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ABSTRACT
Primary Productivity of Lake

George, New York: Its Bstimation
end Regulation

R. G, Stross
" Department of Biological Sciences
SUNY, Albany
Albany, New York 12222

Rates of production were estimated for the phytoplankton and the
attached macrophytes. Dally retes of net carbon assimilation for the
phytoplenkton are calculated from measurements of hourly rates at ex-
pected light saturation, total deily insolation and coefficient of light
attenuation.

Mean daily rates for the years 1970-1972 show a 50% increase in the
maximum summertime rate.

The macrophytes are primarily Nitelle flexilis which grows in the

depth zone of 7 and 12 meters, or on some 20% of the bottom. ‘Evidence
suggests two crops per year. Daily rates, estimated from seascnal. growth
patterns gnd annual accumulation, suggest intervals in June and Septeuber
when mecrophyte and plankton contribute equally to productivity on an
areal basis., Growth morphology and oospore formation suggest that (red?)

light strongly influences the Nitella beds on Lake George.

KEY WCRDS: Biological productivity, phytoplankton production, orimary pro-

ductivity, macrophyte productivity, photoecology.
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The objective of this report is to present the estimates of primary
production in Lake George New York that have been made since 1969

The studies of prlmary productivity in Lake George have had several
objectives 51nce its 1nceptlon in 1969. (ne of these is to estimate éhe
éahhined rateﬁbf primsry productioﬂ fér both the phytoplénkton and macro-
phytes in Lake George.. This report is devoted to.giving the first cdpf

prehensive estimate of this kind for Lake George.
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I. PHYTOPLANKTON

Productivity of phytoplenkton was estimated with a single approach
from mgasarements of light~saturated photosynthesis and light intensity
data which consists of extinction coefficients and total daily radiation
at the lake surface. The technigques involved in measuring light-saturated
ﬁhotosynthesis of Pma# are standard, Si#ce they have been described else-
where ﬁhey will be only summarized ﬁere.

Methods and Materials

The basis of the measwrement is the short termm rate of photosynthetic
:upbake Qf carbon as-determined with the addition of carbon-l4 (Steemann-~
Nielsen, 1952), lLake water was incubated in 165 ml bottlés in an illumi-
‘nated revolving drum incubator. Light intensit& maximum was 1500 ftec and
the temperatures were those of the lake surface. The rate of photosynthesis
is reported with corrections being made for dark uptczke of carbon and for
loss of photosynthate in extracellular excretion., Mean extinction coeffi-
cients were calculated from profiles'of'white light attenuation as measured
with the submarine photometers (G. M. Manufscturing and Mentedero).

Surfﬁce light intensity was measured at the SUNYA-ASRC Leboratory in
Lake George Village. The inﬁerval from July 1971 through-August'l972 was.
the only data svailsble at the time this report was prepsred. The date
were obtained from Mr.Robext Kohberger in the IBM card form provided to
him by Mr. Ronald Stewsrt., Hourly rates of photosynthesis (Fgax) are con-
verted to deily rates for the entire water column, The formula was
supplied by Mr. Paul Nobbs of San Diego State University as was the com~
'pﬁter program £o calculate day length. The formule for depth integration

of hcurly rates and for conversion to rates per day:

¢ = ( rctan - o)] -Arcta -~ o
P(mg/c/ma/day)' - (Pmaxjg )_22‘\’ Arct | [(D Z.). (1 ﬂ :Ar __t n [( 2) (Ij
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where:; . photosynthesis at light saturation

A3
u

light extinction coefficient

D = maximium lske deyth'
A = depth of optimal light intensity
I, = incidenﬁ iiéh%wiA£énsit§

3 N = daylength (sunset-sunrise)

. The formula yielded results very nearly that of the standard Volien~
weidgr (1966) equaetion (see last year's report) when surface light is
intense but tends to give 1£;ger eatimates on diﬁ days.,

The correction for daily asymmetry in hourly rates of photosynthesis
wes .obtained -from' the following formula (also supplied by Nobbs):

Ppax = Measwred P,/ 0.5 siriETf/e(}%g)] +0.5

#

| where ?I tpmeas i"tpmax

tee - b

and P ss pmax

- #

. The formula .for daily asymmetry replaces last yeér's technique which
was found to be greatly in error (Stross, 1971).

Spatisl-Temporal Patterns.

Mﬁch effort has been devoted to the measurement of: ¥ ... -The question
was asked; What is the minimum number of samples necessary for & reasonable
estimafa:of-the~mean? At the ssme time 1t was necessary to know both what
veriance resulted from local or small-scale patchiness and‘from;verticgl'
stratification of the algal assemblage.  Finally, the question was also
asked: Is there a significant difference iﬁ rate §f photosynthesis at
1ight saturatidn that is associated with location in the axial gradienﬁ of
Iake George?

4 Results -

The spatial temporal pattern of photosynthesis'in Lake George as



determined from estimates of Prex bes already been described (stross, 1970
:1971; Stross and Kohberger, ms) and will be'only summarized here, Hourly
retes of Py, ranged from 4.4 to 31.1 mg C/ma/hr during the jce~free part
of the year. -Photosynthetic rates are much more stable than the range indi-
cates, however., Most of.the variasbility is removed when the major sources
of variance sre removed, When variance due to season, location in the lake

(statiom),and time of day is removed, the metabolic activity of the algae

' in lake George is remarkably stable., At a single station the amplitude of

daily oscillation may be in the range of 1.6 and‘E.O. Seasonal variability
at & station is in the range of 2.2 and 3.0 if the winter peribd of ice
cover is excluded; a small amplitude Indeed if one realizés that the'Solar
input at hso has an annual range of é.O. The other variable is location

or station in the lake. Rates at Station 1 in the southern end of Iake
George are usually 2.0‘01 more times larger than photosynthetie rates in

| samples at Station 7 near the northern end. Station %, which is immediately
north of the narrows that separates southern and northern basins, may have
rates that agree with Station 1 or 7, or be iﬁtermediate to the extremes.
Combined, the various sourcesof variability suggest a strongly fluctuating
Ppax When in reality the local veriability at any one station 1s remarkably
small indeed,

Local variability in B,y is quite small with exception. In the
overall analysis, profile and depth were set up with station as tﬁe méin'
sources of variance., In gll but one cruise the only main source of variance
ﬁas station and that was consistently significant. The only other main
source of vari;nce in the analysis was the effect of depth. During the
late summer intervals there was often an accumulation of photosynthetie
standng crop (Newhouse, et.al., 1967) in the thermocline at 10 and 15 meters

depth, .
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; Local-variétion was rarely if ever;significant. In both‘the hord-
zontal, as measured by comparison of profiles, and the vertical, as measured
ot five depths, variability in P x was not -significant 'in a Stat10n~Prof11e-
-Depth thruway enalysis of variance with exceptions. .VertiCal stratification
"of the photosynthetic standing crop was often associated with thermal strati-
ficgtion, especially in lete summer. The larger then the mean Fp.. from
depths of 10 and 15 meters were eliminsted from the mean Prax fﬁr each
sﬁation however. FError variance was slways smeller than 10 percent of the
varience at a station and usually near 5 percent.

Daily Rates of Phytoplankton Production

Three variables necessary to calculate the daily ;g&g cfiyrimary gro-

duction are. the standard Pmax,surggqe Sight intensity, and an attenuation
Egg{g}gignt of light 1ntensity with depth, The calculation program, pre-
pared by Paul Nobbs and Miss S. W. Chisholm, was designed to give an output
value for each day on which there was a datim for daily input of solar
radiation (Ehortwave). Ppax estimates were interpolsted from the estimates
shown in Figure 1. -Liéﬁt extinction coefficients are: introduced as mean
monthly values. They may be based'qn gctually measwrement, as during the
ice-free periocd, or based on an assumed attenuation of 99 percent in ﬁhe
first 2 meters beneath the ice which may be realistic when the ice is covered
- with snow.

Light saburated rates of photosynthesis are summarized for the interval
July 1969 to September 1972 in_Figure 1. Mean values are shown for each of
three stations on Leke George., - The general annugl tfend is apparent, Maxi-
wum rates for each year are to be found in the sumer and autumn, ‘Pmax is
usually largest at the southern end of the lake at Station 1 and smallest

at the northern end of the lake at Station T. Consldering Station 1 only

~ for the moment, there is an interesting pulse that seems to occur in the
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summers of 1970, 1971 and 1972. The pulse interval: se.éms?-to be restricted
to the late July-August interval and repeated each year (Fig. 2). The
swwmer maximum of P... recorded in 1970 was in July at 17.7 mg ¢/m3. In
1971 the summer maximum was measured in August at 20,6, and in 1972 it

was recorded also in August et 31.1 mg ¢/md/hr. Thet is, there was &
measurable increase in hourly rate over the three year period.

The calculation program described above permi‘tted the conversion of
hovrly rates applicable to & depth where light intensity is et satwration
to daily rates for the entire water column. Two months, July 1971 (Fig. 3)
and August 1972 (Fig. 4) weré chosen arbitrarily for display of day-to-day
trends, In the first comparison {Fig. 3) the daily rates at Stations 1
and 7 show reversing trends. That is in July 1971 the rate at Station 1
declined from 1.2 g C/mzfday to approximately 0,7 before reversing the
trend. The rete et Station 7 increased from 0.4 to 0.7 g ¢/nS/day during
the same intervel (Fig. 4)., Since the seme solar input was employed in both
ceses, the trends are obviously determined by the estimates of P, . for the
respective stations. In August of 1972 the rates &t both Stations 1 and
7T declined from maximum values at the begimming of the month. The daily
fluctuations in solar intensities seemed more severe in the August 1972
comparison. As & result the fluctuations in production rates also have
gre‘atér amplitude. If is to be noted that the estimated deily rates at
Station 1 epproach 2.5 g ¢/x°/asy, an ell time single-day high for the
3-year interval of study. .

Daily rates are combined to give a mean daily rate for each month in
_Figure 5. The period from July 1970 to August 1972 is included in the
celculations. Although the F .. are new for each year, the solar radiation

data for Lake George was at first available for the single year of from

July 1971 to August 1972 only.  As a consequence, the same light data are
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uséd for both years., The net result of usihg the same annual radiation
data 1s to observe that each summer from 1970 through 1972 there is & pro-
gressive increase in the mean daily production rate that approached & 50

percent overall increase in mean daily rate of photosynthesis., The second

pattern to emerge from the mean daily estimstes 1s & distinct bimodal dis-

.tribution for the spring-‘-sumﬁer interval, Since the effect is resiricted

to Station 1, 1f seems unlikely that use of the same solar radiation date

for both years should account for the bimodal pattern,

F



II. MACROPHYTES

~Production and Growth Regulation

" Reported by lleedham, Juday and associates +(1922), the extensive beds

of Nitella flexilis are well known for Lake George. The objective of the
pré%enﬁ’study was 1) to determine the precisé‘distributions'of the Nitells
‘bedé; 2) to determine whether or nof Nitella is the only Sﬁecies of macro-
. phyfés.found.at‘the bottom in the sub;liﬁtbrallof Lake‘seomge;' 3) to
measure the annuel production; and L) to determine the senstivity of the
macrophytes £o_the major camponents of their environment,

large plants'and animals obviouély contain larger guantities of nu-
trient ions ahd are likgly to exchangé the ions at a slower rate than their
microscoplc countefpafts. Conceivably lerge plants take‘ub and retain
nutrients that may, without such & sink, normally reéycle within the plank-
tonic community. Whefher or not the macrophytes ih Lake George'compete |
with the phytoplankton for nutrients may be suggested with the present
approach, : . :

In sddition to the Néedham (Needham, et.al., 1922) report there are
specific studies of the macrophytes in Lake George. Fenlon (19?1) and
Traver (1971) sempled extensively with an Ekmon dredge in'depths feportedly

up to 25 meters., Fenlon reports finding an identified sﬁecies of Pobamogeton
in depths ranging tp to 12 meters; but this is almost éertainly”a misidenti-
ficotion of Nitella flexili#. Mean quantities of dfied plant matter was

given st 21.88 g per me

for the southern portion of Lake George'susouth basin.
Ogden {1971) hes made an extensive analysis of the species répresented in
Lake George, This project is gratefui'to him for identifications of ail
species described in the report, ' |

Methods and Materials

The totel annual production of rooted and attached macrophytes was
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: estimated from stending crops snd rates of replacement Short term rates
of ?arbon uptake were slso meassured and these data may serve as & second
type of estimate of annual production, aside from their utility for eval-
usting the environment. | ' | |

; Stending crops were estlmated frun samples collected with an Ekman
dredge. The macrophytes were removed from the dredge, washed, dried at
105° % ‘and weighed on an analytic balance. The collections were made at
_depth intervals of 1.0 meter from eithe: the 3- or the 7.0 -meter contour

to the l2-meter contour,

The sampling locations were restricted to the south ba51n of Lake
George. Tea Island (Flg. 6) was settled as the major reference station
and the samples necessary to evaluate the seasonal development of Nltella
were taken from a traneect at Tea Island. A general analysis of quanti-
tative distribution was undertaken in the whole of the gouth basin of
Lake George. COmplete transects, that is samples taken rrom 3- to the
12-meter contour, were established at seven locations. These were Tea
Island, Dunham Bay, Wgrner Bay, Speaker Heck Island Dlamond Island, Dome
Island (west shore) and Northwest Bay. In all cases the most gently sloping
bottom was selected 80 as to extend the distance between the one-meter con-
tours. The steep slopes vere examined to verify presence by geubs divers
. on underwater sleds, & veh:.cle that allowed extensive coverage of the
bottom.l Both types of slopes were compared photographica}ly.

The geperel survey weslﬁo; the puppose of measuring both qualitetive
and quantitative distrlbutions of species populations in the sub littoral
bottom of Lake George, or primerily from 7 through 12 meters of depth. lThe
fractional srea of the lake in the depth renge of 3 and 12 mete;s was_deter-

mined from planimetric meesurement of the standard Lake George map as supplied

by the_Power Sqoadron oh the lake,
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Rates of carbon assimiletion were messured with short term incubation

in the presence »f carbon-14 labelled COp and bicarbonate (or as with the

phytoplankton)., Only the sub-littoral macrophyte, Nitella flexilis was
subjected'to-photosynthesisvmeasurements.‘ Usually individual plénts,
collected by dredge or diver, was suspended in lake water contained in a
standard milk dilution bottle of 165 ml capacity.’ The botile were then
suspended on the revolving drum of the standard PECCER photosynthesis
chamber. | |

Following incubation of normaily two hours duration, the plants were
removed from the incubator, placed on dry ice, and transported to the
fuming hood. After fuming, the plants were dried at 105°.and weighed.
The amount of cerbon-1k4 label sssimilated was'measﬁred by converting the
organic carbon to free COg‘in controlled combustion chambers (Adams pers.
communication}. The CO, was absorbed in ethanolamine. A ‘standard scin-
tillation cocktall was added to the vial, and the contents counted in a
liguid scintillation spectrometer (Packerd Mo. 3375). Caleulation of the
rate of carbon uptake was standard end based on the ratio of carbon-1k
absorbed to thet in the incubvation vessel, The emount of carbon-12
evailable in the incubation vessel was determined from titration of alka-
‘linity, pH determinetion, temperature and conversion tables (Sesunders,
©et.al., 1962). Uptake 1s expressed per grem dry weight of plant.
The photosynthesis measurements served two functions. One was to
 determine the times of maximum photosynthetic activity of Nitella in the
field., The sgcond function was to evaluate light intensity, nutrient
{phosphate and nitrete) concentrations, temperature and~time of day on the
rates of photosynthetic incorparation of.carbon. Nitelia has already been
shqwn to be sensitive to turbulence (see belww) and the plants were rou-

tinely tested in an environment made turbulent by the agitation of the
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"incubation vessels in thé incubator.
Results

Attached or rooted biants grow‘ektensively on the bottom of Lake
George. In that part of the bottom within the 3- and 12-meter éontours
is a vast, almost continuous covering of plants. The species Nitella
flexilis is the singularly most ebundant member, In fact it is essentially
the only macrophyte species in the zone of 7 to 12lmeters. Plant densities
are rather uniform on the bottom from 3 through 9 meters st 35.0 grans
(dry Weight)/'m2 and from 10 through 12 meters at 119.5 g/h2.= The much
greater lukuriance in the deeper water is confirmed by & veriety of- tech-
nigues that consist of photograpiy, morphological analysi§ of the plants,
etc. and will be a special‘tobic (see below). The growth form of the
Nitella and its rather étriking delimitation along depth contours illustrate
the precise way the environment controls the grcwth of the macrophytes.
Most observed speciles of plants and enimals found on the bottom show rather
precise depth distribution as observed by the divers and in the photographs of
the botton. -

Seasonal Standing Crop at Tea Island

An argument is presented to the effect that the standing crop of Nitells,
the principal species seems to be replaced gt least twicé each year. There
is evidence for both g winter and a -summer population of Nitella. Three
types of individual plants were recognized. 014 plants contained only dark

green or green-brown cells; nany of'theselplants contained segments thét
ﬁere dead or Eecrotic. New plants were light green and finer textured. A
third category consisted of old plants with young or newly generated or
light green terminal sections, Most of the observations fall in the intervél
of June to Octcber, Within this interyal there is clearly replacement taking

place in June and again in September.
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In early June tyo easily-distinguishéd groups of Nitella plants.are
present in the dredge samples from the Tea Island area. At 12 meters the
old plants are.hE cm tall and the young plants-are 5 to 10 em tall (Fig. 7).
The old plants have diséppeared by the end of July while the young plants
“have grown to a length of 30 cnm. The same thing happens ih shallower ﬁater
at 7 and 8 meters depth although the length of the plant is much less,
reaching maximum lengths of 1b and 18 cm, respectively.

The summer plants also appear to die in August end September. At the
end of September thgre is a new crop of plants Whése length is now much
greater than that of the summer plants, The autumn populetions were in
Cctober 1972 approximately 62 cm tall at 12 meters and 32 ‘cm tall at 7 and
8 meters depth., The length of Nitella planﬁs at 12 metérs is roughly twice
that of plants at 7 and 8 meters. And the late summer population is approz-
imately twice the length of the early summer population at both the shallow
‘and deep end of the zone inhabited,

The existence of two distinct reﬁlacements each year seéms reascnapbly
well demonstrated with fhe ghaervations based on both change in length of
the plant and color of the plants, There is also some indication of partial
if not complete replacement taking place in the winter interval. In January
and February 1072, plants broughtito the surface with di%ers and dredges
contained partially regenerated segments. There is no good evidence for
the éxtent or amount of replacement, however,

Annual Production of Macrophytes in the South Basin

The besis of the annnal production estimates is the measurements of -
standing crop'in the south basin. The Nitella population will be assumed
to be replaced twice each year. The late spring-early summer crop is
estimated from the values obtained at Tea Island., The second crop of late

summer-early autumn 15 estimated from the measurcments taken &t Tea Island
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and:at 5 other locations in the south basin of Iake George. Macrophytes
" other then Nitella are estiﬁated'only.cnce during the summer and are assumed
to be reélaced only once each year. |

The densest populstions of Nitella existed in the zone of 10 to 12
meters snd the added biomass ié'consistent with the observations of length
of the individual plants. In the interval from June through July, crops
st 12 meters were estimated to be in the range of 73.6 and 117.1 g (dry
weight)/m2, During the same interval at 7 end 8 meters depth biomass
ranged from 9.8 to 42,5 g C/m® (Table 1).

The fall population was similarly denser in the deeﬁer water slthough
the difference was less dramatic, possibly owing to locatidm of sampling
rather than real increaseé at the'shalldwer‘locations; Consgldering
only the Nitells first, mean values range from 43,8 to0 133.0 g/m? with some
suggestion that the deeper zone is the more p&oductive (Table 2). The
macrophytes that exist in depths shallower than 7 meters were also sampled
in the September period. Biomass is shown for these as @ cdmposite of &ll

taxa which consisted of species of Potamogeton, Valisneria, Ranunculus and

Elodea (see Appendix 1 for a breskdown of biomass according to species).
Generally, the biomass at 3 and % meters depth 1s nearly that at 10 and 12
meters, with intermediate depths having lesser quantities,

Early and late summer populations of Nitella are combined with the
late summer biﬁmass of other species of aquatic macrophytes in Table 3.
Amnual production ranges from 40 g/ma ét‘5 meters depth to and estimated
190 g/m? at a_depth of 10 meters. Estimated rates for the area of the
bottom actuslly covered with plants were converﬁed to an estimated rate pér
e of s?;face. Total production in ﬁhé south basin within the depth range

e . ,

of 3 and 12 meters was 2,286.92 x 106 g {dry weight). The southern basin

1s estimated at 21.745 miles® or 54.653 x 10P m. The estimated annual
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" production in the south basin would then be 34,72 g (dry weight)/m® of

Leke George swrface,
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' MACROPHYTE PHOTOSYNTHESIS

All experimental measurements of photosynthetic rates were carried
out in on the same rotating drum incubator that is employed for estimsting
Pmax of phytoplapkton., Agitstion, &s one might expect, is a serious fector
in the observed rate. Two types of technigues were employed to provide
c¢irculation of the medium about the plants. One was the revolving drum.
The second technigues was to recirculate the water through a ciosed incu-
bation chamber vie a peristaltic pump (Cole-Parmer Pump Mo. 7015 }. The
second type of circulating device provided a variablé rate of ciréulation,
although the resulis arc in relative uﬁits. Circulation is quite influen-
tial as shown by Adsms and Schmidt, 1972. Experiments indicated a fwofold
increase in rate resulting from agitation. In the unagitated control the
rate was 9.1 mg C/g/br and at the equilibriun level of agitation the rate
was spproximately 20 mg C/g/hr (Fig. 8). The twofold increase resulting
from a satufating level of agitation was apparently echieved by the rotating
drum approach since the tests with that ﬁechnique also‘gave valuess that were
twofold larger. The robtating drum was apparontly able to give saturating
agitetion as determined by comperison of values in a similar experiment with it

Seazonal Trends -

The seasonal growth form of the summer Nitella population and the seasonal
trend in rate of carbon assimilation show a parallel pattern. Hourly rates
of photosynthesis were 32.0/mg/C/g (dry weight)/hr in early June 1972 when
the plants were small (Fig.'Q). The rate declined to 10.0./uwg/c/g/hr ;n
mid-July et which time the Nitelle plants were nearing equilibrium length,
The rate was again higher than the July value in September during the time
at %hich the autumn population'was developing. Although estimates were not
availaﬁle for August 1972, same'estimates are available from the 1971 experi-

ments’ in which Wetzel (1966) chambers were employed, Estimates in August 1971
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 were aﬁproximately 0.6/mg/C/g/tr in the no-motion chambers of Wetzel, but
would probably be not greater than 2 ér‘B times that value had the revolving
drum techinique of 1972 been employed. Thus it seems safe to assume thet
during August 1972 the hourly rate of photosynthesis was greatly reduced

in August or when the Nitella plents in the shallow end of the bed had complet
ﬁruiting.

"Experiments were carried out ﬁo measure 1f, and the eﬁtent of, nuxrient
| ‘limitation, Both phosphate and nitrates were“tested., Individual Nitella
plants weré placed in milk dilution bottles along with water from the Lake
George and specificaily from the depth at which the plants were growing.
Sets of triplicate‘bOttles were incubated in the rotating'drum chamber in
the presence of cafbcn—lh'labelled inorganic carbon. : The water was either
unenriched or was supplemented with verious concentrations of sodium (primary)
phosphate or sodium nitrate. _ The results of the 2-hour incubation sre
shown in Figure 10, Phosphate was shéwn to limit photosynthesis. Concen-
trations of 0.1 and 0,2 micromoles phosphate increased the rate of photo-
éynthesis although to an insignificant extent, Iarger concentfations.either
definitely stimulated or inhibitea photosynthesis. At 0.5 end 1.0 uM
Poh/liter photosynthesis was stimulated from 50 to 100 percent over the un-
enriched controls, At 5.0 and 10.0 u Moler there was a 2- or 3-fold inbi-
bition over the maximum stimulation achieved at 2.0 uM/liter phosphate.

The addition of nitfaﬁelappeared to have no stimwlating effect in the range
of 0.1 and 10,0 uMoles -nitrate (rig. 10).

| The dept% distribution of Nitella in Iake George is apparently rather
exact beginning at or about 7.0 meters at all locations in the southern
basin, or so the divers reported in 1972. The lower limit of the bed is
also exact with the plents ending abruptly at depths slightly deeper than

12,0 m, These observations égree within 0.3 meters of those reported in
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1922 {Needham, et.al;,‘1922). Light or one of its facets; igtensity;‘Quality,
duration, may be of.considerable significance in detérmining the depth dis-
“trigutiqg. A single experiment wes cérried out to test the effect of 1light
intépsity on short term rates of photoSynth93152 Replicate samples were
incubated at 1%, 100, 200, hdo;uéﬁawiadb ftc._-Ail were incubated in the
revolving drum incubator with redﬁced light intensity achleved by wrapplng
the bottles in cheese cloth, The fesults~are‘ambivalent and highly ques-
tionable (Table 5). Nevertheless, the indication is that at 14 ftc the
rate is only 8 percent ‘of saturation. The large spresd in date poihts'was
reduced at 100 ftec. by splitting the results into two sets of results, When
this is done, the indication 45 thab either 100 or k00 £t3 is saturating.
‘The results from incubating at 200 fte would suggest that the saturetion
is achieved somewhere in the neighborhood of 400 fte. The experiment also
revealed e tremendous level of inhibition at 1000 ftc incubation intensity,
inhibition which must be erroneous, Since the results could not be worked
up until the oxidizer was prepared, most of the experiments vere carried
out before the results of a single experiment: wes known. -Since all of the
exper iments were routinely done at full light intensity, or 1500 fte, at
which intensity the rates were up to 50 mg C/g/hr (e,g. the phosphate limitine
. experiment), there seems }ittle?evidencg to suggest that inhibition at 1500
or even 1000 ftec is general.

Combined Production ‘of Phytoplankton and Macrophytes

Annual production of macrophytes ranges from 40 to 190 g/m2 in the
areas.of=the'yottom actually-;ccupiéd'by the plants, For the entire south
basin of Lake George the annual rate in 1972 was estimated at 34,7 g/ma,
or approximately twice the actual accumulation of standing biomass. ~Phyto-
_ piankton production on an annual basis has little functionel value, since

‘the plant constituents are recycled. A better comparison might be had if



the daily production of phytoplénkton were added to sn estimated dally pro-
duction of macrophytes, Daily macrophyte production, if it is assumed that
total growing period is approximately 30 days would be approximately 1.0

gram per day, which is equal to the daily rate of phytoplankton production
on all but the most productive days (at Station 1) and about twice the mean

daily rate.
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 III. DISCUSSION AND CONCIUSIONS |

Phytoplankton, macrophytes, periﬁh&ton and microscopic benthic algae
are the principal primary producers in lake George, as in most, if not all,
lakes.' The first two may be equally productive in the southern basin of.

- Leke George during the period of the year when the macrophytes, especlally
the Nitelle beds, are growing rapidly. Short term estimates of Nitella
photosynthesis end rate of elonga£iﬁn in situ indicate the intervals of
.lrapid gfowth to be in June and September. Most of the annual macrophyte
production of 34,7 g C/m® of lake surface must be syﬁthesized at that time,
and the guess is that the growth intensity may be in the range of 0,5 and
1.0 g ¢/u"/day. Since the macrophyte beds are under no more than 20 percent
of the lake surface, the growth rates in the plant beds must be very high
indeed. Certainly, they are likely to be much larger than the daily rate
for the phytoplankton in the water column aboye the bed#. At its peak the
rate of photosynthesis 4is no more then 1.2 g C/mafday and usually egual

or less than 0.6 g C/n?/day.

Light, nutrients and turbulence were found to be strong influences in
the growth environment of the principal species of macrophyte. Rates of
photosynthesis in Nitella were dependent on the concentration of phosphate
with a2 maximum response at 2.0 udoles/liter. Lesser concentrations gave
intermediate values. Photosynthesis inbthe phytoplankton also has been
shown 1o be phosphate limited in Leke George (Stross, 1971). Turbulence
is a necessary part of the enviromment. Without it, rates in Nitells are
halved, as shown in this report, or reduced to 1/3 (Adams and Schmidt, 1972)

in the Wingra prinecipal, Myrilophylluu, Light alzo acts as & limiting factor

to the growth of the principal mescrophyte, Nitella, but in an unususl and
exciting way.

The one experiment measuring light seturation in Nitells suggested
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that ssturation intensity is at least 100 fic and probably closer to koo fte.
Yet shading cannot explain the depth distribution of the Nitella biomass
which 1s ‘maximumk at the lower end of the dei}th distridvution at 12 m where
intensities sre surely less than 100 Tte, :

Two annual trends can be compared &s & result of this study. The depth
distribution of the Nitella beds is elmost exactly like that given 50 years
earlier in the Needham~Juday report of Iake George. On & much shorter time
scale, the preliminary evidence is that summer time rates of phyboplankton
prbduction have increased from 1970 to 1972 possibly by as much as 50 percent.,
However, the increase may be due entirely %o an increase in the August value
for P ... The August interval mey or may not be the mogt stable indicator
of annual change. Howrly rates are a maximum for the swmmer at this time,
The peak interval is also reasonably narrowly restricted in time to the late
July-August interval., Although ceriainty of its reliability demands that one
know the explanation for the August maximum, it wouldd be convenient to chark
the annusl change in Iake George from & smaller then heretofore series of
saméles.

In coneclusion, the macrophytes in Lake George are potential competitors
with the'phytoplaﬁkton'for a limiting supply of phosphate., 4 mathematic
model de;cribing the growth rates of the two may want to force the outcoue
with both variable concentrations and variéble rates of nutrient input. T;
achieve the necessary reality, the Michaelig constants for‘uptake.of‘the
limiting nutrient, e.g. phosphate will be needed for principsl species of -
phytoplaniton and Nitella., Equally important will be the rates of nutrient
input for they will determine the standing crop of the phytoplankion and

consequently the light environment at the depth of the Nitella beds.
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Figare 1.

Seasonal trends in light saturated rates of phtosynthesgis

(P ox) 8t three stations in Leke George. The inberval
spanned is from July 1969 to September 1972, Station 1

is located two miles porth of the south shore at Tea Island.
Station 4 is immediately north of the Narrows off French

Point (center lake) and Station 7 is several hundred yards

‘off shore of Rogers Rock at the northern end of the I0-mile

long leke, Each value 1s the mean of normally 30 estimates

at each station. The measured value were obtained from

- water samples incubated at 1500 fte and lake surface

temperature of the lake. (See methods for more details).






Figure 2, Summer time estimates for P . at Station 1 in Iake George,
New York for the years 1970 through 1972. FEach measurement,
shown &5 & vertical line consists of a minimum of 15 esti-

mates (see methods for further details).






Figure 3. Daily rates of phytoplankton photosynthesis for the month of
July 1971 at Stations 1 and 7 in Lake George, New York,
Also shown is the solar radiation for that month (see Figure

1 legend for location of stations).
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Pigure 4, Daily rates of phytoplankton photosynthesis for the month of
August 1972 2t Stations 1 and 7 in lake George, New York.

(Also shown is the solar radiation for the month of August ).
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Figure 3. Mean daily rates of phytoplankton photosynthesis for ea#h
month during the intervél of July 1970 through August 1972;
Date are shown for Stations 1 end T. The solar radiation
data for the interval July 1971 to August 1972 was also em-
ployed to calcwlate daily rates for the interval July 1970
through June 1971, The bimodel pattern in mean daily rates
at Stetion 1 for all summers is probably not the result of
employing the same solar data; the lack of bimédality in
the rates at Station 7 would asrgue sgainst that. An alter-
netive postulate is that the bimodality is real and that it
results from a predictable set of events that occur annually

in the lake,
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- Figure 6. Location of transects in the south basin of Lake George

that were employed to measure the density of mecrophytes.



o _
SJ Hydramrvmhi
; LAKE

!

Soumh ot

Mg o

GEORGE
the "Neraws®
* . Wile '
e T



Figwre 7.

Size distribution of old and young plants of Nitella flexilis

in Leke George as detgrmined by inspection of sampies dredged
from 7 end 12 meters depths. The criterion for age of the
plant is the presence of light green colorstion or otherwise

indicated evidence of recent growth.
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_ Pigure 8. Rate of carbon fixation in individusl plents of Nitella flexilis'

in response to agitation at various velocities. TLight and
~ temperature are held constant at 500 ftc and 1k + 2.0°C. The
plants were removed from Iake George (Tea Island transect)

and transported to the laboratory for the experiments,
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Figure 9,

Seasonal trend in hourly rates of photosynthesis by plants of

‘Nitella flexilis when incubated in vitro under a constant en-

environment of light, temperature, and agitation as provided
on a rotating drum within a constant light incubator. Com-
pared is the mean length of the plants in samples from lake
George that were collected at the time of the photosynthesis
measurements, Collections from a standard station off Tea
Island in the southern end of the south bésin Af Lake George

(see Fig. 6 for location).
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Figure 10, Rates of photosynfhesis of Nitella flexilis in response to

the addition of various concentrations of primsry sodium
phosphate or sodium nitrate. Experiment carried out on
June 19 in incubatar at 1500.ftc end 16,5° with stendard

rate of agitation on the revolving drum (6 rpm/min),
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Table 1. Mecrofphyte Standing Crdp for transect at Tea Island, ILake George at depths and dates indicated,
Samples collected with Ekman dredge, washed and dried at 1059C, Weights expressed as
g/m2 + 1 S.E.i. o

Depth
Sampling Date| 3M Y 5M &M ™ 8M OM 10M 12M
6/6/72 - - - - 22059 9-76 - - 73-62
* + x
5.76 {  1.hb 17.83
7/27/72 - - - - 10.91 | 33.68] - - 117.16
_ : + * x
3.5 5074 283k
8/10/72 - - - - 23.27 | ha.sh| - - 98,56
X * s
5.37 | 14768 21,58
9/2/72 122,63 | 163.00| 165.77} 144.98 | 79.65 | 18.77) - - 113.30
+ A + + + + *
27.08 | 3W737| MW6T97| 18715 | 3.96 7701 - - 12,69




Table 2.

Depth {Measurements in g dry tissue/me + S.E, )

Values &s g (dry wt)/m2 + S.E.

Mecrophyte Standing Crop on various transects of bobttom for the Southern Basin of Ilake George
during September 1972 for the depths and locations indicated,

y.

Tocation W T 5 oH i M “OM TOM 11M YR
1226+ 163.0 ] 165.8 | 1h5.0 79.6 18.8 1 - - 113.3
.]Tea Island Bay + + * + + + £
‘ 27.08] 3U.b 7.0 1 1B.20 k.0 k.7 12.70
. 126.7 57.6 6.08] 76.9 15.6 0.3} - 168.6 -
Dunham Day + + + 1 * * + ‘ 4+
116.3 k5.5 5.901 15.kh 5,10 0.3 7.7
127.6 | 177.9 5.0 23.9 64.2 | 16%.9] - 175.0 205.6
[Harner Bay + + + + + 4 + +
N34 16.8 %.8 0.9 38.8 3.7 3. 58.7
T 18.2 11.6 6.9 23.0 | 180.k 76.9 55 .4 20,2} -
Dome Island: - x + + + + + + +
9.9 10.k el 5.0 12.6 1%6.6 T.h 5.8 .
] 13.7 58.8 8.k 10.7 14k ,3 - 1.8 - 86.5 69.6
Horthwest Bay + + + + + + + *
1 - 12.2 3.9  B. T.h 5.7 T.8 26.2 3.8
1 97.6 35.1 39.% 33.6 62.% 82.5 39.k 133.0 53.5%1 106.0
Mean + + + + o+ + i i + +
28.0 31.8 31.6 224 5.0 37.6 37.5 35.3 3L 36.9




Table 3. Annusl production of Nitella flexilis end other macrophytes in
the south basin of Lske George, New York for the year 1972. All
measurements are in grems {(dry wt.)/mei‘ Standard Error.

sl e A L
3.0 - - 97.65 + 28.0 | 97.65 + 28.0
k.o - - 95.10 + 31.8 95.10 + 31.8
5.0 - - 39.38 + 31.6 39.38 + 31.6
6.0 - 43.79 + 10.1 | 42.k2 + 15.9 130‘.00 + 26,0
7.0 | 16.41 + 2.3 53,68 + 19.8 | 32.95 + 18.1 | 103.04 + %0.2

8.0 30.42 + 7.9r 73.48 + 31.5 | 3.67 *+ 3.5 107.57 + 42.9
9.0 L, 06 + 5.1 76.93 * 16.55 - 120.99 + 21.6

10.0 57.69 + 5.01133.00 + 39.3 - 190.69 + L43.3
11.0 | 57.83 + 5.1f 53,39 + 34.b - 111.22 + 39.5 .
12,0 | 57.91 + 5.2} 105.96 + 36.9 - 163.93 + b3.1




Table k. Annual production of macrophytes within'the 3 to 1l2-meter con-

tour limits, Rates expressed as grams (dry wt.)/m2/yr. +
Standard Error. :

(g:ﬁ?s) | Annual Rate/m® Surface area (miZ) gr;d ‘;gg,i/ggntour
3.0 97.65 + 28,0 0.95 233.16
k.0 95,10 + 31.8 10,70 . 167.31
5.0 ©39.38 + 31.6 0.80 : 79.18
6.0 130,00 + 26,0 -~ 0.80  261.39
7.0 103.04 + ko.2 . ‘ 0.75 . 194,23
8.0 107,57 + k2.9 0.80 216.29
9.0 120.99 + 21.65 0.80 2h3.27

10.0 - 190.69 + 43,3 0.75 359.45

11,0 111.22 + 39.5 0.80 223,63

12.0 163.93 + 43.1 0.75 309.01

TOTAL: 2,286.92



Table 5. Light intensily and rate of carbon assimiletion in Nitella
flexilis from lLake George, New York. Ssmples incubated with
C-1 for 2.0 hours on rotating drum incubator at light inten-
sities indicated. Light source was fluorescent strips (cool

white and daylight). .
Light Intensity mg C/g (dry wt.)/hr.
(ftc) | D X SE £
14,0 3.8 1.9
100 | 6. % 11.8
200 | 33.0 5.2,
hoo 60.5 9.1
1000 6.3%% 1,1

¥Two mesns are pocled at 100 ftc., Omitting two of five estimates, the
mean is 27.9 + 2,0, ‘

**T doubt this. These values were cbtained on June 12, 1972 during
which time the seasonal rates as measured at 1500 fic were giving
values of 25 mg C or more.
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Appendix I.

Macroptytes in the 3 one of 3 to €& meters in Lake George,
ew York a3 determinad from dredges sampling in September,
Values sre in g (dry wt.)/z2,

1972,

DErTH {All measuramenss sTe in grems dry tissue/meterz bottom gres + 990 comb. 1wu,
Lozation Date Species 3M by M &M T 2y 9M 10 11y 12
Tea Is. Bay /8/72 | Nitellafiexilis | © ¢ 0 o 78.15 | 18.77
+ +
7.51 | W10
Potomazeton eL.67 ¢ 25,597 135.7h
Robinsii + + +
SG.kl ] &8y 160.62
Vallowari 57.94 § 131,14 h,37
anericena + * +
36,75 | BTkt 6.8
Dlcdes .32 0,22 1.51
anscensis * + *
L6 .63 5737
Potu 5.05
Pra T
14,64
sujoe flexilis : 53 .54
+
73.82
Isootes 144 95
maCrospora +
Sh bl
9/1/72  |mitella flexilis 13.7308] 32.5035 113,3¢46
+ P *
25,66 113,85 32,67
Tunkem Bay 9/3/712 .55
+
gus
‘iPotumogeton 1.23
bareholdii *
3.56
‘Yaligneris 22,18 | s3.80
emericana * *
54,99 jl2k ot




Appendix I, {Con't) Psge #2

Location Date Species 3M LM 5 &M ™ M oM 1M 11y 12%
Potamogeton 102,42 4,03 6.08
Robinsii + ha *
288735 | 11.70 § 17.65
Nitella flexilis 7%.87] 19.65 29 168.58
+ + + +
, k6271 15039 - 53,07
Karner Bay 9/8/72 | Potsmogeton sh.51
ampiifolius + .
10346
Valisneria T3.08 3.85 h.37
smericans + + x
17,75 | 11,16 | 1267
Elodea R3S
canadensis +
) 1.50
Potamogeton 1.6
longirostris +
3.0
Potsmegeton 6.92
- praelangus >
20.07
Potamogeton S.hi 23.850} 6.6
Rooinsii + * +
- 15.70 2.731116.38
Nejes flexilis .68 .
+
1,97
Fitella flexilis 164.90 174,97 205.57
+ + +
11,11 9.59 176.16
Dame Island |9/16/72 | valisperia 18,20 ! 11.60 | 6.8
smericana + X s
29.77 1 31.29-§ 12,50 7
Nitella flexilis 23.05 |180.43 } 76.93| S5.k4 | 20.24
X + ¥ KRS B
15030} 37.70 0 Waoqk]| 1%25 | 175sS




Appendix I. (Con't) Feze #3

i

Location Date Species 34 "L 5i oM o o 1A 114 1M
Korthwest Bay] 9/21/72 | Chara .10
glchularis *
.29
Isoetes 1.63 .01
macro3pora * *
1,95 ¢ Lok
Potamogeton .28 | 3B8.6h 8.38
Robinsii - b * . 4
.81 § 58.33 | a2b.32
Witella flexilis T 1071 1he.32 1 000 1.85 0.00 ! 8.53 | 69.63
: : AN SRR B + + +
§.351 16,17 | 0,00 sk 000 ! 7859 ;29751
Potamoszeton 11,72
perfoliatus *
33.99
Validneris 23,12
srigricana + .
Lo,38
Tez ¥z, Bay | 5/28/72 | Nitella flexilis 2.10] 43,15 | 43.99 35,34
{¢id not dredge + + + T
entire depth rence) £.061 38,23 | 2812 31,01
Isostes 29.h2
macrospora *
Lo Bo
Cizdophara 7.00
*
. 20.29
Najas flexilis .23
+
67
Chera 3.67
gilobularis

.
10.63






