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Abstract

Net community oxygen production in Third Sister Lake, Michigan, was calculated from con-
centration gradients, eddy diffusion, and gas flux at the lake surface. The trophogenic zone extended
on average to 4.5 m from April to August. Vertical flux of dissolved P provided negligible support
for the productivity during this time. Stoichiometries for biomass production from inorganic N
and P were inferred from enclosure experiments and from vertical profiles. N and P accumulated
in the hypolimnion at a ratio of 24:1 by atoms, whereas ratios in the algae averaged 9.5:1. On
the basis of areal rates of nutrient remineralization and the oxygen budget, most of the net com-
munity production from April to August could be assigned to the open water rather than to the
littoral region. Littoral production processes are relatively isolated from the open water in this
small, sheltered lake during the time of thermal stratification.

The relationships between biological pro-
duction and nutrient regeneration are of in-
terest for both theoretical and practical rea-
sons. The extent to which production is
fueled by recycled nutrients rather than by
allochthonous inputs provides an index of
how tightly coupled the biological com-
munity may be and also of the relative im-
portance of physical processes compared
with biological ones (Eppley and Peterson
1979).

Primary production within a euphotic
zone relies on nutrients from sources exter-
nalto the lake, from shallow sediments, ver-
tical water column fluxes, and in situ regen-
eration. Net community production, as used
here, refers to the balance between oxygen-
-producing and oxygen-consuming processes
at different depths in the lake. Net produc-
tion thus depends on all of the nutrient
sources identified above, with some of the
processes being very interdependent. In situ
catabolism of organic matter in the euphotic
zone leads to both oxygen consumption and
nutrient regeneration. Rates of nutrient re-
turn from sediments and hypolimnia rely
in part on net production in the water over-

1 This study was supported by National Science
Foundation Grant DEB 81-16428 to J. T. Lehman and
by an IREX program grant to T. Naumoski.

lying them. The nutrients may be returned,
however, at different rates and in different
proportions than they were deposited. Thus
sediments of lakes on the Canadian Shield
may retain much phosphate even when they
become anoxic (Schindler et al. 1980),
whereas those of the English Lake District
release it (Mortimer 1941, 1942). These
within-lake nutrient returns are sometimes
as important as external loading (Niirnberg
1984), and they can confound efforts to con-
trol eutrophication (Lorenzen et al. 1976).

We studied the relationship betwen hy-
polimnetic metabolism of nutrients and net
community production in Third Sister Lake,
a moderately eutrophic lake in southeastern
Michigan. We wished to discover how much
of the production could be supported by
nutrient fluxes through the water column,
and conversely, how rates of accumulation
of inorganic nutrients in the hypolimnion
could be related to concurrent rates of pro-
duction. We adopted an integrative ap-
proach based on water column chemistry
and estimated vertical diffusive flux. The
calculations are consequently restricted in
time by the diffusivity estimates, but they
apply to the conditions in Third Sister Lake
shortly after ice-out to the onset of convec-
tive hypolimnetic entrainment in the fall.
We sought to answer three questions with
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our investigation: How much nutrient must
be supplied to the trophogenic zone to sup-
port net community production during the
study period, and can the probable sources
be quantified? Is the measured O, budget
dominated by processes in the offshore
community or the littoral region? Are rates
of nutrient accumulation in the hypolim-
nion comparable in magnitude to the pro-
ductivity of the overlying water?

We thank the personnel of the Solar En-
ergy Meteorological Research and Training
Site, Department of Atmospheric and
Oceanic Science, the University of Michi-
gan, for providing daily measurements of
incident solar radiation. R. M. Dorazio
helped collect some of the field samples; R.
Rossman provided access to an atomic ab-
sorption spectrophotometer. We thank R.
Stauffer and G. Niirnberg for helpful sug-
gestions.

Methods

Third Sister Lake is a small kettle lake
(3.85 ha) in southern Michigan that occu-
pies a sheltered depression within the Sag-
inaw Forest Reserve administered by the
University of Michigan. The watershed
covers 110 ha, of which 88.5 ha are fields
lying outside the forest (from U.S. Geol.
Survey topographic maps). The morphom-
etry and benthos were described by Eggleton
(1931). The littoral region of the lake covers
30% of its surface area and contains 6% of
its volume (Ball 1948). Prescnt maximum
and mean depths are 16.5 and 7.2 m. The
lake is moderately eutrophic, with 5-40 ug
Chl a liter~! and 0.5-1.5 uM TP in the epi-
limnion for most of the ice-free period. Sec-
chi disk transparencies are typically 1-3 m.
The lake has no permanent inlets, and in-
termittent drainage is westward to the Hu-
ron River. Overland runoff provides con-
spicuous inputs to the lake during and after
storms. Some groundwater input is likely.

We investigated physical and chemical
properties from April to October 1981 at
2-3-week intervals. We measured temper-
‘atures with a Whitney TC-5C thermistor
calibrated to +£0.05°C against an NBS-cal-
ibrated mercury thermometer and photo-
synthetically active radiation (400-700 nm)
with a submersible LiCor LI-193S spheri-
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cal-corrected sensor and LI-188 integrator.
From plots of the natural logarithm of PAR
againstdepth we calculated attenuation coef-
ficients (m~') by linear regression.

We collected water samples from discrete
depths with an 8.2-liter Van Dorn sampler,
transported them to the laboratory within
1 h, and filtered them through GF/F filters.
The filters were stored frozen until analysis.
Pigments were measured spectrophotomet-
rically after grinding the filters in ice-cold
90% acetone for 2 min inside a borosilicate
tissue-grinder with a motor-driven Teflon
pestle. The resulting slurry was filtered to
remove glass fibers and cell fragments. We
used Lorenzen’s correction for pheopig-
ments (Strickland and Parsons 1972). Nu-
trient determinations followed Stickland and
Parsons (1972) for soluble reactive P, ni-
trate, and nitrite; Solorzano (1969) for am-
monium; Menzel and Corwin (1965) for to-
tal P and dissolved P; and Golterman (1969)
for soluble reactive Si. Ca, Mg, Na, K, Fe,
and Mn were measured by flame atomic
absorption spectrometry with a Perkin-El-
mer model 403 with an oxygen-acetylene
flame; lanthanum was added to samples for
Ca and Mg determinations. Alkalinity and
chloride were measured by potentiometric
titration followed by Gran’s plot analysis
(Stumm and Morgan 1970). Sulfate was
measured turbidometrically (Golterman
1969). Oxygen, pH, and conductivity were
measured either in situ with a Whitney-
Montedoro Mark V submersible instru-
ment cluster or in the laboratory (Orion O,
electrode) from samples collected in 250-ml
glass-stoppered reagent bottles.

We obtained daily integrated measure-
ments of incident solar radiation (kJ m~2
d™!) from a site in Ann Arbor, 5 km from
the lake, maintained by the University of
Michigan, Department of Atmospheric and
Oceanic Science. We reduced the values by
6% to account for reflection at the air-water
interface at this latitude (R. Stauffer pers.
comm.). For wavelengths other than those
of measured PAR, spectral attenuation coef-
ficients were obtained as described by Leh-
man (1979). Rates of eddy diffusion in the
metalimnion were calculated by the heat
flux-gradient method of Jassby and Powell
(1975). Temperatures were measured at 1-m
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Fig. 1. Sediment heat budgets vs. annual temper-

ature range at the sediment-water interface reported
by Birge et al. (1927) for Lake Mendota (A), and by
Likens and Johnson (1969) for Tub Lake (O) and Stew-
art’s Dark Lake (O). The sediment heat budget is cal-
culated as the integral quantity of heat gained by a
sediment profile during a heating period (i.e. maximum
heat content less minimum heat content). Data rep-
resent heat gain over single heating periods at depths
of 8, 12, 18, and 23.5 m in Lake Mendota; 0.3, 0.9,
5.7, and 6.8 m in Stewart’s Dark Lake; and 0.8, 5.5,
and 8.0 m in Tub Lake.

intervals and we used 1-m strata in our cal-
culations. We included heat exchange with
the sediments in our estimates of heat flux.
From the data of Birge et al. (1927) and
Likens and Johnson (1969) we discovered
a linear relation between the heat budget of
the sediments and the annual range of tem-
peratures experienced at the mud-water in-
terface at measured depths (Fig. 1). The data
were obtained from three lakes at similar
latitude to Third Sister, all in Wisconsin.
For purposes of budget calculations we as-
sumed that the heat flux was distributed
uniformly over a 6-month heating period.

Rates of oxygen flux across the lake sur-
face were calculated from

Flux = —D/7([05)o m = [O2)) (1)

where [O,], . is the measured concentration
of O, in surface water and [O,],,, is the sat-
uration value predicted by equation 7 of
Mortimer (1981), applied at the surface el-
evation of the lake (275 m). We used a
boundary layer thickness (7) of 200 um, con-
sistent with that of other small lakes (Peng
and Broecker 1980), so that D/7 = 0.4 m
d-1. We computed fluxes between sampling
dates by linear interpolation of the fluxes.
‘We estimated net rates of oxygen pro-
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Fig. 2. Isopleth diagrams for temperature, light, and
O, in Third Sister Lake, 1981. Light is %PAR at depth
with respect to reading just below lake surface.

duction as a function of depth by mass bal-
ance: measured change in O, concentra-
tions = change resulting from concentration
gradients, eddy diffusion, and basin mor-
phometry + biological reactions (e.g. pho-
tosynthesis and respiration), or,

052 _ 0
ot AA(Z) x Z]
x [A(Z) x K(Z) a—f%} +R@Z) @

where A(Z) = area at depth Z (m?), K(Z) =
eddy diffusivity at depth Z (m?d "), S(Z) =
concentration at depth Z (mmol m~3), and
R(Z) = reaction rate (mmol m~ d™').
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Table 1. Mean coefficients of vertical eddy diffu-
sion (K, m? d-), with estimated standard errors, cor-
rected for molecular heat conduction for Third Sister
Lake, 14 April-17 August 1981.

Depth (m) K, (SE)-
2.5 0.0328* 0.0027
3.5 0.0141 0.0017
4.5 0.0132 0.0018
5.5 0.0162 0.0033
6.5 0.0319 0.0111
7.5 0.0470 0.0191
8.5 0.3390 0.2112

* Calculated for 4 May—17 August.

Boundary constraints were the estimated
O, fluxes across the lake surface together
with an assumption that the epilimnion was
well mixed. We solved Eq. 2 for R(Z) in
discrete strata between successive sampling
dates. The depth interval for calculations
was set to 1 m below 2.5 m to correspond
with the estimates of K(Z). Values for O,
concentrations were interpolated where
necessary to conform with the calculation
scheme.

To estimate the stoichiometry of N and
P in algal biomass we plotted the relation-
ships among chlorophyll increases and up-
take of PO,*>~ and inorganic N (NH,* +
NO,™ + NO;") from in situ enclosures (Leh-
man and Sandgren 1982; Naumoski and
Lehman 1984). Enclosures containing from
100 liters to 3 m?, closed to the sediments,
were enriched with inorganic salts of P and
N and changes in Chl @ and nutrients fol-
lowed through time. For estimates of stoi-
chiometry, we used only measurements af-
ter the first 4 days to eliminate anomalies
introduced by rapid initial uptake and stor-
age of P (Lehman and Sandgren 1982).

Rates of nutrient supply to Third Sister
Lake from its watershed were estimated from
export coefficients proposed by Reckhow
(1980) in conjunction with our measure-
ments of watershed area and land use. We
used median values of 0.206 kg Pha=! yr~!,
2.46 kg N ha~! yr~! for the forested land and
0.81kgPha!yr', 519 kg N ha ! yr! for
the fields, which are planted mainly in grass
and hay.

Errors were propagated through all cal-
culations by first-order uncertainty analysis
(Meyer 1975).

cept as noted. In situ densities were

Table 2. Vertical distribution of major dissolved chemical ionic species on 14 April 1981. All values uM ex
computed according to Chen and Millero (1977) as functions of dissolved salts, temperature, and pressure, d(s,T,P).
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0.9
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* No data.
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Fig. 3. Calculated net community O, production
for 14 April-17 August 1981, from Eq. 3.

Results

Oxygen production rates—Heat content
of the lake increased uniformly from 14
April to 17 August (Fig. 2), so we confined
our estimates of eddy diffusion to that pe-
riod, which included eight sampling dates.
In situ heating by solar radiation contrib-
uted little to measured rates of heating be-
low 4 m. Average rates of eddy diffusion in
the metalimnion are listed in Table 1. Tem-
perature gradients were usually too slight in
the surface 3 m to apply the flux-gradient
model validly. The profiles suggested that
the water was well mixed to 2.5 m on a daily
basis after 4 May and that mixing extended
to 3.5 m before that date.

_Like many other small sheltered lakes in
southern Michigan, Third Sister Lake did
not turn over when its ice cover melted in
1981, but instead stratified with its hypo-
limnion already anoxic (Fig. 2). Fe was not
detectable throughout the water column, and
hypolimnetic sulfate was progressively re-
duced to sulfide through summer. The gra-
dient in dissolved chemical species in April
(Table 2) contributed to density differences
below 6 m that were from 1.47 to 1.87 times
as large as those caused by temperature and
pressure alone. Persistent temperature in-
versions of as much as 0.03°C m~! at depth
were rendered stable by this chemical strat-
ification. Maximum surface temperature of
25°C was recorded on 22 July; the epilim-
nion remained warmer than 23°C from 23
June to 17 August. Surface oxygen concen-
trations equaled or exceeded saturation by
up to 19% from April to August (mean =

Lehman and Naumoski

CHLOROPHYLL a (pg/liter)

Es ZQ\SVIZ%\“——*—
I5J

PHEOPIGMENT (ug/liter)
A M J J A s 0

IRAYA NN

Fig. 4. Isopleth diagrams for Chl a and pheopig-
ment in Third Sister Lake, 1981.

8.9%, SE = 3.4%), except on 23 June when
concentrations were only 92% of saturation.

Average net rates of oxygen production
from April to August are plotted in Fig. 3.
The averages represent total net O, pro-
duction divided by the time interval (125
d). The lake was anoxic below 8 m and so
calculations based on oxygen gradients yield

zero flux below that depth. As judged from

net O, production the trophogenic zone ex-
tends to 4.5 m on average, a depth to which
slightly < 1% of surface PAR penetrates (Fig.
2). By the nature of the analysis the values
in Fig. 3 represent net community produc-
tion rates, and they include processes at the
sediment surface as well as in the adjacent
water.

Areal rates of production were calculated
by trapezoidal approximation with atten-
tion to basin morphometry as

P=1/4, X E [R(Zl) X A(Z) + R(Zi+1)

X A(Z;. )] x AZ/2; ()

rates were 9.28 mmol O, m2 d~! from O to
4.5 m, the approximate depth of the tro-
phogenic zone, and 7.43 mmol O, m™2 d"!
from 0 to 7 m (4, = 38,500 m?).
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occur near strong gradients in SRP and NH,*
(Figs. 5 and 6). Mass balance calculations
like those for O, show that uptake of up-
ward-diffusing SRP is greatest at 6 m and
of NH,* at 5 m. We made these calculations
without allochthonous N and P loading to
find out whether vertical fluxes could pos-
sibly support the productivity of the tro-
phogenic zone (see below). Upward flux at
4.5 m was only 0.018 umol m~2 d~! for SRP
and 121 pmol m~2 4! for DIN (NH,* +
NO,~ + NO;)).

The relevance of these nutrient fluxes to
measured net rates of oxygen production
depends on the stoichiometries between nu-
trients and plankton biomass. We have two
ways of estimating these relations. One is
to compare increments in chlorophyll that
accompanied uptake of nutrients added to
enclosures in the lake (Lehman and Sand-
gren 1982; Naumoski and Lehman 1984).

species, 1981.

In Fig. 7 we plot changes in chlorophyll that
accompanied uptake of added inorganic P
and N from three experiments: 9-20 Junec
1980, 24-30 June 1980 (Lehman and Sand-
gren 1982), and 5-18 August 1981 (Nau-
moski and Lehman 1984). The data were
pooled because there are no systematic dif-
ferences among the slopes for each experi-
ment singly. From Fig. 7 we determine that
1 umol P yields 11.7 (SE = 1.4) ug of Chl
a and that 1 umol N yields 1.23 (SE = 0.16)
ug of Chl a. Because there are no nonlin-
earities in the plots we think that the slopes
provide good estimates of stoichiometries
from the surface to 3 m, which is the range
of depths where the enclosures were de-
ployed.

The second way to determine the stoi-
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(NH,* + NO,~ + NO;, lower). The 95% confidence
regions for the regression lines are shown.

chiometries is to examine relationships be-
tween chlorophyll and particulate P in ver-
tical profiles (Fig. 8). From July to August
there was considerable vertical variation in
concentrations of Chl (Fig. 4) and particu-
late P (Fig. 5) within the epilimnion and
metalimnion. That circumstance allowed us
to estimate stoichiometries directly. We used
the sum of both Chl ¢ and pheopigment for
these comparisons because the measured
particulate P exists not only in living cells
but also in dead algae and algal fragments.

Stoichiometries derived from vertical
profiles suggest that much more pigment is
produced per unit mass of P in the meta-
limnion than we measured in the epilim-
netic enclosures. We summarize the results
in Table 3. The ratios differed significantly
from date to date; for the three profiles in
Table 3 the average value is 34.9 (SE =9.9)
ug Chl: umol P. As is evident from the pos-
itive x-intercept in Fig. 8, not all the par-
ticulate P is present as algae or chlorophyll-
containing algal fragments; some is bound
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in zooplankton, bacteria, and detritus. These
components probably contribute to the
variability that we find. For our stoichio-
metric conversions we consequently used
11.7 (SE = 1.4) ug Chl:umol P from the
surface to 3 m and 34.9 (SE = 9.9) below
that; the requirement for N is tenfold great-
er. Based on the changes in Chl + pheopig-
ments that accompanied uptake of DIC for
algal growth in August 1981 (Naumoski and
Lehman 1984) we compute a C: Chl ratio
of 4.60 umol ug™! (SE = 0.42, n = 6). We
have no way to use the vertical profiles of
measured properties to investigate vari-
ability of this ratio with depth or with time,
but we note that 4.6 umol C (ug Chl)™! =
55 ug C (ug Chl)~!, which is close to a con-
ventional conversion factor of 50.

Using these conversion ratios together
with the observed vertical distributions of
chlorophyll in the lake during the study pe-
riod, we conclude that C:P ratios (by at-
oms) were 73 (SE = 8.1) and that C: N ratios
were 7.7 (SE = 1.6) for the phytoplankton
of the trophogenic zone. The calculated ver-
tical flux of P at 4.5 m could thus support

.an O, production rate (figuring O,: C = 1.0

in the trophogenic zone) of only 0.0013
(SE =0.0001) mmol m~2d-! and NH,* flux
could support 0.93 (SE = 0.19) mmol m~2
d~!, both far short of the required 9.3 mmol
m-2d-.

Remineralization at the sediments—We
measured the accumulation of both SRP and
NH,* below 8 m (Fig. 9) in order to assess
the extent to which production in the tro-
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Table 3. Stoichiometries derived from in situ en-
closure experiments and from vertical profiles. Ratios
are ug Chl to umol P or N.

Chl:P  (SE) Chl:N  (SE)

Enclosure exp. 11.69 (1.41) 1.23 (0.16)
3 Jul 1981 53.88 (5.949)
22 Jul 1981 20.67 (1.79)
17 Aug 1981 30.13 (4.11)

phogenic zone is coupled to simultaneous
release rates in the hypolimnion. We com-
puted average accumulation rates from April
to August by linear regression. To these
measured rates of accumulation we added
estimates of the vertical flux of both SRP
and NH,* at 8 m. The resulting figures, 1.90
(SE = 0.33) mol SRP d~! and 45.3 (SE =
7.8) mol NH,* d™!, represent net release of
these substances from the hypolimnetic sed-
iments. After these rates were divided by
the area of sediment below 8 m (17,100 m?),
the average rates of release were 0.111 mmaol
SRPm—2d~!'and 2.65 mmol NH,* m=2d-".
The value for NH,* may be slightly inflated
because of the possibility that downward-
diffusing oxidized species of N (Fig. 5) are
eventually reduced to NH,*. If all the net
downward flux of NO,~ and NO,™ is sub-
tracted, however, the estimate of NH,* re-
mineralization is reduced by only 5%.

Allochthonous nutrients —Nutrient ex-
port coefficients tabulated by Reckhow
(1980) suggest that the watershed supplied
about 2,600 mol P yr~! and 36,000 mol N
yr~! to Third Sister Lake. Distributed over
the 8-month ice-free period this represents
about 0.26 mmol P d-! and 3.82 mmol N
d~! per m? of lake surface. These estimates
may be subject to considerable error of un-
known magnitude, but they are included as
our only estimate to date of watershed load-
ing of nutrients to the lake.

Discussion

Our analysis of metabolism in Third Sis-
ter Lake is based on mass balance rather
than on a series of incubation assays. The
mass balance approach integrates all phys-
iological processes in the basin and is not
subject to experimental artifacts or enclo-
sure effects. It relies, however, on accurate
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assessments of nutrient concentrations and
fluxes. Our analyses demonstrated that ver-
tical flux of P upward to the trophogenic
zone was smaller by four orders of magni-
tude than either watershed loading. or the
flux necessary to account for net rates of O,
production. We used heat to trace the ver-
tical mixing processes and we constructed
water column budgets for O, P, and N. In-
corporation of sediment heating in our bud-
get had a noticeable effect. At 4.5 m, for
instance, estimates of vertical eddy diffu-
sion were clevated almost 20% over esti-
mates that ignore the sediments. The heat
budgets from Wisconsin lake sediments (Fig.
1) also help explain the slight temperature
inversion in the chemically stabilized hy-
polimnion (Table 2). The deep sediments
are warmer than 4°C and act as a weak source
of heat.

On the basis of ratios of C:P and C:N
in the plankton and the presumption that
O, : C=1.01in photosynthesis we computed
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oxygen equivalents for the rates of release
of P and N in the hypolimnion. In this way
we could relate the nutrient remineraliza-
tion to net production. Direct comparison
of hypolimnetic nutrient accumulation with
O, consumption is not possible because all
remineralization below 8 m occurred
through anaerobic processes. The fact that
the data in Fig. 8 and from similar profiles
plot as straight lines demonstrates that stoi-
chiometries do not change markedly through
the metalimnion. We thus see no evidence
of differential loss of P from particles above
the hypolimnion. Equation 3 applied to SRP
in fact suggests that phosphate is being taken
up at 6 and 7 m at about 5.4 umol m~2 d-!,
whereas these depths are well into the tro-
pholytic zone on the basis of O, balance
(Fig. 3). This uptake accounts for the ac-
cumulation of algal pigments and particu-
late P (Figs. 4 and 5) at depths below 5 m.
Logic dictates that heterotrophic activity
must dominate in the accumulating bio-
mass. Net nutrient remineralization prob-
ably occurs only when particles sink into
the anoxic hypolimnion. The SRP release
thus corresponds to an original net O, pro-
duction of 8.10 (SE = 1.71) mmol m~2 4!
and NH,* corresponds to a production of
20.4 (SE = 5.9) mmol m~2 d"!. The actual
net O, production directly above the 8-m
contour was 9.5 mmol m~2 d~! (Fig. 3). Net
production in the part of the trophogenic
zone lying over the 8-m contour was 12.2
mmol O, m~2d-L

Comparing these estimates from remin-
eralization with actual net O, production
helps us decipher patterns of productivity
in Third Sister Lake. As we already noted,
the O, budget alone does not discriminate
between O, changes caused by processes in
the open water and those at the interfacing
sediments. In particular, net O, production
in the trophogenic zone could be dominated
by macrophytes and periphyton in the lit-
toral region as suggested by Wetzel et al.
(1972). Given the time scales that we se-
lected for our calculations (April-August),
the undisturbed pattern of thermal stratifi-
cation, and the fact that the lake did not
turn over in the spring, it is most unlikely
that substantial redeposition of material oc-
curred from the littoral to the deep water
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(Davis 1968, 1973) during that time. The
accumulation of SRP and NH,* in the hy-
polimnion, therefore, represents reminer-
alization of material deposited from the
water directly above.

An alternate interpretation is that littoral
production and horizontal dispersion of O,
is responsible for the O, budget. The P and
N remineralized in the hypolimnion would
then have to come from particulate material
produced terrestrially or littorally and trans-
ported to the benthic sediments. If this were
the case the hypolimnion would appear to
be a source, rather than a sink for nutrients
with respect to the upper water. Instead, the
rate of accumulation of nutrients in the hy-
polimnion appears closely tied to net oxy-
gen production. The accumulation rates of
SRP below 8 m correspond, for instance, to
1% d-! of the mass of particulate P sus-
pended in the water column above the 8-m
contour. In other words, a sinking loss of
only 1% d~! could fuel the remineralization
rates and correspondingly account for net
production in the surface waters.

The nutrients needed to support this net
production were necessarily allochthonous.
No ambient reservoirs of inorganic nu-
trients existed in the epilimnion (Figs. 5 and
6), and vertical flux to the trophogenic zone
was inadequate. The depth distribution of
anoxia was roughly constant through our
study (Fig. 2), making it unlikely that pro-
gressive chemical reduction of previously
oxidized sediments could account for the
nutrient release. Estimated nutrient loading
from the watershed is well able to account
for the requisite nutrients. Nutrient release
from littoral sediments is discounted be-
cause oxygen could be used in decomposi-
tion at these shallow depths and hence the
nutrients cannot be counted toward net pro-
duction as we compute it.

On the basis of the preceding line of rea-
soning we conclude that despite the small
surface area of the lake, metabolism de-
duced from the oxygen budget is dominated
by planktonic rather than littoral processes
during spring and summer. Most of the N
and P necessary to support the net produc-
tion during that time is supplied from
sources outside the lake. Nutrient accu-
mulation in the hypolimnion parallels the
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magnitude of net production in the tropho-
genic zone. It appears that hypolimnetic

metabolism is very strongly coupled tem- -

porally with net community production in
this eutrophic lake.
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