ljneral 'ts. ~ ,resanteonu]. (" 

prevail,pr.......... the t:leriod of fall 

overturn aticm.s increast::h 

,tion c 

Pho 



1. Air iiemoeratures we:re higher' than '!Tater temperatures throuh­
. 

out tl1e st11liy. \'iater tempel"sturesl'llea5UJ!'eO. at meter depths 

I'1Ad from 2B.2oC to 1.~OC a.t the surface end from 21.1oC 

1.5°C at tbe bottaJh '.l'benna1 stratification l'Tith marked 

d durlDgthe' latter part of 

t. 

2. ~ -0]), llUan..Le, .aIla b 

hod. OCl'!111"'l1"'An 

dl'....;,., .... .. ter manths, in • 
lations :in the 't d as f!reat 6,.6 p 

observed YI.U:.l-IdL • depletion 

of olved oxygen the, bottan r of the 

June 13 t.o August 25. 

3. HYdro~en-ion concentratoiCl'l.s tended to be :;u,4.gll.tJ.y a.iI.lGi.uD:e 

throughout most of ~cc:minR acidic the i:r;ypo­

limnion r, thermal strat.ificati • ~tYJ 

specific conductance, and ,calci\1Ill. values were lowest in til 

th S'IDJImer • Max val de tel'1ldned. 

.for the top mete 57 os/ 

for specli1c conductance, and 33 Sod!: 

+,.,.....~ ..·d to be potassium tbroughout the stud~y. 

4. Phospha.tes and nitrates "Were measured in the top and bottom 

meters of the pond. Nitrates were fO't1nd t more abundant 
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tban llnospbate~. re generally law when 

pr:l.mary prod\lcti"· Chlol'opb'J11 val'.les 1"ler. • t-lean 

nitrate 1evels r om .199 to .1)9).1 ptlll1 in the 'ton meter. 

Phosphate 8 tended to . -her in the top meter than :in the 

bottom meter, with foil' A'WmSt of .351 ppm. 

(top meter) of Gla.dfeltel' 

Pond. A mean for tho 80.0 ug 02/1iter/hour was~o 

5. Gro p 

o~tl 
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