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ABSTRACT

VAN WINKLE, W., S. W. CHRISTENSEN, and G. KAUFFMAN. 1976.
Critique and sensitivity analysis of the compensation
function used in the LMS Hudson River striped bass
models. ORNL/TM-5437. Oak Ridge National Laboratory,
Oak Ridge, Tennessee. __ pp.

The description and justification for the compensation function
developed and used by Lawler, Matusky & Skelly Engineers (LMS) (under
contract to Consolidated Edison Company of New York) in their Hudson
River striped bass models is presented. A sensitivity analysis of
this compensation function is reported, based on computer runs with
a modified version of the LMS completely mixed (spatially homogeneous)
model. Two types of sensitivity analysis were performed: (1) a
parametric study involving at least five levels for each of the three
parameters in the compensation function, and (2) a study of the form
of the compensation function itself, involving comparison of the LMS
function with functions having no compensation at standing crops
either less than or greater than the equilibrium standing crops. For
the range of parameter values used in this study, estimates of percent
reduction are least sensitive to changes in YS, the equilibrium
standing crop, and most sensitive to changes in KXO, the minimum mor-
tality rate coefficient. Eliminating compensation at standing crops
either less than or greater than the equilibrium standing crops results
in higher estimates of percent reduction. For all values of KXO0 and
for values of YS and KX at and above the baseline values, eliminating
compensation at standing crops less than the equilibrium standing crops
results in a greater increase in percent reduction than eliminating com-
pensation at standing crops greater than the equilibrium standing crops.

The conceptual basis for the LMS compensation function is criticized,
particularly the lack of a sound biological basis for the left Timb of
the function. An alternative functional form is presented. The lack
of a relationship between any of the three parameters in the LMS
compensation function and measureable biological phenomena is also
criticized.
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Together, the critique and sensitivity analysis of the compensation
function used in the LMS Hudson River striped bass models highlight the
need for caution in relying on these models to reach a reasoned decision
on the potential impact of the Hudson River power plants on the striped

bass population.
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INTRODUCTION

The primary issue in controversy with respect to estimating the
effects of entrainment and impingement on the Hudson River striped bass
population is the extent to which regulatory agencies, utilities, and
society should rely on compensatory decreases in natural mortality to
offset the increased mortality due to the power plants. This issue is
of particular importance in terms of how compensation is included in
striped bass:simulation models, because the handling of compensation
appears to account for the major part of the difference among
estimates of percent reduction in the striped bass population.

The objectives of this report are (1) to present the description
and justification for the compensation function developed and used by
Lawler, Matusky & Skelly Engineers (LMS) {under contract to Consolidated
Edison Company of New York), and (2) to present a sensitivity analysis
and critique of the LMS compensation function.

LMS FORMULATION OF COMPENSATION]’2’3

LMS describes and justifies the mathematical formulation for
density-dependent mortality of early life stages, which is used in all
three of the LMS striped bass models to estimate the percent reduction
due to power plant operation, as foﬂows:2

"Quantitative accounting for compensation in biological
systems is simply a recognition that, as in other physical
systems, first order kinetics cannot be employed to describe
survival kinetics over the whole range of population. This
recognition requires that rather than using the simple first
order decay function exclusively to describe natural survival
behavior, a more complex expression must be employed.

"This expression should reduce to the first order function
over the range of populations where such is appropriate, but
should also recognize the tendency of the system to compensate
itself when driven substantially beyond this range in either
the direction of increased populations or in the direction

of decreased populations. This is the concept of homeostasis
or ‘biofeedback', that is, that a living system tends to be
self-stabilizing.



"The first order decay expression is written:

Rate of mortality, fish/unit volume/day = KEN
in which:
N

7 unit first order decay rate, a constant having the
units of days -'.

I}

number of fish per unit volume of water
K

"This expression was used in the early modeling [1] to describe
the natural mortality behavior in any 1ife stage. The

numerical value of Kp is obtained when the duration of the
stage in days and the percent survival for that stage are known.

"The kinetic expression empioyed in the transport model

was developed by employing the first order form, in which a
general rate coefficient K, rather than the constant Kg, is
introduced and is allowed to vary with fish concentration.

"For any stage, K is varied with the prevailing concentration
so that the rate of mortality in that stage increases with
increasing concentration (due to crowding, less food per

unit number of fish, more food [fish] for predators, etc.)
and decreases with decreasing concentration for the converse
reasons. Thus, the concept of homeostasis is preserved in
the model.

"The functional form chosen for variation of K is:

f(Ke-k ) NN (D)

in which:
K = generalized unit mortality rate, day"]
KE = conv$ntiona1 first order or "equilibrium" rate,
day”
K0 = minimum unitnTortality rate consistent with system
biology, day
Ns = "saturation" or equilibrium population level, fish

per unit volume
N = actual fish concentration at any point in time
(week and year) and space (river location)



"This kinetic model has been developed after extensive
review of population dynamics Titerature ([a] through
[f]). Many of the concepts described herein are presented
in these earlier references in a largely qualitative
fashion; they have been quantified here.

"Figure [1], which is a graphical representation of the
behavior of Equation 1 for a given set of rate constants
(Kgs Ko, Ns), shows how the generalized rate coefficient,
K, varies with population density. Explanation of the
behavior of Equation 1 and Figure [1] follows. [The
Figure 1 in this report is a modified version of the
original LMS Figure 9 of Ref. 2.]

"Consideration of Equation 1 shows that when the actual
population, N, is equal to the "saturation" population,
the K rate reduces to the constant Kg, signifying
normal first order behavior.

"What we are saying is that, on a long-term basis,
exclusive of the plant's effect, we are considering

the estuary juvenile striped bass population to have
reached some "saturation" or "equilibrium" level.

This does not imply that the estuary can never support
more 1ife - it simply says that for the existing set

of background conditions, i.e., conditions both

natural and man-made that exist prior to the operation
of the plant, the river is "in balance" or is supporting
that level of life which it is capable of supporting,
considering all the external factors, both good and bad,
that presently exist.

@Nicholson, A. J., "The Self Adjustment of Population to Change,"
Cold Spring Harbor Symposium, 1957, Quant. Biol. 22:153-172.
bNicholson, A. J., "An Outline of the Dynamics of Animal Populations,”
Australian Journal of Zoology, 2:9-65, 1954.

CSmith, F. E., "Population Dynamics in Daphnia magna and a New
Model for Population Growth," Ecology 44:651-663, 1963.

dErrington, P. L., "Factors Limiting Higher Vertebrate Populations,"

Quart. Rev. Biol. 21:144-177, 1946.

eWangersky, P. J., Cunningham, W. J., "Time Lag in Population Models,"
Cold Spring Harbor Symposium, 1957, Quant. Biol. 22:329-338.

fPatten, B. C., "System Analysis and Simulation in Ecology," Academic
Press, New York, pages 275 through 278, 1971.
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used elsewhere in this report: YS = Ns; KX = KF; KX0 = KO‘



"These include, for example, the possibility that
railroad construction before the turn of the century on
both sides of the river may have cut off some natural
nursery areas, that the Sacandaga and Indian v

Lake Reservoirs in the Adirondack Mountains near the
headwaters of the Hudson are probably posing a different
freshwater regime than once existed, etc.

"Whether we are close or far from the theoretical
ultimate saturation that might be reached under the
best of conditions is beside the point. We are only
interested in saying that before a specific new
influence enters the river, the river is probably not
in a state in which significant departure from a
balanced population exists.

“"The mathematics chosen represent this notion quite
well. The plateau shown in Figure [1], extending over
a concentration range of .42 [per one thousand] cubic
feet to .68 [per one thousand] cubic feet of juvenile
I's, and in an approximate sense over an even broader
range, corresponds to the saturation level. The decay
rate is constant at .0536 day-1, the chosen value of K.
Note that this corresponds to 20% survival over 30 days
of 1ife of any juvenile I complement. The kinetics
over this relatively broad range are essentially first
order, the system is in relative balance or at relative
equilibrium, and there is little active compensation.
The important point is that this numerically apparent
non-compensatory behavior is occurring over a relatively
broad range centered about "existing" conditions in

the river.

"This notion is shown again in Figure [2] where survival
rate versus concentration is plotted. [The Figure 2 in
this report is a modified version of the original LMS
Figure 10 of Ref. 2.]. The daily survival rate at
which relative equilibrium is attained for this stage is
.948. Note that the carrying capacity concentration
satisfying this plateau is in the range .42 to .68 per
one thousand cubic feet for given values. On either
side of this plateau, we observe either an increase or
decrease in survival of existing concentration. Survival
increases to compensate for lower concentration and
decreases to compensate for higher concentration.

"Now, Equation 1 also indicates that as the fish con-
centration drops off, because of induced population-
draining effects, the rate of mortality, K, continues
to decrease until a minimum rate of mortality, K,, is
reached. K approaches Ky as the population decreases
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toward zero. Thus, K, may be interpreted as the minimum
rate of mortality that will exist in the system when
population influences on mortality (competition for food,
availability to predators, etc.) are eliminated.

"In this sense, Ky has the same system interpretation as
does Kg and Ng, i.e., it is representative of the "now"
condition in the estuary, taking into account all positive
and negative, natural and man-made influences on the
system.

"Equation 1, therefore, shows that, as concentrations
are reduced by plant effects, the mortality rate due
to other effects will decrease, thereby compensating
partially for the smaller numbers by allowing a
larger fraction of the fish that remain to advance

to the next stage. This will only partially offset
the effects of the plant, since each early stage is
subjected to either entrainment or impingement by the
plant.

"Note that in the presence of a factor which will
tend to increase population, such as a year in which
"everything is right," the mortality rate, K, will
exceed Kg and the tendency to increase the population
will be controlled. Thus, compensation can be seen
to be the mechanism which keeps a fluctuating
population under control. The fate of a fluctuating
non-compensating feed back system is discussed in
detail in the early testimony.[1]

"In summary, then, Equation 1 was chosen to represent
background or existing survival kinetics in the model
because it operates in a normal first order fashion
about existing concentrations and will permit partial
compensation if significant departures from existing
levels occur upon introduction of new influences."

LMS uses exactly the same compensation function in its real-time,

3 With one modification, IMS also uses the

two dimensional model.
same compensation function in its completely (totally) mixed model
(i.e., spatially homogeneous mode]).1 The one modification is that
NS, the "saturation" or equilibrium population density (fish per

unit volume) used in the two transport models, is replaced by YS, the

"saturation" or equilibrium standing crop for the entire Hudson River

estuary.



SENSITIVITY ANALYSIS OF THE COMPENSATION FUNCTION
USING THE LMS COMPLETELY MIXED STRIPED BASS MODEL

Justification for Using the Completely Mixed Model

As indicated in the preceding section, LMS uses essentially the
same compensation function in all thrae of its striped bass models.
We selected the completely mixed mode! for the detailed sensitivity
analysis of this function because it is the easiest and least expensive
of the three models to run. We have also performed a sensitivity
analysis of the LMS compensation function using the LMS tidal-averaged,
one dimensional mode].4

Methods

We started with the deck of computer cards for the transport and
completely mixed models as supph’edb and documented6 by LMS and Con
Edison. These two models consist of subroutines of a main program,
with the main program calling whichever model is specified. We
modified the main program to call only the completely mixed model and
left only those few subroutines required for the completely mixed
model. Additional changes were made in the program, relating primarily
to input and output. The basic mathematical formulation of the model
was not altered except in one part of the investigation [the flattening
out horizontally (i.e., disabling) of the right or left limb of the
compensation function]. A listing of the computer program as usad by
ORNL. is given in Appendix A. Input data cards for a sample run are
given in Appendix B, and output from the sample run is given in Appendix
C.

We performed two types of sensitivity analysis: (1) a parametric
study involving a range of values for each of the three parameters in
the compensation function, and (2) a study of the form of the compen-
sation function itself involving disabling the left or right limb.

The LMS compensation function has three parameters for each life
stage: YS(ENS), the saturation or equilibrium standing crop; KX(EKF),



the corresponding equilibrium mortality rate coefficient; and KXO(EKO),
the minimum mortality rate coefficient (see Figs. 1 and 2). (The
variables in all capital letters are the computer variable names, which
are used throughout the remainder of this report. The variables in
parentheses are the mathematical symbols used by Lawler, Matusky &
Skelly Engineers as quoted earlier in this vreport.) For each of these
three parameters we carried out a separate sensitivity analysis using
at least five different values for the parameter. The values of the
remaining two parameters were held constant at the baseline values.
The baseline parameter values [Table 1(a)] were selected as
follows. The probability of survival (PS) and duration {DTE) were
specified for each 1ife stage. The PS values were selected so that
the probability of survival from egg to yearling was 0.00001 and the
probability of survival from Juvenile 1 through Juvenile 3 was 0.01,
with the probability of survival the same for each of the three
juvenile 1ife stages. The DTE values are those used by LMS except
for eggs (2.0 vs 1.5 days) and Juvenile 2 (100 days vs 100.5 days).
Baseline KX values were calculated as -1n(PS)/DTE. The model was run
using these KX values and KXO = KX for each 1ife stage (i.e., no
compensation) without the power plant in operation. The program was
modified to select and print NMAX, the maximum standing crop calculated
for each 1ife stage during the simulation. Then baseline YS values
were taken as one-half of these maximum standing crop values. The
choice of one-half was designed to assure that both limbs, as well
as the plateau, of each compensation function would be utilized.
Baseline KX0 values were calculated as 0.8 KX. Additional levels
for the values of the equilibrium standing crop (YS), the equilibrium
mortality rate coefficient (KX), and the minimum mortality rate
coefficient (KXO0) were obtained by using the multiplicative constants
(denoted AYS, AKX, and AKXO, respectively) in Table 1(b). Note that
Tevel 4 of AYS, level 4 of AKX, and level 3 of AKXO (i.e., KX0=0.8 KX)
correspond to the baseline set of parameter values.
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Table 1. Parameter values used by ORNL in its sensitivity analysis
of the LMS compensation function

(a) Baseline values

Parameter Life stage
Symbo]a Units Eggb Larva Juvenile 1  Juvenile 2 Juvenile 3
PS 0.1 0.01 0.215 0.215 0.215
DTE Days 2 28 20 100 158
YS(z N)  No. of —-—=  1.4789%  2.65E7° 8.98E6° 2.29€6°
organisms
KX(= KE) Day'] 1.15 0.164 0.0511 0.0124 0.00972
KXO(EKO)d Day—] ———— 0.132 0.0409 0.00996 0.00778
a

PS = probability of survival through the life stage; DTE = duration of
the 1ife stage; YS = saturation or equilibrium standing crop; KX = equiltibrium
mortality rate coefficient; KXO = minimum mortality rate coefficient.

bORNL and LMS assume no compensation occurs in the egg stage.

Fortran exponential notation; e.g., 1.47E9 = 1.47 x 109.
dFor each life stage, KX0 = 0.8 KX; e.g., for larvae 0.132 = 0.8 (0.164).

{(b) Multiplicative constants®

Level AYS akxf AKX09
1 0.2 0.5 0.3
2 0.5 0.75 0.5
3 0.75 0.9 0.8
4 1.0 1.0 0.9
5 1.5 1.1 1.0
6 2.0 1.2
7 5.0 1.3

®For a given parameter (i.e., YS, KX or KX0) and model run, the same
multiplicative constant (value of AYD, AKX or AKXO, respectively) was used for all
four life stages. Parameter values are calculated in the computer program by
multiplying the baseline values in Table 1(a) by multipiicative constants selected
from Table 1(b).

fIn the sensitivity analysis for KX, KXO values were always calculated as
0.8 times the KX value being used. For example, for larvae and AKX = 0.5, the KX

value used in the model is 0.5 (0.164) = 0.082. Then the KX0 value used in the
model is 0.8 (0.082) = 0.0656.

9The AKXO muitiplicative constants were applied to the baseline KX values
(Table 1{a)). The approach was to specify a value for the ratio KXO/KX(z AKX0)
(e.g., 0.3), and then given the baseline KX value (e.g., 0.164 for larvae) to
calculate KXO as KXO0 = AKXO-KX for the different levels of AKXO given in
Table 1(b) (e.g., KX0 = 0.3 (0.164) = 0.0492).
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The range of values used for each parameter was large enough
to evaluate the sensitivity of the model to parameter variations in
the neighborhood of the baseline values. We have not included results
for what we consider to be extreme variations in parameter values.
Extreme variations around the baseline values do provide further insight
into the operation of the LMS compensation function, but they tend to
be inconsistent with the LMS conceptual justification for the function
of controlling population levels about an equilibrium point.

In addition to the above parametric study of the LMS compensation
function, we examined the sensitivity of the results to the form of
the function itself by disabling either the left Timb or the right
1imb (see Figs. 1 and 2). Again, when values of one parameter were
changed, the values of the remaining two parameters were held constant
at the baseline values. Note that disabling both arms simultaneously
eliminates compensation from the model and is equivalent to the case
with AKXO = 1.0.

The Teft Timb was disabled for each life stage by setting the
cubic term in Eq. (1) equal to zero whenever the standing crop at
time t, N(t), was less than the equilibrium standing crop, YS; i.e.,
whenever N(t) < YS. The right 1imb was disabled in a similar manner,
but based on the test condition N(t) > YS. Figure 3 provides an
example of the resulting shapes of the LMS compensation function when
the left 1imb or right 1imb is disabled. The effects of disabling
the left 1imb or the right 1imb were compared with each other and
with the case of neither arm disabled.

The model was run for 41 years (year 0 through year 40) for
each parameter combination and form of the compensation function. The
output for year 0 provided results with no power plant; the output for
yvear 1 provided results with the power plant operating for 1 year;
and the output for year 40 provided results with the power plant
operating for 40 years. The hypothetical power plant considered in
these model runs had an intake flow of 8000 cubic feet per second (cfs),
which is more than the combined intake flows of Indian Point Units.
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1, 2, and 3 (4585 cfs) and Tess than the combined intake flows at
Indian Point plus Bowline, Lovett, Roseton, and Danskammer (9150 cfs).
A composite f-factor value of 0.5 was used for each of the three
entrainable Tife stages (eggs, larvae, and Juvenile 1). (We have also
performed a combined sensitivity analysis for compensation parameters
and f~factors using the LMS tidal-averaged, one dimensional transport
mode1,4)

The code number and description of output variables we have
tabulated for each model run are given in Table 2. Variables 1-15 are
for production into a life stage, ratio of maximum standing crop to
equilibrium standing crop (NMAX/YS), and percent survival through the
1ife stage for each of the five young-of-the-year 1ife stages. In
addition, there are variables for number of yearlings produced (16),
total number of adults in the population (17), relative number of adults
in age classes 1, 2, and 3 (18), and annual probability of survival for
adults in each of age classes 4 through 13 {19). Values of variables
1-19 were tabulated for years 0, 1, and 40. Variables 62-74 are the
"impact variables.” The percent reduction caused by the power plant is
calculated for each young-of-the-year life stage and for yearlings and
total number of adults. As an example, percent reduction in the number
of young-of-the-year striped bass surviving to become yearlings after
one year of power plant operation is calculated as:

(Number of yearlings produced in year 0 - Number of
yearlings produced in year 1)

100 x Number of yearlings produced in year )

Values of variables 62-74 were tabulated for years 1 and 40, with
year 0 (no power plant) as the reference condition in both cases.

Results

Detailed results corresponding to the variables in Table 2 are
given in Appendix D, Tables D1-D6. Graphs in this Results section are
based on values from these tables.
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Table 2. Code number and description of output variables
tabulated by ORNL

Output variable

code? Description of output variab]eb

01 Number of eggs produced

03 Percent survival through the egg life stage

04 Number of Tarvae produced

05 NMAX/YS for Tlarvae

06 Percent survival through the larval life stage

07 Number of J1 produced

08 NMAX/YS for larvae

09 Percent survival through J1

10 Number of J2 produced

il NMAX/YS for J2

12 Percent survival through J2

13 Number of J3 produced

14 NMAX/YS for J3

15 Percent survival through J3

16 Number of yearlings produced

17 Total number of adults

18 Relative age composition in the first three age
classes

19 Annual probability of survival for adult age

classes 4-13C
Impact Variables

62 Percent reduction in number of eggs produced

64 Percent reduction in number of larvae produced

66 Percent reduction in number of J1 produced

68 Percent reduction in number of J2 produced

70 Percent reduction in number of J3 produced

71 Reduction in number of yearlings produced

72 Percent reduction in number of yearlings produced
73 Reduction in total number of adults

74 Percent reduction in total number of adults

@ariables 1-18 are used for each of year 0 (power plant off) and
years 1 and 40 (power plant on); variables 62-74 are used for each of
years 1 and 40 and refer to percent or number reductions at year 1 and
year 40 relative to year 0. See text for definition of percent reduction.

bNMAX is the maximum standing crop occurring in a given model run
for the indicated life stage; YS is the saturation or equilibrium stand-
ing crop for the indicated life stage and is an input parameter; J1
denotes the Juvenjle 1 1ife stage; J2 denotes the Juvenile 2 life stage;
J3 denotes the Juvenile 3 1ife stage.

“Variable 19, the annual probability of survival for adults in each
of age classes 4 through 13, is calculated during year 0 using an
iteration scheme. It is calculated to satisfy the constraint that,
given the values for all of the other parameters in the model, this is
the annual probability of survival for adults that results in a constant
adult population with no power plant. This parameter is then held
constant for years 1 through 40.
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Sensitivity analysis for YS, the equilibrium standing
crop.

The dependence of percent reduction in number of yearlings (age

class 1) and number of adults (age classes 1-13) on YS (NS of Eq. 1) is
quite complicated (Figs. 4a and 4b), although two basic trends stand

out and merit comment. Values of YS less than the baseline values (that
is, where the multicative constant AYS < 1.0) result in Tower percent
reductions than for the baseline case. Values of YS greater than the
baseline values (AYS > 1.0) result in higher percent reductions. As
would be expected, these trends are more obvious at year 40 than at
year 1. For example, at year 40 the percent reduction in number of
adults ranges from 15 to 49%, while at year 1 the percent reduction
ranges from 7 to 12% (Fig. 4b). It is important to note that these
variations are due to relatively small changes in YS from one-half (AYS =
0.5) to twice (AYS = 2.0) the baseline values.

The curves in Figs. 4a and 4b may be explained, in part, by the
shape of the curves in Fig. 4c. Again YS is the equilibrium standing
crop for a given life stage, which was varied over seven levels by
means of the multiplicative constant AYS; the value of YS fixes the
location of the plateau of the compensation function along the abscissa
(Figs. 1 and 2). NMAX is the maximum standing crop calculated for a
given life stage during each simulation. Thus, the ratio NMAX/YS is an
indicator of the right-most point on the compensation curve actually used
in a given model run (Figs. 1 and 2; note the X-axis scale at the top of
these figures). For example, if NMAX/YS = 1.0 for a given life stage,
this means that the simulated standing crop reached a maximum value of
YS; thus, only the left 1imb of the compensation function was used at
all. As indicated in Fig. 4c and as would be expected, increasing YS
(AYS > 1.0) causes NMAX/YS to decrease, eventually to less than 1.0.
Decreasing YS (AYS < 1.0) causes NMAX/YS to increase, although for
AYS < 0.5 the value of NMAX/YS ultimately decreases for the juvenile
1ife stages.

Considered together, Figs. 4a, 4b, and 4c indicate that at YS
values slightly above the baseline Tevels (1.0 < AYS < 2.0), NMAX
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and YS approach each other and the populations spend more time on the
plateau {region of no compensation) and left 1imb of the compensation
function, with the result that percent reduction increases. At ¥YS
values greater than NMAX (AYS > 2.0), the populations are restricted
to the left 1imb {which is compensatory at all points), with the
result that percent reduction decreases slightly. As YS decreases
below the baseline levels (AYS < 1.0}, the model tends to operate
more on the right 1imb of the compensation function, which gets
progressively steeper (i.e., stronger compensation), with the result
that percent reduction decreases.

Sensitivity analysis for KX, the first order mortality
rate coefficient

The dependence of percent reduction in number of yearlings and
number of adults on KX (KE of Eq. 1) is illustrated in Fig. 5. Values
of KX less than the baseline values (that is, where the multiplicative
constant AKX < 1.0) result in Tower percent reductions than the
baseline case. Values of KX greater than the baseline values (AKX > 1.0)
result in higher percent reductions. Again, these trends are more
obvious at year 40 than year 1. For example, at year 40 the percent
reduction in number of adults ranges from 3 to 44%, while at year 1 the
percent reduction ranges from 2 to 10% (Fig. 5b). Estimates of
percent reduction are particularly sensitive to changes in KX in
the neighborhood of the baseline values (0.75 < AKX < 1.1).

The curves in Figs. 5a and 5b may be explained by the curves in
Fig. 5c¢c, which is analogous in derivation to Fig. 4c. Again, the
ratio NMAX/YS is an indicator of the right-most point on the compensa-
tion curve used in a given model run (Figs. 1 and 2; note the X-axis
scale at the top of these figures). Increasing KX (AKX > 1.0) causes
NMAX/YS to decrease, eventually to less than 1.0 for all three
juvenile Tife stages. Decreasing KX (AKX < 1.0) causes NMAX/YS to
increase to values considerably greater than 2.0, which is the approxi-
mate baseline ratio for all four 1ife stages.

Considered together, Figs. 5a, 5b, and 5¢c indicate that at KX
s1ightly above the baseline levels (1.0 < AKX < 1.1), natural mortality
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increases, and thus, NMAX decreases and approaches YS as the populations
spend more time on the plateau (region of no compensation) and left

1imb of the compensation function. As a result percent reduction
increases. At still higher KX values (AKX > 1.1), NMAX becomes less
than YS and the populations are restricted to the Teft Timb which is
compensatory at all points. As a result percent reduction decreases
slightly. As KX decreases below the baseline levels, natural mortality
decreases and thus NMAX increases and the populations spend more time

on the right 1imb of the compensation function, which gets progressively
steeper (i.e., stronger compensation), with the result that percent
reduction decreases.

Sensitivity analysis of KX0, the minimum mortality rate
coefficient

The dependence of percent reduction in number of yearlings and
number of adults on KXO (K0 of Eq. 1) is illustrated in Fig. 6. Values
of KXO less than the baseline values (that is, where the multiplicative
constant AKXO < 0.8) result in lower percent reductions than the base-
Tine case. Values of KXO greater than the baseline values (AKX0 > 0.8)
result in higher percent reductions. Once again, these trends are
more ovbious at year 40 than year 1. For example, at year 40 the
percent reduction in number of adults ranges from 8 to 85%, while at
year 1 the percent reduction ranges from 4 to 14% (Fig. 6b). Estimates
of percent reduction are particularly sensitive to changes in KX0
above the baseline values, but become progressively less sensitive
below the baseline values.

The curves in Figs. 6a and 6b may be explained as follows. The
major effect on the compensation curves (Figs. 1 and 2) of changing
KX0, while holding YS and KX constant, is to increase (AKXO > 0.8) or
decrease (AKX0 > 0.8) the steepness of both the left and right limbs.
When AKXC = 1.0, a horizontal straight 1ine at KXO0 = KK results; this
case corresponds to no compensation. Values of KXO greater than KK
(AKXO > 1.0) are theoretically possible, but they have not been used
in the present study; such cases correspond to depensatory mortaiity,
i.e., a decrease in the mortality rate as standing crop increases.
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As the Timbs of the compensation function become steeper, the sffective-
ness of compensatory changes in mortality in the model increases, and
estimates of percent reduction decrease.

This aspect of our sensitivity analysis has also been performed
by LMS with similar resu]ts7 (Fig. 6¢c). The major difference between
the two analyses is that the LMS curve is shifted downwards and covers
a narrower range of percent reduction values. This difference is due
primarily to the use by LMS of: (1) lower f-factors {for discussion of
f-factors, see Ref. &, pp. V-87 to V-101) for eggs, larvae, and Juvenile
I [(0.4, 0.4, 0.2) versus (0.5, 0.5, 0.5)]; (2) lower total power plant
intake flow [2642 cfs {Indian Point Units 1 and 2 with once-through
cooling) versus 8000 cfs (hypothetical power plant)]; and (3) a 10-year
versus a 40-year simulation.

Disablement of the 1eft or right 1imb of the compensation
function

Dependence on YS. The dependence of percent reduction in number

of yearlings at year 40 on YS with neither Timb of the compensation
function disabled, left 1imb disabled, and right Timb disabled is
illustrated in Fig. 7. The curve for neither 1imb disabled is the

same as the curve for year 40 in Fig. 4a. Disabling the Teft Timb
rasults in higher percent reductions, especially for YS at and above
the baseline values (AYS > 1.0). Disabling the right Timb also results
in higher percent reductions, especially for YS at and below the base-
line values (AYS < 1.0).

The curves in Fig. 7 may be explained as follows. Disabling
@ither 1imb decreases the range of standing crops over which compensa~
tory changes in mortality can occur (Fig. 3). In addition, decreasing
YS (AYS < 1.0) accentuates the importance of the right 1imb of the
compensation function in offsetting power plant mortality, while
increasing YS(AYX > 1.0) accentuates the importance of the left Timb
(Fig. 3). Thus, disabling the left Timb in combination with AYS
values > 1.0 markedly increases percent reductions (Fig. 7). Likewise,
disabling the right Timb in combination with AYS values < 1.0 markedly
increases percent reductions.
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Dependence on KX. The dependence of percent reduction in number
of yearlings at year 40 on KX with neither 1imb of the compensation
function disabled, teft Timb disabled, and right 1imb disabled is
illustrated in Fig. 8. The curve for neither 1imb disabled is the
same as the curve for year 40 in Fig. ba. The curve for the left

1imb disabled is similar in shape to that for neither 1imb disabled.
However, the percent reduction values with the left Timb disabled are
approximately double the values with neither Timb disabled for KX at
and above the baseline KX values (AKX > 1.0). With the right Timb
disabled the dependence of percent reduction on KX is the reverse of
that with neither 1imb disabled or the left 1imb disabled. Percent
reduction is highest for small KX values (AKX < 1.0) and decreases
for large KX values (AKX > 1.0) to approach the curve for neither
T1imb disabled.

The curves in Fig. 8 may be explained as follows. Again, disabling
either 1imb decreases the range of standing crops over which compensa-
tory changes in mortality can occur. Decreasing KX (AKX < 1.0)
decreases mortality, and thus increases standing crops and NMAX
values (Table D5). As a result the Teft 1imbs of the compensation
functions become relatively unimportant, and consequently, disabling
the Teft 1imbs does not have much effect on percent reduction at low
AKX values. On the other hand, because of the increases in standing
crops and NMAX values, the right limbs of the compensation functions
are of greater importance; consequently, disabling the right limbs at
Tow KX values results in tremendous increases in percent reduction
(Fig. 8).

Increasing KX increases mortality, and thus decreases standing
crops and NMAX values {Table D5). As a result the right limbs of the
compensation functions become relatively unimportant, and consequently,
disabling the right 1imbs does not have much effect on percent reduction
at high AKX values (Fig. 8). On the other hand, because of the
decreases in standing crops and NMAX values, left 1imbs of the compensa-
tion functions are of greater importance. Consequently, disabling the
left 1imbs at high KX values increases percent reduction.



PERCENT REDUCTION IN NUMBER OF
YEARLINGS AT YEAR 40

ORNL-DWG 76-15283

100
\
T
80 \\( A\
60 <

) / /‘/
_

————

0.5 .6 .7 C.8 0.9 1.0 1.4 1.2 1.
VALUE OF AKX

Fig. 8. Dependence of percent reduction in number of
yearlings at year 40 on the value of KX with neither 1imb of
the compensation function disabled (e -}, ieft Timp
disabled {A——A}, and right 1imb disadled {o——0).

(N

144



25

The slight decrease in percent reduction at AKX = 1.2 (the model
is unstable at AKX = 1.3) from the apparent maximum percent reduction
at AKX = 1.1 for the case of the left 1imb disabled merits comment
because this result reflects a subtle balancing of opposing effects.

As AKX increases from 1.1 to 1.2, the resulting higher mortality rates
have the effect of decreasing standing crops and NMAX values and of
driving the 1ife stage populations off the right T1imbs of the compensa-
tion functions. 1In fact, as indicated in Table D5, by year 40 NMAX is
considerably less than YS for each life stage, and because the left
limbs of the compensation functions are disabled in this case, there is
no compensation in effect during the latter years of these model runs.
As AKX increases from 1.1 to 1.2, however, the right 1imbs of the
compensation functions become steeper (i.e., stronger compensation).
During the earlier years of the model run when the NMAX values are
still larger than the YS values, percent reduction decreases as AKX
increases from 1.1 to 1.2, due to the increasingly strong compensation.
This trend during the earlier years carries over to vear 40 and accounts
for the decrease in percent reduction at AKX = 1.2.

Dependence on KX0. The dependence of percent reduction in number
of yearlings at year 40 on KXO with neither 1imb of the compensation
function disabled, Teft 1imb disabled, and right 1imb disabled is
illustrated in Fig. 9. The curve for neither limb disabled is the
same as the curve for year 40 in Fig. 6a. Disabling either the left
or right Timb of the compensation function results in higher percent

reductions, especially for KXO at and below the baseline value (AKXO
< 0.8). Disabling the left 1imb, as compared to the right 1imb,
results in somewhat higher percent reductions. The relative steepness
of the three curves in Fig. 8 indicates that the sensitivity of the
model to the value of KXO is greatest when neither 1imb is disabled
and is least when the left 1imb is disabled.

The curves in Fig. 9 may be explained as follows. Disabling
either Timb decreases the range of standing crops over which compensa-
tory changes in mortality can occur. In particular, disabling the left
Timb eliminates compensatory changes in mortality for standing crops
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less than YS, while disabling the right 1imb eliminates compensatory
changes for standing crops greater than YS (Fig. 3). Figure 9 indicates
that both 1imbs of the compensation function are important in off-
setting power plant mortality for all values of KX0, but that the left
limb is the more important of the two.

Summary

(1) Two types of sensitivity analysis were performed: (a) a para-
metric study involving at least five levels for each of the three
parameters in the compensation function, (b) a study of the form of
the compensation function itself involving disabling the left or right
Timb.

(2) The model was run for 41 years (year 0 through year 40) for
each parameter combination and form of the compensation function--year
0 with no power plant and years 1 through 40 with a power plant. The
hypothetical power plant had an intake flow of 8000 cfs. A composite
f-factor value of 0.5 was assumed for each of the entrainable 1ife
stages (eggs, larvae, and Juvenile 1),

(3) Output variables, including production, percent survival, and
population size, were tabulated for years 0, 1, and 40. Values for
percent reduction due to power plant mortality were tabulated for years
1 and 40, with year 0 as the reference case.

(4) For the range of parameter values used in this study, esti-
mates of percent reduction are least sensitive to changes in YS, the
equilibrium standing crop, and most sensitive to changes in KX0, the
minimum mortality rate coefficient. Estimates of percent reduction in
number of adults at year 40 range from 15 to 49% for YS, 3 to 44% for
KX, and 8 to 85% for KX0.

(5) Disabling either Timb of the compensation function results in
higher estimates of percent reduction. For all values of KXO and for
values of YS and KX at and above the baseline values, disabling the left
limb resulted in a greater increase in percent reduction than did
disabTing the right Timb.



28
DISCUSSION

Conceptual Basis for the LMS Compensation Function®

We feel that the LMS mathematical formulation, as described under

LMS formulation of compensation, is not conceptually sound. As imple-
1,2,3

mented in the three LMS striped bass models, the assumption is

made that without the new power plants (Indian Point Units 2 and 3,
Bowline, and Roseton), "the system is in relative balance or at relative
equilibrium, and there is 1ittle active compensation.” For young-of-
the-year 1ife stages of striped bass, it is difficult to visualize a
source of mortality that (1) is a minimum near zero density, (2) increases
(although at a decreasing rate) at low densities to reach a plateau over
a range of intermediate densities (0.42 to 0.68 in Figs. 1 and 2 for the
Juvenile 1 life stage), and then {3) increases again (but now at an
increasing rate) at a high density. For example, it is not reasonable
to hypothesize a curve with this éentire shape due solely to crowding or
less food per unit number of fish as density increases.

In particular, there is not a sound biological basis for the left
1imb of the curves in Figs. 1 and 2 for fish species such as striped
bass. Much of the theory of compensation in animal populations is based
on experience with terrestrial and higher vertebrate populations. In
these populations there may be sound biological bases for hypothesizing
the left half of the curves in Figs. 1 and 2, which show a decreasing
mortality coefficient and an increasing probability of survival as
density decreases to very lTow values. The biological bases for this
type of curve involve refugia, territoriality, food preferences of
predators on target species (e.g., young-of-the-year striped bass as
the target species), and other behavioral phenomena that tend to be
more highly developed in terrestrial and higher vertebrate species
than in nontervitorial fish species such as the striped bass. Based
on model results LMS has presented to date, it is not clear which half

qor a previous discussion of some of the points mentioned below, see
reference 7, pages 134-135.
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of the curves in Figs. 1 and 2 is the more important in offsetting the
power plant impact. However, because the density in each river segment
initially starts at zero and finally drops back down to zero, the

left 1imbs of these curves are certainly utilized.

In our opinion, a mathematical formulation for compensation for
striped bass with a more sound biological basis is one that has a
plateau extending from zerc to some critical density. Above this
critical density the density-dependent parameter increases (e.q.,
mortality rate coefficient and duration) or decreases {e.g., growth
rate coefficient and probability of survival) with further increases
in density due to resource limitations or selective predation.9 The

compensation functions used in both our young-of-the-year mode110 and

our life cycle mode1H

have this property.

As an example, Fig. 10 is a schematic representation of the
population density correction factor for the apparent survival prob-
ability used in the ORNL computer simulation model for the striped
10 This type of

function is analogous to the plateau and right 1imb of the compensation

bass young-of-the-year population in the Hudson River.

function used by LMS (cf. Figs. 2 and 10). Given this formulation,

the major issue (i.e., the extent to which regulatory agencies, utili-
ties, and society should rely on compensatory changes in mortality to
offset the increased mortality due to the power plants) reduces to
choosing: (a) critical densities, (b) steepness of the right limbs of
curves, and (c) where to assume the population would exist on the curve
without the additional power plant mortality.

We are also concerned about the conceptual relationship between
the three parameters in the LMS compensation function and actual bio-
logical phenomena.

YS

The parameter YS for a given 1ife stage is defined as the equilib-
rium population level in the Hudson River. In our opinion the entire
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concept of an equilibrium population level for any of the young-of-the-
year Tife stages is inappropriate. Within a year, the ycung-of-the-
year population consists of a series of linked transients, with one 1ife
stage overlapping with both the preceding and succeeding 1ife stages.

To speak of an equilibrium population level for each life stage in such
a system is meaningless. In dealing with comparisons among vears, oniy
the concepts of an average maximum standing crop and an average tran-
sient curve for a given life stage have operational meaning. In sum-
mary, it is our opinion that the parameter YS has no operational meaning
for the transient dynamics of the young-of-the-year 1ife stages, and it
cannot be based directly or indirectly on observed standing-crop or
density data.

KX

The parameter KX is defined by LMS as the equilibrium first order
mortality rate coefficient.1’2 LMS calculates this parameter as
-1n(PS)/DTE for each 1ife stage, where DTE is the time required to

pass through a given life stage under equilibrium conditions and PS is
the probability of survival through that 1ife stage under equilibrium
conditions. However, all that can be estimated from field and/or
laboratory data are DTE', an average time required to pass through a
given 1ife stage, and PS', an average probability of survival through
that Tife stage. DTE' and PS' could then be used to calculate an
average first order mortality rate coefficient (KX') as KX' = -In{PS')/
DTE', assuming exponential mortality. Only by chance would OTE' = OTE,
pS' = PS, and/or KX' = KX, because the average values will refiect
biological phenomena occurring over the full range of population
densities achieved in the natural system, and not just at an "equilib-
rium" standing crop or density (however defined). Thus, the parameters
necessary to calculate KX cannot be directly estimated from observable
data.

kX0

The parameter KXO is defined as the minimum mortality rate
coefficient, which is approached at population levels near zero. We
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already have implicitiy criticized the biological basis for this
parameter in the previous discussion about the left T1imb of the curves
in Figs. 1 and 2 for fish species such as striped bass (page 28).
Another point to be made about KXO is that the values selected by IMS
commonly correspond to unrealistic probabilities of survival (Table 3).
The PSO values for AKXD = 0.25 are completely unrealistic biologically.
Even in a hatchery under optimal conditions, it is difficult to obtain
survivals greater than 50% for the juvenile stages and impossible for

12

larvae. The values for AKXO = 0.5 are also high, certainly for

conditions in the natural environment.

Sensitivity Analysis

Sensitivity analysis, involving systematic variation of parameters
through a range of values, is a standard way of evaluating and even
validating simulation models. On the basis of examining model output,
one can answer such guestions as: (a) what is the relative sensitivity
of the model to changes in certain parameters, and (b) is the model
output reasonable or even plausible for a given parameter combination?

With respect to the three parameters in the ILMS compensation
function and the output variable of primary interest (viz., percent
reduction in the striped bass population due to power plant operation),
and given the range of parameter values used in this study, the model
is Teast sensitive to changes in YS, the equilibrium standing crop,
and most sensitive to changes in KXO, the minimum wmortality rate
coefficient. For example, estimates of percent reduction in number
of adults at year 40 range from 15 to 49% for YS, 3 to 44% for KX, and
8 to 85% for KXO. Variations of this magnitude obviously must be
considered in reaching a reasoned decision on the potential impact of
the Hudson River power plants on the striped bass population. This
concern is accentuated by the lack of a sound biological basis for
the parameters YS, KX, and KXO.

A more fundamental type of sensitivity analysis involves comparing
alternative forms for a function in a simulation model, where each form
of the function reflects a somewhat different set of assumptions and
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Table 3. Values of maximum probability of survival (PS0)
corresponding to the KX0 values used by LMS

psoP
3 3 AKXO = AKX0 = AKXO =
Life stage DTE PS 0.8 0.5 0.25
(days)
Larva 28 0.15 0.22 0.39 0.62
Juvenile 1 30 0.20 0.28 0.45 0.67
Juvenile 2 123 0.50 0.57 0.71 0.84
Juvenile 3 158 0.19 0.27 0.44 0.66

ADTE is the average number of days required to pass through the
specified 1ife stage. PS is the average probability of survival
through the specified 1ife stage. (See reference 2, table 4, page
40a; and reference 13, Table 7, page 13c)

bVa1ues for maximum probability of survival through the 1ife
stage are calculated as

PSO = e~AKXO'KX'DTE - e-KXO-DTE’ where KX = -18%ESZ
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understanding about how the real-world system may operate. We have
been critical in this report of the conceptual basis for the left 1imb
of the LMS compensation function, and we have shown that disabling the
left Timb results in appreciably higher estimates of percent reduction.
Thus, again, results of this type must be considered in reaching a
reasoned decision on the potential impact of the Hudson River power
plants on the striped bass population.
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APPENDIX A
CROSS REFERENCE LISTING OF THE LAWLER, MATUSKY & SKELLY
ENGINEERS COMPLETELY MIXED MODEL FOR THE HUDSON RIVER
STRIPED BASS POPULATION AS MODIFIED BY
0AK RIDGE NATIONAL LABORATORY
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0015
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COFFILER OPTIOHS ~ HANE= HAILN,OPT=02,LIFMECNT=60,SI7ZE=0000K,

CHIST
Cevw
c

C

o
Cevowe

500 8CH, ERCDIC, NOLIST, NOLECK,LOAD, AP, NOEDTIT ,NOID,XREF

JANUARY 1976. COMPUTER CODE FUOR THE COMPLETELY HIXEL HMODEL
£
“

DEVELOERED BY LAWLER, MATUSKY SKEL1Y, A5 MODIFIED BY

VAN WINKLE.

C...THIS IS5 THE WATN PROGHAM FOR THE CONPLETELY MIXET MODEL.
CeeoIT WAS FORMERLY IDENTIFIED AS STAROUTINE HISTG.

Cauo

Cenw

1

1

CONMON/ADULTT /LCY (20) , PEC (20) ,SRAT{20) , SHAT (20)

COMMON /LSTAGE /AKX (5) ,AKXO (5) ,AYS(5) ,DE {5) ,DTE{5) ,FKILL(5) ,ILEFT (5)
,IRIGHT {5) , KX {5) , KX0 {5) , Y5 {5)

COMMON /PAR/IEND,ISKP,ISW,KSTP,NN, E, CP, TR,V

COMMOX /BKTTA NX,D¥XDT,AUX(16,1)

CONMON/¥GHT/TIN (10) , TT#HW (10)

CONMON /¥Y¥ W ({5000),YY (5000)

DIMENSION ADULT(20) ,ACULTS {20),LCYV (20),PAD(20),PADE{20),RHF (20)

DINENSION CHAR {6,5) ,JLEFT (5),JRIGHT (5) ,PNCAY (4} ,ASUM(4) ,REF (6)

DIMENSIOH % (100),S(100),R3 (100} ,SK(100) ,KF{100) ,R3R (100}, R3S (100)
,R3RSF (100)

REAL®#8 ISW1,JLEFT,JRIGHT,NO, YES

REAL IMPJ2,TNPJ3,IMPTOT,KX,KX(, NEC, NMAX,NMAXYS ,NTGT,NX,KELANT

DATA NC/6H NO/, YES/68H YES,

DATA J,K,T.H, 8,590,

DATA IK,IN,IQ,IX,dd,1L,HN/7%0,

CATA IAL,IE¥,IIX,TPL,IPT,IST,IVY,IYE,LPT,LY3/10%0/

DATA KSWT,KTYG/2%0/

DATA IKTY0,TTEST,KSPAN,NSEAN/ 4.0/

DATA INCRMT,ISIAGE/2%0,

DATA R,S,R3,5K.BR,R3IR,R3S,E3RSR/B00%0./

DATA AA,AM,B3,E2,R0,SH,SP,TF/8%0./

DATA AVG,NEC,REF,SPE,SSF/1(%0./

DATA ASU#,WHAX ,NTOT,PSPP,BATE,SUNA, SURV, TEND,TOT1/12%0./

DATA PRACT,PEDAY,PTINE/6%0./

DATA NMAXYS,PEQUAL,TSTART/3%0./

DATA ATULT, ADULTS, DCYU,PAD,PALE,RMF/120%0./

INTEGER OF1,0F2

Cowe INITITALIZATION CTATEMENTS.

Ceeo

Caun

0F1=6

0F2=12

IPi=5

ISN1 = NO

TIN (1} =0.

TIN(9) = 56.

DO 10 1=1,5000
YT{I)=0.

Cee«READ INPUT PARAMETERS AND WRITE TBOSE INPUT FARAMETERS REQUESTED.

Caecw

READ(IF1,10000) ISW,IEND,LY¥R,KSTP,TSTART,TEND,ISKP
LYR=LYE-?

IF (IS¥.EQ.1) ISW1=YES

TP=TEND-TSTART

READ(TE1,10100} IST, IK, IEN, NN
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I5N
15w
I5N
Isn
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ISN
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ISN
15N
5%
ISN
ISN
83 1

sy
1S
IS5N

15K
IS5y
18K
I5H
ISN
15N
ISHN
ISK
ISN

IS

15y

0062
0043
D0uy
0046
onu7
Gous
0049
ense
0052
0054
G055
0056
0057
4058
4059
G060
[CHE-N}
0063
Q065
(X113
D067
0069
G760
0074
0Q72
G073
G074
6075
0076
0077
6078
0079
Q080
0082
agae

0Gas
6087
o088

008y
Q090
069
0093
Ge95
0096
0097
4098
0100

0102

C104

39

READ{IF1,10200) P

READ(ILF1,10300) V, (FKILL{(L},L=1,5), IPL
IF (ISW.EQ.1) LYR=LYR¢ISW

QPCFS = 1703680%QP

WRITE{OF1,13000)

WRITE{OF1,13900} IEN¥D,LYR,ISW1,IPL
WRITE (CF1,13000)

I¥ (N§.EQ.1) WRITE(OF2,131C0)

IF (NN.EQ.1) WRITE{OF2,13200) QF,(PCF3,V, {FKILL(JJ)} ,JJ=1,5}

RSHT = 1

ISTAGE=1

IYR=0
READ(IE1, 10600} P, T8, (DE(JJ) ,JI=1,
PEQUAL=P

READ (I ¥1,10500) XSPAN, (TIM (J} ,J=2, NSPAN)
READ(IF1,10600) (TIMW(J) ,d=1,NSPAN)

IF (NN.EC.1) WEITE(12,14000) {(DE{J) ,JI=1,5)
IF (NN.EQ.1) WRITE(OF2,16100) TE
KSPAN=NSPAN -1

DO 20 K=1,KSPAN

IF (NN.2Q.1) WKITE {O0F2,142C0)TIM{K),TIE{K+1) ,TINV(K)

20 CCRTINUR
READ(IF1,1070C) {DCY (J) ,J=1,IEND)
READ{IF1,10800) (SRAT{J) ,JI=1,IEND)
READ(I¥3,10800) (SM&T{J),J=1,IEND)
READ{LF1,10900) (PEC (J) ,J=1,IEHD)
RERD{IF1,11000) {PNDAY (J),J=1,4)
PTIME=C.

30 FRACT=CE{1) #TIMW({1) /TIN(2)
NEO=EF*FEACT
ITEST=MOD {I¥R, IK)

I¥=0

IF (ITEST.EQ.0} IN=1

IF (IN.EQ.1.0R.IYR.EQ.1) WRITE(CGF1,11400) IR
40 IF {(IYR.GT.0) GG TO 50

C oececsesoenanenrnan

READ{IF1,11100) (CHAR(I,ISTAGE) ,I=1,6}

READ(I¥1,11200) KX (ISTAGE),YS {ISTAGE),DTE (ISTAGE)
READ{IF1,11300) AKX{ISTAGE) ,AKXO({ISTAGE) ,AYS{ISTAGE),

1 ILEFT (ISTAGE) ,IRIGHT (ISTAGE)
JLEFT{ISTAGE} = NO
JRIGHT (ISTAGE) = NO
IF {ILEFT(ISTAGE).EC.1) JLEPT (ISTAGE) = YES
If (IRIGHT{ISTAGE).EQ.1) JRIGHT (ISTAGE) = YES
KX (LSTAGE) = AKX(ISTAGE)*KX (ISTAGE)
KX0 (ISTAGE} = AKYO (ISTAGE)#KX {I5T AGE)
TS{ISTAGE) = AYS(ISTAGE)*YS{ISTAGE)

S0 IF (IN.EQ.1.0E.IYR.EQ.1) WRITE(GFE1, 13000)

IF (IN.EQ.1,0R.IYR.EQ.1) WRITE{OF1,11500) ISTAGE,

1 1=1,86)

IF (NN.EQ.V.AND.IN.EQ.1.0R.NN.EQ. 1. AND. I¥YR.EQ. 1) HRITE(OE1,13300)

1 KX {ISTAGE) ,KXO{ISTAGE) ,¥S{ISTAGE),DTE (ISTAGE) .,

AKX (ISTAGH ,

1 AKXO(ISTAGE} ,RYS(ISTAGE) ,JLEFT (ISTAGE)} ,JRIGHT {ISTAGE}

Cane

C..»BYERAGE THE VALUES IN THE PRCDUCTION TABLE WHEN LIFFEBENT

C...MODEL TIME STEPS BRE USED FCH VARIOUS LIFE STAGES,
Cane

IF (I5TAGE.NE,1) ASUM{ISTAGE)=DE(ISTAGE) /LE(ISTAGE-1)

(CHAR(I,ISTAGE),
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295
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315
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330
33¢€
340
345
350
355
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380
385
399
395
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416
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470
475
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ISN 0106 IF (ISTAGE.EQ.1) 8H = (DTE{ISTAGE}/CE{(1) ¢ 0.0001) HIST 570
ISH 0108 If (ISTAGE.EQ.1) IPT = ((0.0-LTE(ISTAGE)),CE(1)) + SIGN(0.0007,  HIST 575

1 (0.0-CTE(ISTAGE))) HIST 580
IsSN 0110 IF (ISTAGE.EQ.1) III=IPT+M# HIST 585
ISN 0112 IF (III1.EQ.C) IPT=0 HIST 590
ISN 0118 IF (IPT.NE.0} IBT=IABS(IPT} HIST 595
ISN 0116 IF (ISTAGE.EQ.1.AND.IPT.LE.0) IPT=0 HIST 500
ISN 0118 I¥ (KFIRST.EQ.0) LPT=IBI HIST 605
ISN 0120 IP (ISTAGE.EQ.7.0R. ISTAGE.EQ.5) GC TO 160 HIST 610
ISN 0122 AA=ABS {PNDAY{ISTAGE)~PNDAY (ISTAGE=1)) HIST 615
ISN 0123 BB=ABS {DE{ISTAGE) -DE (ISTAGE-1)) HIST 620
ISN 0126 IF ((AA.LT..0001).AKD. {BE.LT..0001)) 6O TC 160 HIST 625
ISK 0126 L=1 BIST 630
ISK 0127 INCRMT=ASUN (ISTAGE) #.001 HIST 635
ISN 0128 IF (INCRMT.LE.0) GO TO 120 HIST 640
ISN 0130 I1X=0 HIST 645
ISN 0131 IBT=FLOAT {IPT)/FLOAT (INCEMT) HIST 650
ISN 0132 Lo 70 1=1,KTY0,INCRMT HIST 655
ISN 0133 AVG=0. HIST 660
ISN 0134 IX=IX¢INCRMT HIST 565
ISN 0135 DO 60 J=I,IX 4IST 670
ISH 0136 AVG=AVG+YY (J) HIST 675
ISN 0137 60 YY (J) =0. HIST 680
ISN 0138 YY(L)=AVG HIST 685
ISN 0139 L=L +1 HIST 59C
ISE 0140 70 CONTINUE RIST 69%
ISN 0141 KTYO=L HIST 700
ISK 0142 80 IAD=PNLCAY{ISTAGE) /DE {ISTAGE)+.001 HIST 705
ISH 0143 IF {IAL.EQ.-7T 6O TO 160 HIST 710
ISN 0145 D0 110 E=1,KTYG,IAD RIST 715
ISN 0146 L=K HIST 720
ISN 0147 LIL=X4IAD-1 HIST 725
ISN 0148 AVG=0, HIST 73C
ISN 0149 DO 90 H=L,LL HIST 735
ISH 0150 90 AVG=RYG2YY {N) HIST 700
ISN 0151 DO 100 §=L,LL BIST T4€
ISK 0152 100 Y7 {N) =A¥G/IAD HIST 759
ISN 0153 110 CONTINGE HIST 755
ISN 0154 GC TO (160, 170) ,KSWT HIST 760
ISK 0155 120 IQ=1.0/ASUN (ISTAGE) +.001 HIST 765
ISN 0156 IVY=-IQ HIST 770
ISN 0157 MM=RTYC HIST 775
ISN 0158 IKTYO=KT¥0% IQ AIST 780
ISH 0153 DC 130 ¥=1,IKTY0,IQ HIST 785
ISK 0160 K=IRTYO-M+1 HIST 790
ISH 0161 YY (K+4IVY+1) =YY (MN) RIST 795
1SN 0162 YY {88}=0. HIST 800
ISH 0153 130 MM =ME -1 HIST 805
ISH 0164 DO 150 K=1,IKT¥C,IQ HIST 810
ISN 0165 =R HIST 815
ISH 0166 JJI=R+IQ~ 1 AIST 820
ISN 0167 AR=YY (K) /1Q HIST 82°%
ISN 0168 DO 140 N=J,3J 41ST 830
IS¥ 0159 140 YY (H) =AM HIST 835
ISH 0170 150 CCHTIRUE HIST 840
ISN 0171 KTYO=TKTYO HIST BUS
ISN 0172 GO TO 80 HIST 850

Cave HIST 855
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Coe CALL SUBFROUTINE GRONTH FCH THE SPECIFYIED LIFE STAGE.
Cona

160 CALL GROWTIH {IH,ISTAGE,IYR,KTYO ,NEO NMAX,FTIME,KPLANT)
Cona

Ce»« CALCULATE AND WRITE TOTAL PRCDUCTIOR, TOTAL TRANSFFR, % SURVIVAL

CaooAND MAXI ®UM STANLCING CRCP FOK THS SEECIFIEL LIFE STAGE.
Caan
IF {(I5TAGE.GT. 1) GO TC 190

KSWT = 2

GO TO 890
170 70T1=0.

KS¥T = 1

DO 180 J=1,KTYC
TOT1 = TCT1 « YY {J)
180 CONTINUE
RATE = 100.%T0T1/P
CUMPS = TOTI/P
IP {IYR.EQ.O0) AEF{ISTAGE) = 2
CHANGN = REFP({ISTAGE) - P
CHANGP = 10C*CHANGN /REF {ISTAGE)
NHAXYS = 0.0

HIST 960
HIST 865
HIST 870
HIST 875
HIST 840
HI3ZT 88S
HIST 890
HIST 395
AIST 900
HIST 9205
HIST 910
HIST 915
HIST 920
HIST 925
HIST 930
HIST 935
HIST 340
HIST 945
HIST 950
HIST 955
HIST 960

If {IN.EDQ.1.DR.JIYR.EQ.T) WRITE(OF1, 11600) P,TOT1,RATE,NMAX, NMAXYS,HIST 965

1 CHANEN,CHANGP
G0 To 210
190 NTOT=TOTI
TOTI=0.
DO 200 J=1,KTY0
TOTT = TOTT1 + YY{J)
200 CCHTINUE
RATE=1G0.*TOT1/NTOT
NMAXYS = NMAX/YS (ISTAGE)
CUMPS = (TOT1/NTOT)*CUMPS
IF (I¥YR.EQ.0) REFP(ISTAGE) = WIO1
CHANGN = RZF (ISTAGE) - NTOCT
CHANGP = 100%CHANGN /REF {ISTAGE)

BIST 970
HIST 975
HIST 980
HIST 985
HIST 990
HI3T 9295
HZST1000
4I8TIN05
HIST1010
HIST1015
HIST1020
HIST 1025
HIST1030

I¥ {IN.EQ.1.0R.IYK.EQ.T) NRITE{6,11600) NTCT,TOT1,RATE, NMAX, NMAXYS, HIST 10358

1 CHAWGN,CHANGE

If (ISTAGE.EQ.U) IMPJIZ2=(KPLANT/ (KPLANT+KX(ISTAGE})) *(HTOT~TOT1)
IF (ISTAGE.EQ.5) IBPJI3=(KPIANT/ {KFLAHT#KX (ISTAGE)))*{NTOT-TOT 1)

IF (ISTAGE.EQ.5) IMPTOT = IMPJ2 ¢ IMPJI3

I8 {(ISTAGE.BQ.4.AND.IN.EQ.1.0R.ISTAGE.EQ.U.AND.IYR. EQ.1) WRITE(6,

1 11800} IWPJI2

HIST1040
HIST 1045
HIST 105¢C
HIST1055
HIST 1060
HIST1065%

IF {ISTAGE.EQ.5.ANDJIN.EQ.1.0R.ISTAGE.EQ.5.AND.IYR.EQ. 1) ¥RITZ{6, HIST107C

1 11900) IMPJ3,IBETOT
IF {(ISTAGE.EQ.5) YEART = CUMPS*E

I? (ISTAGE.EQ.5.AND.IN.EQ.1.0R. ISTAGE.EC.5.AND.IYR.EQ. 1}

1 11700) CU¥PS,YEAR]
210 CONTINUE

o

C...CYCLE TO THE NEXT LIPE STAGE.

Caaw

C veae STAGE 2=LARVAE

C ooa. STAGE 3-S=JUVENILE I-III

C eosescmscnsarsnann
PTINE = PTINE + DTE {ISTAGE)
ISTAGE=ISTAGE+T
IF (ISTAGE.EQ.5) PTIME=PTIME+TI M{ASIAN)
NEO=YY (1)

HIST107%S
RIST10840
HIST 1085
HIST1090
HI5T1095
HIST110C
HIST1105
HIST11160
HIST1115
4IST 1120
HIST1125
HIST1130
HIST113%
HIST1140
HIST 114€%
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ISN 0227 IF (ISTAGE.LE.5) GO TO 40 HIST1150
ISN 0229 IF {I¥YR.GT.0) GO TO 230 HIST 1155
Cevw HIST1160

CeeoCALL SUBROUTINE EQUAL POR YFAR ZERO. HIST 1165

Ceuw HIST1170

ISN 0231 CALL EQUAL (ADOULT,ADULTS,DCYU,NEO,PEQUAL,EMF,R0) HIST1175
ISK 6232 AES = FXP(-DCYU(4)*365.) HIST 1180
ISN 0233 IF (NN.EQ.1) WRITE(12,13600} APS HIST1185
ISN 0235 IF (NN.EQ.1) WRITE(OF2,134(0) HIST 1190
ISH 0237 IF (NN.EQ.1) WRITE{OF2,13500) (J,DCYU(J),SRAT{J),SMAT(J},PEC (J),J= HIST 1195
1 1, IENT) HIST1200

C... HIST 7205

C...GENERATE ADULT CLASSFES ECR YEAR Z ERC. HIST1210

C... HIST1215

ISN 0239 ADULT (1) =NEO HIST 1220
ISK 0240 REF(6) = ADULT {1) dIST1225
ISH 0241 DO 220 J=2,IEND HIST 1230
ISN 0242 SURV=EXP (~DCYU (J-1)%365,) HIST1235
ISN 0243 ADULT (J) =ADULT (J~ 1) %SURV HIST1240
ISN 0244 220 CCNTINUE HIST 1245
ISN 0245 GO TO 250 HIST1250
Ca-w HIST 1255
C...CALCULATE ADULT CLASSES FOR ALL YEARS OTHER THYAN YEAR ZERO. HIST 1260

Couw HIST1265

ISH 0286 230 DO 240 IX1=2,TEND HIST 1270
ISN 0247 J=IEND-IX1+42 HIST1275
ISN 0248 240 ADULT (J) =ADULT (J-1) *EXP {~DCY U (J~1) #¥365.) HIST 1280
ISN 0249 ADULT (1)=NEO HIST 1285
ISN 0250 250 CONTINUE 4IST1290
Cow. BIST 1295
Ces.CALCULATE EGG PRODUCTICN FCF THE UPCOMING YEAR. HIST1300

Cane HIST1305

ISN 0251 p=0, HIST 1310
ISN 0252 I = I¥R ¢ 1 HIST1315
ISN 0253 S(I) = C. HIST 1320
ISN 0254 DO 260 J=1,IENE HIST1325
ISN 0255 SSF=ADULT (J) #*SRAT (J) *SMAT (J) *F EC {J) HIST1330
ISN 0256 SBAWN = ADULT (J) *SEAT (J) *SHAT (J) HIST 1335
ISN 0257 S{I) = S(I) ¢ SPAWN HIST1340
ISN 0258 R(I) = ADULT(3) HIST 1345
ISN 0259 260 P=P+SSP HIST1350
C... HIST1355
C...CALCULATE RELATIVE ADULT AGE DISTRIFUTION IN THO WAYS. HIST 1360

Cuue HIST1365

ISN 0260 SP=0. HIST 1370
ISN 0261 DC 276 J=1,IEND HIST1375
ISN 0262 270 SP=SP+ADULT {J) HIST1380
ISN 0263 IFP (I¥B.GT.0) GO TO 290 HIST 1385
ISN 0265 DC 280 R=1,IEND HIST1390
ISH 0266 PADE(K) = 100.%ADULT (K) /SP HIST 1395
ISN 0267 280 PAD (K)=100.#%ADULT (K) /SE HIST 1400
ISN 0268 SPE=SP HISTI1405
ISN 0269 GO TOo 310 HIST 1410
ISN 0270 290 IP (IYR.EQ.0) GG Tu 310 HIST1415
ISN 0272 DO 300 K=1, IEND HIST1420
ISN 0273 PADE(K) = 100.%*ADULT (K) /SP HIST 1425
IS 0274 300 EAD (R)=100.%ADULT (K) /SEE HIST1430

ISN 0275 310 PsPP = SP/SPE HIST 1435



ISH
I8N
1SN
ISR

L5H
I5W
ISN
ISN
IsH
1SN
ISH
ISH
1SN
ISN
ISN
ISy
I8N
IS¥
ISu
ISN
15N
ISN

ISH

ISH
i3N
ISy
ISN
IS

0276
0277
0274
0279

0280
0282
0284
0286
0288
4290
0292
0294
0296

0298
0299
0300
0301
0303
0304
0305

0307
0369
0311
0212
0313
0314
0315
0317
0318
0319
0320
0321
0322
0323
Q324
0325
0326
0328

0330

0331
0332
0333
0334
0335

Cone
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CHAGNY = REF(6) - ADULTI (1)
CHAGP1 = 10C*CHAGN1/REF (6)
CHAGNT = 3PE ~ SP

CHAGPT = 100*CHAGNT/SPE

Ce2«PRINT ADULT AGE DISTRIBUTION AND RELATIVE ALDULT AGE DISTRIBUTION.

Coao

320

Cons
Canal
Cevca

330

340

s X et Ka X X!

10000
10100
10200
10300
10400

IF {IN.EQ.1.0R.IYR.EQ.1) WEITE(OF1, 12000)
IF (I¥N.EQ.1.0R.IYR.EQ.1) WHITE(OF1,12100) (J,ADULT{(J),J=1,IEND)
TP {IN.EC.V1.0K.IYR.EQ.1) WRITE{OF1,12200) S°P
IF (IN.EQ.T.0FK.XYR.EC.1) WEITE(OF1, 12300)
IF (IN.EQ.1.0R.IYR.EQ.1) WRITE(OF1,12400) {(K,PAD{K) ,K=1,IEND)
IF {IN,EQ.1.0KR.XYR.EQ.1) WRITE{CFI1, 12500)
IF (IN.EQ.1.0R.IYR.EQ.1) WRITE{OF1,12400) (X,PADE(K),K=1,IEND)
I¥ (INL.EQ.1.0K.IYR.EQ.1) MEITE(OF1,12600) ESPP
I¥ (IN.FQ.1.0E.IYR.EQ.1) WRITE(OF1, 12700} CHAGNV,CHAGPY, CHAGNT,
1 CHAGPT
E2=1.
SUMA=0.
DO 320 K=1,IEND
IF {K.NE.1) EZ=E2#EXF{-LCYU{K~-1) *#365.)
SUMA=SUMA+F Z*AMTF (K)
SK=SUNA*{NEO/PECUAL)
IF (IN.EQ.1.0K.IYK.EC.1) WEITE(OF1, 12800) SH

YCLE TO WEXT YEAR.

IF (IS5¥.EQ. 1.AND.IYR.EG.IFL) QP = O.
L¥ {IYE.EQ.IYR) GO TO 330
IYR=IYR+1
ISTAGE=1
PTINE=C,
GO TO 30
1F (IN.EQ.1) WRITE(CF1,12900)
LYR1 = LYR + 1
DC 380 I = 1,LYR1
RI(I) = R(I+3)
R3S (I) = RI(I) /S (T)
SR{I) = S(I)/5(1)
RR(I) = R{I)} /R (1)
R3R(I) = RI(I)/RI(1)
RIRSR(I) = R3R(I}/SR{I)
CONTINUE
IF (NN.EQ.1) WRITE(12,13700)
I¥F (NN.EQ.1) WRITE{12,13800) (Z,S{XI),R(I),83{I),R3IS({I), SR(I),
1 BE(I) ,RIR(T),HIRSR(I),I=1,LYRT)
STOP

INPUT FCRMAT CARDS

OUTPUT FORMAT CARDS

FORMAT (I1,1X,12,1X,I3,1X,I4,1X,2(F4.0,1%),I1)
FORMAT {4{I2,1X))

FORMAT (E16.8)

FPORMAT {6F10.0,12)

FORMAT {£15.8,F5.0,5F5.2)

HISTI4U0
HIST 1445
HIST 450
HIST1455
HIST 1460
HIST1465
HIST 1470
HIST1475
HIST1480
HIST 148S
HIST1490
HIST 1495
HIST 1500
HIST1505
HIST151¢C
HIST1515
HIST1520
HIST 1525
HIST1530
HIST 1535
HIST1540
HIST1545
HIST 1550
4IST1555
HIST 1560
HIST 1565
HIST1570
HIST157%
HIST1580
HIST 1588
HIST 1590
HIST1595
BIST 1600
HIST1605
HIST1610
HIST 1615
HIST1620
HIST 15625
HIST1630
HIST1635
HIST1640
HIST1645
HIST 1650
AIST1655
HIST1660
HIST166%
HIST1670
HIST1675
HIST 1680
HIST1685
RIST1690
HIST1695
HIST 1700
HIST1705
HIST1710
HIST 1715
HIST1720
HIST1725



ISH
ISN
ISN
I3SN
TSN
ISN
15N
ISN
ISN
15N

ISN
ISN

ISN

ISN
ISK
ISN
ISN
ISK
ISN

ISK
ISN

ISN

ISN

ISN

ISN

ISK

ISN

0336
0337
0338
033%
0340
0341
0342
0343
0344
0345

0346
Q347

0348
0349
0350
0351
0352
0353
0354

0355
0356
0357

0358

0359

0360
0361
0362

0363
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10500 PORNMAT {I2,1X,15F5.0)
10600 FGRNAT (10F8.0)
10700 FORMAT (3E10.6,10F5.2)
10800 FORMAT {13F6.0)
10900 FORHAT {8F10.0)
11000 FORMAT (4F6.0)
11100 FORMAT {20A4)
11200 FORHAT (2(E12.7,3X),¥5.1)
11300 FORMAT (3F5.2,2 (4X,I1))
11800 FORMAT {(TH1, 1,y Yevecencecaasnnosasasocacscnsnnast/ 1X,
1 *..CURRENT YEABRueeoeao',® -~ *,I3,%- ', v ¢/ 1X,
1 1 e ieerentaiacncascnnccncananeane?ss)
11500 FORN2T (//,' STAGE',I3,3X, 10AU4)
11600 FORNAT (/,' TOTAL PRODUCTICN INTO TEIS LIFE STAGE = *,E20.10/
' TOTAL TRANSEER /INTO THE NEXT LIFE STAGE = *,B20.10/
* % SURVIVAL THROUGH THIS LIFE STAGE = ',5,FP4.1/
' HAXIMUM STANDING CROP FOR THIS LIFE STAGE = ',E20.10/
* RATIO OF MAXIMUM STANDING CROP TC EQUILIBRIUN STANDING?,
* CROE (NMAX/YS) = ,F7.4/
* REDUCTION IN NUNBER OF ORGANISMS ENTERING THIS LIFE STAGE!,
' DUE TO THE ECWER ELANT...',E20.10/
' % REDUCTION IN NUMBFR OF ORGANISFS ENTERING THIS LIPEY,
* STAGE DUE TC THE POWER ELANP...',F5.2)
11700 FORHAT (//' CUWULATIVE FROEABILITY OF SURVIVAL FROM EGG',
1 * THROUOGH JUVENILE 3 = *,E15.8,
1 + EXPECTED NUMBER OF YEARLINGS = *,E15.8)
11800 FORMAT (/' NUMBER OF JUVENILE 2 KILIED BY IMPINGEMENT...',E12.6)
11900 PORMAT (/" NUMEER OF JUVENILE 3 KILLEC BY IMPTNGEMENT...',E12.6/
1 v TGTAL NUMBFR OF JUVENILES KILLED BY IMPINGEMENT...',E12.6)
12000 FORBAT{///%' ADULT DISTRIBUTION BY AGE CLASS*.,//, S(
1 134 AGE NUNBERS ))
12100 PORMAT {5(1X,13,1X,F8.0))
12200 PCRMAT (1X,*TOTAL ADULIS *,F15.0/)

T I N G Y

HIST1730
HIST 1735
HIST1740
HIST1745
HIST1750
HIST1755
HIST 1760
HIST1765
HIST1770
HIST 1775
HIST1780
HIST1785
HIST1790
HIST1795
HIST1800
HIST 1305
HIST1310
HIST181S
HIST1820
HIST 182¢
HIST183¢C
HIST 1835
HIST 1840
HIST1845
HIST 1850
HIST1855
HIST1360
4IST 1865
HIST1870
HIST 1875
HIST 1880
HIST1885
HIST 1390

12300 FORMAT (//' PEWCENT AGE CISTRIBUTION RELATIVE TO YEAR ZERO'/ 1X,5(HIST1895

1 12HAGE PERCENT ) /)

12400 FORMAT {5 (1X,I3,1X,F7.3))

12500 FORMAT (//' PERCENT AGE DISTRIBUTION RELATIVE TC CURRENT YEAR'/
1 1X,5(12HAGE EERCENT } /)

12600 PORMAT (/,' SIZE OF PCPULATION (YFAF CLASSES 1-13} FOR THE', /,
1 * CURKENT YEAR AS A PERCENTAGE OF THE STZE OP THE Y, /,
1 * POPULATION IN YEAR ZERC...", F6.3)

HIST 1900
HIST1905
HIST1910
HIST191%
HIST1920
HIST 1925
RIST1930

12700 FPORMAT{//' REDUCTION IN NUMBER OF YFARLINGS DUE TO FLANT...',¥9.0/HIST1935

1 * % REDUCTICN IN NUMBER CF YEARLINGS DUE TO PLANT...',¥5.2/
1 * REDUCTION IN TOTAL NUMBER OP ALULTS DUE TO PLANT...!',F9.0/
1 * £ REDUCTIDN IN TOTAL NUMBER CP ALULTS [UE TO PLANT...',P5.2)
12800 PORMAT (/,' NUMBER OF EGGS EXPECTED TO BE PRODUCED BY?,
1 /," THE NUMBER OF ONE-YEAR OLD SIRIPED BASS FUR THE CURRENT',
1 ,,' YEAR DURING THEIF LIFE TINE AS A PERCENTAGE OF THE NUMBER®,
1 /,' OF EGGS FRODUCED IN YFAR ZERC.....',6.3//)
12900 FORMAT {//' END HISTGeeeeeoae')
13000 FCRMAT {///, "H3E4ea3udsfddantk dksR drdx R eEa i Soerens )
13100 FORXAT {1H1,* TRACING LIFE HISTORY OF STRIFED BASS FISH ', /,
1 ¢ IN HUDSON RIVER, WITH MORTALITY IN EACH ¢,/,
1 * STAGE GIVEX BY:',// SX,
1 1 D{NX)/DT= {KX+(KX-RX0)% {(NX-YS)/¥S)*=3}%4%")

HIST 1940
HIST1945
HIST 1950
HIST1955
HIST1960
HIST 1965
HIST1970
HIST197%
RIST 1980
HIST1985
HIST 1990
HIST1995
HIST 2000

13200 PORMAT(16X,*-PKILL®QP®*NX/V',//, " WHERE, QF (MI%*¢3,/DAY)= *, ®10.%,/,HIST2005
1 ¢ WHICH IS EQUIVALENT TO AN INTAKE PLOW OFP... ',E10.4,°(CPS)*,,/,HIST2010

1 7X,'V(MT##3)= ?,E10.4// 2X,

HIST2015
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0365

0366
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0368

0369
0370

Q371

6372

9373
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1 "FRACTIONMAL KILL {I.E., CCMPOSITE #~PACTOR) FOR:',/ 2X,

1 * FGGS *,F10.4/ 2¥," LARVAER 'L FI0. 4/ 2%,
1 * JUVENILE 1 °,F10.4/ 2%, JUVENIIE 2 t,F10. 4/ 2X,
1 * JUVERILE 3 1, F10.4)

13300 FORMAT {//,' KX {1/DAY)= ¢,E20.10,/," KX0{1,DaY)= ?,

£E20,.10,/," YS(MIMBER)= ¢,E20.10,/,% LIFE PERICD{DAY}= ¥,

F10.4,/,

¢ RATIO OF THE KX VALDE USED IN THIS RUN TO THE "STANDASDY K¢,

YALUE GIVEN ABOVE = *,¥6.3,/,

RATIO OF THE KX0 VALUE USED IN THIS RUN TO THE KX VALUE*,

USED IN THYS RUN = ',F6.3,,

RATIC OF THE YS VALUE USED IN THIS RUN TO THE SSTANDARD® ¥5%,

VALUE GIVEN ABOVE = *,F€.3,/,

LEFT LIMB CF COMPENSATION FUNCTION DISABLED...',A6,/,

* RIGET LIMB OF COMPENSATION FUNCTION LDISABLED...%,A6,/)

134800 FORMAT (///,T10,*AGE?,T15,'DECAY COEFF.®,T31,'SEX RATIO',T45,
1 'FRACTION® ,T60,! FECORLITY®, s, T17,° {(1/DaY)*,T31,* (FEN/TOT) ', T06,
1 "MATURE!,T58,* (2GGS/FENALE) ',/)

13500 FCRMAT {T10,I2,T15,F1C.6,T33, ¥4.2,T47,F4,2,T58,812.4)

13600 FORMAT {/,/' ANNUAL PRCBABILITY OF SURVIVAL FOR ADOLTS (4-13) = ¢,
1 £5.3)

13700 FORMAT {181,20X,°STOCK RECRUITMENT TABLE®//

-k b h b wd d b d ok mh
- ® 8w @

R3IR(I) = NUMBER OF BECRUITS AT I+3 RELATIVE TQ THE NUMBER OF%e,

RECRUITS AT I=4 (RI(I)/E3{N))*/

R3IRSR{I}) = RELATIVE RECRUITMENT BATE (RIR{I)/SR{I)} ',/

T4,97%,T10,°S({I)*,T20,*R{I)*,T30,*F3(I)*,T40, *R3S{I}"*,T60,

1SR{I)?,T70, *RR(L) *,TBO, "E3R{I)*,T90,  RIRSR (I)'//)

13800 FORMAT (T2,313,T17,¥8.0,T17,F8.0,7T27,¥8.0,T37,F8.4,T57,F8.4, T67,
1 F8.4,T77,F8.4,T87,F8.4)

13900 PORMAT (* NO. ADULT AGF CLASSES ~ *,I2/ * MODEL SIMULATES - ?,I3,
1 1A,"YEARS?/ ' PLANT OPERATING. »o®rB6/ ? FOR wvonsancocanna VoI,
1 % YEAES.') .

14000 FORMAT (//' MODEL TIME STEP SIZE (DAYS) ', u4X,'EGG',S5X,°LARV’,5%,
1 *JUVi®,5X, *JUV2?,5X, JUV3%, S5({3X,FP4.2,2%)/}

14100 FORMAT {//' TOTAL PRODUCTION PERIOL (DAYS) = ?,¥3,0/
1 * SUBPRODUCTION PERIODS AND ASSOCIATED PEACTIONS OF TOTAL EGG?,
1 * PROLUCTION®/
1 T5,*PERIOD (DAY)*,T20,'FRACTION')

14200 PCRMAT (T5,2(1X,F4.1) ,T22,F6.4)
END

1 9 DEFINITIONS OF COLUMN HEADINGS®*/

1 ¥ I = YEAR + 1%/

1 ' S{I) = NUMBER OF SPAWNERS®/

1 v R{I) = NUMBER OF RECRUITS (3-YEAR OLDS}*/

1 * RI(I) = NUMBER OF HECKUITS AT I+3 SPAWNED AT I'/

1 ' R35(1) = RECRUITMENT RATE (RECRUITS EFEER SPAWNER) '/

1 * SR{I) = NUMRER OF SPAWNERS RELATIVE TC NUMBER OF SPAWNERS?,
19 AT I=1%y

1 % RR{I} = NUMBER OF RECRUITS RELATIVE TC NUMBER OF RECRUITS®,
1% AT I=1%y

1'

1'

1!

1

1

HIST20G20
HIST2025
HIST 2030
HIST2035
RIST2040
HIST2045
HIST2050
HIST 2055
HIST2060
HIST2065
HIST207¢
HIST2075
HIST 2030
HIST2085
HIST2090
AIST 2095
HIST2100
HIST2195
HIST 2110
HIST2115
HIST 2120
HIST2125%
HIST2130
HIST 21358
HIST2140
HIST214%
HIST2150
HIST2155
AIST 2160
HISTZ2165%
HIST 2170
HIST2175
HIST2180
HIST2187%
HISZT21%0
HIST 21935
BIST2200
RIST2205
HIST2210
HIST2215
HIST2220
HIST222¢%
HI5T2230
HIST 22135
AISTZ240
HIST2245
HIST 2250
HIST2255
HIST 2260
HIST226%



SYNBCL
I

¥weedr O R T R A N

INTERNKRL STATEMENT NUMBERS

0034
0320
0328
0014
0073
0237
0261
0014
0272
00ty
cc1y
C014
000
0010
0010
G004
0007
€021
0021
0021
0003
cg21
0015
0015
0292
0015
001¢%
0015
0003
0015
001¢
0004
0611
0005
C0o0u
0010
gczt
Qo010
0021
0021
€01¢
0004
0021
0003
0007
0122
0003
0232
€Qos
0022
0003
0002
0003
023z
000z
0016
C01¢

0035
0320
0328
0059
€073
€237
0262
0066
0273
0043
€159
Q149
0057
€020
0020
0043

c122
0167
0123
0057
0258
Q041
0079
0294
0155
0130
0052
¢c12
otn?
0106
0041
0C13
0012
00u2
0020
0231
0020
0304
0260
€020
0057
0040
0087
0035
0123
0038
0233

0133
00es
0070
0087
0242
G073
0142
00ut

0086
0321
0328
0059
00713
0237
0282
0067
0273
004z
016C
0150
0058
0258
0253
0052

0124
0169
0124
0061
0301
0078
00890
0296
0156
0134
0052
0087
0149
0110
0050
0031

0046
0322

0319
0305
0262
0321
0063

0097
0136

0095

0136
0097

0102
02uB
0237
0143

0086
0321

0059
0074
0241
0282
0087
0274
0043

0151
00717
0319
02¢7

0076
0301

0082
03C5
c1s8
0134
00¢&z
0095
01<1
0157
00¢z
0089

0052
03z¢

032¢C
0267
0324
00¢7
0137
Q102
0136
0102
0106
03¢t

0255
014E8

0086
0322

0060
0074
0242
0282
0067
0274
012¢€

0152
0183
0322
0257

0104
0303
0098
0315
0159
0115
0057
0095
0161
€061
0090

0307

0323

0266

0328

0102

0138

0138

0108

0147

0100
0322

0060
0074
0243
0282
0145
0288
0138
0168
0184

0322
0320

0104

0100
0164

0057
0096

0162
0063

0323

0267

0199

0150

0tus8

0108

0152

C EO S S
0100 0100
0323 0323
0060 0061
013 0136
0243 0zu7
014€ 0147
6288 088
0139 0139
0169
0185 0187
0328
0321 0321
010e 0108
0102 0173
0166 0167
€057 0166
0102 0207
0162 0163
0067 0102
0328
0268 0273
0152 0161
0150 0150
0222

46

R
0132
0324

0061
0137
0248

0160
0z88
0141

0190

0328

0123

0190

0168
0209

0102

0275

0161

0152

E

FE

0135
0324
00€1
0165
0248
0161

€292
0146

0217

0233

0278

0162

R ENCE
0252 0253
0324 0328
0070 0070
0168 0180
0248 0254
0168 0165
€292 0292
0149 0151
0251 0259
0142
0213 0215
0235 0237
0284
0167 0169

LIST

0257
0328
0070
0181
0255

0166
0292

0259

0219

0326

0191

I N Gekg¥

0257
0323

0071
0195
0255

0167
0300

0280

0328

€196

0258
0323

0071
C19¢
3255

0265
0301

c282

0226

0318
0328

0071
0237
6255

0266
0301

0284

€319
0328

q072
€237
€256

C2€5
03C3

c2gea

0319
0328

0072
0237
025¢

0267

c23¢g

290



S¥NRQL
ir
IxXx
4PL
ier
IST
LS¥
1¥Y
ix1
IYR

K%0
LY
LER
Xap
NEQ
s3]

[0} 23
PAD

PRXAN Y

THTERNAL STATEMENT WUMBERS

0030
0018
BUTE
0616
0016
0004
0016
026
0016
0263
0003
0016
0016
0078
0012
D27
0308
0027
0008
0009
Gous
0010
001¢
0622
0022
0G06
0011
6003
ag09
0009
0008
0114
GO0y
0004
0011
0004
0017
0017
0317
0012
0012
0008
€023
0023
0108
0002
0002
0023
0023
6023
0006
0023
0008
0282
0184

6038
4110
0043
0108
0041
00136
0156
n247
0056
4270
€012
4118
0036

€022
028
0315
0029
026
0022
0026
020
0020
4268
4255
aQ32
€013
0088
0023
D086
0026

€036
0038
0031
0036
0054
0132
0318
0023
0023
0026
G275
0183

0072
con
0299
o242
0036
€060
c17d
0028

0200

Q041
0112
4048
Q110

0038
0161

0078
0280
0098

0037

cor7
0047

00650
0267
0138¢
0231
0323
0320
0274
259
6032
0038
0096
Q104
0100
0231

nouz

0307
0112

GOud

G082z
0Z82
0102

0037

0173
0048

0=z
0274
0187
03c3
0374
0328
1275

0059
0091
01¢2
0127
0232
g07a
(o]

0176
0148

0130
0193
0273

0138
02%%

255
03012

0078&
0181
0239

0217

RT & AN
o043 0057
a1ty 0114
ool 0307
0082 00BY
0284 0236
o0ns 004U
D226 0231
049 0082
0063 0067
0248

Gis 0201
0328

0278 0279
0067 0067
0093

0155

0237 0242
0071 Q072
0179

0157 0158
0199 0205
0200 0201
0292

0205

¢15%6

0256

CIny

0183 0184
0240 0243
0219

CROS S
0059 0Q6¢C
2114 0116
0098 010C
0288 029¢
0048 01309
42392 0249
c09e  010¢
0235 0237
n203 0204
0076 0224
0248 0301
0073 0237
21717 0173
0203 0205
0190 0193
0243 02us8

47

RE P ER
0070 0071
0116 0118
0102 0173
0292 0294
0317

Vs
004
0102 0190
o240 0276
0zl GZb46
0180 0195
0207 €z09
0194 Q0196
0248 0203

L |

0072

0131

G185
0296

0230

0277

oz2u7

0196
0265

0073

0131

0190

0305

1282

0254

G198
0256

I ST IN g

0074

0z01
0307

0284

0261

0200
0258

¢oBe 0087
0205 09213
0199 63191
0286 0288
0265 0272
0205 0207
0262 0266

0089

0215
0311

0290

0209
0267

0z12

0273

0294

0274y

n252

02956

2300

0276



***%*F O R T R A XN C RO S5 s K EFERFEFNCE LI S TTINGkkeers

SYABOL IATERMAL STATEMENT NUMBEES

DMXDT 0005

EWAL 0211

FPKILL 0003 CCu3 0052

FLOAT 0131 0131

FRACT 0024 0076 0077

IKT¥0 Q0018 0158 0159 O01€¢ C164 C171

ILEFT c003 €088 0091

IsFgZ 0012 0207 0211 0213

001z 0209 0211 0215

0018 0078 00H0

0005 CO011 0089 (€091 n1g2

0018 0065 0C66

0018 0CS9 0059 0060 0065 0224

Pan 0009 0024 0074 0122 0122 0142

TIBE 0024 CO7S 0173 0222 0222 0228 0224 0213

QPCFS 0046 0052

R® SR 0010 0020 0324 0328

SPANN 0256 (257

YRARY 0217 (€219

ADG LTS 0008 0026 0231

CHAGET 0278 C279 0296

CHAGNY 0276 0277 (29¢€

CEAGPT (279 (€298

CHAGP1 0277 0296

CHAYGY Q187 0188 0190 0203 0204 0205

CHANGP 0188 0130 Q204 02¢C¢

GROMTH 0173

I¥FTOT 001c 0211 021%

IFCENT 0019 0127 0128 0131 0132 0134

IRIGHT 0003 Q088 QQa:

ISTa%E 0016 €055 0086 0087 0087 0087 (0088 00B8 0(C88 0(C83 0CA88 O00B9 0090 00491 0091 0093 0093 0C9S (€095
0095 0096 0096 0096 0097 0097 0097 0100 07100 0102 €102 0102 0102 0102 0102 0102 C¢1Cz Q1IW02 90108
0104 0104 0104 ©03IC6 0106 0108 01C8 0108 0110 0%116 €120 0120 0122 0122 0123 0123 €127 0tu2 0142
0155 €173 0174 0185 0187 0188 €199 020t 0203 0z04 0207 0207 0209 0209 0211 0213 0213 0215 0215
0217 0219 0219 022z 0223 0223 (€224 0227 0312

JRIGHT 0C09 0011 009C 0093 0102

KFIRST 0118

RPLANT €012 €173 0207 0207 0209 0209

NMAXYS 001z 0025 0189 0160 0199 0205

F®Ual 0025 0053 0231 0304

TSTART 0025 0C36 00u0




160
170
180
190
2460
210
220
230
240
2590
260
270
280
290
300
3i0
320
330
340
10400
10100
30200
10300
10400
16500
10600
10700
10800
1900
11000
11100
11200
11300
114090
11500
13500
11700
11800
11900
1000
12100
12200

DEFINED
00 35
0069
0076
0084
0098
Q137
0140
Q142
0150
0152
0133
0155
0143
0169
0170
173
0178
G182
0193
0197
0221
0244
D246
0248
0250
0259
0262
0257
0270
0274
Q275
03403
0315
0325
0331
0332
0333
Q3 34
0335
0336
0337
0338
0339
4340
0341
0342
0343
0344
0345
0346
0347
0348
0349
4350
03%1
0352
0353

4&¥2%F O R T R &4 N

REFERENCES
Q034
0066
0314
0227
003
0135
0132
0172 0177
Q149
0151
G145
0128
0159
G168
0164
0120 0124
0154
0180
0174
0195
0192
0241
0229
a2u6
0245
0254
0261
0265
0263
0272
0269 0270
0300
0309
0318
0036
Q041
Qa2
Qo4
0057
0059
006G
0070
0071 0072
0072
0074
0086
0087
aaen
0082
4100
0190 0203
0219
Q213
0215
0280
0282
0284

0143

G154

CROSS

L

T ST I W Gheors



12300
12500
125C0
12600
12700
12800
12200
13000
13100
13200
13300
1200
13500
12600
13700
13800
13560
14000
14100
14200

0354
03s5
03%6
0357
0358
0359
0360
0361
0362
0363
0364
0365
0366
0367
0368
0369
0370
0371
0372
0373

0286
0288
0290
0294
0295
0305
0315
0047
0050
0052
0102
0235
0237
0233
0326
03z8
0048
0061
0063
0067

0292

00us

0098

50



IS

15N
I3¥
5w
ISH
54
I5¥
ISH
I58
i5u

I5N
I54
1SN
IsH
is¥
I5¥

L3H
k-t |

ISH
154
is5¥
I58

ISN
I3¥
IS8
ISW

0002
Q003

Q004
0005
0Gas
0007
3608
20469

GO0
0011
0012
00133
oni4
0015
3016
a7
0018
6019
0020
0021
2022
0023
Q024
0025
0026
0027

§ 0029

0031
0033

0035
0036
0037
0038

0039
0041
acas
004y

51

COBPILER OPTIONS ~ ¥WAAE= HAIN,CFT=02,LINECHT=£0,3514E=0000K,
SOURCE,EBCOIC , NOLIST, BODECK ,LOAD, BAP  NOEDIT , ¥OID, XKEF

CGROW GROW
Cawe GROW
Ca s SUBRGUTINE GRONTH CALCULATES THE GROUYA OF FACH YOUHG OF THE GRO¥
€...YFAR LIFE STaGR. IT IS CALLED BY BAIN OHCE $0R EACH LIFE STAGE. GROY
Caan GROW
SUBRCUTINE GROWTH {(TH,ISTAGE, I¥ &, KTYO NXO,NHAX ,PTINE, KPLAKY) GROW
COMNON /LSTAGE /AKX {5) ,RAKXD {5) ,AYS{5) ,DELS) ,BTE{S) ,FKILL{S) ,TLEPT{S) GROW

1 LIRIGHT(S),RKX(5) ,KX0{5) ,¥5{%) GROW
CUBRON/¥AR/TEND ,ISKP , ISW, KSTP, FH, P, QP . THE, ¥ GROW
COMNON /RKTTA, WX,DNYDT 3RIOY
COMMON #RGHT /TIH {10) ,TIHH{10) GROW
CORROR /WYY /9 ({5000) ,¥YY {D000) GROW

REAL MWXO NY,EX, R{0, KNATL, KPLANT ,KTOTAL, H¥AX GROW
TRTEGER Q¥F1 GROY

[o GROW
C INITIALIZATION GROW
C GROY
IWp = @ GROW
ROUNTY = ¢ GROY

HDT = 0 GROF

MHAX = 0. GHOW

OLDRX = Q. GROY

T = D GROW

1YY = C. GROY

OF{=6 GROW
I5TP=K31P GAOY

J =2 GROW
ISTART=2 GROH
{11=7. SROW

18 = ISTAGE GROY

FTLRE = PTINE ¢ DTE (IS} ¢ TE GROY
TT=PTIHEST GROW
Ny=NX0 GROW
XKOUNTY=1 GROW

IP (ISRP.BQ.1.2MD. LN . EQ. 1.CR. IS RP.BC. V. ANL. IYR.EQ. 1) YRITE{OF1, GROW

i 10000 GROW

1P {ISKP.EQ.V1.AND.IN.EQ.1.CR.ISEP.EC. V1. ANLE, JYR.BQ. 1) URITE{CPI, GROW

1 10100} IT,CLDEX, YYY,HX0,NX GROW

10 IF (ISTAGE.EQ.S5) GO TO 40 GROY

I¥ {NE.GT.NAAX) HMAY = NX GROW

Cooe GROW
CoosCALL SUBRCUTINE LELTA. GROY
Cone GROW
CALL DELTA {1,IN,ISTAGE  IYR KMATIL KPLANT,FATIO BSN, PSP, P5T) GROW
NOT=HWDT+1 GROW

TT = PTIAE + ¥DT*DE {I3) GROW
OLDHY=HNX GROW

< GROY
C COBPUTE GROWYTH HISTORY OF PRESEET STAGE AawWD GRO¥
c RECORD HISTORY OF HEXT-STAGE INPUT IMPULSES.. GROW
C GROW
If {T+0.0014DE{I5).GE.TE} GO TO 30 GROW

TF {T+0.0014DE{IS).6GR.OTE{IS)) GO TC 20 GROW
KCUNTX=KOUNTX+ 1 GROW

If {ISTAGE.NE.1) NX(=YY (KOUHTX} GROW

C #&%%®k p---ONLY PRODUCTION QCCURS

GROW

100
1068
119
118
120
125
130
135
140
14s
150
155
160
16%
170
175
180
185
149¢
195
200
205
210
2%5
220
225
230
23%
240
245
250
255
268
255
270
27%



ISN
ISK
18w

ISH
ISN
ISN
ISN
ISN
ISH

ISN
15w
ISN

ISN

IS¥
Isn
ISN
IsN
ISN
ISN
1SN
ISK
ISN
i5K
ISH
ISN
IsN
ISK
ISH
ISN

ISH
ISH
ISW
ISH
ISW
ISN
ISN
isSE
is¥
I3wW
ISN
is¥
IS5W
ISE

00us
G0u7
Qoug

0049
0050
0052
0053
0954
0055

0056
0057
0058

0060
0062
0064
0055
0066
0067
0068
0070
0071
0073
G075
0076
0077
0679
0080
0081
0082
0083
0084
0085
0C86
0087
0088
acaegn
0022

009n
0095
3098
0037
n0gs
0092
0100
0102
0103
giae
01405
2306
G167
3409

0111

¥ 01133

o

C

BE=NX+NX0
fYy=0.
GC T0 100

#rEZG B-~~PRODUCTION AND TRANSFER OCCUR

20

KCUNTY=RKCUNTY 1

IF (ISTAGE- RE. 1) NKO=TY (KCUNT K¢ XGOHTY)
Y7{KOUNTY) =MX® & {KOUNT i)

NYX=NX-YY (KGUNTT) +8X0

YE=YY {(KOUSTY)

GO T0 100

#&458 Coo=QNLY TRANSFER OCCiURS

30

50

60

70

80

90

100

119

ROGNTY=KOONTY+ i
NYX0=0.
IF (ISTAGE.NE. 1) NXO=YY (KCUNT X+ ROUNTY]
FRON JUGVEWILE II STAGE CN, HO TRANSFER EXCEPT SURVIVAL...
IF (ISTAGE.LT.&4j GO TC 30
IF (NX.GT.NNAX) HHAX = HX
NX0=0.
NDT=0
Y11=0.
BUF=0.
IF (YS(I5}.LT.5.) 60 T0 60
BUF = {KX{IS)~KX0(IS5))%({NX-ES{IS)) /¥S(IS))*%3
If (NX.LT.YS(IS).AND.ILEFT {IS}-EQ.i) BUF = 0.
IF {NX.GT.Y5(IS5) AND.IRIGHI(IS) .EC.1) BGF = 0.
KNALL = KX{IS) ¢ BU?
KPLANT = ISEFFGILL(IS)#Q5,%
IF {IYR.EQ.0) KELANT = 0.
KIOTAL = KNATI @ KPLAWY
RATIO = KPLANT,/KIOTAL
PSN = EXP(-KNATL*DTE (IS))
PSP = EXP(~RPLANT*LTE (1S))
PST = EZP(-KTCTAL#BTE{IS))
O1DNXI=NI
¥X = NE®EXP (~KTOTAL¥DE{IS)}
NDT=HDT+1
T = TT # NDT®DE{IS)
IF {T.¢E.PTIME.CR.T.GI.365.} GO TC 70
IF (MOD(NDT,ISTP).GT.0) 6¢C TC 50
IF (ISKP.EQ.1.AWD.IN.FQ.1.0X%.ISKF.EQC.1.ANC.IYR.EQ.1) WRITE(GFPIi,

1 10100) 1,0LDRX,YYY,¥X0,NX, KNATL KPL.AKT,BATIO,PSN,PSP,PST

cO 70 50
EAO=NX
YY(1)=22
DO 8% J=2,5000
1Y (3} =0.
RETURN
IF (IND.EQ.O) ISTAHT=1
IRD=1
YT (KOUMTY) =NX# & (KOUNTL}
NX=EEK-§Y (KOINTY}
f Y= YY (KOUNTY)
ISTART=ISTART ¢1
IF (80D {RDT,IST?).GT.0) GO TO 3§10
IF {ISKP.BG.1.AND.IN.EQ.1.0B. ISKP.EC. 1. ANE.IYR.EQ. 1) WRITE{OF1,

1 101¢0; I7,0LDMWX,YYY,RX0,FR, KNATEi, RPLANT,BRATIO,PSWN,PSP,PST

IF (ISTAGE.GE.#} 60 TC 130
SU8 =0,

GROW
GROW
GROW
GROW
GROW
GROW
GRGW
GROW
GROW
GROW
GROW
GRC#¥
GROW
GROW
GROW
GROW
GROW
GROW
GROW
GRGW
GROW
GROW
GROW
GROW
GRO¥
GROW
GROY
GROV
GRO¥
GROY
GROW
GROY
GROW
GRGW
GROY
GROW
GROW
GROW
GROF
GRCH
GROH
GROW
GRO¥
GROW
GROCH
GROW
GROY
GROW
GRO¥
GROW
GROW
GRO¥
GROW
GROYW
GROF
GRO¥
GROW
GROW

280
285
290
295
300
305
310
315
320
325
33¢C
335
340
345
350
355
350
365
370
375
380
385
390
395

508
410
415
420
425
430
435
440
845
450
455
us0
465
470
475
480
485
490
w9%s
500
505
510
515
520
525
530
535
540
545
550
555
560
56¢



isx
is¥
I5H
5N
ye |
IsH
IsH
ISR
I5¥
hact |
ISH
ISH
158
ISN
15N
I3H

IsN
Isy
isH
is9
IS5H
158
I5N
I3y

is¥

0114
2115
0116
0117
0119
8120
G621
0122
0123
0125
0426
0128
0129
8137
0132
0133

0934
0136
9137
0133
0139
0140
0141
0142

0343

53

pO 120 I=ISTART,KOURTX
1X=XKOUNTY+TSTART~T
W{X1)=0.
IF {NX.B0.0.) GO TO 120
W{IL)=OLDNX®R{IT~ 1)/ RX
SUM=S5UNM#8 {11)
120 CORTINGE
W{ISTART-1}=1.~S0H
130 IF {TT.GE.FTINE} GO TO 140
T = EDTDE(IS)
IF {ISTAGE.NE.1} GO TO 10
BA=ABS {T~TIM{J4)}
I¥ {33.67.0.001) GO TC 10
HX0 = PPDE{IS)*TIMW {J4) 7 {TIN{Ie+1)~TTH(TU})
J4=34+1
GO TO 10

QUIT POR RBYIT

O an

140 IF (ISTAGE.EQ.1) GO TC 160
ZERO UFOSED PART OF ¥Y{I) TC SHCW WO PRCDUCTTON THEREOW
KI¥1=KCONTY+1
pO 150 I=KTY1,FTY0
150 Y {I) =0.
C STORF # OF FLEMENTS USED IW YY(I)
180 KTIG=KQUNTY+3
RETURY
10000 FORMAT {//,TU,"TIME( } 7 T15,*PCPULATION{-} ", T30, " TRANSFER?,T45,
1 "PRODUCTION® ,T60," POPULATION {#37 ,T75,% KHATL® ,T85, " KELANTY, 195,
1 "RATIC?,T10%,9PSH! ,T145, "ESPY, T125,9P5T% 1)
10100 FORMAT (T4, P6,2,T15,E9.9,T30,59.4 ,T45,£9.4,T6D,89.6,775, EJ,4,T85,
1 29.4,795,%6.4,T105, 96,4, 7115, ¥6.4,7925, F6.4)
END

[a]

GROW
GROW
GROW
GHROW
GROW
GRO¥
GROY
GROW
GROW
SROY
SROY
GRO¥
GROW
GR0Y
SROW
GROW
GROW
GROW
GROW
GRTE
GROW
GROW
GRIE
GROW
SROY
GRO¥
GROW
GROW
GROW
GRGOY
GROW
G RO
GRO¥

A90
693
700



SYBBCL

oo T

AR
DE
I
IN
1s

JU¢
KX
NN
Wi

g®
TE

T

s

¥Y
2GS
AKL
ATS
BUT
BYE
£
THD
158
Im
KX0
40D
NET
NXO
oF1
P
PSP
5T
s
TINM
Yy
ARXO
I®E
Issp
3%
ERy
KTEO
RTY %
KR X
TINN
DE.TA
DRXDE
FRILL
¥TIHE
e eE
KHAT L.

*34sikF Q R T R AN

IBTERFAL STATEMENT NUMSBERS

114
€097
Coou
0015
ceoy
0007
0128
00013
0115
0002
0022
0033
0019
0003
0004y
0005
0gas
cgou
000U
0024
0003
0037
012¢
0003
0003
00567
G003
0081
0010
0004
0002
0003
coocC
00tz
0002
0009
0035
Q038
0035
4113
0006
0016
0003
0004
0004
0C1E
0004
0002
0124
0002
000§
003¢
0005
0003
0023
0003
0008

0115
0098
0131
0024
€C76
0021
0129
0037
0116
0027
0023
0085
0128
00cs8

0008
0092
0076
€023
0029
0CEs
00uy

0070
€023
0082
€100
0076
€027
oocs
0107
0036
¢oo8
0017
0081
0caz2
0083
Q120
0128
0029

0027
€090
2018
0137
0137
co¢s
8131

€076
0088
0071
0035

0137

0039
0052

0039
0119
0029
0037
6037
0131
007¢C

0025
009¢

0039
0037
007¢C
0050

0071
004t
oes 3
0102

0029
Qo07¢

0036
0025
0027
0092
€092
0092
0120
0131
0047

0027
0107
0139

0013

0123

007¢

0138

0041
01C3

0041
0119
0035
0039
0125
013
0075

Q029
00%6

00¢€7
0070
00¢2

0073
0081
008¢

0035

0037
0029
0028
01C9
0109
01C9
0122
N1
0054

009

0033

0079

0087
0116

0c8s
0120
0092
ooua
0131
0131

0033
0103

0109
0071
0053

0075
0082

0077

0065
0044
0092

0029

0033

0cs

0088
0119
cQs7

3109
0041
0132

00313
0104

0123
0073
0054

0083

0092

0086

[
0109

0092

0092

0062

0092

CROSS
0c88 0092
0119 0120
0125 013
0068 0070
0132
0038 0046
01C4 0109
CC58 003946
0109
cogée 00a7
0050 0052
0105 0109
0092 0109
0062
0109

54

REF¥ERTENCE

0125

0122

0070

Aous
0117

0098

0C€90
0057

0109

0128

0C70

0C52
0119

0103

0107
0css

0070

0053

0104

0125
0Q6u

0071

0053

0105

0092

LI STTINGHs*=y

0071

0c62

0138

0095

0073

0062

0109

0073

007¢C

0131

0075

0071

076

0073

coen

0084

N0R2

0ngs
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#*%%%F O R T R A N CROS S REFERTENCE LI STTINGEkkkk

SYMBOL INTERMAL STATEMENT KUMBERS

OLDNX 0014 0029 0038 0084 0092 0109 0119

PTINE 0002 0023 0028 0037

BATIO 0035 0080 0092 0109

GAOUTH 0002z

IRIGHT 0003 0073

ISTAGE 0002 0022 0031 0035 Q044 0050 0058 0C60 0111 0126 0134
ISTART 002C¢ 0100 0106 0106 0118 0115 0122

KOUNTX 0026 0043 0043 0044 0050 0052 0058 0103 0114 0115
KOQUNTY 0011 0049 0049 00SC 0052 0053 0054 0C56 0056 0058 0103 0104 0105 0136 0139
KPLANT 0002 0608 0035 0076 0077 0079 0080 0082 0092 ©€1¢69
KTOTAL 0008 0079 0080 Q083 0085



LABEL

10

20
30
40
50

60
70
80
90
100
110
120
130
140
150
160
10000
10100

DEFIHEL
0031
0049
0056
0060
0067
0075
0095
0058
0100
0107
111
0121
0123
0134
0138
0139
0141
0142

REFERENCES

0126
0041
0039
0031
0090
0068
(H1)-1.]
0037
0060
00us8
0107
0114
0111
0123
0137
0134
0027
0029

0129

0094

005§

0117

0092

0133

0109

56



ISH

ISN

Is8
I5¥

I3%
IsH
1)
ISy
Is¥
ISH

sy
ISN
139
ISH
I5N
sy

IS
18W
ISN
LS¥
ISN
I58
Isy

isH
ISK
15%
is¥
ISE
LSN
ISN

I5H
ISN
ISH

IS
Is¥
LSH
I5%

0002
0003

000n
0005

G006
0007
00¢8
QG609
G010
0011

6012
0013
Go14
0015
0016
00149

6019
0020
0021
0022
#0023
0024
0026

0037
0028
0029
0030
0031
0032
0034

0035
0036
0037

9038
0040
0041
0042

57

CONPIIER OFTIONS -~ FAME= SAIN,OPT=02,LINECNTI=60,SIZE=0000K,
SOURCE ,EBCDIC, NCLIST, NOLECK ,LOAD, 8AP, NOEDIT,NOID, XREP

CDELT DELT
Cene DELT
C...SUBROUTINE DELTA IS THE RUNGE KDTTA ECGUATIONS USED TO ADVANCE CELT
C...ONME TIME STEP FCH THE SFECIFIED LIFE S5TAGE. IT IS CALLED BY DELT
C...SUBROUTINE GROWTH. SUBROUTINE DELTA CALLS SUBROUTINE FUNC AT DELT
C...FOUR POINTS. DELT
Cuonw BELT
SUBROUTINE DELTA{NDIM,IN,ISTAGE,I YR ,KNATL,KPLART,RATIO,PSN, PSP,  DELT

1 EST) ' PELT
COMMON /LSTAGE /AKX (5) ,AKX0(5) ,AYS{5) ,DE{5) ,DTE{5) , FKILL{5) , ILEFT {5) DELT

1 LIRIGHT{5),KX(5),KX0{5),¥S{5) DELT
CONMON /RKTTA/Y {1} ,DERY {1) ,A0%(16,1) DELT

REAL KWATL,KPLANT DELT

C THIS ROUTINE PERPORNS THE RUNGE KUTTA CALCULATIONS. DELT
H = DE{ISTAGE} DELT

CALL FUNC (IN,ISTAGE,IYR,KMATI,KPLAET,RATIC,PSH,ESP,PST) DELT

DC 10 I=1,NDIE DELT

ADX {1, 1) =¥ {1} DELT

10 AUX {8,1) =DERY{I) DELT

20 CONTINGE DELT

C RUNGE-KUTTA EQUATIONS FOLLOW DELT
30 DO 4O I=1,NDIN DELT
Z=HeAUX (8,1} DELT

AUX{5,I}) =2 DELT
L{I)=AUX{T,I)*.4%% DELT

IF {Y(I).1T.C.) ¥{I}=0. DELT

40 CCHTINOE DELT

c =X+, U4%E DELT
CALL FONC (IN,ISTAGE,IYR,KNATL,KPIANT,RATIO,PSN,ESP,PST) DELY

DC 50 I=1,NDIHM DELT
Z=HADERY (1) DELT

AUX {6,1) =7 PELT

(T} =AUX{1,1)%.29687T6%AUX{5,T)+.1587596%% DELT

IF {Y(I) .LT.0.) ¥{I)=0. DELT

50 CCHIINDE DELT

c DELT
c L=X¢.4557372%4 DELT
CALL FUNC {IN,ISTAGE,IYR,KNATI,XPIANT,RATIO,PS¥,ESP,P5T) DELT

DG 60 I=1,HCIN DELT
Z=H%DERY {I) DELT

AUL {7, X} =2 DELT
T{I)=A0X{1,T)+.2181004%AUX (5,1)-3.0509€5%A0UX (6,I) +3.832865%7 DELT

IP {Y(1).LT7.0.) Y{I)=0. DELT

60 CONTINUE DELT

o Z=XeH DELT
CALL FUNC (IN,ISTAGE,IYR,KNMATI,KPIAKT,RATIOC,PSH,ESPE,PST) DELT

DO 70 I=1,NDIE DELT
Y(I)=AUX (1,I)+.1747603%R0X (5,T)~.55148CT*AUX(6,T) +1.205536%  DELT

1 AUX{7,1) +.171184B*H*DERY {T) DELT

IF {Y(I).LT.0.) ¥(I)=0. BELT

70 CONTINUE DELT

80 RETURN DELT
END DELT

95
100
105
1112
115
120
125
130
135
140
5
150
i15¢%
160
165
170
175
180
185
1490
195
2040
205
210
2158
220
225
230
235
240
245
250
255
260



SYMBOL

I

Y

2z

DB

IN

KX

s

ARX
AOX
AXS
DTE
ITR
KX0
PSK
Psp
PST
AEX O
DBRY
EONC
NDI N
DELTA
FKILL
ILEFT
KFATL
EATIO
IRIGHT
ISTAGE
KPLANT
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*%%%®F O R T R A N C RO S € REPFPEREWNCE L IS T I N Grxsxe

INTERNAL STATEMENT NUMEERS

0006 0013 0021 0029 0037

0008 €009 0009 0010 0010 0012 0013 0014 0C15 0C3i5 0016 0016 0020 0021 0022 0023 €023 0023
4024 0028 00629 Q03C 003t 0031 0031 0031 0C32 0C32 0036 0037 0037 0037 0037 0037 0037 0038
0004 0009 0015 001€¢ 0016 0023 0024 0024 0031 0032 0032 0037 0038 0038

0013 CO%4 0015 0021 0022 0023 0029 0030 0031

0003 00C6

0002 0007 0019 0627 003S

0003

0003

0003

6004 0009 0010 0013 0074 0015 0022 0023 0C23 0C3C 0031 0031 0031 0037 0037 0037 <C037
0003 -
0003

0002 0007 0019 0027 0035

0co:

0002 0007 0019 00z7 003%

0002 CCC7 00138 0027 0035

0002 0007 0019 00z7 0035

0003

0004 0010 0021 0029 0037

0007 (€019 0027 0035

000z 0008 0012 0020 0028 0036

0002

0003

€003

0002z 0005 AQC07 0019 0027 0035

0002 00C7 0019 0027 0035

0003

0002 €006 0007 0019 0027 0035

000z 0005 00€07 0079 0C2? 0035

0024
0038



LA BEL
10
20
30
40
50
60
70
80

DEPINED
0010
0011
40 12
co18
0026
0034
0040
0041
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REFERENCES
0008

0012
0020
0028
0036



60

COMPILER OPTIONS - NAME= MAIN,O0PT=02,LINECHNT=60,SIZE=0000K,
SOURCE,EBCDIC,NOLISY,NGDECK ,LOAD, AP, NOEDIT,NOID, XREF

CPUXC PONC O
[ FONC 5
C...SUBROGUTINE PUNC CALCULATES TER CHANGE IN STANDING CROP FOR PUNC 10
C...THE SPECIFIED LIFEF STAGE DUE TO WNATURAL MOFIALITY AND, IF THE PONC 15
C...POWER PLANT IS "CN”™ IN THE HODEIL, DUE TO PIAWT MORTALITY. FONC 20
Cuaee FONC 25

ISN 0002 SUBROUTINE FUNC(IN, ISTAGE,IYR,KNATL,KPLANT,RATIO,PSH,PSP,PST) FONC 30
ISN 0003 COMNBOX,LSTAGE/AKL{5) , AKX0{5), AYS(S),DE(5),DTE(5),FKILL {(5) ,ILEFT (5) FUKC 135

1 ,IRIGHT(S),KX(5),KX0(5),1S(5) PUNC 40
ISK 0004 COMMON /PAR/IEND,ISKP, ISW, KSTP NN, E,CP,TE,V PUNC 45
ISN 0005 COBNON /BKTTA/ NI,DNXET FUNC SO
ISN 0006 RFAL KNATL, KPLANT,KTOTAL FUNC 55
ISN 0007 REAL KX,KX0,NX FONC 0
ISN 0008 IS = ISTAGE PUNC 65
ISK 0009 BUF = 0. FUNC 70
ISN 0010 IF (¥S (IS).1T.1.) GO TO 10 PUNC 75
ISN 0012 BOF = (KX{IS)~KXO0(IS))¥ {{NI-YS{IS))/T5(IS))**3 FUNC 80
ISN 0013 IF (NX.IT.Y¥S(IS).AND.ILEFT(IS).EQ.1) BUF = O. FONC 85
ISN 0015 IF (NX.GT.YS(IS).AND.IRIGHT(IS).EG. 1) BUF = O. FUNC 90
ISN 0017 10 KNATL = KX(IS) + BUP FUNC 95
ISN 0018 KPLANT = IS¥*PKILL(IS)*QP/V FUNC 100
ISN 0019 IF (IYR.EQ.0) KPLANT = O. FUNC 105
ISN 0021 KTOTAL = KNATL + KPLANT FUNC 110
ISN 0022 RATIC = KPLANT/KTOTAL FPUNC 115
ISN 0023 PSN = EXP(~KNAIL*DTE(IS)) FONC 120
ISN 0024 PSP = EXE{~KPLANT®DTE {IS})}) FUNC 125
ISN 0025 PST = EXP{~KTOTAL®*DTE {IS}) FUHC 130
ISK 0026 DNXDT = -KTOTAL®HNY FUNC 135
ISN 0C27 RETURN PONC 140

ISN 0024 END PUNC 145
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*x%%%P O R T R A N CRO S s REFPERTENCE L I 5T I N Ghksre
SYMBOL INTERNAL STATEMENT NUMBERS
13 co04
v 0004 0018
DE QD3
i 0002
13 0008 0010 0012 0012 0012 0012 0013 0013 0015 CC15 0OC17 0018 0023 0024 0025
94 0003 0007 0012 0017
Ny 000 H
¥X €005 06C7 0012 0013 0015 0026
QP 0004 0018
TE £oo4
b4 6003 0010 0012 001z 0013 0015
AKX 0003
AYS 000 3
BUF ¢Q0s 0012 0013 0015 0017
DTE 0003 0023 Q024 0025
EXp 0023 0024 0025
Is¥ 0004 0018
IR 0002 Q019
K30 0003 0007 0012
PSN 0002 0023
PSp 000z 0024
psT 0l02 0025

AKXO Co0 3

FONC 0002

IEND 0004

IsKe 0004

KST P 6004

DEXDT 4005 0026

FKILL 00031 0018

ILEFT coui G013

KMAT L D002 0006 0017 0021 0023
RATIO 000z 0022

IRIGHT 0003 0015

iSTAGE 0002 (008

KPLANT 0002 0006 0018 0013 0021 0022 0024
XKTOTAL 0006 G021 0022 0025 0026



1ABEL
10

DEFINETL
0017

REFERENCES
0010

62



ISH
IsN
ISN
I5¥
Is¥
ISN
I5N
Isy
ISH
ISH
ISH
ISH
I5K
ISN
I3N
ISH
Iss
I5N
IsH
ISH
ISN
ISH

ISk
15
ISK
ISN
ISK
sy
ISk
ISN
ISN
IS
Isy
ISN
ISN
ISN
LSH
ISH
ISN
IsH
isSN
IS¥
Isy
Is8

0002
0003
0004
0005
0006
0007
00C8
0C09
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023

0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0039
0041
0043
0044
0045
0046
0047
Q048
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COMFILER CPTIONS ~ NAME= HAIN,0PT=02,LIRECNI=60,5I2E=0000K,
SOURCE,EBCDIC,NOLIST, NODECK ,LOAD, MAP,NOEDIT,NOID XREF

C...SUBROUTINE EQUAL CALCULATES A FIRST ORDER MCRTALITY RATE
C...COEFPFICIENT FOR ADOLT CLASSES 4-13 FOK YEAR ZERO. THIS
Cn. CALCULATION IS DONE USING A NEWTON EHAPHSOX TECHNIQUE AND
Cou IS CESIGNED TO GENERATE AN ADULT AGE CISTRIEUTION THAT WILL
C.».PRODOCTICN THE SAME BUMBER OF EGGS AS SPECIFIED BY ONE OF
Cor.THP INPUT PARAMETERS.
Cann
SUBROUTINE EQUAL (ADULI,ADULTS,DCYU,NED,BEQUAL,RMF,EO0)
COMMON /ADULTT/LCY{20) , FEC (20) ,S BAT {20), SMAT (20)
COMMON /PAR/IEND,ISKP,IS¥,KSTP,NN, F, OP,TE, ¥
DIMENSION ADULT{20) ,ADULTS (20),DCY10(20),E8F(20)
REAL MEQ,WS,KO0,KH
PO 10 K=1,3
10 DCYU{K) =DCY (K)
RO=PEQUAL/NED
DO 20 K=1,IEND
20 RMF (K)=SRAT (K) €S MAT (K) *FEC {K)
S1=RMF (1)
AXP=1,
DC 30 K=2,4
AIP=AXP®EXP (~DCYT (K- 1) #365.)
30 S1=S14+RMP{K) *AXP
D= {RO~$1) /A XP
WRITE({ 12, 10000)
WRITE(12,10100) RO,S1,2XP,
DTEST=.1E~7
ITERX=20
ITER=1
K0=1.89903E-3
C...
C...START ITERATION LOOP
Cews
40 FPK=0,
PK=D
PX=1,
DO 50 K=5,IEND
AR=K
PX=EXP {~KO® (AK-4.)*365.)
FPK=FK-RMF(K) *PX
50 FEK=FPE+365.% (AK~4 . ) ®#KAP (K)*PX
QUOT=FK/FPK
K N=K0O-{DOT
DF=ABS (KN~KO0)
ARITE{12,10200) KO, KN, DF, ITER
ITER=ITER+1
IF (ITER.EQ.ITERX) GO TO 60
IF {DF.LE.DTEST) GO TC 60
IF (KE.LT.0.) KN=.5%KOQ
KO=KN
GC TO 40
60 KK=4
DO 70 K=KEK,IESD
70 DCY U {K) =KN
JRITE(12,10200) KO, KN, DF,ITER

EQUA
EQUA
EQUA
EQUA
EQUA
EQUA
EQUA
EQUA
EQUA
£QUA
EQUA
BEQUA
EQUA
EQUA
EQUA
BQUA
EQUA
EQUA
EQUA
EQUA
EQUA
BQUA
EQUA
EQUA
EQUA
EQUA
EQUA
QUA
EQUA
EQUA
EQUA
EQUA
EQUA
EQUA
EQUA
FQUA
EQUA
EQUA
EQUA
EQUA
EQUA
EQUA
EQUA
EQUA
EQUA
EQUA
EQUA
EQUA
EQUA
EQUA
FQUA
EQUA
EQUA
EQUA
EQUA
2QUA

190
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
275



ISH
1358
I3H

ISH
ISN
IsM
ISH

goue
2050
8051

0052
G053
0054
0055

¥RITE {12, 10300)
BRETUGRE

100C0C PORMAT {///%' ITIFRATE TO EQUILIBRIUM BY ADJUSTING THE FIRST ORDER® EQUA
1 /' DECAY RATE COEFFICIENT USED FCR YEAR CLASSES 4 AND OLDER®,/) EQUA

10100 FORHAT {¢* RG=',E15.8,% S1=?,E5.8,"

1020C FORWAT {¢ K0=',E15.9,"% K¥=%,Ei5.9,¢

10300 FOBMAT {® END OF EQUAL...cca'////)
%ND

EQUA
EQUA
AXP=*,£15.8,' D=¢,E15.8) EQUA
L=*,E15.8,% I=',13) EQUA
EQUA

EQUA

280
285
290
295
300

310
315



STUROL
o]

s

3

v

A&

DF

F&

KK

¢

KQ

Hy

s

PY

Qg

RO

St

TE
AB3
A%P
oCcy
BXP
e
FRK
i5M
N
nag
DCAT
LsND
ISKR
ITER
KST P
QT
SHAT
3847
ADULT
DIEST
EQUAL
ITERX
ADU LTS
FEQUAL

#$%%8%F O R T R A ¥

IHTERRAL STATEMENT WOUMERRS

0017
Qpd 7
0004
Q004
0028
0034
0025
0045
0008
06o0¢&
0004
€Q0s
002¢&
a0y
000z
0012
0008
0034
0013
0002
001E
0003
0024
(S
Qa0 2
0002
000G 2
0004
0004
0022
0004
€032
0003
0003
0002
co2¢
Q002
0021
Q002
c002

0019
aoas

0029
0403s
0030
0046
0033
4023

6029

0009
0016

0015
£0C8
0029
0011
0031

0006
000sS
4045
€010

0035

0033
D011
[UiRR]
0005
0039

0037
0005
aco9

0028
0008

0031
aca9
00346
0034
0029
a03e
0017
o016

aQ1s

0031

0009
0011
acad
0027

0036

0010

G048
0032

0035
0033
00131
0013
0017

001¢

0032

0012
0015
0046

0036

0011

0Qes
0034

0019

0017

0016
00u?

0037

6011

0041
0035

0019

a030

oose
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CROCS S
0011 01
0043 D047
0D41 0043
00231

REFERENCE

0C14

acas
oong

neis

00186

0027

L

s

0028

T I N GRewks

0030

0031

0046

0047



LABEL
10
20
30
40
50
60
70
10000
10100
10200
10300

DEFINEL
gocs
0011
0016
00 24
0031
0045
0047
0051
0052
0053
0054

RFFERENCES

0007
0010
0014
004y
0027
0037
0Qué6
0018
0019
0035
0049

0C39

oo4e



1 13 040 0010
01 40 0t 01
4.69578~-3

128.

«5
100,082 49
14, 21,
.0243
. 001400
.52 . 54
.0 .0
.0
«JUOE6
1. 1.
EGG STAGE
1. 151
1.0 1.0 1.0
LARVAL STAGE
0.1645
1.0 0.8
JUVENTLHE 1
0.05115
1.0 0.8
JUVENTLE 2
0.01245
1.0 0.8
JUVENTLE 3
0.009720
1.0 0.8

08 7.

. 0538

002510
.50

.0

1. 14
1.

1.9
STAGE

1.0
STAGE

1.0
STAGH

1.9

%6

3
.5

0

2.

0
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APPENDIX B

INPUT DATA CARDS FOR SAMPLE RUN

35, 1

0.2 0
28. 35
2361
L0006 11

<586

.0

1.3
0.0080
0

1.47E9
0

2.65%7
0

B8.98E6
0

2.29E6
0

<5 .5 .028
.7 0.7 t.4 1.4
< h2. 49,
. Hus2 . 2365 .0000
0. C. 0. 0.
«58 .60 .62 .64
.8 1.0 t. t.
.0 .205E6 .297E6
6E6 1.56E6 1.76E6
2.
28.
30.
100.
158,

.0013

.028 40

.0000
0. 0. 0.
.£8 .70
1. 1.
57256

0.
.70
1.

0,
.70
1.
< 74786
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APPENDIX C
OUTPUT FROM SAMPLE RUN



«oCUBRENT YEAScaanans = 0- ..

Memisesonen3s esencssnsccsss e

STAGE 1 ¥GG sTace

KX{1/DaY)= 0.1150999069E 01
KX0 {1/DAY) = C.7150999069E 014
IS {NUNBER)= 0.0
LIFE PEAIQD {DAY)= 2.00090
BATIO OF THE KX VALUE USED I¥ THIS RU¥ TO THE "STaNDARD™ XX VAIUE GIVEK ABOYE = 1.000
RATIO OF THE FX0 JALGE USED IN THIS RUN TC THE &Y VALOUF USED IN THIS RUN = 1.000
RATIC OF THE 1S YJALUE USED I¥W THIS RUY TO THE ®STANLCARD™ IS YALUE GIVEY ABOVE = 1.000
LEFT LIHME OF COMFTENSATION PUMCTION DISABLED... ¥
RIGHT LI&B OF COKPRNSATIOH PUNCTICON CISABLER... ¥0
TIRE{ ) EOPUIATICR (-~} TRANSFER PRODUCTIOR POPUIATIONR {¢) .KNATL KPLAHT RATIO PSSy PSP PST
0.0 .0 .0 .153%F 09 +153%8 09
2.00 -5324%F 09 . 15328 08 . 15318 09 «5703F 09 «1151E 01 .0 0.0 0.3001 1.0000 0.1001
.00 -5324% 09 « 15328 (8 +31531F 09 -6733% 99 <1153 0% .0 0.0 3.1001 1.0000 0.1001
5.00 532848 09 .45328 48 «1539% 09 «6703F 09 «115%8 01 .0 ¢.0 9.1001 1.00028 0.1001
8.00 «3373E 09 . 15322 08 .69438 0¢ .39%98 09 L1351 01 .0 0.0 0.1001% 1. 00090 0. 1001
10.00 «2414E 09 .69478 ¢7 «B5943F 0§ .3039% 09 «¥15%F 01 .0 0.0 0.1001 1.000¢ 0.1001
12.00 «2474E 09 «H947E 07 «H943F 08 30398 09 . 11518 01 .9 0.3 41001 1.0000 0. 1001
14.0¢ ~2414E 09 «69478 {7 <8943 08 30398 09 «115%E 01 .0 0.0 5.7001 1.6000 0.1001
16.00 .22858 10 69478 07 -6746% 09 .2952%F 19 . 1151E 01 .0 9.0 0.1001 1.0000 0.1001
18.00 .2345F 3¢ .5750E 08 +BTUBE 09 29523 10 - 11518 01 .90 0.0 0.1007 1.000¢ 0. 1001
20.00 23458 10 +€750E C8 «6746E 09 «2952F 10 «1151E 0% .0 0.0 0.1001 1.0000 0.1001
22.00 .37548 10 67508 08 - 12898 90 JU967F 10 » 4151 0% .2 0.0 0.100% 1.0000 0.1001
24,090 <U452EF 36 «12B18 €9 +12815 19 .560SF 10 11518 07 .0 2.0 0.1001 1.0C00 0.1201
26.900 44528 19 «1281F 09 .1287 10 «S605E 10 «31151¢ 0% .0 0.0 ¢.1009 1.00C0 0.1001
28409 48528 39 L1288 €9 -3289F 10 +560%E 10 <1158 01 .0 0.9 G.2001 1.0600 0.1021%
330.G0 L2410 10 -1281%8 €9 «6757E 09 229578 10 «1159E 01 .0 0.0 0.100% 1.0000 0. 1081
32.09 23498 190 «6762F C8 +6757F 09 29578 10 - 115%2 01 .0 0.0 0.1031 1.€009 0.1001
34.00 <2349 ¢ .67627 08 «6757% 09 -2957% 10 <1152 01 .40 0.3 0.130% 1.0200 0.1001
36,00 <7783 0% «6762E (¢ -0 <T107E 09 .11518 01 .0 0.0 0.1001 1.000¢C . 100%
38.00 A6297 01 »4239E 0% .0 .3827% 00 . 11518 61 .0 0.0 0.1001 1.0000C 0.1700%
490,00 -0 «C .0 .0 <1151 G171 .0 0.0 0.10G 1 1.0000 0.1007
42.00 .0 .0 PRy .0 <1158 01 .0 G.0 0.31001 1.C00¢C 0.13001
44,00 <31254E (8 R .3710% 07 «1626F 0B L1578 01 .0 ¢.0 91001 1.0009 0.1003
46.00 -1291E 08 37172 06 «3714E 07 «95626% (8 - 131512 01 .0 5.0 L3001 1. 00090 C.iC01
46,00 .129%E 03 37172 0% «3714F 07 .1628F 08 <1357 0% .0 9.0 0.1603 1.6000C 0.1700%
50.90 .31038 €7 «37178 06 .G «27328 07 -1151E 0% .¢ 6.9 0.3001 1. 0000 Gl 1001
TOT AL PRODYCT ICH I¥TO THIS LIFE STASE = $.9959996L061E 11
DOTAL TRANSPER IBTO THE HEXT® L{IPE STAGE = 0.10021058518 1%
% SURVIVAL IHROUGH THIS LIPE STAGE = 10.90
HAXINON STANDING CROP ¥OR THIS LIFE STAGE = $.5€04630528E 19
EATIC OGP HAXIBUM STANDING CRCF TO EQUILIBRIUM STANDING CROP ({NMAX/TSY = 0.0
BEDUCTION I¥ WUMBER OF ORGA¥ISHMS BNTERING THIS LIFE STAGE DUE TC THE POVEE PLANT... 0.0

% RBDUCTION I¥ RUMBER OF ORGANISMS ENTERING THIS LISE STACE DUF TO THE POWER PLANT... 0.0

0L



STAGE 2 IAEVAL STAGE

KX {1/DAY)= 0.1644999981E 00
KX0 (1/0AY) = 0,1315999627E 00
S (RUHBER}= 9. 1469999872F 10
LIFR PERIOD (DAY)= 28.6000

RATIO OF THE KX YALUE USED IN THIS RUN TO THE “STA¥DAED™ %X VALUE GIVEN ABOVE = 1,000
RATIC OF THE KX0 VALUE USED IN THIS HON TC TBE KX ¥ALUE USED IN THIS RUN = (.860

RATIC OF TRE Y5 VALUF USED I¥ THRIS BPUN TO THE “STANLCARD™ Y5 VALOE GIVEN ABOVE = 1.000
LEFT LINE OF COMPENSATIOR FUNCTION DISABLED... NC
RIGHT LIXB OF COBMPENSATION FUNCTION DISABLED... KO
TIME( )} FOPULATICN({~) TEANSFER PRODUCTION POPULATION {+} KNATL KPLANT RATIO PSN PSP
2.00 .8 <0 . 1532F o8 .1532% 08
9.00 «2639E 09 0 «4597E (8 « 30938 {39 14638 00 .0 0.0 0.0166 1.0000
16,00 2375 09 . +2G84E 08 .2584% 09 <14518 00 .0 0.0 G.0172 1.6000
23.60 »37258 0% .0 20258 09 »1175% 10 +1632E 00 .0 0.9 ¢.0104 1.¢C
30.00 +2050E 10 «2179E 06 +3844E 09 «2438F 1Q < 16658 4C .0 3.0 0.009% 1.0000
37.00 «2238E 10 .5095EF 06 .2028% 09 +2480F 10 .16928 00 .0 3.0 2.0088 7.000¢C
44.00 15948 10 -2005E 06 +6100E 01 . 1594EF 10 « 16458 00 .0 0.0 0.0100 1.9000
51.00 .50638 09 . 1854F (7 +8%20E 06 L5044F 09 .1552€ 09 .0 8.0 0.0130 1.0000
58.00 -1620E 09 39758 07 . 111SE 07 .1580F 09 14138 0¢ .0 0.0 0.0191 1.0000
65,400 «3959F 08 «2769R 07 «0 -3682F 08 «13428 00 .0 0.9 0.08233 1. 0000
72.00 +1357E 03 +8258E 01 .0 L1274% 03 +13168 00 .0 0.0 0.0251 1.00090
7%.00 -2913E 02 «0 «0 «2913F 02 .1316E 00 .0 0.9 0.0251 1.0000
POTAL PRODUCTION INTO THIS LIFE STAGE = 0.10021056518 11
TOPAL TRANSEEF INTO THE NEXT LIFE STAGE = 0.11261C656CE 09
X SURVIVAL 1HROUGH THIS LIFE STAGE = 1.1
MAXIMOH# STANDING CROP POR THIS LIFE SIAGE = ¢.28367349768 10
RATIO OF MAXIAGM STARDING CRCP TO EQUILIBRIU® STANDING CROP (NMAX/YS) = 11,9298
REDUCTION IX NOUMEER OF ORGANISMS BNTERING THIS LIFE STAGE DUE TIC THE POWER PLANT... 0.0
R BEDUCTION IN NUMBER OF ORGANISMS ENTERING THIS LIPE STAGE DUE TO THE POWER PLANT... 0.0
XBEERRIBEDR X SFERRERRAKRRK R KERRKRE R KN
STAGE 3 JUVENILE 1 STAGR
KX{1/DAY}= 0.5114999786E~01
KXC {1/DAY)= 0.40919993C7E~-01
T5(NUNBER) = €.2650000000F 08
LIFE PERICD (DAY)= 30,0000
RATIO OFP THE KX VALU® OSED IR THIS RUN TO THE ®“STANDARDY KX VALUE GIVEN ABOVE = 1.000
RATIQ OF THE XX0 YALUP USED IN THIS RUN T0O THE KXY VALOER USED IN THIS RON = 0,800
RATIO OF THE ¥S VALUR OSED IN THIS RUN TO THE "SYANDARD®™ Y5 VAIUE GIVEN ABOYE = 1,000
LEFT LIMB OF CONPENSATICK FU¥CTIOR CISABLEL,... RC
RIGHT LINB OF COBPENSATION FUNCTION DISABLED... RO
TINB( ) ECPULATICN (~) 'TIRABRSFER PROLDCT ION POPULATION {+} KWATL KPLANT RATIO PSN BSP

30.00 -0 0 -2179E 086 .2179%F 06

0.01686
0.0172
C.0104
0.0034
0.0088
9.0100
0.0130
0.0181
0.0¢233
0.0251
0.0251

Lz



37.00 L4573 07 .0 .5095% 96 «5082F Q7 «45358-01
G4.00 +5E36E 07 «0 +2005% 06 .5736% 07 .46098-01
51.00 < 1478% 08 .0 . 18548 07 . 1663E 08 .5026E~01
58.00 33972 08 .0 .39758 ¢7 .3795% 08 «5138E-01
55.00 -51998 08 .1197E 06 .27698 07 +5464F 08 «6026E-01
72.80 «5294E 08 40588 CS .8258E 01 .5290E 08 +561328-01
79.00 <3489 (B «3378F Qe .0 .3456% 08 - 51488-01
86.0¢ «2101E 08 «5§9392 06 «0 «2032% 08 +51062-C1
93.090 -85108 07 «5667F 06 .0 «T943F¥ 07 .47958-01
160.00 .1218E 07 -7G37E C6 My -5144F 06 .42278-01
107.00 .19162 02 «2857F ¢ .0 -1630F 02 4092801
TOQrAL PRODUCTION IBTO THIS LIFE STAGE = 0.11261065608 09
TOTAL TRANSFER INTO THE NEXT IIFE STAGE = 0.2165459200F 08
% SURYIVAL THFOUGE THIS LIFE STAGE = 19.2
HAZINUM STANDING CROP PCR THIS LIFR STAGE = D.5835945£00F DF
RATIQ OP MAXINUK STANDING CROP TO EQUILIBRIUH STAWDING CRCP (NMESX/YS) = 2.2022

KEDUCTIOX IW XUNBEK OF ORGANISHS ENTEBING THYS LIPE STAGE DUE TC THE POWER PLANT...

% BREDUCTICH I¥ ROUMDBER OF ORGANISHES PHTERING THIS LIFE STAGE DUE TO THE POWER PLANT.

RENEBERAREERX VIS IRREARRF SR ASANSBNAN DA

STAGE 4 JUVENILE 2 STAGE

XX{1/DAY}= 0.124499984 1E-01
KXG{1/DAT)= 0.9959995747E-02
TS{NUXBRE)= 0.89880000C0% 07
LIFE PERIOD (Da¥y= 100.0000
BATIO OF THE KX YALUE USED IN THIS RUN TO THE ®“STANDARD"™ XX YALUE GIYEM ABOVE = 1.
RATIO OF THE X20 YALUE USED IN THIS BUX 7O THE KX VALUE USED IN THIS rUN = 0.800
RATXO OF THE ¥S VALUE USED I¥ THIS RUN TO THE “STARDAFD"™ ¥5 VALUE GIVEN ABOVE = 1.
LBPT LIMB OF COBPENSATION FPUNCTION DISABLED... ¥
RIGHT LI®B OF COMPENSATION FUNCTICN CISABLFla.. Li¢]
TIHE{ } FOPULATION (-) TRAMSPER PRODUCTICN POPULATION {+} KHATL
60,00 .0 .0 .5208% 0S5 .5208% 05
T4.00 L3479 €7 .0 .7526F% 0S . 1555¢ 07 .1100E-01
88.00 .8153% 07 .0 < 14782 07 .9629§% 07 . 12458-01
102400 «1799E (8 <G +4258% 019 .17689% 08 SI48BE-01
123.09 - 1370F 08 .0 .0 . 13468 08 L 1249E-01
137.00 -1148E 98 .0 .0 -11288 08 «1250E-G1
151.00 .9642E (7 .0 .0 -947SF 07 «1245E-01
165.00 80992 $7 .0 0 «7959% 07 «12458-C1
179.00 68058 07 .G .0 .6668F 07 <124 %E-01
193.00 .£7228 67 -0 .0 «5624% 07 «1233E-01
207.00 ~u3182 07 o0 32 ~4737F 07 - 1220E-01
TOTAL PRODUCTICN INTC THYIS LIFE STAGE = 0.21€545920¢8 08
TOTAL TRANSFER I®T0 TRE NEXYT LIFE STAGE = 0.4578047Q000E 07
% SURYIVAL THFOUGH THIS LIFr STAGE = 27.1%
MAXIMUY STANDING CROP PQR THIS LIFE STAGE = 0.1827156 8007 0¢
BATIO OF MAXINUM STAHDING CROP TC EQUILIBRIUM STANDING CRCP {(NMAX/YS) = 2.0347

REDUCTION Xk NCMBER OF ORGANISHS ENTEERI¥G THIS LIFE STACE DUE TC THE POWER PLAWT...

.0
-0
.0
.0
.0
.0
.0
.0
.0
.0
.0

[J01¢]

000

KPLAMT

P
.0
.0
.0
.0
.0
.0
.C
.0
.0

% REDUCTICK IH¥ NUMDER OF ORGANISES ENTERUNG THIS LIPE ST2GE DUE 0 THE POWER PLANT...

HUHDER OF COYFNILY 2 KILLED EY IMPINGEHENT...0.0

COO0OQOOOoOOCOoQ
DD STOOTOO

OO0 IIOCOOCOOO o
PR B
TOOADOIIDITO 3
i

o

v 4 e v s e w

.2565
0.2509
0.2214
0.2141
0.1640
0.1539
0.2135
0.2162
.2373
0.2814
$.2930

pPSH

0.3329
4.2880
0.2258
D.2777
0.2864
0.2879
0.2880
0.2899
£.2914
0.2952

1.0000
1.0000
1.0000
1.000¢
1.0800
1.0000
1.0000
1.00¢80
1.0000
1.00C0
1.0000

PSP

1.0000
1.000¢C
1.000¢
1.0005
1.00GC
1.0000
1.0000
1. 0000
1.000C
1.0202¢C

0.2565
0.2509
0.2214
0.2141%
0. 1640
0. 14589
0.2135
0.2162
0.2373
0.2814
0.2930

PST

0.3329
0.2880
0.2258
0.2777
0.2854
0.2879
0.2880
0.2890
0.2914
0.2952

L



STGE S JUTBNILE 3 STAGE

EX{1/DRT}= 0.9719997644E8-02

KX0 (1/DaY)= 0.7775995880E~02

YS{¥UABER) = 8.229G60000C0F 07

LIFE PEBIGD{DMY}= 158.0000

RATIUQ COF THE XX ¥RLUE USED I THIS BUN TO THE "STARLABD™ RX YRLUE GIVEN ABOYE = 1.800

RAYIO OF THE FXO VALOPR USED IK THIS BROR TO THE XX ¥ALOE OSED I¥ THIS RON = 0.860

RATIC OF THE YS VALUR USED IN THIS RUN TO THE "STANDARGL™ ¥5 VALUE GIVEN ABOVE = 1.000

LEFT LIAB OF COMPRNSATICN PUKCTION LISABLEL... o]

RIGHT LINB GP COMPENSATION FOHCTION CISABLED... NO
TIKE( ) EOPULATION {~) TRANSFER FRODUCTION POPULATION {#) KNATL KPLANT RATIO PSN ESE PST
209,00 .0 .0 «45F8E 07 -4578% 07
223.00 -3982E 07 o0 «0 39248 07 ~1050E-01 .0 0.0 G.1902 1.060¢ 0.1902
237.00 <3451 07 -0 -0 L 3u03F 07 .99732-02 .0 0.0 0.2068 1.0000 0.2068
251,00 -30068 07 By -0 .2965%F 07 .97738-02 .D 0.0 0.2133 1.0000 0.2133
265.00 26228 07 -0 ] .2587F ¢7 «9726E-02 .0 3.0 ¢.2151 1.8000 0.2191
279.00 «2289% 07 .0 @ . 2258 07 .37208-02 .0 0.0 0.2153 1.0060 G. 2153
293.00 -1937E ¢7 -0 «0 .197QF 07 2 97168-02 .0 0.0 0.2154 1.0000 G.2154
307.00 «1TU4E 07 0 «0 . 1720% 07 «969348~-02 .0 0.0 0,2162 1.0080 0.2162
321.00 «1523E 07 -0 0 - 15028 47 »9647E-02 .0 0.0 0.2178 1.0000 0. 2178
335.00 ~13312 07 .0 -0 »1313F 07 .+953778~02 .0 0.¢ 0.2202 1.0000 0.2202
349,00 ~ 11658 07 o0 -0 . Y1498 7 294898-02 .0 0.0 09,2233 1.0000 0.2233
363.00 «1020€ 07 -0 -8 +1007E 07 «9389E-02 .0 3.0 3.2269 1.0000 G. 2269

TOEAL PRODUCT ICN INTO THIS LIFE STAGE = 0. 4578047G0CE 07

TOTAL TRANSFER IKTO THE NEXT LIFE STAGE = G.2808884375E 06

% SUBVIVAL THROUGH THIS LIFE STAGE = 21.4

SAY IMU% STANDIRG CROP FOR THIS LIPE STAGE =- 0.457BOUTGCOOE 07

RATIQ OF MaXIMOR STANDING CROP TO EQUILIBRIUM STANDING CRCP (N¥AX/YS) = 1,9991

dEDUCTION IN KUNBER OF ORGANISMS ENTEIRIRG THIS LIFE STACGE DUE TC TBE POWEE PLANT... 2.9

% REDUCTICK IR NUNBER OF ORGANISHS ENTERING TRIS LIFR STAGE DUF TO THE POWER PLANT... 0.0

¥UBBER OF QUVENILE 3 RILLED BY INPINGEHENT...0.0
TOYAL NUMBER CP JUYENILES KILLED BY IMPINGEMBNT...0.0

CUMULATIVE ERCEAEILITY OF SURVIVAL PRO# EGC THRCUGH JUVENILE 3 = 0.98088749%-05
EXPECTED NUMBER OF YEARUINGS = 0.98088688% 085

ADULT DISTEIBUTICGHN BY AGE CLASS

AGE NUMBSERS AGE NUMBEES AGYK BRUMBRRS AGE BUXBERS AGE HWUMBERS
1 98GEEB, 2 392411, 3 235405, % 168348, 5 1171877,
L] 73766, 7 46164, 8 28830, g 180€0. 10 11318,
11 7081, 12 4431, 13 27713,

TOXAL ADULTS 2107417,

PERCENT AGE DISTRIBUTION RELATIVE TO YEAR ZERD
AGE PERCENT AGY PERCENT AGE PERCENT AGE PERCENT AGE PERCERT

1 46.545 2 18,620 3 1170 4 8.937 S 54583
6 3.500 ? 2.191 8 1.371 9 0.858 10 0.537
1 9,336 12 0.210 13 0.132

el



PERCENT AGE DISTRIBUTION KPLATIVE TO CORRENT IEAR
AGE PERCEBNT AGE FEBCENT AGE FERCENT AGE PERCENT AGE PERCENT

1 46,545 2 18.620 3 11.170 4 8.937 5 5.593
6 3.500 7 2.191 8 1.371 9 0.858 10 0.537
1 0.336 12 0.210 13 0.132

SIZE OF FOPULATION (TEAR CLASSES 1-13) FOR THE
CURRENT YEAR AS A PERCENTAGE CP THE SIZE OF THE
PUPULATION IN YEAER ZERO... 1.000

HREDUCTION IN NUMBER OF YEARLINGS DUE TO PLANT... Q.

% REDUCTICN IV BUMBEFR OF YEARLINGS DUE TO PLANT... 2.0
REDUCTION T¥ 1CTAL RUMBER OF ADULTS DUE TO PLAHT... 0.
% EECUCTION IH TOTAL MUMBER OF KDOULIS DUE TO PLA¥T... 0.0

NUBABER OF EGGS EXPECTED TO BEY PROLUCEL BY

THE N¥USMBER OF ORE-YEAR CLD STRIPED BASS FOR THE CURERENT
YEAR DURING TEEIF LIFE TIME AS A PERCEZNTAGE OF THE NUMBER
OF EGGS PRODUCED IN YPAR ZERC..... 1.000

174



esoserecserevsasssssacacnsnsanne
««CURRENT YEAB..e0vae = T= ws

P R R N N TR N R L]

STAGE 1 STAGE

KT{1/0A¥)= 0.1150393063E 01
KXO (1/DAY}= 0.1150399069E {1
YS(NUMBER})= 0.0

LIFE PERIOD {DAY)= 2.0000

EAYIC OF THE KX VALUE OSED IN THIS RUN TO THE "SIANDARDM™ KX VALUE GIVEN ABOVE =

RATIO OF THE KXG VALOER USED IR THIS RUN TO THE KX VALUE USED IK THIS ROW
RATIC OF THE ¥S VALUE USEL IN THIS EUR TO

LEFT LIMB OF COMPENSATION FOUNCTION DISABLED...
RIGHT LIXB GF CORPERSATION PUNCTION CISABLEC...

TINEY ) ECPUIATICN{~} TEANSFER
0.0 .0 o0
2.00 53068 09 .15188 ©8
4,00 .53068 09 15188 08
6.00 .53306E 0% +1518E 08
8.00 «3363E 09 -1518E (8
10.00 «Z2405E 09 .68828 07
12.00 -24C5E 09 .6882E 07
14.00 . 24058 09 ~6882E 07
16. 00 «2277E 10 .6882F 07
18,00 2337 10 .6687F 08
20.00 .2337E 10 .6687¢ 08
22,00 .37832 10 .6687F 08
24,00 +4437E 10 «1269F 09
26,00 34378 10 .12698 09
28.00 48378 10 12692 09
30.00 <2401 10 +«12698 0%
32.00 «2341E 10 .6698E 08
34.00 23418 10 +5698% 08
36.00 +7733E 09 .6638E 08
38.00 .0 <0
40.00 .0 ]
42.00 Ry .0
44,00 .1250E 08 .0
46.00 .12878 08 .36822 (6§
48.00 +1287E (8 .36822 06
50.00 .3081tr 07 +36B2E 06

TQrAL PRODUCT ICN INTO THIS LIFE STAGE =
TOTAL TRAMSFER INTO THE NEXT LIPE STAGE

% SURVIVAL THROUGE TRIS LIFE STAGE =

BAXINUR STAEDING CROP FOBR THIS LIFE STAGE
RATIO OF BMAXINUN STANDING CRCP TO EQGILIBRIUM STANDING CROP (XRAL/YS) =
RRDUCTIGE IK NUMBER OF ORGANISMS ENTERING THIS LIPE SIAGE DUE TC THE POWER PLANT...

PRODUCTION

L1531
15318
«1531E
+1531E
-6943F
L6943F
L6943
L6943
+6746E
LETUGE
.6786E
.1281F
.1281E
.1281%
.1281F
<6757
.6757%
.6757%
.0

.0

0

.0

.3714F
PER T
«3714E
.0

¥C

¥

09
03
09
09
08
[iL:]
08
g8
09
09
[
10
10
16
10
09
09
09

07
[
07

POPULATION {+)

-1531%
.6685E
6685
«66B85E
+390¢6E
3031
+3031F
.3031%
.2945F
2945
+2845F
<4957¢
- 5590E
5590
+«5590E
. 2950
.2950%
«295CE
. TO63E
.0

0

.0

- 1621F
<162 1F
.1621F
. 2713F

€.9399961293F 11
0.9927446528E 10

9.9

0.5590171648BE 10

09
09
03
09
09
03
09
09
10
10
10
10
10
10
10
10
10
10
09

03
08
08
()

THE “STANCABRD™ YS VALUE GIVEN ABOVE =

1,000
= 1.000

1.000
KNATL KPLART
»1151E LU696E~02
J1151E 01 L4636E-02
L11518 01 .46968-02
+1151E +4696E-02
<V151E 01 ,46965-02
11818 <U46962-02
L1151E 01 .46968-02
L1151 61 ,4696E-02
L11512 01 L46968-02
LT151E 01 .46968-02
L1151 01 .4696E-02
<1151 01 .46968-02
L1157E 01 L46968-02
11512 01 .66968-02
L1151% 01 . 4696F-02
L1151E 01 ,46962~02
<1151E 01 ,4696E-02
«1151E 01 .4696F-02
S11518 01 .46968-02
<1151E 01 .4696E-02
L1151E 01 .4696E-02
L11518 01 .4696E-02
<1151E 01 .4696E-02
J1151% 01 . 46968-02
<1151 01 ,45968-02
0.9

0.3276800000E 06

X REDUCTION IN NUNBER OF CRGANISHS ENTERING THIS LI®E STACGE DUE TO THE POWER PLANT... 0.00

RATIO

0.0041
0.0041
6.0041
0.0041
3.0041
0.0041
0.00u1
¢. 0041
0.0041
0.0041
0.0081
G.0041
0.0041
0.0041
0.0041
30.0041
0.0041
0.6041
0.0041
0.0041
0. 0041
0.0041
0.0061
0.0041
0.0041%

PSN

2.1001
0.1001
0,1001
0.1081
0.1001
0.100%
3.1001
0.1001%
0.1001
0.1001
6.1001
9.,1001
0.1001
3.1001
0.1001
$.1001
0.1001
¢.1001
0.10C1
0.1001
6.1001
0.1001
0.1001
G.1001
0.1001

0.9907
¢.2307
€.99¢C7
0.9907
€.9907
G.9907
0.9907
¢.39907
£.9907
C.%907
€.35507
0.,3%07
C.9307
0.93%¢7
0.9907
€.9907
0.9907
¢.9907
€.93¢7
0.9907
0.9907
0.9907
$.5907
€.9907
0.5307

psST

0.90991
0.0991
0.€991
9.6991
0.30991
G. 0591
0.¢991
0.C991
0.0991
0.0991
0.0991
$.0991%
0.0991
0.0991
0. 0991
0.6991
0.0991
0.0991
0.3099%1
0.0991
0.0991
0.0991
2. 0991
0.0991
0.0991
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STAGE 2

KX {1/DAY)=
KX0 (1/DAY}=
1S (HUNBER) =

LAFYRL STAGE

0.1644999981E €0
0,1315999627E 00
U. 1469999872F 10

LIFE PERIOD (DAY=

28.0000
RATIO OF TRE KX VALGBE USED IN THIS RUN TO THE "STANDARD™ XX VALUE
RATIO OF THE RX0 YALUE CSED IN THIS BUN TC THE KX VALUE USED IN THIS RUNW

GIVEN ABOYE =
= 0.800

1.000

BRAY IO OF 'THE ¥S YALUE USED I¥ THIS RUH TO THE *STANCAHD®™ VS VALUF GIYEN ABOYE = 1.000

LEPT LEuB OF COMPENSATICN FUNCTIOR DISABLED... g

RIGHT LIMB OF COMPENSATION FUNCTION CISABLEL... HO

TIHE{ } FEQPUIATICN{~} 'THRANSFER PRODUCTION POPULATION (+)  KNATL KPLANT RATIO PSH psp
2.00 o0 ] .3598E 08 .1518¢F 08
9.50 .257882 Q9 ] L4554% 048 .3034E 09 <1461E 00 ,4698%-02 0.0311% 0.0167 0.8768

16.30 .2290F Q¢ .C .2065E 08 .2496F 09 S144TE 00 .46967-02 0.0314 G.0%7u 0.2768
23.09 «9493E 09 .0 «2006EF 09 »¥15CF 10 .16308 00 .46968-02 0.0280 0.0700 0. 8768
30.00 -1997E 10 «1906E 09 -3808E 09 .2378E 10 .1660E 00 .14596E-02 0.0275 0.0096 0.8768
37.00 .21808 10 45128 (6 «2009F 09 «2387F 10 .1682E 00 .4696F-~02 0.0272 G.2090 C.8763
44,00 +1535R8 10 <1779E 06 -0 «1535EF 10 « 16458 00 .4696E-02 0.0278 0.2100 0.8768
51.00 LA4T3IBE 09 - 16478 (7 .5837E 06 JUT22EF 09 15437 00 .4696E-02 0.0295 c.0133 0.8768
58.00 14828 09 +3549EF (7 «Y105F 07 L446F 09 .1806E 00 .46968~02 0.0323 0.0195 C.R768
€95.00 L3547 08 . 24478 07 .0 «3299% 08 .1339E 00 .4696E-02 2.0339 0.0235 0.8768
72.00 12508 03 1448 0% .0 .1236F 03 «1316% 00 .4696E-~02 0.0345 0.0251 0.8768
79.00 -313u2 02 -0 D «3134F 02 < 13162 00 .4596E-02 0.0345 0.0251 0.87688

TOTAL PRODUCT IOF INTO THIS LIFEZ STAGE = 0.99274455282 10

TOTAL TRARSEFES IXTQ THE REXT LIPZ STAGRE = 0.599476160CE 08

% SURYIYAL THEOUGH THIS LIPE STAGE = 1.0

HAX I ¥Ud STANDIMG CROP POR THIS LIPE STAGE = 0.2774153456E 10

EATIO OF MAXINUM STANDING CRCE TO EQUILIBRIUM STRNDING CROP {NHAX/¥YS) = 1.3872

REDUCTION IH MUMBER OF ORGANISMS ENTERING THIS LIFE STAGE DUE TC THE POWER PLANT... 0.9360998400% 08

R AEDUCTION IK MUNBER OF OXGANISMS ENTERING THIS LIFR STAGE DUE TO THE POY¥ER PLANT..., 0.93

O S DRPRBEEIN SN BIEINAREDBASH R TRk Rk ki

STAGE 3 JUVENILE % STAGE

KX{1/DaT) = 0.51149997862~01

kX0 {1/0aY)= 0.40919993C07F-01

IS{NUNMBER) = 0.2650000000F 08

LIFE PERIOD (DAY)= 30.0000

RATIO OF THE XX ¥A1UP USED XN THIS EUW TO THE "STANTAED™ XX YALUE GIYIN ABOVE = 1.000

BATIO OF THE KX0 YALUE USED I¥ THIS BOUN TO TBE XX YALTE USED XN TRIS RON = 90.800

RATIO Of THE ¥S YALUE USED IN THIS RUM TO THE "STANDARD®™ Y¥S YALLE GIVEN ABOYE = 1.900

LEPT LIMB OF COMEENSATICN PUKCTION CLISABLET... NC

RIGHT LIME OF (OMPENSATION PUNCTION DISABLED... HO

TLEE{ } FCPULATION {~} TEHANSFER FRODUCTICY POPULATION {47 XNATL XPLANT BATIO PSN PSF

390.90 .0 .C .19056% 06 .190€% 0%

PST

0.0347
0.0152
0.0091
0.008¢4
0.0079
0.0088
0.0117
0.017%
0.0206
0.0220
0.0220

9/



i7.00
44,00
51.00
58,00
65.00
72.00
73.00
86.00
93.00
100.60
107.00

TOTAL PRODUCT ION INTO THIS LIFE STAGE =
TOTAL TRANSFER INTO THE NEXT LIPE STAGE =

«3962E
247268
.12778
«29U4F
45658
U720
»3C58E
17838
70132
96718
-36818

07
o7
08
08
o8
cs
c8
08
Q7
113
01

+5595E
.0

05
¢S
06
06
Cé
06

L SURVIVAL THEOUGH THIS LIFE STAGE =

BAKINUM STARDING CROP FOR THIS LIFE STAGE =
RATIO OP MAXIMOM STANLING CRCP TO EQUILIBRIUM STANDING CRCP (NMAX/YS)
REDUCTION IK NUNBER OF CRGANISNS ENTERING TRIS LIFE STACE DUE 10 THE POWER PLANT...

JHS1ZE 06
. 17T7%E 06
- 1647E 07
«3349% 07
« 24478 07
=1U4I4E 01
0
.0
.G
«0
.0

0.9994761600E

JUGY3E
L 4904F
»TUGZE
3299
-4800F
<UT16E
- 3029%
. 17308
+6541E
<HOTEE
«3683¢F

08

0.1795907200EF 08

18.0

0.5173577 €00E OF

o7
07
08
08
08
08
08

07
06
01

<4486E-01 .4696E-02
+ASUBE-01 ,46968-02
«4973E~D1 L 8635E-02
«5116E~0G1 . 46968-02
.5501E-01 . 46968-02
«3603E~01 ,4696E-02
«5119E-01 .u696E-02
«5080B-01 .4636F~02
JUTOBE~(G1 . 4696E~02
-42008-01 .46368-02
«4092E-01 .4696E-02

1.9546

% KEDUCTICY IN NUMBER OF ORGANISMS ENTEHRING THIS LIFE STAGE DUE TO THE POWER PLANT...11.2¢

SEE R AR RRESRRF BPRARKRARRAEEIEDARRE AR RSN

SYAGE 4  JUVENILE 2

KX{1/DAY}= 0.1244999841E-01

KXO (1/DAY)= 0.99599957475-02

YS(NUMBER)= 0.89800000C0F 07

LIPE PERIOB{DAY)=  100.0000

RATIG GF THE EX YALUE USED IN THIS RUN TO TRE "STANDARD™ &KX VAIUF GIVEN ARBOVE = 1. 000

RATIO OF THE KX0 YALUF USED IN THIS BUN 7O THE KX VMLUE OUSED IN THIS RUN = 0.800

RAT IO OF THE ¥S YALUPR USED IN THIS RUN TC THE ™STANCARD" ¥5 VALUE GIVEX ABOVE = 1,000

LEFT LINB OF CCNPENSATION PUNCTION DISABLED... NC

KIGHT LIMB OF COMPENSATION FPUNCTICN LCISABLEL... RO
TIRE( } POPUIRATICR{=) TRANSPER PRODUCTION POPULATION (+) KNATL KPLANT
60,00 .0 .0 4012F 05 L4012E 05
74.00 .1181E €7 .0 .6325% 05 L1244F 07 L1082E-01 .2630E-03
88.00 L6817E 07 .0 .1250E 07 .8067F 07 +1262E-01 .2630E~03
102.00 .1492E C8 .0 <4410F 01 . 14925 08 .1317E-01 .2630%-03
123.00 .1156F 08 .0 .0 . 11368 08 .1251E=01 .2630E-03
137.00 L9676 07 .0 .0 .9505% 07 L1245E-01 ,2630E-03
151,00 L8098 07 .0 .0 .7955F 07 .1245E-01 ,2630E-03
165400 .6779E 07 .0 .0 .6660F 07 <1241E-01 , 2630803
179.00 .56798 07 .0 .0 .5580F 07 .12338-01 .26308-03
193.00 L4766E 07 .0 .0 L46BIE 07 <1219E-01 .2630E-03
207.00 .4007E 07 .0 .0 .3939F 07 .1203E-01 .2630E-03

TOTAL PRODUBCTION INTC THIS LIFR STAGE = 0.17959¢72008 08

TOTAL TRAMSFER IBRTC THE NEXT LIFE STAGE =

% SURYIVAL TBFOUGH THIS LIPE STAGE

MAXINUR STANDING CROP POR THIS LIFE STAGE =
RATIO OF MAXINDM STANDIKG CROP TO BEQUILIBRIUM STARDING CRCP (RMAX/YS)
REDUCTION IN NUMBER OF CRGANISMS ENTERING THIS LIFE STA€E LOE TC THE POWER PLANT...

0.3805661C0CE 07

21.2

0. 1520892000E 0F€

1. 6936

% REDUCTICH IN WOMBER OF ORGANISNS ENTERING THIS LI¥E STAGE DUEF TO THE POWER PLANT...17.G7

NUMBER OF JUVEMILE 2 KILLED BY IMPINGEMENT...0.292753R 06

0.0948
04,0936
0.0863
0.0841
0.0786
0.C773
00,0840
9.0846
0.0907
0.1006
0.1029

0.1266304000E 08

RATIO

0.0237
0.0207
6.C196
0.6206
0.0207
0.0207
3.0207
2.0209
0.0211
0.0214

$.3695520C008 07

0.2604
0.2556
0.2250
04,2155
0.1920
t.1862
0.2153

.2178
0.2435
2.2837
0.2930

PSH

0.3390
6.2889
0.2679
D.2862
¢.2879
0.2880
0.2890
042915
0.2954
0.3004

TLHE86
G.5686
0.8686
C,8686
C. 8686
0.8686
0,.8686
0.8686
€.8686
0.8686
0.8686

PSF

0.9740
.9740
C.8740
0.9740
C.57U40
0.97u40
0.9740
€.974C
G 9740
C.8740

0.2251
0.2229
0. 1950
0.1872
3. 1668
0.1618
0.1870
0. 18392
0.2115
0. 2454
0.2545

PST

D.3302
0.2814
0.2609
0.2788
C.2804
0. 2805
. 2915
$.28490
00,2378
0.2926

LL



STAGE 5 JUVENILE 3 STAGE

KX{1/DAY) = C.97199976u44E-02

KX0 (1/DAY)= 0.77759958805-02

YS{NUMBER) = 0.2290G0000C0F 07

LIFE PERIOD{D2Y)= 158.0000

BATIO OF THE KX VYALUE USED IN THIS RUXN TO THE "STANCARD™ KX VALUE GIVEN ABOYE = 1,

RATIC OF THE KXO VALTUE OSED IN THIS RUN TO THE KX YALUE USED IN THIS RUN = 0.800

KXATIv GP THE IS VALUE OSED IN THIS ROx TO THRE "STIANDARD™ YS YAIUE GIVYEN ABOVYE = 1,

LEFT LIHB OF COMPENSAIICK FUNCTICN [ISABLEL... NQ

KRIGHT LIMB C¥ COMPEMSATIONW FPU¥CTION DISABLED... HO
TINE{ ) FOPULATION {-) TRAWSFER TRCDUCTICN POPULATION {#} KXATL
209.00 .0 .C +.3806E 07 .380€F 07
£23.00 . 33408 €7 .0 .0 32938 37 .9908%¥=02
237.0C -29C0R 07 .0 .0 .2860% 07 .97578-02
251,00 .2521E 07 .0 .0 .2486%F 97 -97228-C2
265.00 .2193% 07 .0 .0 «2162E 07 .97202-02
27%.00 «19C7E 07 .0 -0 . 1880% 07 «97138-02
293.00 .1658E 07 .0 .0 «1636F G7 «9679E-G2
307.090 <T443E C7 .0 .0 . 1624F Q7 «96227-02
321.00 .1257E 07 .0 .0 - 1240F% 07 «9542E-02
335.00 .10978 07 .0 0 .1082F 07 S« 9BUSE-D2
349.00 -95B81E 06 .0 0 <9453F 06 .9338E-02
363.00 .B382E 06 .0 .0 .8271F 06 .9225E-02

TOrf AL PRODUCT ION INTO THIS LIFE STAGE = 0.38C5681COL{E 07

TOTAL TRANSFER INTO THE NEXT 1IPE STAGE = 0.8B0S5UB10€25E 06

4 SUSYIYAL THBOGGH THIS LIFE STAGE = 21,2

MALINUH STANDING CROP FCR THIS LIPE STAGE = 0.3805681C00% 07

RATIO OF BAYIRUX STARLING CROP TO EQUILIBRIUM STANDING CRCP {N¥aAX/YS) = 1.6619

REDUCTIO¥ I¥ WUMBER OF CRGANISMS ENTERING THIS IIFE STACGE DUE TC THE POWER PLANT...

000

000

XPLANT

. 2630P-03
.26308-03
«2630E-23
«2630R2-03
.2630B~-03
. 2630E-03
. 2530E-03
.2630E-03
. 2630E-03
.26307-03
»2630E-03

0.77236€0000F 06

% REDUCTICHN I¥ NUMBER OF ORGANISMS EXNTERING THIS LIFE STAGE DUF 90 THE POYER PLANT...16.87

NUNBER OF JUVIHILE 3 KILLEL EY IMPINGEMENT...0.790276% 05
TOTA1l NUHBRR OF JUVEZNILES KILLED BY IMPINGEMENT...0.371781F 06

CUMULATIVE ERCEABILITY OF SURVIVAL FROM EGG THROUGH SUVESILE 3 = (.B0548318F-05
EXPECTED MUMBER CP YBARIINGS = 0.850548000F 06

ADGLT DISTRIBUTION BY AGE CLASS

AGE NUNBERS AGE HUMBERS AGE BUMBESS AGE NUMBEIRS AGE NUMBERS
1 805481, 2 392411, 3 235405. 4 188348, 5 117871.
$ 73785, 7 46164, g 28890. 9 18080. 10 11315,
LR ] 7681, 12 4431, 13 2773,

FO0TAL ADULYS 1932009.

PERCENT AGE DISTRIBUTION RELATIVE TO YEAR ZERO
AGE PERCEBNT A4GE PERCENT AGE PERCENT AGE PERCENT AGE PERCENT

1 38.22% 2 18.620 3 11470 4 8.937 5 5.5%93
6 3.500 7 2,191 8 1.371 9 0.856 10 0.537
[h} J.336 12 0.2% 13 0.132

RATIO

0.0259
0.0262
0.0263
0.0263
0.0264
0.0264
0.0266
0.0268
08.0277
0.0274
0.0277

0.209¢C
0.2140
0.2152
0.2153
G.2156
0.2167
0.2187
0.22%4
0.2249
0.2287
0.2328

ESF

€.8593
0.9%593
02,9593
{.9593
€.9593
€.9593
0.9593
0.9593
€.9593
0.9593
0.9591

pST

0.2005
0.2053
0.2065
0.2065
0.2068
0.2078
0.2098
0.2124
0.2157
0.2198
¢.2233

8L



PERCENT AGB DISTRIBUTION EELATIVE TO CURRENT ¥EAR
AGE PERCENT AGE PERCE¥Y AGE TFERCENT AGE PERCENT AGE PEIRCENT

1 471.691 2 20.311 3 12.184 4 9,749 5 6.101
6 3.818 7 2.389 8 1.495 9 0.%936 10 0.586
11 0.367 12 8.229 13 0,144

SIEZE OF FOPULATIOR (YEAR CLASSES 1-13) POR THE
CURBRENFT YEAR AS A PERCENTAGE CF THE SIZE OF THE
POPULATIOR I¥ YEAR ZERC... 0.917

kKEDUCTION IN NUMBER OF YEARLINGS DUE TO PLANT... 175407,

% BECUCTICN I¥ NUMNBER OF YEARLINGS DUE TC PLANT,...17.88
REDUCTION I¥ TOTAL NUMBER OF ATDULTS LUE TO PLART... 175408,
% REDUCTIOX IN TOTAL NUMBER OF ADULTIS DUE T0 PLART... 8.32

NUMBEBRE OF BGGS EXFECTED TO BE PROLUCELD BY

THE NUMBER OFf ONE-~YEAR OLD STEIPEC BASS FOR THE CURRERT
YEAR DURING TBEIR LIPE TIME AS A PERCENTAGE OF THE ¥OMBER
OF EGGS PRODUCED IN YERR ZERC..... 0.821

6L



«oCURRENT TEABR.seowes = H0- .,

P N R R R R R N

STAGE

v
(=)
=
I3}
[
w

KX{1/DAYC)= 0.115C999069E 01
%XD {1/DAT) = 0.115(899059F 01
YS{NUMBER}= 9.0

LIFE PERIOD (DAY)= 2.0000

AT IC OF THSE %Y YALUE USED IN THIS RUN TO <HE
RATIO OF THE R%ZC YALUE OSED IN THIS RUN TC THE KX VALUE
XA?I0 OF THKE IS VALUE JSFS IN THIS KU¥ TO THE ™STANTARD"

LEFT LIMB OF COMPEHNSATION FUHCTION DISABLED...
CISABLEL...

®IGHT LIMB OF COHPENSATION FONCTION

TIME{ ) BCPULATICN{-) TERANSFER
C.0 .0 .0
2.00 .3762E 09 .3076 % 08
4,00 L3762 09 . 10768 (€
6.090 L3762E 09 . 1076 03
3.040 23858 09 .1075%8 (8
10.90 .1708E 09 -4880F C7
12.00 «17C6E 09 <4880F 07
14.00 . 1706E 09 48808 €7
16.09 .16152 1¢C J4880F 07
18,60 L15578 1§ JUTH2E Q8
20.00 < 16578 10 LU7428 (B
22.090 26548 10 LUT742E 08
24,09 .31687 19 .90078 C8
26,00 «3JT46E 10 .9007E C8
28.00 «3146E 10 .90C1E 08
39.006 + 17032 10 +9001% 08
32.00 L166CE 10 ~475CF 08
34, 00 16608 10 J4ISGE 08
36.00 +S4BLE )9 +4750F L8
38.00 L4068 92 .0
45,00 .0 .0
42.00 .0 .0
s4.00 88662 07 oG
46,00 .51258 07 «2611E (6
43.90 .9%252 07 «261%E 0%
55.00 «2%85F 07 -261%8 0B

TOT AL P2QLCLTICN INTO THIS LIFFE SYAGE

TOTAL TRANSFER IXTQU THE NBXT LIPE S5TAGE

% SURYIYAL THROUGH RIS LIPE STAGE

AAXKIdUd STAXDIBG CHOP POR THIS LIFE STAGE
ZATIO 02 MAZINOR STANDING CRC? P00 BQUILIBRIUM STANDING CRCP {(¥MAX/YS)
STAGE DUE TC

PRODUCTICH

«106E
. 1086E
.1C86E
. T086F
J63823%8
LU923F
“4923F
<4923F
LUT783E
JUT83E
-4783E
.903C¢$
.908¢E
.9680%
«908CE
«4791E
<U791E
«4791E
.0

0

-0

.0

«2634F
«2634E
«253LF
.C

"SEXANTARD"

Mg

HO

as
¢9
0%
¢se
[
08
g8
08
049
Q9
09
09
0§
09
09
09
09
09

27
07
07

UsED IN

POPULATION (+)

.1086F
JUTUOE
<U4TLOE
L4740%
.2770F
214 9E
«2749%
L21U9E
.2088%
.2088¢%
L2088BE
. 35153
. 395UF
.39647F
<3964%
. 2082E
.20082¢
<2092%
.5009¢%
. 1406¢
.0

.0

. 1150%
L1150
. 1150F
. 192LE

0.709088378SE 11
0.7C394C1834E 10

9.9

0.39639554568 10

REDUCTION I% NUREER OF OHGANISMS ENTERIEG THIS LIFE
THIS LIPE STAGE DUE

% REDUCTIOW IN “YUXBER OF CRCAHISMS ERTERING

THIS RUN
{5 VALUE GIVEN ABOYE =

09
09
29
09
09
Q9
09
09
10
10
10
19

08
08
05
07

THE POWEE PLANT...
TO THF PO¥ER PLA¥T...29.09

KX VAIUE GIVEN ABOVE =

= 1.000

. KNATL

< 31518
.31151¢8
.11518
. 1151E
19518
-1157F
. 11518
.« 11518
«1151E
- 13518
- 11518
. 3151
- 1181E
. T151E
. 11512
< 11518
- 11518
.11512
<3151

0.0

0
0

0
o]
¢]
0
]
Q
0
Q
¢}
0
Q
Q
9
0
0
0
0
0
0

(= R% )

1.

030

7.000

]
1
4
1
4
1
1
3
1
1
1
1
1
1
1
1
1
1
1
3
1

PR

1

KPLANT

«4§5968-02
<4696E-02
.46962-02
L4H596E-02
. 4696702
<b6967-02
<U4696E-02
. 46961-02
L46963-02
<4696E-02
-4696E-02
L4696 E-G2
JU696E-02
<4696E-02
LU696E-02
<4696E-02
LU6963-02
<U696E-02
.4696E-02
L4696E~-02
. 46963=-02
-46967-02
JU695F-02
< 4696E-02
LU696E-02

0.2909110272%

RATIO

0.0041
0.0041
9.004%
0.00u3
0.00u1
0.00u1
0.0041
0.0041
0.304%
0.0041
0.0061
0.0041
0.00u1
0.3204%
0.00u47
0.0041
0.0041
0.00u1
00,0043
0.0041
0.004*
0.0043
0.0041
C.0047%
C.0041

11

PSN

0.%1001
G.1001
G.1001
G.1005
0.1071
0.19001
0.1001
0.1001
0.10C1
0.13001
0.3007%
G.3001
0.1205%
0.16G1
0.1001
0.1001
C.1001
0.3001
0.1001
0.70G1
0.1001
0.1001
0.1001
0.1007
0.1C01

0.9907
Q907
5507
%907
99457
. G907
0.9907
€.9907
0.9907
0.9907
c.99¢7
C.9907
€.9907
0.9907
3.99n7
0.469¢7
5. 4907
c.aqen7
.99C7
¢.9507
€.9907
0.9907
0.99n7
€.9907
0.9907

Yy @

0.€%91
0.0991
0.7999
0.C991
§.09491
0.0991
¢.Cag
0.0991
0.099%
0.C997
0.0991
0.0991
0.0991
Y.0991
0.0991%
0.0991

08



STAGE 2 LRS¥AL 31268

KX {1/DAY)= 0.16549999818 00

XX0(1/DAT}= 8.13159996278 00

13 (RUNBER}= 0. 14593998728 10

LIFE PERIOD (DAY)= 28.0000

RATIO OF THE XX YALUE USED IN THIS RUN TC TBE ®STANDARD™ KX VAIUE GIVER ABCYE = 1,000

BATIO OGP THE XY VALUE USED IN THIS EUN TC TRE XX VALUP USED IR THIS ROXK = 5,800

RAT IO OF THE 1S VALOF® USRD IN THIS ROR T0 THE "STANDARDY YS VALUBE GIVER ABOVE = 1,000

LEPT LIBE OF CONPRNSATIOR PUNCTION DISABLED... X0

RIGHRT LINB CF COBPENSATICK PUNCTION UISABLED... 80

TINE({ ) PCGPULIATICH{~) TRANSPER PRODBCTION POPULATION (+) KBATL KPLANT RATIO sy psp
2.60 .0 .0 .1076% 08 .10761 98
9.00 .1846% 09 .0 .3229F 08 .2169F 09 .1425E 00 .4696E-02 0.0319 6.0185 0.8768

16,68 . 16592 09 .0 L1464E 08 .1806E 09 L1415 00 .2696F-02 0.0321 0.0190 €.8765
23.00 .6B19E §9 .0 . 1423E 09 .B241E 09 .1594% 00 ,4B696E-02 0.0286 9.0115 0.27¢8
30.00 L1427E 10 . 14B5E 08 .2700E 09 .1696E 10 L1645E 00 .46968-02 0.0278 0.0100 0.8768
37.00 .16212 10 .3656F C6 .1425E 09 LATHUE 10 L1645E 00 .4696E~02 0.0277 0.0100 C.B768
44,00 JH121E 10 .1426E 06 L8220F 09 .1120F 10 .1641E 00 .46968-02 0.02786 0,0101 0.8768
51.00 .35348 0% L 13138 €7 .6266E 06 .3521F 09 .1501E G0 .46968-02 0.0303 0.6150 0.8768
58,00 L 11228 09 .2859E 07 .7833E 06 L1093 09 .1386E 00 .4696E-02 0.0328 9.0206 0.876%
§5.00 .2661F 08 L1855 §7 .0 .2875F 08 L1338 00 ,4696E-02 0,0340 5.0239 5.8768
72.00 .9709% 62 .3268E 01 .0 .9382% 02 L1316E 00 .4696E-02 0,0345 9.0251 0.8768
79.00 .21972 02 .0 .0 L2137F 02 L1316E 00 .u46962-02 0.0345 3.0251 €.B768

TOTAL PRODUCTION INTG THIS LIFE STAGE = 0.70334019848 10

TUTAL TEANSEEF INTO THE NEXT LIFE STAGE = 0.78828C480CE 08

% SURVYIVAL THRQUGR THIS LIFE STAGE = Tet

MACIMUM STANDING CROP POR THIS LIFE STAGE £.2025001472E 10

BATIO OF MAXINGHN STANDIRG CRCP TO EQUILIBRIUR STANDING CROP ({NMAX/YS) 1.3776

RPOUCTION IN RUMBER OF ORGANISHS ENTERING THIS LIFF STAGE DUE TC THE PONER PLANT... $.29816545288 19

% REDUCTION IR NUNBER OF OBRGANISHES BNTERING THIS LIFE STAGE DUR TC THE POWER PLANT...29.75

BEVBPREENSIEINEINSTDAERBEXB SR ERE B g RS

STAGE 3 JOVENILE 1 STAGE

KX{1/DAY) = 0,5%149997 86801

£X0 (1/DAT)= 6.80913393078~01

TS(NUMBER}= C.2650000000F 08

LIPE PERIOD (DAY)= 30,0680

RATIC OF THE® XX VALUE OSED I¥ THIS EOX TO THE ®STANDARD® KX VALUE GIVEN ABOVE = 1,000

BATIO OF THE KXO VALUE USED IN THIS RUN TO THE KX VALU® USED IN THIS RUN = 0.800

RATIO OF THE YS VALUE US¥D IR THIS RUM TO THE “SIANDARD™ ¥5 VALUE GIVEN ABCYE = 1,000

LEFT LINB OF CCREEESATICR FUSCTION LISABLED... ¥C

BIGRT LINB CF COMPRESATION PUNCTION DISABLED... ¥

YINEBL( } EGPULQTIQH!-) TRANSPER PROCOCTICN POPULATION {4} RNRTL KPLAKT RATIO £5N FSE

30.00 -0 -0 .1465E 0% « 1465E 06

PSY

G.01562
G.01867
0.0101
£.0088
0.0088

0.06210
06,0228
S.

3220

bl
%
i



37.00
44.00
51.00
58.9090
65.00
72.00
79.00
86,00
93.00
100,090
107.090

«3134E
«3789E
- 10238
«23668
-3666%
+3809E
«2485E
- T446E
.5516E
<TUE9E
.0

07
c7
08
08
{8
08
08
08
07
06

TOTAL PRODUCTION INTO

.0

.7859F 05
«2899E 0§
.286132 05
.S009% 0%
.3859% (s
«4332E 0%
.0

THIS LIFE STAGE
TOTAL TRANSFER INIQO THE MWEXT LIFE STAGE

% SURVIVAL THFCOGH THIS LIFE STAGE =

HAXINUM STAEDI®G CROP FCR THIS LIFE STAGE
RATIO OF RAXIMUM STABDING CROP TO EQUILIBRIUM STANDING CRCP {NMAX/IS)
REDUCTION IN ¥UMBER OF CRGANISHMS ENTERING

«365€F O€
«T426F 06
L1313 07
. 2859F 07
. 18558 07
.3268% 01
.0
.0
oL
.0
0

0.,78u428C4 800F

«3500¢
«3931¢
.1155¢
«2651F
«IBYLE
«3806F
< 2461F
«1396%
«5137F
31378
.0

08

0.1486779900F 08

19.0

0.4143772€600E CF

07
07
28
08
o8
08
08
08
07
06

CU44TBE-D1
«4471E-01
~4878E-01
«51142-01
«5173-01
.520%8-01
«5115E-01
.5019E~-21
LGGOT7E-CT
~U4176E-01
LB092E-01

1.56 37

THIS LIFPE STACGE DOE TC THE POWER Plal¥f...

«4696E-02
-U4596E-02
LU696E-02
<4636E-02
«46962~02
L455696F~02
.45962-02
«U4696E-02
-4696E-02
LU696E-02
<U4696F-02

0.3413260800F 03

% BREDUCTICH IN NUMBEX OF ORGANISHS ENTERING THIS LIFE SYTACF DUE TO THE POWER PLANT...30.35

A EELELLIRAY SBAFIMMEIBRAINIZ N9 AN IR AR

STAGE 4

KX{1/0AY)=
KX0{1/DAY)=
YS{NUHBBR}=

JUYEFILE 2 STAGE

0. 12449998442-01
0.9959995747¥~02
0.89800000C0F 07

LIFE PEBIOD {DAY)=

RATIO OF 1THE
HAT 10 OF THE
LEPT LINXB OF
IGHT LINB CF

TINEC 3

60.00

T74.00

88.00
102.90
123.00
137.00
151.00
165.00
178.00
193.00
207.00

100.0000

RATEIC OF THE K& VALUE USED IW THIS RUN TO THE “STAMDARD™ KX YVALLE GIVEN ABOYVE = 1,
®¥¥0 YALUE USED IN THIS 8U% TC THE KX YALUE OUSED IN THIS RUN = 0.800
15 VYALUE USED IX THIS RON TO THE “STANCARD® YS VALGCE GIVEN ABOVE = 1,
CCHBEENSATION FUNCTION LISABLED... NC
COHPENSATION FPUNCTICN LCIS&8LEC... ¥0
POPULATICN{~) TRANSPER PRODUCTION POPUIATION {+#} KNATL
.0 .0 .3148F G5 »3144F 05
97562 086 .0 -5400F 05 - 1030F 07 «1069E-01
.578B3E €7 .0 «1C6SE 07 .6852F 07 < 12348-01
12372 c8 .0 <4S549F 01 .1237: 08 . 12582-01
.9635% 37 .0 .0 -9465F 07 . 12458-01
60648 07 .0 .0 «7922E 07 «T2U5E8-01
<E75%E 07 .0 .0 .6632F 07 - 1241E-017
.5656F 07 .C .0 «5557¢ 07 . 1232E-01
47463 C7 .0 .0 46645 07 -12192-01
39918 07 .0 .0 «3923F 07 .12022-01
«33648 07 .0 .0 «33088 07 «1184E-01

TOTAL PRODUCTICH IHTC THIS LIFE STAGE 0.14£677990CE 08

TOTAL TRABSFER INTC THE HEXT IIPE STAGE 0,3197542000E (7

4 SUEYIYAL THSOUGH THIS LIFE STAGE = 21.5

MAXINOM STANDING CROP POKR THIS 1If2 STAGS 0. 12596465008 08

BAT IO OF MAXZIBUN STAMDING CROP TO EQUILIBRIUM STANDING CRCP {[¥HAX/YS) 1. 4027

BEDUCTION IX

¥OHEBER

OF ORGANMISKES ENTERING THIS LIFE SIACE DUE TC THE PO¥ER PLANT...

000

000

KPLAKT

.26308-03
. 2633E-013
«2630E-03
+2630%-03
«26308-03
. 26308-03
«2530E-03
.26308-03
.26308-03
. 2630E-03

0.6786793000E 07

% RELUCTICH IN NGMEFR OF ORGANYSMS ENYERING THIS LI¥2Z STAGE DUF 70 THE POYER PLANT...337.34

HUMBER OF JUV

FNILE

4

KILLEL PY IMPINGEKMENT...0.241397E {6

0.0362
0.0950
N.0878
0.08u3
0.90832
0.0828
0.0861
0.0856
0.0925%
0.1011
0.1029

RATIO

0.02640
2.0209
0.0205
0.0207
0,0207
0.9207
0.0209
0.0211
0.0214
0.0217

0.2660
0.2615
0.2314
0.2156
0.2119
0.2101
0.215%
0.2219
0.251¢C
0.2857
0.2930

PSN

0.3435
0.2912
0.2841
0.2879
0.2889
0.28%0
0.2916
3.2956
0.3005
0.3060

C.t6R¢E
0.8686
C.8685
0.868¢€
0.86R6
0.8586
C.e68¢
C. 8686
C.868%6
0.8686
C.8686

0.9740
.97u40
,874¢C
0.9740
C.8740
C.a740
0.98740
.c74¢
0.9740
€.9740

0.231%
0.2271
0.2010
0.1873
0. 1840
0.1825
0.1873
0.1927
0.2181
0.2482
0.2545

0. 3346
0.26326
0.2767
0.2804
0.2805
0.2815
0.2840
¢.287%9
0.2927
0.2981



SThGB 5 SUYENILE 3 STAGE

KX{1/0R1)= 0,9719997644E-02

KX0 {1/DAY)= 0.77759358805=02

IS(NUMBER) = 0.2290000000F 07

LIPE PERIOD{DAY}=  158,0000

RATIO OF THE KX VALUE USED IN THIS RUN TO THE NSTANLARD® KY VALUE GIVEN ABOVE = 1.000

RATIO OF THE KXO VALUE USED IN THIS RUN TG THE KX VALOE USED IN THIS RUN = 0,800

HATIO OF THE YS VALUE USED IN TRIS RUN TO THE "STANDARD® 15 YALUE GIVEW ABOVE = 1,000

LEFT LIMB OF COMPENSATICN FUKCTION CISABLED... NG

RIGHT LINE CF CONBENSATION PUNCTION DISABLED... %0
TINE( ) FOPULATICN (-) TRANSFER FRODUCT ION POPULATION (4) KNATL KPLANT
209.00 .0 .0 <3198 07 L3198 ¢7
223.00 .28178 07 .0 .0 L2778E 07 C9T48E-02 .2630F=03
237.00 <2849 07 .0 .0 L2415F 07 .97218-02 .2630E-03
251,00 L2130 07 .0 .0 .2100E 07 <9719E-02 .2630F=03
265.00 .18528 07 .0 .0 L1827 07 .8706E-02 .26310E~03
27%.00 L1611 07 .0 .0 . 1585F 07 +9669E-02 .26308-03
293.00 . 14038 07 .0 .0 L1383F 07 <9607E=02 .26307-03
367.00 12228 07 .0 .0 .1206E 07 .9523R-02 ,2630E-03
321.00 .10668 07 .0 .0 . 10525 07 J9R23E-02 .2630F-03
335,00 .9318E 06 .0 .0 L9193F 06 ©9314E-02 .2630E~03
349,00 .8154E 06 .0 .0 .BOUTE 06 .92018-02 .26302-03
363.00 L7147E 06 .0 .0 .7054% 06 .90878-02 .26308<03

TOTAL PRODUCTICK INTO THIS LIFE STAGE 0.3157542C0CE 07

TOTAL TRANSFER INTO TBE REXT LIPE STAG
% SURVIVAL THNOUGR THIS LIFE STAGE
MAXIMUM STANDING CROP FOR THIS LIFE STAGE =
BAT IO OF MAXIRUN STANZING CROP T0 EQUILIBRIUM STANDING CROP (NEAX/YS)
BBDUCTION IXN RUMBER QF CRGANISMS ENTERING THIS IIFE STARGE DYE TIC THE POWER PLANT...

0.6872Z511875E 06

21.5

0., 3197542C00E €7

143963

X REDUCTICN IN NUMBER OF CRGANISHMS ENTERING THIS LIFE STAGE DUE TO THE POWER PLANT...30.15

HUKBER OF JUVINILE 3 KILLED EY IMPINGEMENT...0.661230f 05

TOTAL NUMBER CP JUVENILES KILLED BY INPINGEMERT...0.3037S14E 06

CUMULATIVE ERCBAEILITY OF SURVIVAL FRON EGG THROUGH JUYENILE 3 =
= 0,68725025E 06

EXPECTRD NUNBEER OF YEARLIRGS

ADULT DISTRIBUTION BY AGE CLASS

AGE NURBERS

1 687251,
6 52037.
11 5041,

TQFAL ADOULTS

7
12

AGE NUMBERS

2 215272,
32614,
3162.
16479506,

13

AGE NUMBEES

3 165345,
E 20648,
1983.

132473,
12820.

PERCENT AGE DISTRIBYTION RELATIVE TO YEAR LERO
AGE PERCENT AGE FERCERT AGE PERCENT AGE PERCENT AGE PERCENT

t 32.5811
6 2.469
1 0,239

Z 13.962
7 1.548
12 ¢.150

7.8486
0.970
0.098

6.286€ 5
0.608 10

AGE NUMBEES AGE NUMBERS

B3023.
8039.

3.9%0
0.381

0.96920257E-05

]ATIQ

0.0263
08,0263
8,0063
0.0264
0.0265
N.02686
0.0269
0.0271%
0.0275
0.0278
0.0z81

0.13805050007 07

oSy

0.2145
$.2153
0.2153
0.2158
3.2370C
0.2152
0.2221
0.2256
0.2295
0.2337
0.237%

£ESE

€.8593
0.8593
0.9593
€.9593
0.9593
0.9593
C.%593
G.9593
£.9593
0.43593
0.%593

BST

0.2058
0.2065
C.2066
0.2070
0.2082
2.2103
0,213
0.2164
0.2202
C.2242
5.2282

€8



PRRCENT AGE
a6y PERRCENT

TTRUTION RELATIVE TO CURRENT {LAFR
2aCEdn AGE FEACENT AGE PERCENT AGE PERCENT

4 2 18.50% 3 11,176 i 8.954 5 5.612
é 5 7 £e 208 & 1a382 9 0.867 ¢ 0.543
11 G.341 12 0.234 13 0.338

Si%E OF FOPILATION (Y¥AR CLASSES 3-13) POR THE
CURRENT Y2AR 3S & PIRCENTAGE CF THE SIZE Of THE
POFULATICHE ¥ YEAR 2BRI,,. 0.7902

FEDUCTION TN NUMBEZR OF YEARLINGS DUE 70 PLAET... 293637,

% RECUCTICN IX NUMBER OF YERRLINGS DUE TO PLART...28.94
REDUCTIOX I& '1OTAL #UMBER OF ADULTS CUE TO PLANT... 627911,
¥ REDUCTICH [ TOTAL WUMBER OF ADULTS DUE TO PLANT...29.8C

MUMBER 0% EGS5S EXPECTED 70 BE PROLUCEL BY

YHE MUMSER 0P ONE-TEAR CLD STRIPEL BASS POR THE CURRENT
YEAB DURING TE FF TINP AS A PERCENTAGE OF THE XNUMNBER
OF £GGS PRODUIES IN YEAPR ZERC..,.. 0.703%
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TRACIBG LIFE HISTORY QOF STHIPED BASS PISH
IN HUDSONM RIVER, WITH MORTALITY IR EACH

STAGE GIVER B

DE{NX) /ET== {(RX* {KX=KX0)}® ((NX~-YS)/YS)®R3I)* KX
=FKILL®QP®NR/V

WHERE, QP{NI®43/DaY}= 0.4696E-02

WHICH IS EQUIVALERT TC AN INTAKE FLOR OF.ee

¥{uI**3}= 0.5000F 00

PRACTIONAL KILL (I.B., CCHMPCSITE F-FACTOR) FOR:

EGGS
LARYVRE
SJUVENILE 1
JUVENILE 2
JUYERILE 3

0.5000
0.500¢0
0.5000
0.028¢
0.0280

%ODEL TIME STFP SIZE (DAYS)

EGG 18:334
0.20 <. 70

J0v 1 Juv2
0.70 1o 40

TOTAL PRODUCTICN PERIGD {DAYS) = u9,

SYBPRODUCTICR PERIOGES AND ASSOCIATED FRACTIONS OF TCTAL EGG BRODUCTION
FRACTION

PERIOD {LAY)
G.0 7.0
7.0 4.0
4.0 21.0

21.0 28,0
28.0 35.0
35.4 $2.9
82,0 45,0

0.0536
0.0zu3
3.2361
¢.u482
0.2365
.0

$.0013

Juv3
t.0¢0

ITERATE 79 BEQUILIBRIUM BY ADJUSTING THE FIRST ORLER

DECAY RAYE COEFFICIEXT USED POR YEAR CLASSES % AND OLDER

RO= 0. 10194831 08
KO=0.,18%9029838-02
KO=0.B843747286E-03
KO=0.113213062¥~02
RO=0G. 1263688033F-02
KO=0.12837220CR~02
RO=0.1284110368-02
KO=0.1288%31(36E~02
ENL CF BECUDBI..cs..

ANMUAL PROBABILITY

AGE  DECAY

§1= 3.0

K8=0,843747286E-03
KN=0.113213062F=-C2
Kf=0,1263€8809P~02
FK=0.1283722008~02
KN=03.128411036PF-02
KE=0. 1284 110598~02
K¥=0, 128411059802

OF SURVIVAL FOR RADULTS {4=1%3}

CORPY. SEX RATIO

{17047} {PER/TOT}

AXP= 0.192018218 0 9= ¢.53093038E (6

o=
D=
D=
=
b=
p=
=

0. 10552825¢-¢2
0.28838334F~-03
0.131557468-03
0.20033913E~Ci
0.388361515-086
0.2328B3064 E~ 05
0.23283064%-09

FEACTION
BATURE

= (.6286

0.8000E 0&(CFS)

=

Pl B S 2
A ARV I SV %

Wowop oo

FPECORLITY
(EGES/FFMALE}

68



[ RY=IN IR W - S~ SR Y

- ed et b
[Ny

0.002510
¢.001400
0.000611
0.001284
0.001284
0.001234
0.00128%
0.001288
0.001284
0.001284
0.00128¢0
0.001284
0.001284

.50
0.52
0.54
3.56

.£8
0.60
0.62
0.64
0.66
0.68
0.70
¢.70
0.70

0.57208
0.7473{E
0.964G6CF
0.174C8
0.1360%
0.156(2
0.176CF

06
05
06
26
06
06
07
07
07
Q7
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STOLK RECRUITMEHT TABLE

DBFIRITICHS OF COLUMX REARDINGS

I = YEaR + 1

S¢{L} = KUMBER CF SPARNEERS

R{I) = NUMBER Q¥ RECRUITS (3-YEAR OLDS}

B3(I) = NUMEEF OF RECRUITS AT I+3 SPAWNED AT I

k35S (I} = RECRUITMENT RATE (RBCRUIIS PER SPAWNER})

SR{I) = NUMBER COP SPAWRERS REIATIVE TO NUMBER OF SPAYNESS AT I=1

EB{I) = NUMBEF OF RECRUITS RFLATIVE T0 NUMBER OF RECRUIIS AT I=1

R3R (1) = HUNBER OF RECRUITS AT I+3 REIATIVE TC THE RUMBER OF RECRUITS AT I=4 (R3(I}/R3{(1))
RIXSR(I) = RELATIVE RECRUITMENT RATE (R3R {X)/SR(I))

I S{I) 8 (I} R3{7} 835 (1) SR{I) RE{T) B3R RIRSE (1)
1 17568%8.  235405.  193309. 1.1003 1.0000 1.0060 1.0000 1.0000
2z 175689,  23580°%, 193209, 1.1003 1.0000 1.0000 1.0000 1.0000
3 17568%. 235405, 193309, 1.1003 1.0000 1.0000 1.00600 1.0000
4% 17568%.  193309. 193309, 1.1003 1.0000 0.8212 1.6000 1.0000
5  17568S.  193309.  193309. 1.1003 1.0000 0.8212 1.0000 1.0000
6 165908, 193309, 131632, 1.1551 0.9443 0.8212 0.9913 1.0498
7 157994.  193309. 189142, 1.1990 ¢.8993 0.8212 0.9800 1.0898
8  152875. 193309, 187251, 1.2249 2.8701 0.8212 0.9687 1.1132
] 149569, 191632, 185199, 1.2382 8.8513 0.8141 8.9580 1.1254
10 147435, 189642, 183387, 1.2438 ¢.8392 0.8047 0.9487 1.1305
11 14567C.  18725%t.  181762. 1.2478 0.8291 0.7954 0.9403 1.1340
12 143959, 185199, 185246, 1.2521 ¢.8194 0.7867 0.5324 1.1379
13 14228C.  183387. 178854, 1.257M 0.8098 0.7790 0.9252 1.1425
14 140646, 181762, 177551, 1.2624 €.8005 0.7721 0.9185 1.1473
15 139316.  180246. 176813, 1.2692 0.7930 0.7657 0.9147 1.1535
% 138010. 178854, 176607, 1.2753 £.785% 0.7598 0.9105 1.1591
17 136753.  177551.  175162. 1.2809 G.7764 0.7542 0.9061 1.1641
18 135561, 176813, 174301, 1.285¢8 6.7716 6.7511 0.9017 1.1686
19 134437. 176007. 173445, 1.2902 6.7652 6.7477 0.8972 1.1726
20 133500. 175162, 172667, 1.29 34 6.7599 D741 0.8932 1.1755
21 132693. 174301, 171973, 1.2960 ¢.7553 0.7804 0.8896 1.1779
22 131954, 173445, 171348, 1.2985 €.7511 0.7368 0.R864 1.1801
23 131263,  172667.  170770. 1.3010 0.7471% 0.7335 0.8834 1.1824
2 130594. 171973, 170229, 1.3035 G.7433 0.7305 0.8806 1. 1847
25  129$58.  171348.  169717. 1.3059 0.7397 0.7279 0.8780 1.1869
26 129365, 170770. 169237, 1.3082 0.7363 0.7254 0.8755% 1. 1890
27 12881%. 170229, 168789, 1.3103 0.7332 0.723% 0.8732 1.1308
28 128316. 169717.  16€371. 1.3122 £.7304 0.7210 0. 8710 1.1926
29 127848.  169237. 167974. 1.3139 0.7277 0.7189 0.8689 1.1941
30 127411, 168789, 167601, 1.3154 0.7252 0.7170 0.8670 1. 1955
31 127003.  168371.  167251. 1.3169 0.7229 0.7152 0.8652 1.1969
32 126622. 167974, 166922, 1.3183 0.7207 0.7136 0.B8635 1.1981
33 126267. 167601. 166617, 1.3196 ¢.7187 0.7120 0.8619 1.1993
34 125934, 167251. 16€33¢0. 1.3208 ¢.7168 80,7105 6. 8604 1. 20048
35 125622, 166922. 166062, 1.3219 0.7158 0.7081 8.8591 1.2014
35 125328, 166617, 165809, 1.323¢0 0.7134 0.7078 0.8577 1.2024
37  125052. 166330. 165570, 1.3240 C.7118 0.7066 0.856%5 1.2033
38 124794, 166062, 165345, 1.3249 0.7103 0.7054 0.8553 1.2042
39 124552, 165809, 0. 0.0 0.7089 0.7044 0.0 0.0
40 1243285, 1655790, Qe 9.0 0,7076 0.7033 0.0 0.0
41 124113. 165385, 0. 0.0 0.7064 0.7024 0.0 0.0

L8
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APPENDIX D
TABULATION OF DETAILED RESULTS FROM THE VARIOUS SENSITIVITY ANALYSES



Tabie D1. Summary of modst runs for the s2asitivity analysis for YS, the equilibrium standing crop
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Level 11 AYS=0.20

Level 2: AYS = 0.50

Level 3: AYS=0.75

Level4: AYS=1.00

Level §: AYS=1.50

Level 6: AYS = 2.00

Level 7: AYS =5.00

Output ; ' .
variable CL fre Plant Plani on Plant Plant on Plant Plant on Plant Plant on Plant Plant on Plant Plant on Plant Plant on
code wtage off, off, off, off, off, off, - off,
year 0 Year 1 Year 40 year § Year 1 Year 40 vear 0 Year { Year 40 year G Year 1 Year 40 year 0 Year Year 40 year 0 Year { Year 40 year 0 Year 1 Year 40
H Egp LO0EIL  1.60E1D 831 E:il  1.00E:! 1.00E1T 852FE10 1.00Ei{l  1LO0E(: 822810 100811 1.00Eil 7.09E19 1.60E11 1.00E11 S520E10 100E11 1.00FEil1 526810 100811 1.00E1l 575E10
3 Egg 10.0% 9.5% 9.6% 10.6% 9.9% 9.9% 10.0% 9.9% 2.9% 10.0%. 9.%% 9.9% 10.6% 9.9% 9.9% 10.0% 9.9% 9.9% 10.0% 9.9% 9.9%
4 Larvae 100 B0 9.93E9 8.25 EG .00 E10 993 E9 8.45 E9 1.80 E10 9.93 19 8.16 E9 i.00EIG 9.93E9 7.04 E9 1.60 Et6  9.93 E9 5.16 £9 1.00 E10 993 E9 5.22 E9 1.00E10 G993EI0 5.71E9
5 Yarvae 4.05 4,03 3.74 2.84 2.81 2.63 2.38 2.32 2.03 1.93 1.89 1.38 1.33 1.30 0.68 1.00 0.98 0.53 0.42 0.41 0.24
6 Larvae 0.2% 0.2% 0.2% 0.86% 0.5% 0.6% 0.9% 0.8% 1.0% 1.4% 1.0% 1.1% 1.3% 1.1% 1.3% 1.3% 1.2% 1.4% 1.7% 1.5% 1.7%
7 Juvenile ¥ 1.69 E7 .53 E7 1.62 E7 5.80 E7 5.27E7 545 E7 9.14 €7 8.21 E7 7.82E7 1.13 E8 9.99 E7 7.84 E7 1.27 E8 1.12 E8 6.65 E7 1.34 £8 1.18 E8 7.21 E7 167 E8 147 E8 9.60 E7
8 Juvenile ' 2,46 2.2% 2.24 2,55 2.30 2.27 2.40 2.17 2.04 2.20 1.95 1.56 1.75 1.49 0.89 1.4¢ 1.18 0.72 0.70 0.59 0.39
9 Juvenile 1  19.4% 17.8% 17.7% 18.3% 17.2% 17.1% 18.3% 17.3% 17.7% 19.2% 18.0% 19.0% 21.4% 19.1% 19.7% 22.0% 19.4% 20.0% 23.1% 20.5% 21.4%
10 Juvenile 2 3.27 E6 2.73 E6 2.87 €6 1.06 E7 9.04 E6 9.32 E6 1.67 E7 142 E7 138 E7 217 E7 180 E7 1.49 E7 2,72 E7 2.13 E7 1.31 E7 2.95 E7 2.28 E7 1.45 E7 3.87 E7 3.01E7 2.06 E7
11 Joavenile 2 1.72 1.43 1.49 2.06 1.76 1.79 2,11 1.79 1.74 2.03 1.6% 1.40 1.71 «1.34 0.83 1.40 1.08 0.68 0.73 0.57 0.39
12 Juvenile 2 24.2% 23.9% 23.5% 21.8% 21.7% 21.4% 21.1% 21.2% 21.2% 21.1% 21.2% 21.5% 21.8% 21.6% 22.4% 22.2% 21.9% 22.8% 23.3% 23.3% 24.3%
13 Juvenile 3 7.93 ES 6.51 E3 6.76 ES 2.31 E5 1.97 Es 2.00 ES 3.53 E6 3.00 E6 292 E$ 458 Ef 3.81 6 320 E6 5.93 E6 4.60 E6 294 ES 5.54 £6 4.99 Es 3.30 E6 9.02E5 7.01 E6 4.99 E6
4 Juvenile 3 1.73 1.42 1.48 2.02 1.72 35 2.05 1.75 1.70 2.00 1.66 1.40 1.72 1.34 0.85 1.43 1.09 0.72 0.79 0.61 0.44
15 Juvenile 3 21.9% 21.5% 21.4% 21.4% 21.1% 21.0% 21.3% 21.0% 21.1% 21.4% 21.2% 21.5% 21.9% 21.6% 22.4% 22.3% 21.9% 22.8% 23.5% 23.3% 24.2%
16 Yearlings 1.74 ES 140 ES 1.45 ES 4,94 ES 4.15 E5 421 E5 7.51 ES 6.32 ES 6.17ES 9.81 £5 8.05 ES 6.87ES 1.30 E6 9.91 ES 6.58 ES 1.46 E6 1.09 E6 7.54 ES 2,12 E6 1.63 E6 1.21 E6
and adults
17 Yearlings 4.99 E5 4.65 ES 415 E5 1.15E6 1.07 E6 9.81 ES 1.66 E6 1.54 E5 1.36 E6 2.1 E5 193 E6 148 E6 2.72 E6 241 E6 1.38 E6 3.03 E6 2.66 E6 1.57 E6 4.29 E6 3.79 E6 244 Es
and adults
i8 Yearlings  35-14-8 30-15-9 13-14-8 43-17-10  39-18-11  43-17-10  45-18-11  41-20-12  45-18-11  47-19-11  42-20-12  46-19-11  48-19-11  41-22-13  48-19-11  48-19-12  41-22-13  48-19-12  49-20-12  43-22-13  49-20-12
and adulis
i9 Yearlings 0.896 0.735 0.669 0.52% 0.579 0.560 0.496
and adults
Impact variables
62 Eggs 0% 16.9% 0% 14.83% 0% 17.8% 0% 29.1% 0% 48.0% 0% 47.4% 0% 42.5%
64 Larvae 0.7% 17.5% 0.7% 154% 0.7% 18.4% 0.7% 29.6% 0.7% 48.4% 0.7% 47.8% 0.7% 42.9%
56 Juvenile 1 9.5% 4.1% 9.1% 6.0% 10.2% 14.4% 11.6% 30.6% 11.81% 47.6% 16.9% 46.2% 12.0% 42.5%
63 Juvenite 2 16.5% 12,29 14.7% 12.1% 15.0% 17.2% 17.1% 31.3% 21.7% 51.8% 22.7% 50.8% 22.2% 46.8%
70 Juvenile 3 17.9% 14.8% 14.7% 13.4% 15.0% 17.8% 16.8% 30.1% 22.4% 50.42% 23.7% 49.5% 22.3% 44.7%
7t Yearlings 3.4 €4 2.9 E4 7.9 E4 7.3E4 {.2ES 1.34 E5 1.76 ¥5 294 ES 3.1 E5 6.42 E5 3.7E5 7.06 ES 4.9 ES 9.1 ES
72 Yeurlings 19.5% 16.7% 16.0% 14.8% 15.8% 17.8% 17.9% 30.0% 23.8% 49.4% 25.3% 48.4% 23.1% 42.9%
73 Adiilis 3.4 E4 8.4 E4 7.9 E4 1.7 ES 1.2 E5 3.0ES 1.8C ES 6.30 ES 3.1 ES 1.34 E6 3.7ES 1.46 E6 4.9 K5 1.85 E6
74 Adtulis 6.8% 16.8% 7.0% 14.7% 7.2% 17.8% 8.5% 29.9% 11.4% 49.3% 12.2% 48.2% 11.6% 43.1%
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Table D2. Summary of model runs for the sensitivity analysis for KX, the first order mortality rate coefficient

Level 1: AKX =0.5 Level 2: AKX =0.75 Level 3: AKX =0.9 Leveld: AKX =1.00 Level 5: AKX =1.1 Level 6: AKX =1.2 Level 7: AKX =1.3

Output

. Life
variable stage Plant Plant on Plant Ptant on Plant Plant on Plant Plant on Plant Plant on Plant Plant on Plant Plant on
code off, - off, off, off, off, . off, off,
vear 0 Year 1 Year 40 year 0 Year 1 Year 40 vear 0 Year 1 Year 40 year 0 Year 1 Year 40 year 0 Year 1 Year 40 year 0 Year 1 Year 40 year 0 Year 1 Year 40
1 Egg 1.00E11 1.00E11 9.67Ei0 1.00E1l 1.00E11 951E10 1.00E11 1.00Eil1 9.06E10 100E11 1.00E1t 7.09E10 1.00E11 1.00E11 S.72E10 1.00 E11 1.00E11 6.18E10 1.00Eit 1.00E1l 6.23E10
3 Egg 10.0% 9.9% 9.9% 10.0% 9.9% 9.9% 10.0% 9.9% 9.9% 10.0% 9.9% 9.9% 10.0% 9.9% 9.9% 10.0% 9.9% 9.9% 10.0% 9.9% 9.9%
4 Larvae 1L.OGELID 9.93E9 9.60 E9 1.00 E10 9.93 E9 944 E9 1.0 E10 9.93 E9 8.99 E9 1.00 E10 9.93E9 7.04 E9 1.00E10 9.93E9 5.68E9 1.00 E10 1.00E10 6.13E9 1.00 E10 993 E9 6.19 E9
5 Larvae 2.56 2.51 2.47 2.2 2.17 2.09 2.04 1.99 1.84 1.93 1.89 1.38 1.83 1.79 1.05 1.74 1.70 1.07 1.65 1.62 1.02
6 Larvae 7.4% 6.7% 6.9% 2.9% 2.6% 2.7% 1.6% 1.5% 1.6% 1.1% 1.0% 1.1% 0.8% 0.7% 0.8% 0.5% 0.5% 0.5% 0.4% 0.3% 0.3%
7 Juvenile 1  7.37 E8 6.67 E8 6.63 E8 2.91 E8 2.61 E8 2.56 E8 1.65 E8 147 E8 1.40 €8 1.13 E8 9.99 E7 7.84 E7 7.66 E7 6.78 E7 4.41 E7 5.19E7 458 E7 3.16 £7 3.51 E7 3.10 E7 245 E7
8 Juvenile 1  5.40 5.21 5.20 372 3.55 3.54 2.78 2.57 2.49 2.20 1.95 1.56 1.55 1.32 0.86 1.02 0.87 0.60 0.67 0.57 0.40
9 Juvenile 1 5.3% 5.4% 5.5% 11.0% 11.3% 11.5% 16.4% 16.3% 17.0% 19.2% 18.0% 19.0% 18.0% 16.6% 17.1% 16.8% 14.8% 15.4% 15.2% 13.5% 14.2%
10 Juvenile 2 3.93 E7 3.63 E7 3.63 E7 3.20 E7 2.95 E7 2.95 €7 2.70 E7 240 E7 2.38E7 2.17 E7 1.80 E7 149 E7 144 E7 1.13 E7 7.55 E6 8.71 E6 6.79 E6 4.87 E6 5.34 E6 4.18 E6 3.05 E6
1t Juvenile 2 4.06 3.75 3.75 3.09 2.85 2.85 2.54 2.27 2.25 2.03 1.69 1.40 1.35 1.05 0.71 0.81 0.63 0.45 0.49 0.39 0.28
12 Juvenile 2 31.2% 32.6% 32.5% 25.5% 26.2% 26.1% 22.6% 23.0% 23.1% 21.1% 21.2% 21.5% 19.4% 19.2% 20.0% 17.8% 17.8% 18.5% 16.7% 16.7% 17.3%
13 Juvenite 3 1.22 E7 1.18 E7 1.18 E7 8.17 E6 7.71 E6 7.71 E6 6.10 E6 5.53 E6 548 E6 4.58 E6 3.81 E6 3.20E6 2.79 E6 2.16 E6 151 E6 1.55 E6 1.21 E6 9.04 ES 8.89 E5 6.99 ES 5.28 E5
14 Juvenile 3 5.35 5.16 5.16 3.57 337 3.37 2.66 2.42 2.39 2.00 1.66 1.40 1.22 0.94 0.66 0.68 0.53 0.39 0.39 0.31 0.23
15 Juvenile 3 24.0% 24.0% 24.0% 23.4% 23.6% 23.6% 22.6% 22.7% 22.7% 21.4% 21.2% 21.5% 19.6% 19.4% 20.2% 18.3% 18.2% 18.8% 17.3% 17.1% 17.6%
16 Yearlings 2.94 €6 2.84 E6 2.84 £6 1.91 E6 1.82 E6 1.82 E6 1.38 E6 1.25E6 1.25 E6 9.81 ES 8.05 E5 6.87 ES 5.47ES 4.18 ES 3.04 ES 2.83 E5 2.20 ES 1.70ES 1.54 ES 1.19 ES 9.28 E4
and adults
17 Yearlings 5.82 E6 5.72E6 5.63 E6 3.89 E6 3.80 E6 3.70 E£6 2.87 £6 2.74 E6 2.60 E6 2.11 E6 1.93 E6 148 E6 1.26 E6 1.13E6 7.03 ES 7.26 E5 6.62 E5 4.39 E5 4.56 E5 4.22 E5 2.78 ES
and adults
18 Yearlings 50-20-12  50-21-12  50-20-12  49-20-12  48-20-12  49-20-12  48-19-12  46-20-12  48-19-12  47-19-11  42-20-12  46-19-11  44-17-10  37-19-12  43-17-10 39-16-9 33-17-10  39-16-9 34-13-8 28-15-9 33-13-8
and adults
19 Yearlings 0.439 0.514 0.570 0.626 0.719 0.821 0.915
and adults
impact variables
62 Eggs 0% 3.3% 0% 4.9% 0% 9.0% 0% 29.1% 0% 42.8% 0% 38.2% 0% 37.6%
64 Larvae 0.7% 4.0% 0.7% 5.6% 0.7% 10.0% 0.7% 29.6% 0.7% 43.2% 0.9% 38.8% 0.9% 38.2%
66 Juvenile 1 9.5% 10.0% 10.3% 12.0% 10.6% 15.3% 11.6% 30.6% 11.5% 42.4% 11.7% 39.2% 11.9% 38.9%
68 Juvenite 2 7.6% 7.6% 7.8% 7.8% 11.1% 12.0% 17.1% 31.3% 21.9% 47.6% 22.0% 44.0% 21.6% 42.8%
70 Juvenite 3 3.3% 3.3% 5.6% 5.6% 9.3% 10.1% 16.8% 30.1% 22.6% 46.0% 21.9% 41.6% 21.4% 40.6%
71 Yearlings 1.0 E5 1.0E5 9.0 E4 9.0 E4 1.2E5 1.3ES 1.76 ES 2.94 E4 1.30 E5 243 E5 6.35 E4 1.13 ES 342 E4 6.08 E4
72 Yeaslings 3.4% 3.4% 4.7% 4.7% 8.9% 9.4% 17.9% 30.0% 23.7% 44.4% 22.4% 39.8% 22.3% 39.6%
73 Adults 1.0 E5 1.9 E5 9.0 E4 1.9 E3 1.2 ES 2.7E5 1.80 E5 6.30 ES 1.30 E5 S.55ES 6.35 E4 2.87 ES 3.42 E4 1.78 ES
74 Adulis 1.7% 3.3% 2.3% 4.9% 4.3% 9.4% 8.5% 29.9% 10.3% 44.1% 8.8% 39.5% 7.5% 39.0%




Table D3, Sumimary of modet runs for the sensitivity analysis for KXO, the minimuri mortality rate coefticient

Level 1: AKXO =93 Levet 2: AXKXG = 0.5 Level 3: AKXO=10.8 Leveld: AKX = 0.9 Levai 50 AXXO=1.50

Qutput - N P Dlort
variabie Life Plant Plant on P l‘m Plant on Plant Plant on Plant Plant on ? 1"‘::_“ Piant on
code stape oif, - oit, N - off, off, - = ofif, LT T
year § Vear { Year 40 year O Year Year 49 vear O Year 1 Year 40 vear 9 Year 1 (2ar 40 vear G Year 1 {ear 40
1 Egg 1.00 E1l (.00EIl 9.16EId I(.00Eil 1.00E11 899E10 1.00E1F 1.00E1l 7.069EIS 1.00E:1  1.GOEXl  4.64E1¢ 1.60E1f  LL0OEit  2.01 Ei0
3 Egg 10.0% 9.9% 9.9% 10.0% 9.9% 3.9% 10.0% 10.0% 9.9% 10.0% 9.5% 9.9% 10.0% 9.9% 9.5%
4 Larvae L.OOCEIO 9.93E9 9.08 E9 1.OO K16 993 E9 §.92 19 1.00 E10 993 E9 7.04 £9 1.0 E10 993 E9 4.60 E9 {O00EI0 9.93€Y 1.99 E£9
S Larvae 1.84 1.81 1.7¢ 1.87 .84 1.70 1.93 1.89 1.38 1.96 1.91 4.90 2.00 1.94 0.39
6 Larvae 1.7% 1.6% 1.7% 1.4% 1.5% 1.4% 1.1% 1.0% 1.1% 1.0% .9% 1.0% 1.0% 0.9% 0.9%
7 Juvenile 1 1.75 EB 1.60 E8 1.58 E8 1.45 E8 1.31 E8 1.27 £8 1.12 E8 3.99 7 7.84 E7 1.05 E8 9.25 E7 492 87 9.97 E7 8.66 £7 1.74 £7
8 Juvenitle 1 2.72 2.62 2.58% 2.52 2.38 2.33 2.20 1.95 £.59 2.09 i.80 0.93 2.00 1.66 0.33
9 Juvenite 1 11.1% 11.6% 11.2% 14.2% 14.1% 14.5% 19.2% 18.0% 19.6% 20.5% 13.5% 15.1% 28.4% 18.6% 18.6%
10 Juvenile 2 1.94 E7 1.77E7 .78 E7 2.06 £7 1.85 E7 1.85 E7 21787 .80 E7 1.49 &7 218 E7 171 ET 9.02 E6 214 E7 1,61 E7 3.23E8
11 Juvenile 2 1.89 1.72 1.73 .97 1.77 1.77 2.G3 1.69 1.4 252 1.6G 0.85 2.00 1.51 0.30
12 Juvenile 2 21.8% 22.0% 21.9% 21.3% 21.4% 21.4% 21.1% 28.2% 21.5% 21.3% 21.1% 21.5% 21.6% 20.9% 20.9%
13 Juvenile 3 4.23 E6 3.89 E6 3.90 E6 4.36 E6 3.96 k6 3.96 E8 4.58 ES 3.81 Eb 3.20 ES 4.60 ES 361 ES 1.95E6 4.6% ES 3.37 E6 6.76 ES
14 Juvenile 3 1.85 1.70 1.70 1.9% 1.73 1.73 2.00 1.66 1.40 2.01 1.57 0.85 2.0¢ 1.47 0.3¢
15 Juvenile 3 21.8% 2L.7% 21.7% 21.5% 21.4% 21.4% 21.4% 21.2% 21.5% 2:.6% 21.1% 241.7% 2:1.8% 20.9% 20.9%
1% Yearlings 9.22 ES 8.44 ES 8.45 E5 9.40 ES 8.46 ES 8.45 E5 9.81 ES 8.05 ES 6.87 ES 992 ES 7.60 ES 423 %5 1.00 £6 7.04 ES 141 ES
and adults

17 Yeartings 1.99 E6 1.91 E6 .83 E6 2.03 E8 1.93E6 1.82 E6 2.11 E6 1.93 K6 148 ES 2.i3 E5 1.90 E£6 921 ES 2.15E6 1.85 £6 3.25 65
and adults

18 Yeuarlings 46-19-11  44-19-12  46-319-11  46-19-11  44-19-12  46-19-11  47-319-11 422012 46-i%-{1  47-19-11  40-21-13  46-19-11  47-19-i1  38-22-13 43-18-1¢
and adults

19 Yearlings 0.636 (1.633 0.626 0.624 0.622
and adults

Impact variables

62 Egys 0% 8.4% 0% 10.1% 0% 29.1% 0% 53.5% 0% 79.9%
64 Larvae 0.7% 9.1% 0.7% 10.8% 0.7% 29.6% 0.7% 54.8% 0.7% 80.1%
66 Juvenile 1 8.6% 7% 6.7% 12.4% 11.6% 30.6% 11.9% 55.0% 13.1% 52.5%
63 Juvenile 2 8.8% 8.2% 10.2% 10.2% 17.1% 31.3% 20.8% 58.2% 24.8% 84.9%
70 Juvenile 3 8.0% 7.8% 9.2% 9.2% 16.8% 30.1% 21.5% 57.6% 26.9% 85.3%
71 Yearlings 7.8 E4 7.7E4 9.4 E4 9.5 4 1.8 E5 2.9ES 2.3ES5 5.TES 3.0E5 8.6 ES
72 Yearlings 8.4% 8.4% 10.0% 10.1% 17.9% 30.0% 23.4% 57.4% 26.6% 85.9%
73 Adults 8.0 E4 1.6 E5 1.0 £5 2.1 E5 1.8 ES 5.3 E5 23 ES 1.2 Eb 30ES 1.8 £6
74 Adults 4.0% 8.0% 4.9% 10.3% 8.5% 29.9% 10.8% 56.8% 14.0% 84.9%
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Table D4. Summary of model runs for left limb and right limb of the compensation function disabled at different levels of AYS at year 40

Level 1: AYS=0.2

Level 2: AYS=0.5

Level 3: AYS =0.75

Level 4: AYS=1.00

Level 5: AYS=1.50

Level 6: AYS=2.00

Level 7: AYS =5.00

Output iy e . . . s
’u’rpu ife Neither Left Right Neither Left Right Neither Left Right Neither Left Right Neither Left Right Neither Left Right Neither Left Right
variable Lif X
code stage limb limb limb limb timb limb timb limb limb tirnb limb limb fimb fimb Hmb limb tmb limb lirab limb limb
disabled disabled disabled disabled disabled disabled disabled disabled disabled disabled disabled disabled disabled disabled disabled disabled disabled disabled disabled disabled disabled
1 Egg 831 E10 791 E10 2.54E10 8.52E10 B8.02E10 3.13E10 B8.22E10 6.83E10 3.61E10 7.09E10 3.66E10 4.05E10 5.20Ei0 2.05EiG 4.74E16 5.26E10 201 E10 5.21E10C 5.75E10 2.01E10 5.75E10
3 Egg 9.9% 9.9% 9.9% 9.9% 9.9% 9.9% 9.9% 9.9% 9.9% 9.9% 9.9% 9.9% 9.5% 9.9% 9.9% 9.9% 9.9% 9.9% 9.9% 9.9% 9.9%
4 Larvae 8.25 E9 7.85 E9 2.53E9 8.46 E9 7.96 E9 311 E9 8.16 E9 6.78 E9 3.59 E9 7.04 E9 3.63E9 4.02 E9 5.16 E9 2.04 €9 4.70 E9 5.22 E9 1.99 E9 2.17 E9 5.71 E9 1.99 E9 5.71 E9
5 Larvae 3.74 3.67 2.47 2.63 2.56 1.22 2.03 1.74 0.94 1.38 0.7% 0.79 0.68 0.27 {1.6255 0.53 0.19 0.52 0.24 0.08 0.24
6 Larvae 0.2% 0.2% 1.0% 0.6% 0.6% 1.1% 1.0% 0.8% 1.2% 1.1% 0.9% 1.2% 1.3% 0.9% 1.3% 1.4% 0.9% 1.4% 1.7% 0.9% 1.7%
7 Juvenile 1  1.62 E7 1.28 E7 2.60 E7 5.45 E7 4.53 E7 3.54 £7 7.82 E7 5.73 E7 428 £7 7.84 £7 3.17E7 4.99 E7 6.65 E7 1.78 E7 6.20 E7 7.21 1.74 E7 7.16 E7 9.60 E7 1.74 €7 9.60 E7
8 Juvenile1  2.24 1.73 2.60 2.27 1.84 1.42 2.04 1.47 1.15 1.56 0.61 1.00 0.89 0.23 0.83 0.72 0.17 0.72 0.39 0.07 0.39
9 Juvenile 1 17.7% 18.4% 18.9% 17.1% 18.0% 19.2% 17.7% 18.5% 19.4% 19.0% 18.6% 19.5% 19.7% 18.6% 19.8% 20.0% 18.6% 20.1% 21.4% 18.6% 21.4%
10 Juvenile 2 2.87 E6 2.36 E6 4.92 E6 9.32 E6 8.17 E6 6.80 E6 1.38 E7 1.06 E7 8.31 E6 1.49 E7 5.90E6 9.75E6 1.31 E7 3.31 E6 1.23 E7 1.45 E7 323 E6 1.44 E7 2.06 E7 3.23E6 2.06 E7
11 Juvenile 2 1.49 1.21 2.32 1.79 1.55 1.28 1.74 1.32 1.05 1.40 0.55 0.92 0.83 0.21 0.77 , 0.8 0.15 .68 0.39 0.06 0.39
12 Juvenile 2 23.5% 22.9% 21.2% 21.4% 21.2% 21.6% 21.2% 20.9% 22.0% 21.5% 20.9% 22.2% 22.4% 20.9% 22.6% 22.8% 20.9% 22.9% 24.3% 20.9% 24.3%
13 Juvenile 3 6.76 E5 542 ES 1.04 E6 2.00 E6 1.73 E6 147 E6 2.92 E6 2.21 E6 1.82E6 3.20 E6 1.23 E6 2.16 E6 2.94 £6 6.91 E5 2.77 E6 3.30 E6 6.76 ES 3.28 E6 4.99 ES 6.76 ES 4.99 E6
14 Juvenile 3 1.48 1.18 2.27 1.75 1.51 1.29 1.70 1.29 1.06 1.40 0.54 0.94 0.85 0.20 0.81 0.72 Q.15 0.72 0.44 0.06 0.44
15 Juvenile 3 21.4% 20.9% 21.0% 21.0% 20.8% 21.6% 21.1% 20.9% 22.0% 21.5% 20.9% 22.2% 22.4% 20.9% 22.6% 22.8% 20.9% 22.9% 24.2% 20.9% 24.2%
i6 Yearlings 1.45 ES 1.13 ES 2,19 E5 4.21 E5 3.61 E5 3.18 ES 6.17ES 4.62 E5 4.01 ES 6.87 ES 2.56 E5 4.80 ES 6.58 £5 1.44 E5 6.25 €5 7.54 ES 141 ES 7.50 E5 1.21 E6 141 E5 1.21 E6
and adults
17 Yearlings 4.15 ES 343 ES 4.85ES 9.81 ES 8.52 ES 6.88ES 1.36 E6 1.04 E6 8.56 E5 1.48 E6 5.84 ES 1.02 €6 1.38E6 3.32E5 1.31 E6 1.57 €6 3.25 E5 1.56 €6 2.44 E6 3.25ES5 2.44 E6
and adults
18 Yearlings 35-14-8 33-13-8 45-18-11  43-17-16 42-17-10  46-19-11  45-18-11  45-18-11  47-19-11  46-19-11  44-18-11  47-19-1%  48-19-11  43-18-11  48-19-12  48-19-12  43-18-11  48-19-12  49-20-12  43-18-11  49-20-12
and adults
Impact variables
62 Eggs 16.9% 20.9% 74.6% 14.8% 19.8% 68.7% 17.8% 31.7% 63.9% 29.1% 64.3% 59.5% 48.0% 79.5% 52.6% 47.4% 79.9% 47.9% 42.5% 79.9% 42.4%
64 Larvae 17.5% 21.6% 74.8% 15.4% 20.6% 69.0% 18.4% 32.3% 64.2% 29.6% 63.8% 59.9% 48.4% 79.7% 53.1% 47.8% 80.1% 48.4% 42.9% 80.1% 43.0%
66 Juvenile 1 4.1% 1.3% 75.1% 6.0% $.3% 68.2% 14.4% 24.6% 63.1% 30.6% 65.8% 58.6% 47.6% 82.2% 51.4% 46.2% 82.6% 46.6% 42.5% 82.6% 42.6%
68 Juvenile 2 12.2% 13.6% 78.1% 12.1% 14.6% 71.7% 17.2% 29.8% 67.0% 31.3% 68.9% 62.7% 51.8% 84.5% 56.1% 50.8% 84.9% 51.5% 46.8% 84.9% 46.8%
70 Juvenile 3 14.8% 17.3% 78.6% 13.4% 17.4% 71.8% 17.0% 31.1% 66.7% 30.1% 69.5% 62.1% 50.42% 85.0% 54.9% 49.5% 85.4% 50.4% 44.7% 85.4% 44.7%
71 Yearlings 2.9E4 2.9 E4 8.4 E4 7.3 E4 8.92 E4 8.19ES 1.34 ES 2.25ES 7.92 ES 2.94 E5 6.1 ES 7.7ES 6.42 ES 8.55ES 7.31 ES 7.06 ES B.63 ES 7.17 ES 9.1 E5 8.63 E5 9.16 ES
72 Yearlings 16.7% 20.5% 79.3% 14.8% 19.8% 72.0% 17.8% 32.8% 66.4% 30.0% 70.4% 61.5% 49.4% 85.6% 53.9% 48.4% 85.9% 48.9% 42.9% 85.9% 43.2%
73 Adults 8.4 k4 8.9 E4 1.78 E6 1.7E5 2.11 ES 1.72 E6 3.0ES 5.00 ES 1.66 ES 6.30 ES 1.3E6 1.6 ES 1.34 E6 1.81 E6 1.52 E6 1.46 E6 1.83 E§ 1.48 E6 1.85 E6 1.83 E6 1.85 E6
74 Adults 16.8% 20.6% 78.5% 14.7% 19.8% 71.5% 17.8% 32.6% 66.0% 29.9% 69.1% 61.2% 49.3% 84.5% 53.7% 48.2% 84.9% 48.8% 43.1% 84.9% 43.1%




Table D5, Surninary of model ruas for feft fimb or right limb of the compensation function disabled at different levels v AKX 81 yeur 40
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fevel I: AKX =0.5

Level 2: AKX =0.75

Level 3: AXX =0

feveld: AKX =100

Level5: AKX =1.1

Level 6: AKX =1.2 Tevel 7: AKX =13

Outpalt Cife Neither Left Right Neither Lefr Right Neither Left Naither Left Right Neither Left Right Neither Left Right Neither Left Right
variable st ; fimb limt limb limb iimb {imb L timb i imb {imd limb limb limb limb limb limb limb limb {imb limb
codz sy disablsd disabled disabled disabled disabled disabled disabied disablad  disabled disabied  disabled disabled disabled disabled disabled disabled disabled disabled disabled  disabied disabled
i Egg 9.67E1D 9.67E10 1.38E10 951816 9.50E 0 2.06E10 9.G6ELG 8.76E O 2.9GE:0 709E:1G 3.66E10  4.05EiC 5.72E10 2.97E10 5.27E1C 6.18610 ° 3.21Ei0 5.97E10 6.23E10 4.60EIGC  6.12E10
3 Egg 9.9% 9.9% 9.9% 9.9% 9.9% 9.5% 9.%% 5.5% 9.9% 9.9% 9.9% 9.9% 9.9% 9.9% 9.9% 9.9% 9.9% 9.9% 9.9% 9.9% 9.9%
4 Larvae 9.60E9 9.60E9 1.37E9 9 44E9 Y4389 2.04E9 8.99£9 8.7CE9 2.838%9 7.04E0 3.63E9 4,0289 5.68E9 2.95E9 5.23E9 6.13E9 3.19E9 5.93E9 6.19E9 4.57E9 5.08E9
5 Larvae 247 2.47 0.46 2.9 2.09 .49 1.34 1.79 G.6! 1.33 G.7% (.79 +1.05 0.54 0.97 1.07 0.55 1.03 1.02 G.75 1.06
6 Larvae 6.9% 5.7% 10.8% 2.7% 2.4% 3.8% 1.6% 1A% 2.07 1.17% 0.99% 1.2% 0.8% 0.6% 0.8% 0.5% 0.3% 0.5% 0.3% 0.2% 0.3%
7 Juvesite 1 6.63E3 6.39E8 1 .49E8 2.56%8 2.31E8 7.80E7 i 40ER 1.16E3 5.7CE7 7.84E7 31787 49987 4.41E7 1.62E7 4.13E7 3.16E7 1.11E7 3.0787 21587 1.00E7 2.1287
8 Juvenile | 5.20 5.16 374 3.54 3.43 172 2.46 219 R 56 0.61 £.00 0.86 0.30 0.80 0.60 0.20 0.58 (.40 0.17 0.40
9 Juvenile 1 5.5% 5.7% 40.3% 11.5% 12.7% 27.8% 17 0% 19.0% 22.45% 9.0% 18.5% 19.5% 17.1% 16.0% 17.2% 15.4% 13.7% 15.5% 14.2% 11.7% 14.2%
10 Juvernile 2 3.63E7 3.64E7 5.0:E7 2.9527 29487 21787 23887 21987 1.2887 1.G9E7 5.00E6 9.75E6 7.55E6 2.59E6 7.11E6 4.87E6 1.52E6 4.76E56 3.05E6 1.17E6 3.01E6
il Juvenile 2 3.75 3.74 6.09 2.85 2.80 211 2.25 2.06 1.22 1.40 (.55 (.62 .71 <(0.24 0.67 0.45 0.14 0.44 0.28 0.10 0.2%
12 Juvenile 2 32.5% 32.4% 44 8% 26.1% 26,1 % 30.7% 25.1% 23.4% 25.0% 21.5% 20.5% 22.2% 20.06% 17.9% 20.1% 18.5% 15.4% 18.6% 17.3% 13.2% 17.3%
{3 Juvenile 3 {.18E7 {.18E7 2.69E7 7.71E6 7.66E6 6.65EH 5.48E6 5.12E6 3.19E5 3.2086 1.23E6 2.16E6 1.51E6 4.65E5 1.43E6 9.04ES 2.34E5 8.85E5 5.28%S 1.55E5 5.23E5
i4 Juvenile 3 5.16 5.16 11.8 3.37 334 2.90 2.39 2.24 ;.39 i 40 0.54 0.94 0.66 0.20 0.62 0.39 0.10 0.39 0.23 0.07 0.23
15 Tuvenile 3 24.0% 24 0% 44 8% 23.6% 23.7% 30.6% 22.7% 23.1% 24.8% 21.3% 20.9% 22.2% 20.2% 17.9% 20.3% 18.8% 15.4% 18.9% 17.6% 13.2% 17.6%
19 Yezarlings 2.84E6 2.84E6 1.21E7 1.8256 1.82E5 2.0386 2586 1.19E5 7.9385 5.87E5 2.58E5 4.80E5 3.04E5 8.34E4 2.90E5 1.70E5 3.60E4 i.67E5 9.28E84 2.06E4 9.19E4
and agults
17 Yearlings 5.63E5 5.63E8 2.22E7 3.70E6 3.69E6 3.90E6 2.60E6 2.48EH 1.59E86 14856 5.34E5 1.02E6 7.03E5 2.19E5 6.67ES 4 39E5 1. 19ES 4.30E5 2.78E5 9.98E4 2.75E5
and adulis
18 Yearlings 50-20-12  50-20-12  54-22-13  49-20-12 49-2G-12  52-21-13  48-i9-12 48-19-11 50-20-12  46-15-11 44-18-11  47-19-11  43-17-10  38-16-i0  43-17-10  39-16-9 30-12-8 39-16-9 33-13-8 21-8-5 33-13-8
and adults
19 0.439 0.439 (.035 0.514 0.5i4 0.220 0.570 (.572 0439 0.626 0.645 0.586 0.719 0.775 0.713 0.821 0913 0.818 0.915 1.067 0.913
impact Yariables
52 Eggs 3.3% 3.3% 26.2% 4.9% 5.0% 75 4% 940% 12.4% 71.C% 29.1% 63.4% 59.5% 42.8% 70.3% 47.3% 33.2% 67.9% 40.3% 37.6% 54.0% 38.8%
b4 Larvae - 4.0% 4.2% 86.3% 5.6% 5.8% 79.6% {0.G% 13.2% 71.3% 29.7% 63.8% 55.9% 43.2% 70.6% 47 8% 38.8% 68.2% 40.8% 38.2% 54.4% 39.4%
56 Juvenile 1 10.0% 10.3% 85.4% 12.0% 12.7% 77.2% 15.3% 18.5% 3. 7% 20.3% 65.8% 58.5% 42.4% 72.5% 48.4% 39.2% 71.2% 42.4% 38.9% 59.2% 40.8%
68 Juvenile 2 7.6% 7.5% 87.3% 7.8% 8.1% 79.9% 12.0% 16.0% 72.1% 31.3% 68.9% 62.7% 47.6% 76.5% 53.1% 44 0% 75.0% 46.7% 42.8% 64.6% 44.4%
70 Juvenile 3 3.3% 3.5% 87.7% 5.5% 5.8% 80.6% 10.1% LI 72.4% 30.1% 69.5% 62.1% 46.0% 77.2% 51.0% 41.6% 75.8% 43.9% 40.6% 65.7% 41.9%
7i Yeariings 1.CES 9.7E4 9.01E7 9.0E4 9 584 8.9E6 1.3E5 .7E5 2.1E5 2.9E5 6.1E5 7.7E5 2.43E5 2.98E5 2.80ES 1.13E5 1.19E5 1.21ES 6.03E4 4.19E4 5.33E4
72 Yeartings 3.4% 3.3% 88.2% 4.7% 5.0% 81.3% 3.4% 12.4% 73.0% 30.0% 7C.4% 61.5% 44 4% 78.2% 49.1% 39.8% 76.3% 42.0% 39.6% 67.1% 40.8%
73 Aduits 1.9E5 1. 9€5 1.66E8 1.9E5 1.9E5 1.787 2.7E5 3.5E5 4. 2E8 6.3E5 1.386 1.6E6 5.55E5 7.08E5 6.37E5 2.87ES 3.39E5 3.07ES 1.78ES 1.66E5 1.85E5
74 Adults 3.3% 3.2% 38.2% 4.9% 5.0% 81.1% 9.4% 12.4% 72.7% 29.9% 69.{% “61.2% 44.1% 76.4% 48.8% 39.5% 74.0% 41.6% 39.0% 52.4% 40.2%




Table D6. Summary of model runs for left limb and right limb of the compensation function disabled s{ different levels of AKX0 at year 44

Level 11 AXKXO=10.3

Level 2: AXKX( =05

Level 3: AKX0=0.8

Level4: AKXG=0.9

Gutput .
variable Life Neither Left Right Neither Left Right Neither Laft Right Neither Lett Ripht
code stage limb Hmb lirnb limb limb limb mb fimb limb Limb timb limb
disabled disabled disabled disabled disabled disabled disabled disabled disabled disabled disabled disabled
1 Egg 9.16 EI¢ 558 E10 577E10 899 K10 S500E10  5.32 Ei0 709E10 366E10 4.05E10 4.64FE10 296 E10 321 E10
3 Fgg 9.9% 9.9% 9.9% 9.9% 9.9% 9.9% 2.9% 9.9% §.3% 3.9% 9.9% 9.9%
4 Larvae .09 E9 554 E8 5.73 ES 8.92 E9 496 E9 5.2BE9 7.04 £9 3639 4.2 E£9 460 E9 284 ¥9 3.19 69
R farvae 1.7 1.08 1.13 1.70 0.97 1.04 1.38 0.71 0.79 3.90 6.58 0.63
& Larvae 1.7% 8.9% 2.3% 1.4% 0.9% 1.8% 1.1% 0.9% 1.29% 1.6% 0.9% 1.1%
7 Juvenile I 1.58 E8 4.83 E7 1.31 B8 1.27 ER 4.33 E7 9.58 E7 7.84 E7 31787 499 E7 47287 25787 342867
8 Juveniie I 2.58 0.93 2,90 2.33 0.83 2.03 1.56 0.61 1.00 0.93 .49 .67
9 Juvenite 1 11.3% 18.6% 19.5% 14.5% 18.6% 19.6% 19.0% 18.6% 19.5% 19.1% 18.6% 19.4%
140 Juyventle 2 1,78 £7 8.99 E6 2.56 E7 1.85 E7 8.06 E6 1.88 E7 1.49 g7 590 E6 3756 9.62 £6 478 £6 6.62 E6
11 luvenile 2 1.73 0.84 2.48 1.77 G.75 1.80 1.46¢ 0.55 .92 0.5 4.45 4.62
i2 Juvenife 2 21.9% 20.9% 21.8% 21.4% 20.9% 21.9% 21.5% 20.9% 22.2% 21.6% 20.9% 22.0%
i3 Juvenile 3 3.90 F6 1.88 E6 5.58 k6 396 b6 1.68 F6 4.12 E6 3.20 Eo 1.23Fs 2,16 k8 1.85 B8 398 ES 1.46 K6
14 Juvenile 3 1.70 .82 2.44 1.73 .74 1.80 1.490 0.54 3.94 .85 6.44 .64
15 Juvenile 3 21.7% 20.9% 21.2% 21.4% 20.9% 21.7% 21.5% 20.9% 22.2% 28.7% 20.9% 22.0%
16 Yearlings 845 ES 3.93E5 1.18E¢6 8.45 E5 3.52E5 892 E5 6.87 ES 2.56 E5 4.80 ES 423 E5 20985 3.21E5
and adulis
17 Yearlings 1.83 E¢6 8.81 E5 2.40 B8 1.82F6 793 E5 1.83 E6 1.48 E6 5.84 E5 1.02 E6 9.21 E5 4.76 ¥5 6.94 K5
and adults
i8 Yearlings  46-19-11  45-18-11  49-20-12  46-19-11  44-18-11 49-19-12  46-19-11  44-18-11  47-19-11  46-19-11  44-18-11  46-19-11
and adults
Impact variables
62 Eggs 8.4% 44.2% 42.2% 10.1% 50.0% 46.8% 29.1% 64.3% 59.5% 53.6% 70.4% 67.9%
604 Larvae 21% 44.8% 42.8% 10.8% 50.5% 47.3% 28.6% 63.8% 59.9% 54.0% 70.6% 68.2%
66 Juvenile 1 9.7% 42.6% 32.1% 12.4% 50.0% 40.2% 36.6% 65.8% 38.6% 55.0% 73.1% 68.8%
68 Juvenile 2 8.2% 46.6% 39.5% 16.2% 53.8% 46.4% 31.3% 68.9% 62.7% 58.2% T5.8% 72.0%
70 Juvenite 3 7.8% 47.7% 41.0% 9.2% 54.6% 46.9% 30.1% 69.5% 62.1% 57.6% 76.5% 71.7%
71 Yearlings 7.7 B4 3.8F5 8.7 ES 9.5 E4 4.5 F5 8.0 ES 2.9 ES 6.1 E5 7.7ES 5.7TES T1E5 8.0E5
72 Yearlings 8.4¢; 49.2% 42.5% 10.1% 55.9% 47.3% 30.0% T0.4% 61.5% 57.4% 71.2% 71.4%
73 Adults 1.6 ES 8.2 E5 1.77 €6 2.1 k3 96ES 1.64 E6 6.3 k5 13E6 16 E6 1.2E 1.5E6 1.7 E6
74 Adults 8.0% 48.2% 42.4% 16.3%, 54.8% 47.2% 29.9% 69.1% 61.2% 56.8% 76.0% 70.8%
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