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ABSTRACT

Effler, 3. W., R. K. Gelda, M. G. Perkins, D. A. Matthews, E. M. Owens, C, Stepczuk and A. P. Bader, 1998. Characteristics
and origins of metalimnetic dissolved oxygen minima in a eutrophic reservoir, Lake and Reserv. Manage.
14(2-3):332-348,

The occurrence and characteristics of metalimnetic dissolved oxygen (DO) minima are documented, the origins
of the phenomena are evaluated, and the contribution of DO consumption in this layer to overall consumption below
the epilimnion is resolved, for Cannonsville Reservoir, NY. The analysis utilizes detalled vertical profiles of temperature
and DO collected in the lacustrine zone of the reservoir over the 1988-1997 interval, profiles of scalar irradiance and
fluorescence measured in 1995, calculations of vertical profiles of phytoplankton production and respiration of DO for
selected conditions, and mass balance analyses for DO in the metalimnion and hypolimnion of the reservoir over the 10-
yearrecord. The metalimnetic minimum isshown to be arecurring phenomenon in the reservoir, that was conspicuously
manifested in late summer in each of the 10 years. The position of the minimum below the water surface has been rather
uniform in mid-summer but other features, including the extent of DO depletion, have varied greatly, Respiration of
relatively high concentrations of phytoplankton biomass within the metalimnion, located below the compensationdepth,
contributed to the development of the observed minima. The high phytoplankton concentrations of the metalimnion
probably are associated with slowed descent rather than interflow(s). On average, ~ 70% of the DO consumption exerted
below the epilimnion over the 1988-1997 interval occurred in the metalimnion. The average DO consumption rate in this
layer, normalized for layer volume, was 80 mg m®-d". It was necessary to accommodate the important effects of export
and exchanges between layers {entrainment flows) associated with reserveir operations in the mass balance framework
used to estimate consumption rate(s).

KeyWords: metalimnion, dissolved oxygen, metalimnetic minimum, negative heterograde curve, mass balance, reservoir
operation.

The occurrence of a metalimnetic minimum in 1983), though it has been described as common for
dissolved oxygen (DO) profiles, alternately described deepreservoirs (Cole and Hannan 1990, Walker 1987).
as a negative heterograde cutve, is an atypical distri-  Cole and Hannan (1990) listed 25 reservoirs where
bution in lakes (Cole 1994, Hutchinson 1957, Wetzel ~ metalimnetic oxygen minima have been observed. A
substantial fraction of the total mass of oxygen depleted

! Contribution No. 188 of the Upstate Freshwater Institute. below the epilimnion in lakes and reservoirs that
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experience the phenomenon can occur within the
metalimnion (Wetzel 1983). Ametalimnetic minimum
may influence certain potential resource uses, and can
confound application of widely applied paradigms be-
tween trophicstate and hypolimnetic oxygen depletion
(Mortimer 1941, Walker 1979, Welch and Perkins
1979).

The negative heterograde distribution can have
several causes. Respiration/decay of settling seston
(e.g., phytoplankton) slowed in descent upon en-
countering the colderwaters of the metalimnionis one
cause (Birge and Juday 1911, Drury and Gearheart
1975, Gordon and Skelton 1977, Mitchell and Burns
1979). Metalimnetic minima have also been attributed
to respiration of dense populations of non-migrating
zooplankton (Shapiro 1960), morphometric irregu-
larities within stratified layers (Hutchinson 1957,
Shapiro 1960), and entry of interflows with elevated
oxygen demand or depleted DO levels (Cole and
Hannan 1990, LaBounty and Horn 1997, Martin 1988,
Nix 1981). More than one process may contribute to
the occurrence of this vertical distribution in certain
systems {Shaprio 1960, Wetzel 1983).

This paper documents the occurrence, describes
the characteristics, and evaluates the origins of the
metalimnetic DO minimum in Cannonsville Reservoir,
NY. The contribution of oxygen depletion within the
metalimnion of the reservoir to overalidepletion below
the epilimnion is documented fora 10-year period that
includes a wide range of reservoir operation and draw-
down. The analysis relies on the results of detailed
vertical profiling for DO and other parameters, measure-
ments of reservoir outflows, calculations of phyto-
plankton production and respiration of DO for selected
conditions, and mass balance analyses for DO in the
reservoir’s metalimnion and hypolimnion.

Methods

System

Cannonsville Reservoir (latitude 42 02" 46",
longitude 75 22' 24", at dam) is a eutrophic flow
augmentation and water supply reservoir for NewYork
City (NYC), located about 190 km northwest of the
City. The West Branch of the Delaware River (WBDR)
is the primary tributary (Fig. 1), representing about
80% of the inflow received by the reservoir (Owens et
al. 1998). Water exits the reservoir by three routes:
“spill” over the dam, release from deep layers at the
dam tomeet downstream flowrequirements, and water
supply withdrawals from one of three intakes (10, 20,
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Profiling

Various monitoring programs condu
reservoir have been reviewed b ,
(1998). NYCDEP mairitains a long-ter
program for Cannonsville Reservoir as p larger
program that includes all 19 of the City's reservoirs.
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gwo lacustrine sites, NYCDEP data included in- this
analysis are those collected over the 1988-1 997 interval
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intake (site 4), the other near the dam (site I, Fig. 1). -
The lacustrine zone of the primaryarm of the reservoir
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" extends from about 1.5 km upstream of site 4 to the
dam. The site near the dam isrepresentative ofa much
larger portion of the lacustrine zone. Monitoring varied
from monthly to bi-weekly measurements. Measure-
ments of T and DO in the NYCDEP program were
made with Hydrolab instruments.

Temperature, fluorescence (Sea Tech Inc.) and,
scalar irradiance (E; Li-Cor 1938B) profiles were
collected weekly in 1995, at approximately the same
time DO measurements were made {~ 1000 hours).
These sensorswere powered simultaneously bya Seabird
Sealogger Profiler (Model SBE 25). Readings were
recorded at a rate of 8 5%, at a instrument descent rate
of ~ 1.2 m-s?. Attenuation coefficients (K, m?) were
determined from the E_profiles in 1995 (Effler et al.
1998). Values of K were used to calculate (according to
Beer’sLaw) the lower boundary of the (eu) photic zone
(z,4,; depthatwhich E isreduced to 1% of the subsurface
value), that is generally assumed to demarcate the
verticalrange of photosynthesis for most phytoplankton
(Cole 1994, Kirk 1994). Review of similar data from
earlier years indicates the conditions documented for
1995 (Effler etal, 1998) were consistentwith those that
prevailed in other years of the study period.

Calculations of Production and
Resperation of DO by Phytoplankton

Photosynthetic production and respiratory loss of
DO as a function of depth in the water column of the
reservoir were estimated for the documented conditions
of August 1, 1995, using expressions incorporated into
the nutrient-phytoplankton model for the reservoir
(Doerr etal. 1998). Inputsspecified for the calculations
corresponded tomeasurements; theseincluded concen-
trations of nutrients (soluble reactive phosphorus,
ammonia and nitrate nitrogen), the daily average
incident irradiance, the attenuation coefficient for
scalar irradiance (K, = 0.95m?; Effler et al. 1998),
vertical distributions of chlorophyll (Chl) and T, and
related coefficients that quantify the dependence of
phytoplankton growth and respiration on these
environmental conditions (Doerr et al, 1998). The
vertical profiles of Chland T for this day are presented
subsequently with the calculated profiles of photo-
synthetic production and respiratory consumption for
reference. The Chl profile is an estimate generated
from the fluorescence profile for thatday, by multiplying
florescence units by three. The depth profile of vertical
mixing presented subsequently for the same day is a
simulation from the tested one-dimensional hydro-
thermal model for the reservoir (Owens 1998c), that
serves as the transport framework for the nutrient-
phytoplankton model (Doerr et al. 1998).

Oxygen Deficit and Mass Balance
Calculations

Apparent oxygen depletion below the epilimnion
is represented here as a DO deficit; the observed DO
content subtracted from the saturation content for a
specified T, Review of spring-time T profiles (values
near the bottom soon after the onset of stratification;
e.g., Owens 1998a) supports 5 °C for specification of
the initial DO saturation content of the reservoir, This
representation of initial DO concentrations for the
reservoir is further supported by near-saturation DO
concentrations observed during early spring in the
reservoir (e.g., Effler and Bader 1998).

Estimates of the “apparent” mass oxygen deficit
(DOD") were made from the DO profiles and hypso-
graphic information (Owens et al. 1998) according to

DOD' = 3[([DO] , - [DO1 ), V] (1)

where [DO] 5= saturation concentration of DO at b °C,
[DO]_ =observed concentrationof DO, ([DO]&E— [DO1),
= DO concentration deficit in reservoir layer i, and
V,=volume of layeri. The reservoir was partitioned into
horizontalslices of 1 m thickness for these calculations,
Calculations of DOD' were made based on the DO pro-
files collected atsite 1, because thissite is representative
of the majority of the lacustrine zone of the reservoir
(e.g., Doerr et al. 1998). Contributions of depletion of
DO within the metalimnion versus the hypolimnion to
the overall DOD' observed below the epilimnion were
resolved, based on demarcations of the layer boundaries
assigned from analysis of temperature profiles (Wetzel
1983, Wetzel and Likens 1991),

The value of DOD' 18 a valid representation of the
actual deficit in lakes over intervals of unchanging
dimensions of the stratified layers. However, if changes
in these dimensions occur over periods of DO depletion
then the effects of transport of DO into and/or out of
these layers associated with these changes needs to be
accommodated. Changes involumes canbe represented
as “entrainment flows” from one layer to the next
{Doerr etal. 1996). Reservoir drawdown causes changes
inlayer dimensions greater than encountered in lakes,

Analysis of DO deficit for reservoirs such as
Cannonsville Reservoir is further complicated by
routine operations that resultin export from stratified
layers. Water supplyand dam release outflows from this
reservoir represent exports of oxygen and oxygen
deficit from the depleted (Effler and Bader 1998)
stratified layers. Exports of oxygen were calculated ata
daily time step as the product of the volume of the
outflow and the DO concentration at the depth of
export. Based on proximity (Fig. 1), in-reservoir
measurements of DO at site 4 supported export
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estimates for the water supply withdrawal and site 1
observations were used to estimate export via dam re-
leases. Dam releases were always from the hypolimnion
during summer stratification (Owens 1998a). Water
supply withdrawals were either from the metalimnion
or hypolimnion depending on the extent of drawdown
and the seasonality of the thermal stratification regime
(Owens 1998a, ¢, Gelda et al. 1998).

Assuming that inflows enter only the epilimnion,
the water balance equations for the metalimnion and
hypolimnion can be written as:

AV, = At (Qu - Q- Qo (2)
AV, = At Q- Qo) (3)

where AV, and AV, = changes in the volumes (m®) of
the metalimnion and hypolimnion over an interval of
calculation, At {d); Q,,, = entrainment flow from the
hypolimnion into metalimnion (m®-d'); Q.=
entrainment flow from the metalimnion into the
epilimnion (m*d*); Q.= exportfrom the metalimnion
through a withdrawal (m® d'); Q.= export from the
hypolimnion through withdrawal and/or dam release
(m?*-d?). Assuming that small-scale vertical diffusion is
negligible compared to entrainment flows, DO mass
balance equations for the two layers can be written as
follows

MCM)
= [Qppyy O (Gt Cy) - Que 0 (C TG ]
- [QouCid + 8y (4)

A(VLGy)
A [-Quy " (CtC ] - [QouCul + Sy

(5)

where C,, and C, = volume-weighted average con-
centrauons (g' m?) of DO in the metalimnion and
hypolimnion, respectively; S, and S, = net consumption
rates of DO (g-d?) in themetalimnion and hypolimnion,
respectively; and o = a dimensionless weighting factor
associated with the DO concentration of entrained
waters (between Oand 1). In the presentanalysiso=0.5
was used (Doerr et al, 1996). The left hand sides of
Egs. (4) and (5) represent the apparentdepletion rates
of DO. The three terms on the right hand sides of these
equations represent DO changes duc to entrainment,
outflows, and net consumption, respectively, Using
measured outflows (Q,, and Q. ) and observed
changes in the volumes of metalimnion and hypo-
limnion, entrainment flows can be estimated from
Egs. (2) and (3). Equations (4) and (5) can then be
used to estimate S, and S,. Only sink processes
contribute to the values of S_because of limited light
penetration. The magnitudes of $, are indicative of
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concentrations remained higher within the metalim-
nion in 1995 (Fig, 5), a major drawdown year (Owens
etal. 1998), than in 1996 (Fig. 4). The minimum was
lostearlierin 1995 (late summer) because of the earlier
onset of fall turnover associated with the greater draw-
down (Geldaetal. 1998, Owens 1998¢}. Vertical profiles
of DOD’ below the epilimnion for 1996 (Fig. 6) reflect
the effects of both the vertical patterns of oxygen deple-
tion (Figs. 3-5) and layer volumes [e.g., see Fig. 2 of
Owensetal. (1998)]. The metalimnetic component of
DOD’ wasgreater than the hypolimnetic deficit through
summer (Fig. 6), associated with the depleted oxygen
concentrations and the larger volumes of the layers
within the metalimnion (Owens et al. 1998). The
magnitude of DOD’ decreased in early fall due to
entrainmentofthestratified and depleted layers within

the deepening epilimnion that accompanied the
approach to fall turnover. This is a recurring pattern.
This influx of deficit to the epilimnion apparently was
largely responsible for the distinctly undersaturated
concentrations observed within this upper layer in
early fall {e.g., 4j1). For example, the loss of meta-
limnetic deficit from September 10 to September 23
due to entrainment can account for about 70% of the
undersaturation observed on the later date.
Concentrations of DO decreased in the hypolim-
nion inlate summerwith the approach to the sediment-
water interface (Figs. 4 and 5). This widely observed
pattern (e.g., Cole 1994, Wetzel 1983) isa manifestation
of the localization of oxygen demanding processes at
thisinterface and limited vertical mixing. Substantially
greater depletion of DO in the hypolimnion at site 4
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Origins of Metalimnetic DO Minima in
Cannonsville Reservoir

Relatively high concentrations of phytoplankton
biomass occurred within the metalimnion of
Cannonsville Reservoir during the summer of 1995,
The peak concentration of the water cohumn (Chl > 20
ug L) occurred in the metalimnion on August 1, 1995
(Fig. 7a and b). This vertical pattern, or elevated
concentrations extending from the surface into the
metalimnion, was common for much of the summer
stratification period. Thoughsimilar detailed profiling
is unavailable for other years, we speculate that this
vertical pattern may be recurring for the reservoir.
Phytoplankton production of oxygen waslargely limited
to the epilimnion (Fig. 7¢) because of the limited
penetration of light (Effler et al. 1998). Respiration
losses of oxygen (Fig. 7c) were predicted to approxi-
mately track the concentration of phytoplankton bio-
mass (Auer and Forrer 1998, Doerr et al. 1998).
Phytoplankton production of DO was predicted to
exceed respiratory losses within the epilimnion for
August 1, 1995 (Fig. 7c). The compensation depth
(z; depth at which phytoplankton production equals
respiration) was predicted to be ~ 5 m (Fig. 7d) on that
day, nearly coincidingwith z, , and the upper boundary
of the metalimnion (Fig. 7b). The higher net rates of
oxygen consumption predicted for the metalimnion
(Fig. 7d) compared to hypolimnetic layers for this DO
sink process reflect the higher biomass concentrations
of the metalimnion (¥Fig, 7a). Further, the minimum
vertical mixing common to the metalimnion (Fig. 7e;
e.g., Jassby and Powell 1975, Wodka et al. 1983) tends

to preserve the effects of this localized sink process.
Values of K for other days during summerstratification
in 1995 establish that z, | was above or at the depth of
the metalimnion minimum (Fig. 8). Thus
phytoplankton respiration contributed to depletion of
DO within the metalimnion for most of the summer of
1995, Based on this analysis, we conclude that
respiration/decay of phytoplankton within the
metalimnion contributes to the occurrence of
metalimnetic DO minima in Cannonsville Reservoir.
Relatedactivities of other communities, such as bacterial
decay of dead phytoplankton and/ or excreted organic
carbonand localized zooplankton grazing, mayamplify
the DO depletion effects of phytoplankton respiration
in the reservoir’s metalimnion,

Two potential origins of the high phytoplankton
concentrations of the reservoir’s metalimnion are
considered here, deposition from the overlying
productive epilimnion (Auer and Forrer 1998, Doerr
et al. 1998) and longitudinal transport through this
layer of elevated concentrations entrained from the
riverine zone (Effler and Bader 1998) as an interflow.
The deposition source is favored, asanalysis of transport
characteristics of the reservoir does not support the
interflow mechanism (Owens 1998b). Though there is
evidence that the interflow phenomenon may
occasionally occur in Cannonsville Reservoir, itsspecific
features did not couple it to the observed metalimnetic
DO minima of 1995. First, early development of the
metfalimnetic DO minimum was apparent in May of
1995 (Fig. 5) when the WBDR entered the reservoir as
an overflow; i.e,, before this inflow became negatively
buoyant (starting in June, Owens 1998b). Owens
(1998b) found that the WBDR would have entered the
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photosynthetic production of DO and e) vertical diffusivity.

water column 3 to 6m above the metalimneticminimum
DO concentration during the interval it was negatively
buoyant. Further, detailed profiling for a number of
parameters at multiple sites with the Seabird profiler
failed to depict common signatures of the movement
of an interflow through the system over the interval of
the development of the DO minimum. Owens (1998b)
concluded that the source for oxygen-demanding
material within the depths of the metalimnetic
minimum was notassociated with an interflow from the
WBDR.

Morphometricirregularities withinstratified layers
are almost certainly not a factor contributing to the
recurring metalimnetic DO minima in Cannonsville
Reservoir. First, no irregularities are manifested in
hypsographic presentations of the reservoir’s morpho-
metry [see Fig. 2in Owens et al. (1998)]. Second, such

an effectis inconsistentwith the rather uniformvertical
position observed for the DO minimum with respect to
thereservoir surface, despite thesubstantial interannual
variations in extent of drawdown over the 1988 1997
interval (Fig. 3). :

Partitioning DO Consumpiz'oﬁ Between
the Metalimnion and Hypolimnion .

On average, 70% of the DO consumption exerted
below the epilimnion over the 1988-1997 interval
occurred in the metalimnion (Fig. 9); the coefficientof
variation (CV) for this contribution for the 10-year
recordwas 17%. Variations in §,, explained nearly 90%
of the interannual variations observed in the overall
S, + Sy consumption rate. The average summed
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consumption rate for the period was ~ 13 tonnes-d*(t
'd?}, the CVwas 29%. The magnitude of S, contributed
the most to the total in 1997 (~ 50%) and the least (~
9%) in 1996 (Fig. 9), the year with the greatest overall
consumption rate (S, + 8, > 20 v d).

Export and entrainment are important compon-
ents of the oxygen budgets of the reservoir’s stratified
layers, that have differed for the metalimnion and
hypolimnion and year-to-year (Fig, 10). Thus, the
signatures of DO depletion in the stratified layers of the
lacustrine zone of this reservoir cannot be used as a
measure of the metabolism of this system without
accommodating theseadditional source /sink processes
[see Eqgs. (4) and (5)]. The components are resolved
here for 2 years that represent extremes in reservoir
operation (Fig. 10); 1995, a major drawdown year
(Fig. 5), and 1996, a nearly full reservoir year (Fig. 4).
The export sink of DO in the metalimnion was
substantial relative to consumption in 1995, while this
sink was much smaller in 1996 and minor relative to
consumption (Fig. 10). Export was the dominant sink
for DO in the reservoir’s hypolimnion in both years
(Fig. 10). Inputs of DO from entrainment were
substantialin both 1995 and 1996 (Fig. 10), Entrainment
inputs to the reservoir’s hypolimnion were much greater
in 1995 compared to the full reservoir case (Fig. 10),a
recurring feature for years with major drawdowns. The
rather small magnitude of S relative to entrainment
inputs and export, and the residual {e.g., by differ-
ence) nature of the estimate of this consumption rate
(Eq. (5)1, suggests substantial uncertainty in the
estimate,

Exertion of DO demand in hypolimna is generally
assumed to be localized at the sediment-water interface,
usually parameterized by sediment oxygen demand
(SOD, g m?-d*; DiToro et al. 1990, Gelda and Auer
1996, Gelda et al 1995). Consumption rates within the

hypolimnion (S;) have been normalized here by the
interface area of this layer for each mass balance cal-
culation interval to yield rates consistent with SOD,
The average areal rate over the 10-year interval was
0.35(£0.12) g-m*d*, substantially less than the average
value of SOD (~ 1.0 g'm*-d') determined directly in
Iaboratory experiments on undisturbed sediment core
samples collected along the centerline of the reservoir
(Ericksonand Auer 1998). Qur evaluation of potential
origins of metalimnetic DO minima in the reservoir
(e.g., Fig. 7) suggests the regulating processesare water
column-based, leading to the representation of this
DO consumption rate asavolumetric rate. Values of §,,
were normalized according to the average volume of
the layer over each calculation interval, The average
rate for the 10-year period was 80 mg-m*-d%. If it is
accepted that the more labile fraction of depositing
organic particles is decomposed within the metalimnion
(e.g., Wetzel 1983}, it is reasonable to expect oxygen
consumption rates in this layer to be more sensitive to
interannual variations in primary production than
hypolimnetic rates. However, no significant relation-
ships between interannual variations of the volumetric
rate of metalimnetic DO depletion and paired measures
of trophicstate (e.g., epilimnetic Chland total dissolved
P load in WBDR) were found.

The mass balance analysis [see Fig. 2, Eqs. (4) and
(6)] has supported the partitioning of oxygen
consumption between the metalimnion and hypo-
limnion for the rather complicated conditions that
prevail in Cannonsville Reservoir. Uncertainties have
been introduced associated with protocols adopted in
dataanalysis and manipulations, and assumptions made
within the framework of the mass balance analysis,
including: 1) specification of boundaries of layers,
2) lack of detailed longitudinal resolution of hypo-
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limnetic DO depletion within the lacusirine zone,
3) use of extrapolation to estimate DO concentrations
inthe deepestlayers onseveral occasions, 4) assumption
of oo = 0.5 for calculations [see Egs. (4) and (5)],
5) assumption of entry of inflows into the epilimnion,
6) assumption that small scale vertical mixing is minor
relative to entrainment flows, and 7) use of time-
averaged layer dimensionsin calculations of normalized
DO consumption rates. These protocolsweresupported
by methodologies presented in the literature (e.g.,
Wetzel 1983, Doerr etal, 1996) aswell assystem-specific
characterization (Gelda etal. 1998, Owens etal. 1998),
Despite the limitations, theadopted protocol hasyielded
reasonable estimates of the partitioning of DO con-
sumption between the metalimnion and hypolimnion
for a reservoir with recurring metalimnetic minima
and complex operational influences.

Significance of Metalimnetic DO
Minimum

Metalimnetic DO minima have decreased to
concentrations less than 4 mg'L* by late summer in
every year over the 1988-1997 interval, and in certain
years hypoxia was observed (e.g., Fig. 4). The depth

. intervals of these low concentrations have generally
been = 5 m thick: intervals of 10 m have been observed
(e.g., Fig. 4). The prevailing vertical patterns of DO
undoubtedlyinfluence the distribution and movements
of cold water fish in the reservoir.

The exertion of most of the oxygen demand of
depositing sestonwithin the metalimnion has important
implications for the redox chemistry of the lower
hypolimnion and related cycling between the
underlying sediments and these bottom layers of the
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water column, For example, the bottom layers of por-
tions of the lacustrine zone were anoxic for more than

a month in 1995 (Effler and Bader 1998) The next
mostenergetically favored electron acceptor to support g
decay processes, NO," (Froelich etal. 1979, Kellyetal. -
1988) was partially depleted butnot ehmmated during
this interval {Effler and Bader 1998) Thus, substantial ::
releases of phosphorus (P) from the bottom 'iacusmne_-' 3

sediments, associated w1th the dlssolutl n of fernc 1r0n R

turnover. The prevaxhngverucal dlstrlbu
the reservmr in late summer reSuIt

the higher temperature (i.e., lower DO satm_” on¢

centrations) of the upper layers it early fall compared- o

to late fall (Effler and Bader 1998):
We are unaware of any nutnent-phytop

model, withwater quahtymanagememgoals PUbhshed-'___' A

intheliterature, thataccurately simulates metalmmenc_:

DO minima driven by the slowed descent of settling i

seston (e.g., phytoplankton) in that layer The model -
for Cannonsville Reservoir successfuﬂy smmla_tes_ the:
time course of oxygen depletion below the eplhmmon L
onavolume-weighted basis (Doerretal: 1998}, but fails -
to reproduce the details of the observed vertical.
distribution (Upstate Freshwater Inistitute 1997, e.g.,
particularly the metalimnetic minimum).. Oxygen
demand within the stratified layers of the reservoir in
this model framework is localized at the:réservoir
bottom, parameterized as SOD (Doerr et al. 1998).
The average value of SOD determined directly in
laboratory experiments on undisturbed sediment core
samples collected along the centerline axis of the
reservoir (Frickson and Auer 1998) was applied
uniformly across the sedimentwater interface of the
hypolimnion (Doerr etal. 1998). Based on the analysis
presented here, itappears thatthe success of the model
simulations of DO below the epilimnion, on a volume-
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weighted basis (Doerr et al. 1998), is an artifact of the
coincidence of the DO demand represented by the
applied SOD and the demand that is actually exerted
within the metalimnion and at the sedimentwater
interface (Figs. 3-5). Amodel thatsuccessfullysimulates
the detailed vertical patterns of DO in Cannonsville
Reservoir would necessarily represent the exertion of
DO demand during the descent of seston and would
have less SOD exerted. We hypothesize that the
measurements of SOD (Erickson and Auer 1998) are
actually applicable over a smaller area than presently
assumed in the nutrient-phytoplankton model. This is
at least in part supported by the lower value(s) of
hypolimnetic DO consumption, normalized for inter-
facearea, reported here compared to the measurements
of SOD,
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