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INTRODUCTION

The present paper concerns a study of photosynthesis
and respiration of the phytoplankton in Sandusky Bay,
conducted from February 2 to June 18, 1854. S,ndusky Bay,
a drowned embayment, has conditions of great turbidity
that are peculiar to itself and in contfast to those of
western Lake Erie, Because of the important role of pho-
tosynthesls in the energy relations of the aquatic en-
vironment, an intensive study of this process was con-
gidered desirable under these conditions.,

Laboratory facilities were sstablished at Winous
Point, located at the point of a peninsula projecting into
the upper Bay. At this position the Bay is approximately
one mile in width and the water 1s essentially a mixture
of the effluent of the tributaries with that of the em-
bayment .

Sandusky Bay lies in Ottawa, Sandusky and Erie Coun-
ties in northern Ohio. It is the principal indentation of
the southern shore line of western Lake XHrie, figure 1,
The Bay is approximately 14 miles in length and has an
average width of nearly 4 miles., The long axis lies near-
ly in an east-west direction and consequently isg exposed
to the maximum influence of the prevailing winds. The
shore line 1is characterized by great regulariﬁy, there be-
ing 0.788 mile of shore line per square mile of area (Wil-
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Pigure 1

A map of Sandusky Bay modified from the U. S. Lake Survey Map (1949) by

the Corps of Engineers of the U. S. Army. The location of Winous Point' is
indicated by (x). Tributaries flowing into the Bay are (1) Muddy Cresk,

(2) Sandusky River, and (3) South Creek,



son, 1938).

The Bay 1s crossed midway by the Bay Bridge cause-
way which comprises a land-fill with openings for the
passage of water., The Bay is shallow, seven feet (2.1 m)
beinpg the maximum depth shown by the topographical map of
the U. S. Geologlcal Survey (1201) and verified by Wilson
(1938); 33% of the basin has a depth between 6 and 7 fesetb.,
The upper portion of the Bay (west of the bridame), with
which this study is concerned, has an area of 27.97 square
miles, a maximum length of 7.7 miles and an averaze width
of 3.7 miles (Wilson, 1938)., The average depth of water
in the vicinity of Winous Point is approximately one meter;
however, due to frequent strong seiches the depth may vary
from one half meter to two meters,

A basin as long and shallow as Sandusky Bay, lying in
the direction of the prevalling winds, and with low, regu-
lar shore lines, 1s subjsct to considerable disturbance of
the water. These disturbances bring bottom sediments into
suspensibn and attack the clay banks along both the north
and south shores. During a "blow" the water becomes very
turbid. MNost of the shore line has clay banks, a small
portion has superficial gravel or stone rip-rap cover
(Langlois, 1¢54). Rapid erosion of the clay banks along
the north and south shores is evidence of the effective-
ness of the attack. There are only a few small patches of
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rooted vegetation remaining in the Bay.

Three converging tributaries discharge their efflu-
ents into the upper end of the Ray. The Sandusky River is
the principal tributary, the others are }uddy Creek and
South Creek. The drainage area of the Sandusky River is
1421 square miles (Langlois, 1254), and lies in fertile,
agsricultural soils which formerly comprised the extinct
alacial Lake laumee basin. The total discharge (second-
foot-days) of the Sandusky River for the period Cctober
1950 to September 1951 was 507,624 and the total load of
suspended sediment for the reriod was 26¢,024 tons. Large
volumes of avallable nutrients, eroded from the azricultur-
al solls, are carried into the Bay (Lake ZErie Pollution
Survey, 1963).

Considerable marsh land surrounds the uvper end of the
Bay and thils 1s the only portion of the shore line with any
sisnificant amount of rooted aguatic vegetation. Small
bays and open poclkets in these marshes provide sxcellent
cultural grounds for plankbton which ars carried into the
Pay and eventually reach the waters of Lake lLrie.

The anthor acknowlednes the assistance of the follow-
ing people: Dr. Jacob Verduin, who suscested the problem
and served as adviger; Dr. T. H. Langlois, Director of
‘the Franz Theodore Stone Institute of Hydroblology, who
provided edquipment and counsel; MNr. John . Anderson,
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Manager of the Winous Folint Shooting Club, who provided
laboratory facilities; WNessrs., Christian Christianson and
Forman Rounds, who provided information regarding the Bay
and aided with transportation on the Bay; Dr. Edward C.
Kinney, Jr., who photograpghed the figures; Nr. Walter C.
Knoblaugh, who helped to construct the under-water photo-
meter; and Mrs. Knoblauzh, who typed the manuscript.
- EETEODS

The method used for determination of rates of rhoto-
synthesis and respilration was described by Verduin (1951).
In brief, it consists of measuring the chanze in oH of
water samples upon removal of carbon dloxide by phobosyn-
thesis or upocn evolution through respiration, The equilib-
rium equations published by loore (1¢39) and the nomographs
by Dye (1¢44) provice tac theorstical basis for the deter-
minations of carbon dioxide exchange. Verduin has observed
(unpublishied) that Dye's nomographs do not sive a true pic-
ture of total carbon dloxice change in waters containing
substances of considerable buffering effect. Thereiore,
an actual buffer-curve was constructed hy stepwise titra-
tion of a liter of the water sample with NaQHl of known
normality; the relatlionship so estaklished was used in
cmmpﬁting COgy change.

A pail of water of approximately ten liters, removed
from the surface of the Bay at 8 am, provided the water to
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fill the series of test bottles and also the sample for
the estimation of the phytoplankton population. The tem-
perature of the water and the initial pH were immediately
recorded.

The capacity of the test bottles was 140 ml, glass
stoppered, and they were filled by being submerged and
stoppered under water in order to eliminate air bubbles,
Seveﬁ clear and two Dblackened bottles were used. After
filling, each bottle was attached in a horizontal position
to a cord and suvspended in the Eay with the bhottles at
0.1l m intervals in a vertical series at such a place that
they received unobstructed exposure to the light. The
first bottle was at the surface of the water and the two
black bottles were at the bottom of the series. The sup-
port, to which the cord was fastened, was anchored to the
concrete piler, except on those occasions when seiches
would flood the pier. At such times the bottles were sus-
pended from a bridge,

The experimental run was for six hours (9 am to
3 pm). The bottles were then removed from the Bay, sub-
merged in a pall of Pay water to prevent change in tem-
perature, and carried to the laboratory where the pl
(averape of three determinations) was recorded for each
bottle. The pH and the tewmperature of the open water were

also taken at the end of the experimental run so that
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apparent photosynthesis in the open water could be com-
pared with that of the closed system in the test bottles.

Using standard water-sampling bottles of 300 ml.,
samples of water were taken at 8 am with a modified Hale's
water sampler (Welch, 1948) for the determination of dis-
solved oxygen, free carbon dioxide, phenolphthalein and
methyl orange alkalinities (Standard Methods for the Ex-
amination of Water and Sewage.- 8th Hd.).

Gensral weather conditions, includine temperature,
wind direction and veloclity, precipitation and lieht con-
ditions were observed and recorded.

Light intensity at the svurface of the water and at
0.1 m intervals were measured at 10 am and at 2 pm by
means of a Weston photronic cell, Model 856 RR, enclosed
in a water-ti-ht case which was lowered into the watsr by
a water-proof electric cord. The electric impulse was re-
corded in microamperes from readinss of an ammeter, The
lizht intensities were plotted on semi-log paper and the
decimal reduction distance (DID), or depth to which 10%
of the surface light penetrates, was recorded for each
experimental run.

About midway throursh the period of investigation, it
became apparent that a simultaneouvs experimental run for
the measurement of oxysen exchance should be instituted as
a check on the carbon dioxide data. Consequently, a series
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of three water-sampling bottles, one of which was light-
proof, was filled with the sample water and suspended in
the Bay for a six-hour experimental run. One bottle was
held at the surface, another at 0.2 m, and the blackened
bottle was lowered to the bottom. All dissolved oxygen
analyses were made by the Winkler method (Standard Meth-
ods for the Examination of Water and Sewage.- 8th Ed.).
Considerable difficulty was encountered at first in cor-
rectly determining the amount of dissolved oxygen. Later,
it was discovered that the formula for the titration re-
agent, sodium thiosuvlfate as described by Welch (1948)
"6.205 NapS,03" was in error, when compared to the formula
for sodium thiosulfate prescribed by Standard Methods for
the HExamination of VWater and Sewa-e.- 8th LId., as follows:
"6.205 g. of NagS8,0,°*5H50". The dissolved oxygen computa-
tions were 50% too low until correction was made for this
reagent.,

At first, estimation of the phytoplankton popula-
tion was attempted by flltering a measured liter of sample
water throupgh a No. 25 silk bolting cloth filter., The fil-
ter was washed with 10 ml, of distilled water and ons mil-
1iliter of the concentrate was placed in a Sedgwick-Rafter
cell, Ten flelds were counted by using a Whipple ocular
counting disc, averased, and 3-dimensional measurements
made of the abundant species (Welch, 1948). It was soon
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apparent that this method ﬁas not accounting for a signi-
ficant portion of the population, as it wasg observed that
the most abundant organisms were unicells and too small to
be retained by the filter. These were so abundant that a
direct count could be made from one milliliter of water in
the Sedgwick-Rafter cell. Consequently, the phytoplankton
ﬁopulation was estimated volumetrically (p5 per liter) by
adding the count of colonial and filamentous forms ob-
tained from the concentrated sample to that of the uni-
cells obtained by the direct method. All zooplankters
were ignored in this study.

The total suspensoids and ash-free dry weight of or-
ganic matter per liter were determined gravimetrically by
centrifuging a liter of the sample water in a Foerst cen-
trifure, drying the concentrate in a constant-temperasture
electric oven at 600 C, weighing, igniting and reweighing
(Welech, 1948), For these weighings a chemical balance
with a sensitivity of 0.1 mz. was used. To correct for
organic and inorgsanic matter in solution in the Bay water,
a blank was run using the same amount of centrifuged water
as was used to transfer the concentrate from centrifuge to
crucible.

RESULTS

The dissolved oxygen in the Bay water ranged from a

maximum of 14,25 ppm in February at 0.0° ¢ to a minimum of
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5.92 ppm in June at 25.0° C, and averased 10.3 ppm, or
88.6% of saturation,

The initial pH varied from day to day, the minimum of
7.74 was recorded in April and maximum of 9.06 in sarly
March, with an avera:ze of 8,25 for the period. TFree car-
bon dioxide was present when the pH dropped below 8.5 and
varied from 0.0 to 11.0 ppm. During the period of
March 26 through April 29, the pH was consistently low and
was associated with the presence of free carbon dioxide,
Aside from this prolonged period, free carbon dioxide was
intermittently present throughout the entire period,

The alkalinity of the Sandusky Bay water is due almost
entirely to bicarbonates. The methyl orange alkalinity
varied from 79 ppm to 210 ppm and averaged 132 ppm. The
maximum was recorded on February 5, after wnich the total
alkalinity showed a steady decline until mid-April, then
an increase to a relatively consistent average to the end
of the study. Only once did the total alkalinity drop be-
low 100 ppm, April 19, when the DRD was 0.1l m, sugsesting
an important injection of turbid water.

Normal carbonate values were irregular from week to
week and ranged from 0.0 to 15.0 ppm. There may be ex-
perimental error involved here due to the difficulty of
judeging the end-point 1n the color change. Invariably
there was no measurable phenolphthalein carbonate below
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pH 8.3, Normal carbonates were consistently absent from
March 26 through May 5, then present until iay 28, after
which they were intermittently present.

The waters of Sandusky Bay are characterized by high
turbidity. This condition is primarily due to (1) wind
and resulting wave action which erodes the clay shore lines
~and causes a resuspension of bottom sediments in the shal-
low basin, and (2) the silt and detritus-laden discharge
of the tributaries. Throughout the period of the study,
the decimal reduction distance varied from 0,03 m to
0.92 m and averaged 0.36 m,

The temperature of the water was uniform from surface
to bottom. There was no thermal stratification. Water
temperatures approximated that of the atmosphere within a
few deprees,

Gravimetric determinations of total suspensoids and
their ash-free dry welsht bhesan the first week of NMay and
continued to the end of the study. The data obtained on
Mav & followed a period of precipitation and hish winds,
resulting in extreme turbidity. The totzl oven-dry sus-
pensoids for this day were 1128 mg. per liter and the ash-
free dry weizht of organic matter was 300 msg. per liter.,
This day was exceptional during this part of the study,
and it was assumed that the ma jor portion of the organic
matter~consisted of non-living detritus, hence these
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weights are not Included in the averages during this seven
weeks. The oven-dry suspensoids varied from 30.0 to 233.8
mg. per liter; the net asn-free dry welghts ranged from
6.0 to 27.8 mz. per liter with an average of 11.78 mg.

In figure 2, the rates of total photosynthesis
(micromoles COg absorbed per hour per lOlQFE) on five 4dif-
ferent days are plotted against light intensity. Com-
paring tﬁe data points of the different days, there is a
rather wide scatter, the highest curve showing maxima
about 2.5 times the valuss of the lowest curve. The data
for each day present a fairly smooth curve., All the curves
show some degree of inhibition at the surface, resardless
of the surface light intensity. In each case the maximum
rate appears in the second bottle of the series 0.1 m be-
low the surtface. The rates on any single day cannot be
considered a represontative sample, but the mean of sever-
al days represents a more reliable =zstimate of average
performance;

In fipgure 3, the photosynthetic rates, based on mi-
cromoles COo absorbed per mg. ash-Iree dry weizht of sus-
pensoids for tnhe same f[ive days as in figure 2, are plotted
acainst light. In this zrach, simllar curves appear but
the scatter is redvced considerably. The maxima of the
hichest curve being only 1.7 times those of the lowest
curve., These data suzegest that ash-free dry weight of
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Figure 2

Total ghotosyntheSis (p moles COg absorbed /hour
/10+¥p° ) graphed aga%nst lignt (E amps Weston
photronic cell x 107Y). The broken lines repre-
gent rates on five different days. The solid
line indicates the average of the five days.
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Figure 3

Total photosynthesis (p moles COp absorbed /hour
/mg ash-free dry weight) graphed against light
(1 amps Weston photronic cell x 10-9). The
broken lines represent rates on five different
days. The solid line indicates the average of
the five days.
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suspensoids was a better index of photosyﬁthetic capacity
than was the volumetric standing crop of phytoplankton
for thegs five samples.

Total photosynthesis, as based on carbon dioxide con-
sumption, is gravhed asainst temperature in figure 4.
Means are indicated by open circles., The average photo-
synthetic rate for the tempsrature ranze 0.0° ¢ to 10.0° C
was 8.22 p moles COp removed per hour per 1010p5. The
avera~e rate. for the tewpsrature ranre 15.0° ¢ to 25.00 C
was 14.01 o moles per hour psr lOlQp5 or roughly twice the
rate at the lower temperatures. Both of these rates are
associated with large standing crops; however, they are re-
lated to different communities, the former beiné nearly
a pure stand of Cyclotella and the latter predominately
Velosira., The photosynthetic rates for the temperature
ranre 5.00 C to 15.0° C averéde much hisher than the rates
on either side of this interval and apparsntly are not
attributable to temperatu}e. They were observed during a
period of extremely low populations and low decimal re-
ducticn distances,

figures 5 and 6 show photosyntiresis rates per 1019p5
per hour ~raphed asalnst standing crop of phytoplankton
per liter. In figure 5 the rates are determined from COg
change, and in figure 6 the rates ars based on O change.
The scatter diagrams in these figures are esgentially
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alike, indicating that these two separate methods of de-
termining photosynthesls yield similar estimates. The
average values (open circles) were used in drawing curves,
and the high values mentioned below, which go off scale,
justify the'upward extensions of the curves, The means
show a gradual downward slope over most of the graph but

a sharp bend and a rapidly ascending rate appesars at the
population level of about 0.3 x 10043, The data indicate
an inverse ratio betwesn photosynthesis rates and the
standing crop. The rates approached phenomenal values
during the perionds of extremely low populations. The fol-
lowing sequence of rates were obtained on a sequence of
days from April 20 to ¥May 3: 323.0, 632.0, 356.0, 904.0,
711.6 micromoles COg removed per 1Olop5 per hour. The
averame photosynthetic rate for the entire period, inclu- A
give of the above hich rates, was 74.0 micromoles per
lOlOp3 per hour. Excluding the period of high rates, the
average rate was 15 micromoles COg removed per 101Qu3 per
hour. The ratio of COg consumed to Og evolvea (Coz/02)
was 0.87,

Photosynthesis rates were also computed per mg. of
ash-free dry welght of suspensoids. The rates so ex-
pressed varied from 1.05 to 5.45/micromoles.002 absorbed
per hour, and averaged 2.4. On the basis of oxygen evo-
lution, the rates ranged from 0.49 to 3.53 micromoles Og
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per hour, and averased 2.3. The photosynthetic quotient
(COg/02) was 1.04.

In figure 7, total photosynthesis (p moles C0g/hour/
liter of water) is plotted against ash-free dry weight of
suspensoids. These data were obtained during the period
May 5 to June 18. The vhotosynthetic rates in experi-
mental bottles ranged from 14 to 42 micromolss per hour
per liter, ﬁith an averagze of 26, A line drawn throug
the means of the scatter-diagram indicates that the rela-
tionship appears linear; a correlation coefficlent of
0.604 was obtained, and this is gtatistically significant
at the 5% level. Correlation of COp consumption with
standing crop was 0.3588; of Os evolution with ash-free
dry welght was 0.413; of Op evolution with standing crop
was 0.457. The broken line shows tha influence of one
low readings taken subsequent to a storm, when total sus-
pensoids were unusually higzh,

The rates of apparent photosynthesis in tne open
water for the period indicated above were calculated from
the initial pH and from the pH taken six hours latsr,
This varied from a -5 to a +¥8 micromoles COs per hour
per liter and averaged 12. For the entire period, ifebru-
ary to June, the averacze total photosynthesis at optimal
light in the experimental bottles was 17 micromoles COo
consumed per hour per liter, and the average apparent
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photogynthesis was 18. These data indicate close agree-
ment between changea in the open water and changes in the
experimental bottles, with apparent photosynthesis ac-
counting for about three-fourths of total photosynthesis.
The euphotic zone, or depth to which 1.0% of the sur-
face light penetrates, comprised approxirately 70% of the
water mass, on the averarze, TIor the pariod ovaay S5 to
June 18, the avera:e photosynthesis rate within the
euphotic zone was 12 micromoles COp per hour per 1019u5
and 2 micromoles per mg. ash-free dry weicht. The aver-
age for the total water mass was 5.9 mioromolés COo per
hour per lolop3 and 0.2 micromoles per mg., ash—free dry

weight.

OlOPB

graphed arainst standing crop. In fiszure 8 the rates

Figures 2 and © show respiration rates per 1

determined from CCp change are portrayed; in figure 9
the rates represent Op changes. Asain, the average
values (open circles) were used in drawiny the curves,
and the high values go off scale, justifying the upward
exbenslon of the curves. A comparison of these firures
shows a much lareer scatter in the COp data than in the
Oo data. The shape of the curve in both graphs is simi-
lar and contains the same sharp increase at low popula-
tions that was observed in the photosynthesis data, but
the level of the COg-based curve lies distinctly ahove
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that of the Og-based curve, indicating that respiration
rates based on COg changes are severai“times higher than

- those based on Og change. The average COy evolution was
4.72 p moles/hr/lolqMS; Og consumption was 1.7 j moles/hr/
1010p5, giving a respiration gquotient (C0o/02) of 2.7.
When related to ash-free dry weight of suspensoids, the
averape COg evolution was 0.887 p moles/hr/mg; the Og con-
sumption was 0,267 p moles/hr/mg, and showed a respiratory
quotient of 3.3,

In figure 10, respiration rates relating to oxygen
consumption per hour per 10103 are plotted against tem-
perature. A line drawn through the means indicate that
the rates of oxygen consumption decrease with increasing
temperature. This is somewhat surprising because tempera-
ture increases are usually associated with increased meta-
bolic activity.

The time distribution of the standings crop 1s por-
trayed in figure 1ll., The study began with the standing
crop receding from the crest of a pulse, followed by a
steady decline to very low levels in April, then a rather

rapid rise to a maximum in mid-June. The configurations
of the population and DRD curves are similar and sugzgest
that the standing crop is signifipantly influenced by
1lisht supply.

Figure 11 also shows the decimal reduction distances
apainst time. This curve reflects the extent and changes
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average of three debterminations made during a week. The standing crop is
indicated by the solid line and licsht penetration by the broken line.



in turbidity. Light penetration was at a maximum in Feb-
ruary; a shérp decline was followed by a moderate rise in
early March. ©Both of these crests were assoclated with an
ice sheet and the declines were related to the disappear-
ance of the ice, exposinc the water to wind influence.
Maximum turhidity and the minimum of light penetration
occurred in April, caused by strong winds, precipitation
and the resulting turbid effluent of the tributaries.
Week to week fluctuations prevailed through May into June
but with general lessening of turbidity accompanied by
increasing light penetration.

The 1light absorption coefficient was calculated by
the application of the Lambert-Beer's Taw to the data cob-
tained, beginning with the first week of May. This
varied from 0.07 to 0.15 and averaped 0.12 for the period,
The average value of this coefficient was very close to
the average reported for Lake Erie (Verduin 1954), al-
thoueh the concenﬁration of suspensolds is 10 times great-
er in Sandusky Bay than in western Lake Hdrie.

The distribution of phytoplankton populations in re-
lation to decimal reduction distances 1s portrayed in

figure 12. Fopulation means are plotted for each 0.1l m

aQ

interval, This graph reveals a positive correlation of
the standing crop with light penetration between abscissa
values of 0.0 - 0.4, but beyond this polnt the correlation
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between light penetration and standing crop disappears.
These data surgest that when DRD is reduced to less than
one-third of the total depth, light becomes severely
limiting and the size of the standing crop is largely de-
termined by light penetration, but when the DRD is great-
er than one-third of the water column, factors.other than
lizht supply exert a controlling influence on the size of
the standing crop.

The average population for the temperature range
0.0° to 10.0° ¢ was 1.1 x 10103 and Cyclotella was the
predominant genus. For the range of 15.00 - 25,00 ¢,
the average population was 2.4 x lOIQu5 and Melosira was
the ma jor component.

At the start of this study on Pebruary 2, the phyto-
plankton population apparently hs ' been or was at the
crest of a pulse as the crop was 2.54 x lolqp5 per liter.
Ninety three percent of the crop consisted of Cyclotella,
the largeét component of which was identified by the
author as Cyclotella michiganiana Skvortzow and this
identification was confirmed in private communication by
L. H. Tiffény. This genus was represented by 25 million
cells per liter. The low crop in April, 0.007 x 10103
per liter, cowprised a mixture of diatoms with 36,000
cells per liter., The June pulse attained a crest of
5.7% x 1010)15 per liter of which Melosira varians C. A,
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Agardh and M. granulata (Ehrenbefg) Ralfs. comprised 65%
of the population with 5,150,000 units per liter (100 u
in length equals 1 unit).

The Bacillariophyceae comprised 96.7% of the Febru-
ary crop and 93.5% of the June crop, The phytoplankton
population, while abundant in number of individuals, showed
a scarcity of genera. In addition to the two predominant
genera mentioned, the following genera of diatoms were
present in lesser fractions; Asterionella, Tabellaria,
Fragellaria, Iavicula, Gyrosigma, Pinnularia and Synedra,

The Chlorophyceae were represented by Pedlastrum,
Actinastrum, Staurastrum, Coelastrum, Tetrastrum, Scene-
desmus, Ulothrix, Eudorine and Closterium. These repre-
sented less than 1% of the plant volume present.

Oscillatoria, Microcystis and Aphanizomenon were the
only geﬁera of the Myxophyceae., Euglena; Phacus and
Tepocinclls of the Euglenorhyceae were fairly'common in
early spring; Dinobryon of the Chrysophyceae was observed
at the lower temperatures; and Peridinium was the only
representative of the Dinophyceae.

DISCUSSION

In the respiration graphs, figures 8 and 2, the dis-
crepancy betwéen carbon dioxide evolution and oxygen con-
sumption poses a problem upon which the author can only
speculate., Because of the photosynthetic rates for carbon
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dioxide consumption and oxygen production (figures 5 and 8)
show a ratio near unity, one would expect a similar cor-
relation of respiratory exchanges, The data indicate that
a condition, or combination of factors, results in appre-
ciable changes in pH either (1) throush COg production in
excess of 0o consumption, or (2) the formation of some
other acid, or (3) a non-biological chemical reaction that
produces a2 drop in pH during the six-hour enclosure in the
black bottles. This phenomenon has not been recorded be-
fore. Throughout this period, averapge to excessive turbi-
dity prevailed, affecting high concentrations of organic
and inorsanic suspensions from the bottom sediments. The
sitnation suggests release from the bottom muds of hetero-
trophic bacteria active in the fermentation of organic
matter with the production of COg, or some other acid
(Henrici 1939)., Little is known regarding the extent of
bacterial populations in bottom muds or of the masnitude
and quality of their metabolic products. The reports of
Reaver (1942) and Weeks (1943) on the bacteria of Take
Erie do not appear to be pertinent to this study.

The effect of the difference between 0o consumption
and COp production upcn estimates of net photosynthesis
(total photosynthesis minus respiration) is that the rates
computed from COg data will be wmuch smaller than rates
computed from Og data. For example, net photosynthesis
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for the éntire water mass cpmputed from COy data is -66
micrbmoles per iiter per day and'from Ogidata #77 micro-
moles per liter per day. More investigation is needed
in this area of possible bacterial influence on rates.

In figures 5 and 6, the phenomenon of sharply increas-
ing photosynthesis per 101Qp5 appears with low levels of
standing crop and the entire curve shows an inverse re-
lation to the phytoplankton population. For several
weeks during the sumwmer of 1953, studying samples taken
from Put-in-Bay, I observed similar inverse ratios be-
tween photosynthetic rates and standing crop with rapidly
rising rates assoclated with low populations. Experi-
ments with Lake Erie water from which the phytoplankton
had been removed by & Io. 25 silk bolting cloth filter,
showed averape vhotosynthetic rates of 2.3 p moles COg
removed per liter per hour. Obviously, these rates are
attributable to a component of the phytoplankton not re-
tained by the Mo. 25 boltins cloth filter. Henrici
(1939) suzmests that "autotrophic bacteria are very pro-
bably of great importance in the metabolism of lakes.
They fall into two divisions: the chemosynthetic spe-
cies which obtain enefgy from the oxidation of inorganic
elements or compounds (hydrogen, sulphur, iron, ammonia,
carbon monoxide) and the photosvnthetic species. The lat-
ter, the red and gresn sulphur bacteria, possess pigments
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which, like chlorophyll, trap the energy of sunlight, and
use it to transform carbon dioxide and hydrogen sulfide
into organic matter"., wvan Niel (1235) in summarizing ob-
servations of photosynthesis in bacteria states "with
regard to a oonéept of the mechanism of the photosynthe-
tic conversion of various H-donors and COy into bacteri-
al cells, nothiny stands in the way of the hypothesis
that fundamentally this conversion follows the same path
as rreen plant photosynthesis'",

It seems reasonabls to suspect that the flora of the
Ray contains a significant fraction of chemosynthetic and
photosynthetic bacteria, the metabolic activities of
which may explain both the inverse correlation between
photosynthesils per unit plant volume and standins crop,
and the high 002/02 respiratory ratio, This problem
needs considerable study before there can be a thorough
understanding of phytoplankton metabolism.,

The avera~e tobtal photosynthetic rate for the entire
water column, May 5 to Jure 18 was 12 micromoles 09
evolved per liter per hour, or 144 micromoles evolved in
12 hours of dayli~ht. The averapge rate of resplration
was 2.2 micromoles Os consumed par liter per hour, or
67 micromolss consumed in 24 hours. Photosynthesis pre-
sents a net -ain of 77 micromoles of Og per liter in 24
hours,
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Riley (1940), for Linsley Fond, reported an average
rate of 1,065 mg. 0g evolved per liter per week for the
entire water mass, which amounts to 4.75 micromoles per
liter per day; and he reports 1.337 mz. Op consumed per
liter per weelk, which amounts to 6.07 micromoles consumed
per day., A net loss of 1.52 micromoles Og per liter per
day is indicated.

Wright (1954) reported a photosynthetic rate of 0.39
mg. Oo produéed per liter per 48 hours in Atwood Lake,
which amounts to 6.1 micromoles Og per liter per day;
and a regpiration rate of 0.54 mg. Oo absorbed per liter
per 48 hours, which amounts to 8.4 micromoles Og con-
sumed per day. This represents a net loss of 2.3 micro-
moles Og per liter per day.

There 1is considerable difference in the perilod of
exposure of test bottles in the above-mentioned experi-
ments (Riley 7 days, Wright 2 days, present study 6 hours)
and some ol the differsnces appearing in the above compari-
seng may be due to that fact., DBut the shallow waters of
Sandusky Fay, with hich phytoplankton crops (about 3 times
ag high ag in Linsley Pond) and high values of suspen-
gold ash-free dry wei-ht (about 5 times as high as in
Linsley Pond) are assoclated with a 24-fold greater total
photosynthesis per liter, and it seems unlikely that the
difference 1s entirely an artificial one resulting from
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the difference in methpds.

It is‘intéreéting to compare the photosynthesis per
init area in Sandusky Eay with déta computed from the
literature. On this basis, the average total photosyn-
thesis in Sandusky Eay was 144 millimoles Op/me/day,
which 1s equivalent to the production of 4 grams of glu-
cose/m?/day. Manning and Juday (1941) reported an average
total photosynthesis for Weber Lake of 57 millimoles 0Og/
mz/ﬂay. This was the hichest of ¢ lakes studied. Ra-
binowitch (1945) quobes an annual averace amountin~ to 85
millimoles og/mz/day for marine phytoplankton. Wripht
(1954) reported an average gross photosynthetic rate of
28 millimoles Op/m°/day for Atwood Lake. Riley (1940)
obtained rates of 67 millimoles Op/m/day in Linsley Pond,
Jackson and McFadden (1954) reported rates amounting to
210 millimoles Og/mz/day. The author obtained rates (un-
published) of 150 millimoles Og/mz/day in western Lake
Erie waters in the summer of 1953. These comparisons
show that although photosynthesis per liter, the stand-
ing crop of phyvtoplankton, the ash-free dry weight of
suspensoids, the chlorophyll content of water, etc., may
vary over several orders of marsnitude, the photosynthe-
tic rates per unlt area within these widely different
environments lie within the same order of maqnitﬁde.

The similarity of correlation coefficients in the
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‘0o and COg data plotted against_ash-free dry Weight and’v
standing crop indicate that the method using pH change as
an index of photosynthesis is as reliable as the Winkler
method of following Og change. These correlation coef-
ficients are notably higher than those obtained by Riley
(1940) for 0o production plotted against ash-free'dry
weight and standing crop which were 0.051 and 0.150 re-
spectively.

Populations may vary in protoplasmic content (Ver-
“duin, 1952) and Sedgwick-Rafter type counts do not include
the bacterial and fungal flora which would be contained
in the measurements of ash~free dry welght. Rates per
unit ash-free dry weight reported by various authors show
less disparity than with rates pertaining to phytoplank-
ton volume., The average maximum results obtained in this
study were 2,3 micromoles Og evolved/hr/mg ash-free dry
weight; Jackson and McFadden (1954) obhtained averape
rates in Sanctuary Lake of 1.54 micromoles COp absorbed
/hr/mg; and Riley (1940) in Linsley Pond obtained an
average surface rate of 0.32 micromoles 0o produced/hr/mg
ash-free dry weight of organic matter,

Since different bodies of water present a wide vari-
ance in orcanic seston, it is important that more exten-
sive studies be made to indicate the range of photosyn-
thetic values per unit of ash-free dry weight. This was
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apparent in the study on Sandusky Bay where the organic
matter varied from 5.8't6”300'mg. ash-free dry weight per
liter.

The phytoplankton populations in this study repre-
sented two rather distinct communities, Cyclotella during
February and March, and Melosira in May and June. The
rhotosynthetic rates of these two communities vary by a
factor of 1.7, The organisms comprising the separate com-
munities differ in cell volume, protoplasmic content and
perhaps physiological activity., They also occurred at
different environmental temperatures. It is important
that data be obtained pertaining to the metabolic acti-
vity of phytoplankton communities rather than being lumped
as "standing crop". Such rates may be obtained in rela-
tively short periods of 4 to 6 hours and the methods used
in the present study require no more effort than the ac-
cepted methods of determining standing brop. Contribu-
tions have been made in this direction by Verduin (1952)
and Jackson and McFadden (1954).

SUMMARY

A study of the photosynthetic and respiratory acti-
vity of the phytoplankton of Sandusky Bay was made from
Februar& 2 to iune 18, 1954,

The waters of Sandusky Bay are characterized by high
turbidity. The decimal reduction distance averaged 0.36 m,
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The light absorption coefficient averaged 0,12, The aver-
age euphotic zone comprised 70% of the water column.

Oven-dry suspensoids averaged 121.8 mg. per liter and
agh-free dry weight of suspensoids averaged 11.78 mg. per
liter. Phytoplankton population ranged from 0.007 x
lOlQMB to 5,73 x lOlO}l5 per liter and averaged 1.3 x
1OIQu3 per liter; diatoms were the predominant component.
| The average photosynthetic rate in optimal light,
based on COg consumption per 1010p3 was 15 micromoles per
hour; the ratio of COp consumption to Og evolution was
1.16.

The total productivity on an area basis was 144 mil-
limoles Og/mz/ﬂay, or the equivalent of 4 grams of glu-
cose per square meter per day.,.

pH changes in surface samples from the Bay during
the 6-hour test periods indicated COo absorption amount-
ing to 75% of the averagé total photosynthesls at optimal
light observed in the bottles,

Photosynthetic rates at periods of low levels of phy-
toplankton population indicate the presence of important
quantities of organisms that are not detected by observa-
tion under 100x magnification. Chemosynthetic and photo-
svnthetic bacterilia may be responsible for this phenomenon.,

A regpiratory quotient of 3.3 was obtalned, indica-
ting COo evolution considerably in excess of Og con-
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sumption. ™his phenomenon also suggests the activity of

a bacterial or fungal component causing production of COgo
or some other acid in the dark. More information is need-
ed regarding the bacterial and fungal components of phyto-
plankton,

The correlation of COo consumed per liter with ash-
free dry weilght of suspensoids was 0.604; with phyto-
plankton volume was 0.388. The correlation coefficient
of Og evolved per liter with ash-free dry weight of sus-
pengoids was 0.413; with phytoplankton volume it was 0,457,
These coefficients of correlation indicate that phyto-
plankton volume and ash-free dry weight are of the same
order of reliability as indices of productivity in San-
dusky Béy. 'Only one of these correlations (COg consumed
with ash-free dry weight of suspensoids) is sienificant
at the 5% level. These correlations indicate further,
that measurements of photosynthesis by means of pH deter-
minations are as reliable as those based on oxyrsen deter-
minations using the Winkler method. The latter method is

considerably more tedlous and time-constming.
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