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~ ABSTRACT

Modeling and data management agcomplishments in 1372 are
described. These include statistical consulting and the develop-
ment of abstract and data retrieval systems, as well as phyto-
plankton-zcoplankton, phytoplankton kinetic, zooplankton biomass,
.zooplankton resource, zooplankton vertical migration, invertebrate
benthos, aquatic decomposition, mixing and sedimentation models.
The philosophy and programming of the Biome aquatic ecosystem
model is also discussed.

KEYWORDS

Data management, management information system, data storage
and retrieval, data set abstracts, simulation analysis, statistical
analysis, FORTRAN, mathematical models.
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INTRODUCTION

The Lake George modeling project has made significant gains
in both data management and simulation modeling during the past
year. The present state of activity is encouraging: the modeling
group is functioning as a well integrated team with clear

respensibilities to other Lake George site investigators and

Biome headquarters; and a library of interactive abstract and



data retrieval programs and simulation programs has been developed
in order to provide the necessary software capabilities. It
appears that the modelling effort has reached the point where it
can serve as a major force in the synthesis of site and Biome data
and information.
The data management system.has been greatly improved during

the last year; and a powerful, user-oriented time-sharing control

system with its own command modules has been developed to serve
as the man-machine interface., In addition to aiding other site
investigators, this latter system provides an efficient control
environment for the programming and| evaluation of the ecosystem
models. Several new, specialized egosystem submodels have been
developed, existing models have been updated, and the Biome aquatic
ecosystem model is being implemented by the modeling group. This
Biome model, in turn, will serve as the core for a generalized
model to be used in simulations of [BP lakes from around the world;
the principal work on this generaliged IBP model will also be
centered at the Lake George site.
Because of the re-ordering of priorities necessitated by the
effort on the Biome model, development of several of the models
is ahead of the schedule indicated in the PERT chart from last
year's report (Park and Wilkinson, 1971) and proposal; other

models have been deferred until a later date.




DATA ANALYSIS AND MANAGEMENT

Statistical Consulting . ‘ i

In conjunction with Dr. Raymond G. Stross, an extensive
analysis was performed on hourly PMAX values for the years
1969 to 1l971. The factorial experiment was studied to determine
the statistically significant factgrs influencing the spatial and
temporal variability of PMAX values. The results of this analysis
will be available shortly in memo report form under the senior
authorship of Dr. Stross.

An experimental design was formulated for the chemistry
laboratory of the Fresh Water Institute to assess the variability
of laboratory tests of phosphorus and nitrogen. The design will
enable the laboratory to differentiate between variability of the
tests with respect to technicians and concentrations as well as
the inherent variability of the tests themselves. The results of
the experiment will enable one to place confidence limits upon
the test results found in the laboratory.

With Dr. Lenore Clesceri, the growth rate of microbial

populations was estimated. Examingtion of the data suggests that

- incubation longer than 1.5 hours allows exponential growth, which

is not the growth rate desired to he measured. Tor incubations
under 1.5 hodrs, the relationship between the microbial biomass
and time is linear, implying a constant growth rate. The desired
incubation time was.therefore set under 1.5 hours. To assist in
the determination of this growth rgte, a simple interactive linear

regression program was written. The program is written in



FORTRAN IV and designed to operate

under the ALPHA teleprocessing

system. A prior estimate of the variance is able to be entered

and pooled with the estimate of variance determined from the

regression data. This is an important feature because, although

only about four points are available  at one time to be used to

- determine the regression equation for growth rate, many samples

of such sets of points are available. With each sample of four,

an estimator of the variance 1s available with two degress of

freedom. Using the pooled estimate of the variance, the regression

program permits the placement of reascnably precise confidence

limits on the growth rate.

Data Management

To assist investigators at Lake George and to facilitate the

transfer of information to the Biome .Information Center, a data

management system has been developed. ADLIB - Abstract Data

Librarian is a bibliographic retrieval system which directly ties

© to FIND - Freshwater Institute Numeric Database. ADLIB is a series

of programs which allow investigators to examine data set abstracts

to determine which data are available on the database. FIND is a

series of programs that store and retrieve the actual data. These

Memo Report #72-62 (ADLIB).

. systems are described in IBP Memo Report #72-~61 (FIND) and IBP

Code sheets for transcription of data to computer-compatible

form have been designed and printed
prgduction. Pata format for decomj

standard computer coding sheets.-

i for chemistry and secondary

bosition has been designed using




Several specialized programs have been written. An analysis
program to determine prbauétivityéand average productivity over
the water column has been writtenifor Dr, Donald McNaught's work
in secondary production; Two ploﬁting programs have been written
g0 that day of the year and/orftime of day versus an independent
variable may be plotted.automaticélly by the computer.

Numerous data sets have been keypunched and entered into the
FIND system. These are in such form that they can be transmitted
to the Biome Information Center as soon as data set abstracts are
completed by the réspective principal investigators.

Utilization of External Data Sets

The purpose of this effort was to make available data on the
Lake George Basin contained in the New York State Land Use and
Natural Resources Inventory (LUNR), and its con-commitant
geological and soils file. In addition, data from the first
three counts of the census oﬁ the basin were added to the file.

To assist in utilization, programs for listing and mapping the
data (DATALIST I and PLANMAP IT and III) were modified for use cn
the Rensselaer's IBM 360/50 computer system. As a result, we
can access land-use data for any, p¢rtion of the &réinage.basin,

and maps (Figure 1) can be_prépafed to aid in the interpretation.
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MODELING

Modeling Status

During 1971 and 1872, the emphasis in ecological simulation
shifted from system identification (conceptual modeling) to
calibraticn of thé eight mathematical models developed at the
Lake George site. The modeling.effprt gained impetus during 1972
with the availability of ecological data on primary productivity,
éecondary productivity, decomposition, ¢limatology and water
chemistry.

Under the joint efforts of members of the Lake Gecrge and Lake
Wingra sites and the Oak Ridge modeling staff, an aquatic ecosystem
model (CLEAN) was developed utilizing process and trophic=-level
models developed at the two sites. CLEAN is essentially a mass
balance for biomass in a one-meter square water column and the
underlying sediments in open-water ﬁegion of a freshwater lake.

Work progreséed at Lake George §n three specialized models:
PHYKIN, a model of phytoplankton kinetics; ZOORES, a population
dynamics model for herbivorous zooplankton; and VERMI, a model of
zooplankton vertical migration. A model for sedimentation (SEDMNT)
is alsc under development.

Programming Considerations

CLEAN and allied models employ modular programming. _This
method consists of creating a separate subprogram function or
module for each process (such as respiration). Modular programming
allows a main control program to select-the subprograms required
for a épecific model. A user may choose to execute a specific

model or link any combination of the models for primary produc-



tivity, secondary productivity, predation and decomposition.

Programming at the Lake George |site is done on interactive
time-~sharing systems in FORTRAN. All Lake George models ave
available under ALPHA on Rensselaen's IBM 350 Model 50 in
FORTRAN IV. In addition, CLEAN is lavailabie in FORTRAN V on
the State University of New York at Albany's UNIVAC 1108.
FORTRAN waé chosen for its uniyersality and because it generates
efficient'ébject code; alnecéssity when running large-scale
simulatioﬁs. | | ) B

All calculations are specified with extended precisién in an
attempt to minimize truncatioﬁ-emrcrs. All variables and param-
eters are "passed" in common 5locks for ease in coding and tc
consérve QOre Memory. Modél“pafametefs are sa&ed from_one run to
the next on‘magnetic disk. The FORTRAN namelist featﬁré is used
for editing parameters and initial-conditions. |

Comprehensive Laké Ecosystem Analyzer (CLEAN)

éLEAN_}s an iﬁfegrated set of tiomass modéls for pélagic and
benthic orgénisms in a one-meter square water column and the
underlying sediménts. CLEAN présently predicts total biomass over
the entire column and does not consider vertical mixing (see
"Mixing Model"). The model consists of twenty coupled differential
equations. Ecosystem components that are represented in the model
include maéroPhytes, nanno- and net phytoplankton, herbivorous
copepceds and cladocera, predatory zocplankton, bluegiil—like fish,
bass~like fish, carleike fish, detritus—feeding benthos, pelagice
decoemposers, parfiéulate organié.ma{ter,'énd dissolve& organic

matter (Figure 2). Allowances were made, when programming CLEAN,
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‘-FIGURE 2 - ECOSYSTEM COMPQNENTS FORMING SUBMODELS :
1N CLEAR." THE BIOME AQUATIC ECOSYSTEM' .
MODEL. - DECOMPOSERS ARE ASSOCIATED WITH.
BOTH PARTICULATE ORGANIC MATTER (POM) AND
DISSOLVED ORGANIC MATTER (DOM),
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to accommodate the addition of several more groups (rotifers,

epiphytes, non-rooted macrophytes,

cids).

Figure 3 is a transfer matrix for CLEAN.

protozoa, mollusks and tubifi-

Figure 4 is the

programming flowchart used in designing this model.

As of this time the CLEAN program is débugged, but the lack

of certain physiological and ecologic parameters as well as

comprehensive data on production of several bionomic groups has

hindered full calibration of the model;

able for the driving variables in

Adequate data are avail-

the model for both Lake Wingra

and Lake George; these variables are incident solar radiation,

mean watar temperature, mean ammon
concentrations and the relative in
organic"matter.  CLEAN is_programm
driving vafiables such as dissolve

4

dioxide. The pH of the sediments
an additional driving variable.

As a result of discussions hel
tivity Synthesis COnferéﬁae“in Rea
as the core of a generallzed model
data from the pr1n01pal IBP lake a3
IBP biomes and foreign countries,

A detailed documentation of th
CLEAN will be issued as a‘memo rep

tion is reasonably complete.

Phytoplankton Zooplankton Model (P

ia, nitrate, and orthophosphate

puts of partlculate and dissolved

ad to permlt the addltlon of
d oxygen, silica and carbon

has recently been considered as

d at the IBP/Freshwater Produc-
ding, England, CLEAN will serve
that will be validated with

nd pond sites in the other U.S./

e design and implementation of

ort as soon as content wvalida-

HYHZ)

An earller ver31on of PHYHZ wa

of Lake George for the year 1370 (

s qalibrated for the south end

Memo Report 71~117). Since then
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attempts have been made to determine the coﬁéurrent validity and
predictive capabilities of the revised model. The results of an
attempt to validate PHYHZ for the oligotrophic north end of Lake
George for the year 1970 were encouraging in that the time of the
spring phytoplankton peak predicted by the model was off from the
actual peak by only several days.

A number of simple perturbations were run in order to evaluate
the sensitivity of the model to the various driving variables.
Pertérbations included halviﬁg and doubling the nitrate concentra-
tiong, doubling incident solar radiation (Figure 5), and halving
and doubling the temperature for the year 1970. The results could
n&t be used for predictive purposeé; but, when compared with the
calibrated model (Figure 6), they did give insight into the
behavicor of the model.

| The revisions made in this model during the past year include:
1) The adaptation of a more realistic herbivorous zooplankton
model (MeNaught and others, 1972) that considers cladoceran
and copepods sepérately

2) The addition of predatory zooplankton as a control variasble

3) The separation éf phytoplankton by size into nanno- and

net phytoplankton |

4) The consideration of totali soluble nitrogen as a driving

variable, rather than soluble nitrate and ammonia

separately.
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Zooplankton Population Resource Model (ZOORES)

A model for the population d&namics of a pelagic zooplankton

community was developed by investigators from the Lake George

site and the Biome modeling group at QOak Ridge. The implementa-

tion of this model is discussed by

McNaught and others (1972).

The basic premise of ZOORES is that the availability of food is

a primary factor in determining the birth rates of freshwater

copepods and cladocerans. Initially, two foods, nanno- and net

phytoplankton and three zooplanktoh genera, Daphnia, Diaptomus

and Bosmina, were considered. Pre

sently ZOORES also includes

detritus and detritivorous zooplankton.

The
problem
several foods.
primary and secondary productivity

Aguatic Decompésition ( DECOMP)

of describing compétition 1

The data being used

model was designed primarily to provide insight into the

by several consumers for
i in this simulation are

data for Lake George.

Research on aquatic decomposition at Lake George was advanced

significantly with the development

cooperation with the Biome modeling staff.

mass-cycling model has given new d
collection of decomposition data.

onn the Rensselaer 360/50. However

a need for more complete data on il

rates. A detailed report of the s
tion can be found in Clesceri and

Benthic Invertebrates (BENTHO)

A general model for benthic in

of a mathemétical model in

The development of a
?rection and impetus fo the

The model is fully operational
, initial simulations indicate
n situ hydrolysis and uptake

imulation of aquatic decomposi-

others (1972).

vertebrates was constructed by
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members of the Lake George site and the Biome staff from Oak Ridge
in early 1972. The model is an adéptafion éf the.general consumer
model of O0'Neill and others (1971)., The organisms considered in
this initial version are chironomids, tubificids, ostracods,
bivalves, gastropods and gammérids;

The model has been implemented for chironomids and concurrent
studies of chironomid physiology at L.ake George should provide
parameter estimates for feeding and respiration rates shortly.

Phytoplankton Kinetics (PHYKIN) .

A model for phytoplankton kinetics was developed to facilitate
study of circadian rhythms in phyfbplankton. The driving variables
in the model are solar radiation, Qater femperatuve and the ambient
concentrations of inorganic_cafbod, nitrégen, phosphorus and
silica. State variables in the model consist of fixed biomass
(such as the cell wall and_nucleic materials) and free biomass
such as the cell internal pools cff nitrogen, phosphorus and organic
carbon (sugaré and cils). A sinugoidal component is Iincluded in
the terms for nutrient up;ékein order to simulate rhythmicity. A
separate report on the simulation of phytoplankton kinetiecs is in

preparation.

Zooplankton Biomass Modeliing (Z00)

A mass balance model for zooplankton was developed and
implemented during 1972. Present efforts include sensitivity

analysis of the various parameters in the terms for feeding and



the terms for feeding and respirati
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The term for zooplankton

on.
ingestién is
N b
L W..B.
c c i:lWlJBl : (" g (1
. = Cm. ¥. - B,
3 3 YJ n J )
B.+Z Wi.Bi
Ji=q M )
Cj = consumption rate of resources”b&‘the jth zooplankter
(MGwBiomassfMZDay)
ijCT) = maximum consumption rdte as a function of water
temperature (1/Day).
Yj = a correction term for |zooplankton population dynamics
' and behavior
i3 = consumption coefficient for the jth zooplankter
feeding on the ith resource o
By = Biomass of the ith regource (MG Biomass/M°)
85 = Biomass of fheﬁjth zocplanktéf'(MG Biomass/M?)
Figure 7 is a 3-dimensional piot of éonsumption rate, Cj’
versus L wijBi and Bj' This plot was useful in estimating the
i=1- ' ' ‘ : '

time of the peak zooplankten consum

. then.

and the time of 200planktdnrpeak co

e

of the peak resource concentrations

=]

ption rate. - If

(2)

(33

nsumption approaches the time

A reasonable assumption was
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made that resource peaks either overlap or are sufficiently

widely spaced to allow individual analysis. If

Then C. « B.

(%)

(5)

and the time of peak consumption approaches the time when the

zooplankton biomass peak occurs. Since the time of peak con-

sumption is an important factor in

determihing the lag time

between prey and predator peaks, the relationships in equations

(3) and (5) are quite sigﬁifiCant.
these relationships.,. .

McNaught' and others (1972) desd
implementation of Z0O.
sensitivity analysis and on the prq
feeding and respiration rateszfor 1

plankton.

Zooplankton Vertical Migration (VE}

This report

Figure' 8 graphically describes

sribe in detail the design and
‘also includes sections on
gress in obtaining realistic

lerbivorous and predatory zoo-

RMI )

One of the more, interesting pr{
that of zooplankton vertical migraj

Several explanations have been offs

distributions of zooplankton with depth at Lake George.

bblems -in. limnology has been
tion on a diurnal basis.
sped to describe the non-random

Experi-

mentation has begun on a simulation model for zooplankton

vertical migration.

The model consists of non~linear, one-

dimensional partial differential equations for phytoplankton and

zooplankton.

All the equations are of the form of a general mass
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(1)

balance:

9B.

i_ _ 3

3T ° 73z (dpy) * 9y

where t = time
z = depth
B, = biomass of the ithhgroup
qpy © biomass flux of the ith group

Q
]

Bi source or sink térm.%orrthe ith bilomass group

Assumptions were made that phytoplankton were nonmotile and that

mixing could be igndfed initially.

apy = 0

Hence for phytoplankton

(2)

The rate of change of phytoplankton at any point was considered

only as production minus grazing 1

considered specifically as a funct

ogs = [F(I(z,1)) - kg B3]
kG = grazing ra?egconsfan
Bj = biomass of jth zoopl
I{z,t) = solar radiation as a

For zooplankton, on an hourly basi
population was assumed to be:

UBj‘: kcBiBj

H

k

o consumption rate.

Dssés, where production was
i?n of light. Then:

B ' (3)
T

ankter

function of time and depth.

s, the growth rate of the

(4)




The flux rate was assumed to have

random motility:

and one component due to phytoplar
9B.

= I
35 = Y3 37 By

Thus the equations for phytoplankt

9B,

l o —
T ¢ LE(IC(z,t)) kGBj] Bi
aB. 3 oB.
.......1. T e e =l . .........;1. - O
at 3z ] EY ]
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three components, one for

(5)

(6)

kton concentration gradients:
(7)

on and zooplankton are:

(8)

Q)IQJ
N
ew]

[
-+
-
1.
3
[
v
J

(3

whepre aj is probably a function of] light and Yj is probably a

function of substrate concentratio

n. Equations (8) and (8) thus

represent a complex simulation model for zooplankton vertical

migration. At this time,much thou

ght must be given as to whether

~ this system of partial differentiall equations has a realistic

solution that is ecologically meaningful.




Mixing Model

a.nonuflowing body of water subje

sclar radiation, ete., over a per

approach has been used by Varga ai

dissolved oxygen dynamics.

where

in the vertical, or z, direction,

equation to:

thermal structure and fluid motio

This model simulates mixing a

The model is derived using a I

The standard form is:

0B

5t 7 VYt %
%t = time
B = mass of particulate 1
] 2 3

®,v¥ = horizontal direction

z = vertical direction

dp = mass flux

Og = sinks or sources

aB _ . .
3¢ - mass change with tim

We have chosen tc simplify an

Fr e

The qp term is assumed to hav

i 3B
@ A5y
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ction of particulate matter in
iod of one year.

nass balance equation. This

nd Falls (1972) for modeling

natter

2]

nlysis by treating only motion

thus reducing the general

e two components, one for

n.

ot to variable wind, temperature.,
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where A is an undetermined lumped coefficient which is a

function of atmospheric variables,
represents diffusion and is treated
of heat:

q2 = C-Bl

The second coefficient

in the sense of diffusion

where € is an undetermined lumped ¢oefficient, a function of

wind, temperature and water viscosity, and therefore of t and z.

Sy represents a growth term:

Op 7 (P-R-E-U-M)B = D
where F = gross photosynthesis
R = respiration

E = grazing
U = excretion

M = non-grazlng mortality

B = biomass of phytoplankton

and is a function of soclar radiation, nutrient concentration,

temperature, depth and mass, and therefore of t,z and B.

Thus we have:

@

B JB

2z

In addition, we probably need a

-.,.a_,(_ 3B, o) L
m_E"'" az A' +CB Do

(1)

form of the Navier-Stokes

equation in order to accurately speécify fluid motion; however,

such an equation is not included because an empirical approach

to density stratification and fluid

productive at this time. Therefore,

motion seems to be more

differentiating, rearrang-

ing and lumping coefficients, we have:
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3B Y 3B
—— = — ot A e = el s - o
3t T bz oz MLz T a P TSt P
4 :
:Af_@._(_?_.&J,C)Q.E_?_C B+ D
az2 9z 0z 3z -
328 . . 3B -
:A’B——Z‘"F _5-:'?.-+N . (2)
z
A= A(t,2z)
- F = F(t,z)

N = N(t,z,B).

Farlier in the year we assumed that A and C were constants.

Thus for numerical analysis the following equation was used:

~aé:z’-‘s----"-----C—-——+D ‘ (1a’

r+
o
Q)
N

which is derived from (1) by caryying out the differentiation
by assuming A and C independent of z. In addition it was assumed
' that motion occurs only in the vertical direction, that the
thermocline is constant af 15 meters,and that mixingkonl§ oeouUrs
in the upper 15 meters.
We are now expanding the model to treat A,C, and D as variable
coefficients, where A:and C are functions of time and depth, and
D is a function of time, depth and mass. This makes the formula-
tion more difficult but more accurate. For numerical analysis we
then use (2). This is a second order, non-linear partial
differential equation with variable coeffigients. Two difference

schemes have been worked out for approximating this equation for




use in the computer: a simple implj

corrector scheme.

mathematical validity.

In addition we. are also derivir

the
and C'
are also beginning work
- Determination of D, the growth
a geparate model, PHYHZ

This has already helped

Coefficients A and C are funct]

precipitation, evaporation, duratiq

and, for C, water viscosity.

determine all these as functions of

from empirical data. For an initis
break time and depth into blocks wh
constant. From cbservaticn, we hat
and 9b) . The ordinate, [A], is t}
at a given z level, horizontal posi
alternates constantly from rising 1
within minutes, we have used |A| td
mixing., This graph indicates that
cccurs during turnover, that summes
of turnover pericds but greater thi
the same paftefh is e&ident for boj
overall magnitudes for the hypolim
seems th

epilimnion., From this it

A into two depth regions with four

Thess are currern

thermocline. This uses equatid
are different than for mixirn

to treat mi

(see "Phytq

in developn
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lcit scheme and a predictor-

1t1ly being checked out for

1g an equation for mixing below
n (1) but the coefficients A'
1g above the thermocline. We
xing between the two layers.
term, already has been done in
yplankton ~ Zooplankton Model").
ient of the mixing model.

lons of wind, water, temperature,

yn of atmospheric conditions,

To determine A and C we must first

t and z, which will be done
11 approximation we tried to
iere A and € would be fairly
ve rough graphs (Figures ga

ie degree of turbulent mixing
ltions fixed. Since mixing

ro falling motion, sometimes

> show simply the magnitude of
the greatest degree of mixing

¢ mixing is much less than that
an that of winter, and also that
th layers of the lake, tThe

1ion being less than for the

it we can divide the range of

time regions each, using as
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magnitude of A for each region the
Thus we can initially approximate
for each natural time and depth re
hypolimnion for winter, spring tur

Likewise, Figure 10 expresses

sinking or sedimentation cocefficie

upon water viscosity, which is inv
ture. In warmer weather viscosity
hindered. The curve for the hypol
range because the mean temperature

is less. Thus, we can also approx

regions: epilimnion and hypolimnio

fall. Here the magnitude for wint
constants; and the spring and fall

At present we particularly nee

accurate functionalities for A and|

Sédimentatiohf}SEDMNT)

It was neceESary to'indorp6rat
CLEAN fh order to account for the
Alppré;tigulate organic matter. In
the minimﬁm diameter of the. bottom
The

wave height and periodicity.

.algorithm used by Fox (1967), is:

29

mean absolute wvalue of A,
A by some average constant
gion: epillimnion and

1

nover, summer and fall turnover.

the relationships for C. The
nt, C, is largely dependent
ersely proportional to tempera-
is less and sinking less

imnion is lower and has a lesser
is lower and the summer warming
imate C in eight different

n for winter, spring, summer and
oy and summer are expressed as
values are linear with fime.

d data in order to derive

C.

e a sediméntation model into
settling,out and re-suspension
effect, :this model calculates
sediment for the observed

basic equation, based on an

s = .022 v2 + / (.022 V)P + 329.96V (1)
595,90

g = sediment diameter in mm

V = velocity
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Vv = 707.0 V (2)
o
VO = orbital veloclty . o
. w/2 . 21n/p ‘ : R {
Vo ° SIinn(N-z) ' (3)

w = actual wave height

P = wave period.

If the predicted sediment size is [greater than that of fine silt-.
sized particles (0625 mn) then the bottom surfacélorganic
sediment is transferred to,the waterrcolumﬂ. If the predicted
sediment size 1is less than that of silt.then sedimentation proceed:
as a function of sinking rate and wafer4coiumn mixing (see "Mixing
Mcdel"). If macrophyfes eceuy Qor are predicted as the simulation
proceeds) then wave agifation is éyﬁboiicailyw"damped out" and

re-suspension is not permitted.
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