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In fresh water biology, just as in moat other branches of biology, 
many of the important biological problem© art concerned with the study of 
the balance of life especially a© regards the production of life, its 
control and the factors closely associated with the productIt© cycles. 

However, research on the productivity of fresh waters and the associated 

problems, of control are still relatively far behind similar investigations 
in other fields* (Worthington, 1939)«

imloh (1933), defines limnology as that branch of science which deals 
with the biological productivity of inland waters and with all of the 
causal influences which determine it* It is interesting to not© that the 
science of limnology has existed leas than 3o years, while moat of the 
growth in this field has been accomplished within the last 30 years,
(Welch, 1933). Thus it can be seen that there still exists wide areas that 
must be investigated in fresh waters, especially in certain categories of 
fresh water environments, in relation to productivity end its associated 
problems. (Jewell and Brown, 1024)*

Mortimer (1939) defines the productivity of a body of water a© the 
organic matter produced by the phytoplanktoxu The term phytoplankton refers 
to the plant plankton of waters (belch, 1935). It is probably not a com
pletely adequate terra as used in this study sine® some - of the organisms 
included in the investigation are more animal than plant-like in their 
characteristics* For the sake of clarity, the term phytoplankton will be 
used in describing the organisms observed#
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Blrg. *ad J«a»y (1911), Xvloeh* (1858), Tre»«l*r (1851), Wiebe (1830) 
and a host of other Investigators within the past few decades have shewn 
that certain nutrient salts, and other chemical pfĉ rsical characteristic* 
of water are associated with phytoplac&ton growth* gKtemslve investigations 
of this nature have been done on marine environments as well as la freah 
waters la general* Only a very small portion of this work* however* has 
been carried eat la fresh waters that are consistently sold in character#
It has been shown that moat waters* freah as well as murine* are usually 
neutral or alkaline In nature* In many eases with a hydrogen ion concentre- 
ilea ranging on the average frost 6«@ or 7 to 9 and higher* Harris and 
Sllvey (1@40)» Baymond (105?)* Schaffer and Robinson (1939), Chandler 
and Allan (1927 )# are hut a few of the workers who have made their investI- 
gabions in neutral or alkaline waters, sad It is In waters of this nature 
that most of the fund an ant til contributions have been made, particularly 
-regerding the, interrelationships of phytoplankton with the physical,
©hami©«1 and biologies! factors of the environments* Aether the principles 
which have been formulated from studies of neutral or alkaline waters hold 
true for waters having as id characteristics have not as yet been fully 
ascertained.

the problem of acidity in the economy of a body of water was early 
recognised by Blrge and Juday in their studies on the Wisconsin lake* (1911)* 
fewer* (1901), Shelford (1903),, Jewell and Brown (1904) also made parallel 
studies on inland bodies of fresh water# Welsh (1936, 1933), Young (1938), 
and Lackey (1939), were able to demonstrate that acidity could be due to a 
number of chemical factors, both organic and inorganic, the results abs
tained by the above workers have shewn that the Chemical, physical end
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biological factors of productivity arc not necessarily the same in acid 
waters as they ir® in neutral waters or alkaline waters. Their results 
have also shown that the magnitude of importance of these footers, accor
ding to current concepts, may undergo considerable modification in we ter s 
of an acid nature and that the eharacteristics of acid waters need further 
study*

This Investigation, therefore, had as its major purpose, the deter
mination of the general characteristics of the phytoplankton population 
and the relationship of the general phyeio—chemioa.1 and biological factors 
of -the environment to the phytoplankton productivity.

Description of Area and Topography
The four ponds upon which the following studios were made are located 

within the Patuxent Research Refuge in Prince Georges and Ann© Arundel 
Counties, Maryland• The Refuge consist® of more than 2,000 acres of wood

lands and fields situated entirely within the watershed of the Patuxent 

River* The Patuxent Elver within the Refuge, flows through a valley about 
three miles wide and 150 feet deep* The altitude of the Refuge along the 
river Is about 80 feet above sea level, while along the west rnd south ends 
the area reaches an altitude--of 220 feet-* The river falls 20 to 25 feet 
in its course through the Refuge and is joined along this course by several 
brooks which arise just outside of the Refuge* Host of these br :>oks are 
small and do not maintain channels across the bottom lands but spread out 
on the broad flat areas* However, four of the brooks retain their integrity 
and have been dammed to form the ponds under study. (Hotchkiss, 1540).

Since it has been demonstrated chat uhe type of soil present in an 
area directly influences many of the chemical ami biological conditions of
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Carex lupulin© Lycopus spp*
C* typhina Bidens connate
J&ieocharia obtusa Juneas sop*
Polygoniua a r if o H u m

All of the above plants have been f'ouad ©ither in the ponds proper, in the
feed!up; brooks, or in the marsh areas immediately associated with the

waters under iavsstigatlon* (liotchkisa, 1340)*
Description of the Ponds

As already stated, the four ponds on the Patuxent Research Refuge are

man-made. They were formed by excavating, the brook beds arid erecting

dirt and stone dams to Impound the waters in the excavations* All of the
dams have spillways and overflow channels. Constant streams of water,
reaching sizable proportions in spring and fall, pass over these channels
at all times•

Cash Lake is the largest and oldest of the four ponds, having b̂ en. 
formed in October, lt38 by impounding the waters of Cash Branch* It has an 
area of 53*3 acres and is surrounded by n nixed forest of oak and pine*

The next pond formed was Lake liediagfcon* This impoundment was made 
in September, 1943 by building a dam across the southern boundary of Cash 
Lfeke and allowing the water of Cash Branch to back up into an area of 30.9 
acres* Lake Redlugton is surrounded on three sides by a mixed forest of 
oak and pine, the southwestern boundary being exposed for a distance of 
about 200 feet back of the pond where trees are again present*

Blue Gill Lake was completed on August, 1044 by impounding a very small 
brook and backing up the water into an area of 2*1 acres* This is the 

smallest of the four ponds end is exposed on ©11 four sides, grass growing 
almost to the edge of the water*



Snowden Pond, known also as Headquarters Lake, is the In tost of the ponds to 
bo constructed, having been completed in limy, 1947. This pond occupies en 
area of 7.7 acres end was formed by impounding the waters of Snowden Brook, 
leaving a a res 11 island, .433 of an acre in area, close to the southwestern 
shore, the pond is sheltered by pine-oak woods on the southwestern 
boundary end the northern boundary, while a sudden steep rise in the terrain 
protects the pond along the eastern edge. It should be noted that the 
overflow from all four ponds pass along the original stream beds a ad eventua11 
flow Into the Patuxent Elver. (See Figure l).

All of these impoundments were constructed for the primary purpose of 
studying fish propagation methods and have been stocked with fish at 
varying intervals. Thus, at this writing, there are fish present in all of 
the ponds. Bluegill sunfish (Lepomla kacrochirus) have been found in all 
of the impoundments, as have pumpkinseed sunflsh (Lepomla gibbosus). In 

addition to these sunflsh. Cash Lake contains bullheads or catfish (Amoiurua 
nebulosus), golden shiners (Hotenigonua cryaoleueas), Lsrgemoath h«as (Euro 
salmoldea^ pickerel (Keox niper), black crappie (Pomoxis nigro-caiculatus) , 
and another species of aunfish, Lepoiale mlorochlrua, as well ms the w* mouth, 
(Cheenobryttus ooronarius). The American £el and several speei ©s of rdnnow 
have also been seined from Cash Lake. Oerp have been observed in the 
s m  11 spillway pools ha low Cash, mod it is possible that they hsv© entered 
the pond Itself*

All of the aforementioned fish have also been found in Lake Redlngton 
from which they have been obtained through seining in the course of these 
studies. Only the species of sunfieh as well as a few a m  11 baas, ©els 
and pickerel have been sained from Blue Gill Lake. The first stocking of
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of fish in Snowden p©ad was made on November 12, 1947, at which time 7,000 
bluegill a unfish about three inches long were placed la the peed* Bwr* 
ever, a few sunflsh were already reproducing in the pond where they entered 
by way of Snowden ireeie*

Thus, it m m  be seen that aside from the sold character of the waters 
la these ponds, the study of which was the primary purpose of the Investi
gation, the l^poundmenta wore unique in that they offered individual and 
varied ewrlreaneate for intensive limnologies! study in the total area of 
a few miles of each other and but a d is tense of 9 alias from the laboratory 
in College Park*
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Sine© preliminary ftn»lysis showed thet it was ulmeeeasary to us® the 
Hide© 1-Stewart jnodifiee tlo» for th© tie termination of d issolved Oxygen, 
the unmodified tinkler method as recommended by the American Public Health 
Association in Standard Methods of hater Analysis (1S36), was employed, 
i*ree Carbon Dioxide determinations were made according to t he method of 
Theroux, Aldridge and Kallmann (1943), as were the determination of acidity 
and alkalinity* For the determination of hydrogen-ion concentration a La 

Mott® colorimetric comparator was used in most cases* However, a few 
readings of pH were obtained using a Coleman, eleotroiaetrio pH meter* Con
ductivity measurements were obtained in units of reciprocal megohms—per
cent isie ter cub® through the use of the Ever shed Dionlc 'hater Tester* Silica 
was determined colorimetrieally with the method suggested by King (1931)#
The soluble phosphorus was determined by Denige*a method (1921), modified 
by the addition ol mymar& .rov/ri to the stanuarcis in till© pres022.0® oi samples
that showed a yellow tint# In some e*$os it w*s necessary to further modify 
the method by filtering the water samples after the proper reagents had 
been added and the necessary reaction completed#

Total iron content was determined by the method recommended by Theroux, 
Aldridge and Mallmnn (1943)• Ferrous iron determinations for comparison 
purposes were analysed by using the American Public Health Association 
method (1936)* Ferric iron content was calculated from the formula*
Parts per million total iron minus parts per million ferrous iron equals 
the parts per million ferric iron* Infrequent determinations of nitrate 
end nitrite Kitrogen were run by the methods as outlined in Theroux,
Eldridge and Mallnajxn (1943). Transparency *nd the related turbidity were 
•t first determined by n Seoehi disk# Later a turbidometer was used in 
determining the turbidity#
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fish for possible corollary studios wore collected by seining, using 
seines 10 fast long by 3 fast high sad T3 foot long by 4 fast high, respec
tively* Xnseet collections wars m & m  end vegetation studios wars also 
serried out for related investigations whan necessary.

the first series of samples for this study m s  obtained on dune 11,
104?, and the last series was taken on April S, 1948* the fallowing field 
observations and discussion are beam upon a total of approximately 3,322 
field determinations and water samples as m i l  as phytoplaakton samples* 
la many eases, several determinations were made on each sample la the labora
tory in order to verify results obtained*
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degrees, la ledington the average temperature of the water was 26 degrees,
and la Snowdon Food the temperature of th® water was 28 degress • A 

greater differ one® m s  aot«d on October 1, 1947, at which time th® tempera- 
tor® la -Gush Lake was 16 degrees, in Blue 0111 Pond, 20 degrees, in Lake
Redington, 17 degrees and la Snowden Pond, 21*4 degrees Centigrade* Cash 
Lake had a temperature of 3*2 .degrees, Bln® Gill Pond, 3*4 degrees,
Redlngton, 6*0 degrees and Snowden, 4*2 degrees Centigrade on December 11# 
1947*

Appreciable differences in temperatures of various stations on the 
same ponds were noted* A difference was noted between station 6 on Cash 
bake with a temperature of 26*6, oa August 20, 1947, and stations 3, 4 tad 
§ on the same pood, with temperatures of 29 degrees Centigrade* Station 1 
on Snowden Pond had a temperature of 26 degrees on duly 3, 1947, while 
stations 2 and 3 had temperature* of 23 degrees* The minimum temperature 
variation between a tat long was rated in Blue Gill and Redingtoa* Water 
temperature* varied from » maximum of 30.1 degrees Centigrade at station t 
in Reding ton, August 7, 1947, to » minimum of 2*3 degrees at station 1 on 
January 10, 1943* In ftsewdea Pond the maximum temperature oeeerred on 
August 20, 1947, when 31*5 degrees was noted is all stations on this pond* 
the minimum temperature of 3*0 degrees was obtained from stations 1 and 4 
in Snowden pond on Deeojabor 17, 1947* A maximum of $3 degrees was recorded 
at station 1 on Cash |ake, June 11, 1947. The minimum of 3*0 degrees for 
Cash was recorded at station 1 pn January 10, 1948* Blue 0111 Pond exhibited 
a maximum temperature of 32 degrees at both stations on August 20, 1947, and 
a miiUmmi tes^orature of 2.0 degrees at both stations on February 13* 1943*
It should be noticed that the periods of maxima and minium for water tempera** 
ture between the 4 ponds did not coincide in moat oases* (See fables 1, 2,
3 snd 4 and Figure 5)*
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Transparency and Turbidity 
There is an important relationship between transparency ■and turbidity* 

so when it became apparent that the rang© of th© Jackson turbidosioter was 
not wide enough to give accurate turbidity readings of the pond waters,

Secchi disk readings for transparency war© substituted.
Haximum transparency for Cash Lake was observed on 36vember 11, 1947 

when a reading of 32 inches was obtained. Th® minimum transparency on 
Cash Lake was noted on July 1, 1547 with a reading of 8 inches. Blue Gill 
Pond had a maximum bottom transparency »t all times. In L©k© iiediuyton., 
a maximum tran«par ancy of 18 inches w»s obtained on llov ember 10, 1047. Th® 
minimum reading of 1 inch was recorded on July 3, 1647. Snowden Pond showed 
a maximum transparency of 42 inches on July 30, 1047, and a minimum reading 

of 17.5 laches on August 13, 1047*
Th© marked differences in th© transparency between the ponds should be 

noted. Th© .laxiiaua transparency of -all the ponds occurred in Snowden Pond, 
while the minimum transparency occurred in Lake Keaington. Variations in 
transparency were noted between stations in a pond. For example, on 
February 23, 1648, station 2 on Cash Lake showed a transparency- of 20 inches 
while station 4 showed a transparency of only 16.5 inches. On April 3,

1648, 8s.ah station 1 had a transparency of 15 inches while stations 3 arid 
4 exhibited a transparency of 12 inches. Cash Lake showed th© greatest 
degree of variation in transparency between stations of ©11 of the ponds. 
However, all of the ponds showed at least slight station variations in 
transparency. With the exception of Blue Gill Pond which exhibited a bet bom. 
transparency at all times, examination of th© data shows that on the whole, 
transparency increases toward the end of summer «nd through the fall while
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•J
there is a rapid decrease in transparency at the end of fbferuary and into 
mrchm Bmmdmn eltowed appreciable differences la the trend of transparency 
from the m t  of the ponds in that th# level of iranspa reney was always 
higher than la tedlngtoa or Cash* Furthermore, Snowdem did not show as 
umrked * loss of trenapereney daring tho wist or months os did Gash hake 
and Lfiko Redlmgtexu

the ra is lag « M  lowering ©f the wo ter lewis of lake Hedingtom and 
Geek lake did mot seem to interrupt appreciably the transparency trend 
daring this period* is seem from the above observations, the maxima end 
minim* of the miter transparencies of the four ponds did met ©elseid# In 
the eeae periods* (See fables 5, 6* 7 end 8 and figmw ft)* '

Conductivity
wam«Mi*amieMeiMim̂

•r 1 . y ;• ?•
A definite seaaoaal trend la eonftuebltMfer ess observed in ell'; of the 

ponds* Conductivity values ss shown in figure 7 end fables "I, 10, 11 and 
12 seemed, to decrease as the summer progressed* During the fell months, 
conductivity tended to lmereaee towards a peak in the wist or months and 
remain at a high level or begin once again to drop* Xm Snowden Pond, 
station Z showed a conductivity value of 35 reciprocal megohm® on duly 3, 
1947* On August 27* the conductivity at the seme station wee 31* while on 
December 11* 1947, the conductivity rose to 43 reciprocal megotssa per cen
timeter cube* After this peek, the conductivity at station 2, Snowden 
fond started downward to a low of 54 on March S, 194S*

Station 1 at Blue Gill Pond feed * eendwetlvity' #f if on June 11* 1947 • 
the conductivity values then showed a downward trend up to and including 
August 20, at which time the reading at the same station was 13 reciprocal
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ranged between 30 end 46* In Cssh Lake conductivity wried from 24 to 36, 
while in Snowden Fond there wes a from 34 to 50 reciprocal megohms
per centimeter cube* Bine Gill iand showed a tvrlotion from 15 to 37 
reciprocal megohms* Ano ther notewcrth2r observation la the thtt even though 
the levels of conductivity in the different ponds varied, the actual point 
difference in three of th© ponds was remarkably similar. For example. Dash 
Lake had a variation of 12 reciprocal megohms fron maximum to minimum* 
hake Codington showed a id point variation, as did Snowden Pond. Blue dill 
showed the greatest point difference between aaximum and minimus, having a 
22 point variation.

Noteworthy differences In conductivity between stations in the same 
pond wore observed as well as an interesting difference between peak 
levels of station®. On dune 17, 1947, Cash station 1 bed a conductivity 
reading of SS, but station 2 hnd a reading of 32* On June 26, the reading 
at station 1 was 34, while th© re-ding nt station 5 showed a value of 28* 
Similer point differences were observed in all of th© ponds• Although a 
maximum for station 2 in Cash L*k® was recorded on Febru*ry 23, 1248, the 
peak in station 1 was found to occur on November 2D, 1947. The maximum 
conductivity value at station 1 on Snowden Pond was found to occur on 
December 17, while th® peak ct station 2, occured on December 11* Similar 
differences were noted in the rest of the impoundments.

Hydro&en ion Concentration
1he data obtained showed that in a general way, a similar trend could 

be observed in all of the ponds. There seemed to be a tendency for th® pH 
to go up during th® summer and fall and beginning in let© fall to start
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Just as with th© previous fa©tors, appreciable differences between 
th© pH values of stations in ©my pond were recorded. Jn October 15, 1 M 7 # 
Snowden Pond, station 1, had a pH of 6.0 while stations 2 and. 3 had a pH 
of 5*8* In Snowdon, station 1 on February 27, a pH value of 5*9 was 
observed whil© station 2 had a pH value of 5.7. In Blue Gill th© varia
tion, whil© measurable, was not as pronounced* Oa June I B ,  1947, the pH 

at station 1 was 6.0 and at station 2 It was 6*1, On February 27, station 
1 had a pH of 5.5 and station had a value of 5.4* JUake Koclington showed ft 
few more pronounced pH variations between stations. On July 23, station 1 

in Lake Sedington showed a pH of 6.8 but station 3 had a value of 6.4. 
fhe rust of the variatIona were similar to those found in Bln© 'Jill* 
m r  example, station 1, Lake Kedingtos shewed a. pH of 5*5 on vtatober 16, 
1547 and on the same date, station 5 showed a pH of 5.4* Similar differ~ 
•msi were noted in Cash JUake* Station 1 had a value of 6*3 while station 
6 gave readings of 5*1 on June 24, 1547. (See fables 13, 14, 15 and 16 and 
Figure 8).

Oarbon Dioxide
With one or two exceptIona, it was observed that beginning in June and 

proceeding through the susasr, the carbon dioxide content of the waters 
under study decreased* towards th® end of suiamer and through th© fall and 
winter, this trend was reversed so that the carbon content generally in
creased in all of th© impoundments. At th® end of th© winter and in the 
very early spring the e«rbon dioxide content once again showed indications 
of decreasing. la Caen bake the sursaer downward trend began on Juno 11 
and with an average reading for this body of water of 3*5 parte per million 
of carbon dioxide* With the exception ©f a couple of rdmor variations
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during the first part of July, the carbon dioxide diminished to * low point 
of 3 porta pmr million on August 13, 1947* The upward surge started on 
August tD# with ft v®lue of 4*3 sad eemtliwed generally until m maximum 
▼sluo of 14 was obtained on February 23, 1948* The downward curve for 
carbon diox ids in Cash Imkm started oaoe again on March 5, 194S, with a 
carbon dioxide value of 11 parts par million and on Marsh 17, tho value 
had f el Ion to 9* hater data obtaiaad outsida of tha soap# of this paper 
Indicates that tha downward trand is continuing*

A similar situation was notad in Lake Hediagton where starting on 
June S6, 1947, whan tha wstar e©stained 8.3 parts par million of fraa or 
dissolved carbarn dioxide (tha latter t arm is us ad in this paper) and ©on* 
tinning through tha summer, carbon dioxide ©antant fall to a low of 3*0 on 
August 13* A sudden seeondary peak of 7*0 oocured on August 27, after 
which the oar bon dioxide fall to a lower level of 5*0 parts par million 
on September 9, and again 'resumed the upward movement* this situation con
tinued until a highjpoAnt of - 8.5 was recorded ea. February 13, 1943*
Shorty, after this d ate* the trend w m  ‘on©a: again r«v»«i.di ...so that by 
March 17, ft value of 5*0 was found in tha waters of Lake Hading ton.

The summer eye la of ©«rboa dioxide bags a- on June 13 in Blue @111 Fond*
On that dftta an average of $ parts per million dissolved carbon dioxide 
was found. Tha level continued falling until August 20 whan the water 
contained an average of 3 parts per mill ion* The upward portion of the 
cycle started on August 27, with a recorded average value of 3.5 and took 
a sudden surge on September 9, when a value of 19*0 was noted* On October 16, 
It was noted that the carbon dioxide had returned to a level of 3*9 but that 
it was oontinuing the upward trend, so that another peak of 10 was found in
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Bln* Gill waters on Movember 19, 1947. The level dropped to 4.7 parts per 
million (overage) on December 11, 1947, after which the upward trend 
started so that a winter peak of 0.3 was obtained on February 10, 1943.
This peak continued at a level of 3 parts per million until Marsh 5, 1943, 
when the cycle was reversed. On March 1?, the eerbon dioxide level had 
fallen to 3*0.

Snowden fond appeared to have a similar oarbon dioxide cycle. How
ever the proportions of the Snowden eyole were noticeably dif ferent* The 
earben dioxide fall started ©a duly 8, 1947 with an average of 8.5 parts 
per million and ended on duly 23, with an average of 4.4. On July 30, a 
slow but steady upward trend was noted with a starting value of S.0. Hot 
a single, sudden upward surge or reversal was noted throughout the summer, 
fall and mid-winter. The rate of Increase was remarkably regular and con
tinued until a maximum of approximately 13 parts per million earben dioxide 
was recorded on February 27. 1943. Shortly after, the eyole was reversed 
so that a low of 9 was recorded on Harsh 17,' 1948. *

There was consider able variation in the ranges between the minims 
and nexlad eaeng the. four - bodies of water, in that Bnewdea Fond has a 
range of 10.4 parts per million dissolved carbon dioxidej Blue Gill Fond 
• 7.2 range* Eediagtoa a ramgd.of SP-t| end ..Cash take a difference of 11.0 
parts per million of dissolved carbon dioxide., '

In some instances, considerable variations between the e*rbom dioxide 
content of the waters st different stations in the same lake were observed. 
On February 23, 1343, Sash Lake ststlon 1 water contained an average of 14 
while water from station 4 was shown to contain 10.5 parts per million* 
the same situation was true in Gash Lake on Harsh 5, 1943, when station 1
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Generally, the alkalinity levs1 af Cash lake remained mere or 1«ii 
constant from June 11, I$4? to August 20, of tha i n i  yssr. during this 
period the alkalinity fluctuated between 11*0 sad 1X*§ parts par mill ion 
on tha a rarage. A drop to 0.0 n «  noted on August 27, hat shortly after
ward* tha upward trend again started and continued to a pomk of 13*0 oa 
Qootmhor 17* tha rast of tha parlod of this study saw tha alkalinity la 
Cash drop to a low of 7*6 part* par million calcium carbonate on Marah 17, 
1343* It might ba of Interest to not© that just ha for a this minimum, was 
reached, a short hut relatively high peek occurred on Mar oh 5, r ©suiting in 
a value of 12*4#

As with athar factors so far observed, tha ranges of alkalinity far 
tha different pond* varied* Cash Laka had a range of 15 from tha maximum 
to tha minimum* laka Eedington had a range of 11 from maximum to minimum* 
Snowden showed a 18 parts par million range and Slue @111 Pond showed a 
range of 3*5* (See Tables 21, 22, 23 **nd 24 pnd Figure 10)*

Variation* between different stations an the same body of water were 
observed ^ust as was the ease with previous chemical and physical fee tors* 
the smallest variability between stations occurred on Blue @111 fond where 
the average difference proved to be less than 1 part per million* Snowden 
proved to have an average station difference of slightly more than 1, as 
did lake fiedlngtea* while the greatest variability between stations was 
on Cash lake, with an average ,value of aprexlmately f parts per million*

*2h* seasonal trend for iron in the four ponds studies seems to be the
least general of the factors observed* Only in the. broad sense asm a trend 
he described* Oa the average there seemed to be a reduction of total iron
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occurring during Ui© a\m«r particularly during the early tuss&er• Tam 

cycle seemed to reverse its -.If during differ out period# of the susmaer in 
the different ponds and show a tendency to go up to a higher level end 
stay at that level until well into winter, or as it sometimes manifested 
itself, the iron showed another low period before it started a rise in the 
fall. During the winter, two kinds of conditions seemed to prevail, in 
some cases the iron remained at a high level throughout this season and 
abruptly tapered off during the lest part of the winter into the early 
spring when it once again started upward* On the other hand, in at least 
one of the ponds, the iron suddenly dropped during mid-winter, recovered, 
and then dropped again until spring vjhen it was seen to start the general 
upward trend. Blue Dill Pond illustrates the letter of -&ho two cycles*
Qxi June 16, 1947, the iron content in this b dy of fitter was a sored as 
2.5 parts per million total iron* 'The amount of iron began to diminish on 
June 20, (2*0 parts per million) and continued down to July 16, when an 
analysis of the water showed 1*5 iron to bo present* A value of 2*0 was 
obtained on July 23 -and th«» level continued upward to August 13, (3*0 parts 

per million) when a second reversal occurred bringing the iron down to 
0*50 by October 1, 1947. On October 16, the amount of total iron once 
again started to increase and by November 19, 2.0 w^s recorded in Blue Gill 
Pond*

At this point Blue Gill exemplifies the second set of conditions, 
namely, that a reversal of the cycle occurred resulting in a crop in iron 
pres mt, so mat by fearuary If, 1948, the total iron content of the 
waters was on the average 0*5* After this per iod the level rose and con
tinued to rise into late winter so chat by Aaroh 17, the total iron had 
reached-» level of 3.0
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Cash Lake illustrates the first of the two conditions previously des
cribed. Beginning with a value of 4*5 parts per million total iron on 
June 11, 1947, the amount of iron diminished to a low of 2*0 on July 25, 
when an upward trend occurred so that a value of 4*0 «i3 attained on August 13. 
From this date until November 20, the iron content was at more or less the 
same level. The cycle reversed itself and started wown beginning on 
December 11, 1947, reaching a winter minimum of 2.0 by February 18, 1S48.
On February 25, “ohe iron content s lowly started up and reached a late winter 
peak of 3.5 parts per million on Llarch 5, 1948.

With the exception of a few individual variations, the cycle for Lake 
Eedington generally seems to fall into the same category as Cash Lake, 
while Snowden Ponds appears closer to the type exemplified by the iron 
cycle of blue Gill Pond.

Observations showed that there was a difference in the iron ranges from 
m&ximum to minimum for the different bodies of water under study. Snowden 
was found to have a maximum of b.5 parts per million and a minimum of 0.75.
The maximum for Blue Gill Pond was 3.0 and a minimum of 0.5, while the max
ima and minima for Cash Lake and Lake Hedington was found to vary from 4.5 
to 1*5 and 6.0 and 1.5 respectively. As seen from the tabl-s, variations 
between stations os the same impoundment oc urred in sll of the waters 
studied, just as was the case with other factors, physical and chemical.
(See Tables 25, 26, 27 and 28 and Figure 11).

Silica
Silica was another chemical factor of the waters studied which did 

not follow a sin.le trend but showed two separate, if related, cycles*
In at least on© of the impoundments, the silica was at a peak during the 
late spring and early summer* During the middle of summer the level slowly
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dropped sad remained at a low point until 1st® surr^r or early fall at
which period the allies content of the water again increased* This level
was maintained .for a relatively short period at the end of summer, when 
tk© level once again was reversed in a downward movement until a compara
tively low point vms ranched* this latter value was maintained with 
sporadic upward surges of short duration and low intensity until mid or 
late winter, a t Ih© end of which pur loti the silica level slowly started to 
rise and continued the upward trend into the early spring*

X’he other silica cycle started at a relatively high level at the begin
ning of the sujmaer and continued to go up through mid-summer into late 
su^r©r or early fall* Ouri&g the early autumn, the silica started to 
fall slightly and then leveled off, still at a comparetively high level, 
until late autumn. Beginning in late autumn a m  continuing, into mid-winter, 
hi2© silica content of the water slowly dropped to a minimum in late winter, 
at which time the trend was once again changed and the silica started to
.increase inxo the early spring*

The silioe cycle in Cash Lmk® seeded on the whole to fluotuate in ft 
mnner similar to -the first of the two cycles observed* A value of 0*50 
milligrams per liter of silica was obtained on June 11, 1947. Shortly 
after this date the silica value started to fall until an average level of 
0*25 milligrams per liter was reached on June 26. A consistent rise was 
first noted on July S, and continued until tha original v«lue of Q.SO 
milligrams per liter of silica was reached on July 11, 1947. kith the ex
ception of one short rise, this level was maintained up to and including 
August 13, sad continuing through August 20, the silica content of the 
water of Cash Lake Jumped to 0.75 and then started «t decline culminating
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with « minimise consent of lass than 0*12 milligrams par liter of silica or 
trace silica on December 11, 1947# This minimum continued through 
February 23, or mid-winter# Beginning kareh 5, 1548, the silica cycle once 
again started an upgrade which continued through April 3, with a value of
0,26 milligrams per liter of silica*

The silica pattern for Lake Hedington apparently followed the second 
of the two cycles observed* A reading of this pond taken on June 26, 1947, 
Indicated content of 0*50 milligrams per liter* On July the level rose to 
a level of 0*75 milligrams and continued to be increased through August 20, 
at which time an analysis showed a silica content of 1*0 milligrams per 
liter of water* On August 20, the trend was reversed and the silica 
started to fall from a value of 0*88 milligrams per liter on that day to a 

minimum of 0*12 through Fcbru*ry 18, 1.948* Msroh 1 showed tha 'beginning 
once again of an increase in the silica content of the water in Lake 
Hedington, continuing through March 17, with a recorded value of 0*60 
milligrams of silica per liter.

The silica trend of Snowden fond on the whole, seemed to follow the 
pattern of silica in Lake Hadington, with the exception of a very short 
downward tendency recorded in tha former impoundment on July 16* Blue 
Gill Pond seemed to. follow the first of the two cycles and generally 
appeared to be similar to Cash Lake in relation to the silica cycle* Ho 
vvnianird movement in Blue Gill was recorded during the mid-summer period* 
Instead, the silica content during this period remained constant until 
late summer*

As with other factors, the silica ranges for the four impoundments 
varied. The fluctuation from maximum to minimum in Blue Gill Fond ranged
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through 0*75 milligrams of allies per liter of water, The same type of 
rang© in Snowden Fond showed n fluctuation of Q•83 milligrams of silica 
per liter of water. For Lfsk® Bedington, the value was also observed to 
consist of 0.88 milligrams per liter, while © range of 0.74 was found in 
C-»sh take.

It was slso observed that the peeks for silica generally seemed to 
coincide among the bodies of water investigated. The silica a»xim in Cash 
occurred on July 30 and August 13, 1047. The rocks for the other three 
impoundmenta occurred in the m m ®  general period. This apparent coincidence 
was not noted when dealing with the previous factors described. Silica 
variations between different stations on a body of water were observed in 
all 4 ponds. ('bee 'Tables 29, 30, 31* 32 and Figure 12*)

Soluble Phosphorus
Observations of the-phosphate (soluble phosphorus) fluctuations of 

waters studied indicate thst her© again apparently more than once cycle 

occurred. Two of the ponds showed a low phosphate level at the beginning 
of the summer -which slowly rose during the month of July and then suddenly 
dropped by the end of the month or in the early part of August. A short 
time later it was noted that the phosphate content of fcho water once again 
started to increase, this time very slowly and with numerous minor varia- 
felons, end thou dropped, during the fall or oerly winter* From this point 
on into the mid-winter, phosphates remained at a 1 ow level s nd only 
started to rise, slowly, towards the and of the winter season*

In the other phosphate oycl®, the level was relatively high in the 
early part of the summer and then started te fa 11 during July, the phos
phate content generally seemed to remain constant through the early fall*
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During l»te fall and Into early winter, the phosphates war# ei thar constant 
or showed a sodden and relatively short surge, after which a return to a 
lower lt*vel was observed. During the rest of this eyole, the value of 
phosphates in tha water remained at a medium or low level end showed an 
indication of rising only towards the end of -winter*

The phosphate cycle as observed in Cash L*ke sealed to be of the same 
general pattern aa the one first described in that the value determined on 
June 11, 194?, w-g found to he 0.012 milligram cf soluble phosphates per 
liter of water. The level rose to 0*023 milligrams on July 16, and then 
sterted to fall soon after so thafc by the end cf July, a minimum of 
trace phosphates had been reached. On August 13, 194?, the cycle one® 
again started ana reached a maximum of 0.075 milligrams on October 20.
On Bovember 10 the trend was reversed, with a phosphate content of 0*040 
milligrams and ending with a minimum of tree© phosphates on January 10#
With the exception of minor variations, this minimum point was maintained 
until i'iirch 5, 1948, when analysis showed a capacity of 0*050 phosphates 
in the water of Cash Lake* Another drop was noted on .April 5, but it i® 
doubtful if this'reversal was anything but a momentary fluctuation*

The phosphate cycle in Blue Gill Pond generally paralleled that of 
Cash Lake, except that in Blue Dill the fall and late fall minima occurred 
on October 1, and Deoember 17, 1947, with values in both, instances consisting 
of trace phosphates*

Xn Lake .gedington the phosphate fluctuations seemed to follow the 
second, pattern described previously* Measurements fc*ken on June 26, 1947, 
indicated a phosphate content of 0*025 milligrams per liter • This level 
started to fall soon after so th"9 on July 3, © low of 0.012 was reached*
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As in all of the previous ©sse® observed* marked variations im the 
soluble phosphate ©«mte»t Qocurred at different stations on the asm* body 
of water* In Snowden Fend et station 2, the water had * level of 0*012 
milllgrams of soluble phosphates on December 11* 1S47, while the even et 
station 4 contained 0*030 Milligrams, on the seas date* An analysis of 
we ter taken from station 1 on Lake aldington* Goto bear 1* indicated the 
content of phosphates wee sere while water from station 3 shewed 0*012 
milligrams of soluble phosphates per liter of water* Similar station vari
ations were noted both in Hue Gill Fend and Cash Lake* {See Sables 33,
34, rn and 3d and Figure 13}*

Piasolved Oxygen
Although of necessity highly generalised* the oxygen eyele seemed 

to be similar for all of the ponds* at least up to the winter months* 
the oxygen eyele started at a medium ▼slue in the beginning of the summer 
and remained at that general level for a pert of the summer* During the 
mid and late summer* the oxygen content of the water apparently diminished 
but Increased with surprising rapidity in some eases* during the fall* 
However*. a few variations occurred during the winter* While the oxygen 
content never dropped be the original level ©f the mrlf summer, gome 
falling off from the, sutssAvpeak was noted* This level was sen tinned 
throughout 'the winter* until an iie'cover was :pF©dueed*, St wfcieft time the 
level started to fall* After dissolution of the lee cover* the oxygen 
level in some eases was raised immedtabelyaad to a/high degree* while in 
other oases no sudden rise soourred* in One instance* the level actually 
fell toward the end of winter*

Snowden Fend was the impoundment showing greatest variation from 
the general eyele described* Dissolved oxygen content for Snowden on



I  !Vt <*
§ r
8  I
*  M
-3  *

m
m

I5
• 8

ft
%

*

%
m

o&
0

«ft

F *

&

ctt
Q
I *
to*

a 
♦tt 

o» *tt© 
#

1
£
i
&
*m»
M

8
a

§
o

M*

£
©
©

3
F *
F *
©
«

* f
ar

0*i

I
5

■ »
« f
« t

I

m
n
to

I
n
«

©
»■%

«o
*m
toa
0  

■* 
* »

1  
* *

i
*»

« f
©

ft
©H
<tt 0 m4
<©

©
©

I
tr
©

ft
«>

©
4Sa s**n §© S3

? I
3

«♦
©

0
©
Cf”

c f
©

<D

«&
*

3
I
©

ft
ST

I
a

S'
ft
ao
ft

9ttsr*

t

I
ft
©5

» a  to* 
1 1 1ft

c f
XX
"1
O
£

$

$

©3
*

ft
ft
5?
{2*

c r

I

In

c
sa
ft

ft
|M*
0

©H
m•
o
o

f I
Of tt

ft m
# *f

I  £
H  <ft

s - i

g
I
c f

a
« f

©

a

I
8tt
F *©
©

©

#
®rtt
tt.
» *tttt©

I4
1
I

0tt
A
ft
tt?

g

ft
#

ft
ft
c+tt
1

o
h»

ft
0

1ft
*1

M

*

to*
i

%

&
3
ft
I *I
ft
f
'3

ft
F *
« *

fttt

tt

tt
a
©
©

ft

a
©

I
* f©

©
cf*

to:u
tttt
*1
F *

M

^  a
V- ft 
. ra  8
8  I

Q
* *

©a
*
c *
© t

§

ttcf
I
» *
©

« f

i
I
©

3
F *

■ft

ttsr
I
a

t
ft
ft
©
*%

k

©
►a

tib

£»■tt
tf*
F *©g
&
XX

ft

!
I
I

I &
cftttta
s I

«©
M

9

a
I 4?

tt

F *
F *

ft
*

I
H*

aft |  Itt H  ©

Ito*

fta
tt
:
o .

Itt

«©©©

ft
6 g
c t i

3

a
i
*4•
f *0
§
1  «<

«

ft

tttt*tt
O .

< fo

«* •© %  
1 1 1

9  •
tr S»
S  t

ft£
cf
fts «
• *4 I<w tt

3 s• a

I
8

2
1pir
§
ftt
a
F*
-4

F» H
Q  ©
©0

0

I
a
tt©

©
#-

H -tttt*
ft • F
I o i

t t .

ft

?

Ott
ft

tt»
* « fo tt

o?



with an approximate Hirer*go value of 5.8. An autumn peak of 9.81 was 
recorded on &6vexaber 19, 1947, after which a short drop oo cur red on 
Deosaber 11* An everage value of approximately 12*0 parte per million 
dissolved oxygen was aeintained through tha winter with tha exception of 
February which had an average oxygen content of about S*i parte dissolved 
oxygen per million parts of water* On March 17, 1948, * slight upward 

tendency was noted# However, the variation was so small as to constitute 
an insignificant indication of increase.

A H  of the ponds showed variations In the amount of oxygen present 
in the water of several stations on a single impoundment* There wore 
also diff©ranees In the number of parts per Billion dissolved oxygen nec
essary to go from maximum to minimum in the waters studied* This figure 
for Blue Gill Pond was G#80| 13*64- for Jledtngt©ni 5*13 for £>••-* h La Ice j and 
5*91 for Snowden Pond. (See fables 37, 38, 89 and 40 and Figure 14)*

Acidity
Of all of the physical and chemical £ actors so far observed, acidity 

scorns to show the most decisive trend* Furthermore, with the exception of 
* few individual variations in the four ponds which were for the most part 
minor, the impoundments studied *11 seem to follow a single pattern*

The total acidity expressed in terms of calcium carbonate was ob
served to be at a relatively high level at the beginning of the summer 
in 1947. A* the summer progressed, the acidity slowly but consistently, 
fell to lower levels until a minimum was reached in the letter part of the 
summer, notably in mid-August. An upward trend was shortly indicated end 
continued up through fall sad into mid or late winter* Shortly after the
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winter maximum had been reached, the oycle was reversed and s. lowering of 
acidity content of the water began. -which continued through tha middle of
Mareli*

On June 26, Lake Hadington waters were found to contain an average of
14.0 parts par million total acidity expressed in torus of calcium ear* 
feonate* fhe dmirmnrd trend was started on July 1, when n value of 12.5 
parts p«r million total acidity was found in Hading ton and continued in 
the same direction, with the exception of a few minor reversals through 

most of the susBaar and into late August with a minimum record of 9*8.
The beginning of the upward movement was first noted on August 27, 1547, 
when « reading of 15.0 parts per million total acidity was obtained, this 
upward trend continued through January 10, 1948 at which time a level of

23.0 total acidity was observed. The pre-spring downward trend started
on February 18, 1948, when a reading of 18.0 was made and continued through 
March 17, at which time the level hed fallen to 11.0.

Cash Lake showed a similar trend* the early summer ^xlrnu® of 16.50 
parts per million on June 11, 1547, slowly decreased to « late summer mini
mum of 6.50, on August 27, 1547. fhe fall ris© started on October 1, 1047, 
when a value of 10.0 w*a recorded and continued through the winter to 
reach a imximxm of 25.50 on February 18, 1648. 0a fabruory 23, 1548, 
the pro-spring decline was first noted when a v^lue of 22.60 was reached 
and continued in a downward direction through hareh 17, when 14*0 parts per 
million total acidity was present In the waters of Cash Lake.

Xh# summer peak for acidity in 8aowden food occurred on July 7, 1847, 
at which time analysis of the water showed 22.0 parts per million total
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km w**s the Cfsse wi th tha other chemical and physical factor® ob
served, variations between tha acidity content of wnter at different 
stations on the s»»# f-ody of water often oc curred« In Blue dill pond, 
station 1 had a value of 21*0 parts per million on Qoiober I, 1947, and 
on tha 99m* date, station 2 had a content of 17*5. Similar fluctuations 
took place in the other iapoimdmenta observed* On August 2D, 1947, sta
tion 5 in Cash Lake had an acidity content of 8*6 parts par million while 
station 2 had a level of 7*0* On December 17, station 1 on. Lake ftedington 
was observed to havs 20*0 parts por million while at the same time, station 
3 ted a level of 22*0* One of the station variations on Snowden Pond took 

pla e* on July 23, 1947* At that tine station 2 'waters had an average of 
11*5, ids lie station 4 contained 10 parts per million* (bee fables 41, 42, 
43 end 44 and Figure 15)*

Phytoplankton and Xfeanoplahktoa Distribution
»»*»■■«*— »  e»ww»ewiw* iiiwiwJflU*eMeiMew «■ « iii am ■ linn nil — rn—1----- — y— 1|— f—if—n-1------1 1— r  in "

The following phytoplarikters were found in one or more of the bodies 
of water under investigation and are listed by species under their res
pective classes*

gaoiliarlaceac (Diatoms)
Diatom*
Melosira 
Gyclotella 
Stephanodisoua 
Naviaula 
Stauroneis 
Asp her®
Nitaaohia 
3ynedra 
Frafillsria 
Astorionells 
fabellarie 
Cymballa
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Cyaophyoe*® (Elua-*0re©p Alga#)
CrXoeGcapsa 
Chrooco ecus 
Spinal in®
Oscillatorle
Anab*®n&
Mieifipcystig

Chioroghyeg®e (Green Alga®)
%»irofjyr«
&fc>ug*oti®
Botrycoeeus
KirohncriclXa 
Anki st r © desiaus 
Co el at strum 
S&mw&G&mm 
Gruo igeaia 
UXothrix
Tritonsraa
Glftdojphorn
Gedogoaluist
Cosiaarium
Arthrodssjou*itaursstrum
Zyga«nfe
CXoatcrium

Euglen® 
f r® ehmXomonM s 
Fhacus 
Astssift
Chllomon&s
Uroglena
Syxturft
Uiaobryoa
Poridiniua identification)Glancdiniusi

Arccll®
Zftfflugi*

Torticells
Stimtor



It m m  observed that the phyteplankten ami nannoplsnktea in tha 4 
ponds consisted of at least BZ separate genera grouped under 4 classes* 
Since on* of tha primary objectives of this study consisted of obtaining 
quantitative a* wall as qualitative data about the plankton In tha im
poundments 0 it became most eonvenient to use a Sedgewiek M fter call for 
eounting studies* Only medium magnificat Iona could therefore ba utilised 
with a result lug possibility that some of tha very minute forme m y  have 
been overlooked* It should be reiterated that tha studies are primarily 
concerned with tha phyt ©plankton*

lakes *a classes, only the most general cyolio observations of tha 
phytoplankton could be made on tha ponds as * whole* lumrous variation® 
occurred between individual phyteplankter# as wall as in. tha ponds taken 
separately*

asset of the distem genera aeemod to show a peak daring the early part 
of tha •Qmsr as well as in adLd-autusaa. A relatively small number of 
genera is tha ISolllarlaoaaa shewed indications of having secondary pulses 
during the late summer and early fall* Minor pulses also occur rad during 
tha early winter in a fee of tha genera* Generally, diatom minim seamed 
to appear during the middle of tha summer and winter*

Considerable variation w*s noted in individual ay ales for tha various 
genera of blue-green algae but am the whole, many of the pulses seamed 
t© take place toward early spring end into early summer* Relatively 
few peeks occurred during the middle of cummer* 3fhe level for these phyto- 
plankters rose rapidly during *utima and in some esses extended well into 
winter* A few genera showed an inereeae for a short period during August*
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Apparently the general peak for the green algae took pl*ea in early 
summer, especially during Juno* 'Hie cycle then sou ed to reverse itself 
and fall during the mid-summer period# Miner p ska were recorded during 
August but the important rises begen in the fall and extended into early 
winter, in many eases* On the average, a general drop started during 

January, extended through February and ended with a minimus during the 
early portion of March. i’he rise started one© again in April and seemed 
to continue into Hay*

A diacerneble general trend was observed only by grouping all of the 

classes of the Protosoa together* A generally high level of this type of 
phytoplankter prevailed during Jus®, especially during the early pant of 
this month* ih© trend, wae downward beginning in the last part of June 

and continuing from July through September but revsrssd itself during the 
loantha of October and November at which time the Proto*©* one# again 
re* ohed a peak# Our lag the winter the cycle started on the downgrade and 
continued through the month of March# A higher count was recorded in April 
and the Protozoa surged upward during the month of May at which time the 
last counts were rmd® for this study. A* has already been implied, many 
variations were found to © cur in the different genera. In some in*tanees 
relatively short but intense pulses were observed during the summer, particu
larly during the month of August* Only those plankters present in 
abundance on the 4 ponds will be described Individually throughout this 
study*

All of the diatoms studied were present in Cash Lake, however,
Oloeocepsa, Anabaena, and Mlorocystla of the blue-green algae, although
present sere only seen in small numbers in this impoundment. Several of



the green algae ware absent from tHe waters observed la Cash Lake# Thus, 
so members of jgeugootle, 0**1a*tru»«.. Cecmartnm and Arthrodesmua war* 
counted In this impoundment. All of the JPHytaiftagtlcoghora and BMsopoda 
war* -present in 0*ah Lake and all; of the €11 late with tha exception of 
Stento* "ware also observed there* *

Melos ira var jams Agerdh seamed to.ha ana- of the most abundant of tha 
diatm m  present in 0>rah bake, yielding -sLgssharsl, all-period count of 
roughly 12,000 Individual cell* par liter of water* the count on June 11, 
1947, was approximately 12,300 c^lls par liter ©f water* this level 
jumped to 73, 236 Meleslra cells par liter of water- on duly 1, 1947 and 
than dropped to a low point of 3,708 ©alia on August 20, 1947* fhla low 
point was Maintained until Oocenter 11, 1947, at which tin© a sudden pulse 
sent the level up to a eaunt of 63,032 eella par liter of water* Sawaver, 
by January 10, the eyele had reversed itself and a ©mint of 16,000 eella 
was observed* A minima ©f only 103 ©alia par liter of water was recorded 
on March 17, 1946 in Cash Lake* The upward trend was first noticed on 
April 3, 1946, at whioh tine the value was observed to ha 8,463 cells of 
Melos Ira variant per liter of water* %  May 3, the level Had risen to 
30,000 ©ells per liter of water for Cash Lake* Peak® for Meloaira ware 
recorded in early <?«ly ©ad December, while tha minima occurred during tha 
rnid-sumer and s&id-wlmter*

Another diatom commonly observed in Cash Lake was Bltsachla linearis 
Smith* the maxima®. counts ware obtained on dune 17, If47 whan an average 
reoerd of §,780 was obtained end October 31, whan 6,622 individuals per 
liter of water were counted* A miner pulse was recorded on September 9,



44

when the count was £,113 colic of Mitsechla per liter of water* A summer
minimum of 140 cells per liter was counted on August t, 1948 and a winter
minimum of 9 colls per liter of water on February 23* 1943* Mo cells of 
Mtfigchift were found in the water of Cash Lake on March § and March IT, 
IMS. However, 491 cells were found on April 8, and the level increased
to 1,680 individuals per liter of water on May 3, 1948*

A summer maximum of 390 cells of If*, vi mils was noted in Cash Lake on 
duly 1, 1948, while a minimum of 9 ©ells per liter of water occurred on 
August 13, 1847* The fall pulse started in November end ranched a peek 
on Deeember 17, when the count consisted of 912 cells of Mavioula per 
liter of water* The winter period was observed to h& a period of low 
productivity for Eavioula, and a. complete absence of this phytoplankter 
was found during February a ad March* The upward trend started la April 
and the count on May 3 showed 180 cells per liter of water in Cash Lake* 

The other diatoms were observed to be prescat in fewer numbers in this 
pond* Ta teller la fenestra Kutxiag showed a pulse on 4>ept ember 9, 1947, 
when analysis of the water of Cash Lake showed 168 ©alls per liter of 
water and a minimum of 3 organisms per liter on August 18, 1947*
Tabell&ria was not observed daring the month of February, while on May 5, 
29 ©ells were counted in a liter of water in this impoundment, indicating 
a rapid rat# of increase*

Synedra showed its maximum peak during the summer with • total of 818 
cells per liter in Cash Lake on July 16, 1947, and its summer minimum 
occurred August 27, with a count of 39 cells per liter* The fall pulse 
took place on October 21, 1947 when a total of 890 cells were found per
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liter. This high level continued through the lest part of December end 
fell rapidly during January to the minimum winter level. A few cells of 
&modr« were counted throughout the winter and the first recorded increasenn*'»■■■!..in.,.■ — ■ » ^
occurred on April 6, 1948 when a count of 138 cells per liter was obtained# 
the first spring pulse for 1348 was found on Hay 3 when 629 cells of 
Synodra per liter of water w # v  counted in Cash hake#

Although present* the blue-green algae were never found in consider
able numbers in Cash Lake. A maximum of 4? unit© of 4 cells of Anabaena 
flog-aquae Brebisson wag found to ocour on June IT* 1947. This level 
fell rapidly to a minimum on August 27* when cells wore not observed* 
Another peak wag observed during a part of January with a count of 39 or
ganism© per liter of water from Cash hake on January 17, 1948* Although 
scarce throughout the root of the winter, s few Anabeen© were found in 
every winter sample with the exception of February during which month none 
were observed# Oedogonium showed a pulse on June 11, 1847, when 27 cells 
were counted, but was very rare throughout the rest of the year on Cash 
Lake# The only period when Splrulim* major Jutsing was present in appreci
able numbers was on August 27, 1947 when a count of 12 cells per liter of 
water was found in Gash Lake# During the rest of the year this organism 
wee rare being entirely absent from, the samples from Cash Lake from 
February through March 1948#

Microcystis was rare at all times in Cash Lake but two pulses were 
observed, on© in June and the other in lovember. During the rest of the 
year, Microcystis was often completely absent, especially during the winter 
months, and to a lesser degree through the mid-summer.
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Although grsen alga© were pres>*nt in Ctesh Lake with the ©xception of 

the g©i»rfi cited, they were never present in relatively groat ©bundanoe*- •• 
Splrogyra was the most common of the green alga® noted. On June 11, 1^47, 
240 units of 4 calls wor© counted, with an increase to 416 units of 
dpirogyra on June 1?, 1947* Apparently this constituted the early summer 
peak, because a noticeable drop was observed shortly after to a minimum 
number of 7 units counted on August 7, 1947,

the fall peak occurred on December 11, 1947, when a count of 373 
unit© of Splro^yra was observed in Cash L**ke* During the winter, Splrogyra 
remained at a very low rate of production with a minimum of 3 units ob
tained on February 23, 1948* burlag the latter part of iitareh, this pbyto— 
plankter again started to increase so that 400 units p.-r liicr of water 
was noted on May 3, 1946.

Anklatrodesaam seemed to have an abundance in dash Lake eosup-rable 
to that of ipiroiprra* Although present in relative abundano© throughout 
the early summer, a slight peak was noted on July 1, 1947, when 1,019 cells 
were counted* During August, ©specially late August, Ankistrodesmug fell 
rapidly to reach a low of 102 on August 27* The fall maximum occurred on 
November 20, when the count want to m high of 1,760 cells per liter of 
water* the downward curve for this green algae was considerably slower 
than the trend for dpl.rogyre, the minimum being reached March 17, 1948, 
when only 7 cells per liter of water were present* Just as w»* the ease 
with Spirogyra end most of the other green algae present in this body of 
water. Ankletrodesttua started to increase into the sp ring of 1948, resulting 
in a count of 2,249 cells per liter of water on A#y 3, 1948,
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Stauras uruia was one of %h© mors abundant of the dwsmids occurring in 
Cash lake* An early summer peak was recorded on Jun© 17, 1947, when the 
count reached 6,484 -cells per litter* dtaurastrum seemed to vary somewhat 
from the general pattern in that it was present in some abundance through

out the Sumer* However, a minimum of 417 cells per liter was observed 
on August 20, 1947* A winter maximum was recorded during the month of 

December and appeared to extend through the entire month* However, the
greet oat number observed was on iJeoeiabor 11, 1947, when 5,400 cells per
liter wore noted.* Although ^tauraetruaa was present throughout the winter, 
a minimum was recorded on Her eh 31, 1946, with a frelue of 160 cells per 
liter# Shortly after this minimum count, the Staurastrum cycle started 
upward again and on the last eount of this investigation, taken on tiay 3, 
1948, an average value of 933 organisms per liter of water was found in 
Cash Lake.

As previously mentioned, all of the iProtegea were observed in Cash 
hake, with the exception of dtentor* Of the Phytoiaftst1gophora,
Feridinlum and flonodlnlus* were the most oonmsaly observed genera*
On July 16, 1947, a total of 623 Grlenodlnima pulvl®cuius cells was counted 
is Cash Lake. This apparently constituted a s tamer peak since gleaodinium 
fell to a minimus of 9 cells per liter of water on August 13, 1947, and 
remained low until the fall. A higher, more prolonged rise took place
during the autumn, beginning on October 21, with a total of 937 cells and
reaching the highest level on November 20, 1*347, ©hen the count was 8,049 
©ells per liter of water* During December, the G1 enadinlun population 
decreased very rapidly, becoming almost non-existent during the remainder
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of the winter, fh© first appreciable number of this Phy totpa t i r o p ho r a n 
was observed, on April 5, 1948, with a count of 135 cells per liter of 
water* Oddly, the level again fell during the May 5, 1948, since only 
62 cells of SlenodeniuEi were present per liter of water*

Peridinium. reached © peak of 521 cells per liter of water in Cash 
bake on dun® 11, 1847, and then decreased very rapidly, remaining at a 
minimum of less than 25 cells on an average throughout the remainder of 
the summer, fall and winter of 1947-48* This particular Fhytopestogophoran 
was tentatively identified as Feridinium* However, it is possible that 
this organism may be another species of Glenodinium* For the sake of 
clarity, it shall be referred to as Feridinium in this paper. Or; May 
5, 1948, the Peridinium population was once more increasing since a 
total of 187 cells per liter of Cash Lake water was observed.

Suglena was noted throughout the investigation and seemed to follow 
the general Protosoa pattern. Pulses of jsiiglena were seen during the 
month of June as well as during the early part of October, 1947* Another 
increase was observed during the last part of February and into early 
March, 1947, yielding a peak count of 201 colls per liter of water on 
April 5, 1948, in Gash Lake.

Arcella and Jlifflugia of the class Hhigopoda were present in Cash 
Lake, especially in the early spring, late fall and through the winter.
They were never too abundant, however. Arcella vulgaris IShrenberg was 
the more common of the two, reaching a peak of 423 cells per liter in 
Cash Lake on June 17, 1947, and continuing on a high level through 
July 16. The puls® had greatly diminished by July 30, and this organism
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remained at a Minimus throughout August and September* Another pulse
was noted on October 21, 194?, at which time 78? cells were counted par 
liter of water* fh© pul®# continued on progress ively lower lewis through 
December and. early January* During the rest of the winter end early spring, 
Aroella was only oeeasleoelly observed*

Dlfflugla constrict* Hhrenberg was always present in small numbers*
A minor peak was recorded on June 11, 1947, in Cash bake when 88 indivi
duals were counted * This peak was short lived and the numbers were much 
lower through the rest of summer and early fall* A rise to 217 cells per 
liter was reoorded on October 21, 1947, and a maximum pulse was observed 
on December 17, when 467 individuals were counted in a liter of water 
from Cush bake* DiiTlugia was present in small numbers throughout the 
winter and early spring, and a peak was again recorded on May 5, 1S48, 
at which time 106 cells per liter fro® Cash Lake were observed.

Vorticalla campanula i&renberg was first observed in relatively 
large numbers on July 16, 1947, and continued to increase in population 

until a peak count of 73 cells per liter of water from Cash Lake was ob
served on August 20, 1947. 0p to July, Vortieclla had boon present in 
numbers never higher than 27 per liter of water* From August through 
the month of October, these organisms were observed in relative abundance. 
The pulse dropped during December and Vorticella was only occasionally 
observed during the rest of winter and through March* An increase in 
population w*e noted in April and a spring peak occurred in May, yielding 
50 cell s per liter of water from Cash Lake on May S, 1946*



Lake Bedingtoa exhibited phytoplankton oharaeteriatios which were 
generally similar to that of Cash Lake* It is possible that aside from 
reproduction within Cash Lake, the latter obtained a portion of its 
phytoplankton population, especially quantitatively, from bake liedington*
All of the diatoms recorded in Cash Lake were also found to be present 

in brake Aedington, with similar pulses and peaks, particularly in Lake 
ftadington# Ihe general lev©! of the diatom population, seemed to be lower 
in Lake Bedingtom than in Cash Lake, although a few exooptions occurred 
on individual counts, especially during the summer*

Fewer genera of Cyonophyceae were present in Lake Hedington than 
in Cash Lake and all of them in the former impoundment occurred in 
axaallor numbers• Stone of the blue-green algae th*t had been absent from 
the waters of Cash Lake were found in L*k* Bedingbon# *hus9 of the 
Gymnophyeeae, only Chroococcus and. a few gpirulina were observed# Only 
on® sample showed m trace of Useillatorla ©net that was a tentstiv® identi
fication since the specimen was in very poor condition# Sot as many of 
the Clorophyoeae were present in Lake liedington as in 0*4sh Lake# Sot 
only■were Mougeotia, Coelaatrum and Arthrodesmue absent from Lake Hadington. 
and Cash Lake but Alrohjaeriella, Yribonama and Closterium were not ob
served in the former pond# On the other hand, Arthrod© anus was not 
observed in Gash Lake but a few cells war® seen in the watars of Redington 
In iovember*

All of the Phytoftt®stigophora wore observed on L»k© Kedington, but
in generally fewer numbers# I he sac captions were Olsnodinima **nd Feridinlum. 
Yortlcella was only occasionally seen in this pond while Stentor was absent#
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Bin* Sill Pond presented 0 rather different picture from the other 
two impoundments • ♦iQla lively few of the d 1* t om wore present# Of the 
complete list the foil owl nr. genera were represented In flu© Gill * 
jMosira, Hericul®, Synedra, Aefcerlonolla, rraglll&rl*, r?na ‘r&bcllari**
Melosire, B&vteula and Synodra were found to be more abundant than in 
Crsh Liifco but A* ter to no lift, Fragillarls end Tabellaria were less eosiaoa.

A maximum of 39,769 kelostra cells per liter of water wa* observed 
on July 6, 1947, in Blue Gill Fond* for BeTioula, the maximum was shown 
to occur on Bovembor 19, 1947, ah on a count of 3,125 cells per liter of water 
was obtained* the Maximum Syne dr a. pulse was seen to oc ur on August 7, 1947, 
when the population reached a level of 1,327 cells per liter.

On the other hand, a peak of 74 individual Astsrlonella cells took 
pise© on June 17, 1947, in Blue Gill Fond, while the minimum occurred 
shortly after this on July 1, 1947, a* indicated by a total of 9 ©ells 

per liter of Blue Gill water* The figures for Ffraglllaria showed a peak 
on July 16, with n oount of 143 cells per liter of water and a minimum 
on August 27, when 27 cells were counted in n liter of water* The maxi
mum end minimum T*bell*rift populations *lse occurred in July and August 
with 46 call® and. 2 ©ells per liter <sf if®tor respectively*

A H  of the goner® of Cyanophyc©aa previously enumerated were found 
In Blue Gill Pond. All of them were also found in greater abundance here 
than In any of the other waters studied. Chreoeoocu* and CHooocapsa, 
as well f?s Sptrujina were ©specially abunaant*

The Chiorephyeeee were also completely represented in Blue Gill Fond• 
Spiro,gyre, Anklstrodesawa, Sc©nod©smug and Peugeotla, ®s well a* Stauraetrum,
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wer® the most common of the. green algae found in Blue Gill Fond. Bow over,
all of the genera were more numerous in this impoundment than in any of 
the other bodies of water observed.

Such dibs not the ease regarding the Protozoa, frachelmonas, Proglena, 
Pinobryon and JFhacue were abundant while the rest of the hastigophora, 
though present, did not attain the abundance observed in Cash Lake. Both 
GifTlugia and Arcella were present in reduced numbers in Blue Gill pond. 
All of the Ciliata were represented in this pond, !Io special effort is 
being much; to describe the times of and minima as they generally
corresponded relatively closely to similar peaks in bash Lakes, Gtentor 
was observed to have © maximum population on July 8, 11*47, at which 
time 37 cells per liter of water was observed, fhe minimisa number of 4 
cells per liter of water was counted on Useember 19, 1S47.

Snowden Fond contained reprasentatl ve genera of all of the classes 
of organisms previously enumerated but only a few of the forms present in 
the other impoundments ware observed. In the Baelllariaoeae, only the 
following genera were found to be presents Melosira, Stephanodisous, 
Jlaviaula, Hitzsehia and Gyncdra. Spiraltna and Anabeana were the only two 
representatives of the blue-green algae found in Gnowden waters and 
AnklstrodeaiB.ua, ffeonedosmus, Cruelgenie, Stauraetrum and Uiothrix were the 
only Cttlorophyeeee genera observed to be present. On the other hand, all 
of the Fhytoraaatigophore except Diaobryon and Broglena were found in this 
pond. Only an occasional ftifflugis population was encountered from among 
the Hhigopoda genera. On the whole, the individual cycles for these 
organisms wore similar to those encountered in the other ponds, however,
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tli© populations wer© >less abundant then in any of the other waters studied* 
For example, Staurastrum shows a maximum of 2,733 cells p©r liter on 
July 1, 1947, in Snowden Pond, while Blue 0111 Pond was observed to con
tain a population of 12,309 gtaurastrum on Juno 11, 1217*

fraehelomone® hispid® 5fcei» showed a »e«k is Snowden Pond on 
Hovesiber 20, 1047, with a count of 29 ©ells per liter of water* In Blue 
dill Pond the peek occurred on lleoember 12, with an observed population 
of 1,894 cells per liter* 947 Difflugla cells were counted in Lake 
Hedington on Bsctnber 11, 1947, while the peak in Snowden Pond occurred 
on Movember 20, 1947, with a count of SI cells per liter of water*

On the whole the following general observations could therefore be 
made* Cash lake seemed to contain the greatest variety at phytoplankton 

especially true for the diatoms* Redington did not show quite as much 
variety as Cash with respect to diatoms and much less variety In other 
categories of phytoplankton* Slue Gill demonstrated the moat complete 
blue-green and green algae populations and also showed some variety with 
respect to the Prot©scans* this pond demonstrated the least versatility 
of diatoms• Snowden Fond showed a rather complete Bsytomaat1gophoran 
population but had few of the other Protosoans in its waters* Many of 
the diatoms present in the other waters wsr® not found in Snowden Fond*
It was the poorest of the four ponds with respect to numbers of genera 
of green and blue-green algae present*

fhe number of different phytoplankters present in the water did not 
necessarily indieate the abundance of these organisms in the water*
On the whole, Gash Lake seemed to have the greatest populations of any



54

of uhe poafis with respect to th© number of individual diatoms found in 
the ponds. However, Blue dill, although it did not contain as many 
different phytoplankters as Cash Laic#, showed the greatest abundance as 
well as variety of green and blue-green algae* Gash Lake also seemed, to 
show the greatest maxima for Protozoa, especially in the case of the 

Phytoiaagtigophora. Blue (Jill also appeared to have large populations of 
a few of th© Protozoa even the variety was limited. Lake Redington 
seemed to contain th© largest populations of Rhisopoda* On the other hand, 
Snowden Pond, although showing a large number of different Protozoa, 
especially of the Phytomest1gophora, had the lowest number of these or
ganisms of any of the impoundments studied*

Another general observation that was made on all of the ponds was 
the differences in populations of phytopiankton in different stations on 
th# same body of water. It was found that stations 5, 3 and 2, on Gash 
Lake contained th# largest populations of phytoplankton in th® most 
general sons#* This was found to be particularly true for gr@©n and 
blu#-gr®#n alga# at stations § and 2* A H  of the stations on Cash Lake 
seemed to contain generally similar amounts of diatoms, although stations 
3, 4 and 6 seemed to be the most consistent in this respect* Station 2, 
as well as stations 1 and 5 seemed to hold th® most consistently abundant 
Protozoan populations* Station’ 5 seemed to show this characteristic best 
for the Phytomastigopliorft and the Ciliates*

In Lake Redington, th# stations 1 and 2 were very much alike in 
respect to variations In phytoplankton populations* Station 3 sometimes 
showed a greater number of Protozoans, but th® variation was not signifi

cantly large* This was also true for the diatom populations* Relatively,
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smaller populations of blue-green end green algae were notload at times 
in station 2 but again, th© differences from stations 1 and 3 were not 
significantly large* In SOLue Gill Fond, stations 1 and 2 were alike in 
every respect except for Frofeosoen populations that appeared, to fluctuate 
from on© station to the other at different intervals during the investi
gation.

On Snowden Fond, large variation occurred between stations 1 and 3* 
Station 1 appeared to contain the larger amounts of most of the phyto- 
plankton. hittie difference was noted between stations 2 and 3# Station 
4 also was observed to contain populations which were more closely related 
to station 1. However, th® difference between station 1 and station 3 was 
not as consistently variable as that from station 1 and 3. VsTierever 
possible, the populations of the different stations wer® everaged together 
in order to give a general figure of productivity. This was especially 
necessary in Snowden Fond, ®s well »s in Cash hake, where occasional 
marked differences in phytoplankton populations were noted. In all cases, 
whan ft maxisum for a particular plankter was recorded at on# station, a 
similar, although not necessarily parallel, fluctuation was noted in the 
other stations of a particular lake*
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On® of th® n»*t important problem which arose in ©enjunetion with 
these Xlmnclogioal studios, was th® ^uestton of why th# 4 ia^ouadinent* 
w«r# acid in character* Birg# and Juday (1911), and Shelford (1923), 
studied ecld waters* they found that generally, an increase in acidity 
was closely aorreleted with a decrease in the dissolved oxygen content 
of the water. It was concluded that the acidity was due to a high rate 
of organic acid synthesis from products of decomposition.* Sine® oxygen 
was a necessary part of ti*e synthesis, It decreased as the rate of 
a d d  production Increased. On the other hand, dewell and Brown (1924), 
from their studies of acidity in Big Muddy Hirer of Illinois, con
cluded that It was a result of the mineral acids dissolved In the 
water* they further noticed that there was a large amount of plant 
material in the streams which would suggest an abundant amount of 
oxygen present in the water# During their investigation* on Vincent 
Lake, Jewell and Brown (1924), again concluded that th® acidity was or
ganic in character, arising in this ease from the bog-like margins of 
the lake* the oxygen supply was not depleted in the lake itself, pro
viding farther evidence that th® oxygen cycle does not necessarily have 
to bo depleted during periods of high acidity*

thus, acidity may be due to the presone® of organic acids which 
In turn may have been synthesised Is th® same waters fro® products of 
decomposition present In the surface layers or on the bottom* It also 
follows that the organic acids may originate around the margins of the
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body of water* (Welch, 1930), Aquatic plants and animals may produce
slight conditions of acidity as noted by Jewell «nc Brown (1324),
However, it is doubtful if this last source plays an important part la 
increasing the acidity of a body of water studied, since the aquatic 
vegetation Is net abundant* Aoid environments nay also be produced 
by the presence of mineral aoids in the eaters* Mineral as ids -may 
eater the water from mine shafts, excavations, or maid water wells via 
stream feeding the body of water* (Lackey, 193S)*

lone of the above conditions seemed to explain satisfactorily the 
acid characteristics of th® 4 impoundments studied on the Patuxent 
Hesearch Hefwge* It Is true that the above area contains an underlying 
stratum of Creteclou* material which seems to be acid in character* 
However, the source is not adequate enough to explain the generally 
characteristic fluctuations in acidity that were observed in these ponds* 
Acidity produced as a result of runoff also would not show as much of a 
Seasonal variability as occurred in Cash, lodinrton, Snowdon and Blue 
®ill ponds, (Lisdemexi, 1941)* Undoubtedly all three of the ebov® 
sources contributed in some degree to the acid content of these bodies 
of water*

An examination of th© other physical and o-hemiotl factors ©f these 
waters seems to afford another possible explanation of their acid char- 
aeterleties* All 4 of the ponds are relatively shallow impoundments 
that appear to exhibit no thermal or chemical stratification, being 
similar in that respect to the bodies of water Investigated by Chandler 
(1940), It was also observed that the conductivity was relatively low 
In all 4 of these ponds as was the alkalinity. On the other hand, the
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free earbon dioxide and acidity as wall as th# dissolved oxygen was 
relatively high* Finally# all 4 pond# were found to have a very low 
calcium and magnesium content, indicating the waters to be soft*
(freasler and lore# 1994)*

An examination of the seasonal variations of the above factors 
showed, with the exception of © short spring and fall period of fluctu
ation, free carbon dioxide and acidity reached their peeks during the 
winter and were at their minimum during the summer* this was also true 
for oxygen* Conductivity was at a relative maximum during the summer 
ami at a minimum during the winter but showed short peaks during the 
spring and fall. Correlation of these factors seemed to offer a 
plausible explanation for the characteristic acid conditions of th® 
ponds* (See Figures 17 and 18}*

An excess of free carbon dioxide was found to be present in the 
waters* During the hot summer months the amount of carbon dioxide 
present was naturally at a minimus (duday and Birge, 19SB), while the 
reverse was true during the winter months*

liken free or excess carbon dioxide combined with water it formed 
carbonic acid* (Welch, 1055)* If there «r® appreciable amounts of 
calcium or magnesium carbonates (mono-carbonates) present in the -water, 
the carbonic acid combines with the unsoluble mono-carbonates to yield 
soluble bicarbonates* In the ponds studied we find a minimum amount of 
carbonates as indicated by the law- alkalinity a® well as quantitative 
testa which were an at on# period* Thus th© carbon dioxide content 
continues to accumulate within temperature limiatlon# until there 1# a
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rather high eoneentretloa of carbonic acid* Thus there is a direct ©or- 
ralatlon between carbon dioxide end aoidity* As the acidity increases 
th® alkalinity seems to decrees® to some extent, possibly indicating 
that the small am©unts of carbonates that are present hare been charged 
to the soluble bicarbonate*» This possible explanation seems to fit 
the chemical and physical data as well as the season variations in 
acidity observed in the ponds* Prom the observations it can be stated 
that all four ponds followed the same tread, discounting Individual 
variations.

Another problem concerned the extent of the relationship between 

pH and the total acidity* It was noted that as acidity rose, the pH 
fell and conversely, when the pH rose the acidity fell* Again, a cor
relation of the available data seemed to offer a satisfactory explanation.

Chastise, Longnaekar and Metier (1942) showed that although the 
acidity content of a body of water might be relatively high, the pH did 
not necessarily have to be low. These authors showed that the organic 
materials derived from decaying basic peaty vegetation held the pH to 
a rather high level* It should be noted that when memosrbenates are 
present in natural waters, they may act as buffers because the carbonic 
acid combines with th* monocarbonates to form soluble bicarbonates*
When some of the oar bon dioxide is withdrawn during photosynthesis,
(Wiebe, 19S0) the Insoluble carbonate and carbonic acid are again formed. 
Later, if more carbon dioxide Is added it combines once again to form 
soluble bicarbonates* This reaction is known as th® buffer effect and 
prevents extreme variations in the hydrogen ion concentre.tl on. ('Welch, . 
U M ) .
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In fell of th# pond# on th# Patuxent £#ssarah Stefug# soft water 
conditions prevailed* this of course, implies m minimum amount of 
available mmeoarb© nates* In th# absence of th®## substances with 
their buffer actions, complete ionisation. can b# brought about with a 
resulting lowering of th# pH value* During th# winter when the water 
m i  able to retain a groator amount of frmm carbon dioxide, more ear- 
boni© acid formation results in a closely correlated lowering of th© pH 
value* la th# mwmmr th# oarhaul# acid content of the water fell 
with a consequent Increase of th# pH level* (duday and Slrge, 193S)*

Still another problem concerned th# possible roles of pH and 
acidity in connection with other general physical and chemical charac
teristics of th.# four impeuadnejat#*

Do acidity and pH directly influence the other physical and chemi
cal conditions or are they merely Indicative of other conditions!
Juday and Birge (1936), indicate that pH activity is to be regarded as 
an index of other underlying conditions which have a more direct rela
tionship with lake biota, Juday, Birge, Hammer and Hobinson, (19IS) 
claimed that there was no correlation 'between the amount of phosphorous
and th# carbon dioxide in the water*

It was observed, that all of th# ponds (Cash, Hedimgbon, Blue Dill
and Snowden), were of the soft water type* Th# conductivity was rela
tively low at all times, particularly during winter* Alkalinity was 
also observed t© be low during the period of investigation, Transparency 
was observed to Increase through th# fell and into winter with th# 
exception of a short period during fall when a drop was noted*
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Iressler and Bare (1934), found that soft water was not as produc
tive as hard watar lakes# They also found that generally, dammed 
streams were productively poor* Juday (1942) also found th® productivity 
of soft waters low* lie found that the dissolved organic matter are much 
lower in soft waters than in hard -enters* 'fteleh (1936) notes that the 
rat© of conductivity is closely related to the amount of dissolved or
ganic materials contained in th® water# The greater th© amount of 
dissolved organic substances, the greater th® amount of electrolytes 
in the water, with a consequent increase in the conductivity level.
There is also a close association between the amount of dissolved organic 
material and the amount of carbonates in the water# When there is an 
increase ia dissolved organic material there also seems to be an increase 
in th© level of th© carbonates# An increase in turbidity is usually 
associated with an increase in the amount of dissolved organic substancei
present In th© water# Thus, th# conductivity, and to a smaller extent, 
turbidity, may be a general indication of the level of dissolved or
ganic substances. Lack of carbonates may also be ab indication In the 
impoundments that were studied.

Thus, if w© correlate all of these factors, some indication of the 
importance and relationships of acidity to other chemical and physical 
factor® may be no ted* The four soft water ponds contained very small 
amounts of dissolved organic am ter is 1* This was shown by the low con
ductivity rote and the lack of carbonates# Increases were noticed in 
th® turbidity level during the summer# This observation, plus the 
observed lack of turbidity daring the winter was another indication that
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th# die solved organic mater lals were low* This 'ms associated with a 
minimum buffer effect a® well as a lack of the moaeearbosftte* with whieh 
to utilise th© aoieuEKfcs of oarbonie acid© which were be lag found# Benc©, 
there was Increase in acidity as well as a decrease in pH level when
th© dissolved organic materials on the water decreased*

Precipitation, water movement and temperature can also be corre
lated with acidity and pH* Although no precipitation tables are pro
vided, it was observed that the heaviest and most prolonged periods of 
rainfall took place in the spring and in the fall of 194?* During 
these periods it was also seen that the acidity dropped for short 
periods and the pH level was raised at the same time# Apparently the 
pond water containing the acidity is diluted by the rain falling 
directly on th# impoundments os well as by the resulting increased flow 
of water into pond* via the streams. Increased runoff as well as the 
sources just cited would serve to bring In a greater amount of dissolved 
organic matter 'thus increasing the amount of buffer materials in the 
waters and de@res.sing the acidity as well as raising the pM in another 
fashion* Increased currents during this period also serve to keep the 
acidity at a low level* Water agitation, especially during moderate and 
warn days seems to drive off a portion of the excess carbon dioxide in 
the water and prevents large accumulations of carbonic acid*

the lowered transparency during these periods showed that waters 
wore more turbid, another indication of increased organic material 
entering the water of the four ponds# However, an easesa turbidity in 
a sense, defeats its purpose* Pediment omn gradually cause part of the
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©©wring being burled under the silt brought in by the streams* (Irwin, 
1945) • Reelofs (1944), points out that lend runoff c m  substantially 
influence the ehemloal ehereeterletlee of e body of water. During th© 
periods of increased water flow, the eeidlty dropped as has been mentioned* 
This sight be another indioetion that organic a elds were not entering the 
suiter in large enough quantities to cause appreciable dlfferenoe in the 
aoldity* It say also be possible that part of any sold material enter
ing the pond through runoff were being buffered by chemical substances 
©©stained in the ease runoff* It is therefore felt that this further 
indicates that only a small part of the acidity was due- to materials 
derived fro® the land soils* It is possible that this source contri
buted more to a future acid condition through sedimentation and conse
quent loss of available buffer and other necessary constituents of the 
water. The abundant? of oxygen which would not always be present when 
aeldlty was due to orgaaie acids as a result of decomposition products 
of the soil being placed in the water, did not contribute to th® total 
acidity of the ponds to any substantial degree#

Probably the meet important problem which mrmm during th# inves
tigation was the relationship between acid ity and pH to phytoplankton 
distribution and productivity*

Was the phytoplankton influenced directly or Indirectly by the 
acid environment, or was acidity and the pli levels merely and Indication 
of other factors which influence the biological metabolism of th© ponds!

Lackey (1838), believes that an abundant but narrow group of or
ganisms may be supported in highly acid waters. Suspended foraa In acid
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watwtm from, -lain# run# and mold wells were rare (Lackey, 1932}# Weioh, 
(l&Sb) found a diversity of phytoplaak ton la the a old wator® which ho 
studied* Howeftr, quantitatively, they war* low* Schaffer a ad
SobimoB (1939), found poor population* of pkytoplankton la their
studies of slightly sold waters. Iivsea (1&S9) points out that organ
isms earn withstand m wid« rang# of pE. Meleh (1938), found more phyto-* 
plankton in tho waters than sooplankton and olaimed that the level of
productivity was low* 4ew«ll and Brown, (U24) noted the absence of
fresh water mussels from th# acid waters which they studlad*

Thm distribution of phytoplankton In th® four Impoundments was not 
as great a* has been found in neutral alkaline waters. Chandler (1940), 
found 86 algal forms, including 40 Ohlorophyoeae. It is possible that 
ihsre 1* a dirset relationship between th# low biological productivity 
of acid waters and the lew organic content of soft waters. Phosphorus 
was present but sever abundant* nitrites and nitrates from occasional 
analysis proved to fee very low* Calcium and magnesium were very low. 
Silica at times was present in large ^uantltiec as was iron*

On the whole, th# period* of maxima for the above chemical material* 
seemed to occur during spring or early summer and also in autumn* This 
was also true for oxygen, conductivity, alkalinity and turbidity. On 
the Whole, the largest number of maximum peaks in th# greatest number of 
phytoplankton genera also occurred during similar periods. It seems 
logical to assume that barring adverse physical conditions end other 
special considerations, phytoplankton In th# ponds studied, reached a
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of abundance of nutrient materials* Meloehe, et *1, (1938), noted that 
at one time diatoms increased at the same time that siliea decreased*
At another time diatom increases occurred while the siliea was still 
abundant♦ Doraogalla and Fred (1928), said that an increase in phyto- 
plankton caused a decrease in phosphorus*

Although periods were observed when there seemed to be an inerease 
of phytoplaskton taking place ooincident with a decreased but still 
abundant silica and phosphates, there were also periods of phybopl*nkton 
when the nutrient materials had not yet reached their maxim* but war® 
abundant, nevertheless# Hiring th© hot amm®r months, as well as during 
the midwinter period, both phytoplankton and nutrient material® such 
as silica and phosphates were at a minimusi* This was also true for 
iron*

there is a possibility that the turbidity m y  have Interfered with 
the maximum peaks of phytoplankton in some instances. Chandler (1942), 
expounds the theory that a high turbidity content just before or during 
a phytoplankton pulse might interfere with the maximum production of 
the pulse* Rice (1917), claims that a limited phytoplankton population 
may reach a isediu® state of abtradaney in spite of a very small amount 
of nitrates and nitrite# Riley (1940), also seems to feel that some 
degree of productivity will occur even though nitrate® are almost absent 
and the phosphates reduced*

Hutchinson (1941) suggests that ferric and ferrous iron in sue** 
pended state may be a source of iron for the phytoplankton* Pearsall 
and C* H* Mortimer (1989), claim that an excess of iron may take the
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the necessary oxygen out of th® water* Apparently this did not occur in 
any of the ponds observed. Hinsele (X936), takes the view that iron say 
precipitate the phosphates end ©#us® them to be lost to the organisms.
This may take place in acid waters, however, there is no widen®® to 
state definitely that it took plane in the four ponds of the Patuxent 
Seaearoh Hefuge. It Is therefore possible that the Index of phytoplank
ton productivity in Cash Lake, Lake ledington, Blue 5111 ’Pond and Snowden 
Peni. may be acidity and pH.

A recapitulation of the probable events that take place la these ponds 
may serve to clarify the relationship between the plankton and acidity.
There is a basis for stating that phytoplenkton abundance depend* upon the 
abundance of nutrient materials in the water especially dissolved orgenie 
materials. It has been shewn that the dissolved organic material may 
contain net only nutrient materials but also chemical substances which 
serve to buffer the water and prevent a change of pH. It has also been 
explained that th# substances ahich serve as buffers also combine with car
bon dioxide to prevent an accumulation of carbonic acid. The presence of 
organ!© Material may be demonstrated by measurement of the electrolytes in 
the w%%«r as well as by examination of the turbidity of th© water*

If the dissolved organic material is lacking it is assumed that the 
abundance of phytoplankton will be limited. At the same time th# absence 
of buffers and substances combining with carbon dioxide will allow the latter 
to accumulate and combine with the water to form earbonle acid* Other 
mineral and organic acids may also be present* Since there may not be any 
buffers present in the absence of dissolved nutrients the acids will ionise
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and th# hydrogen. ion concentration will chang*, giving us acidity of a 
high intensity or low pH* Alkalinity will also decrease. Lowered 
temperatures may result in increased acidity and lower pi! by allowing 
a greater amount of carbon dioxide to aeeuBuxlwte and thereby combine 
with the water to form carbonic acid* Thus, we ©an say that acidity, 
together with a closely fluctuating pH may serve as an index of the amount 
of dissolved organic nutrient material in the water which in turn infers 
that the acidity together with the pH may serve as indicators of the 
phytoplankton abundance*

dewell and Brown (1924) noted that molluscs were absent from some 
acid waters because of the harmful effect the acidity may have upon the 
shells, they further pointed out that the sunfish Lepomls gibbosus can 
tolerate a wide rang# of pH* It has already been pointed cut by numerous 
investigators that some sfeundane# of phytoplankton mey occur but that 
number of different organisms are relatively limited. This was noticed 
in th# four bodies of water on th# Patuxent Research tcfugs* However, 
it is questionable if the acidity and pH alone act as a limiting factor 
for a number of different kinds of organism* simply because these or
ganisms cannot withstand a wide rang* of pH* It I# more likely that the 
waters cannot support a limited amount of phytoplsnkton due to th® low 
content of nutrients. This, along with acidity and pH and other factors 
such as high turbidity and low temperature, may serve as a continued 
limiting factor for some of the less hardy organisms*

It seems therefore, quite likely that acidity of a relative high 
intensity (low pH) may serve primarily as an index of other chemical
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condition# of the water a# well as mm Index of the abundance of phyto- 
plftnkton. the acidity may serve secondarily as a limiting fa©tor, 
probsbly together with several other chemical and physical factor# of 
the waters studied*

through oarefill examination of the tables and graphs, it can be 
seen that on the whole, the *b undone# anil distribution of the phyto
plankton in the ponds depended upon a consistent supply, principally, of 
nutrients and other favorable physical end chemical conditions rather 
than upon the acidity by itself*
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SUMI4A3Y AMD CONCLUSIONS

J* limnologieal invest lotion with ©special regard to th© distri
bution end abundance of phytoplankton in acid waters, was carried out 
on four artificial impoundments • Th® four impoundments had been con
structed over a period of ten years by excavating brook beds and putting 
up dams* These ponds ranged in sise from 56*3 acres in area to 2*1 
acres and all gave characteristic soft water acid reaction when tested*

The studies were carried out over a period of eleven months, be-* 
ginning June lSd^ and includes examination of the physical, chemical and 
biological characteristics of the water

Physical examination included studies of the air and water t empera- 
tures, transparency, depth, turbidity and conductivity* Chemical 
examination inoluded studies of the aeidity, hydrogen ion concentration, 
alkalinity, carbon dioxide, oxygen, iron, phosphorus, siliea and 
periodic tests of the calcium, magnesium, nitrite and nitrates of the 
waters *

The phytoplankton was collected and examined by the Sedgewick 
rafter mrthod* Calculations were aoeording to Littl@for<j£ Newcomb and 
Shepherd modification*

Simultaneous investigations were also carried out on the sooplankton, 
insect, fish and plant populations of the area* It was observed that 
th© physical, chemical, and biological factors undergo seasonal as well 
as other fluctuations such as fluctuations due to water movement* Approx
imately 50 different genera of phytoplankton in varying derees of 
seasonal abundance were observed*
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A total of 5*822 separata samples were obtained during this inves
tigation# fh® data obtained were correlated and are the basis for the 
foil owing eeaelusions t

1* It was concluded, that the four ponds studied were of the soft 
water type and showed distinct acid characteristics#

2* The amount of nutrients prosent in th® water woa low in com
parison with medium or hard waters*

3# There was a limited distribution of phytoplankton present in 
these waters# Although the phytoplankton showed characteristic peaks, 
the abundance was not as high aa in neutral or alkaline waters.

4* The acidity and pH of these ponds seemed to serve as indicators 
of th® other chemical and physical conditions occurring in the waters#

5. the intensity of the acid in the water was probably due to a 
lack of buffer and nutrients present in the waters studied as well as 
aa excess of carbon dioxide in th© water# There is evidence that 
other acids, probably organic, as well aa chemical in nature, contributed 
to the total acidity of th© impoundments#

b* It was concluded that the acidity and pH erved primarily as an 
index of the phytoplankton abundance* The intensity of the acidity 
(pH) along with, other agents in the water may act as a limiting factor 
of phytoplankton* There is no conclusive evidence to substantiate this 
theory, however*
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TAxJLii 1.
SSO&Djl* POKB 

WATER TEHPSRATURS IK DEGREES CS3ITIGRADB

Date Bowden I Snowden II Snowden III Sttowden iV
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 28.0 28.0 28.0
8/7 29 • oO 29.50 29.50 29.10
Q/15 31.0 30.0 30.0 30.0
8/20 31.50 31.00 31.50 31.50
8/27 28.50 28.50 28.50 28.0

§/9 26.0 26.0 26.0 26 .0

10/1 21.40 21.40 21.40 21.20
10/15 19.20 19.20 19.20 19.10
11/10 11.0 11.0 11.0 11.9
11/is 6.0 6.0 6.0 6.0
12/11 4.20 4.20 4.20 4.10
12/17 3.0 - - v 3.0
1/10 4*0 - - 4.0
2/18 5.20 - - 3.10
2/27 5.0 5.0 4.50 4.50
3/5 8.30 8.30 8.30 8.10
3/17 11.40 10.20 11.0 10.50
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TABL£ 2*
m * m  gill pohd 

WAX1E TLaiPLaATUSS 19 XHB018S3 CE9TIGRADL
m te H u T H i r i  iiu# sin n
«/l8 24.0 24.0
6/26 25.2 23.2
7/8 26.6 26.6
7/16 32.0 32.0
7/25 24.0 24.0
7/50 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 30.6
9/B 27.0 27.2
10/1 20.0 20.0
10/16 17.0 17.0
10/26 14*3 14.3
11/10 12.0 12.0
ll/l0 7.0 7.0
12/11 5.4 5.6
12/17 4.0 4.1
l/io 4.6 4.6
8/18 2.0 2.0
2/27 4.2 4.3
S/l 6.6 6.6
8/5 9.0 9.0
8/17 14.0 14,0
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TAELE §<

TSOU OH

a/?

%/vt

3X.0

87*0

10*0
26*0

88*0
80*0
80*#
87*0

86*0
24*0

17.0

18.0 

0*0 
8*5 

4*0 

6*0 
4*0 

8*8 
6*0 
6*0
11*0

88*1
81*0

27*8

88*0

88*8
18,1

80*0

80*0

87.0  

88*0
24.0 

17,8

13.1

4*0

6*0

6,0

8.2
11*4

23*0

80,1

*0

•I*
1.4

.2

UX
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TABLE 4.
CASH LASS

WATER TEMPERATURE II DECREES CENTIGRADE

flair ' ^ < h T "  grasT?!— arariYi— B m r i r — irar?-----K a r w
c Al 35.0 35.5 .

6/17 25.0 24.0 . . * w*
6/24 26.0 26.0 26.0 26.0 26.2 28.06/26 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 26.3 28.0 27.07/11 30.2 30.0 30.4 30.4 29.8 30.07/16 29.0 28.0 28.0 23.2 28*6 28,07/23 26.5 27.0 27.2 27.2 27.2 27.07/30 27.0 27.0 27.0 27.0 27.2 27.08/7 29.0 29.0 29.0 29.0 28.8 29.08/18 30.0 30.0 30.0 30.0 30.0 30.08/20 28.8 28.6 29.0 29.0 29.0 23.68/27 27.2 27*0 27.0 27.2 27.2 27.09/9 23 .3 23.6 23.0 23.0 23.3 23.610/1 16.0 16.0 16.0 16.4 16.6 16.010/20 12.5 12.4 12.6 12.4 12.6 12,411/10 9.0 9.0 9.2 9.2 9,4 9.0ll/20 6.5 @•6 6.3 6.8 8.8 6.6
12/11 5.2 3.2 3.2 3.2 3,2 3.212/17
l/lO

4.5 - • -

3.0 m*

2/18 «. • *» - m
2/23 3.8 3.8 4.2 4.2 3.6 3.83/5 6.0 6.0 6.0 6.0 5.8 6.03/17 12.4 12.0 12.4 12.4 12.4 12.2
3/31 15.0 13.0 15.0 15.0 13,4 15.04/3 14.2 14.3 14.2 14.1 14.4 14.4
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t A U M  6.
LAKE &EQXSQXOI 

INCHES OF TRANSPARENCY (SECCHI OISE)

jh lt#  ' ...................  ' Sefengton' ~j r'............  "libi^^n^on ' I f ............... '^ T O g to n 'f f l

6/26 7,0 9.0 Ho d»t«
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 8.0
7/80 7.0 6.0
8/13 7.0 8.0
8/20 8.0 7.0
8/27 10.0 9.0
9/9 14.0 14.0
10/18 17.0 16.0
10/26 17.0 17.0
11/19 16.0 16.0
12/17



7?

TABLE 8.
8K0KDSI POND

TRANSPARENCY IK INCHES (SBCCHI DISK)

Snowden I Snowden II Snowden III Snowden IV
7/8 38.0 3 4 ,0 54 .5 bottom
7/16 32.0 32 ,0 34.0 tt

7/83 36.0 38 .0 35.0 *

7/30 39.0 40*0 40*0 «

8/7 33.0 35,0 36.0 «

8/18 17.6 25,5 30.0 n

8/20 13.0 18.0 22.0 tt

8/27 9.6 12.0 14,0 tt

8/9 ES*0 28.0 30.0 tt

10/1 14.0 15*0 16.0 tt

10/16 17*0 18.0 21.0 M

11/10 23.5 27.0 27.0 tt

11/19 28,0 29.0 3 0 .0 tt

12/11 32.5 35.0 3 4 .0 ft

12/17 32.5 3 5 .0 3 4 .0 n

1/10 - * • -
2/18 • m •» «*

2/27 bottom 29,0 3 5 .0 •
3/6 27.0 26.0 29.0 bottom
8/17 18.0 18.0 20.0 »t



12 02 12 32 92 22 i»T/2T
22 92 §2 92 *2 92 xx/zx
22 22 92 98 22 92 oz/xx
02 22 02 02 83 18 ot/xx
£2 63 LZ LZ 92 82 oz/ox
*a 23 91 m 91 tl x/ox
92 93 91 21 93 93 $/$
LZ 93 61 IZ LZ £3 LZ/t
IZ 63 Z.2 m m 92 02/8
22 *2 12 32 02 22 tt/f
@2 62 61 @1 62 83 1/9
§2 62 @1 fl 82 02 m / i
62 18 T£ 02 63 02 U/l
92 61 61 81 62 03 m /i
02 61 61 81 02 83 xxA
22 Z.2 21 fl 92 fl t/l
T£ 02 61 @1 62 12 x/l
22 @1 02 Of Ot ft §2/9
92 If ft 22 ft 22 tl/9
- - m - 28 ft LX/fm+ m 92 ft xx/%

H8»Q A III *l«®0 tt M««0 1 K*«0 *wm

shhodsh l Y O omiom m  u i A i i o m m o
Sin H9f0

*$ r m i



tt Ot it/f
** tt tt i/f
m it it it/i
- *» it Ol/T
m • Of At/it

it tt tt tt/st
tt et it 6t/ft
it ft ft 0t/tl
©t it tt ti/Ot
it if 6t SX/OI
it Of Of t/OT
ff if it i/i
m ff Of ii/e
- Of it Oi/t
m Of it ft/i
Of it tt i/g
Of tt tt Ofi/i.
it tt 0® tZ/L

- 0® 0® 9X/1

- ot 6t %/l

* it Ot t/L

*» ft if x A

- ot Of 9i/9
IXx n o i M j p m  1 1  . I  q o ^ p a g ...............

z m m m  ' r m o m i o m  m  M u a i s m u m  
Mo&oirasH s x n

*ot a i m



I f t t l l / t

m O f f / t

O f 62 X / t

92 92 L Z / t

zz 02 at/ 2
z z 92 o t / t

92 @2 i x / z x

92 92 x x / z x

I X 91 6I/TT
m 61 ot/tt

$X at 92/Ot
I X I X 9T/0T
92 92 t/ot
12 12 6/6
61 02 42/9
12 at 02/a
12 at 02/a
12 02 st/a
t t 12 4/a
61 6T o s / i

02 02 m / i

I X at B X / l

$X 6T t / i

92 n 92/9
LZ BZ 9t/9
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12.

GOSOOC]
r^Tyr.--» ■ r \T -7'?-V L" W f / '  r "k 
O-i-s' c o 1 W  a 4-£*/

iTBTlY 117 R3CIPS0 v/Jji V;.; Oo'u 1 o

IBat# Sno y/d @n I Snowden 'XI Snoivden fll £nowd«ii it
7/8 35 -O o 33
7/16 33 35 50
7/23 35 35 o5 35
7/30 36 38 42 40
8/7 35 37 37 oo

8/15 04 35 38 40
8/20 55 35 35 35
8/27 - *7 36

9 /S 35 35 35 nr C  O O
x o / i 37 3-8 38 40

10/ 1a-> o  o 37 37 40

11/10 41 40 44

11/19 40 -±2 30 40

18/11 43 *  #*f

18/17 50 - * 50

1/10 35 - - 38
2/18 37 - «» 39
2/27 40 36 36 33
S/o 36 33 34 39
3/17 40 35 35 40
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x A x5L x* 13*

38 JOB GDIcCiiST,

IMt& 1"""'1' ""Biiowdmn f ~  Snowden ll " ~ ^aowdWri III ~
7 / 8 5 * 9 0 5 .9 0 5 .8 0 5 .8 0

7/16 5 .9 0 6 .9 0 5 .9 0 5 .3 0

7/23 0 . oO 5 .8 0 5 .8 0 O • <7 O'

7/30 ' j .  w* 5 .9 0 5 .  90 5 .0 0

b/l 0 * 50 O .  50 6 .6 0 ij .  '..'iU

6/13 r; .'\ O * \j 0 .  l u 5 . 0 5 .1 0

8 /2 0 b m XKJ c . i o o . l b * OU

o/z? 5’ • 0 5 .  5O 5 .9 0 6 . 0

6/'o' 8 .2 0 8 • 20 8 . 10O O * v?0

1 0 /1 6 * 0 6 . 0 6 . 0 6 .9 0

1 0 /1 5 6 .0 5 .8 0 5 .8 0 6 .0

1 1 /1 0 O . Okj 0 . 0 b .0 6 .0

11/19 5 * 9 0 6 . 0 5 .9 0 6 . 0

1 2 /1 1 5 .9 0 6 . 0 5 *9 0 6 .1 0

1 2 /1 ? 5 *8 0 - - 6 .0

1 2 /1 0 5 * 8 0 - - 6 .0

2 /1 8 5 * oQ - 5 • 30

z / m 5 • 90 5 .7 0 0 .  80 i) .  90

0/  5 5 .0 0 5 .  SO O # O \J b *1 0

S / l7 5 .9 0 c* # 0 ■3.10 6 .1 0
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TAILS 14.
BLOS OIU. N B  

BTD80SSS 10* CQSC8KTHATIQ*
g > u  ....   " i i ^ 'a i i f i------ ---- ---

©A© ©♦0 6.1
«/«© 6,1 © a
f/6 6 a 6.2
7/1© 6 a ©»4
f / M 6.6 6.6
7/SO 8*4 ©*©
S/7 6.3 6.5
8/13 6.2 6.2
8/80 6.2 6.3
8/87 © a © a
8/8 ©•0 6.0
10/1 © a © a
10/1© 6.9 8*0
10/i© 5*8 5.9
i %/m 6.0 ©*0
11/18 6*0 6.0
i n/n 6.3 ©f©
18/17 ©*o 6.1
v i ® ©•© 5.8
t/XB 5.2 5.2
g/rr 5.5 «#4

© A ©♦7 ©#7
3/8 5*8 5.9
© A* 5*8 5.9
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TABUS 18,

LAIS MmiMQtOM 
HTBB0SS® 10® COBCEHTEATIOB

& t »   &ed.lngto'n "f r ’ ''jtidiatgbon "̂X' 1 ~ fodington 'fl’l'
6/26 6.18 6*18 -
T/l 6.38 6.40 -
7/S 6.48 6*48 *#-

7/8 6.26 6.29
7/16 6.20 6*20 m

7/2S 6.6 6*6 6*4
f/ m 6*4 6.4 6.3
8/7 6.3 6*3 6.3
8/IS 6*2 i.l **

8/20 6.0 6.0 -
8/27 5*8 5.8 -
9/8 5.7 5.6 5*6
10/1 S.5 5.4 5.4
10/16 5.8 5.5 5.4
10/16 8*3 5.3 5*3
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 - m

2/18 8.6 5.6 m

S/1 5.6 5.8 m

3/17 8*9 5.9 m



3*9 6*9 1*9 1*9 1*9 3*9 2,1/e1*9 T*oi. 1*9 3*9 2*9 V 9 t/t2/9 9*2 2/S S*S 9*3 2/9 82/2*» •*" — 9*9 2/9 8T/3"* «* ** - 8*3 9*3 OT/T
iX/8X«• «•» — 8*3 8*90*9 0*9 0*9 0*9 1*9 0*8 XX/8X2*9 2*8 2*9 8*9 3*9 2*9 OZ/lT

0*9 0*9 0*0 0*9 1*8 0*9 OX/lI2*9 2*9 2*8 3*9 3*9 3*9 oz/ox2* 9 2*9 V S T*9 8*9 2*9 X/OX2*9 2*9 9*9 3*9 3*9 V 9 6/6
2*9 2*9 2*9 2*9 2*9 2*9 iZ/8
9*9 f*S 2*9 f*9 3*9 3*0 OZ/89*9 9*9 @*9 3*9 9*9 8*9 ex/e3*9 9*9 **9 f*0 9*9 9*9 i/99*9 9*9 2*9 2*9 9*9 9*9 os/i
r s 9*9 2*9 9*9 9*9 9*9 SZ/i9*9 $*9 2*9 3*9 2*9 9*9 9X/i§*9 9*9 f*9 t*9 9*9 3*9 Xl/i2*9 t*9 **9 2*9 S*9 3*9 s/i
2*9 2*9 2*9 t*9 f*9 8*9 t/i2*9 2*9 2*9 8*9 2*9 3*9 98/0
t*9 2*9 3*9 3*9 2*9 2*9 98/9m* — - 3*9 T*9 iX/9

** m 3*9 2*9 XX/9
XA A AI III 1% x q»ip

fEOIIfHIKSOHOO fid MSOOKCIXH 
asnri hsvo

* 9 1  I T g V i

§8
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TABLE 17#

CASH LAKE 
CABB0M DIOXIDE II PA1TS PM® MILLIOH

D»t. Cash I Cash 11 Caah Ili 0*aL IV SSSlf.. Casii Vi
6/11 8.50 8.60 *»

6/17 3.0 7.0 Ml «•»

6/84 7.0 5.50 7.0 7.80 S.O 7.50C/28 6*0 6.50 6.50 8.0 3.0 7*0
" A 6.50 7.0 7.0 8.0 8.0 7.07/3 6.50 6*0 6.0 3 .50 7.50 6.507/11 6.0 6.0 6.0 5*50 7.0 6.07A s 6.0 5.0 5.5 5*50 6.0 5.07/23 6.0 4*0 4.50 5.0 5.50 4.50
7/SO 4*5 4*0 4.50 4*50 5.50 4.0V r 4.0 3*6 3.50 3.50 4.50 4.0
8/18 5*0 3.0 3.0 3.80 5.0 3.08/20 4.50 3.0 3.50 4.0 4.50 3.53/27 5.50 4.5 4.0 5.0 5.0 4.59/9 6.0 3.0 5.0 6.0 3.0 4.510/1 6.® 4*0 4.5 4.5 6.50 8 .0
10/20 0.0 5.0 5.5 5.8 6.50 S.O
11/10 6.50 5.0 6.0 8.0 8.50 6.0
11/20 5.50 6.0 6.0 6.0 3.0 6.80
12/11 6.50 6.0 @*0 6.5 11*8 8.012/17
1/10

7*0 7*0 * «. mm «.

8.0 9.0 * mm mm a*

2/18 13.0 11.80 m **» mm —

2/23 14.0 12.0 11.0 10*80 13.0 12.53/S 11.0 5.0 9.0 S.50 11. 0 9.503/17 5.0 6.0 3.50 7.0 10.0 8.50
• m * • Mi
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TABLE 18.
LAKE RisDISGTOM 

CARBGM DIO XI0S IH  PARIS PER MXLLIOH

Pate 'i(s<i£ngton H*£ing50x£ . Lj &^ X J.A
6/26 8.5 8.5 •

7/1 8.0 8.5 -
7/8 6.0 5.6
7/i 5.0 5.0 4*
7/16 6.0 5.5
7/23 8.0 6.0 6.8
7/30 5.0 8.0 8.0
S/7 3.5 3.0 3.0
8/13 3.0 5.0 -
8/20 5.0 4.5 -
8/27 7.0 7.0 7.0
9/9 5.0 5.0 4.5
10/1 6.0 6.0 5.5
10/18 6.0 6.5 6.0
10/26 6*5 6.5 6.0
11/10 7.0 7.0 7.0
11/19 6.0 6.5 7.6
12/11 6.5 6.5 7.0
12/17 7.0 - m

1/10 8.0 • -
6.3 3.5

3/1 8.0 8.5 •

3/17 5.0 5.5 m
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TABLE 19.
BLUE G ILL PONE

CAEBON DIOXIDE IN PARTS PEE MILLION
B l W & i U  X M m  bill'll

6/18 8.0 6.0
6/26 4*0 5*0
7/6 3*0 3.5
7/16 4.0 4.0
7/23 4*3 4.0
7/30 4*0 4.5
8/7 3*8 3.5
8/13 3.6 3.3
8/tO 3.0 3*0
8/27 3*8 3.3
i/9 10.0 10.5
xo/i - -
10/16 8*0 5.5
10/26 6*3 6.0
11/10 7.5 7.5
11/19 10.0 10.0
12/U 4*5 5.0
12/17 5.0 5.0
1/10 6*0 6.0
z/xn 3.8 3.0
2/27 S.O 3*5
3/1 8.0 3.0
3/8 7.8 3.0
3/17 3.5 6.0



m

TAM*! tO

gahbos m < m m  m  r m  souuio*

Wmmma* I aaoTwoî n BnomXanxT

e/7

t/t

10A

e.o
e.eo
5*0
e»so
6.0
e.ao

7*0

6*50
**0

X2/X1 10.50

11.50
12*20

10*60
5.0

e.o
7*0
4*50
5*0
5*50

6*50

o.O

7*0

8*50

9*0

15.0
10.50

5*0

8*0
8*80

4.50

4*80
8*50
5*30

7*0

6*80

6*80

7*0

8*60

9*0

10*0

18*5
10*60
5.0

9.0
6.9

5*0

5*50
5*0

7*0
7*0

5*0
7*80

9*6

9*80

11*0
12*50
11.80
11*0
11*0
10*80
6*0



TAJ94S 21

si?a™» worn
AULALIMITT Iff PASTS FES MZIXXOH

D a t e  '^ 2 io w < i® n  I  ""  " " ^ n o w d o n  i i  S n o w d e n  "fit'" ' ^ n o w ? ie n  T ^

7/8 - <■*. - -

7/18 10*50 10.0 11.0 10.0
7/23 0*50 10.0 10.0 10.0
7 / m 8*0 7.50 10.5 8.80
8/7 9*5 10.0 10.0 10.50
8/13 10*0 10.0 10.0 10.50
8/20 9*50 9.50 9.0 10.50
6/27 10*50 10.0 10.0 10.0
0/9 11*0 11.0 11.0 11.5
10/1 11*0 10*5 10.5 11.5
10/18 10*6 12.5 10. S 10.5
11/10 12.0 12.0 12.0 12.6

U/19 10*0 10.0 9*50 10.0

12/11 14*0 15.0 13.5 13*5
12/17 10*0 - tm 11.0
1/10 6*0 - 6.0

g/18 5.50 - - 8*50

2/27 20.0 20.0 20.0 20.5
3/5 5 *0 4.q0 4.50 5.0
3/17 4.50 6.50 7.0 s.d



•I
TA3LS HF.

BLUE GILL m m
k m A h i m r t  tm parts r m  r n m ^ m

   «   ■ "■»'■■—     ■w3L JX1 jL XQkllMr wii X XX
6/18 18*6 18.0
6/88 10,0 10*6
r /6  6.8 10.0
7/16 8.0 8.0

7/88 6*6 6 .0

7 /M  8 .0  8.0

a/r 8.8 8.0
8 /l»  6*0 8,0
t/tf) 8.6 .8,6
8/68 6.0 6.8

6/8 7.8 8 .0

10/1 8.0 6.0

10/16 7*0 7 .0

10/86 8.0 8.0
11/10 7.6 7 .8

11/18 8.0 8.6
1 * /U  8,0 8,0

16/17 6 .0  8.0

1/10 7 .0  7 .0

8/18 7.8 8.0
6/87 6.06 6.8
l/l 6.0 8.0
t/S 8.0 8.0
3/17 6*8 8*6



rt
XX o*t
«*►

m

0*9
XX

m*

0*8
4*8

8*8
8*8 8*8
0*01 0*01
rtt 0*81
0*81 8*01
0*8 re
re 0*01
n 0*1
«* 0*8

8*1
0*1 0*1
0*8 8*8
f*8 8*8
XX rtt
XX 0*8
08 8*01
XX ©*8

e*t
0**
0*0
t*i
0*0
0*8
9*0
0*01
0*11

8*01
r e  

r t

0 * 0  

0*8
0*1
t*A
0*8
t*8
0*81
0*8
0*01
0*8
0*4

T"w5pEii55‘

X/ft

ox/xx

u / a

tt/a

i/a

a/i

V *

H I  U&* X L tt©!

XI jUIXI'WItl
w n

*t« SHKTI



TABLE 24
CASH LAKE'

ALKALIHITY IB PAMTB PE 2 MILLION
sis— aran----srarn— eavrn—isstrrr— ssarr----asssrw
6/11 11.5 12 • 0 -

6/17 10.0 10,0 * . « . -
S/24 9.0 9,5 9.0 9,5 9.5 9.0
6/26 10,0 10.0 10,5 10.5 10.0 9.6
7/1 10.5 10,0 10.0 10.0 10,0 10.0
7/3 10.0 10,0 10,5 10,o 11.0 10,5
7/U 10.6 10.D 10.5 10.5 10.0 10,0
7/16 11.0 10.5 11.0 11.0 10,6 10,5
7/23 9.5 10.0 9.5 0.5 10,5 9*5
7/30 11.0 10,0 9.6 10,0 9,5 10.0
8/7 10,5 10.5 10.5 10,6 11.0 10,5
8/13 10.0 10.0 10,0 10.0 10,0 10.0
8/20 n.Q 10*0 11.6 11.5 11.0 11,0
3/27 9.0 10*6 9.0 e.o 9.5 9.5
9/9 11.5 11.0 11.0 11.6 10.6 11.0
Xo/X It. 9 14,0 15.0 15,0 12.0 13.0
10/20 15.0 14.5 14.5 14.5 16.0 14.0
11/10 14.0 15.0 16.0 15.0 16.5 14,0
11/20 16,0 15.0 16.§ 15,5 14,6 15.0
12/11 16.0 19.0 17.6 17. § 17.0 17,§
IZ/lf 18.0 17.0 17,6 17.0 16,0 IS.5
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TABLE 25.
CASH LAKE

TOTAL :IBOH IN FASTS PEI MILLION

list# Ca«h I Cash 11 Ca«h III Cash XT Saak V Cash VI
6/11 4.6 4.5
6/17 4.0 4.0 *

e/24 3.0 3.5 5.5 3.0 3.0 3.5
6/26 2.0 2.5 2.5 2*5 2.0 3.0
7A 2.5 2.5 2.5 2.0 2.3 2.5
7/S 2.0 2.5 2.5 2.5 2.0 2.07/11 2.0 2.0 2.0 2.0 2.0 2.0
7/16 2.6 2.0 2.0 2.0 2.0 2.0
7/28 2.0 2.5 2.6 2.5 2.5 2.5
7/30 2.6 2.S 2.0 2.0 2.5 2.0
8/7 3.0 3.0 2.5 3.0 3.0 2.6
8/13 4.0 4.0 4.0 4.0 4.5 4.0
8/20 3.6 4.0 4.0 4.0 4.0 3.5
9/27 3.0 4.0 3.5 4.0 4.0 3.0
9/9 S.O 3.5 3.0 4.0 4.0 3.510/1 3.0 3.5 3.0 3.0 3.5 3.0
10/20 - •» 3.0 3.5 3.5 3.6
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
12/17
1/10

3.6 3.0 * ~ -

2.0 2.5 • * ~ «•

2/18 2.0 1.5 * «• -

2/28 5.0 3.0 3.0 3.0 3.5 3.0
s/s 5.5 3.0 3.0 3.0 3.0 3.0
8/17 3.0 3.5 3.0 4.0 4.0 3.5



fl

TAILS 26*

LAKI SIBIMGTOl 
TOTAL IHOIf IB PASTS PER MILLIGI

TSES---- Radington I Ellington II R®dinst03a i'il
6/26 4.0 4.0 -
7/1 3.5 3.0 -

7/5 3.0 3.0 m

7/8 3.0 3.0 -
7/16 3.0 3.0 m

7/25 2.3 5*0 -
7/SO 2.5 2*5 2.5

S A l.s 2*5 2.0
8/13 6.0 5*5 5*0
8/20 8.8 8.5 4*

8/27 5.0 5*0
f/f 8*5 5,5 -
ioA 8.5 5*0 5.0
10/18 5.0 5,0 5*5
io/^s 5*0 5*5 5*5

11/10 4.5 4*5 4.0
11/19 3*0 4*5 5.0
12/11 4*5 5.0 m

i t / v r 4.0 m -
l/lO 2*3 - -

2/18 2.0 2.0 <*

3/1 1.5 2.0 -
3/17 4.0 4.0 «•



m

TAB'S 27.
BLUE GILL POHL 

TOTAL i m M  IS PARTS PER MILLXQH
T s s  Biu© cSiu i ; ; K s r m r n

6/18 2.8 2.5
6/26 2.0 2.5
7/8 1.5 1.6
7/16 1.5 1.5
7/25 2.0 2.0
7/50 2.5 8.0
8/7 2.5 2.5
8/15 3.0 2.5
8/20 2.5 2.6
8/27 2.5 2.5
9/9 2.0 2.5
10/1 0.50 1.6
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
2/2? 1.5 1.0
5/1 1.5 1.50
3/a 2.0 2.0
5/17 3.0 3 *0
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4A3LP 28.

D&t.®

g h o p o m
TOTAL IHOU 111 PA:iT3 PPA MILLION

gnowa^n I anovmen. II. onowden 111 Snowcen
z/Q 1*50 1*50 X.gO 1*50
> /l 0 1*50 l.gO 1 * o 0 1*50
7 /  ti3  2*0 2*0 £ .0 1 *5 0

2*0 2*0 2*0 2*0
8/7 3*0 2.50 2.50 2*50

1.50 2*0 1.50 1*50
8/20 1.0 0.750 0.750 1.0
0/27 1.0 1.0 1.0 1.0
9/9 2.0 1.50 1.50 2*$0
10/1 3.50 3.50 3*50 3.50
X0y' lo Or*vJ g«0 3 , gO „■ * 0
11/10 4*50 4*50 4.0 4.50
11/19 3.0 4.0 4,0 5.0
12/ll 4.0 3 * 50 g • oO 4.0
12/17 3.0 - - 3.50
l/lO 2.50 - - 2.0
■O ft S3 T  ̂''*> ■'’l10 i*ou ** — <, • g
2/27 1.60 1.0 1*0 1.0
3/s 2.0 2.0 2.0 2.0
3/17 3.0 3.0 3.0 3.5



«•

Ttia.it 29.

m o m m  ¥08$
S I L I C A  2 H  M I L L I G R A M S  tWSi L I 7 B &  ■■

rnmtmmmimmmmmmmmMmmmmmmmtmmmmmm&mmmtiimmmmimmmmMmmmmmmmmmmmmmmmmiimmmmmmmmmmmmmMmMmtmmtimmMMMmmmmmmmmmmm
,: S a o w l » a . I, . . g p 0 w d » a  I I  , „ . S t e o w d e a . I l l  . - M o m d m  WW

t/* S.60 0*60 0.50 0.50

r/fce O.ZfO -0.260'( * ' 0*260 0*260

7/?3 0*80 ■’ 4 1 ■;■/*!»*/ ;.V / 0.50 0*50

V p o 0.760 0*780 0*760 0*760

f W " >V 1, - .4
f#; ..... ■■ O.jlo* f; /

*v , /'■ ■ ̂  ̂£* -jo*io%i -i? ■ , ■ t 0*760

8/18 1*0
< .'■ ■ J V *r- 

1.0 1.0 2*0

9/tO . < M N *  -i v 0*760 0*750

a / m 0*780 0,80 0.50 0*780

9/9 0*60 0.80 0*60 0.50

io/i 0*60 0.60 0.60 0.750

10/15 0*60 0.60 0*60 0*50
11/10 0*750 0,780 0*760 1.0

i i A » 0*760 0.780 0.760 0*50
12/11 1*0 0.780 0*760 0.780

12/17 0*760 *» - 0.760

i A e 0*60 *« *»r 0*50

g/l8 0.850 ■«* - 0.250

^ c r #♦160:' • 0*260 0.120 0.260

v« 0*160 0.1260 O a i S O 0.160

5/17 0.260 0*40 0*40 0*260



OS* 91* it/S
§2* SI* s/s

it* It* t/s
it* It* IZ/Z

si* 91* 8t/l
*e«4£ ot/t

0 0 it/it
it* *o*jtx tt/lt
St* It* et/tt
si* 91* ©t/n
92* 91* 91/01
09* 09* 9t/0t
Of* §g* t/ot
Of* Of* 6/6
OS* Of* Lt/n
OS* OS* 02/8
09* OS* St/8
Si* Si.* i / s

Si* Si* Ot/i
t i * OS* 22/i
OS* OS* 9t/i
Si.* OS* t / i

OS* 09* 92/9

OS* OS* s t /s

t i lira »"T«_____________i ins •Rtg_______ ;_____  »»>g
m m  wa m rss in rn  s i n in e  

GftOJ TOO SflTa
*0£ STBTfX

66
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tAM*n 31.
L M E  RX0IS&1QH

silica im milligrams p e r lit m

Data rT ‘ ^jisgton l laffjjagtoB. II ~ Rs8in^ton itt
6/28 0.50 0.50
T/l 0.50 0.50 •■ft

7/S 0.75 0.50
7/8 0.75 0.50 -
7/18 0.75 0.75 -
7/23 1.0 0.75 0.75
7/30 0.75 l.O 0.50
8/7 1.0 1.0 0.50
S/l5 1.0 0.78 1.0
8/20 1.0 1.0 -
8/27 0.85 0.75 •

0/9 0.50 0.50 fl«

10/1 0.50 0.50 0.50
10/16 0.50 0.250 0.50
10/28 O.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 O.250 0.250
12/17 O.250 -
1/10 0.120 - -

2/18 0.120 0.120 m

3/1 0.250 0.120
%/vr 0.50 0*30 •
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TABLE 34.
l a k e m m m t o B

SOLUBLE PHOSPHORUS II MILLIGRAMS P M  LITER 

Date r~"  "lediagtoa Radington ll ' ""ri R#dingtoa 'ttf
6/86 0.02S 0.025 m

7/1 0.012 0.050
7/3 0.012 0.120 -
7/8 0.02S 0.250
7/16 0.030 0.025 -
7/83 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 m

8/9 0.012 0.012 0.015
10/1 0.0 0.012 0.012
10/16 Trace Trace Trace
10/26 Trace Trace Trace
11/10 0.012 Trace 0.012
11/19 Trace 0.012 Trace

12/ u 0.012 -
12/17 Trace m -
1/10 0.0 • v*

2/18 0.012 0.012 -
3/1 0.012 0.025 «*

3/17 0.023 0.025 •
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fABLE 36.
BLOB GILL FOB©

30LUBLS PHOSPHORUS II MILLIGRAMS Fm  LITER
Bit# --------  ------- -----I k e  Gill ft
6/18 0.015 .016
6/26 G*02o .026
7/8 0.026 .050
7/16 0.026 •026
7/23 0.012 .926
7/50 0.012 .012
8/7 0.026 .050
8/lS 0.050 .060
s/to 0.076 .076
8/87 0.076 .076
9/9 0.026 0.925
10/1 trie# 0.120
10/16 0.026 0.026
10/26 0*060 0.060
11/10 0.076 .075
11/19 0.060 0.050
12/11 0.0S0 0.050
12/17 fra©# fra©#
1/10 fra©# fra ©a
2/18 0.012 0.012
2/87 Trao# fra©#
S/l 0.026 0.026
3/8 0.026 0.026
S/17 0.060 0.050
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TABkB 36.
m m m m  p o m  

sqi$bl% phosphorus n  mxliioraiis p m  liter

Bat© Snowdon 1 fcjwden 11 Snowden tit $n©Km#& If
T/8 0*050 0.050 0.050 0.050
7/16 0 * 030 0.030 0.030 0.030
7/23 0.0120 0.0760 0.0250 0.050
7/SQ 0.0120 0.0120 Trace 0.0120
B/7 0.0120 Trace Trace 0.0120
S/lB Trace Trace Trace Trace
8/20 0 0 0 0
8/27 0 0 0 0
9/9 0 0 0 0
10/1 Trace Trace Trace 0.0120
IQ/lo Trace Trace Trace Trace
11/10 0.0250 0.0120 Trace 0.0120
11/19 0.0250 0.060 0*0250 0.050
12/11 0.0250 0.0120 0.0230 0.030
12/1? 0*0120 - * 0.0250
1/10 Trace * - 0.120
2/18 0.0250 - - 0.0120
2/27 0.050 0.0250 0.0120 0.050
3/5 0 . 050 0.0250 0.050 0.030
3/17 0.050 0.050 0.050 0 . 030



TAMtM 37.
m a m m  m m

DISSOLVED OXyGES 19 PAI^S PER MXU.I01

Date incmden III E ^ w T f i
7/8 5.03 4.89 5 .03 5.03
7/16 6.15 6.00 5.54 6.60
7/23 5.59 5,65 5.50 6.51
7/SO 5.87 5.79 5,87 5.87
8/7 5.59 5.50 5.48 5.50
8/15 5.31 5.45 5.20 5.03
8/20 § • Ol 5.31 5.20 5.28
8/27 S. 20 5.26 6,26 5.20
9/9 5,26 5.40 8.15 8.26
10/1 5.03 8.00 4.85 @.05
10/15 5.87 5.26 5,20 5.80
11/10 6,71 6.90 6.18 6.89
11/19 7. 27 7.20 6.85 7.85
12/11 8.39 7.98 7.93 8.59
12/17 9.79 9.55 9.51 9.81
1/10 9.88 9,85 9.79 9.86
2/27 9.79 7.88 6.55 9.90
3/17 10.1 10.1 9,92 10.8



©t*at m*$x /.v«
ox* It
ont

m*nx

©rot
b/s
v «

©*tt ©**t iz/t

if* *§•* »x/t

0©*8 *t*t m/i

©*©f rot ix/tx

4**4 41*4 tx/tt

©•** tft *x/n

20-6 if* 9%/tX

*t*« 4©*t n/ox

Of* ©t*t n/sx

90*8 ©©*© t/OT
tt*4 tft 8/8

«f*X 4t*i il/8
*f*§ •ft m/%

*S*i s**t «t/%
4f t 4©*t </*

tt*t Ot/i

it *4 tt*4 et/t

tf*4 tt*4 9X/1

Xi*t iff • A
«t*t to** **A
©4*§ Oft bt/b

it Itto Wti I tfH S®St‘ tSSir
fiOITIIS? UM tmti XI MMX©

m m  Tux «&•»
*tt r a n
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TABLE 39.
LAKE ElDIMOfOB 

DISSOLVED OXTOSH IH FASTS PER MILLIOH

' r ' 'fedingtaa"'' ™'~ ' S&dlngtQii YS ™ini fll

6/26 10.00 10.00 -
7/1 10.00 10.00
7/S 10.80 10.50 **

7/6 8.98 6.00 -

7/ie S.70 5.75 «*»

7/23 7.61 7.58 7.53
7/30 6.82 6.91 6.91
8/7 6.43 6.4$ 6.46
8/13 8.98 6.08 -

8/20 4*64 4.70 -
8/27 $•86 3.90 3.90
9/9 4.48 4.82 4.47
10/1 8.TO 8.82 8.94
10/16 8,39 8.45 @.45
10/28 9.05 9.10 9 .22

11/10 16.80 17.06 17.82
11/19 9.50 10.00* 8.60
12/11 17.50 17.50 17.50
12/17 9*79 •
1/10 10.05 - *

2/18 10* SO 10.20 *

s/i 9.55 9.55 -
3/17 9.40 9.40 «*
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TABLE 40.
CASH LAKE

DISSOLVED GXXQEM IN PARTS PMR MILLIOH

jfot* "" Cash 1  Cash II Caah III   Cm ah H? Cash V Cash vt
6/11 S. 81 5.70 5.85 6.85 5.80 5.808/17 6.45 6.43 8.48 6.45 6.40 6.488/24 6.73 6.72 6.75 6.75 8.70 6.788/26 S.70 5.70 5.70 8.75 8.70 5.70
V } 7.10 7.10 7.20 7.20 7.10 7.20
7/3 4.92 4.00 4.90 5.00 4.90 4*93
7/11 6.70 6.71 6.70 6.70 6.70 6.70
7/16 S.56 5.59 5.60 5*60 5.53 5.607/23 6.10 6.15 6.10 6.10 6.10 6.12
7/30 6.41 6.43 8.45 8.50 6.40 6.408/7 6.15 6.15 6.15 6*20 8.15 6.15
8/13 6.00 6.10 8.10 8.17 6.03 6.10
8/20 5.00 5.03 5.00 5.07 5.00 5.00
8/27 4.46 4.64 4*86 4.75 4.46 4.70
9/9 4.45 4.47 4.S0 4.50 4.40 4.5010/1 6.57 6.71 6.70 6.70 6*63 6.70
10/20 6.89 6.09 7.00 7.03 6.91 6.80
11/10 7.80 7.83 7.83 7.85 7.80 7.80
11/20 3.40 8.39 8.40 8.43 8.40 8.40
12/11 8.30 8.28 8.31 6.35 8.30 S. 35
12/17 8.35 8.39 - mm «
1/10 8.00 8.00 mm - - -
2/18 6.00 6.04 * mm - •
2/23 6.70 6.71 6.71 6.70 6.70 6*733/8 9.25 9.23 9.29 9.27 9.25 9*333/17 9.30 9.29 9.53 9.35 9.25 9.30
3/81 9.40 9.43 9.40 9.43 9.40 S.43
4/3 9.57 9.57 9.59 9.30 9.57 9.60



110

TASLK 41*
CASE LAKE 

TOTAL ACIDITY II PARTS PEE HILLIOI

"SEli Cash I Cash-?! Cash I?X Cft«h if Cash f CssiTW
8/11 16.50 16.50 * m

S/1? 16.0 16.0 - mt m

S/24 15.50 15.0 15.0 15.0 16.0 16.0
S/26 14.50 14.50 15.0 15.0 15.0 16.0
7/1 16.50 16.0 16.0 16.0 18.50 16.0
7/S 14.0 14.0 14.50 14.50 14.50 14 * 30
7/11 13.0 15.50 14.0 14.50 14.0 14.0
7/16 11.50 11.0 11.0 11.0 11.50 11.0
7/ZS 9*0 9.0 9.50 9.30 9.SO 8.50
7/SO f*§0 9.50 9.SO 9.50 10.0 9.50
8/7 9.50 8.0 9.0 9.0 9.50 9.50
8/lS 8.50 8.50 8.50 8.S0 8.SO 8.50
8/20 8.0 7.0 7.0 7.50 3.50 3.0
8/27 5.50 6.0 6.0 6.0 7.0 t?. 50
9/9 7.50 7.SO 7.50 7 .50 7.50 7.50
10/1 10.0 9*50 9.50 9.50 10.0 9.50
10/20 13.0 12.0 12.50 12.50 13.50 12.50
11/10 13.50 15 . 50 13.50 15.50 1 -j . 50 IS.SO
11/20 13.0 1S.0 13.0 13.50 13*60 1S.0
12/11 12.0 11.50 11.50 11.50 12.0 11.50
12/17 
V I 0

16.0 16.0 - ~ *•

17.50 17.50 - «*► «* -

2/18 25.50 26.0 * - «*» m

2/ES 22.50 22.50 22.50 22.0 23.0 22.50
S/i 14.0 14.0 14.50 14.50 16.0 14.0
S/17 14.0 12.0 12.0 12.0 15.0 12.50



1X1
TABLE 42.

LAKE KIDIMGfOB 
TOTAL ACIDITY II PARTS PER MILLION

Bute feedington I Redlngton II Redington III

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
8/13 8.0 8.0 «•

8/20 9.0 9.0 -
8/27 15 .0 16.0 16.0
9/9 13.50 15.00 15.00
XO/l 15*0 16,50 16.00
10/16 15.50 16.50 15.50
10/26 16.0 16.00 16.00
11/10 16.0 16.50 16.00
11/19 16.50 17.50 17.50
12/11 18.50 18.00 19.00
12/17 20.0 - 22.00
l/lO 23 . 0 - mm

2/18 CO * 0 21.00 -
3/1 15.0 16.00 -
3/17 11.0 11.5 •



00*6 08*8 4T/8
C*»T 8* IT 9/1
0*9T 0*9T X/S

fit 8*8T IZ/t

8*8T 0*08 BX/i

0**T 0*« ox/x

I*ST 0*9T ix/zx

8*8T 8*8T T1/IT
0*98 8*8* 8T/TT
e*«x 9*8T OT/IT
0*8T 0*9T 88/ST
©**T 0*»T 9T/0T
8*4T 0»Tt X/OX

0*8T 0*9T 8/8
0 *4 0*4 48/t
9*1 08*4 Of/8
0*4 08*8 tl/8
0*4 0*4 1/9

0*8 0*8 m/i

0*0T 08*8 88/4
0*8 0*8 9T/4
8*8 0*8 8/4
0*01 09*8 bi/b
©*Tt 0*TT 8T/9

1 ttti ,__;_______ *£Sl
koztbk u r n  to. uxoisv irioi 

tUlOi TOO sara
•to ran

ITT
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TAEL A 44*

SNOADSM POND 
TOTAL ACIDITY IE PARTS PA.R MILLION

Date Snowden I Snowden II Snowden III Snowden IT
7/8 22.0 22.0 22.0 22.0
7/16 15*0 15.5 15.5 14.0
7/23 10.5 11.5 11.0 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 15.0 15.5 15.0
8/20 12.0 13.0 13.0 11.5
8/27 15 .0 15.0 13.0 13.0
9/3 12.5 12.0 14.0 12.0
10/1 16.5 17.5 18.0 16 . O
10/15 17. 0 17.0 17.5 17.0
il/lO 20.0 20.0 21.5 20.0
11/19 23.0 2 0.0 24.0 22.0
12/11 24.0 24.0 24.0 24.0
12/17 22.0 - - 23.0
1/10 29.0 - m 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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PATUX; *!T RIVER':''*

branch

\
bhi« gHI bram
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cash branch

LAKE REDINGTON
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A m f  th« fmtwwttfo $»*oi»reh Mmfu0> mtocmimg thm loan-felon 
&£ fek® four IxBgaouad&ftat* in m l«tt»a to tke M n r
d r a i n a g ©  ® y s t « m  « «  wall *« s h o w i n g  relationship- b*few««a L a k e
kedington and Caah Lak«*



1 1 4  - t a 

in.

LAKE REDINGTON

in.

CASH LAKE

'Figure 2a
An enlarged view showing the locations of the 
stations on Oash Lake and Lake Redington.



in

SNOWDEN POND

Figure 3
A map showing the contours and location of the 
stations on Snowden Pond*
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n m m  4
A diagram of aiptaa opjsarabtta for oosooatrotiiig phytoplaafcfeoa 
»*mpl®%+ Am iadtoat## tho out#r fl««4 tub# through whioh C« 
tho iaaar tub# movm*. B» oosaiats of rubbar tublag wa#4 to 
###1 th# tub#a* 0* raproaottfc# bh# iurorboci fussaol that 
aobualljr ioifii into th« «at«r» &• la&l#at#« $ thiaknosa#* of 
Mo* 20 £*u&# plankton jsob-tiag, atrohohoi aaroa# mouth of 
fuim#l« F# r#pr#*«nta pinch ©\m$ aaaling off start lag tub# 0 
during operation* I ia atopeook regulating flow of watar 
through E»
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amst on Bln# 0111 Fend# Station 2 .1* in loft
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PLATli 3
Facing northwest on Snowden Fond* Station 4 is In loft 
foreground* Station 3 is in middle of pond* Note island 
in left background*



U S

f i M B  *
Fftoing southeast oft $mm4+n Pond* is siddon by dons#
tr#&*i&fcIon slightly b® loft in Station 2 in tho
ia^ottjatasnt is located slightly to right ©f ©otibor*
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PLAtn 6
facing eouthwest on Cash Lake* Station t appear* In loft 
foreground off point just »he*?in$ in extreme left of plate* 
Station 3 i« located epproximo tely In center find Station 4 
ie in upper right regies of pond a« shown la pie to*



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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rhJ\ i & 3
L*k# faei'Sg. *0uth.we*t« Station 1 is shown in
lower right region of plate. Station 2 Is in middle mod 
Station 3 is lad looted in upper ©enter of plate«
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