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INTRODUCTION

It has been well established that chemical and physicsl
factors exert a marked effect upon the plankton pepulatien in
bodles of water, However, the literature reveals the fact that
the same chemical and physical factors not only prnducé’ﬁ*diffar-
ent effect upon plankton in different bodles of water, but are |
- net consisfient; in tbeir effeots upon plankton in like boedles of
water, . For«examplé,‘Birge end guday (1911) made a study of 150
lakes, not widely separated in distance or varying in tepegraphio
condi tions, These lakes were also of the same age, yet all were
individual as-ta‘the amount of dissolvedvgases,vorganic matter, -
temperature, minute geology, productivity aend abllity to suppert
a population of plankton..

The work hereln reperted on was undertaken te make a compari-
son of similar factors and their efféots upon plankton pepulation
1q a body of water located In Richmond. Accordingly, a study was
maée of a few of the more common factors which might be expected
to play an important rele in the planktonvpapulation of artificial
lakes or ponds. The fectors selected for thls study werse diésalved
oxygen, frée carbon dioxide, tempersture, alkalinity; acidity, sus-

pended matter and precipitation. These factoers have been considered



by Birge snd Juday (1911), Tressler and Bere (1939), Prescott,
ot al, (1945), Brinley (1942a) and Pennak (1946) to be important
1nfluénces on élankton poﬁulation. _

- The results of this study are intended to serve as a report
on thé effects of the named féotors on thezplankton populati on

in an artificlal lake between October 23, 1947, and March 20,
1948, |



MATERIALS AND METHOIS

The artificial lake upon which this study was based 1s
Weathampton Lake lecated en the University of Richmond campus.
This lake was oreated approximately one hundred years ago by
the construction of a dam aoroﬁa Westham Creek. The water 1ls
derived from three major sources, neamely, drainage water, fresh
water springs and Westham Creek. Westham Creek collects water
- from the territory lying northweat for a distance of appmroxi-
mately three mileas, while a smaller stream drings in drainage
water from a smaller area to the west of the lake, In addition
to these two astreams there are four springs within the lake
itself that empty their water into the leke., Three of these are
" located in the central area of the lgke bed, while the fourth
and largest 18 located on the west eshore. The northeast and
southwest sides gradually deepen to fifteen feet., The ohannel
runs from northwest to southeast. The tottom is of sand, com-
pletely topped at present by a layer of black muck. The lake is
irregular in shape and covers less than one heoctare (approxi-
mately 1-1/2 acres). It i8 a very small, shallow, drainage
lake, according te Juday et al. (1935). It is smaller than
the smallest lake described by Pennak (194%?. The sloping
terrain on all sidea is covered with treee. The trees afford
protection from the wind eand prevent the waters from becoming
unduly stirred. Since 1910 the lake has been drained end
cleaned approximately every ten years end the sediment removed.,

I% has not been drained snd cleaned since 1940,
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To sample the mlcroscoplic 1life of the lake, six slides

‘were suspended in the water at depths ranging from eme to six
feet.A Regular microscope slides were taped to a cord at one
foot Iintervals. The lower end of the cord was welghted to keep
the slides uniformly spaced while the upper end was attached '
$o an empty corked bottle. A'weighted cord waé tied to one end
of the betitle to prevent 1t from drifting. The slides were sus-
pended from cord rather than wire to avoid rusting. In this
manner, each slide was one foot below the other - the first
8lide being one foot belew the surfece and the‘last elide
. exactly five feet below the first or at a depth of six feet,
Only one station was used. Three sets of aslides were found
to be advantageous sinoe one or two sets often disgppeared
from the station without apparent reason. Thls method was
quite asdventageous, For exasmple, the slides cqllected
organisms, if any, from different strata simultaneously,
it 38 11kéwise useful but cannot be‘olassified wl th the more
precise methods described by Welch (1948), |

After the slides had remalned in the water fer two weeks
they were removéd and brought to the laberatery to be stalned
and the organisms thereon counted. [Studies were made, whenever
possible, on the living material (about 25¢). This method is
vastly aupériar to any other and should be done whenever time

perhitsa. Sohaudinn's fixative was found to be quite satisfactory.
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MeClung (1937) suggests 1ts use whenever avallable. The follewing
stalning schedule was used: |

(a) 811des werevimmex?sed in Schaundinn's fixative for thirty

minutea. ' “ :

(b) Rinsed - 70% alcohul. o |

»(c) Rinsed - '70% alcohol plus icdine for ten minutes (2 cc.

iedine per 100 cc., alcohol).

‘(d) Rinsed -,70% alcohel,

v‘(a‘) Waahed - tap water,. ; N

(f) Stalned with 5% Harris' Hematoxylin for fifteen minutes.

(g) Rinsed - tap water for fifteen minutes,

(h) Counterstained with 5% eosin in 95% aloohal for ene.minute,

| (1) Rinsed in tap water and allewed to air dry.

It shauld be recorded that'. ardinarily the wri'aer weuld not
place the organisms directly in 70% alcohol after ﬁxation, since
it was found that severe distnrtion, cmtraotion and change of
ooler take place emong the 1arger plankton forms. However, larger
plankton ;t:orms are not bveing consldered. For the purpese of this
at_u@, obm‘punents of the plankton that are not indepgndent of
‘ currénts ‘were chosen. Zeoplankton, whenever used, _shali mean
p.rot»o'zoa‘ not independent of currents. Phytoplankton shall mean
algal components not independent of currents, _ o

In order to determine the number of Zﬁoplanktm and Phyto-

plankton on a micrescope 8lide 1t was necesaary to obtailn first



the average number per fleld of the 16 millimeter quect1ve with
a 10 X ef?piece. Ten representative filelds were seleoted and
counted and the average number of organisms per fleld was cal-
éulated.

The area e: the mlicroscope slide was computed and the area
of the fleld was detiermined using a stage miorometer. The
formula for obtainlng the number of organiama per slide is as
follews:

Number of organisms per slide = &rea of slide x average number of
‘ area of field organisms per field.

- At the time the slides were removed from the lake, a sample
of the water was obtained for use in the determination of physical
and chemical characteristics. The sample of water was collected
by partiélly filling a welghted gallen bottle with water from the
- surface of the lake and then graduaily lowering the bottle to a
depth of six feet. As thevbattle was lowered slowly, a representa-
tive sample was collected. This method compares faverably with
tha;xof Pennak (1942). He attached a gallon jug to a long pole
end ‘filled the jug with water as far from the edge as po&sible
80 that the sample would not become contaminated with detritus
which 1s usually in suspension where the waves break on shore.,

Samples used to determine dissolved oxygen, free carbon
diaxidﬁ, total alkalinity, acidity, and suspended matter were
capped immediately and taken to the laboratory fer'ahalysié.

At no time was thers an interval of more than ten minutes before
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the beginning of analysis after the collection was made. -

Duplicate determinations were made for each sample and the average

was recorded. The materisls and methods selected for determining

these factors were as follows: (A complete description of the

methods usedihere‘and gn explsnation of- the preparation of all

reagents can be found in "Standard Methods For the Examinatien

of Water and Sewage." 1936).

I.

Chemical factors
A. Dissolved oxygen
To determine the parts per million of dissolved oxygen

in the lake, 200 co. of the sample of water wers placed in a

‘sampling bottle. Care was teken so that agitation was kept
%0 a minimum. Immediately after cellectlion of the sample,

1 cc. of concentrated manganous sulfate and 1 c¢c. of alkaline

jedide (KOH +# KI) were added. The bottle was stoppered, so

" that alr was excluded, and inverted several times. The pre-

ccipitate that formed was allowed to settle,

After the precipitate had settled, 1 ca. of consentrated

58“1;Rr10 acid was added. The bottle was stepped, inverted
- several times and the precipitete was allewed to dissnlvé.'
The result was a yellow lodine~containing selution which

‘indicated that‘oxygen was present. This .solution was

titrated with .025 normal sodium thiesulfate until a faint

lemon coloration was obtained. Twe drops of starch indicator
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solution were added at this ‘point and the titrétion;continued
until the green; blue green, and blue coloration Just disappesared.
- The part§~per million of dissolved oxygen in the original sample
wero recorded in terms of the number of cc., of sedium thicsulféte
(.,025N) used in the titratien. This precedure; or seme medifica~
‘tion of 1%, has been adopted by such limnolegists as: Chandler
(1940), Kraatz (1941), Brinley (1942c) and numerous otheré, as
the standard method for determining dissolved oxygen,
Be Total Alkalinlty

In order te detemmine the total alkalinity of the lake,
100 co. of the sample were measured inte a 250 co. Erlenmeyer
flask end five drops of methyl erange indicator were added.
The solution beca&e yellow which indicated that hydroxides,
nnrmai oarﬁonates or blcarbonates were present. The‘éclutien
was titrated against a white background with (.02N) sulfurio
acld until the faintest colofétion appeafed. The parts pef
million of total alkalinity were recorded in terms of the
number of cc. of N/50 sulfuric acid required x 10,
Ce kFree Carben.Dlexida_

In order to determine the free carbon dioxide in thev,
lake, 10 dreps of phenolphthalein indlcator were added to
100 dé. of the water sample 1n a Nessler tube., Care was
exercised to keep the agitati&n to a minimum. The sample was

titrated with N/44 sodium hydroxide until a pink coloration
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| Just appeafed and remalned for one minute. The parts per
million of free carbon diexide were reoorded in terms of the
number of ca. of N/44 sodium hydroxide regquired x 10,
D. Hydrogen Ion Concentration
Wherever used in this paper, the hydrogen ion concen-
tration is expressed in the pH scale. There are many ﬁethads
for determining the pH of water - one of which is the électro-
metric method., A Coleman glass electrode was available and-
us ed thfaughbut the period of study.
In oﬁder;to determine the pH, a sample of water was
capped snd then taken immediately to the laborateory. A
- second pH was determined and the average of these twe was
- recorded.
II. Physical Faotoers
 On the seme day that samples were analyzed, certain
physical characteristics of the lake were ‘determined. They
were as follows: | l
A. Water temperature
| The temperature of the water was obtalned for each slide
level., This waé accomplished by the use of a Taylor maximum
and minimum thermometer. This instrument is considered by
such limnolegists as Hutchinson and Pickford (1932), and
Welch (1948) as being second best when used for subsurface

-work. The deep sea reversing thermometer is considered the
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best and should Ee empleyed for limnoleglcal work requiring
greater depths end acéuracy. A deep-sea reversing'thermometer
was not aﬁailable. | |

The instrument was lowered into the water at intervala
of one foot and allowed to remain for a full minute, It is
'necegsary tb not e that water temperatures should be obtalned,
as near as pessible, during the houriin which thé water samples
are analyzed, .

Bs Suspended matter ‘

The per cent. of suspended matter in the lake water was

determined by evaporating 10 cc. of the water in a orucible
send, with the use of an analytical balance, the welpght of
the residue was determined to four deéimal places.k This
method was employed te depiot the disturbances cfeated by
physical and chemical changes of the lake.
C, Precipitation -
~ All precipitation data were obtained from the United
States Weather Bufeau gt Chimboraze Park, Richmond, Virginia.
The buread is afdistanée of twelve miles from the lake.

The data on the above characteristics mre recorded in

tabular form in Table I and in graphic form on Figure I.



Date Dissolved KTee

pet.23
Octo29
Nov.l1l2

Nov.19 )

Nov.26
Dec.10
Dec.26
Dec.27
Dec.28
- Dec.29
Jan.13
Jan.21
Jan,26
~ Feb. 4

Feb' 7.

Feb.ll
Feb.13
Feb.18
ﬁeb.23
Feb.25
Mar. 3
Mar,.lO0
Mar.13
Mar.17
Mar.zq

UxXygen
FPEM -

17.1
37

12

10
1l.1l
12

13
13.6
13.9
13.5
12.6
-
13.3
13;2
14.2
12.6
14.2
13

12,9

17.1
12
11.8
12
10,8
11,1

carbon

water

Temper- itation

ploxide ature

PYM

27
39
31
35.5
31
29-
26 ..
26.6
27.8
20
13.5
29.1
K2
34
36
k3.5
17.9
W
33.6
36
58

345

35.8
20.5
30.1

17.7
Loly
9.9
6.6
6.75

5.2

2.3
2.2
2.4
1.8
2.4
3
2.8
2.2
2.6
2.6
3
L.8
>

5.1

8
6.45
7.3
13.4
12.4

TABLE I
rrecip-

0
«39
"1.31
T
0

«33

.73
.01

0O O 0O O 0O O O O O o o o o

Suspended pH Bulk Zoo-  FPhyto-

Matter Alka- plankton plank
in % . linity in - . ton
PPy millions in

mil-

lions

- Tek2 11 1.9 .09891

.536 7.1 10 L0480 ,1251

.00565  6.75 5,2862 .0768
.00354 6.52 8 «2498 ,0096
000026 6.82 9  .1537 5.8338

O

6.84 6,75 .1249 4001
5,18 6.5 0  1.0672
6.27 6.8 1349  .3075
6.58 2 .0672  .086l
6.49 3  .O480 .0672
6.68 6.5 .0096 .6151
6.58 5 (0480 2.6435
6.21 4.8 .0576  .38LL
6.5 3.7 1.7119 2.6713
7.72 6.1 0 0

5.8 6,2 0 0

6.38 5.4 O 0

6,27 4 L.OLL (3374
L0015 6,35 L8 - L1687 .2301
.003  6.45 5.h L0768  ,0192
L0126 6,64 5.7 0654  .0306
L0107 6,5 5.4k  .1826  ,9703
015 6.53 he5 <0961  ,L800
016 6.62 5.b 2114 .605L
L0036  6.49 6 1736 L2114



DISCUSSION OF RFSULTS

A. The Relation of Chemical and Physical Factors.

Reference to Table I and graphs (Figure I) reveals certailn
points of interest pertaining to the interrelationships of chemical
snd physical factors studied in the lake. These interrslationships
may be trcated best by seleoting the results recorded for each
factor and analyzing them in relation to the other factors studied.
Such an enalysis 1s incorporated in the follewing discussion.

1., Dissolved oxygen

It can be seen from Table I and Graph I (dissolved oxygen)
that the lake was well saturated with dissolved oxygen during the
perioc¢ of study. ("The period of study"™ wherever used in this
paper shall mean from October 23, 1947 to March 20, 1948.)
According to Whipple and Vhipple (1911l) the actual mean ef 13.2
parts per million represented a condition of super-saturation as
oémpared to the theoritical mean of 12.2 parts per million for
saturated fresh water lakes with corresponding temperatures,

Instances of saturation end supersaturation are found
among diverse bodies of water under various conditions end seasons
of the year. Kraatz (1941) found unusually high amounts of dis-
solved oxygen in Turkeyfoot Lake, near Axron, Ohio. For a period
of thirty-two months the dissolved oxygen varied between 6.13 and
14.59 parts per million. In January, 1938, he obtained a reading
of 14.69 parts per million. It can be seen from Table I that the
mean of disaolved.oxygen in Westhampton Lake during Jenuary 1948

-11=
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was 1l4. 65=parts'pér million, ~Utterback, et al;»(1942) reported
- that Crater Bake 'in the Cascade Mountains was superSaturated during
the month of July, while Birge end Juday (1911) found that most of
the inland lakes ofgfiaconsin that were studied were eupersaturated
during the month oiﬁkugtat. In a year'e study of the sea water at
,the‘Puge§ 8eund Bialogiéal Statiﬁn;'Thompsun and Johnsen (1930)
found that the dipsqivcd oxygen lncreased during the winter:and
flucfuated.in“the summer. Miligr, ot al. (1928)made a study ef
physical end chemical factors in San Franclsoo Bay. The water was
found to be four-£ifths saturated with dissolved oxygen at all
poeints. -Shadin (195?) stated that the waters qf.OMa River, Ruésia
were well saturated wlth oxygen throughout the year and Scheffer
(1933) made a aimilar'statemeni concerning a Puget Seund Lske in
the State of Washington. Whipple and Parker (1901) feund ponds;
lékee; fesérvoirs, driven well waters and systems of certain large
rivers ranging from 150% to 1125% saturated with dissolved oxygen
during all seasons, |

From tha'fbregping;‘it might bs concluded that aupersaturétien
ef dissolved oxygen in bedies of water is a common conditien. |

‘This is not the case. It 1s, more properly termed, a temporary
phenomenon. A review of the literature 1ndioates that supersatura-
tion of disso)ved exygen in lake water is 'the exception rather than
the rule.i‘Rmcmer'(19§4) exp;ained that the absolute standard eof

saﬁuratidﬁ:from a physice-chemiocal standpeint, was the one which
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came closest to being an expression of the real relationship of
oxygem content to prevalling cond tiona. This msy explain the
super"aaturati on of dlssolved oxygen in Westhampton Lake when 1%
was covered with two inches of lce from the middle of December

to the middle of January. _.It mey explain also the fact that
dissolved oxygen maximum ca&ncided with the period of 'aemperature,"
maximum in Buckeye Ldke as reported by Tressler, et al. (1540) or
| a saturatlon defloiency of dissclved oxygen in neunt_éin Lgke, at
the bottom of thelhypolimminn, determined by Hutchinsen end Pick-
fard (1932). In any event, dizssolved oxygen is a variable mong .
like and unlike bodles of water.

There is no disagreement among the authors in the literature
a6 to the source of oxygen. Welch (1935) considers the follewing
to be sources of dissolved oxygen: (1) the direot 1ntarohénge wl th
the atmosphere through the exposed surface. This is aocompliéhed
by a direct diffusion or through various forms of surface agita-~
tion such as wave aotla'n, waterfalle and turbulences due to ob-
structions. (2) From the photoayhtheais of chlorephyll-bearing
plants. _ ;

- A comparative &'_tzudy of Graph I (dissolved oxygen) aml Graph IIX
(free carbon dicxide) reveals the faot that en inverse relationship
oxisted between dlssclved oxygen and free carbom diexide througheut
most of the period ol étudy. 'l‘re‘s(aler end Bere (1937) reoofdedt the
seme candifion in Lake Chautauqua throughout the year.. Chendler
(1940) found a like relationship in Western Lake Erie during the



winter months. Tressler, ot al. (1940) recorded like relstlon-
ships in Buckeyé Lgke during the summer. Tressler and Bere (1939),
(1957),(1936);(1935)'and‘1934a) reported & similer condition among
fbur Long Island lakes, Glenida‘Lnkevof the Lower Hudson Watershed,
Leke Canadsrago end Leke Otsego of the Delaware snd Susquehsanna
Watershed, Lake Cheutauqua and some Jakes of the Raquette River
Watershed all during the summer monthe. It should be noted that
most of the oomparisms of this naturse have been reported during
the aummar.‘urne %0 this paucity of year round deta,.fhere are.
Low reparba'in‘the literature that conslder the dissolved oxygen -
free carbon dioxlde relatianahip'during the winter<montha,v
A'shﬁdy=or Graph I (dlssolved oxygen') and Graph III (water
temperature) shows thet dissolved oxygen varied inversely with
ths water temperature. For example, between the 28th of December
and the llth of February, the mean dissoclved uxygen was at its
highest (13.88 p.p.ms). During thie seme periled, the méan water
temperature was at 1its lowest (2.480 C). Among e study oflakes
thisiinvérse‘relaﬁionship was found to be typical during the winter
months . Thana»wasvﬁaually'é”diraec‘relatiqnahip during the summer
mnnﬁha,~f§ar‘examplei Chendler (1940) records an 1nverse relation-
bhip £n some Coloradoe lake: du~in the summsr. Howevar, thers
was no gaprelation béﬁﬁeén GL.aa clvad 2AygEN 810 wavexr semperature
during the summer, among»tﬁé fish ponds studied by Wiebe‘(1930)
(1927) or, in summer or fall in the reports by Brinley (1942a,
(1942tic) of his studies of the Cumberlend and White Rivers.
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Theorstically, the invorse relationship between temperature and
dissolved gases, in bodiea‘of water, should be perennial. It 1s

a known ;act-théh, ordinarily, gaaeé dissolve In liquids at a rate
that is inversely propertiuhal to the temperaturs, the pressurs
nemaining constant. However, this study concerns biaiogicaily ‘
related water in which there is modifying aquatic life. Such
conditions produce phenomena that are far from parallel to the
results obtained in the laboratery. “

There sppeared to be an inverse relatiornship between dls-
salvod oxﬁgan and precipitatlion as shown by the data recorded in
Graph I (disaolved oxygen) and Graph IV (preoipitatian)g\uﬁring
the winter, the relationship might be expected to be direct.
Relndrops lose their heat as they fall throuwh the alr. The cold
rain would serve to lower the water temperature.' Lowérlng of the
water temperature would incresse the capacity of the lake to dis-
ablve more oxygen. However, this was not the case., ‘The inflow of -
groﬁnd waﬁer,.as the rosult of ths precipitation, could reduce the
amount of dissolved oxygen according to Welch (1935). '

. There was & fluctuation of dissclved oxygen a month prior te -
fhe ice covei anéd during the loe cover, at which tilme no preocipi-
tation was recordsd. Inasrmuch, a3 the amount of precipitation
during the pericd of study wes riob high, the effect upon dissolved
oxygen could be considered negligible,

Graph I (dissolved oxygen) and Oraph V (suspended metter)

indicate s direct relationehip between dissolved oxygen and
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suspended matter from October 23 to November 19, ancd an inverse
rolationship from February'ZS to Karch 20. Suspoended maiter
includes ‘plankton, both dead and slive. A roeduction of sxygen
concurrently with a reduction of suspended matior was expected
g8ince oxygen could be consumed in the process of the decomposition
of orgenic matter as 1t settled. Rakestraw {1936) states that
organic matter works downward by settling or by difoaion and
mixing while it is decomposing and oxidizing. Weloh (1935)
suppons this theory. There 18 no explanation for the inverse
relationship from February 25 to ¥arch 20 unless suspended mat ter
was largely colleidal clay introduced by incressed pracipitation
during the same period. (See Graph IV and Graph V where suspended
mattér veries directly with precipitation).

A thorough:atudy of Graph I (dissolved oxygen) and Graph VI
(hydrogen 1on concentrstion) reveals the fact that no apparent
relationship existed between dissolved oxygen and the pH. The
literature revealed one exception in salt water. iller, =! nl,
(1928) found in their studies of San Francisce Bay that the pH
varied directly with the dissolved oxygen.

' In like menner, a study of dissolved oxygen and total alkalinity,
shown by Oraphs I and VII, reveals ths fact that no apparent relation-
s8hip oexisted between the two.

2. Free C#rban Dloxide
An analysis of the data recorded in Graph II (free Carlton dioxide)

shows that the lake was well saturated with free carbon dioxide from
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the last of Ostober to ﬁhe_last of March (aﬁerago of 34.4 PePeme).
Since Prescott, et al. (1945:) reported that baoteria of putre-
faotion‘werevfound in water polluted by organic matﬁar end that
déoompabition.waa a source of energy that led to the release of
nitrateé and cérbon dloxide, it seemed desirable to determine the
amount of nitrate nitﬁ%éen present. in the water of Westhampton
Lake and to ascertain the baoéeria; count for the water. Welch
(1935) stated that ordinarily nitrogen in 1ts finel form as
nitrate dees not occur in great amounts in natural uncsntaminated
waters. hAccoréingly, nitrate nitrogen determinations were made
&t intervals of four weeks using the pheholdisulfonic'acid method
a8 outlined In Standard Methods For the Examination of Water and

Sewage (19368). The results were consistently between three and

fivq parts per million. This was not a high congentration acoording

to Pennak (1946) who stated that nitrate nitrogen exists in most
waters in qusntities ranging from twe to twenty partalper milliman.
However, Rakestraw (1932) says there are uncertainties 1nvolved;.
in debétﬁﬁnimg!the smounts. of nitrntq nitrogen. lThevvalues are
pelgtive. A bacterial ceunt was made during the winter by the
Bacteriology Class of the University of Richmond 1947-1948 and
found te average 1,500,000 per cubic centimeter. This was high
acoording to Prescott, eb al. (1946.). Thus 1% oan be seen, as

explained by Prescott,et al, (1945..), the high cmcentration of

free carbvon dioxide in this leke could be Gue, at least in part,

to docomposition.



Another source of carbon dioxide is the aimosphere. Pennak
(1945a) stated that from one to two paris per wmillion of carbon
dioxide may be dlassolved from the air or washed into the lake water,

o Waters filtering through the soll often acquire carbun dioxide
from the dscomposing matters over which they pass. In a study of
four lekes on the Pacific slope of Central Amerioa, Juday (1915)
found that rain water contained a small amount of carbon dloxide,
but springs, tiat emptied directly into uvle lakes, were high in
carbon dioxide content. It will be recalled that the Westhampton
Leke 13 supplied with four springs.

. Eﬂ;gglzesm&ahion of plents and animals is a large source of
carbon diekide; Welch (1935) states that quantities so produced
are much larger than is ordinarily supposed. Another source of
carben dioxide is its combination wi th other substances, chiefly
calcium and magneslum. A thorough disousaion of this subjeot will

be gone into later when the bulk aikalinity is considered,

A wide varlety of answers were found in the literaturé. For
instance, Juday (195) attributed supersaturation of free carbon
dloxide in four lakes to six, respiraetion, decomposition and rain-
water., However, Juday, et al. (1935) stated that waters uauaily
contained dissolved substances which increased their capacities
for carbon dloxide. Utterback, et al. (1942) stated that Crater
Luke was well saturated with free carbon dioxide but offered no
resson for the condition. Underhill (1939) credited the high emounts

of free oarbon dioxide in New Hampshire fresh waters, to decay eof
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unremoved muck and vegetation. Cowles (19223) explained that the
high percentage of free cerbon dloxide in a oreek on Johns ankiné

campus was due to tha fact that water fell slowly over decaying
matter, Ganapatl (1943) in an ecologlcal study of a garden pool
explained the large amounta of free carbm dioxide on the basis
of high organic oontent. ,

Attention 18 directed to the behavior of free carbom dioxide
during ths ioe cover as shown by Oraph II. A slight rlsé is noted
followed by a sharp decline durlng thile period. This behavior was
oompaiable with the behavior of mountaln streams described by
waar5(1929). The initial pulse under ica‘cover vas attributedkta
the faot that ice held the gas in solution, while the decline was
due to & slowing down of the processes of decompesition. The lake
averaged 25 parts per million of free carbon dloxide while 1t was
covored with two inches of ice. Vincent Lake, Michigan, had 23
parts per million of free cerbon dloxide while under 29 centimeters
of ice, as reported by ¥Welch (1938). This conditlon was explained
on the basié that 1% was the outoops of winter stagratim which
had not been relieved. Rakestraw (1936) explains that daooﬁpoai-
ticn proceeds during the winter because of oxldation of excretofy
products and death of ergenisms. The\:elease from the ice ooéer
is marked by a sharp inorease in the free carbon dloxide, the answer
to which could mesn sn acceleration of the processes of decomposition.

Free carbon dioxide veried directly with the water temperature

throughout most of the period of study, as indlcated by Graph II (free



carbgp qagxide) amd Greph III (water temperature). This was to
be expeoted - ¥Welch (1935 says that accumulation of orgahio ma ter
unde:gqqayéeoqmpqqit{qq‘and Zves off carbon dioxide. Tuls process
continuee uninterruptedly tare ghout the year, tﬁcugh ef varying
rates. Other things beling equal, the amount of carbon dexice
produced varles directly with the temperuture. The excsptlion to
this relationship socurred between the Tourth end seventeenth of
March. Dur;ng thia time the freo carbon ¢loxide dropped from 58‘
perts par million to 30 parts per million. During the same time
the temperature rose frorz eight to thirteen degrees centigrade.
Apparently, this particulaer laske hed reached its saturation with
free carbon éloxide commensurate with the temperature. When the
tempersture exéeedad this point of tolerauce tﬁe free oarbon Gio-
xlde wae released.

- Some correlation existed between free carbon cloxide and
prccipitation a8 indlceted in Graphs II (free carben diexide) |
an¢ Graph IV (precipitation). It 18 of Interest to ¢bservc that,
with ané exception, each peak on the precipltation graphAcoerSponds
to a low point on the free carbon dioxide graph. Disregard the
probablility of a time log end this cqnditian could be explalined
on the basis thet rains will canse an agltation of a lake thoreb&
releasing free carben diexide. ‘'Ielch (1635) stabtes thet this 1s a
very effecotive way of eliminating free carbon dloxide in water.

On the ether hand each low point e the free carbon dioxide graph,
commensurste with a peak on the precipltation graph, is follawed
by a sharp climb. Considering the period between rise and fall of
free carbon dloxide ss a time log, precipltation could be called
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& direct source of fres oa:bon.dﬁoiide. This phenomenon has been
explained on the basis that rein water passed over decayed vege-
tati‘oﬁ' as 1t filtered through the soil into the lake.

| ‘Suspended matter varisd sreotly with the freec caerbon .dloxids,
except when there was neo suspended matter, ss indicated by Graph II
(free oarbub'dieiide) end Oraph V (subpehded matter). Thid was '
expected since orgenic mattef is a definlte part of suspended
matter and 18 decomposed along wigh the process of settling.
Carbon dioxide is @ product of deoompésition. " This explains the
dlrect relatisnship. |

Refersnce to CGraph II (free carbnh dioxide) md Graph‘VI

(hydrogen lon ocencentration) shows no correlstion of frae carboh
dloxide with the pH. However, most of the literature gives a
positive carralatiﬁn betwsen these fwo factors. Birge and Judéy'
(1911) roported all acidity in the inland lakes of Wisconsin,
thét were studied, was due to fres cerbon dloxide. Juday et al,
(1835) studied 499 lakes in northern Wisbonsin, and found the
pH to‘beAinversely proportional to the free carbon dioxide. Cowles.
and Schwltalla (1923) found that the free carkton dloxide was a
faotor in detarmining the pﬂ'of'a oereesk, its waterfasll and ponda;
Noland (1925) made & afuby of frech wstors in the vicinity of Kadisen,
Wisconsin, and found that pH depended on free carbos dioxide. |
Underhill (1039) ettributed the high ecidity of en artificial pond
te free carboncdioxide. A study of rock pools by Stephenso et 51.
(1034) revealed that the pE of pools bebaved in accordance with
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free oarbon dlexide. As 8 reault of limnolagical observations

of San FTanoiaco raservoirs, Medberry (1942) concluded that changes
of pH were 1ndioat1ve of the production dr consumption of free
carben dioxide. Brinley (1943) kept pond water from becoming acld
by removing the carbon dioxide. -Thus,fif the preceding reports are
any criteria, and mney should be, there is a positive correlation
betwesn free carbm dioxide and the pH even though such 1s not
1ndioated by the graphs.

A comparieon of Graph 1 (free carbon dioxide) with Graph VII
(bulk alkalinity) shows that free carbon dloxide varies directly
with the bulk alkalinity. This was quite normal according to the
literature. Due te the fact that there was no alkalinity reaction
with phenolphthalein, the bulk elkalinity,as déterminedvby ﬁeth&l
orange actuslly represented the bicarbonates 6: celcium or magnesium
as 1llustfated'by Welch (1948). Welch (1935)stated that free osrben.
.6loxide unltes with ground water %o form cartonic aclid. The carbonic
" acld in turn converts the highly 1nsoluble menocarbenates %o bi-
carbonates. This. explanation 18 rather convincing, Other authors
sinply take this for grented. For example, Chandler (1940) stated
that carben &l oxide trahsforms carbonates to ﬁicarbénates. Utter~
baék,,et‘al;;(1942) 6bser§ed that cérbon dioxide end carbonates
were remarkably similar in distribution while Briniey (1943)
found that the removal of carbon & oxide resulted in the precipita-

tion ofvthe monocarbonates held in solution by the carbonic acid.



3. Water Temperature

An examinatlon of Graph III (water temperature) shows that
the period of study began when the lake was undergoing a transition
in temperature fran wars (17.7°C.) through cold (1.8°C.) to warm
(13.4°C.) egein. Thls transition might be considered fast as
compared with the lake studled by Kraatz (1940). Correaponding
temperatures for Turkeyfoot Lake existed from the middle of
September to the micddle of kay. The coldest period of Weat~
hampton Lake existed from the last of December to tl® last of
February witn an average of 2.48°C, The celdeat period for
Turkeyfoot Lake existed from the first of Lecember to the last
of March with an average of 2.806. The coldest period for
Westerﬁ Lako Erie exlsted from the last cf November to the first
of April with m average of 1.36°C.

The lowest temperature of l.8°¢ was reached when the lake
was covered with i1ce. At that time the ice had increased to a
' thickness of twoe inches and was covered with a blanket of snow.
| The pauciiy of literature on jear round limnologicel studies
was obvious particularly on the subject of lake temperatures.
Comparisons could be made of the lLemperature of Weathamptoh
Lake with only two other lakes.

There was some correlation between water temperature and
precipitation from October through Barch as indicated in Graph III
(Water Temperature) and Oraph IV (Precipitatim). It is possible



. that precipitation aided in the cooling of the lake betwesn October
end period of ice cover, and contributed to the warming of the lake
as the ice melted and his cold weather declined. The literature
contiributed no information as to the rolationship between water
temperature md précipitation from October to March.

-There was a strong correlation between water temperature and
suspended matter as shown by Graph III (temperature) and Graph V
(suspended matter). This wes a phenomenon to be expected acoording
to Welch (1935). The warmer heavier water permits fine particles
to remain in suspension, while the colder lighter water contributes
to the settling of these particlea. Ice cover eliminates surface
disturbance while meltigg ice release winter accumulations of
foreign matter into a body of water.

Westhampton Lake showed no correlatilon between temperature
end suspended matter for a month follﬁwing the melting of the lce
cover. This would indicate that the meltling ice oqntained little
windblown material which confirmed the original judgment that the
lake is well protected from winds by the high terrain. Wleh
(1935) adds welight to the data, which inoludes a long period of
ha suspended matter,vwhenwhe states that there is no resson fer_
believing that ell natural waters contaln a certain amount of non-
settling suspended matter.

‘There seems to be no relationship between wéter tempersature
end thé hydrogen ion concentration as cen te seen by Graph IIIX

(water temperature) and Graph VI (hydrogen ion concentration).



Likewlse & study of Graph III (water temperature) end Graph«ViI
(bulk alkelinity) indicates that no spparent relationship between
water temperature and bulk alkalinity existed.

4. Precipitetion

A study of Graph IV (precipitation) revéala the precipitation
ploture from October 23 %o March 20. The date, indicated in Graph Iv,
18 recorded in inches. Wherever the symbol "T" occurs it indcates
less than ome hundreth (.0l) of en inch of precipitation snd asppears
on the graph as a zero.

Preoipitaﬁion.showa a direct correlation with suspended matter
from February 23 to March 20 as can be ssen by Graph IV (precipita-
tion) and Graph V (suspended matter).

The washing of matters from the terrain into theleke 1s
offered a8 an explanation, in part, of this direct correlation.
Welch (1935) suggests that rain not only agitates the water and
returns into suspension finely divided materials previously
settled to the bottem btut it erodes and trensports shore materials
wvhich are fine enough to become suspended.

There appesrs %o be no correlatim between precipitation
end hydrogen ion concentration or between precipitation and bulk
alkalinity as shown in Oraph IV (precipitatim), Oraph VI (hydrogen
fon concentration) and Oraph VII (bulk alkalinity). There was no
information 4in the literature concerning the interrelationship of

these factors.



5, Suapendgd matter,

Reference to Graph V (suspended matter) shows that the sus-
pended ma tter reflected, in part, the fall and spring overturns.
A fall overturn, reports Birge and Juday (1911) is thet period
between summer andwlnter in which a lake gradually cools, a maximum
load of oxygen 1s being dissolved, matters are biought into sus-
pension and the lake finally becomes homothermous. This activity
ocours between late Septembeﬁ and Decenber according to the area
and depth of the lake, It lasts qntil the lake is frozem. Welch
(1935)' soys the same and‘adds that the hydrogen ion concentration
is uniform from top to bottom and the lake becomes turbid due to
the materials in suspension being mixed from surface to bottom,
The periiod of study began in the‘hearly stége of a fall overf;urn
as can be seen by a review of Figure I. [Graph I (disselved oxygen),
Graph III (water %temperature), Graph V (suspended mat ter), Graph VI
(hydrogen 1anvvoqncentrat16n e

The spring overturn as described by Birge and Juday (1911) ~and
Weloh (1935) s marked by thet perled, following an ice cover, in
which the tempersture of the water rsaches a uniformity of 4°C,
oxygen is being released end matters are again brought into suspension,
This phenomenon in Westhampton Lake began February 23, at which time
an immediate reflection was noted in the data recorded in Figure I
[Graph I‘ (aissolved oxygen), Graph‘III (water temperature), Graph V
(suspended matter), and Graph VI (hydrogen ion concentration))s
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Rereranoe to Graph v (suspended matter) amd Greph VI (hydragen
ion ooncentrabiaa) and Graph VII (bulk alkelinity) indlicate na "
gorrelation between suspended matter and hydrogen lon ooncentratlon
or between suspended matter and bulk alkalinity.

6. Hydrogen ion conoentration. |

It must be recorded that the pH, obtalned by the Coleman glass
electrodes, was an average of the initiel pH end the reserve pH.
That i8 to say, the sample of lske water was taken immediately from
the lake, capped, taken to the laboratory and the pH obtained, whereas
the second pH was %aken after the water was aeraeed. In every
instence, the second reading was higher than the first. This
indicated the possibility of gases, such as carbon dloxide, being
released. Although the difference was 8light, the euggeation is
offered that an alkall reaerve may have existed.

~Graph VI (hydrogen ion concentration) shows thet little change
in the pH ;xiatad ffom'Octqber 23 to March 20. Welch (1938) shows
thet natural waters of varlious kinds may have extreme ranges. He
states, hozever, thet while speclal circumstances surrounding
smaller lakes may lmpose changes of great magnitude, the surface
waters of larger lakea underge relatively small changes in pH ffom
seeson to sesson. The literature brings out other interesting
conditions. Small lakes studied by Noland (1925) hed 1ittle varia-
tion in pH. A bog-lake studied by Welch (1938) had conaiderable
variation in pH. The pH of Sen Frencisco Bay showed little
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veriation when studied by Miller et al. (1928). The pH of marine
water in the Puget Sound Biologleal Station varied but little,
according to Thompson and Johﬁaon (1930), in en all year around
observation. Jewell (1922) found that Big Kuddy River kept a
constant pH for two wintor monthe. Cowles end Schwitaella (1923)
-oonoluded definitely that a pond mey maintain a constant pH under
gertain conditions, ‘

 An explanation for a constant pH 18 the effeot of bulk alkalinity.
Therélﬁere’prdbébly enough bicarbonamtes present in Westhampton Lake
to resstablish equilidbrium which could be upset by fluctuations in
carbon dioxide. Anether possible influence 1s that of carbonie
acid which was made avgilable by carbon dioxide. Carbonic acid
is a weak acid end may haVe.acted as a buffer in preventiﬁg'rapid
ohangea in’ the pH because of the fact that the initlal ionigation
is low. Welch (1935) explains that when newly cntering substances
affsct the pH at any instant, the remaining undissociated molecules
yleld ione until a new equilibrium 1s established which has about
the same ¢¥ as before. Welch (1838) in a study of Vincent Lake,
oonolﬁded that the low buffer effect made a conasldereble varlation
‘1n~p§. The high buffer effect of carbonic acid probably accounted
for the pH remelning fairly constant in Westhampton Lake.

" he mean of 6.51 indcates that Westhampton Lake was on the
acid'side} In a previous discussion it ias concluded thet carbon
dloxide was the greatest contributor to thls condition, Koland (1925)
edds that the pH not only depends upon free oérbon dioxide but slso
ealts of oaloium end magnesium. It is imteresting to mote that the



(1945a), since it contained less than 10 p.p.m. of fixed carbon
dioxide. It will be recalled that the lake was well saturated with
free carbon dioxide and that a positive correlation between free
carbon dloxide snd bulk alkalinity existed, throughout the peried
of study including the ice dover. Birge and Juday (1911) found
26 out of 31 soft lakes had high concentrations of free carbon
dioxide and were acid. This three-way correlation was alse
observed by Tressler and Bere (1934a),(1935), (1936), and
Chandler (1940). :
B. Relation of Plankton Population %o Chemical and Physical

Characteristics.

The influence of chemical and bhyaioal factors in Westhampten

Lake on the plankton population is made possible Yy a comparison
of data in Graph VIII for Zooplankton and Graph IX for Phytoplankten
and the gravhs for the chemical and physical factors included in
this report. Acocordingly, a comparison is made in the following
manner |

L. Zooplankton .

It can be seen from Graph Viiil that there was little

fluctuation of Zooplanktoﬂ during the period 6f study. Altﬁough
a conslderation of the populations of individual species has not
been attempted, it should be 5orne in mind that.seuaonal activity
18 thought to be distinct for each specie. Pennak (1946) published
a diagrammatioc representation to illustrate the accepted concept

of the annual plankton curve in typlical lekes in,temperate latitudes,
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Briefly, the curve shows a large spring pulse, a decreased popula-
tion during the summer, a less pronounced pulse in the autumn and
a very small populatiom in the winter. Table I indicates a small
Zooplankton pepulation, by comparison, prier te the ice cover.
One outstanding pulse en November 12, can be ‘seen\: on Graph VIII,
Chandler (1940) reports the autumn Zeeplanktaen pulse in Western Lake
Erie came in November while Kraatz (1941) smong his studlies ef |
Turkeyfoot Lake, found that ‘the se-called Autumnal Pulses were
irregular from year to year. Shadin (1932) feund that Zeoplankten
remelined at a minimum threugheut the winter in Oka River, Russia,
and Thompsen (1930) made a similar observation at the Puget Seund
Biological Stétion.‘ Hupp (1943) aaid-that Zeoplanktoh pulses were
common in Wnlte River during the autumnal seasen, end Harvey, ot al,
(1935) reported a rise of Zeeplenkton in the Plyﬁmuth 'Breakwater
about the middle of September. | o

The fluctuation of Zooeplanktm all but vanished during the ice
cover, Bétchelder_ (1936) made an ecological study ef brackish
water and concluded that the formation of ice forces some Zooplanktoh
organisme to migrate while others hibernate until mere favorable
conditims prevail., This was the only conclusion found in the
literature that was wnoerned with the fluctuatien of deplankton
~under loe, |

While there appears te be no correlation be’mﬁéep dis‘solved'
exygen and Zooplankton as seen in Graph I (dissaled oxygen) and
Graph VIII (Zooplankten) we know that disselved oxygen is essential
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1n the respiration of Zooplenktm. Scheffer (1933) thinke that
oxygen has the greatest blological significance, of all gases in
lake water. Medberry (1842) concluded that plankton grewths and .
bacterial action gverned dissolved oxygen cencentration in Sen
Francisco reservoirs. However, Eirgp}and‘Juday (1911) could find
no correlation between Zoeplankton and dl ssolved gases, while
Thisenemenn (1927) found & pesitive correlation between dissolved
oxygen snd the course of life in a lake in the ElBn reglon.

There eppeurs to be no correlation between free carbon
dloxide and Zooplankton as indlcated by Graph II (free carbon
dloxide) and Graph VIII (Zooplankton). It wes noted in a previous
dlscussion that carbm dioxide 18 a product of decempesition of
orgenic matter and respiration of animals. Tressler (1948);
Tressier and Bere (1935) and others feund paéitive cerrelations
between carben dioxide end Zoeplankton while Pennak (1946) in a
study of seven artificiai lakes In Colorads explained that ex-

- oceptionally high oaaoentrationa-nf4earbon dl oxide would drive
Zoeplanktews out of bottom waters. Birge end Judsy (1911) con-
sidered the gaseous effects of decomposition to have no unfavorable
influence on Zooplankton. An absence of cold weather correlations
Tebaead tneéa;factopa was noticeable in the literature.

B Aifnough water temperature and Zooplankton Seem to be un-
related, 88 indlosted by Graphs III (Water temperature) and
Graph VIII (Zooplanktm), the greatest contributor to the
ingotivity of ZooPlankton 15; in all probability, water
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temperature. Campanile (1927) presumed that temperature con-
trolled all plankton developuent, while Batchelder (1926) con~-
cluded that temperature was as much responsible as any factor for
the distribution of Zooplﬁnkhoﬁ. ‘All limnolegists quoted herein
agree tnat water temperature has a partiel effeot upon Zooplankton
activiﬁi. ) | | | |

Precipitation end Zooplankton appear to be unrelated, as can
be seen by Graph IV (precipitation) end Graph VIII (Zooplankton).
Weloch (1935) states that precipitation serves as a means of
furnishing nutrienté‘in the water. Pennak (1946), however,
believes thet the knowledgq of“?utrlent requiremenﬁa af 1ndiv1-
dual Zaeplahktera is glmost nothing. There was no other oerre-;
lation among the literaturc between precipitatlon and Zoeplenkton.

Roférence te Graph V (suspended matter) and Graph VIII
\(Zoopianﬁton)'indioates no relation between suspended maﬁﬁa? and
Zooplenkton. Pennsk (1546) féund that a major part of the food
of Zooplankton was detritus which in turn was a large percentase
of suspended matter. 8Since this is true there must be a poaiti&e
correlation between suspended matter and Zeoplankton. .

Ne correlations were found between hydrogen len concaﬂtra~
tion and Zooplmkton oy between bulk alkalinity and Zooplanktm
28 ozu De gseen by graph VI (hydrogen ion conaentrapiaﬁ, Graph VII
(bulk alkalinity), and Graph VIII (Zooplankten).
2. fhytoplankkon ; |

A study of Oraph IX (Phytoplanktaﬁ)-1ndibatea‘bhat phyteplankton
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‘fluctusted more shan Zeoplenkton. The initial Phytoplankton
pulse.précédédyihe initial Zoeplankton pulse. There was some
activity under the ice cover, as contrasted with the Zeoplankton,
1ndicét;ng that Photosynthesis procoeds under ice 1f conditions are
favorable. This phenomenon is sapporﬁed by Welch (1935) and |
Chandler (1940). Chandlar (1940) also reported Phytoplankton
pulses throughout the yeer while Thompson end Johnson (1930)
reported the maxims in late spring and fall. Pennok (1946)
made a plankton study of seven artiffciml lakes and feund
differences in algal population emong all of them but no
definite seasonal pulaes; o

There dhould'be g8 correlation between diseolvgd oxygen and>
Phytoplankton even though it does not eppear in Graph I‘(diéaolved
- oxygen) and Graph IX (Phytoplankten). Tressler and Austin (1939)
attributed oxygen to the Photesynthetio activitles of Phytoplankton
vhils Tressler and Pere (1934) accoeunted for an abundance of
oxygen due to the relative scarcity of life. Granapati (1943)
oredited the low of dissolved oxygen content %o a scarclty of
Phytoplanktbn. Akehurst (1931) attributed the awarming{of Phy- -
toplankton to the quanhihy-of accessible oxygen. Pennok (1946)
stated thot nitrogen and Phosphorus were 1lilxiting factors for
Phytoplankton growth. However, Gamrder (1927) added nitregen
and phosphorus to algal cultures end conoluded that they d 4 not
increase the_algal‘populetion or the'diséolved oxygen. Rudolfa ard
Heukelekian (1031) proved a positive correlation in the laboratory
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by showing that the dlsselved oxygen could be eut in half by =
reducing the number of algae by half.

A strong correlation exists.betwean fres carbén dloxide and
Phytoplankton as can be seen by Graph II (free oarbdon dloxide) and
Graph IX (Phytoplgnkton). The significant peaks on the Phyto=-
‘plgnktan'graph are marked by low peints on the free carhon dleoxide
‘graph, It was evidenfrthat Phytoplankton centributed te this
phenemenon by censuming carbon doxide: in the1narmd1:prnCesses
of photosynthesis. Prescott, et al. (1945), Tressler and Bere
(1934b), (1936), Tressler end Aﬁsfin (1829) support this theery
in thelr reports.: | | , o

Although Graph III (water temperature) and Graph IX (Phyﬁo-
plankton) indicate no cerrelation between water temperature end
Phytoplenktm, water temperatqre.isApartly responsible for the
11ttle fluctuation ef Phyteplenkton. | | o

~ It has been stated that precipltation brings in nutrient
meterials to plenkton. However, draph IV (precipitation) and
Graph IX (Phytop}anktan)_shpw o correlation between preciplta-
tion and Phytoplankton. The literature effered_litt1e4data fer -
comparisen ef these two factors. Fish (1925) recorded the gréétest
.swarms»of diaﬁo&s wheare the greatest ouﬁwash‘from tha_land ccourred,
Hgrvey, et'al.-(lgss) concluded that algal maxima autbﬁrst dependv
upon weather condiﬁiohs. A

| Ho'relationships could be eztablished between suspended -
matter and Phytoplankton, hydrogen -1on concentration and Phyto-

plankton, or bulk alkalinlty end Phytoplankton as indicated by
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Graph vv(suSpandqd maater), Graph VI (hydrogen lon concentration),
Graph VII (bulk alkelinity) end Oraph.IX (Phytoplenkton). How-
ever, some information is svallable as to the correlet lon between
bulk alkelinity end Phytoplarkten. Birge end Juday (1911) state .
that plahts depend upon bicarbonates, as well as free carbon dloxide
for the manufacture of organic Qubstances in ths process of photo-~
synthetlc activities. VPennnk (1945a) belleves that free carbon
dioxide end half~bound ar ticerbonates of carben dliexide are
readily available(ta Phytoplenkton in photosynthesis. It is
notable that these are general statements and do et necessarily
imply & positive correlation duing the monﬁhs'of éold weather,
3. Biotic Interrelationships | |

~ According to the literature, scme of the most fundamental
‘difricultiea‘ln the study of plaenktm dynﬁmics center around
ignorance of ﬁhe biotic interrelationapips. For exsmple, .
Pennok (1946) says that very little infomation 1a available
concerningkyha}relative 1mportancezar living algae in the dlet of
Zosplankters undsr natursl conditions. Graph VIII (Zooplankton)
and Oraph IX (Phytoplankton) indicate no correlation between
Zoeplankton and Phytoplankton. Chandler (1940) explains that
often there are a8 many as ten Weeks bstwagn Zooplankton and
Phyﬁﬁﬁlankton pulses. Clarke (1939) suya,thét Phytoplankton
rroduces 1n ten days while Zooplenkton take a month or more.
This relationship serves to distort a plenkton graph interpretation
since currscts ray separate one from the other before the production

may appeaf. While a Zoeplankton pulse may equal a Phytoplankton
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pulse, or vice'veraa, the effect may appear eleewﬁéfe.‘ Ponnok
(1946) states that from unpublished data in his possession, the
whole.picture emphaeizes'the‘facﬁ thaﬁ each bndj of water 1s dis-
tinctive,ané should be metieuloualy'atudied’aa'an individual ocase.

A scarcity of literature oonoérning the foad"roquirements;
reproductive rates and dnmpetitien for dissolved nutrients of
Zooplankton and Fhytoplaenkton cumplicaté the problem of graph
interpre%stian. At best, the graphs indicate that btoth Zooplenkton
an@ Phytoplaenkton have a commen factor, coléd weather; inhiblting
thelir fluétﬁapions.
4. Plenkton -

HNany 11mnologiaté in thelr quantitative studlies, do not
separate Phytoplaenkton from Zooplankton. Therefoﬁa a part of
this cdiscussion may be devated to é considergtiqn of plankton
productiah'as dlscussed in the 1iterature.; Tressler and 8er§ '
(1938) say thet soft lakes are mot as pfaduotive'as hard.lakes.
- Pennok (1946) says that large lakes with regular shape, great
depth, high elevatlion, end high latitude tend to éiecauraga the
development of large plankton populations. Alse one of the
areatest detrimentas to the‘development of a large plankton popula-
tlcre I8 a strong current. Juday (1942) rdund that the addition
of organic fertilizers to Weber lgke greatly‘increaasd the plankten
crop. Birge md Judey (1922) considered total sesten (orgenic end
1nérganic suapended za tter) as a reliable index of plankton predud-

tion. Chandler (1942) states theot turbidity will influence



ce&positi~ , time, size and occurence of plankton pulses. Riley
(1941) believes that the chief limlting factors of ‘plenkton are
11 ght end turbulence snd that dopth 15 impertont when 1t limits
turbulence. DBrinley and Katzin (1942) find that the streams
that rebéive the largest amount of organic poliutian contain the
largest number of species and 1ndiv1duala;'which is prqbgbly
associated with the amoynt of food available in the streams.
Brandt (1929) stateé'that‘ﬁhe regianai and seasonal fluctuations
in number of species and abundance eof individuals ef plankten are
due dhiefly‘ta fluctuations in the quahtity'ef plankton.aigéé;
since these serve as a prinary food of the other forms . Brihley
(1943a) states that the decompositivn of organic matter will |
1ncrease pLanktan growth. |

' In accerdance with Van Hoff's law, plankton pepulaﬁiehs are
| determined by the temperature characteristlcs of the lake, which.
in turn, are dependent upon wind depth and 1nsolat1ans.

The best summation fer this period is given by Allen (1922)

who believes that a limnological survey will show a ﬁéoreasé in

production of‘ail factors as cold weather apbraaohes.



Summary and Conolusions

Between October 23, 1947, and March 20, 1948, a study was

made of certain chemical and physical factors and their possible

effects upon plankton populatiocm in Westhampton Lake. A summary

of the factors studied and the conclusions drawn therefrom are as

fqllowa:

A. Chemical and Physiocal Factors.

A review of the relationship of dissolved oxygen, free carbon

d;oxide, water temperature, precipitation, suspended matter, hydro-

gen lon concentration and bulk alkalinity indicates the following:

1,

Dissolved oxygen

a, The lake was slightly more than 100% saturated with
dissolved oxygen due to photosynthetlc activity ef
chlerophyllacecus organisms and absorption from the

air, ‘ _‘

b. The relationship of dissolved oxygen to free carbon
dloxlde was lnverse, |

¢. Dissolved oxygen was Inversely related to the tempera-
ture. The cold water imoreased the lake's capaclty to
hold oxygen and the warm water contributed to its release.
d. The effect of ﬁrecipitation upon dissolved oxygen

was negligible,

e. The fact that suspended matter was largely organio

mat ter that decomposed as it settled and consumed oxygen
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in the process, aooounted for the inverse relatim ship
between auspended matter and oxygen. -
f, There was no apparent relationship between the pH

and dissolved oxygen or between bulk alkalinity and

dissolved oxygen.

Free Carbon Dioxlde.

a. The lake wéa‘well saturated with free carbon dioxide

due mostly to decomposition, Other contributors were

the atmosphere, inflewing gréund_water, and reépiratianv

of plants and animals,

b. Free carbon dioxlide varled directly with the tempera-
ture probably becsuse the normasl rate of organic dé-_

compositien is dlrectly influenced by temperature.

¢, . There was a direct relationsghip Fstween free carbon

- diloxide and precipitation. Disregarding g t ime log,

precipitation contributed te the release of free carben
dloxide. |
d. Whenever there was suspended matter, 1t varied dir;ctly
with carbon diloexide bécause it contained organiq matter
and decomposed a;'it set tled." , ‘

6. Since the pH dld not vary to any extent, it was not
possible to establish any correlation between hydregen
1un concentration and free carbon dloxide. |
f. Free oarbon diexide Varied directly with the bulk
alkalinity.

Water Temperature.

a. The transltion in water temperature from warm through
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cold to warm again was rapid.

b. A dire&t'oarrelation'ﬁaa'eatabliehed between water
temperature and suspended matter. |

Ce Théré was no apparent relatimship between water
températuré and hydrogen lon'contentration nor between
water temperature andbulk alkalinlty.

Pfeoipitation.

8. A direct rélaﬁiqnship existed between precipitation
and suspended matter due, partly, %o shore erosion and
agitatlon of the water caused by precipitation.

b. No apparent relationship existed between precipita-
tion and hydfogen ion concentration a between preoipita—
gion and bulk alkalinity.

Suspended Matter.

a,‘ Suspended matter was not related to the hydrogen ion
ooncentiatién or bulk alkalinit& .

Hydrogeﬁ Ion Concentration.

a. The lake water was slightly acid end conteined an
alkall reserve.

b. The lake maintained a fairly constant pH due in

part to reestablishment of equilibrium by the bulk
alkalinity and to the buffer effect of carbonic acid.

¢, There was no indication of a relation between the

hydrogen ion concentration and bulk alkalinity.
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B. Biological Factors.

A review of the relationship of dissolved oxygen, free carbon

dioxide, water temperature, precipltation, suspended matter, hydro-

~ gen ion oancentration end bulk alkalinity to Zooplankton and Phy-

taplanktm indicates the following.v

1.

2,

: Zeeplanktan

a. The data indicate no relationship of Zooplankton te
dissolved oxygen or water temperature,

b, The date show no cerrelation between Zooplankton and

precipitation.

However, there was a posslble relation between the twe

~8ince precipltation serves tio bring in nutrient materials,

c.. The literature revehis that suspended matter is a
sourée of food for Zooplankton, but no correlation was
roﬁnd between auépended matter smd Zooplankton in the
déta pﬁeSenﬁed.

Phytaplanktan

8. Phytcpla1kton was related to dissolved exygen because
of photosynthesls and respiration.

b. Significanﬁ peaks in the Phytoplankten population
correapond with minimal concentrations of free carbon
dioxide wvhich indlcate probably a consumptlon of freg
carbon dloxide during photosynthesis,

O AlthoﬁghAthe cdata do not indicate a relation bstween
Phytoplankton and water temperature, other workeré con-

cede'aame definite carreiaticn between the two.,



- 'de Phytoplankton was not related to suspended matter,
hydroegen fon concentration or bulk alkslinity as
indicated by the dats in Table I.

C. Conclusions,

A general review of the data and disoussions in this m per
indicates that:

1, Dissolved oxygen, wateig temperature, suspended matter,
and pH reflect the usual conditlms thst exist during a |
fall eor spring overturn,

2, The period of ice cover marked the élvision:: between
the fall and spring overturn.

3. The ice cover represented the perlod of low quantities
of gll factors, £xcarr O ssosyEo OXYEEN.

4. The factors most afrectedigurnng the period were dissolved
oxygen, fres carbon dioxide, and temperature,

 5, Since ove¥turns, activitieb and geses disaolved weré a
direct raflection of the water temperature 1t can be stated
~that the water temperature was the most signiticant fector
during the period of study.

6. Thare wgs little fluotuation of Zeeplﬁnkten during the
-period of study. . ’

7. Phytoplankten fluctuated mors than Zoeplankten,

8, The data revealed no correlation between Zoeplankton

and Fhytoplankton.
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