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IHIa0cTION

In fresh water biology, Just #s in most olher branchos of biolegy,
many of the important biological problems are concorned with the study of
the balance of lile especially as regerds the uroduction of 1life, its
econtrol sznd the factora closely sssocisted with the productive oyelss.
However, research on the productivity of fresh waters and the associsted
problems of control sre still reletively far bLehind similar investigstions
in other fields. (Worthington, 1939).

#eleh {1935), defines limnology »s that brench of secience which deals
with the biologiesl uroduectlvity of inlend weters and with all of the
causal influences which determine it. It is interesting to note thet the
science of limnclogy hes existed less than 55 yesars, whils most ol the
growth in this field has boen accomplished within the last 30 vesrs,
(Welch, 1935). Thus 11 san be gseen that chere still exists wide arsas that
must be invsstigated in Cresh watsrs,\aspﬂcially in certmin categories of
fresh water environments, in reletion to productivity smd its associated
problems. (Jewell and Brown, 1524).

Mortimer {1935) defines the produectivity of 2 body of water as the
organic matter produced by the phytoplenkton. The term phytoplaniton refers
to the plant plankton of waters (¥slch, 1835). It is probsbly not a com=-
pletely ade;uats term as used in this study since some of the orgenisms
included in the investirstion nre more =nlmel than plant-like in their
charscteristics. For the sake of eclarity, the ters phytoplankion will be

used in describling *he orgenisms obszrved.



Birge end Juday (1811), Meloche (1938), Tressler (1931), Wiebe (1530)
and a host of other investigstors within the past few decedes heve shown
that certain nutrient saltas, and other chemiocal snd physical charscteristics
of water are associsted with phytoplankton growth, Extensive investigations
of this neture have been done on merine environments s well as in fresh
waters in general. Only & very small portion of this work, howsver, has
been carried osut in fresh waters that are consistently acld in charaster,

It has besn shown that moat watsrs, fresh as well ag marine, sre ususlly
neutral or slkealine in nature, in many ocases with & hydrogen ion concentrew
tion renging on the eversge from 6.8 or 7 to 8 and higher. Harris and
Silvey (1940), Reymond (1B37), Scheffer and Robinson (193%), Chandler
end Allan (1927), are but & few of the workers who have made their invesii-
getions in neutral or slkaline waters, snd it is in waters of this nature
that most of the fundamentsl contributions have been mmde, psrtioculsrly
regarding the interrelstlonships of phytoplankton with the physical,
chemical and biclozicsl factors of the enviromments. “?é’%wther the prineiples
which have been formalated from studies of neutral or s2lkaline waters hold
true for weters having ascid charscteristiocs have not as yet been fully
agoertained.

The problem of acidity in the ecenomy of a body of water was etrly
recognized ‘by Birge and Judny 1n‘£he&r studies én the ﬁ'iman;in lakea (1911).
Powers (1921), Shelford (1923), Joewell and Brown (1824) slso mede parallel
studies on inlend bodies of fresh water, Welsh (136, 1938), Young (1958},
and Lsokey (1939), were sble to demonstrete that acidity could be due to a
nunmber of chemioal factors, both organic and inorganioc, 7ZThe results obe

tained by the above workers have shown that the chemical, physicel snd



biological fectors of productivity are not necessarily the sams in scid
waters as they are in reutral weters or elieline waters. Thsir results
heve slso shown that the magnituds of importenece of these frctors, accor-

ntlion in veters

Q

ding Lo current councepts, mey undergo considersblo wmodlfl
ol en acld nature snd that the chmracterisiies »f azid waltars need Turther
study.

This invsstigetion, Lhersfore, usd sz ite major purpose, the deter-
minstion of the general charsectoerisilces of the phytoplankton population

and the relacvionship oI Llhos pgeneral physlo-chemiocel amd biolojical Ilactors

of the environuent to the phyboplaniton productivity.

bDegcription of Area and Topograghy

The four ponds upon which the following studies wers made are located
within the Patuxent Resamrch Refuge in Prince Georges snd Anne Arundel
Countiss, Maryland. The Refuge consists of more thean 2,000 acres of wood-
lands and fields situmted entirsly within the watershed of the Festuxent
River, The Priurxent River within the Refuge, flows through 8 vsllsey about
three miles wide and 150 feet desp. the altitude of the Refurse slorn; the
river is mbout £0 feat mbove sea level, while elongy the west rnd south ends
the srem resches an slititude of 220 fest. The river fells 20 to 2§ fest
in its course throurh the Refupe snd 13 Joined =lownrs this course by several
broolks whish arise Just outsids of the Hefupges. Lival of thess Lruois are
guall 2nd do not mwlntein channels smeross the botten lends bub spread out
on the broad Cflat sress. dovever, four of vhe trooks retain their interrity
snd have been dammed o lform the ponds under study. (Hotehkiss, 1940).

Zince it nas been domonsirated chat che type of soil present in an

area directly influences many of the chemical amd blological conditions of



nearby waters as well as their productivity (Reslefs, 1544), sn effort will

be mede to desoribs ths geology and solls of the Refuge.

The Refuge is only a short distance from the imner boundary of the

Atlantic Cesstal Plein, which runs along & northesst-southwest line near

the oity of Leurel, about three miles north-northwest of the ponds. Un~

consolidated sediments of Cretaceous age form the underlying strata, lost

of the soils heve developed frem the weathered rocks of the Coastal Plain,

with the exception of the Patuxent botiom lsnd which consists of Conagres

8ilt loam weshed down from the Pledmont Plsteau, About hall the south trset

and & small part of the west tract are ecovered by Tuxede solls which are

homogenmsous end do not ocour in layers of waried compesition ss do the

soils covering the remesinder of the Refuge, The Tuxede soils =re moat gube

Joot to erosiom and the lemst productive, agrisulturally, on the Refuge.

Chemieal analysis shows the soil in the ares t¢ be low in organio

sontent, The hydrogen~iom comcentratien hes been shown to range from

neutral te strongly scid (Hotehkiss, 1940).

Aquatie Vegetation

It is interesting to mote that Rquatic plants ere relatively rare on

the Refuge but that the species found are those whioh are usually found in

soft or moid water environnents:

Potamogeton epihydrus
Heteranthera reniformis
Podoatemum ceratophyllum
Callitriche heterophylls
Ytrieularia genminiscaps
Isoetes sngelmanni
Spargenium spp.
Sagitvaris pubescons
Bchinochlea arusgslli
leorsin oryscides

Polygonum hydropiperoides
Polygoxum sagittetum
Polygonem punotatum
Haphar advens
Banunoulus laxiosulis
Renuneulus pusiliuve
Hyperioum mutilum

He virgioum

Viola lisznceolsta
Ludivigie palustris
Progperpinaca palustris



L]

Carex lupulins Lycopus spoe
Co typhins Bidens connaba
Elevcharis obtuse Juncus snpe

Polygoniwa arifolium
All of the sbove plants have besn found silher in the ponds proper, in the
fasdin; brooks, or in the marsh aress lmmedlately associsted with the
waters under invess:iigetion. (Uotchkiss, 1U40).

Deseription of the Ponds

As slready stated, the four pords on ths Pstuxent Regearch Heluze are
rAti~-made. They were formed by exoaveting the Lrook beds and erecting
dirt and stone dams to impound ithe waters in the sxecavations. All of the
dems heve spillweays srd overflow chennels., Constant stresms of water,
reaching sizable proportions in soring snd Iall, ness over these channels
at 8ll times.

Cergi Lake i3 the larpest eng oldest ol the four ponds, hsving hLoon

y

formed in Dotober, 1x33 by impounding the waters of Cagh Brenchs It hes an
aresa of 5343 soraes sml 13 surrounded by n ~ixed forest of oak and pine.

The next pond formed was Lske dedinglione. This impoundment was nade
in Jeptember, 1543 by bullding a dawm ecross the southern boundary of {Jash
Leke snd allowing the water of Cash Brench to back up into an eares of 30.9
ecres. Lake Hedingtou is surrounded on three sides by & mixed loreat of
otk and pine, the soubthwestern boundary beling expesed for a distance of
about 200 feet back of the pond where trees are agaln presgent,

Blue Gill Lake was completed on August, 144 by impounding e very s=mall
brook ond backing up the water into an srem of 2.1 scores. This is the
smallest of the four pends end is sxposed on ell four sides, grass growing

slonost to the edge of the water.



Snowden Fond, known also as Hesdquarters Lake, is the letest of the ponds to

be consiructed, heving been completed in ey, 1947. This pomd oceupies an
ares of 7.7 wcres r#nd wes formed by impounding the weters of Snowdsn Drook,
lesving = arell tslesnd, 4433 ¢f =n more in sres, close o The ssuthweslern
shiore. The pond is sheltered by pinew-onk woods on ohe southwastern
boundary and (he zorihern Loundsary, wulle e cudden stesp rise in the terrein
rrotscts the pord mlon; the eastern edge. It should be noted theti ihs
overflow {from all f{our sonds pess alony Lhe ori:inel stream Hads and eventually
flow into Liwe Fetuxent River. (See Figure 1).

411 of these impounduenis wers consiruected {or the primsry purpose of
studying {ish propagatien methods and heave been stocked with Iish at

varying intervsals. Thus, &t this writing, there are [ish present in all ol

the ponds. Bluegill sunfish (Lepomis #mcrochirus) have been found in all

of the impoundments, as hnve pumpkinseed sunfish (Lepomis ribbosus). In

addition to these sunfish, Cesh Leke contsins bullhsads or esifish (Ameiurus

nebulosus), polden shiners (Noetemipronus crysoleuess), Largemouth brss (Hure

salmnoides), pickerel (iEsox ni-er)}, bimek creppie (Pomoxis nisro-meculstus),

3

and soother seosoles of sunfish, Lezonls wiorochirus, w3 well eas ths wermouth,

(Chmenobryttus eoroneriug). Tiie fmericsn Sel snd geversl srecies of ninnow

have alzo bean selnsd frowm Cegh lnwe., Oepp Lave Lwen obg.rved in thne
gmll splliwsy pools Lzslow Cash, sad 1t is possible thait ithey hwve entered
the pond iiself,

511 of the mforemenilioned fish have slgs been found in Lrke hedinrton
from which they heave been obisinsd throuzh seininoy in ithe course of inese

studies. Inly the species of sunfish ag well ay & few small bass, wels

and plckerel have besen seined from Elue Gill Lake. The first stocking of



of fish in 8nowden Pond wus made on November 12, 1947, at which time 7,000
bluegill sunfish about three inches lonp were placed in the poni. FHowe
ever, &8 few sunfish were already reprodusing in the pond where they entered
by way of Inowden PFrook.

Thus, it c¢an be seen that agide from the acid chareoter of the waters
in these ponds, the atudy of which was the primsry purpeoge of the investi.
gation, the impoundments were unigue in thet they of fered individusl and
veried enviromments for intensive limnolozical study in the total aree of
& few miles of each other snd but s distance of ® miles from the laboratory

in Osllege Park,



*sgisAtwtie Jo3 Lpesa [jaun ‘uexwy ssea feyy yojum wouy spuod
oYy Jo sanjsseduey lesum 9y; uwyl Jexoy ednjeieduen v s sdey pus asyToon eoy
stquaaed w uyp peowid sxen sayduus Jog8m YESLJ 9yl ‘sYjncE Jeumms eyl Iaiang
sepeitsus eje(duwoo 207 Liojwloqul oyl 09 pejaodsunay eJem Leyy yoyum JegJe
sorduus Jenem Yy 03 PAPDe Ssem SjusTuel Telsussse Atuo ‘spued eyl woag
SOUNITP 3J0Us AT0AaT3eTed ¥ gnq 8T Jded eBerTen jv Licjusoqey eyy sy
esonodand Suyqoeites xoy spuod wo ¥ie0Q #u TIem 8w ‘sesso Auwu U} YeUUCE
~zod pua suewdinbe Prety Jo uopsevslodeuwrg syj 4oy Nonla v pepracsd elngey
oys UG puw JIed eTTTO0 3% OTAISS OITIPIIM PUS YETJ se3wae pOstug sug
sgotevuTEeYS 07 noayuetd puw Jejen Jo peldmwe Arxsea
=1q L1ejsatxoddds utegqo o2 erqresed sem 31 SYJUOW JORULR &Yy Jutanp weswo
jeom ul ‘Isaemcy *guewdinbe Liuwgsecen eouy y3im uwm v Jo 3qTyem sy jxoddne
03 UIYI 009 PUW IWOQ & JO o8N oY) MOITE O WOTYUF 00% eI6M naﬁ&ﬁneg
oYz Jo [I¥ W0 639402 80} UTUZ Jo WOTIwmI0] 8L °*ucyIuTpoy eXsT 03 Fuipwel
pucd oy} Atduinoigisd ‘speod erqussecwny ArSuisseloul 03 enp elnpoyos
#3103 proy o4 eYqisseduy uUsjJo Sam 3T PUIROW JejuUlm eyj Jul nl *EUOTIeT
~jo0 BogWe(d J0J enagy OF[w FuM PIYY ‘*eTqEOIsseld sum ge Juol By J07 NGO
w oouo Ayeswmyxosddw suoijugs 1M WOLF PEROSTIO Gdem sorduws Jeaen
*(g pue 2 23 seandig -.5 *peutuiolep siom
v ‘puod uepmoug Wy pue lﬁu@n_u odon !uaﬁc»ﬁ m .ughmﬂwrﬁm wI .,uﬁa«a,
~gIOPTFROD QUWR MY U0 DPeRuY .aiue§ el0m wﬁaga hﬁdﬁgeo» 1 vﬁm B2OT4 9L
wpem 2 ‘wosdurpey exwy ul *sauyed eseu) 3% FOTILTIEORIWD Jejua Sy3 JO
L37Trawiana eTqyescd eyg uo pewsq .mx& maa T wesow> edom FuoIyEis 9 ‘enyl
spuod yowe Jo sdwiearoo ejwnbeps us paojye o3 sy peluwlas oF SUOTIWQE WO
TeXw) SJeM PUCTRVUTHEXS Twotmeye~coisluyd 2oy Jsges pue seyduws WOLAMWLJ
STIVIEEIVA NV SQOHINH



Since prelininsry snclysis showod that It was unnecessary o use the
Rideele3Stewert modillicollion for the deterslination ol dissolved Uxyyen,
the unmodified winkler melhod eas recomuanded by ihe Amerlcan Public lealth
Associntion in standsrd lethods ol Jater inalysis {153€), wes exployed.
fras Carbon Dioxide deterainstiions were made scoording to the meihod of
Theroux, rldridge snd #allmann (1543), as wsre the determination of acidity
and alkalinity. IFor the determination of hydrogeneion concentration & La
Hotie colorimetric comparator was used in wost osses. However, a few
readings of pli were obtained using a Uoleman slectrometric nH meter. Cone
ducvivity memsurements ware obtained in units of reciproesl mepohms-per-
centimeter cube ithrourh the use of the Evershed Dionic wnater Teater. Silica
wns debermined colorimetrieslly with the ~sthsd suzcested by King (1931).
The a»luble phosphorus was detornined by denipets wethod (1u21), snditied
by the eddition of Higmerik “reown to the stsxndards in the nresenos o samples
that showed & yellow Lint. In some erses 1T wags nocassary to Jurther nodily
the method by filteriny the wetler sanples after the proper reesents hnd
been added snd the necessary resction completved.

{otel iron content was deterunined by the method recommended by Theroux,
mldridge and (allmansn (1¥43). Ferrusus iron determinations or comparison
purposes were analysed by using the ‘merican Publie fiealth Association
method (1¥36). Ferric iron content wes caleculsted from the formulas;

Parts per million total iron minus parts per million ferrous iron equals
the perts per milllon ferriec iron. Iafrequent deteruninations of nitramte
axxd nicrite Nltropgen were run by the methods as outlined in Theroux,
Eldridge snd Mellmann (1543). Trensperency =nd the relsted turbidity were
st first deternined by » Jwochi disk. eter = turbldomster wrg used in

deter=inin: the turbidity,
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Fish for possible corollary studies were collected by seining, using
soinea 10 feet long by 3 feet high and 756 feet long by 4 feet high, respeca
tively. Insect oollections were made and vegetation studies were also
earried out for related investigations when necessary.

The {irst series of sauples for this study was obtained on June 11,
1247, snd the lest series was taken on Axil §, 1548, The fellowin; fleld
observations and discussion are beged upon & total of spproximately 3,822
field determinations snd water semples as well as phytoplsnkton samples.

In many eases, several determinations were mede on emch gemple in ths labora.

tory in order to verify results obtained,
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degrees, in Redington the average temperature of the water was 26 degrees,
ard in Snowden Pond the tempersture of the water wes 28 degress. A
groater difference wes noted on Qctober 1, 1547, et which time the tempera-
fure in Cnsh Leke was 16 degreea, in Blue Gill Pond, 20 degrees, in Lske
Redington, 17 degrees 2nd in Smowden Pomi, 21.4 degrees Clentigrade, Cegh
Lake had a temperature of 3.2 Adogreeai, Hlue Gill Pond, O.4 degrees,
Redington, 6.0 degress and Snowden, 4.2 degrees Cemtiprsde on December 11,
1947,

Apprecieble differences in tempsratwres of various stetions on the
sars ponds were noted, A difference was noted between station 6 on Cash
Lake with a tuporatur_o of 28.6, on August 20, 1947, and stasions 3, 4 snd
§ on the same pond, with temperatures of 29 degreos Cemtigrade. Stetion 1
on Snowden Pond had & tempereture of 26 gogren on July 8, 1947, while
stations 2 smi 3 had temporatures of 2§ degrees., The minimum tempersture
varistion betwsen stations was roted im Blue Gill end Redington, Water
temperatures varied from s maximum of 30.1 degrses Centigrade at station 2
in Redington, August 7, 1947, to & minimum of 2,8 degrees at station 1 on
Jenuary 10, 1948, In Swowden Fond the maximum tempersture ocourred on
Auzust 30, 1547, when 51,5 degress was noted in all stetlons on this pond.
The minimum temperature of 3.0 degrees wes obtained from ststions 1 snd 4
in &nowden Pond on December 17, 1947. A meximm of 35 degrees was recorded
&t station 1 on Cesh lske, June 11, 1947. 7The minimum of 3.0 degress for
Cagh was recorded qtf ataﬁion 1 on Jumry 10, 1948. Blus Gill Pond exhibited
s maximm tmporaturo ‘of 32 dogrsea at both stations on August 20, 1947, and
e uim tcmpemtm af’ 2,0 degrees n‘e both q’uﬁam an ‘é‘ohruw 18, 1948,
It should e meim that the parieda of swxm and nini.u for water tompore~
ture bstween the 4 ponds did not eoincide in most omses. (See Tables 1, 2,
3 snd 4 and Figur; 5)e o |
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Trangparency eand Turbidity

There is an important relationship between transparency and turbidity,
8o when 1t became apparent that the range of the Jackson turbidometer was
not wlde enouyh to ypive scourete turbldity readingss of the pond wateras,
Secchi disk resaings for transpsreney were substituted,

laximum trapsparency for Cash Lnke was cbserved on Ioverber 11, 13947
whern B resdin- of 32 inches wes obteined., The minirmum trensparency on
Cash Lake was noted on July 1, 1647 with a resding of & inshes, Blue ill

Pond hed B mexirmum bottom trausparency ot all times., In Lwke nedlinyion,

e mexinum trsnspereacy of 18 inches wrs obisined on lbvenber 10, 1v47. The
minimm reedins of 1 inch was recorded on July 3, 1947, Snowden Pond showed
a aaximm transpsrency of 42 inches on July 30, 1847, snd a minimum reading
of 17.3 imches on Auzust 13, 1547.

The marked differenzes in the transparency beitween the nonds should be
notede. The .saximum transparency of all the ponds oecurred in Snowden Fond,
while the ninimum transpareney occurred in lake Hedlngton. Variations in
transpsrency were noted between stsilons in a pond. For example, on
Februsry 23, 1048, station 2 on Csah Lske szhowed & transparency eof 20 inches
while station ¢ zhowed & {reansperency of only 1.5 inches. On April 3,
1948, Cash statlon 1 hsd & transparency of 10 inches while strations 3 and
4 exhibited a trensparency of 12 inches. Cash Lake showed the srestest
degree 2f varistion in trsansparency bLetween steilons of =11 of Lthe rondse.
Howavar, 21l of the ponds showsd nt legrat 3lirht stetion wverietlions in
transperancy. «lth the exvertlon of Plue (i1l rend whieh exhibited a beottom
trausparency et =11 times, exeminstlen ol the deim shows thet on the whole,

trangparency increases voward the ead ol suwer snd through the fall wihile
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J
there is & rapid decrease in transpsrency at the smd of Februery and inte

March. Snowden showed appresciable differences in the trend of tranapareasy
from the rest of the ponds in that the level of transpsrency was slways
hig}idr than in Redingten or Oash, Furthermore, Snowden did not show as
serked & loss of transperensy during the winter wonths ee did (ash Lake
and Lake Redingtoun.

The raising and lowering of the water levels of lake Redington snd
Cash Lake did not seem to interrupt spprecisbly the transparency trend
during this peried. As seen from the above observeiions, the maxims and
minima of the water transparencies of the four pondsdd net colncide im
the ssme periods. (See Tables B, 6.?&1& ﬂaaﬁ Figure 8). :

Sonductivity

A Gefiaite gessonal trend in mn«mwmv was wum in 811 of the
ponds. Oenductivity ﬁmu';- shown in ?1@\:1;'0‘ 7 and Tsbles §, 10, 11 e&nd
12 weemed to decrease as the summer progresied; . mr%ng the fall monthe,
sonductivity tended to increase towards a veask in the wé.ater months and
romain at thigh level or begin once sgein to drop. In Snowden Pond,
station 2 showed & eondustivity velue of 35 reciproeal megolms on July 8,
1547, On Augwet £7, the conduotivity &t the sexe station was 32, while on
Docember 11, 1947, the eopductlivity rose to 48 reciprocel megohme per cene
timeter eubs. After this pesk, the condustivity et stetion 2, Snowden
Pond started downward to a low of 54 on March 5, 1548.

Stasion 1 at Blue Uill Pond hed s eonductivity of 26 on June 11, 1947,
The conductivity velues then showed & downward trend up to and including
Auguest 20, at which time the reading at the same atation was 13 reciprooal
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megohms, Blue G411 Pond slso hsd & fall pesk, since reedings taken from
station 1 on Ootober 1 gave s conductivity value of 26, However, by
Detober 168, & minienws of 17 was shown. The rest of the trend followed more
or less the tremds of the other ponds in that winter peaks were noted on
March 1 and March 17, 1948, with readings of 26 and 35 reciproeal megohms,
respectively.

Cegh Lake, station 2, was shown te have & condustivity pesk on June 11 ,
1947, at which time & reading of 35 was taken. Conduetivity then started
dowmward to resch & minlmux of 28 on October 1, 1947, An upward tremd at
station 2 was noted beginning on November 10, when a value of 28 was
recorded snd resching s peak of 37 megohms on Februsry 28, 1848, There
was & deoresse in comductivity sfter this dete until Mareh 17, 1548, when
& resding st gtetion 2 showed a wmlus of 33, The conductivity valuas &t
station 1, lake Redington remained more or lese constant during the months
of June and July, 1947, The rewdings during that peériod avereged approxi-
mately 30 reociprocal megohms per cubke centimeter. Am upward trend whs noted
beginning July 30 when & value of 33 was reeorded. A pesk was resched ea
Acgust 30, with s conductivity reading of 40. 7This level wes maintsined
through Jetober l6. A n-m.wn»ao trend malgnﬁ wag observed beginning on
Ostober 26, when & «iuﬂo ah ﬂm lwn recorded and gawgvm until Rovember 19,
1547, when a 35&#3»38. ga»aw of 32 wes avgwg. ﬂ«o anx.w vuaw wag
w-éﬁég on gn u.q._ dﬁ&w . ﬂ!.ﬂﬁ oh 40 !a- .«axhﬂs mku !:. the last
peak noted, a»ga mﬁﬁao&p«»g readings nﬁﬁn;ﬁ L noﬁﬂﬂswﬁ curve up to wnd
including Mareh 17, 1848, when «wa naﬁﬁ.ﬁ@wﬁaw ..Su.ct was 30.

Ag can be aeen from the .uwada &9%»;«0%&&9&&#»3‘ levels varied con~

siderebly between the four ponds. The conductivity levels of Lake Redington
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ranged between 30 snd 46. In Cssh Lske conductivity weried from 24 to 36,
wiiile In Snowden rfond there wes ® renjs  from 24 2o 50 reelvrceel mepohms
per centimeter oube. Dlus GLl1 Lond showed 2 weristion from 15 to 37
reciprocal merohms. Anc ther nolewortlh: ebservebion ig the thet even thourh

y "

il ferent ponds varied, the sobusl point

£
'.. 5

the levels of comduciivity in the
difference in three of Lhe pomds wes remsrkably simllsr. Jfor exargle, Cash
Lakze had & wzristion oi 1% reciprocal megohms fron maximum Lo minimum;
lako sedington showed a lo poinl wariamtion, ag uld Snowden fond. Blus Gill
showed the greatést point difference belwsen maximum snd minimum, heving
22 point variation.

Hoteworthy dilferences ln eonductiviiy between stetions in the same
pond were observed ss well a3 &n Interssiing diffsrence between neak
levels of ststions. On Jdune 17, 1847, Cash stetion 1 hed s conductivity
reading of 58, but stetion 2 hed » resding of 32. Un June 26, the readinc
et stetion 1 wes 34, while the re ding =t stetlion § showed 2 wvrlue of 28,
Similer point differences were obssrved in =211 of tle ronds. Althourh 2
maximua for stmtion 2 lr Ceal: Leky wes recorded sn Yebrury 25, 1043, the
peak in ststlion 1 wes fourd Lo occur on ITovenmber 20, 1047. The -~aximum
conductivity value at staticn 1 on Snowden romd wes found to occur on
December 17, while the sosk et ztetion 2, seoured on Jecenber 1l. Similar

0f the impoundnsnis.

(2

diiferences wars noted in ths res

iydrogen ion Concentrstion

13y,

ihe data obtsined showed thst in a general woy, 8 similar trend could
be obgerved in &ll of the pondase. IThere sesmed to be a tendency lor the pIk

to go up during ihe summer and fall and bsginaing in lete fall to start
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Just ss with the previouas factors, sppreciable dilffersnces bLetween
the pil valuss of stetions in sxny pond were recorded. n Jstober 15, 1U47,
Snowden Pond, station 1, had a pi of $.0 while stations 2 and 3 had a pH
of 5.8 In Snowden, station 1 on Ffebrusry 27, & pH value of 5.9 was
ohserved while atation 2 had a p¥ valus of 5.7. In Blue Jil1 ths varisw
tion, while messurable, was not e&s pronouncsd. On June 18, 1947, the pll
et stetlion 1 was 6,0 and at station 2 it wes 6,1, On Pebruary 27, station
1 had 8 pH of 5.5 and stetion had e value of 5.4, Lake dedington showed a
few more pronounced i variztlons between stations. On July 23, stastion 1
in Leke Redington showed e plI of €.8 but stetion § had & wrlue of G.4.

The rest of the variellions were yimilsr to those found in Jlus Sill.
For exmmple, station 1, Laske jdedingien showed & »il of L.J5 on Jetoeber 1¢,

1647 and on the ssme date, stadtion 3 showed & Dl of Sede Similer dil fer-

&

.

ences wore noted in Cegh leke, Sistlon 1 hed m valus ol G5 witlle station
6 gave readings of C.l on June 24, 1u47. {(dee Iables 13, 14, 15 and 156 ang
Fizure 38).

Carbon Dioxlde

Witk one or two exceptlons, it was observed that bLeginning in June and
proceeding through the summer, the sarbon dioxide content of the waters
uader study decreaaaﬁ. Towards the end of swmmer and through the fall arnd
winter, this trend was reversed sc that the carbon content genererlly ine
oreasad in mll of the impoundments. At the end »f the winter »2nd in the
very early sprins the esrbon dioxlide content once agaln showed indicetlons
of deorensing. In Cssn Leke the susmer Jownwerd trend begsan on June 11
and with an everspe resdins for this body ol water of 2.3 perts ner wmillion

of carbton dloxide, ¥ith the exception of & coupnle af niner veriletions
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during the first part of July, the esrben dioxide diminished to s low peint
of 3 perts per million ean August 13, 1947. Zhe upward surge started on
August 20, with a velue of 4.6 2nd continued generally until » maximm
value of 14 wesg obtained on February 23, 1348, The downemrd surve for
oarbon dioxide in Cash Leke started once agein on March 5, 1948, with a
carbon dioxide vslue of 11 psrta per million end on larch 17, the value
had fellen to 9. Later data obtained outside of the scope of this psper
indicates that the downward trend is continuing,

A similar situstion wes noted in Leake Redington where starting on
June 26, 1547, when the water contained 8.5 parts per million of free or
dissolved carbon diexide (the latter term is used in this psper) and com-
tinuing through the swmwer, cosrbon dioxide content fell to & low of 3.0 on
August 13. A sudden sesondsry peak of 7.0 ocoured on August 27, sfter
which the ocarbon diq#i&n ghli te sllogpv 1¢vu1 of 3.0 parts per milliion
on September §, and ugai;r rﬂwmd the upﬁrﬁ movement. This situstion ocone
tinutd untll a high paint af 8.5 wos runnrdad on. thrﬂsry 18 1948,
Shnrtly attcr thia dnt‘i the trewd was eaﬁc aga&n.rev%raid 80 that by
Merch 17, & velue of 5¢6 wag found ir the waters of L:ke Redington.

The summor oyels of carbon dioxide begen on Jume 18 in Blue Gi1l Pend.
On thst date an everage of & parts per million dissolved cerben dloxide
wag found. ZThe level uautinnsd falling until Auguat 20 when the water
contained an average of ¥ parts per million. The upward portion of the
ocysle started on August 27, with a recorded aversage value of 3.5 and took
s suwdden surge on September 9§, when & value of 10.0 was noted, On Oetober 16,
it was noted that the cosrbon dioxide had returned to a level of §.0 but that

it wes combtinuing the upwerd trend, sc that snother peak of 10 wes found in
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Blue G411 waters on November 19, 1947, 7The level dropped to 4.7 perts per
million (average) on December 11, 1947, alter whiech the upward trend
started so thet & winter peak of 8.3 wsa obtained on February 18, 1§48,
This peak continued at & level of 8 perts per milliom until Maroh 5, 1948,

when the oycle was reverszed., Om March 17, the e»rbon dioxide level had

fallen to 5.8,

Snowden Fond appesred to have & similer osrbon dioxide oycle. How-
ever the proportions of the Snowden cyols were noticeably different. The
earbon dioxide fall started on July 8, 1947 with an average of £.5 parts
per million and ended on July 23, with an average of 4.4, On July 30, a
alow but steady upward trend wag moted with & sterting value of 5.,0. Not
& single, suiden upward surge or reversel was noted throughout the summer,
fall and midewinter. The rete of increass was remerkably regulsr and ocon-
tinued until & maximum of spproximetely 13 parts per million esrbon dioxide
was recorded on Februery 27, 1948, Fhortly after, the cyole was reversed
8o that & low of § was rteor&.&;ea'ﬂhra£ 17, 1948, -

There wes considerable vsriation in the rapges between the minimes
and mxiﬂ; Ms thofourbodio; of. water, in 3?*!# émﬁqﬁ M hag &
range of 10.4 psrts per million dissolved ssrbom dloxide; Blue Gill Pond
& 7.2 range; Redington a ra;;gd}of’ 5;-2;.)' nnd Cesh Leke a difference of 11.0
parts per millienm of dissolved srmrbon dicxlide..

In some instances, considerable verietions between the cerbon dioxide
content of the watera at different stations in the ssme lake were observed.
On Pebruary 23, 1948, Csgh Lake station 1 water conteined an aversge of 14
while water from station 4 was shown to contain 10.5 parts per millien,

The same situsmtion was true in Cash Lake on imroh 5, 1948, when station )
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Examination showed thet the waters of Blue Gill conteined 12.0 parts
per milliom alkulinity ss celeium csrbonate on July 18, 1947, From this
level the slkalinity m&ww to a low of 4.5 on July 23, where 1t remained

- untdl «Eﬂw mou i aE.u m!a&tw dete the awwgwwﬂw@ rosze o & level of 9,0

iwu;.o it was renersally ulu.maﬁb& swg t he .natmgaw of one or two minor
dips through the rest of the summer, fall and part of the winter., A

drop in n.ug»u»aw which v&a«.ﬁ to be progressive started on Februery 27,
1648, with an average content of 8, The drop continued through the 17th of
Marchwhen a velue of 3.5 was obtained,

From 10.5 parts per million measured on July 16, the alkaslinity value
in Snowden fell to 5.0 ou July 30, 1947, The upward trend started on
August 7, end with the auacmewow of a couple of mimor reversals continued
upward to & mximum slkealinity velue of 13.8 (average) on December 12, 1547.
A reverssl.started on December 17, amd continued down to February 18, when
s value of 8,6 wes odbtelined. An unusually strong upward surge cccured on
Potruary 27, 1948, when a vslue of 20 parts per million elkalinity in
terms of caloium carbonmte wes obtained, However, the pesk wes short lived
and on March 17, 1948, the resding in Suowden Fond wes 4.0.

#ith the exception of two sharp pesks of brief duration in the month
of July, the vealuea for alkalinity in Lake BRedington graduslly diminished
to & lsvul of €.0 both on August 20 and B7. On September 9, the upward
portion of the alkslinity cyole begen with & messsurement of 7.8 and ine
ereased to 12,0 the 26th of Ootober, Alkslinity continwd generslly at
this level until Novembar 19, (8.5 parts per million) when & definite
downward trend was started continuing, with the exseption of & short rise,

until March 17, 1948, when a reading of 4.0 was taken from Redingten,
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Generslly, the alkelinity level of Cash Lake remaimed more or l-o:u
wmuné from Juns 11, 1947 to Angust 20, of the same yq.r; Buring this
period the slkalinity fluctusted between 11.0 end 11.5 parts per million
on the averags, A drop to 9.0 was noted on August 27, bdut shortly sfter-
wards the upward trend again stearted and continusd to & pesk of 18,0 on
Decamber 17. The rest of the period of this study saw the alkulini*;‘.:y in
Cagh drop te a low of 7,56 perts per million caeleium cerbonate on Mareh 17,
1848, It might be of interest te mﬁ! thet just before this minimwm wes
resched, n ghort but relatively high peak cccurred on ¥arch B, resulting in
& value of 124

Ag with other faoters so far observed, the ranges of alkelinity for
the different ponds varied. Cash Lake had a range of 13 {rom the meximum
to the minimum. Lake Redington had & renge of 1)l frem maxzimum to minimum,
Snowden showed & 18 parts per million range and Blue Gill Pond showed &
range of 8.8. (See Tebles 21, 22, 23 end 24 end Figure 10).

Variations between dif ferent stations on the same body of water were
observed just as was the case with previous ehemios)] and physicsl factors.
The smellest variability betwesn staticns oecurred on Blue 0111 Pond where
the aversge difference proved to be lesa thasn 1 part per million. Snowden
proved to have an average station diifference of alightly more than 1, s
did Lake Redington, while the greatest vrrisbility between stmtions was
on Cssh lLake, with _:;i ';wrug'o\:valup of maproximstely £ psrts per million.

| 26‘&:1 Iren ”

The anmm’i trqnd for irom in the four ponds studies seems to be the

ma ‘goneral at the rteiur: GMM Guiy An %}w broad Cmo oan & trend

be desoridbed. On the aversge there seemed to be & reduction of total iron



cecurrins during the summer perticulsrly durings the esrly sumier. Jne
cycle seemed to reverss its :1f during dilfferent poriods of the swmmer in
ithe different ponds and show & tendency to zo up to 8 hiher level and
stay st that luvel until well inw winter, or &s it sometimes ranifested
itselfl, the irorn showed amother low period bsfore it gtarted & rise in the
fell. iuring the winter, two kinds of conditlons seemed to preveil, in
gone cases the iron remalned at 2 lhiigh level throughout this sesson and
abruptly tepered of £ during the lest part of the winter inte the early
spring when it once again stertad upward. On the other hend, in st least
ong oi Lhs ponds, the iron suddenly dropped durling mid-winter, recovered,
and then dropped sagein until sprins vhen 1Y was seen to stert the senersl
upwerd trend. Slue 3111 Pond illustirates the lotter of tho twn cycles.

Unn Juns 1¢, 1847, the iron content In this b dr of vnter was vwasured =3
2e8 perts pur millien tetal irone Yhe anount ol iron begsn te diminish on
June 20, (2.0 perts per million) snd eonuinued cown to July 16, when an
anslysala of the water showed l.5 iron Lo Le present, & value of 2.0 was
obteined on July 23 and tis level continued upward to fugzust 13, (3.0 parts
per million) when s gecond reversal occurred brinsing the iron down %o
0«50 by October 1, 1547. Un October 1, the amount ol total iron once
t#rain started to incremase and by Hovember 19, 2.0 wes recorded in 3lue Gill
Pond,

At this polnt 3lue Gill exemplifies the second set of conditions,
nanely, that & reversel of the cyele cccurred resulting in a drop in iron
pres mt, so thet by Fecrusry 18, 1948, the total iron content of the
WRATers wes on the averagse U.ds After this period the level rose snd ceon-
Linucd to riss lnbto lebe winter so thei by Jerch 17, the totel iron hed

reasched. . » level of 3,0
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Cesh Lake illustrates the first of the two conditlons previously des-
cribed. DBeginning with a value of 4.5 parts per million total iron on
June 11, 1947, the smount of iron diminished to & low of 2.0 on July 23,
when an upward trend occurred so that & velue of 4,0 was atitained on August 13.
From this date until November 20, the iron content was st more or less the
same level. The oycle reversad itsslf and started .own beginning on
Dec.~ber 11, 1547, reaching & winter minimum of 2.0 by Februsry 18, 1648,

On Februsry 23, wle iron content slowly stertesd up and reached a lnte winter
pesk of 3.5 perts per million on larech 5, 1948,

With the exeepition of a few individuel veristions, the cyele for Lske
hedington generally seems to fall into the same category as Cash Lake,
while Snowden Ponds appesars closer to the type exemplified by the iron
cycle of lue Giil FPond,.

Observations showed that there wag a difference in ths iron renges from
meximum to minimum for the dif'ferent bodies of water under study. Snowden
was fount to have a maximum of .5 parts psr aillion snd & minimum of 0.75,.
The maximum for Zlue Gill Pond wes 3.0 end a minimum of 0.5, while the max-
ime 2nd minima for Cssh Lake snd Lake Redingston was found to vary from 4.5
to 1.5 and 6,0 &and 1.5 respectively. As seen from the tabl.s, veriations
between stations on the same impoundment oc urred in =11 of the waters
studied, Jjust as was the cese with other fsctors, physical snd chenmical,

(See Tables 25, 26, 27 «nd 2¢ and rigure 1l).

8iliocr was mnother ochemical {actor of thes waters studied which did
not follow a sin le trend but showed two separate, il releted, cycles.
In 8t lsast one of the imyounaments, the silica was et a peair during the

late spring and early summer. Uuring the middle of summer the level slowly



dropped and remeined st & low polint until lste summer or early fall at
whieh period the silica content of the water again incressed. This level
was maintained for a relatively short wneriod a% the snd of susmer, when
the level once agmin wes reversed in s dowrward movement until 8 compara-
tively low point wns rescheds, This lsatter velue weas malintsined with
sporsdic upward surges of short duration #nd low intensity until mid or
late winter, st Lhe end of which »uried the silice leovel slosly started to

rise snd continued the wupward trend ints tha esrly sorince.

o

The other silies cycle started ot » relatively high level st the bepine
ning ot the summer eand coanbinuved to o up through mid-sumser into lste
susre T or early fall. Owin; the esrly sutwan, Lhe silics siarted %o

£all slightly and then leveled oi'f, still st » comperatively hish level,
untll late sutumne. Beginning in lats autuwnn axd contipuing into mid-winver,
the allice content of tThe water slowly dropped to & minimum in lste winter,
et which time the trend was once again chenged and the silice started to
ineresge into the serly spring.

The silice cycle in Cemah Lake seemed on the whole to Sluctusts in a
mnanner similar to the Lirst of the twe eveles observed. 4 wvslue of 0.50
milligrams per liter of silicm was obtained on June 11, 1047. Shortly
after this cate the silice wvelue stsrtod to =1l until =n sverage lsvel of
Deld milliprams per liter was resched on Juns 26. 4 consistent rise wes
first noted on July &, snd continued until the ori-inel velue of J.UD
millisrame ger llter of siliees was resched un July 11, 1947, With ihe ex-
eopbion of ons short rise, this level was meintsined up to snd inclwiing
August 13, snd continuing through August 20, the silice content of th

water of (ash Lake jJumped Lo 0.75 and then started a decline culminsting
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with & minimum conzent of less than 0.12 milli-rams per liter of silice or
trace silice on December 11, 1u947. This minimum eontinued through
Fevrusry ©3, or mid-winter., DBepinning iareh D, 1948, the silies cyele once
again sterted an upprade whish continued through April 3, with = value of
0e25 milligrems per liter of silles,

The silies pebtlern fer Leke Redington apperently followed the second
of the two cyolss observed. & reading of this pond teken on June 26, 1847,
indicated conternt of 0.50 nillisrems per liter. On July the level rose to
& level of 9.75 milligrems and continusd to be incressed through sugust 20,
at which time ®n analysis showed & silice content o»f 1.0 milligrams per
liter of water., On Au ust 20, the trend wes reversed ard the =ilica
started to fall from 8 value of 0.85 millipgrams per liter on that dav to a
minimum of 0,12 through ebrusry 18, 1948, HMaroh 1 showed the beginning
once again of an increase in the silice content of the water in Leke
Redington, continuing through Mareh 17, with 2 recorded value of 0,50
milligreans of silioes per liter.

The siliece trend of Jnowden Pond on the whole, ssemsd to follow the
pattern of silica in Lele Redlington, with the excepstion of 2 very short
downwerd tendency recorded in the former impoundmeni on July 16. Blue
Gill Fond seemed to follow the [irst of the two cycles and penerally
appeared to be similar to Cash Leske in relation %o the silica cyecle. HNe
«ownward movement in Slue Gill wes recorded duringy the nldesummer period,
Instead, the silica coatent during this period remained constant until
late summer.

As with other factors, the silioca renges for the four ilmpoundments

varied, The fluectuation from meximum to minimum in Blue Gill Pond ranged
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through 0756 milligrems of sillea per liter of water. The sgme typs of
range in Snowden Fond showed s fluctuation of C.82 milligrems of silica
per liter of water. For Laks Xedington, the velue wes slso observed to
consist of 0.88 milligrems per litsr, while » rence of 0,74 was found in
{28h Lake.

It wes 8lso observed ihst the pesks lor silice generelly sesmed to
coincide smong the bodies of weatesr investigsted, The silice mexime in Cesh
occurred on July 30 end Aucust 13, 1047. The reeks for the other thres
impoundments cccurred in the sams penersl veriod. This opperent coincldence
was not noted when deelin: with vhe previous factors desoribed, Silica
varistions between Jdilferent stations on a body of water were obssrved in
all 4 ponds. {Jes Iebles 29, 30, 31, 32 snd Figure 1Z.)

Soluble Phosphorus

Observations of the phosphate (soluble phosphorus) fluctuestions of
waters situdlied indicete that here sgsin mppsrently more then once cycle
cecurred., Iwo of the ponds showed 2 low phosphete level =t the beginning
of the sumzer which slowly rose during the month of July and then suddenly
dropped by the end of the month or in the e«rly pert of Zupust. £ short
time lster it was noted thet the phosphnte eontent of tho wnter once again
started Lo iuncresase, this tiwe very slowly snd with numerous winor verise
tions, <nd vhen drop-ec Jdurlns the /m1l ar onrly winter. Jrom this point
on invo the midewlinter, phosphetes remeined oL s low lovel -nd only
started to rise, slowly, towards thu snd of the winter senson.

In the other phoapheate oycls, the level wag relatively high in the

early part ol the swmner end then started te fall during July. Ths phos-

phete contenl generally seemed to remain constant through the esrly fall.
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During late fell end into early winber, the phosphetes were el ther constant
or showed 2 sudden and relatively short surpe, after which a return to a
lowor level was observed. urine the rest of this eyole, fhe wvalue of
phoaphetes in the water remesined st 8 medium or low level #nd showed en
indiestion of rising onlv towards the end of winter,

The phosphate cycle as aohserved in Cash Leke seemsd to bs of the sene
genersl pattern ss the one first described in thet the velue determined on
June 11, 1#47, w 8 found to he C.012 millipgrem of soluble phosphates per
liter of weter. Ths level rose to 0.025 milligrems on July 1€, =nd then
sterted to Isll soon nfter so thet by ihs end of July, 2 minirum of
trace phosphetes hnd been recched. OUn Aursust 10, 1047, the ccle ouce
arain started snu resched = meximgm of 0,075 milligrems on Jotober 20.

Or. Bovembsr 10 the trend wes reversed, with & vhosphate content of 2.04%3
milligzrems and endin; with = mininmum of trace phoaphaves on Jdenusry 10,
#ith the exception of minor veriamtions, this minimum polnt wes msintaiued
until dMsrch §, 1943, wnen snelysis showed a capaclity of 0.050 phosphates
in the water of {ash Lnke. Agnother drop wes noted on April 3, but it is
doubtful if this reversel wss snrthing but = momeniary fluctuetion.

The nhosphete cyele in Blue Gill Pond generelly pereallesled that of
Cesh Leke, except that in Blue (4111 the fell and late frll =inime cccurred
on Zetober 1, and Descesmber 17, 1347, with walues In both instences consisting

f trace phosphetes.

In Lrke Redington the phosphste flucturtions seemed to follow the
gscond pattern deserild creviously. IHewsurenents teken on Junse 26, 1.47,
irdierted 2 phosphate content o5l 0025 willigrenms per liter., This level

gstarted to £all soon after zo th i on July 3, s low of 1.212 waz resched,
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A3z in all of the previous ceses observed, marked wvarliations in the
soluble phosphate eontent cecurred at different stations on the same body
of water. In Spowden Pond at station 2, the water hed & lovel of 0.012
milligrams of soluble phosphates on December 11, 1947, while the ares &t
station 4 conteined 0,030 milligrams, on the same data, An snslysis of
water taken from stetlon 1 on Lake Hedington, Cotober 1, indiested the
content of phosphates was zero while water from station § showed 0.012
milligrams of soluble phosphates per liter of water. Similer station vari.
' ations were noted both in BElue Gill Pond and Cash Lake. {Sees Tables 33,
54, 35 and 36 and Figure 13}).

Disselved Oxygen

Although of neeessity highly generalised, the exygen oyocle seemed
te be similar for all of the ponds, at lesst up to the winter meonths.

The oxygen oyocle started at & medium value in the beginning of the summer
and remained at thet general level for e part of ths summer. During the
mid and late summer, the oxygen content of the water spperently diminished
but inoreased with surprising rapidity in some crses, during the Psll,
Bowever, & few mriati@n& aoeurred during the wintmr. %While the oxygen
eontent never dropped te the erigi;zal levnl ar the exrly suwmer, some
falling off fram tha :ut:m geak was mt@d. This lwml was wntinuad
throughout ‘km wintar, unkfl s 5.&& mvcr mu g?odm‘d, at whiaf: time the
lovel started to fell, After diasolutioa of %;ha ice cover, the cxygea
level in some omsea wea raiad imbéin’nly gt to s ‘high degree, while in
gther cages no sudden rise meurr'd. in one mumu, the level actually
fell toward the end of winter,

Snowden Pond wss the impoundment showing grestest varistion from

the genersl oyole desoribed. Dissolved oxygen sontent for Snowden on
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July 8, 1947, was w.ue vrmww per million. This generel level ocontinued to
prevail throughout the suwmmer up through Ostober 1, 1947. Om Cotober 186,
the oxygen started to show an upward trend (5.87) whioh econtinued to in-
erease all through the winter and reached & peak on March 17, 1948,

Cash Laks showed an oxygen content of 5.8)1 parts per million on
June 11, 1947, whioch ineressed to 7.10 on July 1, end fell rapidly to
4,92 on July 3. By July 11, the level again had resched & higher value
of 8.70. With minor veristions, this level was maintained until August 27,
st whieh time the analysisz showed a low point of 4.46. The trend wes soon
reversed and continued rising te meet an early winter meximum of 8.35 on
bunmsvoﬁ 17, 1947, which contimued until PFelrusry 18, 1548, when it was
noted that a depression of the dissclved oxygen content of the water of
Cash rswa.wqucwﬁob in & velue of 6.00 parts per milllion. This minimm con-
tinued until Mareh 5, 1948, when a sudden rise sent tho walue up te 9.%5.
The oxygen level continued to rise through April 3, st which time &
record of $.57 waas obtained.

From an early summer maximum of 10.00 ebserved on June 26, 1547, the
oxygen content of Lake Redington graduslly fell through the summer to a
minjmum of 3.87 parts per million on August 27, With the exception of a
. eouple of vislent but short declines, the lete fallwearly winter maximum
of 17.50 was reached on December 11, 1947, From December 17, with a cone
tent of 9.79, on through the winter, the oxygen continued to fluctuate
botween an sverage of 5.5 end 10.2 parts per million.

Of ell ponds studlied, Blue Gill s%moawoh to follow the gensral pattern
most elonely, From e summer pesk of 7.55 parts per million ceourring on

July 23, 1947, the dissolved oxygen contemt f'eall slowly through the summer
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with an epproximste averapge velue of 5.5. An aubwmn peak of U.51 was
recorded on November 19, 1947, miter which a short drop occurred on
Dec mber 11, 2An aversge valus of spproximetely 12.0 parts per million
dissolved oxygen was meinteined through the winler with tls exception of
Februery which hed an avsrage oxygen content of about 8.8 perts dissolved
oxygen per million pearts of water, On imreh 17, 148, a slight upward
tendency was noted, ibwever, the varistion was so small as to constitute
an insignifiecant indication of incremse.

A11 of the ponds showed verlstions in the mmoumt of oxygen present
in the weter of seversl stetions on » single impoundment, There wers
also diffsrences in the number of peris ser million dissolved oxypen nac-
essary to go from =eximm to minimmm in the waters studied., This Sirure
for Hlue CTIll Fond was G.30035 13464 for Redington; 5.10 for Cosh Lakej »ud
5,81 for 4nowden Fond. (See Tables 37, 38, 32 and 40 snd Fipure 14).

Aeidity

Of 81l of the physicel and chemiocal fectors so far observed, acidity
seems to show the most declsive itrend. Furthermore, with ths exception of
8 fow indivlduml wvarlations in the four ponds which were for the most part
minor, the impound—ents studied all soem to follow & sinsle pattern.

The totel mcidiiy expressed in terms of crlcium cearbonste was obe
served to Ve at a reletively high level at the beginrning of the swmer
in 1947, £s5 the surmer progressed, the acidity slowly but consistently,
foll to lower levsls until » minimum wes resched in the lstter part of the
sumner, notsbly in midelugust. An upwerd trend was shortly indieceted end

eontinued up through £all »nd into mid or lsts winter. Shortly afier the
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winter meximum had been reschad, the cycle was reversed nnd s lowering of
acidity vonvent of the weter begsn whioh corntlausd through the mildle of
iareli

On June 26, Laske iediarten wetlers were found to conbein en sverepge of
14.0 ports peor million totsl acidlty sxyressed in terms of celelum cere
tonate, ihe downward trend was started oan July 1, whasn = velue of 12.5
parts ser million totsl escidity wes lound in Redin:ton snd eoatinued in
the same direction, with the excepition of & fow minor reversals Lhrough
wogt of the summer snd inte late Ausust with 8 minlmum record of 89.85.

The beglnning of the upward movement was first noted on Jjupust 27, 1547,
when & resding of 15,0 parte per million total seldity wes obtainsd. This
upward trend continued throurh Jenusry 10, 1348 et which time a level of
23.0 totel mecidity was observed. The pre-spring downward trend started

on Februnrry 18, 19648, when & resding of 18,0 was made and conuinued through
Harch 17, at which time the level h:d fsllen to 11.0.

Cssh Leke showed » simileyr trend. The esrly swwer wximum of 186.50
parts ser million on June 11, 1447, slowly decressed to = late sumwer wmini-
mum of G450, on August 27, 1047. fhe fall rise sterted on lJotobar 1, 1947,
when » velus of 10.0 wrs recorded osnd contloued (hiroush the winter o
reach 2 meximun of 25,50 on Februsry 18, 194%. On Jebrusry 23, 1048,
the pre-spring decline was first noted when & velus ol ZE.00 was rsached
and continued in e downward dirwctlon through sareh 17, when 14.0 parts per
millien total mclidity was pressnt in the waters of' Jssh luke,

The suwner uesk for mclidity in dnowden Pond occurred on July 7, 1847,

at which time anzlysis of the water showed 2Z2.0 parts per =million total
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Ag wru the cxse witih the other chwnmicsal sand physicel Isclors ob-
gerved, veristlions between the seldiiy content of weter et dlilTereni
stations on Lthe same _ody ol weter often ccourred, In Jlus $ill Fond,
stetion 1 had & value of 1.0 parts psr million on Oectober 1, 1047, and
on the same urte, statlion 2 had a content of 17.5. Similsr fluctustions
took plsce in the other impoundsents observed. Un Suzust 20, 1lu4d¥, staw-
tion 5 in Ussh Leke had an acidity content of 8.5 parta per millioen while
station 2 hed & level of 7.0. On December 17, steation 1 on Lake Xedington
was observed to have 20.0 paris per million while et the same tims, station
3 hed & level of 22.0. Uns of the station variations on Snowden Fond took
place on July 23, 1847. At that time station 2 waters had an aversge of
11.5, while station 4 contsined 10 parts per million. (See Tables 41, 42,
43 and 44 snd Figure 15).

Phytoplenkton snd lisnnoplsnkton Distribution

Lsaa!

The followlng nhytoplankters were found In ons or nors of the badles
of weter under investizetion snd sre listed by spenies under their ress-
pective classes,.

Beoillariascene {(Diatoms)

Diatona
Kelosira
Cyclotella
Stephanodiscus
Havioculs
Stauroneis
fmphore
Hitszohie
Synedrs
Frafilleria
Agtorionslls
Tabellaris
Cymbella



Cysnophyoess (Blue-Green Algae)

Gloegeapsa
Chroococcns
Spirulines
Qucillatorie
Anabaons
MHiorooystis

Chlorophyceee (Groen Alpme)

Spirogyra
Hougeotin
dotrycocous
Kirchneriellsa
Ankigtrodesmue
Coelagtrum
Soenedesnus
Crucigenia
Ylothrix
Tribonsns
Cladophors
Gedogonlium
Coamariun
Arthrodesmus
St=urastrum
Lygnema
Closterium

Phytomastizophore

Duglena

Trachelomonns

Phecus

Agiasia

Chilomenas

Uroglena

Synura

Yinobryon

Peridiniwm {Tentstive identificetion)
Glenodinium

Rhisogaﬁu

Arcelle
L flugie

Cilista

Vorticells
Stontor

40



It was observed that the phytoplankton end nannoplenktoen in the 4
ponds econsisted of at least 62 separate genera grouped under § olasses.
8ince ons of the primary objectives of this study sonsisted of obiaining
guantitative as well as qualitative data about the plankton in the ime-
poundnents, it becsme most convenient to use s Sedgewieck Rafter cell for
eounting studies, Only medium magnificstions oould therefore be utilized
with 8 resulting posaibility that some of the very minute forms may have
been overlooked., It should be reltersted that the studies wre primerily
concerned with the phytoplsnkton.

Taken as clegses, only the most general ayclis ocbservetions of the
phytoplankton gould be mmde on the ponds as a shole. Nuwwrous variations
cocurred between individusl phyteplankters ag well aa in the ponds %taken
separately,.

Mﬁ of  the diatom gpmn aoansd kq sh{iu : puk anrm the early part

of ﬁeu nmr a8 'nxl as in n‘id-taﬁm. A rohtiws.y mn number of

gemera in the Bacillarimeese showod indications of haviag secondary pulsea
during the late am;r.a#d o#rl:y fall, i!t.mr pulses slso ocourred during
the eerly winter in & few of the genera. Cenerally, distom minims seemed
to sppear during the middle of the summer and winter,

Conaideradle viriq%ian wes noted in imdividusl eyeles for the wvarious
genera of blus-green elgee but on the whole, many of the pulses seemed
to teke placs toward esrly apring snd into esrly summer. Relatively
few pesks occurred during the middle of summer, Jhe level for these phyto-
plankters rose rapidly during autwean snd in gsome ceses extended well into
winter. 4 few genera showed an inorease for a short pericd during August.
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Apparensly the general seak Tor the green »igase tuok plece in enrly
summer, especially during June. The sycle then sesmed Lo reverse itsell
and fall during the midesumser perlod, Uiner p ska were recorded during
Aupgust but the importsnt rises began in the [=2ll and extended into early
winter, in many ecmses, Un the averege, & gsuersl drop started during
Janusry, extended througnh Februsry apd ended with 8 minimum during the
early portion of March. Ihe rise started once a&gain in #April and seemed
te continue into lmy,

A discerneble gsneral trend was observed only by grouping 2ll of the
clrsses of the Protozom togsther., A generslly high level of this type of
phytoplankter prevailed during June, espsecielly during the early part of
thia month., Ihe trend wes downward beginning in the 1last part of June
and cortinuing from July throush September but revsrg:d liésell during the
manths of vebober esnd lovember et which time the Frotozom once again
resched & posk., Lurln: the winter the eycle sterted on ths downgrade end
continued through the month »f ilarchs. A& hivher count wes recorded in April
end the Protozoa surged upward during the month eof lay st whiech time the
lest counts wore mede for this study. As hes slresdy bsen lmplied, many
variations were found Lo 2 ocur in the different gemsra. In some instances
relatively short but intense pulees were observed during the surmmer, partlou-
larly during the monih of Augusts Only those plankters prasent in
sbundenes on the 4 ponds will be deseri.ed individuslly throughout this
study.

All of the diatoms studied were prss:nt in (esh Leke, however,

Gloeocapsa, ZAnmbaensa, =and iicrocystis of the blue-grusen slgae, although

present wers only seen in sm#ll numbers in this impoundment, 3Seversl of



the green algae were absent from the waters observed in Cash Leke, Thus,

no mewbers of Mougeotia, ghxuﬁm&, %mr&m and Arthrodesmus were
eounted in this izqcundwt. Al of %zhe‘Mntiﬁg}wn and Bhizepoda
were preg- ‘nt ln Cosh L&ka uad #1l et the ﬁ'iliﬂ»t wiﬁh the Qxeayticn of

Stentor’ Were hlw a‘baarv&d t:harc. ‘

Melosira varians Agardh geoned Lo be ome of the most abundent of the
diatoms presant in C:sh La}:?"‘ yiél&iug_ " gmﬁrala 8lleporiod count of
roughly 12,000 individusl a;l.ls per liter of water. The count on June 1),
IM’I » W28 approximmtely 12,300 culls per liter of water. This level
Jumped to 7§, 286 Melosirs oells per liter of water om July 1, 1947 and
then drepped to & low polnt of 3,708 cells on August 20, 1247. This low
point was mainteined until December 11, 1947, at whioh time a sudden pulse
sent the level up to &8 count of 63,032 cells per liter of water, However,
by Jammry 10, the eycle had reversed itself and a count of 16,000 cells
weg observed. A minimm of only 103 ocells per liter of water was recorded
on Mereh 17, 1948 in Cash Lake, The upwsrd trend was first notlced on
April 8, 1948, st whioh time the veslue weg observed to be 8,463 ocells of

Helosira varians ;;cé liter of water, By May 3, the level hsd risem to

30,000 cells por liter of water fér Cash Lake, Pesks ror;ﬁin_leair; were
recvorded in early July end Decswber, while the minims ococcurred during the
nid-supmar apnd midewinter.

Another diatom commonly observed in Cash Leke wes Hitzaschia linearis

Smith, The meximum counts were obieined on Jume 17, 1947 when an aversge
recerd of $,760 waa obtained snd Ootober 31, when 8,822 individusls per

ilter of water were counted. A minor pulse was recorded on September 9,
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when the count wes 2,113 cells of Hivzschia psr liter of water. 4 sumner
minimun of 140 cells per liter wss counted on August 7, 1948 and B winter
minimum of ¢ cells per liter of water on February 23, 1948, Ho cells of
Hitgsohia were found in the water of Cash Lake on X4arch § and Warch 17,
1348, However, 491 cells woere found on April 5, snd the lsvel increesed
to 1,680 individuals per liter of wster on kay 3, 1048,

A summer maximum of 390 ecells of Navicula wes noted in Cssh Lzke on
July 1, 1948, while 8 minimum of § cells per liter of water occurred on
August 13, 1847. The I'sll pulse sterted in November snd resched = pesk
on lecember 17, when ths count consiszted of 212 sells of Usvicula per
liter of water. The winter period wes observed to be = mericd »f low
productivity for Lavicula, snd » complete ebaence ol this phytoplanktsr
was found during Februsry snd Farch, The upwerd trend started in spril
and the couni on uay J showed 180 cells per liter of water in (esh Leke.
The othsr diatoms wers observed to bLe presont in {ewer numbers in this

pond. Tabellaris fenestrs Kutzing showed & pulse on Jeptember 9, 1947,

vihen enalysils of the water of lesh lLake showed 168 oslls per liter of
weter and & minimum of § orgenisms per liter on August 15, 1947,
Tabellaria wns not observed during the month of Februery, while on iay 5,
29 cells were counted in & liter of water inm this impoundment, indieating
a raplid rate of increase.

Synedras showed its meximum peak during the sumwer with s total of 513
cells per liter in Cash Lake on July 16, 1347, nand its summer minimum
oceurred Aurust 27, with a count of 3% cells per liter. The fall pulse

took plece on Uctober 21, 1947 when = lotel of 930 cwlls were found per



45

liter. This high level continued through the lest part of December nnd
fell rapidly during January to the minimum winter level. A faw colls of
Smedre were counted throuphout the winter z2nd the [irst recordsd incressae
coecurrsd on April 5, 1648 when » count of 138 cells per liter wss obtaslned,
The first spring pulse for 1348 was found on Lmy 3 when 829 cells of
Synedrs per liter of water we e counted in Cesh Lake.

Although pres:ni, the Dlus-green slgre were nover found in considerw
able numbers in Cssh Leke. 4 maximum of 47 units of 4« cells of Anadaensa
flos-aguae Brebisson was found te ocour on June 17, 1947. This level
fell rapidly to a minimum on August 27, when cells were not observed,
Another pesk wes observed during = part of Janusry with & count of 39 or-
ganisms per llter of water from Cosh Lake on Januery 17, 185438, Although
gscarce throughout the rest of the winter, 2 few Anebsenm were found in
svery winter sample with the exception of Februsry during which month none
were observed., Oedogonium showed » pulse on June 1ll, 1647, when 27 cells

e n— i ————

wore counted, but wss very rere throughout the rest of the yesr on {ssh

Leke, The only peried whon Spiruline msjor Jutzing wss present in npureci=-
able numbers wag on August 27, 1347 when & count of 17 cells »ner 1iter of
weter was found in Ussh Lrke. during the rest of the yesar this oroanism
wes rers belng eantirely absent from the semples Irom Cash Leke from

Fetr usry through kerch 1548,

Jicrocystis was rare at all times in Cash Lake but two pulses ware

observed, one in June and the oiher in Novewmber. Jurinz the reat of the

year, Microeystis was often completely absent, especially during the winter

months, and to a lssser degree through the mid-summer.
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alvhough green slgse were pressnt in Csxsh Leke with lhe exception of
the gensrs cited, they were mever present in relalively crest stuudance..
Spirogyra was the mosi common of the green algse noted. Un June 11, lwd?,
249 units of 4 caells wers counted, with an increese to 41¢ units of
Spirogyra on June 17, 1547. Apparently this constituted the early summer
peair, bascnuse a noticesbles drop wes observed shortly after 1o # miniwmum
number of 7 units counted on August 7, 1547,

The fall peak oceurred on December 11, 1947, when n count of 373
units of 3Eiro§vra wss observed in Cssh Lunke. During the winter, Splirocyra
remained at & very low rete of production with » minimum 28 5 uniis ob-
teined on Februery 25, 1¥48. uring the leattsr part of lnarech, thils phyto-
plepkter agein stertec to inoresge so thet 400 units por liler o waber
was noted on Hay 3, 1943,

Apkistrodesmus seemed to hmve an abundance in Jrgh Lake compr rable

to that of Spirogyra, Although pres.pt in relative aburdance throughout
the esrly summer, & slight pesk was noted on July 1, 1447, when 1,01b cells

were counted. During August, es;vclally late Aupust, Ankiscirodesmus fell

rapidly to reach e low of 102 on August 27. The fall maximum cccurred on
November Z0, when the count went to & high of 1,780 cells psr liter of
waters ihe downward curve for this green algzee wns considerably slower
than the trend for Spirogyra, the minlmum being resched Yerch 17, 1948,
when only 7 cells per liter of water were present, Just es wss ths csse
with Spirogyra end most of ihe other green alzse present in this iody of

water, /iniklsirodesmus started to incre=se inte the s»ring ol 1448, resulting

in ¢ count of 2,249 cells per liter of weter on ¥ey 3, 1543,
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Steursas.rum wes one of the more abundandt of the desmids occurring in

Cagh hake. An sarly summer pesk wes reccorded on June 17, 1547, when the

count reached 6,424 cells per litter., JStaurastrum seemed to vary somewhat

Trom the generel patiern in that it wes present in some abundsnce through-
ocut the swuwmmer. However, a minimum of 417 cells per liter was ocbserved

on Aupust 20, 1947. & winler meximum wess recorded during the month of
Decsmber and eppeared to extend through the entire month. lowever, the
grentest number observed wss on wecembor 11, 1047, when 5,400 cells per

liter wors noted. Althourh Steurestrum wes present throushout the winter,

& minimum wes recorded on Merch Jl, 1048, with & velue of 102 cells per

liter. &Shorily ={ter this minimum count, the Jteursstrum cycle started

upward sgain and on the last count of this investipaticn, tweken oun lay 3,
1948, zn average value of 233 organisms per liter of water was found in
Cash Lake.

A8 previously mentionsd, all of the Frotogos were observed in Cash

Leke, with the exception of iGtentor. OFf the Shytomestipophora,

Peridinium and Glenodinium were the most commonly observed gensra,

On July 16, 1847, a total of 623 Glenodinium pulvisculus cells was counted

in Cash Lake. This apperently constituted e summer pesir since Glenodinium

fell to = minimum of § cells per liter of weter on Aurust 13, 1947, and
remained low until the £21l. A hirher, mors prolonred rise took place
durin: the sutumn, beginniny on Uctober £1, with s total of 2837 cella snd
renching the hiyhest level on November 20, 1947, when ths count wes 2,049

eells per liter of water. During Jecewmber, the Ulerodinlum population

dsoreased very rapidly, becoming almost non-existent during the remsinder
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of the winter. The first appreciseble number of this Phytomsstijophoran

was observed on April 5, 1948, with = count of 135 cells per liter of
water, O0ddly, the lsvel again fell durings the Hey 5, 1748, since only

62 cells of Glenodenium were prssent per liter ol water.

Peridinium reasched & peak of 521 cells ner liter of water in Cash
lake or June 11, 1347, and then decreased very rapidly, remaining et a
minimum of less then 25 cells on an average throughout the remsinder of

the summer, fall and winter of 1vy47-48. This perticular Phytomastogophoran

was tentatively identiiied as Peridinium. However, it is possible thati
this organism may be @another species of Glenodinium. For the sake of
clarity, it shall be referred to as Peridiniuwm in this paper. On #ay
9, 1948, the Peridinium populeation was once more increasins since a
total of 167 cells per liter of Cesh Lake water was observed,

bBuglena was noted throughout the investigation and seemed to follow
the generel Protogzoa pattern. Pulses of Luglena were seen during the
month of June 88 well sz during the eerly part of Jetober, 1947. Another
increase was observed durins the lrst part of Februsry and into sarly
¥arch, 1947, yielding a peek count of 201 cells per liter of water on
April 5, 1848, in Cssh Lake,.

Arcells and bifflugie of the class Rhizopoda were present in Cash
Lake, especially in the early Spriﬁg, late fall end through the winter.,

They were never too abundant, howsver., Arcells vulgaris Ihrenberg was

the more conmon of the two, reaching e peak of 423 cells per liter in
Cash Lzke on June 17, 1547, and continuing on & high level through

July 16. The pulse had greatly diminished by July 30, and this organism



remained &% a minimum throughout Aupust end September. Another pulse

was noted on ODotober 21, 1647, et whioh time 707 cells were counted per
liter of weater. <{he pulse continued on progressively lower levels through
Devember and esrly Januery. During the rest of the winter znd sarly spring,
ircella wes only occrsionelly observed.

Difflus-ie constriete Ehrenberg w2s slways present in smell numbers.

A minor peek wes rscorded on June 11, 19647, in Cesh Leke when 28 indivie
dusls were counted, IThis peek wers short lived snd the musbers were much
lower throush the rest of swmer snd esrly fall., 4 rise to Z17 eells pesr
liter was recorded on Jebober 21, 1447, snd a maximum pulse was observed
on Ugoember 17, when 487 individuals were counted in & liter of water
{from Cnagh Lake, OUifflupis wes present in swall numbers throu hout the
winter and early spring, and a peak wes agein recorded on “ay 5, 1948,

at whieh time 106 cells per liter from (Cash Lake were observed.

Vortlicells campanule Ehrenbery was firast observed in relatively

large numbers on July 16, 1847, and continued to inerease in population
until a peak count of 73 cells per liter of water from Cash Lake wes obe
served on fAugust 20, 1547, Up to July, Vertisells had been present in
numbers never higher than 27 per liter of water, ¥From fugust through

the month of Cotober, these orzanisms were observed in relstive sbundsncse,.
The pulae dropped curing Decenver eud Vorticella was only ccessionally
observed during the rest of wintor end throuzh bsreh. #n incresse in
populetion w-8 noted in £April snd s spring peak oceurred in May, vielding

50 eella per liter of water from Jesh Lake om imy 5, 1045,
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Lake Redington exhiblted phytoplankton chearacteristlies which were
generally simil-r to that of Cssh Leks. It is possidle thatesice from
reproduction within Cesh Lske, the latver obtmlined 2 portion of its
phytoplankton population, esgacially guentitatively, {rom Lske Redington.
All of the diatoms recorded in (ash Lske were alszo found to be present
in Lake Hedington, with similar pulses and perks, perticularly in Lske
dgdington. The genorsl level of the diatom population seemed to be lower
in Lake Redington than in Cnah Lake, althouzh e few sxceptlons ocourred
on individusl counts, especislly durinsy the summer,

Yewer genere of Cysnophycese ware pres.nt in Leke Hedington than
in Cesh Lske =snd all of them in the former lmpoundment sccurred in
maller numbsrs. Noms of e blue-zreen slgae thet had besen shaent from

the waters of Cagh Lnke wore found in Lole Redingtom. Thus, of the

Cyanophyoeae, only threococcus #nd a few Spirulina were obgerved. OUnly

one seample showed a trace of Uscilletorin snd that wes & teniniive identi-

fieantien since the speciman wes in very poor condivion. Kot as wmany of

the Clorophyceae were present in Lake ledington es in Cnsh Leke. Hot

only were fougeoiia, Ccelastrum snd isrihrodesmus sbsent from Lske Hedingtonm

snd Cosh lLake but Kirchneriells, Tribsnems and Closterium were not ob-

gerved in the former pond. On the othsr hand, Arthrodesmus wasg not

observed in Uash Lake but o few cells were seon in the waters of Redinrton

in Bovember.

A1l of the Phytomsstirophora were observed on Lvice kedinston, but

in generslly fewer numbers., dhe exceptions were Clsnodinium ~nd Peridinium,

Vortieella wes only occeslionenlly seen in ihls pond while Stentor wes sbsen

W -
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Blue Gill Pond presented r» rather different picture {rom the other
two impoundments. «delstively few of the uistoms wers sreswnt. O the

complete list the following serere were repressnted in Dlue Gills

k

Melosirs, Raviculs, dynedre, 2zterionslle, fraz11luaria, ong Tebellaria.
A e o 45 AN .

telosirs, Navieoula rud Synedra were lount to be more sbundsnt then in

Crsh Lake bub Agterionslle, Fragillaris sund Zabellaris wers loss commona
Y T .

A meximum of 88,768 Lelosirs cells psr liter of weter wss observed
on July 8, 1¥47, in Blue Uill Fond. Jior Sevicule, the maximun was shown
te ocour on Hovember 1¥, 1047, shen 2 count of 3,123 cells per liter of watar
was obteined. The maximum Gynedra pulse wes seen to oc ur on August 7, 1547,
when the population reached & level of 1,327 cells psr liter.

On the other hand, # peak of 74 individual ‘sterionells cells took

plaes on June 17, 1847, in Blues Gill Pond, while the minimum occeurred
ghertly after this on July 1, 1947, as indicsted by » toial of 2 cells

per liter of DPlue G111 water. The figures for sregillsris showed a pesk

on July 18, with = count of 143 cells per liter of water snd & minimum

EARY

on Aurust 27, when 27 cells were ccunted in s liter of water. The mexi-
mwn end minimum Tebellerir populetions rlizc ocourred in July snd August
with 40 cclls snd 2 cells per liter of wster respectively,

All of the gonera »{ (ysnophyecsee previously spumersted were found

in Blue Gill Pond. 411 ef them were also found in greeler sbundence here

than in anmy of the other waters studied. C(hrooocoocus and Gloegcapss,

%

as well »s IJpirulina wers especislly sbunuent.

The Chlorophyceae were alsc completely reprssented in Blue $ill Fond.

Spirogyre, #Ankistrodesmus, Scenedesmus snd .‘ougeotin, nas well es Staursstrum,




ware the most aommon of the green alegme found in Blue Gill Pond. lowever,
all of the genera wereé more numsrous in thiz impoundment than in any of
the otuner bodies »f watsr cbserved.

Such was not the onse regearding the Protozoa. Irschslmones, Urcglena,

Dinobryon snd Phacus were abundant while tne rest of the illastisophors,

thoush pressut, did not stimin the sbundance obsoerved in Cash Leke. ZDoth

Bifflugis mnd Arcells were present in reduced numbers in Blus Gill pond.,

AlY ei the Cllieta were represenied in this pond, HNo speecisl effort is

beins med: Lo deseribe the times of maxime =nd ninims es they censrall
Z ¥

o

tmd

sorrosponded relatively closely to almllar sesks in {wzh Lekes, Stentor

P

was observed Lo hnve # neximum ponuletion on July 8, 1047, at whie
time 37 cells por llter of water wag chserved., “the inimus number of 4
eells per liter of waler wss counted on Lecomber 13, 1%47.

dnowden Pond econtrined representsiive remers of all of the clssses
of organlsms previously enumsrated but only s few of the forms present in

the other impoundments ware observed. In the Bmeillariacsee, only the

follewing genera were found to be present: uslosirs, GStephanodisocus,

Favieula, Hitzschia and Oynedra. JSpirulins and Anebsena were the only two

ropragsontatives of the blus-gresn algae found in Snowden weters and

Ankistrodesmua, Scenedesmus, Crucigenie, Staurasirum snd Ulcthrix were th

oenly (hlorophyceae genera ohserved to be present. On the sther hand, sll

of the rhytomsstizophora except Dinobryon snd Urogzlens were found in this

pond, Only mn ocesmsionsl Diffluple populstion was éncountered from smong

v,

the Hhizopodn genera, n the whole, the individusl eyeles for thess
I 2

grranlsns wore gimilar 1o those sucountered In ihe other ponds, howevsr,



the populstions werse dless abundsnt then in any of the other weters studled,

For sxsmple, Staurastrum siews a neximum of Z2,733 cells pzyr liter on

P~

July 1, 1947, in Snowden Pond, vwhile Hlue 5111 Fond wes obssrved teo conw

tain » populstion of 12,309 Staurastrum on June 11, 1047,

Trachelomonss hisnida Stein showed a pesd in Unowden Fond on

Hovember 20, 1347, with a count of 29 cells per lifter of water., In flue
(ill Pond the pesk cccurred on iUgoember 12, with en observed populstion
of 1,894 cells per liter. U47 Difflugim cells were ocounted in Laks
Redington on December 11, 1947, while the peask in nowden Fond ocourrsd
on Kovember 20, 1647, with a ecount of 31 eells per liter of water.

On the whole the following general observations could therefore be
mades Cesh Lake seemed to contain the greatest wvariety of phytoplaniton
especinlly true for the dlatoms. Hedincton did not show gulte »s much
variety s Cash with respect to diastoms nnd much less wariaety in other
categories of phytoplankton, Blue Gill demonsirated the wmost complete
blus-green and green algae populstions #nd »lso showed some variety with
respasct Lo ths Froteozosns. 7This pond demonsursted the lesst versmtility

of distoms. Snowden Pond showed a rether complebte Phytommstl:

population but had few of the other rrotuzoans in its waters. lany of
ths dimtons premsnt in the other waters werse not found in Snowden FPond.
It was {the poorest of the Lour ponds with respset (o numbers ol genera
of green and blus-green algae prosent.

The number of different phytoplankters present in ths water did not
necessurily indicate the sabundance of these organisms in the water.

On the whole, Cash lLeke seemed to have the greatest populstions of any
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of uhe pomus with respect to the number of individual diabtoms found in
the ponds. However, Blue #ill, although it did not contain &s nany
dirferent phytoplanicters sa Cash Lake, showed thu greetest sbundance as
well as veriety of zreen and blus-green alges. Cash Lake also sesemed to
show the gresatest maxima for ?frotozoa, especially in the ocmge of the

Phytomegtigophora, Blue Gill also appeeared to have large populations of

8 few of the Irotozosa even the variety was limited. Lake Redington
seemed to contain the largest populations of Rhigopoda. On the other hand,
Snowden rond, although showing a largs number of diffsrent PFrotozoa,

especially of the Phytomastirophora, hed the lowest numbsr of these or-

ganisns of any of the impoundments atudied.

Apnother general observation thst wes made onm all of the ponds wes
the differences in populetions of phytoplankton in different stations on
the same body of water. It was found that stations 5, 3 and 2, on Cash
Leke contained the largest populations of phytoplankton in the most
gensral sense. This was found to be particularly true for green and
blue~green alpgae at stations 5 and &. Al)l of the stations on Cesh Lake
sesemed to contain generally similar amounts of diatoms, although stations
3, 4 and § seemed to be the most consistent in this respect. Station 2,
as well =as stetions 1 and 5 seemed to hold the most oonsistently sbundant
Protozoan populetions. &Station & seemed to show this chermcteristic best

for the Phytomastizophora and the Ciliates.

In Leake Redington, the stations 1 and 2 were very much alike in
respect to veriations in phytoplanitton populations. Statio:n 3 sometimes
showed & grester numbsr of Protozoans, but the varistion was not signifi-

cantly lerpze. This was =lso trus for the diatom populations., EHEslatively,
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smaller populstions of blus-green snd green algse wers noticed et times
in stetien £ but agein, the differsnces Irom stetions 1 snd 3 were not
significantly lerge. In Hue Gill Fond, stestions 1l end 2 were slike in
every respact except for Protezomn populstions thst apeared to [luctuate
from one station to the sther &t different intervels durin; the investie
getlon,

On Smowden Pond, large verietlon voourred betwesen stations 1 =nd 3.
Statlon 1 eppesred to contaln the larger amounts of most of the phyto=-
plankton. Little difference was noled between stations 2 and 3. OStetion
4 also was observed to contaln populations which were more clossly relsted
to ststion l. However, the differencs between station 1 snd station 3 was
oot as consistently variable &z that from station 1 end 3. ‘herever
possible, the populations of the different statlons were sversged tegether
in order to give & generel figure of productivity. This was espscially
necessary in Snowden Pond, =3 well =3 in Cssh Lake, where cceasional
merked differences in phytoplenkton populstions were noted. In all enses,
when = maximum for & partioulsr plankier wss recorded st one ststion, =
similar, although not nseesgserily perellel, fluctuation wes noted in the

other stestions of & particular lmke.
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DISCUSSIOR

One of the most importent prodblems whioch arose in econjunction with
these limnoclogiosl studies, was tha'queatian of why the 4 impoundments
were seid in character. Birge and Juday (1511), and Shelford (1923),
studied ncid wateras. They found that generally, an ineresss in escidity
was closely morrelsted with 2 decresse in the dissolved oxypen content
of the water. It wes concluded Lhat the scidity was due to & high rate
of organic scid synthesis from yrodusts of decomposition. Since oxyygen
wes a necessary pert of the synthesis, it desreased ag the rate of
ecid oproduction inoressed. On the other hami, Jewell sand Brown (1924),
from their studies of seidity in Blg Muddy River of Illinois, cone
eluded that i{ wes & result of the mineral ecids dissolved in the
water. They further noticed that there was & large amount of plant
material in the itreams whioh would suggest an abundant amount of
oxygen present in the water. [uring their investigations on Vincent
Lake, Jewell and Brown (1924), agsin concluded thet the acidity was ore
ganic in charmcter, arising in this case from the bog-like margins of
the lske. The oxygen supply was not depleted in the lake itself, pro-
viding further evidence that the oxygen oycle does not necesserily havs
to be depleted during periods of high acidity.

Thus, soidity may be dus to the presunece of orgenic escids which
in turn mey heve been synthesized in the sm"me waters from produots of
decomposition present in the surfmce layers or on the bottom. It also

follows that the orgenic scids may originete sround the mergins of the
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body of water. (Welch, 1530). A4gqustic plsnts snd animels may produce
slight conditions of escidity as noted by Jewall snd DBrown (1324).
Hewevsr, it 1s doubtful if this lsst scurce pleys an iuportant part in
ineressing the acldity of s body of water gtudied, since ithe aguatie
vegetetion is not sbundent. Acld environments may slso be produced

by the presence of mineral scids in the waters., Hlneral scids may
enter the water from mine shafts, exeavetlons, or scid water wslls vias
streams feeding the body of water. (Lackey, 1938).

Hone of the above conditions sesmed to explein satisfactorily the
gcid eheracteristios of the 4 impoundments studied on the Patuxent
Reasearch Refuge., It is true that the above area contzing an underlying
stratum of Cretacious materisl which seems to be secid in charecter.
However, the source is not sdequste enoupgh to explain the zenerslly
characteristie fluctustions in ecldity thet were observed in these ponds.
Acldlity produced 85 a2 rogzult of runoffi alse would pot shew 85 much of &
gezsonal variability as ceecurred in Cesh, Redington, Snowden snd Blue
G111l ponds. (Lindemsn, 1941). Undoubtedly sll three of the sbove
sources contributed in some degres to the scid content of these bodies
of water,

An examinatlon of the other physical snd chemicel fectors of thesge
walers seems to afford another possible explamstion of their scid chare
acteristies, All 4 of the ponds are relatively shallow impoundments
that appear to exhibit no thermsl or chemicel streatification, being
similar in that respeet to the bodles of water investigated by Chandler
{1540). It was =lso observed that the conductivity wes relatively low

in all 4 of thess ponds &3 wes the slkalinity. On the other hand, the
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free carbon dloxide and acidity as well as the dissolved oxygen was
relatively high. Finally, =11 4 ponds were found to heave & very low
calelun snd magnesium conbent, indicetinz the weters to be soft.
{(Tressler and Bere, 1834).

fn sxsanmination of th: sessonsl veristions of the above [sctors
showed, with the exception of 8 short spring end fall period of [luctuw
etion, free carbtondioxide and acidity rewnched their peeks during the
winter snd were at their minlmum during the summer. This was also true
for oxygen. Conductivity was at a relative meximum during the summer
and at a minlmum during the winter but showed sheort pesks during the
spring end fall. Correlastion of these fectors seemed to ofifer a
plausible explanation for the characteristic acid conditions of the
ponds. (See Figures 17 and 18).

An exoess of free carbon dioxide wes found to be present in the
waters. During the hot summer months the amount of carbon dioxide
present was naturally at a minimum (Juday end Birge, 1935), while the
reverse was true during the winter months,

#hen free or excess ocerbon dioxide combined with water it formed
carbonic scid., (Weloh, 1935), If thers =re sppreciabls mmounts of
caleiuwm or megnesium osrbonstes {mono-cerbonates) present in ithe water,
the carbonie acid combines with the unsoluble mono-carbonestes to yield
soluble bicerbonates. In the ponds studied we find & minimum amount of
gcarbonates as lndiceted by the low ealkelinity as well as gusntitative
teats which were .un at one psriod. Thus the omarbon dioxlide content

continues to mccumuleste within tempsrature limiations until there is a
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rather hizh concentretion of eerbonie acid., Thus there is s direct cor-
relation between carbon dioxide and seidity. As the ecidity increasaes
the slkelinity seems to decrease to soms e¢xtent, poszsibly indicating
thet the small emounts of carbommtes that are present have besn chsrged
to the soluble bicerbonates. This possible explanation seems to fis

the chemicsl and physioal date as well as the season variations in
acidity observed in the ponds. From the observations it can be stated
that all four ponds followed the same trend, discounting individual
verlations.

Another problem concerned the extent of the relationship between
pE and the total seidity. It was noted that as aoldity rose, the pE
fell and conversely, when the pH rose the soidity fsll, Again, a cor-
reletion of the sveilable data seened to offer & satisfectory explanation.

Cheatum, Longnecker and Metler (1942) showed thet although the
scidity content of 2 body of weter might be reletively hish, the pH did
not necessarily have %o be low. These suthors showed thst the orpenie
materialas derived from decaying besic pealy vegetation held the pi te
a rather hipgh level. It should be noted thet when moncearbonatea are
present in natursl weters, they msy act as builfers because the earbonic
acid combines with the monoearbonates to form soluble bicarbonates.
#hen some of the oarbon dloxlde is withdrewn during photosynthesis,
(wiebe, 1930) the insoluble carbenste eand oarbonic mcid are again formed,
Later, if more carbon dioxide is added it combines conce again to form
soluble bicarbonstes. This remction is known as the buffer effeot and
prevents extreme vearistions in the hydrogen lon concentrati on. {(Welch,

1938).
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In all of the ponds on the Pstuxent Zasssarch Refugs soft water
corditions prevailed. This of course, implies & minimam amount of
availeble moncoesrbonates. In the absence of these substances with
their buffer actions, complete jonigation emn be brought sbout with a
resulting lowering of the pH velue. During the wintsr when the water
wag able to retain a greater asmount of free csrbon dioxide, more car-
bonle meid formation results in a closely ocorrelated lowering of the pH
value., In the awmmer the carbonic acid content of the water fell
with & conseguent increase of the pH level. (Juday and Birge, 1935).

§till snother problem concerned the possible roles of pH and
acidity in connection with other genersl physieal and chemical charac-
teristies of the four impoundments.

Do acidity and pH direotly influence the other physieal and chemi-
eal econditions or are they merely indiestive of other conditions?

Juday and Birge (1935), indicete thet pH sctivity is to be regsrded 2s
en index of other underlyling comiitions whieh hsve a more direct rels-
tionship with lake biotm, Juday, Birge, Ksammer sxd Robinsen, (1928)
claimed that there was no correlation between the smount of phosphorous
and the carbon dioxide in the water,

It was observed that all of the ponds (Cssh, Redington, Blue Gill
and Snowden), were of the soft water type. The econductivity was rela-
tively low st all times, particulerly during winter. Alkalinity was
also observed to be low during the perled of investigation. Trensparency
was observed to inoresase through the f2l]l and inte winter with the

exception of a short period during fall when a drop was noted,
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Tressler end Bere (19Y34), found that soft water wes not as produc-
tive as hard weter lakes. They also found that generally, dammed
streams were productively poor. Juday (1942) also found the preductivity
of aolt waters low., e found that the dissolved organic matter are much
lower in sof{ waters than in hard waters., ielch (1536) notes thet the
rate of conduotivity is closely related to the amount of dissolved or-
ganic materials conteined in the water, The greater the smount of
dissolved orgenic subsieuces, ihe greater the amount of electrolytes
in the water, with e consoquent inorease in the conduotivity level.

There is also & close assoeciation between the amount of dissolved organic
meterlial and the amount of carbonates in the water., When thers is an
incresse in dissolved organic material there also seems to be an inerease
in the level of the carbonmtes. An inerease in turbidity is usually
associnted with an inocrease in the amount of dissolved organic substance
present 1n the water. Thus, the oconductivity, and to = émallor extent,
turbidity, may be & general indication of the level of dissolved or-
ganic substances. Lack of cerbonstes may slso be an imdication in the
impoundments that were studied,

Thus, if we correlate all of these Tsctors, some imiicstion of the
imporitence snd relatlonshlps of acidity to other chemlicnl and physical
faotors may be noted. The [lour soft water ponds contained very small
mmounss of dissolved orgenlc meteriasl. This wes shown by ths low cone-
ductivity rate and the lack of carboneies. Increases were noticed in
the turblidity level durling the summer. This obssrvation, plus the

observed lsek of turbidity during the winter was another indication that
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the dissolved organic materinls were low. 1his was essociated with e
mipninum buffer effect ws well &8s & lack of the monoearbonates with which
to utilize the amounts of carbonic aclids which were besing found., Henoce,
there was increase in acidity as well as s decrsese in pH level when

the dissolved organic materisls on the water decreased.

Precipitetion, weter movement and tempsrsature can slsc be corre-
lated with scldity and pi. Although no precipitstion tables are pro-
vided, it wss observed that ihe heaviest ani moat prolonged periods of
rainfall toek plece in the spring =2nd in the fall of 1947, During
these periods it was slso seen thel the meldity dropped fuor short
periods sad the pI leval was reaised at the same time. Apparently the
pond water ocontaining the seldiuy is diluted Ly the rain falling
dirsctly on the impoundmgats as well ss by the resulbting inoressed [low
of' water into ponds via the streams. Inereassed runoffl as well as the
gources just eited would serve to bring in a greater amount of dissolved
organic ammitter thus increasing the smount of buffer wmaterisls in the
webers amnd decressing the secidity as well as reisging the pd in snother
fashion. Ineressed currents during thls peried alao serve to keep the
zeidity at & low level, Weter agitation, especially during meoderate end
warn deys seems to drive off & portion of the excess earbon dioxide in
the water and provents lerge accumulstions of carbonie acid.

The lowered transparency during these periods showed theti waters
vore more turbid, mrother indicetlon of incressed organic materisl
extering the water of the four ponds. However, an excess turbidity in

& sense, delests its purpose. Jediment can graduslly csuse part of the
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covering beins buried under the silt brought in by the stresms. (Irwin,
1945). Roelofs (1944), points cut that lend runoff can substantially
influence the chemlical characteristios of a body of water. Durinz the
periods of incressed water flow, the moldity dropped as has been mentioned.
This might be another indieation that orgenie acids were not entering the
water in large enough guantities to cause spprecisbls difference in the
eoidity. It may slsc be possible thet part of any acid material enter-
ing the pond through runcff were being buffered by chemical substances
conteined in the same runoff, It is therefore felt that this further
indicates that only & smell part of ihe acidity was due to materials
derived from the land soils. It 1s possible that this source contri-
buted more to 8 future scid condition through sedimentation and eonsew
quent loss of available buffer and ot her necessary constituents of the
water. The abundancy of oxygzen which would not slways be present when
acidity was dus to orpaniec acids &8 a result of decomposition products
of the soil being placed in the water, did not contribute to the total
acidity of the ponds to any substantial degree,

Probably the mosi importent problem which arose during the inves-
tigation was the reletionshlp between mcidity snd pi to phytoplankton
distribution emd productivity.

Was tie phytoplankton influencsd directly or indirectly by the
acid environment, or was meidity snd the pH levels merely and indleation
of other faotors whiseh influence the biologicel metabolism of the pondsa?l

Lackey (1838), believes that an abundant but nerrow group of ore

ganisms may be supported in highly acid waters. Suspended forms in sacid
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waterz from mine runs and ecld wells were rare (Lackey, 1u30). Weloh,
(193¢ found a& uiversity of phytopleniton in the acld waters which he
studied, However, quantitetively, they were low. Secheflor snd
Robinson (1%35), found poor populstions of phyloplanikton in their
studies of slightly acid waters. Rewson (1u33) points out that orpanw
isme oan withstend s wide range of pH. ielech (1938}, found more phytom
planikton in the waters than gzooplankton and elaimed that the level of
productivity was low. Jewell and Brown (1824) noted tle sbsence of
fresh water mussels irom the acid waters which they studied,

The distribuiion of phytoplankton in the four impoundments wss not
as great as has bsen found in neutral alkeline waters. Chandler (19543),

found 86 algal forms, including 40 Chlorophycese, It is possible that

tUwre is & direct relationship betwsen the low biological productivity

of moid waters snd the low orgsnlie centaent of soft wsters. Phosphorus
was present but mever abundent. Hitrites and nitretes from ocessional
anmlysis proved to be very low., Uslelum snd megnesium were very low.

3ilieca at times was present in lerge gusnbtities as waz iron,

On the whole, the perlcds of mximm for the above chemical materials
sevmed Uo oceour during spring or early summer and &lso 4in sutumn. This
was slso true for oxygen, conductivity, slkelinity and turbidity. Om
the whole, the largest number of meximum peaks in the greatesi mumber of
phytoplankton geuera Blso occurred during similer psriods. It seems
logieal to assume that barring adverse physics]l conditions snd other

special considerations, phytoplankton in ths ponds studied, resched a



maximum populstion at ths same time or shortly before or after periods
of abundance of nutrient materials. Meloche, et al, (1938), noted that
&t one time diatoms increased at the same time thet asilice dacreased.
At another time diatom incremses cocurred while the siliees was still
ebundant. Domogslls and Fred (1526), sald that an inecrease in phyto~
plenktton caused a decresse in phosphorus,

Although periods were observed when there seemed to be sn inoresse
of phytoplankton taking plece coincident with n decrenged but still
sbundent silice and phosphates, there were slso veriods of phytoplankton
when the nutrient materiels had not yet reached thelr maxima but were
sbundant, nevertheless. ODuring the hot summer moanths, as well as during
the midwinter period, both phytoplenikton sad nutrient meterials such
as silicm and phosphates were st & minimum. This was also true for
irone.

There is a possibility that the turbidity mey have interfered with
the meximum pesks of phytoplankton in some instances. Chandler (1942),
expounds the theory that & high turbidity content just before or during
& phytoplankton pulse might interfere with the meximum produection of
the pulse, Rice (1917), ocleims thet a limited phytoplankton population
may resch s medlium stete of abundasncy in spite of a very small amount
of nitrates and nitrite., Riley (1540), also seems to feel that some
degree of produotivisty will occur even though nitretes are almost sbsent
and the phosphstes reduced.

Hutchinson (15941) sugsests that ferric and ferrous iron in sus-
pended stete may be & source of irom for the phytoplankion. Pearasall

end €. H, Mortimer (1939), claim that an excess of iron may take the



the necessary oxygen out of the water. Apparently this did not occour in
any of the ponds observed., Einsele (1838), takes the view that iron may
precipitate the phoaphates snd ctuse them to be lost to the organisms.
This may take place in ecid waters, howsver, there is no cvidence teo
state definitely that it took plece in the four ponda of the Patuxent
Besearch Refuge, It is therefore possible theat the index of phytoplanke.
ton productivity in Cash Leke, Leke Redington, Blue Gill Pond end Snowden
Pond =may be noldity snd pH,

A4 reeompltulation of the probatle svents thet teske plsce in these ponds
may serve to clarify the relstionship beotween the planiton and mcidity.
There is » basis for steting that phytoplenkton sbundance depends upon the
abundance of nutrient maferials in the water espsolslly dissclved organie
materials. It has been shown that the dissolved orgenioc materisl may
contAain not only nutrient materiels but elso chemical substances which
serve to buffer the water and prevent & change of pH, It has algo been
explained that the substances which serve a3 buffsrs also combine with car-
bon dioxide to prevent an sccumulation of carbonic scid. The presence of
organic material msy be demonstrated by messurement of the electrolytes in
the water ss well as by examination of the turbidity of the water.

If the dissolved corgenic meterial is lscking it 13 sssumed thet the
sbundance of phytoplankton will be limited, At the ssme time the absence
of buffers and subsiances combining with esrbon dloxide will allow the latter
to sccumulate and combine with the water to form carbonle secid. Other
mineral and organic scids mey elso be present. Since there may not be any

buffers present in the sbsence of disgsolved nutrients the wmolds will jonize
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arsl the hydrogzen ion eoncentration will chenge, miving us eoldity of a
high intensity or low pi., Alkalinity will =lso decrease. Lowered
temperatures may result in inoreased acidity snd lower pil by ellowing
a greater amount of carbon dioxide to acoumuleate and Lhereby combine
with the water to form earbonic a&eid. Thus, we cen ssy that scldivy,
together with e oclosely fluctuating pH way serve as an index of the amount
of dissclved organic nutrient material in the water which irn turn infers
that the seidity together with the pH may serve as indioators of ihe
phytoplankton abundanece.

Jewell and Frown (1924) noted thet molluscs were absent from some
seid waters becsuse of the harmful effect the meidity may have upon the

shells. They further pointed ocut that the sunfigh Lepomis zibbosus ean

tolerate 8 wide renge of pl. It has alresdy been pointed out by numersus
investigators thet somse sbundance of phytoplankton may ocour but thet
number of different orgenisms ere relatively limited, This wss noticed
ir the four bodies of weter on the Pstuxent Aesearch Refuge. lowever,
it is questionable if the scidity end pH nlone act as & limiting factor
for a number of different kinds of orgsniams simply becsuse these or-
ganisms cannot withstend & wide range of pH. It i# more likely that the
waters cennot support & limited smount of phyteplankton due to the low
content of nutrients. This, slong with seidity and pH end other factors
such &8 high turbidity and low temperature, mey serve as a continued
limiting factor fer some of the less hardy orgenisms,.

It seema therefore, quite likely thet ascidity of & reletive high

intensity (low pH) may serve primsrily ss =zn index of other chemicel
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eonditions of the water as well as an index of the abundence of phyto-
plankton. The ecidity may serve secondarily as & limiting faotor,
probably together with several other chemical and physical factors of
the waters studied,

Through careful examinatlon of the tables and graphs, it can be
seon that on the whole, the sbundsnce ané distribution of the phyto-
plankton in the ponds depended upon a consisbent supply, prinecipally, of
nutrients and other fsvorsble physliesl and chemionl conditions rather

than upon the acldity by itself.
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SUMMARY AND CONCLUSIONS

A limnologiesl investigzetion with especisl regard to the distri-
bution end abundeance of phytoplankton in acid waters, was carried out
on four artificial impoundments. The four impoundments had been con-
gtructed over a period of ten years by exesvating brook bedsz and putting
up dams., These ponds ranged in sige from 53.3 acres in area to 2.1
acres and all gave characteristic goft water acid reaotion when tested.

The studies were carried out over a period of eleven months, be-
ginning June 194¥ and includes examination of the physical, chemical and
bioloriceal characteristics of the water

Physical examinsation inecluded studles of the air and water t empera-
tures, transparency, depth, turbidity and conduetivity. Chemical
examination inecluded studies of the scidity, hydrogen ion concentration,
alkalinity, carbon dioxide, oxygen, iron, phosphorus, silica and
periodic tests of the calcium, mepgnesium, nitrite and nitrates of the
waters.

The phytoplankton was collected and examined by the Sedgewick
rafter mithod, Caleculations were sccordins to Littleford Newcomb and
Shepherd modification.

Simultaneocus investigations were also carried out on the gooplankton,
insect, fish and plant populations of The area. It was observed that
the physical, chemical, and biological factors undergo seasonal &s well
a3 other fluetuations such as fluctuations due to water movement. Approx-
imately 50 different genera of phytoplankton in varying derrees of

geagsonal abundance were observed.
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A total of 3,822 separate samples were obtained during this inves-
tigation. The datm obtained were correlated and are the basis for the
following conelusionss

1. It was concluded that the four ponds studied were of the soft
water type and showed distinct mcid characteristics.

2. The smount oi nutrients present in the water vws low in come
parison with medium or hard waters.

S5+ There was a limited distribution of phyteplankion present in
these waters. .lthough the paytoplankton showad charaocteristic psaks,
the abundance wss not es hiph a&s in neutral or alkslire waters.

4. The aclidity and pH of these ponds sesmed to serve as indicatora
of the other chemical and physical conditlons occurring in the waters.

5., The intensity of the meid in the water was probably due to a
lack of buffer and nutrients present in the waters studied es well as
an excess of carbon dloxide in the water. There is evidence that
other acids, probably organic, as well as chemical in nature, contributed
to the total acidity of the impoundments,

6« It was concluded that the mcidity end pH erved primarily as an
index of the phytoplankiton abundence. Ths intensity of the acidity
(pH) along with cother agents in the weter may sct as a limiting factor
of phytoplenkton. There is no conclusive evidence to substantiate this

theory, however,
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TAELE le
SKOWDEN POND

WATER TEMPZRATURE IN DEGREES CENTIGRADE
Date Snowden I Snowden 11 Gnowden 111 Snowden 1V
7/8 26.0 25.0 25.0 25,5
7/16 31.0 31.0 31.0 -
7/23 28.0 27.0 26.0 27.0
7/30 28,0 2840 28.0 28,0
8/7 29450 29450 29450 29.10
8/15 31.0 3040 3040 3040
8/20 31.50 31450 31,50 31.50
8/27 28450 28,50 28450 2840
9/¢ 26,0 2640 2640 26,0
10/1 21.40 21440 21.40 21.20
10/15 19.20 19420 19,20 19,10
11/10 11.0 11.0 11.0 11.9
11/18 640 6.0 6.0 8.0
12/11 4.20 4.20 4.20 4.10
12/17 3.0 - - 3.0
1/10 4.0 - - 4.0
2/18 3420 - - 3410
2/27 540 540 4450 4450
3/5 8430 8430 8430 8.10

3/17 11,40 10.20 11.0 10.50



TABLE 2.

BLUE GILL PORD
WATER TEMPERATURE IN DEGRBES CENTIGRADE

Tate Blue Gill 1 Plue Giil IL
6/18 24.0 24.0
6/26 25.2 25.2
7/8 26,6 26.6
7/18 32,0 32.0
7/23 24.0 24.0
7/80 26.4 26,2
8/7 30,2 30.0
8/13 30,0 30.0
8/20 32,0 32,0
8/27 30,5 30.8
9/8 27.0 27.2
10/1 20.0 20.0
10/18 17.0 17.0
10/26 14.8 14.8
11/10 12.0 12.0
1119 7«0 740
12/11 Sed 5.6
12/17 4.0 4.1
1/10 4.5 4.6
2/18 2.0 2.0
2/27 4.2 4.3
3/1 646 646
3/5 5.0 9.0

3/17 14.0 14.0



TANLE 3.

LAKE REDINGTON |

WATER TEMPERATURE IN DRUREES CENTIGRADE
Tets”  Tedisgten | Mwﬁan )+ S Redington ITT
8/%8 28,0 25,1 -
/1 31.0 51.0 -
7/3 27.0 27.2 -
7/8 26,0 26.0 -
7/16 30.0 30,0 -
7/2% £6.0 26.8 26,0
7/30 28,0 28,1 28,0
8/7 30.0 30.0 30.1
8/13 30.0 30,0 30.0
8/20 27.0 27.0 -
a/27 28.0 25,0 -
/9 24.0 24.0 -
10/3 17.0 17.2 17.0
10/A8 18.0 18.1 18.0
10/36 9.0 9.0 8,0
1130 8.8 8.6 8.4
11/19 4.0 4.0 4.2
12/11 8.0 640 641
13/17 4.0 - -
1/10 2.8 - -
2/18 8.0 6.0 -
31 8.0 8.2 -

3/27 11.0 11.4 -
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TABLE 4,
CASH LAKE

WATER TEMPERATURE IN DEGREES CENTIGRADE
Tate  Cash 1 Cash 11 Cash 111 Gash 1V GCash V Cash VI
6/11 35,0 3545 - - - -
6/17 25,0 24.0 - - - -
6/24  26.0 2640 26,0 26.0 26.2 26,0
6/26 25.0 25.0 25.0 24.8 25.0 25.0
7/1 30,0 30.0 30.0 30.0 30.2 30.0
7/3 27.0 27.0 27,0 26.8 2840 27.0
7/11 30.2 30.0 30.4 30.4 29,8 30.0
7/16 29.0 28.0 28.0 28.2 28.6 28,0
7/23 26.5 27.0 27.2 27.2 27.2 27.0
7/30 27.0 27.0 27.0 27.0 27.2 27.0
8/7 29.0 29.0 2940 29,0 28.8 29.0
8/13 30.0 30.0 30,0 30.0 3040 30.0
8/20 28.8 2846 29.0 29.0 29.0 28.6
8/27 27.2 27.0 27.0 27.2 27.2 27.0
8/9 23.5 23.6 23.0 23,0 23.8 23.6
10/1 16.0 16.0 16.0 16.4 16.6 16.0
10/20 12.5 12.4 12.6 12.4 12.6 12.4
11/10 9.0 9.0 9.2 9.2 9.4 2.0
11/20 6.5 6.6 6.8 6.8 8.8 646
12/11 3.2 3.2 3.2 3.2 3.2 3.8
12/17 4,5 - - - - -
1 10 3QG - - - - hd
2/23 3.8 3.8 4,2 4.2 3.8 3.8
3/5 6.0 6.0 6.0 €40 Be8 8.0
3/17 12.4 12.0 12.4 12.4 12.4 12.2
3/31  15.0 15.0 15,0 1540 15.4 15.0
4/3 14.2 14.3 14.2 14.2 14.4 14.4
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TABLE 6.

LAKE REDINGTON

IHCHES OF TRANSPARENCY (SECCHI DISK)

Tate Bedington 1 __ Hedington I1 Hedington 111
6/26 7.0 9.0 ¥o data
7/1 4.0 3.0
7/3 4.0 4.0
7/8 1.0 2.0
7/16 4.5 5.0
7/23 6.0 5.0
7/50 70 8.0
8/13 7.0 8.0
8/20 8.0 740
8/27 10.0 8.0
9/9 14.0 14.0
10/16 17.0 16.0
10/26 17.0 17.0
11/19 16.0 16.0
12/17 - -
1/10 - -
2/18 - -
3/1 640 5.0

5/17 4.0 2.0



TAELE 8.

SNOWDER POND
TRANSPARENCY IN INCHES (SECCHI DISK)

“Date Snowden 1 Snowden 11 Buowder 111 Snowden 1V
7/8 38,0 34,0 3445 bottom
7/16 32.0 32.0 34,0 "
7/23 35,0 36.0 35.0 *
7/30 39.0 40.0 40,0 "
8/7 33.0 3640 36.0 "
8/18 17.5 25.5 30.0 "
8/20 13.0 18.0 22.0 "
8/27 9.5 12.0 14.0 "
8/9 25.0 28.0 30.0 "
10/1 14.0 16.0 16.0 "
10/15 17.0 18,0 21.0 "
11/10 23.5 27.0 27.0 "
11/19 28,0 29.0 50.0 "
12/11 32.5 35,0 34,0 "
12/17 32.5 35.0 34,0 "
1/10 - - - -
2/18 - - - -
2/27 bottom 29,0 35.0 -

3/5 27.0 26.0 29.0 botiom

3/17 18.0 18.0 20.0 "



14 28 gg cg g¢ T L/e
2e og g8 ge eg £g 5/8
- - - - »e 2e gz/2
- - - - L9 eg 81/2
- - - - s¢ ge oL/t
2g og 12 2g ag zg L1/2
ag 9¢ gg 8¢ ¥e gg 11/21
2¢ 2¢ o¢ g¢ £g -1 oz/11
og 2e og og 82 18 otT/11
L2 62 L2 L2 o2 82 oz/ot
4 g2 o2 82 a2 \ £ /o0t
92 92 az g2 92 a2 5/6
L2 92 62 L2 L2 L2 L3/8
L2 82 L2 g2 83 g2 02/8
2e ¥e 2g 2e og 2¢ 21/8
82 82 82 82 62 82 L/8
62 62 82 82 82 62 os/L
62 18 1€ og 62 og ez/L
82 62 62 82 62 82 91/4
0g 62 62 82 og 82 11/4
§3 L2 T g2 92 82 e/L
e og 62 62 62 134 /L
s 82 og og og ¥S 82/9
og '3 127 e ¥ 4 ¥2/9
- - - - 2e ag LY/
- - - - ag 14 /e
IA us%) HUSS) _AY WSwW)  III 4ewp XTI HSED 1 4®s) o3¥g

84

SRHCODER 'TyD0¥dIOTY RI ALIAIIDAANCD

HIVT HSVD

6 TWVI



- 2 og L1/e
- 8¢ g /2
- S 8g 81/2
- - 8¢ or/1
- - 0¥ At/en

o¢ 8¢ 14 11/21
2e ot 2¢ 61/11
9% 144 ¥ o1/Tt
or o¢ og 9z/01
9% 32 8g $1/01
2y o¥ o¥ 1/01
Y 2y 8¢ 8/6
- % oY Lz/8
- oy 8g 0z/8
- oy ag 1/
oy 8¢ -1 L/e
oy ag £e og/L
8e e og £2/L
- oe 0¢ 91/L
- og 62 8/L
- 2¢ 0g 8/L
- £ 23 34 1/t
- 0g og 9z/9
J1I uogrurpey I uog. 1y pey I uoq%;p&g 23wy
SRHOUZN T¢O0¥JIDNN NI LITAXIOOANOCD
HOIDMIQHYE FAVT
*0T TTEVL

64



08

is gg L1/e
63 og o/¢
oe 62 /2
92 g2 L2/2
22 0z 81/2
22 88 o1/1
g2 g2 L1/t
92 -1 /2t
L1 ST 8T/11
0z 61 or/1t
61 81 sz/0t
L1 LI 91/01
92 ez 1/01
12 12 8/6
61 o} L2/8
12 81 o0z/8
12 81 02/
12 oz £1/8
22 12 L/8
61 81 og/L
0z oz e2/L
FA 81 o1/L
81 et 8/L
92 74 92/9
L2 82 81/
II_TT¥p ernig I TLID entg o3
SRHODEN "IVOO¥JIOZE RI XIIAIIONANOD
arod TIIH FNTE
*IT ¥WVI



N N
A Y ) 1Za

COHJUCIIVITY

bnowden 1

onowden 11

Snowuen 1V

34

33

o5
[41]

A
(u¥}

s
[

e}
€2

13
[V

34

35

oz
W

W«
i

[t
<

81



TABLE 13,

SnOnDiIk FOND
UYDROCGEN T0F ONCINIALTION

Snowden 1 “Snowden 11 Snowden 1141

Bnowden 17

5490 5490 5480

5e 90 5.90 Se W0
5450 5480 5,80
eI Sen2 De D
Cewid PR Sel3
D DelD Sl
Ga10 Cel0 Sel
Call S B0 3¢50
te20 5420 6e20

ﬁo@ @.Q @QO

5480 6.0 5890

5450 - -

D SeTO 5680
5;33 5.8J 5.83
o0 B3 Ce0 5410

5460
530

oo 0y
T

SOQG

Jel0

.10

82



TARLE 144

HLUR GILL POND
EYDROGEN ION CONCENTIRATION

Tate Blue Oi1l 1 Blue GIIT IX
6/18 8.0 6.1
8/26 8,1 6.1
7/8 6.8 6.2
7/38 6.4 6.4
7/28 6.6 6.8
7/30 Sed 6.3
8/7 6.5 8.3
8/13 8.2 6.2
8/20 6.2 6.8
8/27 6.1 6.1
9/9 8.0 8,0
10/2 B4l 6ed
10/16 8.9 8.0
10/26 5.9 849
11/10 6.0 640
11/19 6,0 8.0
12/11 63 6.3
1247 6.0 8.1
e 8.8 6.8
2/18 5.2 5.2
2/87 8.8 5.4
3/1 8.7 8.7
8/6 5.9 5.9
37 5.9 8.9



TAELE 15,

LAKE REDINGTON
HYDROGEN IOK CONCENTRATION

Tate Hedington 1 Redington 11 Redington 111
6/26 6.13 6,18 -
7/1 6.35 6.40 -
/3 6.45 6,45 -
7/8 6.26 6.29 -
7/16 6420 6.20 -
7/23 6.6 6.6 6.4
7/%0 6.4 G4 6.3
8/7 6.3 8.3 6.3
8/13 6.2 641 -
8/20 6.0 6.0 -
8/27 5.8 5.8 -
8/9 5.7 5.6 5.8
10/1 5.5 5.4 5ed
10/186 5.5 5.5 5.4
10/26 5.8 5.8 5.8
11/10 6.0 6.0 5.9
11/19 6.0 6.1 6.0
12/11 6.2 6.2 6.2
12/17 6.3 - -
1/10 5.7 - -
2/18 5.6 5.6 -
3/1 5.6 5.5 -

3/17 5.9 5.9 -
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TABLE 17.

CASH LAKR

CARBON DIOXIDE IF PARTS PER MILLION

88

Date  Cash 1 Cash 11 Cash 111 __ Cash iV Cosh V Caah V1
6/11 8.50 8450 - - - -
€/17 8.0 7.0 - - - -
6/24 7.0 8450 7.0 750 840 7.50
6/26 6.0 6450 6450 8.0 8.0 7.0
7/ 6.50 7.0 740 8.0 8.0 7.0
7/3 6450 640 840 8.50 7450 6.50
7/11 640 640 840 5450 740 640
7/16 60 5.0 545 5450 6.0 5.0
7/23% 5.0 4,0 4.50 5.0 5.30 4,50
7/30 4e5 4.0 4.50 4,50 5450 4,0
a/7 4.0 3.5 3.50 3,50 4.50 4.0
8/13 3.0 3.0 3.0 3.50 5.0 3.0
8/20 4.50 3.0 3.50 4.0 4450 2.5
8/27 5.50 445 4.0 5.0 5.0 4.5
8/9 6.0 3.0 3.0 5.0 840 4.5
10/1 8.8 4.0 4.5 4.5 6450 5.0
10/20 8.0 5.0 545 5.6 8450 5.0
11/10 8.50 5.0 6.0 840 8450 6.0
11/20  €.50 8.0 6.0 6.0 8.0 6450
12/11  8.50 €.0 6.0 8.5 11.5 8.0
{5/1? 7.0 7.0 - - - -
1/10 8.0 8.0 - - - -
2/18 13.0 11,50 - - - -
2/23 14.0 12.0 11.0 10.50 13.0 12.5
3/5 11.0 5.0 9.0 8.80 11.0 9.50
3/17 8.0 6.0 8450 740 10.0 8.50

4/3 -
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TAELE 18.
LAKE REDINGTON

CARBUH DIOXIDE IN PARIS PER MILLION
Date Redington 1 Redington 11 Redington 111
6/26 845 8,5 -
7/1 8.0 8.5 -
7/3 6.0 66 -
7/8 540 5.0 -
7/16 6.0 545 -
7/23 6.0 6.0 5.6
7/30 5.0 640 5.0
8/7 3.5 3.0 3.0
8/13 3.0 5.0 -
8/20 5.0 4.5 -
8/27 7.0 740 7.0
s/e 5.0 §.0 4.5
10/1 6.0 640 545
10/186 6.0 645 840
10/26 645 845 6.0
11/10 7.0 7.0 7.0
11/19 6.0 8.5 7B
12/11 845 6.5 7.0
12/17 7.0 - -
1/10 8,0 - -
2/18 8.5 8.5 -
3/1 8.0 8.5 -

3/17 5.0 5.8 -



TABLE 19,

BLUE GILL POND
CARBON DIOXIDE IN PARTS PER MILLION

Date Biue Giil 1 Fiue Gill 1%
6/18 8.0 6.0
8/26 4.0 5.0
7/8 3.0 3.5
7/18 4.0 4.0
7/23 4.5 4.0
7/30 4.0 4.5
8/7 3.5 3.8
8/13 3.5 3.5
8/20 3.0 3.0
8/27 3.6 3.5
9/9 10.0 10.5
10/1 - -
10/16 5.0 5.5
10/26 845 6.0
11/10 7.5 75
11/19 10.0 10.0
12/11 4.5 5.0
12/17 5.0 540
1/10 640 6.0
2/18 8.5 8.0
2/27 8.0 8.5
3/1 8.0 8.0
3/ 7.8 8.0

3/17 8.5 6.0



TABLE 20

CARBOH DIOXIDE IN PARTS PER MILLIOR

Tate — Tnowden I~ Buowden I1  Gnowden IIY Bnowden 1V
7/8 8.50 8.0 8.0 9.0
7/18 5.0 1.9 5,80 6.0
1/2% 4450 4.50 4.50 3.0
7/30 540 5.0 4,50 5.0
8/7 8480 5450 8450 5450
8/1% 6.0 €40 5450 5.0
8/20 8.50 8.50 7.0 740
8/37 6.50 8450 6450 7.0
9/9 §.50 5.0 6.50 5.0
10/1 7.0 7.0 7.0 7.50
10/16 8.50 8.50 8.80 8.0
11/10 9.0 9.0 9.0 9.5
11/19  10.0 10.0 10.0 2.50
12/11  10.80 11.0 11.0 11.0
12/17 1.0 - - 12,50
1/10 11,80 - - . 11,80
2/18 12.80 - - 11.0
2/%7 13.4 13.0 12.5 1l.0
8/6 10460 10,80 10450 10,80
3/17 5.0 5.0 540 5.0
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TABLE 2l.

SKODEN POND

ALEALINITY IN PARTS PER MILLION

Date “Snowden 1 Brnowden 11 Snowden 111 Snowden IV
7/8 - - - -
7/16 10450 10.0 11.0 10.0
7/23 9450 10.0 10,0 10,0
7/30 840 7450 10.5 8450
8/7 96 10.0 10.0 10,50
8/15 10.0 1040 10.0 10.50
8/20 9450 9450 3.0 10.50
8/27 10.50 10.0 10.0 10.0
8/9 11.0 11.0 11.0 11.5
10/1 11.0 10.5 10.5 11.5
10/18 10.6 1245 10.5 10.5
11/10 12.0 12.0 12.0 12.5
11/19  10.0 10.0 9.50 10.0
12/11 14.0 13.0 13.5 13.5
12/17 10.0 - ~ 11.0
1/10 640 - - 640
2/18 5.50 - - 5.50
2/27 20.0 20,0 20.0 20,5
3/5 540 4450 4.50 540
3/17 4.50 6450 7.0 540



"TABLE B2.

BLUE SILL PO¥D
ALKALINITY IN PARTS PER MILLION

Tate , ‘ T Biue GINT T — Biue G311 1%
6/18 12,0 12.0
¢/26 10,0 1048
1/8 9.5 10.0
7/16 e':.a 8.0
/23 448 6.0
7/% 9.0 9.0
8/ 8.8 9.0
8/13 9,0 2.0
8/20 8.6 88
8/27 8.0 8.5
9/9 7.5 8.0
10/} 6.0 6.0
10/16 740 7.0
10/26 8,0 8.0
11/10 Teb T8
11/19 840 8.5
12/11 8,0 8.0
1217 8.0 8.0
1/1a 740 740
2/18 748 8,0
2/e7 6.08 6e8
3/1 6.0 840
8/6 5.0 5.0

3/aT 8.5 5.5
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TABLE 24.

CABH LAKE
ALEKALINITY IX PARTS PER MILLION

Tate Cesh 1 Cash IL  Cash LII1 Cash IV Gash V. Cash VI

8/11 11.5 12,0 - - - -

€/17 10.0 10.0 - - - -

6/24 9.0 945 9.0 GeB 9.5 8.0
6/28 10,0 10.0 10,5 1Ce5 10.0 9.5
7/1 10.5 1040 10.0 1C.0 10.0 10,0
/3 10.0 10,0 10.5 10.5 11.0 10.5
7/11 10.5 10,0 10.5 10.5 10.0 10.0
7/16 11.0 10.5 11.0 11.0 10.5 10.5
7/23 9.5 16.0 9eb 9.5 10,53 9.5
7/30 11.0 10,0 945 10.0 58 10.0
8/7 10,5 1045 10.8 10.5 11.0 10.5
8/13 10.0 10.0 10.0 10.0 10,0 10.0
8/20 11.0 10.9 11.8 115 11,0 11.0
8/27 2.0 10.5 9.0 2.0 8.5 9.8
9/9 11.6 11.0 11.0 11.56 10.6 11.0
1o/1 12.5 14.0 18.0 13,0 12.0 15.0
10/20 15.0 14,5 14.6 14,5 15.0 14.0
11/10 14.0 15.0 16.0 15.0 15.8 14.0
11/20 15.0 15.0 16.6 15.5 14,8 15.0
12/11  16.0 19.0 17.6 17.5 17.0 17.5
12/17  18.0 17.0 17.6 17.0 16.0 15.5
1/10 5.0 Beb - - - -

2/18 340 748 - - - -

2/28 Teb 7.5 - - - -

3/5 12.4 13.0 1245 13,0 13.0 12.0
3/17 7.6 5.0 7.0 740 740 70



TABLE 25.
CASH LAKE

TOTAL IRON IN PARTS PER MILLION
Date Cash 1 Cash 11 Cash 111 Cash 1V Cash V Cash VI
6/11 4.5 4.5 - - - -
6/17 4.0 4.0 - - - -
8/24 3.0 3.5 3.5 3.0 3.0 3.5
6/28 2.0 2.5 2.5 2.5 2.0 3.0
7/1 2.5 2.5 2.5 2.0 2.5 2.5
/5 2.0 2.5 2.5 2.5 2.0 2.0
7/11 2.0 2.0 2.0 2.0 2.0 2.0
7/16 2.5 2.0 2.0 2.0 2.0 2.0
7/23 2.0 2.5 2.5 2.5 2.5 2.5
7/30 2.5 2.5 2.0 2.0 2.5 2.0
8/7 3.0 3.0 2.5 3.0 3.0 2.5
8/13 4.0 4.0 4,0 4.0 445 4.0
8/20 3.5 4.0 4.0 4.0 4.0 3.6
8/27 3.0 4,0 3.5 4.0 4.0 3.0
9/9 3.0 3.5 3.0 4.0 4,0 3.5
10/1 3.0 3.5 3.0 3.0 3.5 3.0
10/20 - - 3.0 3.5 3.5 3.5
11/10 3.5 3.5 5.0 3.5 3.5 3.0
11/20 4.0 3.5 4.0 4.0 3.5 3.5
12/11 3.0 3.0 3.0 3.0 3.5 3.5
%5/17 3.5 3.0 - - - -
1/10 2,0 25 - - - -
2/18 2.0 1.5 - - - -
2/23 3.0 3.0 3.0 3.0 3.5 5.0
3/5 3.5 3.0 3.0 3.0 3.0 3.0
3/17 3.0 3.5 3.0 4.0 4.0 3.5
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TABLE 28,

LAEE REDINGTON
TOTAL IRON IN PARTS PER MILLION

Tate _ Redington I Redington 11 Redin:ton 111
6/28 4.0 4,0 -
7/1 3.5 3,0 -
/3 3.0 3.0 -
7/8 3.0 8.0 -
7/16 3.0 3.0 -
7/28 2.5 3.0 -
7/30 2.5 2.5 2.5
8/7 1.5 2.5 2.0
8/13 8.0 5.6 5.0
8/20 55 5.5 -
8/27 5.0 5.0 -
8/9 5.5 548 -
10/1 5.5 540 540
10/16 5.0 5.0 5.5
10/26 540 545 5.5
11/10 4.5 4.5 4.0
11/19 §.0 4.5 5.0
12/11 4.5 5.0 “
12/17 4.0 - -
1/10 2.5 - -
2/18 2.0 2.0 -
3/1 1.5 2.0 -

3/17 4.0 4.0 -



TAHLE 27,

BLUE GILL PORD
TOTAL IROE IN PARTS PER MILLIOH

Tate Blue Gill I “Blus Gill 11
6/18 2.5 2.6
6/26 2.0 2.5
7/8 1.5 1.5
7/16 1.6 1.8
7/23 2.0 2.0
7/%0 2.5 5.0
8/7 2.5 2.5
8/13 8.0 2.5
8/20 2.5 2.6
8/2t 2.5 2.5
5/9 2.0 2.5
10/1 050 1.5
10/16 1.0 1.0
10/26 1.5 1.50
11/10 2.0 1.5
11/19 2.0 2.0
12/11 1.0 1.0
12/17 1.0 1.0
1/10 1.0 1.0
2/18 0.5 0.50
2/27 1.5 1.0
3/1 1.5 1.50
3/5 2.0 2.0

3/17 3.0 3.0
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YT pp Ty
SRS I L W SR

PRl MILLIOR

vate snowden 1 Snowden 11X dnowden JIi Sniowden 1V
/8 1450 1450 1.50 1.50
7/18 1450 1450 1450 1450
7/23 240 240 240 1.50
7/30 2.0 2.0 2.0 2.0
8/7 3.0 2450 2450 2450
8/15 1.50 2.0 1.50 1.50
8/20 1.0 0.750 0.750 1.0
8/27 1.0 1.0 1.0 1.0
9,9 2.0 1.50 1.50 2450
10/1 350 3450 3,50 3L EG
10/15 5e0 540 5480 Z.0
11/10 4450 4450 1.0 T
11/19 3.0 1.0 A0 5eC
12/11 440 3430 S 4,0
12/17 3.0 - - 3450
1/10 2,30 - - 2.0
2/18 1,50 - - 2.0
2/27 1.50 1.0 1.0 1.0
3/5 240 2.0 2.0 2.0
3/17 3.0 3.0 3.0 3.5
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 SNOWDES POND
SILICA IN MILLIGRANS PER LITER -
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TADLE 31.

LAKE REDINGTION
SILICA IN MILLIGRAMS PER LITER

Date Redington I RedIngton I RedIngton 111
6/26 0.50 0.50 -
7/1 0.50 0.50 -
7/5 0.76 0.50 -
7/8 0.75 0.50 -
7/18 0.76 0.75 -
7/23 1.0 0.75 0.75
7/30 0,75 1.0 0.50
8/7 1.0 1.0 0.50
8/13 1.0 0.75 1.0
8/20 1.0 1.0 -
8/27 0.85 0.75 -
9/9 0.50 0.50 -
10/1 0.50 0.50 050
10/18 0.50 0.250 0.50
10/26 0.250 0.250 0.250
11/10 0.250 0.50 0.50
11/19 0.250 0.250 0.250
12/11 0,250 0,250 0.250
12/17 0,250 - -
1/10 0.120 - -
2/18 0.120 0.120 -
3/1 0.250 0.120 -

3/17 0.50 0.30 -
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TABLE 33.
CASH LAKE

SOLUBLE PHOSPHORUS IN MILLIGRAMS PER LITER
Tate Cash 1 Cash 11 Cagh 114 Cash 1V Cash V Casnh V1
6/11 0.012 0.015 - - - -
6/17  0.025 0.040 - - - -
6/24 0,025 0.026 0.025 0.028 0.025 0.026
8/26 0.025 0.028 0.012 0.012 0.025 0.012
7/1 0.012 0.026 0.026 0.025 0.025 0.050
7/3 0.028 0.026 0.012 0.012 0,025 0.012
7/11 0.025 0,040 0.025 0.025 0.080 0.040
7/18 0.025 0.030 0,028 0.025 0.025 0.025
7/23 0,012 0.025 0.012 Trace 0.025 0.120
7/30 Trace 0.025 0.012 0.028 0,012 0.012
8/7 0.0150«  0.012 Trace Trace 0.012+ frace
8/13 0.0250 0.040 0.030 0.030 0.030 0.028
8/20 0.0250 0.025 0.025 0.030 0.030 0.026
8/27 0.0125 0.0120 Trace 0.0120 0.0250 0.0250
9/9 0.0250 0,0250 0.,0250 0.0250 0+0850¢ 0.,0250
16/1 0.080 0.050 0.0250 0.080 0.050 0050
10/20  0.0750 0.0750 0.0504 0.078 0.050 0.050
11/10 0.040+ 0.050 0.050~ 0.075 0.073 0.050
11/20  0.040 0.049 0,040 0.049 0.040 0,040
12/11  0.012 0,023 040 0.0 0.012- 0.012~-
wW\wq 010250 040250 - - - -
1/10 Trace - - - - -
2/18 0.01504 0.0250 - - - -
2/23 0,01204+ 0.0120 0.0120 0.0120 0.0120 0.0150-
3/5 0.050 0.05C 0.050 04025 0,040 0.0250
3/17 0.030 0.050 0.050 0.050 04050 0,030

»\m 0,0250 0.0250 0.0120 0.0120 0.0250 0.0120
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TAELE 34.

LAKZ REDIRGTON
8OLUBLE PHOSPHORUS IK MILLIGRAMS PER LITER

Tate Redington “Redington 11 Redington I11
6/26 0,025 0.025 -
7/1 0.012 0.050 -
7/3 0.012 0.120 -
7/8 0.025 0.250 -
7/16 0.030 0.025 -
7/23 0.020 0.025 0,020
7/30 0.020 0.025 0,025
8/7 0,020 0.012 0.012
8/13 0.012 0.020 -
8/20 0.012 0.020 -
8/27 0.0 0.0 -
8/9 0.012 0.012 0.015
10/1 0.0 0.012 0.012
10/16 Trace Trace Trace
10/28 Trace Trace Trace
11/10 0.012 Trace 0.012
11/19 Trace 0.012 Traoce
12/11 0.012 - -
12/17 Trace - -
1/10 0.0 - -
2/18 0.012 0.012 -
3/1 0.012 0.025 -

3/17 0.025 0.025 -



TABLE 35,

BLUE GILL POED
SOLUBLE PHOSPHORUS IN MILLIGRAMS PLR LITER

Date Blue Gill I “Blue GI11 11
6/18 0,015 .018
&/26 0.025 .025
7/8 0.025 .030
7/16 0.026 +028
7/23 0.012 .025
7/30 0.012 .012
8/7 0.025 .050
8/13 0.080 +080
8/20 0,078 075
8/27 0.075 +075
9/9 0.025 0.025
10/1 Trace 0.120
10/1¢ 04025 0.025
10/26 0.050 0.050
11/10 0,078 <075
11/19 0.080 0,050
12/11 0,050 0.050
12/17 Trace Trace
1/10 Trace Trace
2/18 0,012 0.012
2/27 Trace Trace
3/1 0.026 0.028
3/5 0.026 0.025

3/17 0.0560 0.080
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TABLE 36.

SHOWDEE POWD
SOLUBLE PHOSFHORUS IN MILLIGRAMS PER LITER

Tate  Bnowden I Snowden 11 Snowden 111 Gnowden LV
7/8 0.050 0.050 0.050 0.050
7/16 0,030 0.030 04030 0.030
7/23 0.0120 00750 00250 0,080
7/30 0.0120 0.0120 Trace 0.0120
8/7 0.0120 Trace Trace 0,0120
3/15 Trace Trace Trace Trece
8/20 0 0 0 0

8/27 0 0 0 0

9/9 0 0 o 0

10/1 Trace Trace Trace 0+0120
10/15 Trace Trace Trace Trace
11/10  0.02850 0.0120 Trace 0.0120
11/19  0.0250 0.050 00250 0.050
12/11 0.0250 0.0120 0,0250 0.030
12/17 0.0120 - - 0.0250
1/10 Trace - - 04120
2/18 0.0250 - - 0.0120
2/27 0.050 0.0250 0.0120 0.050
3/5 04050 040250 0,080 04030

3/17 0.050 04050 0.050 0,050



TABLE 87.

SNOWDEN PORD
DISSOLVED OXYGER IN PARTS PER MILLION

Tate Bnowden 1 Bnowden 1T Snowden TIT Bnowden 1V

7/8 5,03 4.89 5,03 5,03
7/16 615 600 5.54 5.60
7/23 5.59 5,65 5.50 5,31
7/30 5.87 5479 5487 5.87
8/7 5.59 5450 5445 5450
8/15 5.31 5.45 5,20 5,03
8/20 5431 5.31 5.20 5.28
8/27 5420 526 6426 5.20
9/9 5426 5.40 5,15 Be26
10/1 5,03 5.00 4.85 5.03
10/15 5487 5,26 5.20 5.80
11/10 6,71 8.90 6.15 6.89
11/19 7.27 7.20 6.85 7.85
12/11 8.59 7 .98 7.98 8.39
12/17 9.79 9,55 9.51 9.81
1/10 9.86 8,86 9.79 8,88
2/27 9.79 7.85 6455 9,90

8/17 10.1 10.1 9,92 10.8
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TABLE 39.

LAKE REDINGTON
DISSOLVED OXYGEN IN PARIS PER MILLION

Date —_Redington 1 Redington 11 Redington 111
6/26 10.00 10.00 -
7/1 10.00 10.00 -
7/3 10.50 10.50 -
7/8 5.98 6.00 -
7/16 $.70 5.75 -
7/23 7.61 7.58 7453
7/30 €.82 8.91 6.91
8/7 6443 §.46 6446
8/13 5.98 6.05 -
8/20 4.64 4.70 -
8/27 3.86 3.90 3.90
9/9 4,42 4.82 4.47
10/1 8,70 8.82 8.94
10/16 8.39 8+45 8,45
10/28 $.05 2.10 9.22
11/10 16.80 17.08 17.82
11/19 950 10,00+ 9.50
12/11 17.50 17,80 17.580
12/17 9.79 - -
1/10 10.05 - -
2/18 10.20 10.20 -
3/1 9.55 5.55 -

3/17 9,40 5.40 -
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TABLE 40.

CABH LAKE
DISSOLVED OXYGEK IN PARTS PER MILLION

Date Cash 1 Cagh 11 Casn 111 Cash 1V Cash V Cash VI

6/11 5.81 5.70 5,85 5,85 5.80 5.80
8/17 6.45 6.43 6.45 645 6.40 6.45
8/24 8.75 6.72 675 6.76 6.70 6.T8
6/26 5.70 §.70 5.70 5.76 5.70 5.70
7/1 7.10 7.10 7.20 7.20 7.10 7+20
7/3 4.92 4.90 4,90 5400 4.90 4,98
7/11 6.70 8.71 6.70 6.70 8.70 8.70
7/16 558 5.59 5.60 5,860 5.66 5.60
7/28 6.10 8.15 8.10 6.10 6.10 6.12
7/30 6.41 6.43 6.45 8450 6.40 6.40
8/7 6.18 6415 6415 6.20 6,15 6415
8/13 6.00 6.10 6.10 6.17 6.03 6.10
8/20 5400 §.03 5,00 5.07 5.00 5.00
8/27 4.46 4.64 4,66 4.75 4.46 4470
9/9 4.45 4.47 44,50 4,50 4440 4450
10/1 8457 6471 6470 6.70 .63 6470
10/20 6.89 6499 7.00 7.03 6.901 6480
11/10  7.80 7483 7485 7485 7.80 7.80
11/20 8.40 8.39 8.40 8.43 8.40 8.40
12/11  8.30 8.28 8431 8.35 8.30 8.35
12/17 8.35 8439 - - - -

1/10 8.00 8.00 - - - -

2/18 6400 6.04 - - - -

2/23 6.70 6.71 8,71 6,70 6470 6473
3/8 9.25 9.23 9.29 9.27 9.25 9.33
3/17 9.30 9.29 9.33 9.35 9.25 9.30
3/31 9.40 9.43 9.40 9.43 9.40 9.43

4/3 9.57 9.67 8.59 9.60 9.57 8.60
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TABLE 41
CASE LAKE

TOTAL ACIDITY IN PARTS PER MILLIOR
Date CTash X Cesh 11 Casn 141 Cesh 1V Cash V Cash V1
8/11 18.80 18,80 - - - -
8/17 18.0 16.0 - - - -
6/24 15.50 15,0 15.0 15,0 16.0 16.0
8/28 14450 14.50 15,0 15,0 15.0 15.0
7/1 16450 16,0 16.0 18,0 18450 1840
7/% 14.0 14.0 14,50 14,50 14,50 14450
7/11 13.0 18.50 14,0 14,50 14,0 14.0
7/16 11.50 11,0 11,0 11.0 11.50 110
7/23 8.0 9.0 Be50 9450 $450 5450
7/30 9.50 9450 9450 8450 10.0 9,30
8/7 950 8.0 8.0 9.0 9450 9450
8/13 8450 8450 8.50 8450 8450 8430
8/%0 80 7.0 740 7.50 8,50 3.0
8/27 5450 640 6.0 540 7.0 8450
9/9 7.60 7450 7450 750 7450 7450
19/1 10.0 9450 §450 9.50 10.0 9450
10/20  13.0 12,0 12.50 12.50 13.50 12.50
11/10  1%.50 15.50 13.50 13,50 13.50 13,80
11/20 13.0 13.0 13.0 13,50 13.50 13.0
12/11  1z.0 11.50 11.560 11.50 12.0 11.50
12/17  16.0 16.0 - - - -

10 17.50 17.50 - - - -
2/18 26.50 26.0 - - - -
2/23 2250 22,50 22450 22,0 23,0 22450
8/5 14.0 14.0 14.30 14,50 18.0 14.0

8/17 14,0 12.0 12.0 12,0 15.0 12.50
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TAELE 42.
LAKE REDINGTON

TOTAL ACIDITY IN PARTS PZR MILLIOY
TDate Redington 1 Redington 11 “Redington 111
6/26 14.0 14.0 -
7/1 12,50 12,50 -
7/3 14.0 14.50 -
7/8 13,50 12,50 -
7/16 12.0 12.50 -
7/23 10.50 10.50 10.50
7/30 10.0 10.50 10.50
8/7 8.0 8.0 8.0
8/1% 8.0 8.0 -
8/20 8.0 9.0 -
8/27 15,0 16.0 16.0
9/9 13.50 15.00 15.00
10/1 15.0 16.50 16.00
10/16 15.50 15,50 15.50
10/28 16,0 18.00 16.00
11/10 16,0 15.50 16,00
11/19 16,50 17.50 17.50
12/11 18,50 18.00 19.00
12/17 20,0 - 22,00
1/10 23.0 - -
218 18,0 21,00 -
3/1 15.0 16.00 -

3/17 11.0 11.5 -
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TABLE 44,

SHOWUEN PORD
TOLAL ACIDITY IN PARIS PLR MILLIOR

Date Bnowden 1 Soowden 11 onowden 111 Snowden 1V
7/8 22.0 22.0 22.0 22,0
7/16 15,0 1545 1545 14,0
7/23 10.5 11.5 11.9 10.0
7/30 11.5 11.5 12.0 11.0
8/7 13.0 13.0 14,0 12.5
8/15 15.0 1540 15.5 15.0
8/20 12.9 13.0 1340 11.5
B/27 15,0 15,0 1540 15.0
9/9 12.5 1240 14,0 12.0
10/1 16.5 17.5 1840 16.5
10/15 170 17,0 17.5 17.0
11/10 20.0 2040 2145 20.0
11/19 2340 23.0 24.0 22,0
12/11 24,0 24.0 24.0 2440
12/17 22.0 - - 23.0
1/10 23.0 - - 29.5
2/18 27.5 - - 28.0
2/27 27.0 27.0 27.5 27.0
3/5 18.0 18.0 18.5 18.0

3/17 11.5 11.5 12.0 11.0
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FIGURES 1 ASD 8

4 map of the Patuxent Resesrch Refuge showing the location
of the four impoundments in relation Yo the Fatuwent River
dralnage system ss well as showing relationship between Lake

Redington and Csah Lake.
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. AKE REDINGTON

CASH LAKE

—_—N

'Figure 2a

An enlarged view showing the locations of the

stations on Gash Lake and Lake Redington.

ll4-a.
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SNOWDEN PCOND

S
Pigure 3

A map showing the contours and location of the
stations on Snowden Pond.



FIGURL 4

A diagran of siphon sppearatus for concesnireting plytoplankion
ssmples. A. indicetss the ocuter fixed tube through whieh C.
the inner tubs moves. 3. consists of rubler tubling used to
sesl the Cubes, U. reprossats the inverted funnel that
sebuslly moves into the water. s indiemtes ¥ thicknesses aof
Hoes 20 geuge plankton netziing, stretehed noross mouth of
funnel. F. represents pinch oclamp sealing off starting tube G

during opuretions I 1a stopooek regulating flow of water
through He

118



1y

40
38
36
34

WATER TEMPERATURE

32
30
28
26

24 ©- CASH LAKE

\ A-LAKE REDINGTON
k\ 0-SNOWDEN POND
\,

«-BLUE GILL POND

22

N B B D AL

(3]
@

TTT T T T Tl

18
16
14

™ e e <9

™~

lillillllltLllllllLll

JUN, JUL. AUG. SEPT. OC'i. N0V, LEC. JAN. FEB. MAR. APR,

>

FICURE B

Sensomel veristisn of water tespereturs in degrees
Oextigrads in Osah Lake, lske Redinmgbon, Blus G311
Pond amd Roowden Fosnd,



0 TRANSPARENCY

8L
36

-bottom

32
30
28
26
24
22
20
18
16
14

g

EERERERARSSARE SRR R RN RN

o- CASH LAKE
- LAKE REDINGTON
J-SNOWDEN POND

«-BLUE GILL POND

C 1] L

e N o o

us

)

N
~
N
N
~

1 L |
JUN. JUL. AUG. SEPT. OC", NO\.,

rreves 8

Aoasenal variatieas in tn»nm
Iake Redington, Blue 5811 Youd

1 L
1L.ILC, JAN,

1 | 1
rEB. MAR. APR.

in imches for Gesh Laks,

and Seoswden Pond,



-

ST CONDUCTIVITY
5S4

51
48
45(
42

v-CASH LAKE
4 -LAKE REDINGTON
B 0-SNOWDEN POND

s *-BLUE GILL POND

i S S
JON JUL CAUGTSEOT oU L Yov DT RN FEB. MAR APE

w

rigme v

supal varistions of oMﬁw in reeiproeal magolng
:;w’h%nmm:w Gash lake, lLake Redington, Blw

8111 Pond, snd Suowden Poad,

19



B HYDROGEN-ION-CONCENTRATION

- ©- CASH LAKE
2L a-LAKE REDINGTON
| f-SNOWDEN POND
1 «-BLUE GILL POND

Flouns 8

The sensepnl flustuntion of hypdregen lon seaventretion

mm»u Lake
3 rm::’ Pedingbon, Blue 4111 Mend end



w
)

W W W
N s

CARBON DIOXIDE

NN N N W
N e h o ©

©-CASH LAKE
A-LAKE REDINGTON
§-SNOWDEN POND
«-BLUE GILL POND

e e e e B
S N B A o o

"-'l[Tﬁﬁfj}]}]]IITTI]I]I]IIﬁI‘T]I]\]l]l]

Qo

S N b o

PIGURE 9

Ssasonal varistions of free cardben dioxids for Oash Lake,
Lake Nedingten, Blus 111 Pend and Snowden Fond.

i



122

40_
38
36|
34:' ALKALINITY
2l
30
28} ©-CASH LAKE
26 A-LAKE REDINGTON
24 0-SNOWDEN POND
zzP «-BLUE GILL POND
200
18
16
ul
12]
10
8{_
67‘
4
2
N

FIGURE 10

Sessonal flustustions of slkslinity fer Cash Lake, lake
Redington, Blue G411 Pond and Znowden Pond,
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SILICA
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FIGURE 12

Ssssenal flustuntions of silion fer Cush 14 Lake
Bedington, Blue Gill Fond and Sucwden Pﬁaﬁ:”'
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PHOSPHATES
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Seasonel varistion of soluble phosphorus for Cash Lake,
1ake Hedington, Blue 04111l Pond and Smowden Pond,
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amst on Bln# 0111l Fend# Station 2 .1* in loft
foregroundi
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PLAT1i 3

Facing northwest on Snowden Fond* Station 4 is In loft
foreground* Station 3 is in middle of pond* Note island
in left background*



fiMB *
Fftoing southeast oft $mm4+n Pond* is siddon by dons#
tr#fs*is&fcIon slightly b® loft in Station 2 in tho

ia”ottjatasnt is located slightly to right ©f ©otibor*

Uus



PLAtn 6

facing eouthwest on Cash Lake* Station t appear* In loft
foreground off point just »he*?in$ in extreme left of plate*
Station 3 i« located epproximotely In center find Station 4
ie in upper right regies of pond a« shown la pieto*
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PLA-fB 6

Facing due south on Cash Lake* Station S is loostod in
upper left region, while Station $ is in upper right of
plate* Station 0 i# in ©'eater of plate* Station X is
in lower left area of lake, Just outside of scope of
plate*
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rh\i& 3
L*x# faei'Sg. *OQuth.we*t« Station 1 is shown in
lower right region of plate. Station 2 Is in middle mod

Station 3 is ladlooted in upper ©enter of plate«
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