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INTRODUCTION

SCOPE OF THE PROBLEM

The intent of this study has been to examine the periodicity of
certain kinds of plankton in Salem Lalke and the factors affecting their
periodicity. \

OQur understanding of plankton is limited. This is especially true
dicity. Brown (p. 223) noted as early as 1908 that in order to undere
stand the fluctuations seen in algal populations, one mmst study the
algal growth at frequent intervals throughout the year, noting such ate
tending factors as the different species present, their relative abune
dance, amount of light, temperature, etec. "But," he stated, "little
careful and systematic study has been devoted to this subject.® In 1931
Prescott (p. 5) stated thet "the algae of a given region, in any event,
are usually the least knowm plants of its flora.® These statements
might be expanded to inelude the total plankbton commmnity.

It is hoped that the present study will contribute to ouwr under=
standing of the factors affecting the fluctuations of plankton organ-
isms and the extent of thelr influences.

HISTORICAL BACKGROUND

Victor Hensen first used the term "plankton" in 1887 to include

all mimte animals, plants, and debris suspended in natural waters

1



2
(Ruttner, 1952, p. 9Ls Welch, 1935, p. L). Ruttner (1952, pp. 94=105)
restricts the definition to include only those orgenisms which are
free-floating, which have the ability to carry on metabolism and repro-
duction, and which are either producers (autotrophic plants) or cone
suners of organic matter, or both. It is this restricted usuage which
is employed in this study.
‘ According to Ruttner (1952, p. 93), the first plankton studies
resulted from the examination of the stomach contents of animals or of
accidental findings of forms that had wandered into the littoral szone.
Johannes Miller made the first detailed studies of plankton in 1845
when he gathered plankton by means of a finewmeshed net and studied his
samples microscopically (Ruttner, 1952, p. 933 Welch, 1935, p. L).
Although techniques heve improved greatly since the time of Muller,
our knowledge of plankton commnities is still limited.
BALEM LAKE

Salem Lake is located along U. S. Highway 91 just southwest of the
business center of Salem, Utsh. The main body of the lake lies to the
south of the highway and is connected to Lower Pond on the north of the
highway by & canal (see Figure 1). The present lake is fed by numerous
springs, especially evident at the extreme south end, and by drainage
from the swrounding foothills. The lake was formed in 1856 by damming
the springefed stream then present (Faux, 1955, p. H193 Huff, 1947,
p. L603 Taylor, 1954, p. 2). The dam was expanded and strengthened
during the following years and became the highway in the 1860's. In
the late 1930's U, S, Highway 91 was built across the lake just south
of the ariginal dam. It now serves as the dam,
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Figure l.-Map of Salem Lake, Salem, Utah
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Two irrigation canals on the north of the highway drain the lake,
VWest Canal is the larger of the two and leaves fram the west end of the
lakes DBast Diteh, which is smaller, leaves from the east end of the
lakes A third canal drains in a northwesterly direction fram the west
end of Lower Pond,

The Salem Lake was chosen for study because of the variety of
conditions offered, the abundant algal growth, the ease and convenience
of access, and the limited amount of information available regarding
plankton cycles of the lake, INo published ascounts of detailed planke
ton studies from this lake were found, Only one unpublished account
wag found (Thomas, 1941),



Seven collecting stations were located at different sites throughe
out the lake (see Figure 1). Detailed study was restricted to Station
#1, which was located in a narrow portion of the lake and which had an
average depth of about eight feet, A slight current flowed through
this stetion toward the northwest.

Collections were made periodically from the fell of 1955 through
the winter of 1957 from the surface and bottom waters of Station #1.
Surface samples were collected by means of a plankton net equipped
with a 110 ml. jar. The net was thrown from the boat and drawn across
the surface waters for spproximately twenty feets Botiom samples were
obtained by use of the special eollecting jar illustrated in Figure 2.
This collection jar was made from & 500 ml. bottle which was weighted
with a piece of iron pipe to insure sinking. A twoshole stopper was
placed in the mouth of the jar and was fitted with two corks, which
were attached to & cord., A graduated chain was fastened to a smaller
chain attached to the jar. Amlem'obtﬁmdbylwmngthejm‘
by the chain to the desired depth and pulling the corks, thus allowing
the vater to enter the jar. When the jar was filled, it was pulled %o
the surface and emptied into a 110 ml. collecting jar.

The samples thus obtained were brought into the laboratory amd
were first tested by means of a Beclkman pi meter to determine the pH.

5
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7
The samples were then centrifuged at 3000 r.p.m. for two minutes. The
concentrated samples were preserved in a L percent formalin solutiom,
one of the better plankton preservatives according to West and Fritsch
(1927, pe 1L) and Welch (1948, p. 271). Each preserved sample was
mixed thoroughly at the time of examination. Two drops were placed in
a depression slide and covered with a circular cover slip having a
diameter of 22 mm. This amount of sample filled the depression and
extended to the edges of the cover slip. The entire sample under the
cover slip was examined microscopically, and density counts were taken
of the more common species and of the total population., Duplication in
counting was avoidéd by using a mechanical stage to scan each sample.
Density in this study refers to the actual number of individuals of each
species present in a given sample as determined from single-slide exami-
nations. Total population refers to the total mwber of individuals
present in the species studied. Percent density calculations were made
from the density data of each sample. Percent density as used in this
study refers to that percent of the total population which is made up
of a given species or phylum. Density and percent demsity caleulations
were also made for the different phyla studied. They ineclude only the
species considered in this report. The density counts were made on the
following basis: (1) each individual cell of Amirasa gochlearis Gosse,
undinella (0. F. M.) Schrank, Navicula sp., and Cosmérium sp.
was counted as one individuals (2) each colomy of Pediastrun boryamm
(Turp.) Meneghin!, Scenedesmis quadricauda (Turp.) de Brebisson,

isterionella fornoss Nassall, lierisnopodia clegans A. Br.,
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Percent frequency data were recorded for both species and phyla. The
term percent frequency in this study refers to the percent of samples
in which a species or phylum was present out of the total mumber of
samples taken. Sixteen surface samples and sixteen bottom sauples were
collected,

The dissolved oxygen combent of swrface and bottom waters was
estimated periodically by means of the RidealeStewart modification of
~the Winkler Method (Welch, 1948, pp. 207-211).

The temperature of the water of each sample was recorded at the
time of collection by means of & Taylor maximmemindmm Fahrenheit
thermometer. The temperature of the alr was also taken at the time
of each collection by the same device. These readings were then
converted to degrees centigrade and recorded.

Turbidity was taken by means of a Secchi Disk., This instrument
records the depth to which light can be seen to penetrate the water,
Actually it records the limit of visibility of light (Welch, 1948,
pPs 159) rather than the depth to which light penet:

The depth from which the bottom samples were taken was recorded
in feet and inches at the time of each collection. The depth of the
surface collections included approximately the first foot of surface
water,

The date and time of day were recorded by standard means. The
brightness of the day was recorded on an arbitrary scale especially
established for this purpose. The sky conditions prevalent at the time
of the collections were given the mmerical ratings of (1) stormy,
(2) very overcast or cloudy, (3) overcast or cloudy, (L) bright though
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cloudy, (5) bright and clear with very high and very thin overcast,
(6) bright and clear, and (7) extremely bright and clear.
Other biological and physical data such as unusuwal disturbances,
wind, ete. were gathered by personal observations and contact with local
residents. Local histories provided the necessary historical background.



CHAPTER III

DATA

RLRLALLN

HYDROGEN ION CONCENTRATION

The pH of the surface station varied from 7.7 to 8.4 (see Graph 1).
The pil was above 8.0 during the fall, winter, and spring and below 8.0
during the summer months. The pH was slightly lower in the bottom
waters than in the surface waters in most instances, although it followed
a cycle of variation similar to that in the surface waters (see Graph 1).
It was low in the summer and higher during the fall, winter, and spring.
There was one exception. In February the pH dropped in the bottom
waters while it rose in the swrface waters,

DISSOLVED OXYGEN

Dissolved oxygen content was taken from late summer of 1956 through
late winter of 1957 (see Table 1), There was a slight, but steady ine
crease from late summer through late winter in both surface and bottom
waters, The dissolved oxygen content of the bottom waters was slightly
lower than that of the surface walers in most instances.

TURBIDITY |

The turbidity of the water ranged from ome foot eleven inches to
five feet nine inches (see Graph 2). The turbidity was highest in
August and lowest in Jamary of 1957. |

DEPTH
A1l surface samples were taken from the first foot of water.

10
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Date

13 Oct. 1956
27 Oct. 1956

10 Nov. 1956
1 Dec. 1956

18 Aug. 1956
15 Dec.
1 Jan.

1956
1957

16 Feb. 1957

Table l.-Dissolved oxygen content of surface and bottom waters at

Station #1, Salem Lake
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Bottom samples were taken from directly below the boat at the same Hime
that the surface samples were being taken. The depth ranged from
six feet eight inches to nine feet eleven inches (see Graph 2). The
average depth was seven feet ten inches. The average depth of the
other stations investigated (see Figure 1) but not reported here were
(1) Station #2, four feet four inchess (2) Station #3, elght fect
one inchy (3) Station #l, nine feet two inchesy (L) Station #5,
five feet one inchy (5) Station #6, five feet two inchess (6) Station #7,
seven feet.
IDME OF COLLECTIONS

The time of day at which the collections were taken as well as
the date of each collection are presented in Table 2. Most of the
collections were made in the afternoon. ITwo were made in the late
morning.

BRIGTNESS OF DAY
s of the day at the time of each collection is
indicated in Graph 3. Most of the days were bwight; & few in late
mmdfﬂ.lmeé&rk-

FREQUENCY OF COLLECTIONS

Collections were taken on the average of every four weeks., The

actual lapse of time between each collection is indicated in Table 3
TEMPERATURE |

Temperature proved to be the most variable factor of the physical
mﬁrmb(mmhh The temperatures of air and water exhibited
the same general cycles of variation. The temperature of the surface
waters was usually slightly lower than that of the air. Likewise the
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Date Time of Day | Date Time of Day
12 Nov. 1955 1:00 p.m. || 15 Sept. 1956 2:00 p.m.
26 Jan. 1956 3:00 p.m. 13 Oct. 1956 2:15 p.m.
17 Mar. 1956 1:15 p.m. 27 Oct. 1956 11:00 a.m.
23 June 1956 1:30 p.m. 10 Nov. 1956 10:00 a.m.
7 July 1956 1:30 p.m. 1 Dec. 1956 2:145 p.m.
21 July '1956 L4200 p.m. 15 Dec. 1956 2530 p.n.
18 Aug. 1956 2:00 p.m. 1 Jan. 1957 2:15 p.m.
8 Sept. 1956 PRSI 16 Feb. 1957 2:30 p.m.

Brightness of

Table 2.-Time of day at which

collections were taken at Station #1,

Date in Two-week Intervals

vraph 3.-Brightness of day at time of collections in Station #1,
Salem Lake, according to the following arbitrary scale: (1) stormy,
(2) very overcast or cloudy, (3) overcast or cloudy, (L) bright
though cloudy, (5) bright and clear with very high and very thin
overcast, (6) bright and clear, and (7) extremely bright and clear

Salem Lake
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from to # weeks from to # weeks
12 Nov. 1955 |26 Jan. 1956 | 10 15 Sept. 1956 |13 Oct. 1956 L
26 Jan. 1956 |17 Mar. 1956 7 13 Oct. 1956 |27 Oct. 1956 2
17 Mar. 1956 |23 June 1956 | 13 27 Oct. 1956 [10 Nov. 1956 2
23 June 1956 |7 July 1956 2 10 Nov. 1956 |1 Dec. 1956 3
7 July 1956 |21 July 1956 2 1 Dec. 1956 |15 Dec. 1956 2
21 July 1956 |18 Aug. 1956 N 15 Dec. 1956 |1 Jan. 1957 2
18 Aug. 1956 |8 Sept. 1956 3 1 Jan. 1956 |16 Feb. 1957 6
8 Sept. 1956 |15 Sept. 1956 i Average e b

Table 3.-Dates of plankton collections and intervals in weeks between
collections
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temperature of the bottom waters was usually slightly lower than that
of the surface waters. The temperatures of the air and those of the
surface and bottom waters were more nearly equal during the colder
months but were more dissimilar duing the warmer months. There was
one exception. In August the air temperature was ome degree below that
of the surface waters while the difference between surface and bottom
tenperatures was ebout the same as that found during the other swmer

density maxima as opposed to four in the bottom waters (see Graph 5).
In the surface waters the maxima ocourred in spring, midswmmer,

late fall. In the bottom waters the maxima occurred in early spring,
early sunmer, midsummer, and late fall. With the exception of spring,
the total population in the surface walers was greater than that in
the bottom waters.

Each of the different specles reached its maximum density at about
the same time that the total populations reached one of its peak
densities.

The species responsible for the spring pesk dengity in the surface
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Table L.-Densities of ten plankton species of the surface waters of Station #1, Salem Lake
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Table 5.-Densities of ten plankton species of the bottom waters of Station #1, Salem Lake
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This is shown in Graph 7. All those species forming maxima in the
surface waters in the spring also formed maxima in the fall. The fall
maximm reached by each of these species was greater than that reached
in the spring. Navicula sp. and Oscillatoria
peak densities in the bottom waters in the spring, did not form peak
densities again in the fall, although Navicula sp. was fairly high in

mumbers throughout most of the fall and winter. Ceratium hirundine
yon sertularia were low in mubers in the botbom waters in

epring but formed a small peak density in the fall.

An early summer maximum density was reached in the bottom waters

but not in the surface waters. Those species which participated in

(see Graph 8), and Cosmarium
W (see Graph 84),
rismopedia elegans all reached a midswmer peak density in the surface
waters (see Graph 9), but not in the bottom waters. Asterionella

formosa, Cerabium hirundinella, and Dinobryon sertnlaria all reached
peak densities at the same time in the bottom waters (see Graph 10).

éenai&iaainthehtefﬂlintheswfme%wa(mwn),
Asterionella formosa reached & maximm in the bottom waters at the same
time (see Graph 12).

Moat of the species studied showed differences in periocdicity in
the surface and bottom waters. Amuraea cochlearis reached its greatest
density, 29, in the surface waters in the fall, but it was insignificant
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in the bottom waters (see Graph 13). Iis greatest densities there were
ki in July and L in December.

Asterionella formosa reached its greatest density in the late fall
in both surface and bottom waters (see Graph 1i), The mmbers were 1706
in the surface waters and 83} in the bottom waters. It also reached a
slight peak density of 66 in the midsunmer in the bottom waters.

Ceratium hirundinella reached peak densities of 311 in the spring
and 1390 in the fall in the surface waters and a single peak density of
195 in midsummer in the bottom waters (see Graph 15).

Cosmarium sp. reached a minor peak density of 2 in the botton
waters in early swmer and a peak demsity of 113 in the surface waters
in midsummer (see Graph 16).

Dinobryon sertularia reached a fairly high density level of about
65 in the late spring and early sumer and a definite peak density of
232 in the late fall in the surface waters. It reached a high density
level of about 200 in the swmmer and a peak demsity of 169 in the fall
m*;-hebotmwat&s. The sumer maximum density in the bottom waters
was slightly behind that in the swface waters. The fall maximm
density in the bottom waters was slightly ahead of that in the surface
waters (see Graph 17).

Merismopedia elegans attained a peak density of 11 in the bottom
waters in early swmer and a peak density of 25 in the surface waters
in midsumer (see Greph 16). | |

XNavicula sp. reached a minor peak density in the spring and a
major peak density in the fall in the surface waters (see Graph 19).
The mwbers were 85 in the spring and 705 in the fall., In the bobtom
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waters Naviculs sp. attained a minor pesk density of 64 in the early
" sunmer and a major peak density of 633 in the spring. A fairly high
level of about 50 was maintained throughout the winter.

Oscillstoria limosa reached peak demsities of 8l and 93 in surface
and bottom waters respectively in the spring. It reached a major peak
density of 371 in the surface waters in the fall, tut no peak density
was abttained in the bottom waters. However, it was present again in
the bottom waters at that time after being absent during the swmer
months (see Graph 20).

Pediastrum boryamm attained a peak density of 57 in the bottom
waters in the early summer and a peak density of 126 in the surface
waters in midswmmer (uGe Graph 21).

ms guadricanda followed the same patbern as Pediastrum
Dboryanum, reaching a peak density of 779 in the bottom waters in early
spring and a peak density of 1810 in the surface waters in nidsummer
(see Graph 22).

Certain species were present throughout a large portion of the
year (see Tables 6 and 7). Navieula sp. and Aster 2 formosa were
present all year in the bottom waters and were missing from surface
samples only twice. lNavicula sp. was usually present in greater
abundance. Ceratium hirundinella was abundant from spring through fall
in the swrface waters only. Dinolryon sertulares was fairly abundant
from spring through fall in both surface and bottom waters. Pediastrunm
Jboryamun and Scenedesmmus guadricauda were both present nearly all year
in the bottom waters, although in high numbers only during the swmmer.

The percent density and percent frequency data for the surface
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Species

Percent Densities

Date of Collection
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Table 6.-Percent densities and percent frequenciés of ten plankton species of the surface waters of
Station #1, Salem Lake



Species

Date of Collection

Percent Densities
Anuraea cochlearis L.4 0 0 o o.l 0.9 0.1 ol o o lo 0.1l o 5.3 o B s
Asterionella
SRl 9.4 7-7] 0.5|14.8] 0.4 1.9 9.2} L.6 0.7 1.3LL.9]89.5/59.2 5.313.4 1.1 100
Ceratium
]'_I“llndi'né]la. 905 O O 1)408 1»9 O-S 27.2 1.1 003 203 O 0 O O O O 50
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elegans| 9 |9 |o [o |1 o]Jo]Jo]o |o30 |o |oflo]|o o] 13
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Table T7.=Percent densities and percent frequencies of ten plankton species of the bottom waters of
Station #1, Salem Lake
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and bottom stations showed that most of the specles studied reached
their greatest density and greatest percent density at about the same
time (see Tables 6 and 7)., There were certain notabl '
Anuraea gochlearis reached its greatest density in the fall but reached
its greatest percent demsity in the winter when ite mumbers were
reduced. The same appears to be true of Amuraea cochlearis in the
bottom waters, but its numbers there were not gignificant. Similarly
Havicula sp. attained its greatest densities in spring and fall in
surface waters, but it reached its greatest percent density in the
winter months when its musbers were greatly reduced. Navicula sp.
followed a similar pattern in the bottom waters, although it attained
higher numbers in the winter which parallel the higher percent density
at the same time. Dinobryon sertularea reached its greatest density
in late October and early November., Its greatest percent density
occurred in late October, but dropped abruptly in November while its
density was still high. In the bottom waters Dinobryon sertularea
attained its greatest densities in July and September, but reached
its greatest percent density in July and October. Pediasstrum boryamun
attained its greatest density in early July and its greatest percent
density in mid-December,

The organisms studied were classified according to the systems
of Smith (1950) and Pratt (1935) (see Table 8). The phyla density
data are presented in Table 9, and the phyla percent density and
percent frequency data are given in Table 10, They indicate that the
Chrysophyta are present in the highest frequency and in the greatest
muibers in both the surface and botiom waters. They are followed in




; ﬁ_ﬂmw (Turp.) deBrebisson

Ceae

Sosmariun sp.

Chrysophyta
Chrysomonadales
Ochromonadaceae

Dino Ehr.
m Dinobryon sertularea

ﬂg&wﬁ%fmﬂunll
Naviculaceae '

Havicula sp.

Peridiniales
Ceratiaceae
Ceratium hirundinella (0. F. M.) Schrank

Oscillatoriales
Cscillatoriacese

Oseilla limosa Ag.
chmcmoecafl'el"?'-"m »

Chroococcaceae

Merigmopedis elegans 4. Br.

Trochelminthes
Monogononita
Brachionidae

Amraca coohlearis Gosse

Table 8.«Classification of the species studied according to Smith (1950)
and Pratt (1935)



Phylum Chlorophyta Chrysophyta Cyanophyta Pyrrophyta Trochelminthes | Total
Date Surface|Bottom |Surface|Bottom [Surface|Bottom |Surface|Bottom |Surface|Bottom

12 Nov. 1955 0 2 1 16 0 0 0 2' 0 1 22
26 Jan. 1956 0 0 N 12 0 1 0 0 5 0 22
-17 Mar. 1956 2 20 89 637 8L 93 0 0 3 0 928
23 June 1956 10 23 76 29 0 0 311 9 N 0 162
7 July 1956 17 745 25 118 0 11 65 19 0 L | 110k
21 July 1956 715 161 145 265 12 0 157 N L 1 | 1h2h
18 Aug. 1956 | 2049 2li5 N 275 25 1 89 195 2 L | 2956
8 Sept. 1956 23) 208 757 245 371 3 11 5 1 2 | 1881
15 Sept. 1956 33 208 19 82 5 0 | 1390 1 1 0 | 1739
13 Oct. 1956 I 79 33 212 0 1 787 7 29 0 | 1152
27 Oct. 1956 10 23 425 182 0 0 L5 0 0 0 685
10 Nov. 1956 6 23 | 19kL 907 0 i 2 0 0 1 | 2884
1 Dec. 1956 0 17 617 152 0 0 N 0 1 0 791
15 Dec. 1956 2 12 27 78 0 0 5 0 0 L | 128
1 Jan. 1957 2 0 30 22 0 0 2 0 1 0 57
16 Feb. 1957 1 11 26 78 L L 1 0 0 o | 125

Table 9.-Densities of five plankton phyla of the surface and bottom waters of Station #1, Salem Lake



Chlorophyta

Phylum Chrysophyta Cyancphyta Pyrrophyta Trochelminthes

Date Surface | Bottem | Surface Bottom | Surfacd Bettom | Surfacd Bottom | Surfacd Bottom
12 Nov. 1955| O 9.6 | 100.0 76.2 0 0 0 9.5 0 4.8
26 Jan. 1956| ©O 0 Lol 92.3 0 2.7 0 0 59.6] ©
17 Mar. 1956| 1.2 2.6 50.0 8l.9 47.2 124 0 0 3.7 0
23 June 1956| 2.4 377 18.9 47.6 0 0 77.6| 14.8 1.0] ©
7 July 1956 15.9 8ly.7 s 11.8 0 1.3 60.7] 1.9 0 0.l
21 July 1956 72.0 374 14.6 61.6 1.2 0 11.8| 0.9 0.4 0.2
18 Aug. 1956 | 91.k 34.2 2.l 38.3 1.1 0.1 L.0| 27.2 0.1] 0.1
8 Sept. 1956| 16.4 1.8 53.3 52.8 26,2 0.6 3.9 1.3 0.1 0.4
15 Sept. 1956 2.3 71.5 e % 28.2 0.3 0 96.0| 0.3 0.1] ©
13 Oct. 1956| 0.5 26.4 3.9 70.8 0 0.3 92.3 2.3 3.4 O
27 Oct. 1956| 2.0 11.2 88.6 88.8 0 0 9.4 © 0 0
10 Nov. 1956| 0.4 2.5 99.6 97.3 0 0.1 0.1] o0 0 0.1
1 Dec. 1956| O 10.0 99.2 90.0 0 0 0.6 0 0.2 ©
15 Dec. 1956| 5.8 12.5 79.4 83.0 0 0 14.7| © 0 4.3
1 Jan. 1957| 5.8 0 85.8 | 100.0 0 0 5.7 © 2.9 ©
16 Feb. 1957| 3.1 2.9 81.3 83.9 12.5 3.3 3] 6 0 0
e 13.7 2l;.3 52.9 69.8 5.5 1.7 23.7| 3.6 4.3] 0.6
% Frequency 81 88 100 100 Ly 50 88 50 69 Ll

Table 10.-Percent densities and percent frequencies of five phyla of the surface and betitcm

of Staticn #1, Salem Lake
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order by the Pyrrophyta, Chlorophyta, Cyanophyta, and Trochelminthes.
In the bottom waters the Chlorophyta and Pyrrophyta have exchanged
places in the sequence.



CHAPTER IV

HYTROGEN ION CONCENTRATION

Prescott (1951, p. 6) states that a substrate low in calcium
would result in an aquatic env t with a pH below 7.0, while
a gubstrate of shale and limestone, being high in caleium, would
result in an aquatic environment with a pH above 7.0. In a later
report (1956, p. 177) he states that basic waters are the result of
drainage through sedimentary rock, especially limestone. These state~
ments are in agreement with the data obtained from Salem Lake. The
pH was basic throughout the duration of this study, ranging from 7.7
to 8.4 in the surface waters and from 7.6 to 8.35 in the bottom waters.
This is undoubtedly due to the nature of the substratum in the sur-
rounding hills through which the water passes before it reaches the
lake. The mountains in this area are principslly limestone and
calecareous shale., Filtration of water through such rocks would account
for the basicity noted.

Basic waters are known to be high in dissolved minerals and to
support a rich algal growth composed largely of distoms and blue-
green algae (Prescott, 1939, p. 663 1951, p. 183 1956, p. 1763
Riley, 1940, p. 2823 Smith, 1950, p. 20). In his study of the plankton
of Linsley Pond, Riley (1940, p. 282) states that basic waters produce
a considerably lesser growth of green algae than of diatoms and

48
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blue-green algae. This view is supported by Prescott (1939, p. 66).
In general the data derived from the Salem Lake in this study support
the observations of these authers. This can be seen by analysis of
the density, percent density, and percent frequency data for each
phylum. An abundance of diatoms was present, as indicated by the data
for the Chrysophyta. These attained percent frequencies of 100% in
both surface and bottom waters and average percent densities of
52,9% and 69.8% in the surface and bottom waters respectively. These
are the highest frequencies and demsities attained by any of the phyla
studied. Most published accounts refer to the diatoms as a group
seperate from the other Chrysophyta. However, in this study Dinobryon
Sertularea as well as the two diatoms Navicula sp. and Astericnella
formose are included in the Chrysophyta. This is in keeping with the
classification of Smith (1950).

The Cyanophyta found in Salem Lake are not as abundant as one
might expect, exhibiting only 50f frequency and L% frequency in the
surface and bottom waters respectively and 5,5 and 1.7 average percent
densities in the surface and bottom waters. Oscillatoria limosa is
the more abundant of the two species of the Cyanophyta studied.
WMuweﬂm&waam&tm@dﬁtmm
then in very small mubers.

The Chlorophyta are perhaps more abundant than one might expect
in basic waters. They show a percent frequency of 81% in the surface
waters and 88% in the bottom waters and an average percent density
of 13.7% in the surface waters and 24.3% in the bottom waters.
Losmariun sp. is one of the desmids commonly found in basic waters,
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but it does nmot contribute greatly to the total population of the
Chlorophyta as far as numbers of individuals are concerned.

Smith (1950, p. 16) and Needham and Lloyd (1937, p. 52) agree
that basic waters ave producers of more abundant algal growth than
are acid waters. Smith (1950, p. 16) atiributes this observation
directly to the wtilization of dissolved bicarbomates of magnesium
and calcium 28 an additional source of carbon dioxide for photow
synthesis, Presecott (1951, p. 15) lists the following additional
factors which may contribute to the greater algal abundance noted in
besic waters: (1) the high nitrogen and phosphorus content of the
waters, (2) the higher tenperatare of the total smeunt of waber presemt,
(3) the shallowness, and (L) the greater proportion of water in contact
with the bottom,

Thelmpﬂvahumwdﬂfw&lmhkoduriugthgm
are in contradiction to the statements of Prescott (1939, p. 693
1951, p. 30) that the pH should be higher in the late swmmer because
of the removal of mich of the half~bound carbon dioxide from the
bicarbonates by photosynthesis. The pi did tend to rise slightly at
approxinately the same times that the total population maxima were
reached, but the relationship was not so close as might be expected if
the above condition existed in Salem Lake, Especially difficult to
explain on the sbove basis are the higher pil values recorded in the
winter months when the plankton growth was greatly reduceds In this
regard it should be remembered that only a very narrow range of pH
was recorded. It is possible that, in contrast to a larger lake, the
shallowness of Salem Lake facilitated the absorption of carbon dicxide
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from the atmosphere in great enough quantities that the carbon
dioxide was not depleted to a great enough extent to cause the pH o
increase,

The pH of the surface waters was generally slightly higher than
that of the bottom waters, The range of the difference between the pH
of the surface waters and the pH of the bottom waters was fram 0,0 to
0.6 pH units, and the average difference wes 0.16 pH units. These
differences were not considered significent, but might be ascounted
. for by the oxidative processes of decomposition and respiration and
the reduced amount of photosynthesis taking place in the bottom waters.

Philip (1927, p. 88) suggests that because of the great variety
of physical and biological factors operating at any one time, a single
pH reading per day is not a sufficient index of the hydrogen ion
activity of an aquatic enviromments This type of error could cone
ceivably result in the very small variation recorded in the pH of
Salem Lake throughout the year,

DISSOLVED OXYGEN

One might expeet the dlssolved oxypen content Yo inorease greatly
in the summer due %o the inereased photosymthetic activity talking
plase, This vas net berne eul by the date eolleeted en Salem lals,
There was only & nayrew range of variatien exhibited by the disselved
oxyzen and it inereased slightly frem summer bthreugh winter, Guch an
inevease in the eelder menths seuld have bheen due Ho the grester ability
of water te sbserb oxygen at lower temperatures (Needham and Lleyd,

1”7‘ P ﬁ»“)c
Prescott (1951, p. 333) and Ruttner (1952, p. 67) agree that
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there is usually a greater quantity of dissolved oxygen in the upper
layers of water than in the lower layers. The results of this study
indicated a slightly lower dissolved oxy
waters than in the surface waters. This would be in agreement with
the above views and could probably be cxplained on the basis of
greater photosynthetic activity in the surface waters th
tion rates in the bottom waters.
Welch (1935, p. 333) indicates that the eirculation of oxygen from
surface to bottom is facilitated by shallow depth of water. This was
probably true in the case of the station studied in Salem Lake, One

most of the year and greater decomposi

waters due to direct exposure to the atmosphere.

Smith (1950, p. 26) states that it is not possible to correlate
the seasonal changes in dissolved oxygen and carbon dioxide with the
periodieity of the various components of the algal flora. It is
likely that dissolved oxygen was not limiting in Salem Lake due
primarily to the shallow depth of water.

tion of light; therefore, the brightness of the
day at the time of each measurement might be expected to affect the
turbidity directly. That this was so, was evident in the August
collection in which the penetration of light was groatly reduced due
to cloudiness (see Graphs 2 and 3). The turbidity is also an index of
the amount of matter suspended in the water (lNeedham and Lloyd,

1937, ps 27)« The suspended matter is principally inorganic in nature,
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but organic matter, ineluding the plankton, may contribute to the
turbidity (Chandler, 1942, p. L43). Chandler (1942, p. L5) from his
study of Western Lake Frie indicates that the turbidity was greatest
in the summer and autumm and least in the winter and spring. The
same was generally true in Salem Lake, the lowest turbidity readings
being recorded in the winter and the highest being recorded in the
sumer, Since the total plankton population was also highest in the
sunmer and lowest in the winter, the indication is that the plankton
population did have an effect on the turbidity of the water at this
station in Salem Lake, Because of this, light transmission was also
lowest in the summer and fall and highest in the winbter and spring.
This reduced penetration of light might be expected to reduce the
amount of photosynthesis that could ocour in the lowermost waters
and thus affect the kinds of organisms and the total mumber of organ-
isms able to survive there. Chandler (1942, p. 41) states that
changes in the transparency of natural waters, or turbidity, may be
far more important in determining the quantity of light at a given
depth than seasonal changes in illumination reaching the surface of
the water. Buell (1938, p. 231) says that the low transparency of
shallow ponds affects the light encugh to produce a condition comparable
to that in deepewater regions of European lakes. The high turbidity
recorded in August did not seem to restrict the number of specles
present in the lowermost waters of Station #1, due probably to the
shallowness of the lake, The same organisms present in the surface
waters were present in the bottom waters, It is felt that the statement
dcmndlardwstommwsmdthatormellretmﬁoma
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shallow waters. As a result the effects of high turbidity were not so
great on Salem Lake. However, there were fewer organisms present in the
bottom than the surface waters. This reduced number of organisms in the
lower waters was likely due to turbidity.,

Diffuse light penetrates beyond the depth at which the Secchi Disk
disappears (Needham and Lloyd, 1937, p. 28). The average depth at
which it disappeared in this study, which was recorded as turbidily,
was three feet ten and oneehalf inches. It is entirely feasible that
light could have penetrated effectively to the bottom but the data indi-
cate that the botiom waters may have been deep enough for light to be a
limiting factor, especially under conditions of high turbidity. Table 5
indicates that the bottom waters usually supported an sbundant plankbon
growth., That it was generally less than that of the surface waters,
however, suggests that light may have been partially limiting at such a
depth, especially under turbid conditions.

According to Andrews (1948, p. 502) the most obvious effect of a
strong wind is the increased turbidity of the water. Chandler (1942,
pe 42) also states that high wind velocities favor high turbidity. The
unexpected high turbidity which occurred in Jamuary of 1956 can be
traced to an extreme wind during the time of the collection.

According to one historical news account (Faux, 1955, p. H19)
Salem Lake averages ten feet in depth., Station #1 had an average depth
of seven feet ten inches. Mr, Albert Peterson, Game Warden in Salem,
states that the lake is nolt nearly so deep as it used to be. Although
this is a general statement which could not be verified, the condition
is typical of small lakes. It is an expression of the lentic society of
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the lakeeto=pond-to-swamp-to-dry land succession reviewed by Welch in
1935 (pp. 9, 13).
TIME OF DAY

Diurnal fluctuations of certain zooplankters were noted by Plew
and Pennak (1949, p. 30). Such fluctuations may also be true for
certain phytoplankters. The brightness of the day, the temperature,
the dissolved oxygen content, the pil, and the plankton population
could vary with the time of day. The range of time at which collections
were made in this study was six hours during the middle of the day
(see Table 2). Itiafelt\thatflncmtimin‘thcabmfactm‘a
within this range of time were not great encugh to have altered the
end products of a study such as this. The two collections that
were taken in the morning showed no marked differences in the data
obtained which could be correlated with the time of day.

IRIGHTNESS OF DAY

The brightness of the day may have limited the mumber of organisms
present in the bottom waters. This was not due %o the light intensity
except as it affected or was affected by the twrbidity. Light became
limiting presumably due to the depth and the turbidity of the water.

The brightness of the day affects the water indirectly in another
important way. Heating of the water is accomplished through the
radiation of the sun (Ruttner, 1952, p. 243 Lind, 1938, p. 270). This
is reflected in the temperature cycles.

DAY LENGTH

The duration of the daily illumination may have notable effects

on the plankton population. One might expect a great similarity in the
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spring and fall populations due to the similarity of the light-duration
and the temperature curves at these seasons. That this is not always
true is emphasized by Ruttner (1952, p. 140) and was indicated by the
peak densities of certain species in this study. Ruttner (1952, p. 140)
states that because the water-temperature curve lags behind the light-
illumination curve, there is a selection in the spring for a population
which can utilize cold water temperatures and longer periods of
illuminationj whereas, in the fall, there is a selection for a
Wmmwmmmmmém. He illus-
trates this with a chart from Fundenegg (1947) which is reproduced

belows e e b Sl
e weak-1ight forms |  strong-light forms

sold water forme winter plankten spring plankton
warn water forms fall plankton summer planicton

Pmmsmwmmwrmawww
and temperature (after Fundenegg)

Certain of the species studied and reported here fit into these
categories, This will be discussed later in greater detail.

It should be noted that along with the variation in day length,
there is an attending variation in the light intensity, The light
intensity is less during the shorter days of fall and winter and
greater during the longer days of spring and cusmer. This in effect
produces the temperature differences of the different seasons.

TEMPERATURE

Because of the shallowness of Salem Lake, no stratification was
evident such as is seen in deeper lakes. The bottom waters were
slightly colder throughout the year until winter when the surface and
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bottom waters were of essentially the same temperature. In such
shallow waters there is no "turnover® as found in deeper lakes,
again because of lack of stratification.

Ruttner (1952, p, 123) states that the mean temperatures at
which the population maxima occur are, within certain limits, almost
constant for the individual species., However, he regards the effect
o@daylengﬂxasemxaliowmwemportartb than the effect of temperaw
ture on periodicity. There were certain specles in this study, however,
vwhich seemed to be limited by temperature alone, or at least by
temperature more than by day length. Even some of those species which
seemed to be related to day length were either restricted to or pree
vented from growing abt certain temperatures. Winter seemed to be one
of the periods wher temperature was limiting for all species. This
was indicated by the stability and low mumbers of the population
during the winter months,

PLANKTON

The plankton periodicity seemed to be influenced most by day
length and temperature. These are the factors which showed the most
variation throughout the year. Certain of the species studied here
seemed to fit into the classification of Fundenegg mentioned abovej
others did not. Asterionella formosa belonged to the fall plankton
group in density in both the surface and bottom waters. It was low
in mmbers all through winter, spring, and summer, and then attained
its maxirum in the early fall when the water was still warm and the
days were shorter. Its mmbers were reduced again in the winter
when the water cooled and the days were short, Essentially the same
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was true of Amraea cochlearis which reached its maximm in the fall only.
It was important only in the surface waters in this regard. Neither of
these two species reached a pesk density again in the spring when the
day length or temperature were similar. They seemed not to be controlled
primarily either by temperature or day length, but by a combination of
the two factors.

Smith (1950, p. 2l;) states that the development of certain algae,
ineluding the diatoms, in the spring is correlated with their ability
to grow vigorously at low temperatures. Evidently this was true for
Navicula sp. in both surface and bottom waters, but it also reached a
peak density in the fall in the surface waters when the water temperature
was much higher, but when the day length was similar. This would imply
that _Navicula sp. was limited by day length primarily, but within a
certain temperature range. Oscillatoria limosa followed the same pate
tern as Navicula sp. It was, however, less abundant.

Merismopedia elegans, Cosmarium sp., Pediagtrum boryamum, and
Scenedestmis guadricauda were good examples of Fundenegg's summer plank=
ton group. They were present in abundance only when the days were long
and the temperature was high, They seemed to be controlled primarily
by temperature since they did not reach another maximum in the spring
when the day length was similar. These species reached an early summer
peak density in the bottom waters which was not parilleled by a similar
peak density in the surface waters. The same species all reached their
maxcimum densgities in the surface waters later in midsumer. AU that
time they were all reduced in mumbers in the bottom waters. 4
discussion by Fritsch (1931, ps 2L5) might help to explain this migration.




59
He states that many organisms probably overwinter in the bottom or in
the littoral zone. Assuming that the above-named species overwintered
- on the bottom, their early abundence in the bottom waters and later
migration to the surface could have been in response to temperature.
Mmmm@mmmmmsmmmemm
when the temperature was warmer than it had been through the winter
and spring. This would account for the.ir early abundance on the bottom.
The prodvetion of oxygen from their photosynthetic activity could
have been sufficient to account for their rise to the surface., These
species, then, seemed to be primarily limited by temperature.

Ceratium hirundinella was present frem spring through fall. It
r%ﬁp&kdmiﬁwmmsmmrﬂlmthe‘mrwantwsm
in summer in the bottom waters. This was probably a function of tempera~
ture. The temperature on the bottom in the swmer was similar to that
on the surface in the spring and fall. Dinobryon geri
approximately the same pattern. It was found in the miaea waters

when the temperature was lower and in the bottom waters when the
temperature was high in the summer. These two species seemed to be
primerily temperature controlled,

Most of the species studied reached their greatest density and
their greatest percent density at the same time., Pearsall (1932, p. 2L2)
also found this to be true in his studies of plankton in English lakes.
He stated that this was true except at the end of the diatom phase
in the fall when the diatom numbers fell off tremendously but their
percent density remained very high. The diatom Havicula sp. showed
the same trend in this study. It reached its greatest density in the
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f£all and spring, but reached its greatest percent density in the winter
months when its numbers were greatly reduced, Essentially the same was
true for Amuraes cochlearis in the surface waters. It reached its
greatest density in the fall, but reached its greatest percent demsity
in the winter, This would imply that these speclies were comparatively
hardy, being eble to contime on in importance in the population
through the winter months even though reduced in mumbers, Dinolbryon
Sertularea was another exception. In the surface waters it attained
its greatest numbers in late October and early November and its greatest
percent density in late October, Even though it maintained its high
mumbers in November, it fell off abruptly in its percent density. This
was due to the tremendous increase in mumbers of Asterionells formosa
which was reaching its peak density at that time. In the bottom waters
Dincbryon sertularea reached its greatest demsity in July and September
and its greatest percent demeity in July and October. It was only
slightly lese important in September than in October. Its decreased
percent density in September was due primerily to an increase of

2 0010@188;

ception in the bottom waters. It reached its greatest percent density
in MideDecember rather than in July when it was at its greatest density.,
This was due to the great decrease in the total population and to a
slight increase in its mumbers.

Two of the species studied showed a definite preference for
surface waters over bottom waters. They were Amurasa cochleeris and
Seratium hirundinells. Dinchryon sertulares, Me iia elegans,
and Scenedestms guadricanda showed no particular preference for either




61
surface or bottom waters, at least in this shallow lake.
atorda limosa, Navicula sp., and
Pediastrum boryanun showed greater mumbers present in the surface
waters but a higher percent frequency in the bottom waters. These
generalizations were drawn primerily from the percent frequency data

in Tables 6 and 7, but also from the density and percent density data
in Tables L and 5, and 6 and 7, respectively. In general the popu~
lation at any one time was graa’sermm surface waters than in the
bottom waters, This could be a result of the method of sampling, It
might be expected that the surface samples would be more concentrated.
However, in the spring and early swmer the bottom samples showed a
greater mumber of organisms present. Had the botbom samples been as
concentrated as the surface samples, there might have been an even
greater difference. The total population in the bottom waters in the
early summer was greater than that in the swrface samples because of
the greater abundance of the Chlorophyta there at that time.

There seemed to be little, if any, correlation between the
wrm species in a phylum in regards to their periodieity. Only
in the Chlorophyta did all the species studied reach thelr peak
densities at the same time. Only one species of the Pyrrophyta and
one of the Trochelminthes were studied, so no comparison could be made.

The different phyla reached their peak densities at different
times of the year, The Chrysophyta, and especially the diatoms,
reached their greatest demsity and percent density in the fall, winter,
and early spring, in both surface and bottom waters. Similar results
were found by Prescott (1951, p. 18), Langlois (195L, p. 89), Needham
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and Lloyd (1937, p. 303), and Greenbank (1945, p. 383). The Chrysophyta
were more abundant in the summer in the bottom waters than in the surface
waters. This may have been in response to the temperature, which was
lower in the bottom waters than in the surface waters, and which was
similar to that temperature at which they reached their peak demsities
in the surface waters in the spring and fall, The Cyanophyta, and
especially Oscillatoris limosa, reached their greatest impartance in
the early spring and early fall. Prescott (1951, p. 18) also found
this to be so0 in his studies of the western Ureat Lakes. The Cyanophyta
were more abundant in the surface waters than in the pottom waters,
especially in the fall, The Pyrrophyta were most important in the late
spring and early fall in the surface waters. They were not significant
in the bottom waters. The Chlorophyta were most important during the
sunmer months in the surface waters. Prescott (1951, p. 18) and
Langlois (1954, p. 90) also found this to be true in their studies.
The Chlorophyta reported here were most important in the bottom waters
in the early and late swmer, This could have been the result of their
reactivation from overwintering in the early summer and their settling
in the late swmer previous to overwintering again., Amuraea
in the Trochelminthes, was most important in the late winter, rather
than in the late spring as reported by Carl (1940, p. 68) and Needham
and Lloyd (1937, p. 302).

The plankton population, though reduced in mumbers, seemed to be
more stable during the winter months than in the swmer months. This
paralleled the results of studies by Anand (1937, p. 356) on cliff
a2lgae. The presence of so few species in such small mumbers with the
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restricted photosynthetic and reproductive activities could account for
t;w stability of the population.
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CHAPTER V

SuuRx
The periodieity of selected plankbon species in the Salem Lake and
the physical factors of the environment which affect their period-
icity have been studied.
Plankton samples were collected periodically over a period of
sixteen months from surface and botton waters of one station in
Salem Lake. The samples thus obtained were analyzed umicroscoplically
and density counts were made of certain of the more common species
present,
Among the most common plankton species at the station studied were
Amraca cochlearis Gosse, Asterionella formosa Hassall, Ceratium
hirundinella (0. F. M.) Schrank, Cosmarium sp., Dinobryen sertularea
Enr,, Merismopedia elegans A. Br., Navicula sp., Oscillatoria
limosa Ag., Pediastrum boryamm (Turp.) Meneghini, and Scenedesmms
quadricauda (Turp.) deBrebisson.
The waters of Salem Lake were found to be basic. They supported
a plankbton flora typical of basic waters, except that the Cyanophyta
were less abundant and Chlorophyta were more abundant than might
be expected,
The variations recorded in the pH were not considered to be great
enough %o influence significantly the pericdicity of the organisms
studied.
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The dissolved oxygen content of the waters varied only slightly
during the period studied. The variation recorded was not considered
to be sufficient to influence greatly the periodicity nobed.

The turbidity and the depth of the water together tended to reduce
the total number of organisms present in the botbtom wabters, but
not the mumber of species present.

Neither the time of collection nar the brightness of the day were
congidered as significant factors affecting the periodicity of the
orgenisms studied.

Length of day and temperature seemed to have the greatest influence
on the periodicity of the organisms studied. QOseillatoria limosa
and Naviculs sp. seemed to be controlled primarily by day length.

formoga and Amuraea cochlearis seemed to be controlled by a come
bination of day length and temperature. |
Three peak demsities were reached in the surface waters.

illabtoria }..1..%‘;: Havicula sp., Ceratium
og attained peak densities in the spring and

fall., Cosmarium sp., Merismope
Wrwpﬂkm&mmmm.
in the fall only.

Four peak dengities were attained in the bottom waters.

and Oscillatoria limoga resched thedr peak demsities in the early




densities in the early swmer. Thpse species which reached their
wwuummmwmmw_m’m

reached a peak density in the late fall.
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STUDIES ON THE PERICDICITY
COF CERTAIN PLANKTON SPECIES OF SALEM LAKE

AN ABSTRACT

Plankton samples were taken periodically from one station in Salem
Lake from the fedl of 1955 through the winter of 1957. Other data in-
cluding the pl, dissolved oxygen content, turbidity, brightness of day,
temperature, and time of day were recorded at the time of each collection,
The plankton samples were centrifuged and preserved in a lf formalin
solution. They were later examined microscopically, and density, percent
density, and percent frequency calculations were made from them for ten
selected species and for the five phyla which they represent.

The waters of the station studied were found to be basic. The pH
veried only from 7.7 to. 8.4 during the period studied, The basicity of
the waters is likely due to the nature of the substrate through which
the water passes before reaching the lake, since the mountains around
the area studied are primarily limestone and calcareous shale. This
would account for the basicity noted. This station in the lake supe
ported plankton flora typical of basic waters except that the Cyanophyta
were less abundant and the Chlorophyte were more abundant than might be
expected. The glight variations in the pH recorded could not be core
related with the periodicity of the species studied.

The dissolved oxygen content varied only from 3.1l to 6.L5,
showing a slight increase from summer through winter. The narrow

1



range exhibited by the dissolved oxygen emld not be correlated with
the pericdicity noted. |

The turbidity of the water, as recorded by a Secchi Disk, varied
considerably, The combination of the depth of the water and high
turbidity was likely responsible for the total population of fewer
nmumbers in the bottom waters than in"l'.he surface water;. Thie cculd
have been the result of a decrease in the amount or the intensity of
light reaching the crganisms on the bottom. The average depth of the
gtation was seven feet ten inches.

" The time of day at which the collections were taken varied only
within a range of gix hours in mide-day. A comparison of these data
with the plankton data showed nc direct correlation between the two.

The brightness of the day did not seem to affect the periodicity
of the organisms studied directly, but it did influence the turbidity
and thus the muiber of organisms able to survive in the bottom vatérs.

Temperature and day length seemed to exert the greatest influence
on the pericdicity of the species studied.

There were three maximum densities reached by the total population
in the surface waters and four in the bottom waters. The three maxi-
mum densities in the surface waters were in the spring, midsummer, and
late fall, In the bottom waters the maximum densities ocecurred in the
early spring, early summer, midsummer, and the late fall.

Navicul? sp., Oscillatoria limosa, Ceratium hirundinella, and
Dinobryon sertularea were responsible for the spring peak density in
the surface waters. These species also reached peak densities in the
fall in the surface waters. Navicula sp. and Oscillatoria limosa
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were responsible for the spring peak density in the bottom waters also,
but did not reach peak densities in the fall. They reached their
maximum densities in the suwrface waters in the spring and fall at times
when the temperatures were different but when the day length was
gimilar., This would imply that they were limited by day length.

The early swumer maximum in the bottom waters was the result
of the peak densities of Scenedesms guadricauda, Cosmarium sp.,
Pediastrum boryamum, and Me 2 elegans. These same species all
reached a maximum density in the surface waters later in midsummer,
suggesting that they are limited by temperature. This also might
indicate that they overwintered on the bottom of the lake and were

thus abundant first in the bottom waters and later migrated to the
surface, where light and temperature conditions were perhaps more
desirable.,

The temperature of the bottom waters in the summer was similar
to that of the surface waters in the fall and spring. Ceratium

hirundinella and Dinchryon sertulares were most abundant in the bottem
waters in the swmer and in the surface waters in the spring and fall.
This suggests that they are both temperature limited,

Asterionella formosa and Anuraea cochlearis reaohed their
greatest dengities in the fall only. This suggest that they are limited
by a combination of day length and temperature. They are most abundant
when the days are short and the water is warm.

Ceratium hirundinella and Amuraea cochlearis showed a definite
preference for surface waters over bettom waters. The other species
studied ghowed no particular preference.



h

The plankton population, though reduced in numbers, seemed to be
more stable during the winter months than in the summer months.
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