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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 strip~d 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 KXO 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 limb 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. 

iii 
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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 o~ 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 COMPENSATION1 ~ 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 follows: 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. 



2 

11 The first order decay expression is written: 

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

N = number of fish per unit volume of water 
KE = unit first order decay rate, a constant having the 

units of days - 1 

11 This expression was used in the early modeling [1] to describe 
the natural mortality behavior in any life stage. The 
numerical value of KE is obtained when the duration of the 
stage in days and the percent survival for that stage are known. 

11 The kinetic expression employed in the transport model 
was developed by employing the first order form. in which a 
general rate coefficient K, rather than the constant KE, is 
introduced and is allowed to vary with fish concentration. 

11 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. 
11The functional form chosen for variation of "K is: 

3 
K = K + (K -K ) E E o 

N-Ns 

~ 
. . . . • . (1 ) ~ 

in which: 
K =generalized unit mortality rate, day-l 
KE = conventional first order or 11 equilibrium., rate, 

day -l . 

K
0 

= m1n1mum unit mortality rate consistent with system 
-1 biology, day 

Ns = 11 Suturntion 11 or equilibrium population level, fish 
per unit volume 

N = actual fish concentration at any point in time 
(week and year) and space (river location) 
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"This kinetic model has been developed after extensive 
review of population dynamics literature ([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 
(KE, 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 KE, 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 life - 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. 

aNicholson, A. J., "The Self Adjustment of Population to Change," 
Cold Spring Harbor Symposium, 1957, Quant. Biol. 2-2:153-172. 

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. 

d . Err1 ngton, P. L. , "Factors Limiting Higher Vertebrate Popu 1 at ions," 
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 throu~h 278, 1971. 
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11 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 
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. 
11The 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 KE· 
Note that this corresponds to 20% survival over 30 days 
of life 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 11 existing 11 conditions in 
the river. 
11 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. 

11 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, Ko, is 
reached. K approaches Ko as the population decreases 
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toward zero. Thus, Kamay 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. 
11 In this sense, Ko has the same system interpretation as 
does KE and Ns, i.e., it is representative of the 11 nOW 11 

condition in the estuary, taking into account all positive 
and negative, natural and man-made influences on the 
system. 

11 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. 

11 Note that in the presence of a factor which will 
tend to increase population, such as a year in which 
11 everything is right, 11 the mortality rate, K, will 
exceed KE 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.[l] 

11 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. 11 

LMS uses exactly the same compensation function in its real-time, 
two dimensional model. 3 With one modification, LMS also uses the 
same compensation function in its completely (totally) mixed model 
(i.e., spatially homogeneous model). 1 The one modification is that 
Ns' the 11 Saturation 11 or equilibrium population density (fish per· 
unit volume) used in the two transport models, is replaced by YS, the 
11 Saturation 11 or equilibrium standing crop for the entire Hudson River 
estuary. 
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SENSITIVITY ANALYSIS OF THE COMPENSATION FUNCTION 
USING THE LMS COMPLETELY MIXED STRIPED BASS MODEL 

Justification for Using the Completely Mixed Model 

As indicated i~ the preceding section, LMS uses essentially the 
same compensation function in all three of its striped bass models. 
We selected the completely mixed model 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 dimension~l model-. 4 

Methods 

We started with the deck of computer cards for the transport and 
comp1ete1y mixed models as supplied5 and documented6 by LMS and Con 
Edison. These two models consist of subroutines of a main program, 
with the main prqgram 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, ~elating pr1mar1ly 
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., disabl~ng) of the right or left limb of the 
compensation function]. A listing· of the computer program as used by 
ORNL is given in Appendix A. Input data cards for a sample run are 
give~ in·Appendix B, and output from the sample run is given in Appendix 
c. 

We performed two types of sens1t1v1ty 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 it~elf involving disabling the left or right limb. 

··The LMS compensation function has three parameters for each life 
stage: YS(=Ns), the saturation or equilibrium standing crop; KX(=KE), 
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the corresponding equilibrium mortality rate coefficient; and KXO{::K
0
), 

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 report.) 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 l{a)] were selected as 
follows. The probability of survival {PS) and duration {DTE) were 
specified for each life 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 life 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 -ln{PS)/DTE. The model was run 
using these KX values and KXO = KX for each life 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 life 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 KXO 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 {KXO) were obtained by using the multiplicative constants 
{denoted AYS, AKX, and AKXO, respectively) in Table l{b). Note that 
level 4 of AYS, level 4 of AKX, and level 3 of AKXO {f.e., KXO=O.B 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 

Symbol a Units Eggb Larva Juvenile Juvenile 2 Juvenile 

PS 0.1 0.01 0.215 0.215 0.215 
DTE Days 2 28 30 100 158 
YS(::: Ns) No. of 1 .47E9c 2.65Eic 8.98E6c 2.29E6c 

organisms 

KX(::: KE) Day -l l. 15 0.164 0.05i1 0.0124 0.00972 

KXO(:::K )d -1 0.132 0.0409 0.00996 0.00778 n Day 

3 

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

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

cFortran exponential notation; e.g., 1 .47E9 = 1.47 x 109. 
dFor ea~h life stage, KXO = 0.8 KX; e.g., for larva~ 0.132 = 0.8 (0.164). 

(h) Multiplicative constantse 

Level AYS AKXf AKXOg 

1 0.2 0.5 0.3 
2 u.o u ./b 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 

eFor a given parameter (i.e., YS, KX or KXO) and model run, the same 
multiplicative constant (value of AVO, 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 l(a) by multiplicative constants selected 
f~om Table l(b). 

fin the sensitivity analysis for KX, KXO v11lues 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 KXO value used in the 
model is 0.8 (0.082) = 0.0656. 

gThe AKXO multiplicative constants were applied to the baseline KX values 
(Table l(.a)). T!'le approach was to specify a value for the ratio KXO/KX(::: AKXO) 
Ce.g., 0.3), and then given th.e baseline KX value (e.g., 0.164 for larvae) to 
calculate KXO as KXO = AKXO•KX for the different levels of AKXO given in 
Table l(b) (e.g., KXO = 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 limb or the right 
limb (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 left limb was disabled for each life stage by setting the 
cubic term in Eq. (1) equal to zero whenever the standing crop at 
timet, N(t), was less than the equilibrium standing crop, YS; i.e., 
whenever N(t) < YS. The right limb 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 limb or right limb is disabled. The effects of disabling 
the left limb or the right limb were compured 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 
year 1 provided results with the power plant operating for 1 year; 
and the output for. year 40 provided results with the power plunt 
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 less 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 life 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 
model. 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 
life stage for each of the five young-of~the-year life 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 
11 impact variables. 11 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: 

NumhP.r of 

100 X 

Values of variables 62-74 were tabulated for years 1 and 40, with 
year b (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 Dl-06. 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 
codea Description of output variableb 

01 Number of eggs produced 
03 Percent survival through the egg life stage 

04 Number of larvae produced 
05 NMAX/YS for larvae 
06 Percent survival through the larval life stage 

07 NumhPr nf ,Jl rrnrllli.Prl 
08 NMAX/YS for larvae 
09 Percent survival through Jl 

•10 Number ot J2 produced 
11 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 
17 
18 

19 

62 
64 
66 
68 
70 
71 
72 
73 
74 

Number of yearlings produced 
Total number of adults 
Relative age composition in the first three age 

classes 
Annual probability of survival for adult age 

classes 4-13c 
Jr.n.P.lic:t_ Ya,_r_i_!l.~.1 !=!.S. 

Percent reduction in number of eggs produced 
P~r'cent l'tH.Iultion ii~ numbe,- of lor'Vae pi'uduced 
Percent reduction in number of Jl produced 
Percent reduction in number of J2 produced 
Percent reduction in number of J3 produced 
Reduction in number of yearlings produced 
Percent reduction in number of yearlings produced 
Reduction in total number of adults 
Percent reduction in total number of adults 

aVariables 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 ye~r 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; Jl 
denotes the Juvenile 1 life stage; J2 denotes the Juvenile 2 life stage; 
J3 denotes the Juvenile 3 life stage. 

cVariable 19, the annual probability of survival for adults in each 
of age classes 4 through 13, is calculated during year 0 using an 
i_te.ration 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 lower 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 
locat1on 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 limb 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) r:au~es NMAX/YS to increase. although for 
AYS ~ 0.5 the value of NMAX/YS ultimately decreases for the juvenile 
life stages. 

Considered together, Figs. 4a, 4b, and 4c indicate that at YS 
values slightly above the baseline levels (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 limb 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 limb {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 te~ds to operate 
more on the right limb 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 lower 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 o_f the base 1 i ne va 1 ues ( 0. 7 5 ~ AKX ~ 1. l) . 

The curves in Figs. 5a and 5b may be explained by the curves in 
Fig. 5c, 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 life 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 life stages. 

Considered together, Figs. 5a, 5b, and 5c indicate that at KX 
slightly 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 
limb 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 left limb 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 limb of the compensation function, which gets progressively 
steeper (i.e., stronger compensation), with the result that percent 
reduction decreases. 

Sensitivity analysis of KXO, the minimum mortality rate 
coefficient 

The dependence of percent reduction in number of yearlings and 
number of adults on KXO {K

0 
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
line case. Values of KXO greater than the baseline values {AKXO > 0.8) 
result in higher percent rP.ductions. 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 KXO 
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 
KXO, while holding YS and KX constant, is to increase {AKXO > 0.8) or 
decrease {AKXO > 0.8) the steepness of both the left and right limbs. 
When AKXO = 1.0, a horizontal straight line at KXO = 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 mortality, 
i.e., a decrease in the mortality rate as standing crop increases. 
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As the limbs of the compensation function become steeper, the effective­
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 results7 (Fig. 6c). The major difference between 
the two analyses is that the LMS curve is shifted downwards and covers 
a narrowei 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. 8, 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 left or right limb of the compensation 
function 

Dependence on YS. The dependence of percent reduction in number 
of yearlings at year 40 on YS with neither limb of the compensation 
function disabled, left limb disabled, and right limb disabled is 
illustrated in fig. 7. The curve for ne1ther limb disabled is the 

same as the curve for year 40 in Fig. 4a. Disabling the left limb 
results in higher percent reductions, especially for YS at and above 
the baseline values (AYS ~ 1.0). Disabling the right limb also results 
in higher percent reductions, espP.r.ially for YS at and below the base­
line values (AYS ~ 1.0). 

The curves in Fig. 7 may be explained as follows. Disabling 
either limb 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 limb of the 
compensation function in offsetting power plant mortality, while 
increasing YS(AYX > 1.0) accentuates the importance of the left limb 
(Fig. 3). Thus, disabling the left limb in combination with AYS 
values> 1.0 markedly increases percent reductions (Fig. 7). Likewise, 
disabling the right limb 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 limb of the compensation 
function disabled, left limb disabled, and right limb disabled is 
illustrated in Fig. 8. The curve for neither limb disabled is the 
same as the curve for year 40 in Fig. Sa. The curve for the left 
limb disabled is similar in shape to that for neither limb disabled. 
However, the percent reduction values with the left limb disabled are 
approximately double the values with neither limb disabled for KX at 
and above the baseline KX values {AKX ~ 1 .0). With the right limb 
disabled the dependence of percent reduction on KX is the reverse of 
that with neither limb disabled or the left limb 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 
1 i mb d i sa b 1 ed . 

The curves in Fig. 8 may be explained as follows. Again, disabling 
either limb 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 DS). As a result the left limbs of the compensation 
functions become relatively unimportant, and consequently, disabling 
the left limbs 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 
low KX values results in tremendous increases in percent reduction 
{Fig. 8). 

Increasing KX increases mortality, and thus decreases standing 
crops and NMAX values {Table DS). As a result the right limbs of the 
compensation functions become relatively unimportant, and consequently, 
disabling the right limbs 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 limbs of the compensa­
tion functions are of greater importance. Consequently, disabling the 
left limbs at high KX values increases percent reduction. 
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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 limb disabled merits comment \:;;~.~~jj~{lttr~:Si:\:·· 
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 life stage populations off the right limbs of the compensa-
tion functions. In fact, as indicated in Table D5, by year 40 NMAX is · 
considerably less than YS for each lif~ 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 limbs 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 year 40 and accounts 
for the decrease in percent reduction at AKX = 1 .2. 

Dependence on KXO. The dependence of percent reduction in number 
of yearlings at year 40 on KXO with nei thcr 1 imb of the COIIIJJ~nsat1 on 
function disabled, left limb disabled, and right limb disabled is 
illustrated in Fig. 9. The curve for neither 11mb disabled is the 
same as the curve for year 40 in Fig. 6a. Disabling either the left 
or right limb of the compensation function results in hiqher percent 
reductions, especially for KXO at and below the baseline value (AKXO 
~ 0.0). Disabling the left limb, as compared to the right limb, 
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 lirnb is disabled 
and is least when the left limb is disabled. 

The curves in Fig. 9 may be explained as follows. Disabling 
either limb decreases the range of standing crops over which compensa­
tory changes in mortality can occur. In particular, disabling the left 
limb eliminates compensatory changes in mortality for standing crops 
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less than YS, while disabling the right limb eliminates compensatory 

changes for standing crops greater than YS (Fig. 3). Figure 9 indicates 
that both limbs of the compensation function are important in off­
setting power plant mortality for all values of KXO, 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 
1 imb. 

(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 life 
stages {eggs, larvae, and Juvenile 1). 

(3) Output variables, includi~g production, percent survival, and 
population size, were tabulated for years 0, 1, and 40. V'alues 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 KXO~ 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 KXO. 

{5) Disabling eithe·r limb 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 
disabling the right limb. 
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DISCUSSION 

Conceptual Basis for the LMS Compensation Functiona 

We feel that the LMS mathematical formulation, as described under 
LMS formulation of compensation, is not conceptually sound. As imple­
mented in the three.LMS striped bass models,1' 2' 3 the assumption is 
made that without the new power plants (Indian Point Units 2 and 3, 
Bowline, and.Roseton), 11 the system is in relative balance or at relative 
equilibrium. and th~rP ic:; little active compensgtion ... For young-of­
the-year life 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 entire 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 
limb of the curves in Figs. 1 and 2 for fish species such as striped 
bass. Much of the theory of compensation in anima·! populations is based 
on experience with terrestrial and higher vertebrate populations. In 
these populations there may be sound biological bases for hypothesizing 
the le'ft 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 low 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 spec1es), and other behavioral phenomena that tend to be 
more highly developed in terrestrial and higher vertebrate species 
than in nonterritorial fish species such as the striped bass. Based 
on model results LMS has presented to date, it is not clear which half 

aFor a previous discussion of some of the points mentioned below, see 
reference 7, pages 134-135. 



29 

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 limbs 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 zero to some critical density. Above this 
critical density the density-dependent parameter increases (e.g., 
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 model 10 and 
our life cycle model 11 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 
bass young-of-the-year population in the Hudson River. 10 This type of 
function is analogous to the plateau and right limb of the compensation 
function used by LMS (cf. Figs. 2 and 10). Given this formulation, 
the majm· issue (Le., the extent to wh1ch 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· 1 i fe stage is defined as the equi 1 i b­
rjum 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 life stages is inappropriate. Within a year, the young-of-the­
year population consists of a series of linked transients, with one life 
stage overlapping with both the preceding and succeeding life stages. 
To speak of an equilibrium population level for each life stage in such 
a system is meaningless. In dealing with comparisons among years, only 
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 life 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 
-ln(PS)/DTE for each life 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 life stage under equilibrium 
conditions. However, all that can be estimated from field and/or 
laboratory data are DTE 1

, an average time required to pass through a 
given life stage, and ps•, an average probability of survival through 
that life stage. DTE 1 and ps• could then be used to calculate an 
average f·Jrst urder rnurtalHy rate coefficient (KX 1

) as KX 1 = -ln(PS 1
)/ 

DTE 1
, assuming exponential mortality. Only by chance would DTE 1 = DTE, 

ps• = PS, and/or KX• = KX, because the average values will reflect 
biological phenomena occurring over the full range of population 
densities, achieved in the natural system, and not just at an 11 equilib­
rium11 standing crop or density (however defined). Thus, the parameters 
necessary to calculate KX cannot be directly estimated from observable 
data. 

KXO 
I 

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 implicitly criticized the biological basis for this 
parameter in the previous discussion about the left limb 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 LMS 
commonly correspond to unrealistic probabilities of survival (Table 3). 
The PSO values for AKXO = 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 
larvae. 12 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 questions 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 LMS 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 least sensitive to changes in YS, the equilibrium standing crop, 
and most sensitive to changes in KXO, the minimum mortality 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 (PSO) 
corresponding to the KXO values used by LMS 

Life stage 

Larva 
Juvenile 1 
Juvenile 2 
Juvenile 3 

DTEa 
(days) 

28 
30 

123 
158 

0.15 
0.20 
0.50 
0.19 

AKXO = 
0.8 

0.22 
0.28 

0.57 
0.27 

AKXO = 
o. 5 . 

0.39 
0.45 
0.71 
0.44 

AKXO = 
0.25 

0.62 
0.67 
0.84 
0.66 

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

bValues for maximum probability of survival through the life 
stage are calculated as 

PSO = e-AKXO•KX•DTE = e-KXO•DTE, where KX = -ln(PS) 
nrE 
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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 limb 
of the LMS compensation function, and we have shown that disabling the 
left limb 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 

OAK RIDGE NATIONAL LABORATORY 



ISH 0002 
ISN 0003 

ISH 0004 
ISH 0005 
ISH 0006 
ISM 0007 
ISH 0008 
ISH 0009 
ISH 0010 

ISH 0011 
ISlf 0012 
ISH 0013 
.ISH 0014 
ISH 0015 
ISH 0016 
ISH 0017 
ISH 0018 
ISH 0019 
ISH 0020 
ISH 0021 
IS!i 0022 
I SN 0023 
ISM 0024 
ISN 0025 
ISN 0026 
ISM 0027 

ISII 0028 
ISM 0029 
ISM 0030 
ISM 0031 
ISN 0032 
ISII 0033 
ISH 0034 
1311 OOJ5 

.ISH 0036 
ISII 0037 
ISN 0038 
ISII 0040 
.ISII 0041 
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CO~FIIER OPTIOIIS - NA"E= !AIN,OPT=02,LINECN1=60,SIZE=OOOOK, 
SOURCE,EBCDIC,NOLIST,NOtECK,LOAD,"AP,NOEDIT,NOID,XREF 

CBIST 
c ••• 
c 
c 
c 
c ••• 

JANUARY 1976. COI!PUTER CODE FOR THE COI!FLETELY I!IXED MODEL 
DEVELOEED BY LAWLER, IIATOSRY & SKELlY, AS !!ODIFIED BY 

VAN WINKLE. 

!liST 
HIST 
HIST 
HIST 
HIST 
HIST 

C ••• THIS IS THE KAIN PROGRll! FOR THE COMPLETELY MIXEt 
C ••• IT WAS POR!!ERLY IDENTIFIED AS SUBROUTINE HISTG. 

I!ODEL. HIST 
HIST 
HIST 

0 
5 

1 0 
15 
20 
25 
30 
35 
40 
45 
50 

c ••• 

c ••• 

COI!IION/ADULTT/DCY (20) ,l'EC (20) ,S BAT ( 20), SI!AT (20) HIST 
COI!"ON/LSTAGE/AKX(5) ,AKXO (5) ,AYS(5) ,DE (5) ,DTE(5) ,FKILL(5) ,!LEFT (5) HIST 

1 , Iil•ii!T (!IJ, t..L (!IJ, t • .L<I IIIJ,I• {iii llll..i'l' 
COKKON/PAR/IEND,iSKP,ISW,KSTP,NN,P,CP,TE,Y HIST 
COIIKON /RKT'IA/ NX,DNXDT,AUJ(16,1) HIST 
COIIIION/IIGHT/TI II (10) ,TIIIW (10) HIST 
C0K!toN/IIYY/11(5000),YY(5000) HI!>T 
DI II! tiS ION ADO LT ( 20) , ADULTS (20), CCI() (20) , P AU (20 I ,!'AUt: (20) , NIH' (20) HlS'r 
DIKENS ION CHAR (6,5), JLEPT (5), JR IG 8T (5) ,PN CAY (4) ,A SUI! ( 4) 1 REF· (6) HI ST 
DI!!ENSION R(100) 1 S(100) ,R3(100).,SR(100) 1 1lli(100) ,R3R (100), R3S (100) HIST 

1 ,R3RSil (100) HIS'£ 
R!AL•8 ISW1,JLEFT,JRIGHT,NO,YES HIST 
REAL 1!!PJ2,l!!PJ3,IIIPTOT,KX,KX0,NEC,NIIAX,NIIAXYS,NTOT,NX,KPLANT HIST 
DATA NC/6H N0/ 1 YES/6H YES/ HIST 
DATA J ,K,L,I!, N/~0/ !liST 
DATA IK,IN,IQ,IX,JJ,LL,I!II/7•0/ HIST 
CATA IAD,IEN,III,IPL,IPT,IST,IVY,IYE,LPT,LYa/10•0/ HIST 
DATA KSVT,KTY0/2•0/ HIS'!' 
DATA IKTYO,ITEST,KSPAN,IISPAN/,..0/ HIST 
DATA INCR!!T,IS'IAGE/2•0/ HIST 
DATA R,S,R3,SB,BR,R3R,B3S,B3RSR/800•0./ HIST 
DATA AA,A!!,BB,E2,RO,SK,SP,TF/8•0./ HIST 
DATA A VG,NEO,REf,SPE,SSP/1 C•O./ HIST 
DATA ASUII,N!!AX,NTOT,PSPP,BATE,SUI!~,SURV,TEND,TOT1/12*0./ HIST 
DATA PRACT,PNDAY~PTI!!E/6•0./ HIST 
DATA NI!AXYS,PEQUAL,TSTA&T/3•0./ HIST 
DATA AtULT, ADULTS, DCYU,PAD,PAtE,R!!P/120•0./ HIST 
INT!~EB OP1.0P2 HIST 

&. ,, 

-'·' 
fiO 
65 
70 
7t., 
HU 
85 
90 
Y5 

100 
105 
11 0 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
HH! 

C ••• INITIALIZATION STATEMENTS. 
wr: c:~ 1 1'15 
HIST 190 
HIST 195 
HIST 200 
HIST 205 
HIST 210 
HIST 215 
HIST 220 
HIST 225 
HIST 230 
Hl.S'l' 23S 
HIST 240 
HIST 245 
HIS'X 2~0 

IIIS't 255 
HIST :.!60 
HIST 265 
HIST 270 
HIST 275 

c ••• 
OP1=6 
Of2=12 
IP1 =5 
ISW1 = NO 
TIM (1) =0. 
Tift(9) =56. 
DO 10 I=1,5000 

10 Tt(I)=O. 
c ••• 
C ••• READ INPUT PARA!!ETERS AND WRITE THOSE INPUT PARAI!ETEBS REQUESTED. 
c ••• 

READ(.IP1,10000) .ISW.IEHD,LYR,.STP,TSTART,TEND,ISKp 
LIR=I.Ui ... l 
If (IS1f.EQ.1) ISW1=YES 
TP=TEN D-TSTART 
READ(If1,10100)IST,IK,IEN,IIN 



ISII 0042 
ISM 0043 
ISII 0044 
ISII 0046 
ISN 0047 
ISM 0048 
ISN 0049 
ISN 0050 
ISM 0052 
ISN 0054 
ISII 0055 
ISN 0056 
ISN 0057 
ISN 0058 
ISN 0059 
ISN 0060 
ISN 0061 
ISN 0063 
ISII 0065 
ISII 0066 
ISN 0067 
ISN 0069 
ISN 0070 
ISN 0071 
ISN 0072 
ISN 0073 
ISN 0074 
ISN 0075 
ISN 0076 
ISN 0077 
ISN 0078 
IS!i 0079 
.ISN 0080 
ISN 0082 
ISN 0084 

ISM OC86 
ISM 0087 
rsN ·0088 

ISN 008,9 
.L:>M 0090 
ISN OC91 
ISN 0093 
ISN 0095 
ISN 0096 
ISN 0097 
lSN 0098 
ISN 0100 

I5N 0107 

ISN 0104 
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READ (If 1, 10 20 0) QP 
READ(If1,10300) V, (FKILL(L),L=1,5), IPL 
If (IS1i.EQ.1) LYR=LYR+ISii 
QFCFS = 170J680*QP 
WRITE(OF1,13000) 
liRITE(Of1,13900) IEiiD,LYR,ISW1,IPl 
liRITE(CF1,13000) 
If (NN.EQ.1) liRITE(OP2,131CO) 
IF (NN.EQ.1) IIRITE(Of2,13200) QF,<;PCPS,V,(PK!Ll(JJ),JJ=1,5) 
KSIIT = 1 
ISTAGE=1 
IYR=O 
READ(If1,101100)P,TE, (DE(JJ) ,JJ=1,!:) 
PEQUAL=P 
READ(If1,10500)1iSPAN, (TIII(J),J=.<,NSPAN) 
RUD(If1,1060C) (TIIIIi(J) ,J=1,NSPAN) 
IF (NN.EC.1) WBITE(12,14000) (DE(J),J=1,5) 
IP (NN.EQ.1) IIRITE(OP2,14100) TE 
KSPAN=NSPAN-1 
DO 20 1<=1,KSPAii 

IP (NN.EQ.1) WRITE(OF2,142CO)TI!I(K),T!I'\(K+1),TI!Ii(K) 
20 CCNTINIJE 

READ (IF1,1070C) (DCY (J) ,J= 1,I:END) 
Rl!AD(IF1,10AOO) (SRAT(J) ,J=1,IEND) 
P. EA D (I F 1 , 1 0 AO 0) (SIlk T -( J) , J= 1, IJ!N I:) 
READ(IF1,10900) (FEC (J),J=1,IEND) 
READ (I P 1, 11 00 0) ( PN DAY (J) , J= 1, 4) 
PTIIIE=C. 

30 PRACT=I:E(1)*TI!111(1)/TI!I(2) 
NP.O=F*FiiACT 
ITEST=IIOD (IYR, IK) 
IN=O 
IF (ITEST.EQ. 0) IN=1 
IF (IN.EQ.1.0R.IYR.EQ.1) WRITE(OF1,11400) IYR 

40 IF (IYR.GT.O) GC TO 50 
c ...•.............. 

READ(IF1,11100) (CIIAR (I, !StAGE) ,1=1 ,6) 
RUI:(IF1,11200) KX (ISTAGE),YS (!STAGE) ,DTE (!STAGE) 
R UD (IF 1, 11300) AKX (I STAGE) ,A KXO (IS UGE) , AYS (I STAGE), 

1 ILEFT(ISTAGE),IRIGRT(ISTAGE) 
JLEP'I(ISTAGE) = NO 
JRIGHI(ISTAGZ) ~NO 

IP (ILEFT(ISTAGE).EC.1) JLEI'T(ISTAGE) YES 
IP (IRIGHT(ISTAGE).EQ.1) JRIGHT(ISTAGE) =YES 
KX (!STAGE) = AKX (!STAGE) *KX (I STAG!) 
K XO (IS 'I AGE) = AI<XO (!STAGE) *KX (I STAG E) 
YS(ISTAGE) = AYS(ISTAGE)*YS(ISTAGE) 

50 IF (IN.EQ.1.0B.IYR.EQ.1) IIRITE(OP1,1JOOO) 

HIST 280 
HIST 285 
HIST 290 
HIST 29 5 
HIST 300 
HIST 305 
HIST 310 
RIST J 15 
HIST 320 
RIST 325 
HIST 330 
'II ST 3 3 5 
HIST 340 
HIST 145 
HIST 350 
HIST 355 
HIST 360 
HIST 365 
HIST 37C 
HIST 375 
HIST 180 
HIST 385 
HIST 3'l0 
HIST .39 5 
HIS·r 400 
HIST 40S 
HIST 41G 
HIST 415 
HIST 1120 
HIST 1125 
HIST 1130 
HIST 113~ 
HIST 440 
HIST .4115 
HIST 450 
HIST 
HIST 
HIST 
HIST 
HIST 
HIST 
HIST 
HIST 
HIST 
HIST 
HIST 
HIS 'I' 
HIS'l' 

IF (IN.EQ.1.0B.IYR.EQ.1) WRITE(OP1,11500) !STAGE, 
1 I= 1,6) 

(CHAR(I,ISTAGE) ,HIST 

1155 
460• 
465 
470 
475 
480 
1185 
490 
1195 
500 
505 
510 
515 
'}20 
525 
530 
5~5 
540 
5115 
550 
555 
560 
565 

c •.. 

TP (NN.EQ.1.AHII.Ilf.E0.1.0RoNN.~0.1,AND.IYR.EQ.1) WRITE(OF,1 1 13300) 
1 KX (!STAGE) ,KXO(ISTAGE), YS (IS'IAGE) ,DTE (IS'IAGE), AKX (IS'l'AGE), 
1 AKXO (!STAGE) ,AYS (I STAGE) ,JLEPT (I STAGE) ,JRIGHT (!STAGE) 

C ••• AVERAGE THE VALUES IN THE P&CDUCTION 'IABLE IIHEN I:IFPERENT 
C ••• IIODEL TI!IE STEPS ABE IJSED FC6 VARIOUS LIFE STAGES. 
c ... 

IF (I STAGE. NE. 1) AS 01! (!STAGE) =DE (IS TAGE) I I:E (!STAGE- 1) 

HIST 
HIST 
HIST 
HIST 
RIS'l' 
HIST 
HIST 
HIST 
HIST 
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ISH 0106 IP (!STAGE. EQ.1) Ill! = (DTE (ISTAGE)/CE (1) • 0.00011 HIST 570 
ISII 0108 IP (I STAGE. EQ.1) IPT = ( (0.0-CTE( IS'IAGE)) /CE( 1) I + SIGN(0.0001, HIST 575 

1 (0.0-DTE (ISTAGEI) I RIST 580 
ISH 0110 IP (IS '!AGE. EQ. 1) III=IPT+IIII H!ST 58.5 
ISN 0112 If (III. EQ. 0) IPT=O HIST 590 
ISH 0114 IF (IPT. NE. 0) IPT=IABS (IPT) HIST 595 
ISN 0116 IF (ISTAGE.l!Q.1.AND.IPT.LE.OI IPT=O HIST 600 
ISN 0118 IP (KFIRST.EQ.O) LPT=IPT HIST 605 
ISH 0120 IP (I STAGE. EQ. 1. OR. !STAGE. EQ. 5) GC TO 160 !fiST 610 
ISH 0122 AA=ABS (PNDA Y( I STAGE) -PNDA! (IS'IAGE-1 I) HIST 615 
ISH 0123 BB=ABS(DE(ISTAGE)-DE(ISTAGI-1)1 HIST 620 
ISN 0124 IF ( (AA.LT •• 0001) .AND. (llB.IT •• 000 1) I GO TC 160 HI ST 625 
ISN 0126 L=1 HIST 630 
ISN 0127 INCBIIT=ASUIIUSTAG~ +.001 HIST 635 
ISH 0128 If (IN CRIIT. LE. 0) GO TO 120 HIST 6!10 
ISH 0130 IX=O HIST 6!15 
ISH 0131 IFT=FLOAT (I PT) /FLOAT (INCSIIT) RIST 650 
IS II 0132 [0 70 I= 1, K IYO r INCfci'IT HIST 65'5 
ISH 0133 AVG=O. HIST 660 
ISH 0134 tit= lit +iN til iii HIST 565 
ISN 0 135 DO 60 J=I,IX HIST 670 
ISN 0136 HG=AVG+YY (J) HIST 575 
IS II 0137 60 yy (JI =0. HIST 680 
ISH 0138 YY (l)"""AVC H!ST 68!i 
ISH 0139 L=.L •1 HisT 690 
ISH 0140 70 CONTINUE HIST 69!: 
ISN 0141 KTYO=L HlST 700 
ISN 0142 80 Ill D=PN.tA Y ( ISTA GE) /DE (!STAGE)+ .0 01 HIST 705 
ISII 0143 IF (IAt.EQ. 1) GO.TO 160 HTST 710 
IS II 0145 1)0 110 K=1,KTYO,IAD RIST 715 
ISH 0146 L=K HIST 720 
.ISN 0147 LL=K+IAD-1 HIST 725 
ISN 0148 AVG=O. HIST 7.30 
ISH 0149 DO 90 N=L, LL HIS! 735 
ISH 0150 90 AVG=A VG+YY (N) HIST 7110 
IS II 015.1 DO 100 N=L,LL HIST 745 
ISN 0152 100 YY (II) =AVG/IAD HIST 750 
ISN 0153 110 CONTINUE HIST 755 
ISH 0154 GO TO (160, 170) ,KSIIT .. !liST 760 
XS!l 0155 120 IQ=1.0/ASUII(ISTAGE)+.001 HIST 765 
ISH 0156 IVY=-IQ HIST 770 
ISH 0157 PUI=!('nl; HT<;T 77';\ 
IS II 0158 IKTYO=K'I:YO*IQ III:JT 700 
ISH 0159 DO 130 I!= 1, IKTYO, IQ HIST 785 
ISH 0160 K=III'IY0-11+1 HIST 790 
T:iN 0Ho1 'yy ( !l•IY'I'•1) •iT (U) lll!..i'l' I'J!, 
ISII 0162 yy (1!11)=0. IIIST AOO 
ISH 0163 130 1111=1111-1 HIST 805 
IS II 0164 DO 150 K=1,IKTYO,IQ HIST 810 
ISII 0165 J=K RIST 815 
.ISH 0166 JJ=K+IQ-1 RIST 820 
ISII 0167 AII=YY (K) /IO HIST 825 
ISH 0168 DO 140 N=J,JJ HIST 830 
ISll 0169 140 YY (N) =All RIST 835 
ISH 0170 150 C0!11INUE HIST 8110 
IS II 0171 KTYO=IKTYO RIST 84-5 
:tSN 0172 GO TO 80 HIST 850 

c •.. HIST fl55 



ISH 0173 

lSI 0174 
IS II 0176 
lSI 0177 
ISii 0178 
IS II 0179 
lSI 0180 
ISI 0181 
ISH 0182 
ISii 0183 
ISH 0184 
ISH 0185 
ISH 0187 
ISii 0188 
ISH 0189 
ISN 0190 

ISN 0192 
ISH 0193 
.l:SH 0194 
ISN 0195 
ISH 0196 
ISII 0197 
lSN 0198 
ISII 0199 
ISH 0200 
ISH 0201 
ISH 0203 
IS II 0204 
.ISN 0205 

ISN 0207 
ISN 0209 
ISN 0211 
ISH 0213 

IS II 0215 

IS II 0217 
ISI 0219 

IS II 0221 

ISII 0222 
ISN 0223 
ISII 02214 
ISN 0226 
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C ••• CALL SUBSOUTINE GBOVTH fOB THE SPECIFIED LifE STAGE. RIST 1!61) 
HI ST 865 
HIS'!.' 870 
HIST 875 
HIST 880 
HIST R85 
RIST 890 

c ••• 
160 CALL GROWTH (IN,ISTAGE,IYR,KTYO,NEO,NI!AX,ITIKE,KPLANT) 

c ••• 
C ••• CALCULATE AND WRITE TOTAL PRCOUCTIO~, TOTAL TBANSPER, ' 
C ••• ANO "AXI!DM STANDING CBCP l'OS THE SfECIPIED LIPE STAGE. 

SURVIVAL 

c ••• 
IP (!STAGE. GT. 1) GO TO 190 HIST 895 
KSIIT = 2 HIST 901) 
GO TO eO RIST 90 5 

170 TOT1=0. HIST 910 
KSIIT = 1 HIST 915 
DO 180 J=1, KTYC RIST 920 

TOT1 = TOT1 + YY (J) HIST 925 
180 CONTINUE HIST 930 

RATE = 100. •TOT1/P HIST 9 35 
CUKPS = TOT1/P HIST 940 
IP (IYB.EQ.O) REP(ISTAGE) = P RIS'r: 945 
CHANGN = REP(ISTAGE) - P HIST 950 
CHANGP = 10~CHANGN/REP (I STAGE) HIST 955 
NI!AXYS = 0.0 HIST 960 
If (IN .EQ.1.0R. IYR. EQ.1) WBITE(OF1, 11600) P,TOT1,RATE,NKAX, NKAXYS,HIST 965 

1 CllANGN,CHANGP !liST 970 
GO TO 210 HIST 975 

190 NTOT=TOT1 HIST 980 
TOT1=0. 'liST 985 
DO 200 J=1,KTYO HIST 990 

TOT 1 -= TOT 1 + YY (J) HIST 99 5 
200 CCN~INUE HIST1000 

RAT!=100.*TOT1;NTOT HIST1005 
N!!AXYS = NKAX/YS(ISTAGE) HIST1010 
CUKPS = (TOT1/NTOT) •CUKPS HIST1 015 
If (IYR.EQ.O) REP(ISTAGE) = NlOT HIST1020 
CHANGN = REP(ISTAGE) - NTOT HIST1025 
CHANGP = 100*CHANGN/i!EP (!STAGE) HIST1 030 
IP (IN.l!Q.1.0R.IYR.EQ.1) IIRITE(6, 11600) NTCT,TOT1,RATE,NKAX,NIIAXYS,HIST1035 

1 CHANGN,CHANGf HIST1040 
IP (ISTAGE.EQ.4) IKPJ2=(KPLANT/(KPLANT+KX(ISTAGE)))•(NTOT-TOT1) HIST1045 
IP (ISTAGE.EQ.S) IIIPJ3=(KPLANT/(KfLANT+KX CISTAGE)))$(NTOT-TOT1) HIST105C 
If (!STAGE. EQ.5) IIIPTOT = IKPJ2 + IKPJ3 HIST1055 
Il' (ISTAGE.EQ.4.AND.IN.EQ.1.0R.IS'IAGE.EQ.4.AND.IYR.EQ.1) IIRITE(6, HIST1060 

1 11800) IHl'J2 .HIS'l'1065 
If (!STAGE. EQ.5.AND.IN .EQ .1.0R. ISTAGE.EQ. 5. AND.IYR.EQ.1) IIRITE (6, HIST 1070 

1 11900) IKPJ3,II!FTOT HIST1075 
IP (ISTAGE.EQ.S) YEAR1 = CUKPS•f HIST1080 
IP (ISTAGE.EQ.5.AND.IN.EQ.1.0R.ISTAGE.EQ.5.ANO.IYR.EQ.1) WRITE(6, HIST101l5 

1 11700) CU!!PS,YUR1 HIST1090 
210 CONTINO! HIST1095 

c 
C ••• CYCLE TO THE NEXT LIPE STAGE. 

HI ST 110 Q 
HIST1105 
HIST 1110 
iiiST111 5 
HIST1120 
HIST1125 
HIST1130 
HIST 113 5 
HIST11,.0 
HIST 1114 5 

r. ••• 
C •••• STAGE 2=L~RVAE 
C •••• STAGE 3-S~JOVENILE I-III 
c •••••••••••••••••• 

PTIKE = PTI"E + DTE(ISTAGE) 
I STAGE=ISTAGE+ 1 
lP (ISTAGE.EQ.5) PTII!E.,.PTII!E+TII!(liSUN) 
NEO=YY (1) 



~SH 0227 
ISH 0229 

ISii 0231 
ISH 0232 
ISH 0233 
ISii 0235 
ISii 0237 

~SII 0239 
ISII 0240 
ISM 0241 
;tSII 024+2 
ISii 0243 
:!;ill Q;i 1111 
ISII 0245 

ISII 0246 
IS II 0247 
ISH 0248 
IS II 0249 
IS II 0250 

ISN 0251 
ISH 0252 
ISH 0253 
ISH 0254 
ISH 0255 
ISN 0256 
ISH 0257 
ISH OJ 58 
ISii 0259 

ISii 0.260 
ISH 0261 
lSii 0262 
ISii 0263 
ISH 0265 
ISii 0266 
ISH 0267 
ISH 0268 
ISii 0269 
ISii 0270 
ISH 0272 
ISII 027-l 
ISii 0274 
ISN 0275 

c ••• 

If (ISlAGE.LE.5) GO TO 40 
If (IYR.GT.O) GO TO 230 
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C ••• CALL SUBROUTINE EQUAL POR YEAR ZERO. 
c ... 

c ••• 

CALL EQUAL (ADULT,ADULTS,DCYU,NEO,PEQDAL,FI!P,RO) 
AFS = EXP (- DCY U ( 4) *365.) 
IF (IIN.EQ.1) IIBITE(12,13600) APS 
If (HN.EQ.1) IIRITE(QF2,134C0) . 
IF (NN.EQ.1) IIRITE(Of2,13500) (J,DCYU(J),SRAT(J),SI!AT(J),FEC(J),,J= 

1 1, U:IID) 

C ••• GENERATE ADULT CLASSES fOR YEAR ZERC. 
c ... 

ADULT (1) =NEO 
REP (6) = ADULT (1) 
DO 220 J=2, !END 

snRV=RIP (-nnu (J~1J*l6S.) 
ADULT(J)=ADULT(J-1)*SURV 

~ 2 0 (; 1111 'I' TllfiP. 
GO TO 250 

c ••• 
C ••• CALCULATE ADULT CLASSES FOB ALL YEA!iS OTHER THAN YEAR ZERO. 
c ••• 

230 DO 240 IJ1=2,IEND 
J=IFNn-rx1+2 

240 AOULT(J)=ADULT(J-1)*EXP~DCY~(J-1)*365.) 
ADULT (1)=NEO 

250 CONTINUE 
c iii 
C ••• CALCULATE EGG PRODUCTION POE THE UPC~~ING YEAR. 
c ••• 

P=O. 
I = IY R + 1 
S(I) = C. 
DO 260 J=1,IEND 

SSP=ADULT(J)*SRAT(J)*SI!AT(J) *PEC (J) 
SPAWN= ADUlT(J) *SBAT(J)*SPIAT(J) 
S (I) = S (I) + SPA II II 
R (I) .,; ADUL'I (3) 

260 P=P+SSP 
c ••• 
c ••• CALCULATE RELATIVE ADULT AGE OISTRifUTION TN TIIO VAVS, 
c ..• 

!jpaQ. 

DO 2.70 .7=1 • IENC 
270 SP=SP+ADULT(J) 

IF (IYB.GT. 0) GO TO 290 
DC 280 K-=1, !END 

PADE(K) = 100.*ADDLT(K)/SP 
280 PAD(K)=100.*ADULT(K)/SF 

SPE=SP 
GO TO 310 

290 IF (IYB.EQ. 0) GO TO 310 
DO 300 K=1,IEHD 

PAD!(~ = 100.*ADULT(K)/SP 
300 PAD(K)=100.*ADULT(K)/SFE 
310 PSPP -= SP/SPE 

HIST1 150 
HIST1155 
HIST1160 
HIST 1165 
HIST1170 
HIST1175 
HIST 1180 
HIST1185 
HIST1190 
HIST 119 5 
HIST1200 
HIST1205 
HI ST121 0 
HIST 1215 
HIST1220 
HIST1225 
HIST1230 
til:.tli35 
HIST1240 
i!I:;,:r 1245 
HIST1250 
HIST125S 
HI ST 1?.6 0 
HIST1265 
HIST1270 
HIST1275 
HIST 1280 
HIST12A5 
!:!IST1~90 
HIST1.295 
HIST1300 
HISl' 1 30 5 
HIST1310 
HIST1315 
!liST 1320 
HIST1325 
HIST 1330 
IIIST1335 
HIST1340 
HIST 1345 
HIST1350 
HIST1355 
HIS'l'1360 
HI3T1365 
HIST1370 
III3T1 J75 
HIST13!10 
RIST13A5 
HIST1390 
HIST 1395 
HIST 1400 
HIST1405 
HIST1410 
HIST1415 
HIST1420 
HIST 1425 
RIST.1430 
HIST 1435 



ISH 0276 
IS If 0 2.7.7 
ISN 0278 
ISN 0279 

IS!i 0280 
ISN 0282 
ISN 0284 
ISN 0286 
ISN 0.288 
.i:SN 0290 
I Sill 0 292 
ISH 0294 
ISN 0296 

ISH 0298 
ISN 0299 
ISN 0300 
ISN 0301 
ISN 0303 
ISN 0304 
ISN 0305 

ISN 0307 
ISN 0309 
ISN 0311 
ISN 0312 
ISN 0313 
ISN 0314 
I Sli 0315 
ISII 0317 
ISII 0318 
ISN 0319 
ISII 0320 
ISN OJ 21 
ISII 0322 
ISII 03:.!3 
ISN 0324 
ISN OJ:.!5 
ISN 0326 
rsN one 

ISN 0330 

ISN 0331 
I.Sif 0.332 
IS!I 0333 
ISH 0334 
ISH 0335 

c ••• 

CHAGN1 
C!IAGP 1 
CHAGNT 
CRAGPT 

REP(6) - AOULT(1) 
10C*CRAGN1/REP(6) 
SPE - SP 
100•CHAGNT;SPE 

43 

C ••• PRINT ADULT AGE DISTRIBUTION AND RELATIVE AtULT AGE DISTRIBUTION. 
c ••• 

IF (IN.EQ.1.0R.IYB. EQ.1) WBITE(OP1, 12000) 
IF (IN.EQ.1.0R.IYR.EQ.1) WRITE(OP1,12100) (J,AOULT(J) ,J=1,IEND) 
IP (IN.EQ.1.0ii.IYB.EQ.1) WRITE(OF1,12200) SP 
IP (IN.EQ.1.0ii.IYB. EQ.1) IIEITE(OF1,12300) 
IF (IN.EQ.1.0R.IYR.EQ.1) WRITE(OF1,12400) (K,PAO(K) ,K=1,I'END) 
IP (IN.EQ.1.0ii.IYB. EQ.1) WliiTE(CF1,12500) 
IF (IN.EQ.1.0R.IYR.I:!Q.1) IIRITE(OF1,12400) (K,PAOE(K),K=1,IEND) 
IP (IN.EQ.1.0R.IYR.EQ.1) JiliiTE(OF1,12600) FSPP 
IF (IN.EQ.1.0li.IYB.EQ.1) WRITE(OF1,12700) CHAGN1,CHAGP1, CHAGNT, 

1 CHAGPT 
E2= 1. 
SUIIA=O. 
DO 320 K=1,IEND 

IF (K. NE.1) E2=E2•EXF (-tCYU{K-1) •365.) 
320 SUIIA=SUIIA+E2*RIIF (K) 

SII=SUIIA*(NEO/PEQUAL) 
IP (IN.EQ.1.0R.IYR. EQ.1) IIUTE(OF1, 12800) S!'l 

c ••• 
C ••• CYCLE TO NEXT YEAli. 
c ••• 

c 

IP (ISii.EQ.1.AHD.IYR.EQ.IPL) QP O. 
IF (IYli.EQ. LYR) GO TO 330 
IYR=IY R +1 
ISTAGE=1 
PTIIIE=C. 
GO TO 30 

330 IP (IN.EQ.1) IIBITE(OP1,12900) 
L YR 1 = L YR + 1 
DC 340 I = 1,LYR1 

R3 (I) = R (1+3) 
R3S (I) = R 3 (I) /S (I) 
SB(I) = S(I)/S(1) 
RR(I) = R(I)/R(1) 
R3R(I) = R3(I)/R3(1) 
RJRSR Ul = li3B (I)/Sii (T) 

j4() CON'IINUE 
I'F (NN.EQ.1) WRITE( 12,13700) 
If (NN.EQ.1) IIRITE(12,13800) (I,S (I),R(I),Iil(I),R3S{I), SR(I), 

1 RR (I) ,RJR (I) ,R3RSR (I) ,I=1,T,YR1) 
STOP 

C INPUT FCRIIAT CARDS 
c 
c 
C OUTPU! FOBHAT CAHU~ 

c 
10000 PORHAT (I1,1X,I2.1X,I3 1 1X,I4,1X,Zif4.0.1X),I1) 
10'100 FURIUT (11(!2, 1X) j 
10200 PORIIAT (E16.8) 
10300 FORIIAT(6P10.0,I2) 
101100 PORIIAT(E15.8,P5.0,5P5.2) 

HIST1440 
HIST 14 4 5 
HIST1450 
HIST1455 
HIST 1460 
HIST1 465 
HIST1470 
HIST1475 
HIST1480 
HIST1485 
HIST14'l0 
HIST14'15 
HIST 1500 
!!IST1505 
HIST1510 
HIST1515 
HIST1520 
HIST 1525 
HIST15:~0 
HIST1535 
HIST1540 
f!IST1545 
HIST1550 
HIST1555 
HIST 1560 
HIST 1565 
HIST1570 
HIST1575 
HI ST1 580 
HIS! 15A5 
RIST1590 
HIST1 595 
HIST 1600 
HIST1605 
!IIST1610 
HIST 1615 
HIST1620. 
HIST11i25 
HIST1630 
HIST1635 
HIS'l'1640 
HI.5T1645 
HIST 1650 
HIST1655 
HIST1660 
HIST1665 
HIST1670 
RIST1675 
HIST1680 
HIST1685 
HIS'!' 1690 
HIST1695 
HIST1700 
HISI1705 
HIST1710 
HIST 1715 
HIST1720 
!liST 1725 
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IS If 0336 10500 POB!AT(I2,1X,15P5.0) HIST1730 
ISI 0331 10600 FOR!UT ( 1 OP8. 0) HIST 17 3 5 
ISII 0338 10700 PORUT (3E10.6,10P5.2) HIST1740 
ISN 0339 10800 FOR!UT (13P6.0) HIST1745 
ISII 03110 10900 FORPIAT(8F10.0) RIST1750 
IS II 03111 11000 FORPIAT (4F6.0) !IIST1755 
l:Sll 03112 11100 POR!!AT (20A4) HIST 1760 
ISM 03113 11200 FORPIAT (2(E12.7,3X),P5.1) RIST1765 
l:Slll 0344 11300 FOR!'! AT (3F5.2,2 (4X,I1)) HIST1770 
IS II 0345 111100 FORPIAT(1H'1,1X, 1 •••••••••••••••••••••••••••••••• '/ 1X, HIST1175 

1 ' •• CURRENT YEAR ••••••• 1 , 1 - ',I 3,-•- 1 , ' •• 'I 1X, HIST1780 
1 '••••••••• •• •••••• •••••••••• •• •••'//) HIST1785 

ISII 0346 11500 FOR!'! AT (//, 1 STAGE' ,I3,3X, 10A4) IIIST17CJO 
ISM 03117 11600 FORPIAT (/, 1 TOTAL PRODUCTION INTO TfiiS LifE STAGE= ',E20.10/ I'IIST1795 

1 ' TOTAL TRANSFER /INTO THE NEXT LIFE STAGE= ',E20.10/ HIST1800 
1 ''SURVIVAL THROUGH THIS LIFE S~AGE = 1 ,5X,F4.1/ HIST180~ 
1 1 PIAXIPIUPI STANDING CROP FOR 'IRIS LIFE STAGE = ',E20.10/ HIST1R10 
1 ' HA~lU OP ~AXI!!OH STANDING CROP TC ~QUIIIBRIU!I STANDING!, HTS~1A1~ 
1 ' <;ROE (NI'IAX/YS) = ',F7. 4/ IIIST1 820 
1 ' REDUCTION IN NUMB!ll 01' ORGANISI!S ~Nl'EIUNli 'l'Hl!> UH STAG!', UI:JT 11l2!: 
1 • DUE TO TilE EOWER HANT ••• ',J::20.10/ RIST1830 
1 1 ' REDUCTION IN NUIIBFR OF ORGANISP.S ENTERING THIS liFE', HIST1R35 
1 ' STAGE DUE TC THE POWER PLANT ••• •,F5.2) HIST1840 

JSN 03118 11700 PORIIAT (//' CU!!ULATIVE PROEABILITY OF SURVIVAL FRO!! EGG 1 , HIS'1'1845 
1 'THROOGU JUVENILE 3 = 1 ,E15.8t HI3T1050 
1 • EXPECTED NUMBER OF YEARLINGS: ',F.1~.R) HIST1R55 

ISN 0349 11800 FORIIAT (/' NUPIBER OF JUVENILE 2 KILlED BY I~PINGEPIENT ••• 1 .E12.6) .HIST1~60 

ISli 0350 11900 PORPIAT (/' NUPIEER OF JUVENILE 3 KILLED BY I~PINGEPIENT ••• •,E12.6/ HIST1865 
1 'TOTAL NUPIBER OF JUVENILES KILLED BY IPII?INGE!IENT ••• •,E12.6) HIST1870 

ISli 0351 12000 l'OB~AT(///' ADOLT DIS'IRIBllUON BY AGE CLASS',//, ~( HI.5T11175 
1 13H AGE NU!IBUS ) ) HIST18RO 

IS II 0352 12100 FORIIAT (5(1X,I3,1X,FB.0)) HIST11385 
IS II 0353 12200 POa!IAT(1X,'TOTAL ADOL'IS 1 ,f15.0/) HIST1890 
lSII 03511 12300 FOR!'IAT (//' PERCENT AGE DISTRIBUTION RELATIVE TO YEAR ZERO' I 1X,5 (HIST1895 

1 12HAGE PERCENT ) /) RIST1900 
lSII 0355 12400 FOR PlAT (5 (1X,I3, 1X,F7. 3)) HIST1 CJ05 
IS If 0356 12500 l'OR~AT (//' PERCENT AGE DISTRIBUTION RELATIVE TO CURRENT YEAR'/ HIST1910 

1 1X,5(12RAGE FEBCENT )/) HIST1915 
I Sill OH1 12600 I'OR!IAT (/ 1

1 SIZE OF POPULATION (YUEi CLASSES 1-13) FOR THE',/, RIST1920 
1 ' CURllENT YEAR AS A PEBCtNTAGE OF ~HE SI7~ UY THg '• /, HI3T192~ 
1 ' POPULATION IN YEAB ZERO ••• ',F6.3) RIST1930 

J:Sll 0358 12700 FOa!IAT(//' REDUCTION IN NUPIBER OF -YEARLINGS DUE TO PLANT ••• 1 ,1'9.0/HIST1CJ35 
1 • I DEDUCTION Ili NUBSiR CF YEARtJNGS nnE TO PLANT ••• 1 ,f5,2/ HIST1940 
1 ' RIDUCtiOH IN TOTAL HUMBER OF AtULTS DUE TO PLANT ••• •,F9.0/ HIST19U~ 
1 ' 'I R!DUCTDN IN TOTAL NUMBER Ct A COLTS tOE TO PLANT ••• •.P5.2) HigT1950 

ISll 0359 12800 FORPIAT (!,' NOIIBER OP EGGS EXPECTED TO flE PRODUCED BY', HIS'l'1955 
1 /,' THE !IUIIBER OF OHE-!EAR OLD STRIPED BASS FOR THE CURRENT', HIST1CJ60 
1 /,' YEAR DURING THUS LIH TIPIE IS A PERCENTAGE OF THE NU!IBER 1 , HIST1965 
1 /,' OF EGGS FBODUCED IN YEAR Z!R0 ••••• 1 ,F6.3//) HIST1970 

J:SN 0360 12900 FORIIAT (// 1 END HISTG. •••• ••• 1 ) HIST1975 
ISII 0361 13000 FCR!IAT(///, '************•••••**********************') RIST1980 
J:SII 0362 13100 FOR!IAT(1H1, 1 TRACING LIFE HISTORY OF STRIPED BASS FISH '• / 1 RIST1985 

1 1 T1f I!OD30N 111VDn, ·IIITH PIOBTUXTJ IN EACH •,;, IIIST19CJO 
1 ' STAGE GIVEN BY:',// 51, HIS'1:1995 

lSII 0363 
1 1 P(NX)/DT=- (KI+(KX-1110)* ((Nli-!S)/YS)**3)*MX') HIST2000 

13200 FORPIAT(16X, 1 -FKiLi•OP*NX/Y 1 ,//,' WHfRE, Uf(MX**JfuAr)~ '• !10.4,/,RIST2005 
1 1 WHlCH IS EQOIVAJ..EIIT TO All INTAKE FLOW OF ••• 1 ,E10.4,' (CPS)' ,/,RIST2010 
1 7X, 1 V(PII*•3)= 1

1 1!10.4// 2X, RIST2015 



ISM 03644 

ISM 0365 

ISM 0366 
ISM 0367 

ISM 0368 

ISM 0369 

ISM 0370 

ISM 0371 

ISH 0372 

ISN 0373 
ISII 03744 

1 'FRACTIONAl KILL 
1 ' EGGS 
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(I. E. • CCIIPOS IT! 
1 ,P10.44/ 21,' 
1 ,P10.4/ 2 X, 1 1 ' JUVENILE 

1 ' JUV:E NILE 3 '• P1Q.ij) 

f-PACTOR) FOR:',/ 2X, 
LARVAE 1 ,P10.44/ 2X, 
JUVENilE 2 1 ,P1'0. 4/ 2X, 

13300 POR!!AT(//, 1 

1 E20.10,1,' 
1 1'10.44,/, 

KX(1/DAY)-= 1 ,E20.10,/,' KX0(11DAY)-= '• 
YS(NUI!BBR)-= 1 ,!20.10,1•' LIFE PERICD(DAY)-= '•. 

1 ' RATIO OP THE KX VALUE USED IN '!HIS RUN TO THE "STANDARD" KX', 
1 ' VALUE GIVEN ABOVE = ', F6. 3,/, 
1 ' RATIO OP THE KXO VALUE USED Ill THIS RUN TO THE KX VALUE', 
1 ' USED IN THIS BUN = ',F6.3,1, 
1 ' RATIO OP THE YS VAlU.E USED IN THIS RUN TO THE "STANDARD" YS' • 
1 1 VALUE GIVEN ABOVE = 1 ,P€.3,/, 
1 ' LEFT LII!B OF COI!PENSATION FUNCTION DISABLED ••• ' ,A6,/, 
1 ' RIGBT LIMB OF COI!PENSATION FUNCTION CISABLED ••• •,A6,/) 

134400 FORMAT (///,T10, 1 AGE 1 ,T15, 1 DECAY COEFF. 1 ,T31,'SEX RATI0 1 ,T45, 
1 1 PRAC.TION' ,T60, 1 FEcUNCITY 1 ,/, T17, 1 (1/DAY) 1 ,T31,' (PEM/TOT) ',T446, 
1 1 !UTUliE' ,T58,' (EGGS/PEIIALE) ',/) 

13500 PCRI1AT (T10,I2,T15,1'1C.6,'I33, F4 .2,T47,P44.2,T58,!12.44) 
13600 FOR!!AT (//' ANNUAl PROEAEILITY OF SURVIVAL FOR ADULTS (4-13) = ' 

1 f5. 3) 
13700 FORMAT (1H1 ,20X,'STOCK BECiiUIT!'lENT 'IABLE' II 

1 ' DEFINITIONS OP COLUMN HEADINGS'/ 
1 ' I = ltEAR + 1 '/ 
1 ' S(I) = NUMBER OP SPAWNEliS 1 / 

1 ' R(I) = NUMBER OF RECRUI'IS (3-lrEAB OLDS) 1 / 

1 ' R3(I) -= NUIIBEB OF EiECBUITS AT I+3 SPAWNED AT I'/ 
1 ' Ei3S (I) = EiECEiUITIIENT BA'IE (RECRUITS PEli SPA liNER) 'I 
1 ' SR(I) = NUI!EER OP SPAWNERS R:ELATIVE TC NO!!BEI\ OP SPAWNERS', 
1 ' AT I=1 1 / 

1 ' RR(I) -= IIUIIBER OF EiECBUITS RELATIVE TC NU!!BER OF EiECRUITS', 
1 ' AT I-=1 'I 
1 ' R3Ei II) -= NU!!BER OP RECRUITS AT I+3 RELATIVE TO THE NU!!BEEi OF', 
1 'RECiiUITS AT I=4 (R3(I)IIi3(1)) 1 / 

1 ' R3RSB(I)-= RELATIVE RECBUIT!!EN'I ElATE (R3R(I)/SR(I)) 'II 
1 T44, 1 I 1 ,T10,'S(I) ',T20,'R(I) 1 ,T30,'1i3(I) 1 ,T40,'R3S(I) ',T60, 
1 1 SR(I)',T70, 1 BB(I) 1 ,T80,'1l3R(I)' ,T90,'R3RSR(I) 'II) 

13800 FORMAT (T2,I3,T7,F8.0,T17,F8.0,T27,PB.O,T37,F8.44,T57,F8.44, '167, 
1 P8.4,T77,PB.4,'I87,F8.4) 

13900 PORIIATI' NO. ADULT AGE CLASSES- 1 ,I2/' I!ODEL SIIIULATES- ',IJ, 
1 1X,'YEARS 1 /' PLANT OPERA'IING ••• 1 ,A6/' POR •••~•••••••••• 1 ,I3, 
1 ' YEA liS.') 

14000 I'UH!!AT (1/ 1 II()O!i. TI!!E STEP SIZE (DAYS) 'I 4X, 1 EGG',5X, 1 LARV 1 ,51, 
1 1 JUV1 1 ,5X, 1 JUV2 1 ,5X, 1 JUV3 1 / 5(3X,P4.2,2X)/) 

14100 FORIIA,T Ill' TOTAL PRODUCTION PERIOJ: (DAYS) = 1 , P3.01 
1 ' SUBPRODUCTION PERIODS AND ASSOCIATED PFACTICNS OP TOTAL EGG'., 
1 ' PROJ:UCTION'/ 
1- T5,'PERIOD (OAlC) •,T20 1 'FRACTION') 

14200 POBIIAT (T5, 2( 1X,P44.1) ,T22,P6.4) 
END 

HIST2020 
HIST2025 
HIST2030 
RIST2035 
HIST2040 
HIST2045 
HIST2050 
HIST2055 
HIST2060 
HIST2065 
HIST2070 
HIST2075 
HIST 2080 
HIST2085 
HIST2090 
HIST2095 
RIST2100 
RIST2105 
HIST 2110 
RIST2115 
RIST2120 
HIST2125 
RIST2130 
HIST 2135 
RIST2140 
HIST21445 
HIST2150 
HIST2155 
HIST2160 
HIST2165 
HIST2170 
HIST21 75 
HIST2180 
HIST2185 
HIST2190 
HIST2195 
HIST2200 
HIST2205 
HIST2210 
HIST2215 
HIST2220 
HISTJJ25 
HIST2230 
RIST2235 
RIST22q0 
HIST22~5 
HIST2250 
HIST2255 
HIST2260 
HIST2265 
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•••••F 0 n T R A N C R 0 s s R E P E R E N C: P. L I S T I N Gl!r•*",. 

sr!IBC.L INTERNAL STATE~ENT NU~BERS 
I OOH 0035 0086 0086 0086 0100 0100 0100 0 132 I) 135 0252 0253 0257 0257 0258 0.31 ~ C319 0319 0320 

0320 0320 0321 0321 032 2 0322 0323 032 3 0 324 0324 0324 0328 0328 0328 0328 0328 0328 0 328 0328 
0328 0328 0328 

J 0014 0059 0059 0059 0060 0060 0060 0061 0061 0061 0070 0070 0070 0071 0071 0071 0072 007 2 0072 
0073 0073 0073 0074 0074 0074 013~ 013 6 0137 0165 0168 0180 0181 0195 0196 0237 0237 0 237 0237 
0231 0237 0237 0241 024 2 0243 0243 0 247 0248 0248 024A 0254 0 255 0255 0255 0255 C256 0256 0256 
0261 0262 0282 0282 0282 0282 
0014 0066 0067 0067 0067 0145 0146 014 7 0160 0161 0164 0165 0166 0167 0265 0266 02€6 0267 0267 
027:< 0273 0273 0274 0274 0288 6288 0 288 0 :<88 C292 0292 0292 0292 0300 0.101 c 301 0303 

L 0014 0043 0043 0043 0126 013 8 0139 0 139· 0141 0146 0149 0151 

" CC1 4 C159 0160 
N 0014 0149 0150 0151 0152 0168 0169 
p 0004 0057 0058 0017 018 3 0184 0185 018 7 0190 0217 0251 0259 0259 
B 0010 C020 0258 0319 032 2 0322 0328 
s 0010 0020 0253 02~7 0257 0320 0321 0321 0328 
v 0004 0043 0052 
v 0007 
AA 0021 C122 0124 
A" 0021 0167 0169 
iltl 002 1 012 J 0124 
DE 0003 0057 0061 0076 0104 q104 0106 0108 0123 0123 0142 
eO! QQ61 0298 0301 0301 0303 
IK 0015 0041 0078 
IN 6615 6679 OOAO 0092 UOYS U1UU u 10~ u 1/.l UI~U UlU5 u.lll 02 ·~ Ol1~ 0200 o~n~ 02 0 11 GJO~ Q;JO D OJOO 

0292 0294 0296 03C5 0315 
10 0015 0155 0156 01~8 0159 0164 0166 0167 
II 001~ 0130 01)4 0134 0135 
JJ 0015 0052 005 2 oo~2 0057 UUS'/ C057 0166 0168 
KX 0003 C012 0087 0095 0095 0096 0102 II ~0 I u ~-u.., 
I.L 0015 01 117 0149 01~1 

"" 0015 0106 0110 0157 0161 0162 0163 016 3 
NN 0004 0041 0050 00 5 ~ 0061 0063 0067 0102 0102 0233 0235 023"1 0326 0328 
NO 0011 0013 0031 0089 0090 
NX 0005 0012 
OP UOU4 UU4~ UU4b UU~l uju7 
RB 0010 0020 032:< 03:<e 
RO 0021 0231 
83 0010 0020 0319 032C 0323 032 3 0328 
s" 0021 0304 0305 
SP 0021 0260 0262 026:< 0266 .0267 0268 027 3 0275 0278 0284 
SB 001 c "C020 0321 0324 0328 
TE 0004 0057 0063 
TP 0021 0040 
rs 0003 0087 0097 0097 0102 0199 
n 0007' 0035 0136 0137 0138 0150 0152 0161 0 161 0162 0167 0169 0181 0196 0226 
AilS 012:i 0123 
A lilt OQOJ 0088 0095 0102 
APS 023:i 0233 
AliX 0005 
UG 0022 0133 0136 0136 0138 0148 0150 0150 0152 
us 0003 ooe8 0097 0102 
DCY ooo;; 0070 
D'lE OOOJ 0007 0102 0106 0108 0108 0222 
~11' Oll2 0242 0248 03C1 
1'1!1: ooo2 0073 .0237 0255 
lAD lili16 0142 0 ,,, J 01Q~ UH'/ 015~ 

I liN 0016 0041 
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•••••P 0 R T B A N C R 0 s s R E P E R F N C F L ! S T I N G,... ... ., .. 

Sift SOL IMTHBNAl STAIE~ENI NOft8EuS 
IPl 0030 0036 ooq1 004< OOq3 0057 0059 0060 0070 0071 0072 0073 0074 0086 0087 008ij 
III 0016 0110 0112 
lPL 0016 ooq3 0048 0307 
IPT 0016 0108 0110 0112 0114 0114 0114 0116 0116 0118 0131 0131 
ISX 0016 0041 
ISW oooq 0036 0038 0044 0044 0307 
lYY 0016 0156 0161 
Ill 0246 0247 
IYR 0016 0056 0078 0082 0082 0084 0098 010C 0102 0173 0185 0190 0 201 0205 0213 0215 0219 0229 0 252 

0263 0270 0280 0282 0284 0286 0288 0290 0292 0294 0296 0305 0 307 0309 0311 0311 
KXO 0003 C012 0096 0102 
LPl' 0016 0118 
LrR 0016 0036 0037 0037 0044 0044 0048 0 309 0317 
ftOD 0078 r 
hEO 0012 0022 0077 0173 0226 0231 0239 Ol49 0 304 
OF1 0027 0028 0047 0048 0049 0082 C09e 0100 0102 0190 0280 0282 0284 0286 02~A 02 90 0.292 0 29 4 0 29~ 

0305 0315 
OY~ 0027 0029 0050 00~2 0063 0067 0235 0237 
P.lD 0008 0026 0267 0274 02A8 
REP 0009 0022 018 5 0187 0188 0201 0203 0204 0240 0276 0277 
B!l' 0008 0026 0231 0303 
RlR 0010 0020 0323 Ol:i4 0328 
RlS 001 c 0020 0320 0328 
SPE OOl:l Ol68 0274 0275 0278 0279 
551' 0022 0255 0259 
Tl" 0006 0032 0033 0059 0,067 0067 OC76 022 4 
IES 0011 0013 0038 0091 0093 
ADO 0003 0088 0096 01C2 
A SOft 0009 0023 0104 0127 0155 
CHAR 0009 0086 0100 
DCYU 0008 0026 0231 0232 0 23 7 0242 0248 0 30 1 
I.lBS 0114 
!Eli D ooo<i 0036 ooq8 0070 0071 0072 0073 0 237 0 :;q 1 02q6 02q7 025q 0 261 0265 0272 0282 02~8 0292 0300 
ISliP 0004 0036 
r!llll 0011 0031 0038 0048 
KST P oooq 0036 
KSWT 0017 oo5q 015q 0176 0179 
KTYO 0017 0132 0141 014~ 0157 0158 C171 0173 0180 0195 
LYR 1 0317 C318 0328 
Mill\ X 0012 0023 0173 0190 0199 0205. 
N'IDT 0012 0023 0193 0198 0200 0201 0203 0 205 0 <07 0209 
P.lDE 0008 0026 0266 0273 O~Q2 

PSPP 002 3 C215 029q 
RUE 0023 0183 0190 01S8 0205 
SIGN 010 8 
SIIAT 0002 0072 0237 02!~ 0256 
SBAT 0002 C071 0237 0255 0256 
SUftA 0023 0299 0303 03C3 .o3oq 
SI!IV 0023 0242 0243 
TEND 0023 0036 0040 
Tift W 0006 C060 0067 0076 
TOf 1 0023 0178 0181 01€1 0183 018q 0190 0193 0194 0196 0196 0198 0 200 0205 0207 02 09 
ADULT 0008 0026 0231 0239 0 240 0243 0243 02q 8 02q8 0249 0255 0256 0258 0262 0266 0267 0273 0274 0276 

020< 
COftPS 018q. 0200 0200 0217 0 219 



48 

•••••F 0 R T R A N C R 0 5 5 R E f I B £ N C E L I 5 T I N G**••• 

5 Yll BOL UITIRNAL STATEIIENT N 011 eER 5 
DIIIDT 0005 
EQUAL 0231 
I' KILL 0003 00113 0052 
I'.LOAT 0131 0131 
!'BACT 00211 0076 0011 
I~IO 001B 015B 0159 OlEO 01611 0-171 
ILEI'T 0003 COBB 0091 
IIIPJ2 0012 0207 0211 0213 
IIIPJJ 001< 0209 0211 0215 
!TEST 001B 007B 0080 
JLEI'T 000~ 0011 0069 0091. 0102 
KSPAII 0016 0065 OC66 
II SPAN 0018 0059 0059 0060 0065 02211 
PNDAY 0009 00211 00711 01~:( 0122 0142 

r 
P'fiiiE 0024 C075 0113 0222 022 2 0224 0224 0 313 
QPCI'S 00116 0052 
R:IISB 0010 0020 03211 0328 
SPAVN 0256 0257 
IBAR 1 0217 0219 
AW!.T~ UUIJ~ UU~b U~J1 

Clll GNT 027B C279 0296 
CHAGH1 0276 0271 029E 
CHAGPT C2H C296 
CHAGP1 0277 0296 
CHAIIGN 0181 0188 0190 0203 0204 0205 
CHAIIGP 01BB 0190 02011 0205 
t;NU V'tll 0173 
.tlli'TOT UU14 u,,, Q~1~ 
IIICRIIT 0019 0127 012B 0131 0132 01J4 
I RIGHT 000) 0089 009 3 
I STAGE 0019 0055 OOB6 OOB7 OOB7 OOB7 OOBB OOBB 0 CBB otB8 OOB8 OOB9 0090 0091 0091 0093 0093 0095 0095 

0095 0096 0096 0096 0097 0097 0097 0100 0100 0102 0102 0102 0102 0102 0102 0102 0102 0102 0 lOU 
0104 01011 01011 0106 0106 010B 01C8 0108 0110 0116 0120 0120 0122 0122 0123 01<3 G127 01112 01112 
0155 C113 01111 01B5 01B7 01BB C199 0201 0 <OJ 02011 0207 0207 0209 0209 0211 0213 0213 0215 0215 
0211 0219 0<19 022< 0223 0223 0224 0227 0312 

JRIGHT 0009 0011 0090 0093 0102 
Kl'I BST 011B 
KPLAIIT 0012 G11J 0207 0207 0209 0209 
IIllA XIS 001< 0025 0189 01~0 0199 0205 
Pl!Q UAL 0025 0058 0231 03011 
·rSTABT 0025 0036 00110 



LABEL 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
1JO 
140 
1 50 
160 
170 
180 
190 
200 
210 
220 
2JO 
2110 
250 
260 
270 
280 
290 
300 
310 
JJO 
3JO 
3i10 

10000 
10100 
10200 
10300 
10400 
10500 
10600 
10700 
10800 
10900 
11000 
11100 
11200 
11300 
111100 
11500 
11bUU 
11700 
11800 
11900 
UlOO 
12100 
1J:l00 

DE PINED 
00 35 
0069 
0076 
0084 
0098 
0137 
0140 
0142 
0150 
01 52 
0153 
0155 
0163 
016q 
0170 
0173 
0178 
C1e2 
0193 
0197 
0221 
0244 
0246 
0248 
0250 
0259 
0262 
0267 
0270 
02 74 
0275 
0303 
0315 
0325 
0331 
03 32 
0333 
Q3 34 
0335 
0336 
03 37 
0338 
0339 
0340 
0341 
Ol'IJ 
0343 
0344 
0345 
0346 
0347 
0348 
0349 
0350 
0351 
0352 
0353 

*****f 0 R T R A N 

BEFEBENCES 
0034 
0066 
0314 
0227 
0084 
0135 
0132 
0172 0177 
0149 
0151 
0145 
0128 
0159 
01fiR 
01611 
0120 01211 01113 01511 
01511 
0180 
01711 
0195 
0192 
02111 
0229 
02116 
02115 
02511 
0261 
0265 
0263 
0272 
0269 0270 
0300 
0309 
0318 
0036 
00111 
00112 
00113 
0057 
0059 
0060 
0070 
0071 0072 
0073 
00711 
0086 
0087 
0088 
OOR2 
0100 
0190 0205 
0219 
0213 
0215 
0280 
0282 
0:1811 
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C R 0 S S P E P E R E N C E L I S T I N G•••~• 
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12300 03511 0286 
121100 OJ 55 0288 0292 
12500 03~6 0290 
12600 0357 02911 
12700 03 58 0296 
12800 0359 0305 
12900 0360 0315 
13000 0361 00117 00119 0098 
13100 0362 0050 
1J200 0363 0052 
13]00 03611 0102 
13<100 0365 0235 
13500 0}66 0237 
13600 0367 0233 
13700 0368 0326 
13800 0369 0328 
13900 03 70 00118 
111000 0371 0061 
111100 0372 0063 
111200 0373 0067 



ISN 
ISN 

ISN 
ISN 
ISN 
ISN 
ISN 
ISII 

ISH 
ISH 
ISH 
ISH 
ISH 
ISH 
ISN 
ISN 
ISN 
ISN 
ISH 
ISN 
ISH 
ISN 
ISH 
ISII 
ISH 
ISH 

ISN 

ISH 
lSlil 

ISH 
ISH 
ISH 
ISH 

ISH 
IS II 
ISH 
ISH 

0002 
0003 

0004 
0005 
OOOb 
0007 
0008 
0009 

0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 

0029 

0031 
0033 

0035 
0036 
0031 
0038 

0039 
0041 
OC43 
0044 
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CO!IPIIEB OPTIONS - NA!IE= !IAIH,CFT=02,LINECNT=60,SIZl=OOOOK, 
SOURCE,EBCDIC,NOLIST,NODECK,LOAD,!AP,NOEDIT,HOID,XREF 

CGBOV GROW 
C... GROW 
C ••• SUBROUTINE GROWTH CALCUlATES THE GROWTH OF IACH YOUNG OF THE GROW 
C ••• YEAB LIFE STAGE. IT IS CALLED BY "AIN ONCE FOR EACH LIFE STAGE. GROW 
C... GROW 

c 
c 
c 

SUBROUTINE GROWTH (IH,ISTAGE,IYB,KTYO,NXO,N!IAX,PTI!IE,KPLANT) GROW 
CO!I"ON/LSTAGE/AKX (5) , AKXO (5) , AY S ( 5) ,DE ( 5) , DTE ( 5) ,PKILL (5) , ILEPT (5) GROW 

1 ,I RIGHT (5) I KX (S) I KXO (5). YS (5) GROW 
CO!I!ON/PAR/IEND,ISKP,ISW,KSTP,HN,P,QP,TE,V GBOV 
CO!I!ION /RKTTA/ NX,DNXDT GROW 
CO!I"ON/WGHT/TI!I (10) ,TI!IW (10) GROW 
CO"!ION/WYY/W (5000), YY (5000) GROW 
REAL NIO,NX,KX,KXO,KNATL,KPLANT 0 KTOTAL 0 N!IAX GROW 
INTEGEii OP1 GROW 

INITIALIZATION 

IND = 0 
KOUNTY a 0 
NOT = 0 
N"AX = 0. 
OLDNI = 0. 
T = 0. 
yyy = c. 
OF1=6 
ISTP=KSTP 
J4=2 
1START=2 
V(1)=1. 
IS = !STAGE 
PTI"E = PTI!IE + DTE(IS) + TE 
TT=PTI"E+T 
NI=NXO 
KOUNTX=1 
IF (IS"P.EQ.1.AND.IN.EQ.1.0R.ISKP.EC.1.ANt.IYR.EQ.1) WRITE(OP1, 

1 10000) 
IF (ISKP.EQ.1.AND.IN.EQ.1.0R.ISKP.EQ.1.ANt.IYR.EQ.1) WRITE(CP1, 

1 10100) tT,CLDNJ,YYY,NXO,NX 
10 IF (ISTAGE.EQ.5) GO TO 40 

GROll 
GROW 
GROll 
GROW 
GROll 
GROW 
GROW 
GROW 
GROW 
GROW 
GROW 
GROW 
GROW 
GROll 
GROW 
GROll 
GROW 
GROll 
GROll 
GROll 
GROll 
GROW 
GROW 
GROW 
GROll 
GROll 
GROll 
GROW 
GROW 
GROW 
GROll 
GROll 
GROW 
GROW 
GROW 
GROW 
GROW 
GQOW 
GROW 
GROW 
GROW 
GROW 

IF (NX.GT. RIIAI) NIIU = HX 
c ••• 
c ••• CALL SUBBOUTINE tELTA. 
c ••• 

c 

CALL\ DELTA ( 11 IN, I STAGE ,I Yii, KNA TI, KFLANT, UTIO, PSN • PS P, PST) 
NDT::NO'I+1 
TT = P'IIIIE + IIDT•DE (IS) 
OLDNX=IIX 

C COIIPUTB GROW'lH HISTORY OF PllESBliT !::TAGE AND 
C RECORD HISTORY OF NEXT-STAGE INPUT I"PUISES •• 
c 

IF (T+0.001+D!CIS).G!ot!J CO TO lO 
If (T+0.001+DE(IS).GB.DTE(IS)) GO TC 20 
KCUNTI=IIOONTX+1 
H (IS'IAGE. RE.1) IIXO=YY (KOUNTI) 

C ••••• A---ONLY PBODUCTION OCCURS 

0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

1 00 
10 5 
110 
11 5 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 
185 
190 
195 
200 
205 
210 
21 5 
no 
225 
230 
235 
240 
245 
250 
255 
260 
265 
270 
275 



ISH 00116 
ISll 00117 
ISll 0048 

ISH 0049 
ISII 0050 
ISN 0052 
ISll 0053 
ISH 0054 
ISII 0055 

ISII 0056 
ISH 0057 
ISH 0058 

ISH 0060 
JSH 0062 
~SH 0064 
ISH 0065 
ISH 0066 
ISH 0067 
ISH 0068 
ISH 0070 
.lSI 0071 
ISH 0073 
ISH 0075 
IS II 0076 
ISII 0077 
ISll 0079 
IS R 0080 
ISH 0081 
ISII 0082 
ISH 0083 
ISH 0084 
.ISH 0085 
ISH 0086 
ISH 0087 
ISH 0088 
ISH 0090 
ISH 0092 

ISII QQ94. 
J5ll OOCJS 
.ISH 0096 
ISH 0097 
ISll 0098 
ISll 0099 
ISH 0100 
lSI 0102 
ISH 0103 
ISll 0104 
TSll 0105 
ISII 0106 
lSI 0107 
lSI 0109 

lSI 0111 
lSll 0113 

NI=HI+IiiO 
YYY=O. 
GO TO 100 

52 

C ***** 8---PBODUCTION AND 'IRAIISFER OCCUR. 
20 KOUBTY:KOUNTY+1 

If (IS'IAGE. NE.1) IJIO=YY (KCUIITX+KOUIITT) 
YY(KOUN'IY)=IIX*i(KOUHTJ) 
Nl=HX-YY(KOUNTY)+BXO 
YYY=YY (KOUNTY) 
GO TO 100 

C ***** C---ONLY TRABSFER OCCURS 
30 KOUIITY=KOUNTY+1 

NJO=O. 
IP (ISTAGE.NE.1) NXO=YY (KOtliiTI+ KOtlN'IT) 

C FRO" JUVENILI ~I STAG! Oli, liO TB'ANSFER EXCEPT SURVIVAL ••• 
40 IP (I STAGE. LT. 4) GO TC 90 

If (NX.G'I.N"AX) NIIAX =Ill 
IIXO=O. 
l!tlT=O 
YYY=O. 

50 BUF=O. 
IP (TS(IS) .LT.1.) GO 'IO 60 
BtlF = (U(IS)-UO(IS))*((NJ-YS(IS))/YS(IS)) .. 3 
IP (NI.LT.YS(IS).AND.ILEFT(IS).EQ.1) BUP = O • 
IF (BX.GT.YS(I~ .AND.IBIGB'I~~ .EC.1) BOP= O. 

60 KllATL = U (IS) + BUP 
KPLANT = ISi*PKILL(IS)*QP/9 
IF (I.YB.EQ.O) KPLAIIT = 0. 
KTOTAL = KNATl + KPLANT 
RATIO = KPLANT/KTOTAL 
PSN = EXP (-KIIATL*DTE (IS)) 
PSP = EXP (-KPLAIIT*DTE (IS)) 
PST = l!JP (- KTCTAL*DTE (IS)) 
OlDNJ=Ill 
Iii= NJ*EXP(-KTOTAL*DE(IS)) 
IIDT=BDT+1 
T = TT + NOT* DE (IS) 
IF (T.GE.PTaE.OR.T.G'I.365.) GO TC 70 
IF (ftOD(BDT,ISTP).GT.O) GC TO 50 
IP (ISKP.EQ.1.ABD.Ili.EQ~1.0R.ISKP.EQ.1.AND.IYR.EQ.1) IRITE(OP1, 

1 10100) T,OLDNJ,YYY,BXO,BX, KliATL,KPLANT,RATIO,PSB,PSP,PST 
GO TO 50 

70 810=11 
U(1)=11X 
DO 80 J=2, 5000 

80 TY(J) =0. 
RETURB 

90 IP (IHD.EQ. 0) ISTA.RTs1 
IMD=1 
TT(KODITT)=IX*I(KOUliTI) 
!IX= BI-t! (KOUMT!) 
rn=n cl!ouN'l'lJ 
l:START.,IS!ABT+l 

100 IP (!OD(NDT,IST~.GT.O) GO TO 110 . 
IF (ISKP.BQ.1.liD.IB.EQ.1.0R.ISKP.EQ.1.lliD.ITR.EQ.1) IBITE(OP1, 

1 10100) 'lT,OLDIII,fYY,liJO,Bl, KBATl,KPLAB'I,BATIO,PSli,PSP,PST 
110 IP (IS~AGB.GE.4) GO TO 130 

SUft.-0. 

GROll 280 
GROI 285 
GROI 290 
GROll 295 
GROW 300 
GROI 305 
GROll 310 
GROI 315 
GROW 320 
GROW 325 
GROW 330 
GROW 335 
GROll 340 
GROI 345 
GROW 350 
GROll 355 
GROW 360 
GROll Jb5 
GROll 370 
GRUW j '15 
GROI 380 
GROll 385 
GROW 390 
GROll 395 
GROW 400 
GROll 405 
GROW 410 
GROW 415 
GROll 420 
GROll 425 
GROI 430 
GROll 435 
GROll 440 
GROW 445 
GROll 450 
GROW 455 . 
GROll 460 
GROll 465 
GROI 470 
GROll 475 
GROW 480 
GROI 485 
GROll 490 
GROll 495 
GROI 500 
GROW 505 
GROll 510 
GROll 515 
GROW 520 
GROI 525 
GROW 530 
GROI 535 
CROll !>4U 
GROll 545 
GROI 550 
GROll 555 
GROll 560 
GROll 565 
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ISN 0114 DO 120 I=ISTART,KOUNTX GROW 570 
ISN 0115 II=KOUNTI+IS~ART-I GROll 575 
ISH 0116 11(11)=0. GROW 580 
ISH 0117 IP (HI.EQ.O.) GO TO 120 GROll 585 
ISN 0119 II(II)=OLDNX*II(II-1)/NX GROll 590 
IS II 0120 SOII=SUII+II (II) GROll 595 
ISH 0121 120 CON ~INUE GROll 600 
ISH 0122 II(IS7AR7-1)=1.-SUII GROll 605 
ISH 0123 130 If (TT.GE.PTIIIE) GO TO 140 GROW 610 
IS II 0125 T = liDT*DE(IS) GROW 615 
IS II 0126 IF (ISUGE. HE. 1) GO TO 10 GROll 620 
IS II 0128 AA=ABS(T-Tili(J~) GROll 625 
IS!i 0129 IP (AA.GT.0.001) GO TC 10 GROW 630 
IS II 0131 NXO = P*DE(IS) *TIIIW (J4)/ (Till (J4+1 )-UII(J4)) GROll 635 
ISN 0.132 J4=J4+ 1 GROW 640 
ISH 0133 GO TO 10 GROW 645 

c GROll 650 
c QUIT POR EXIT GROW 655 
c GROW 660 

IS!i 0134 140 IP (!STAGE. EQ. 1) GO TO 160 GROW 665 
c ZERO UNUSED PART OP YY(I) TC SHCII NO PBCDUCTION THEREON GROll 670 

ISN 0136 K'IY1=KCONTY+1 GROll 675 
IS II 0137 DO 150 I=KTY1, KTYO GROW 680 
IS II 0138 150 YY (I) =0. GROW 685 

c STORE t OP !LEIIENTS USED IN YY (I) GROW 690 
ISN 0139 160 KTYO=KOUNTY+1 GROW 695 
ISH 0140 RETURN GROW 700 
ISN 0 141 10000 PORliAT (//,T4, 'TillE( ) 1 ,'!15, 1 POPULATION(-) 1 ,T30, 'TRANSFER 1 ,T45, GROll 705 

1 1 PRODUCTION 1 , 'I60, 1 PO PULA 'I ION (+) 1 ,T 75, 1 KliATL 1 , T85, 1 KPLANT', T9 5, GROll 710 
1 1 RATIC 1 ,T105, 1 PSN1 ,T115, 1 ISP 1 ,T1~5, 1 PST'/) GROll 715 

ISH 0142 10100 POBliAT (T4,P6.2,T15,E9.4,T30,E9.4,T45,E9.4,T60,E9.4,T75, E9.4,T85,GROII 720 
1 E9. 4, 795, P6. 4, T 10 5, P6. 4, T115, f6. 4, T12 5, f6. 4) GROll 725 

IS II 0143 END GROll 730 
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•••••F 0 R T R A N C R 0 S S REfERENCE L I S T I N G*•~•• 

SJIIBOL IHTERNIL STAT£ft£NT NO!BERS 
I 01U 0"115 0137 0138 
J 0097 0098 
p COOQ 0131 
r 0015 002Q 00)9 OOQ1 0087 0088 OC88 0092 0125 0128 
y OOOQ C076 
II 0007 0021 0052 01C3 0116 0119 0119 012 0 0122 
AA 0128 0129 
DE 0003 0037 0039 OOQ1 OOA~ C087 0125 0131 
Il 0115 0116 0119 0119 0120 
IN 0002 0027 0029 0035 0092 0109 
IS 0022 0023 0037 0039 OOQ 1 0041 0068 0070 0070 OC70 0070 0071 0071 0073 0073 0075 C076 0081 0082 

0083 0085 0087 0125 0131 
JQ 0019 0128 0131 0131 0131 0132 0132 
Kl 0003 ooo8 0070 0075 
HH OOOQ 
Nl 0005 0008 0025 0029 0033 0033 0038 OOQ6 j)OQ6 0052 0053 0053 OC62 0062 0070 0071 0073 008Q 0085 

0085 0092 009~ 0096 0103 010Q 010Q 0109 0117 0119 
QP COOQ 0076 
TE UUUQ 1)\)lJ 0039 
TT 002Q 0029 0037 00€7 0109 0123 
II> OOOJ OCEij QQ7Q nn7n n071 0071 
yy 0007 ooqq 0050 0052 0053 005Q OC58 0096 0098 0103 010Q 0105 0138 
ASS 01H 
AKl 000 3 
AJS 0003 
RUI' UUb7 0070 0071 0073 0075 
D'l't: 0003 C023 0041 ooa·1 OUM~ UU83 
Eli' 0081 0082 008 3 UUH~ 

IHD 0010 0100 0102 
ISII OOOQ 0076 
IJB 0002 0027 0029 0035 0077 0092 0109 
KID 000 3 ooc8 0070 
1100 C09C 0107 
Hill' 0012 0036 0036 0037 0065 0086 0086 0087 OC90 010"/ 0125 
NlO 0002 0008 0025 0029 OOQ q OOQ6 0050 005 3 0057 cess 006Q 0092 0095 0109 0131 
OF1 0009 0017 0027 0029 0092 0109 
PSII 0035 0081 0092 01C9 
PSP 0035 0082 0092 0109 
PST 0035 0083 0092 0109 
Sill 0113 0120 0120 0122 
Til! 0006 0128 0131 0131 
JJJ 0016 0029 OOQ7 005Q 0066 0092 0105 0109 
AKIO 0003 
II!IID OOOQ 
ISKP OOOQ 0027 0027 0049 0029 0092 OO!ii 0109 0109 
T'l'l'l> nr.lf. r.nqn 0107 
~p OOOQ 0018 
!riO 0002 0137 0139 
Kft1 0136 0137 
HUl 0002 0008 0013 .0033 0033 0062 0062 
'rA.IIW 0006 01~1 
DBLU 003S 
ou or 0005 
I'KTLT. 0003 0076 
1"1.11111 UUl.i UUiiG Olll 
ILE!'! 0003 0071 
KllTL· 0008 0035 0075 0019 0081 0092 0109 
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_.) 

*****f 0 B T B A II C B 0 s s B E f E B E N C E L I S T I N G***** 

SYIIBOL IITEBHAL STlTE"ENT NDIIBEBS 
OLD HI 0014 0029 0038 0084 0092 0109 0119 
PTIIIB 0002 0023 0024 0037 
liAi'IO 0035 0080 0092 0109 
GBOIITH 000 ~ 
IJUGHT 0003 0073 
IST 1GB 0002 0022 0031 0035 0044 0050 0058 0060 0111 0126 0134 
I START 0020 0100 0106 Oi06 0114 0115 0122 
KOU NTI 0026 0043 0043 0044 0050 0052 0058 0103 0114 0115 
KOUIITY 0011 0049 0049 0050 0052 0053 0054 0056 0056 0058 0103 0104 0105 0136 0139 
Kl'LAIIT 0002 0008 0035 0076 0077 0079 0080 0082 0092 0109 
KTOTlL 0008 0079 0080 ooe3 0085 
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LABEL DEll: BEC REfERENCES 
10 0031 0126 0129 0133 
20 0049 00111 
30 0056 0039 
110 0060 0031 
50 0067 0090 00911 
60 0075 0068 
70 0095 0088 
80 0098 0097 
90 0100 0060 

100 0107 00118 0055 
110 0111 0107 
120 0121 01111 0111 
130 0123 0111 
1110 01311 0123 
150 0138 0137 
160 0139 01311 

10000 01111 0027 
10100 0142 0029 0092 0109 



ISN 0002 

ISN 0003 

ISH 0004 
ISH 0005 

ISH 0006 
ISH 0007 
ISH 00()8 
ISH 0009 
ISH 0010 
ISH 0011 

ISH 0012 
ISH 0013 
ISH 0014 
ISH 0015 
ISH 0016 
ISH 0018 

ISH 0019 
ISN 0020 
ISH 0021 
ISH 0022 
ISH 0023 
ISN 0024 
ISN 0026 

ISH 0027 
ISN 0028 
ISll 0029 
ISH 0030 
ISII 0031 
ISN 0032 
ISII 0034 

ISII 0035 
ISH 0036 
ISII 0037 

ISll 0038 
ISH 0040 
ISH 0041 
ISH 0042 
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COIIPilER OPTIONS - RAKE= IIAIH,OP.T=02,LIRECH'I=60,SI2!=0000K, 
SOURCE,EBCDIC,ROLIST,NOtECK,LOAD,IIAP,ROEDIT,NOID,XREP 

CDELT CELT 
c ••• 
C ••• SUBROUTINE DELTA IS THE BUNGE KOT'U EQUATIONS USED TO ADVANCE 
C ••• OHE TillE STEP FOB THE SF!CifiED LIP! STAGE. IT IS CALLED BY 

DELT 
CELT 
DELT 
DELT 
CELT 

C ••• SUBROUTIH! GROWTH. SUBROUTINE DELTA CALLS SDBROUTINE FUNC AT 
c ••• POUR POIH'IS. 
c ••• CELT 

SUBROUTINE DELTA (liD III,IH, I STAGE ,I YR ,KNA Tl, KPLA NT, RATIO, PS N, PSP, DELT 
1 FS'I) ~ELT 
COKKON/LSTAGE/AKX(5),A~I0(5),AYS(5) ,DE(S),DTE(5),FKILL(5),ILEFT(5)DELT 

1 ,IRIGHT (5) ,KX (5), KIO (5) il!S (5) CELT 
COKIIOR /BKTTA/Y(1),DEBY(1),AUX(16,1) DELT 
B!AL KRATL,KPLAHT CELT 

C THIS ROUTINE PEBFORIIS THE BUNGE KUT'IA CALCULA'IIOHS. DELT 
H = DE (ISTAGE) DELT 
CALL FOliC (IN,ISTAGE,IYR,KHATl,KPlAiiT,RATIO,PSH,FSP,PST) DELT 
DO 10 I=1,HDII! DELT 

AUX (1, I) =Y (I) DELT 
10 AUX(e,I)=D!RY(I) CELT 
20 CONTINUE DELT 

C BUNGE-KUTTA EQUATIONS FOLLOW DELT 

c 

c 
c 

c 

30 DO 40 I=1,NDIK DELT 

40 

50 

60 

Z=H*AUI(8,I) CELT 
AUI(5,I)~Z DELT 
Y(I)=AUX(1,I)+.4*Z DEI.T 
IF (Y (I) .L'I. 0.) Y (I) =0. CELT 
CONTINUE DELT 

Z=X +. 4* H DELT 
CALL POHC (IN,ISTAGE,IYB,KHATI,KPlANT,RA'IIO,PSN,FSP,PST) DELT 
DC 50 I=1,NCIP. DEL'l' 

Z=H*DEBY (I) DEI.T 
AUI(6,I)=Z DELT 
Y(I)=A01(1,I)+.2969776*AUX(S,I)+.1587596*Z CELT 
IF (!(I) .L't'.O.) Y (I) =0. DELT 
CCN'IINUE DELT 

Z=X+.4557'372*H 
CALL PUNC (IN,ISTAGE,IYB,KHATI,KPIAN'I,RA'IIO,PSN,FSP,PST) 
DC 60 I=1, NCIII 

Z=H*DEBY (I) 
AUX(7,I)=Z 
Y (I) =AUX (1, I)+. 2181004*AUX (5, I)- 3. 0509ES*AUI (6, I) +3. 83286511<2 
IP (Y(I).LT.O.) Y(I)=O. 
CONTINUE 

Z=X+H 
CALL PUNC (IN, I STAGE ,I l!R ,KHA Tl, liP lA !IT, RATIO, PS N, FS P, PST) 
DO 70 I=1,NCI! 

Y (I)=AUX (1, I)+. 1747603*AUX (5,I)-. 5514eC7*AUX (6, I) +1. 205536* 
AUJ(7,I)••1711046*U•DnBY(I) 

IP (Y(I).LT.O.) Y(I)=O. 
10 CONTINUE 

CELT 
DELT 
DELT 
CELT 
DELT 
DELT 
DELT 
DELT 
CELT 
DELT 
CELT 
DELT 
DELT 
CELT 
DELT 
DELT 
UELT 
DELT 

1!0 RETURN 
END 

0 
5 

10 
15 
20 
25. 
30 
35 
40 
45 
50 
55 
60 
65 
10 
75 
80 
85 

·90 
95 

100 
105 
110 
n5 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 
185 
190 
HS 
200 
205 
210 
215 
220 
225 
230 
235 
240 
245 
250 
255 
260 
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•••••F 0 R T B A N C B 0 5 S R E P B R E N C E L I S T I N G****• 

SYIIBOL INTERNAl STATEeENI NCeEERS 
H 0006 0013 0021 0029 0037 
r oooe 0009 0009 0010 0010 0012 0013 0014 0015 OC15 0016 0016 0020 0021 00 22 0023 0023 0023 0024 

0024 0029 0029 003 c 0031 0031 0031 0031 0032 0032 0036 0037 0037 0037 0037 0037 0037 0039 0038 
y 0004 0009 0015 0016 0016 0023 0024 0024 0031 0032 0032 0037 0038 0038 
z 0013 C014 0015 0021 0022 0023 0029 0030 0031 
DB OOOJ 0006 
IN 0002 0007 0019 0027 0035 
Kl 0003 
YS 0003 
AKl 0003 
AOl 0004 0009 0010 0013 0014 0015 0022 0023 0023 OC30 0031 0031 0031 0037 0037 0037 0037 
AYS 000 3 
DTE 0003 
rn 0002 0007 0019 0027 0035 
KlO 000] 
PSN 0002 0007 0019 0027 0035 
PSP 0002 CCC7 0019 0027 0035 
PST 0002 0007 0019 oo:n 0035 
AltXO 0003 
DBRY 0004 0010 0021 00:<9 0037 
PONC 0001 C019 0027 0035 
IIIli n 990;) 0000 001" 00~0 ?0~0 003G 
DEL TJ. 0002 
PKILL 000 3 
ILBI'T 0003 
KIATL 0002 0005 OC07 0019 0027 0035 
~-TIO onn 2 01)07 001 q 0027 0035 
IlliGHT 000 3 
~Sl.AGE 0002 C006 0007 0019 uun UU35 
KPLAHT 0002 0005 0007 0019 OC27 0035 
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CO"PILER OPTIONS - IIAIIE= IIAIN,OPT=02,LINECNT=60,SIZE=OOOOI\, , 
SODRCE,EBCDIC,NOLIST,IIODECK,LOAD,!AP,NOEDIT,NOID,IREP 

CPORC PDIIC 0 
C... FOliC 5 
C ••• SOBROOTIIIE POIIC CALCULATES TEE CHANGE IN STANDING CROP POR I'UNC 10 
c ••• THF SPECIFIED LIFE STAGE DUE TO N.ATDRAL "OF'IALITY AND, IF THE PO!IC 15 
C ••• POVER PLANT IS "CII" IN TBE IIODEl, DOE TO PlANT IIORTALITY. PUNC 20 
C... PUIIC 25 

ISH 0002 SUBROUTINE PDNC(IH,ISTAGE,IYR,KIIA1L,KPLAII!,RATIO,PSR,PSP,PST) POHC 30 
ISH 0003 COl! IIOH/lSTAGE/ AKX (5) , AKXO (5) • AY S ( 5) , DE (5) • DTE (5) , PKILL (5) , ILEPT (5) POHC 3 5 

1 ,IRIGHT(5),KI(5),KI0(S),!S(5) ' PDIIC ~0 
ISH 0004 COI!IIOII/PAR/IEND,ISKP~ISV,KSTP,NIIrEoCP,TE,V PU~C ~5 
IS II 0005 COIIIION /RKTTA/ U,DRXDT I'UNC 50 
ISH 0006 REAL KNATL,KPLAIIT,KTOTAL I'UNC 55 
ISH 0007 REAL KX,KXO,NX PONC 60 
IS II 0008 IS = IS'IAGE POHC 6'5 
IS II 0009 BOP = 0. FONC 70 
ISM 0010 II' (YS (IS) .LT. 1.) GO TO 10 PUNC 75 
ISH 0012 BUf = (KX(IS)-KXO(IS))*((IIJ-YS(IS))/YS(IS)) .. 3 PONC 80 
ISII 0013 IP (IIX.lT.YS(lS).AIID.IlEPt~S).!Q.1) BOP= 0. FOliC 85 

IF (NX.GT.YS(IS).AND.IRIGHT(IS) .EQ, 1) BOF = 0. PU!IC 90 
KNATL ;, KX (IS) + BOP PUNC 95 

IS II 0015 
IS II 0017 10 
Ulf QU18 K!lAUT • I3i•PHILLII~l*QPIV ruNe 100 
ISN 0019 IP (IYR.EQ.O) KPLAIIT = 0. fONC 10:S 
IS II 0021 K'rO'IAL = ICNATL • KPLANT FOliC 110 
ISII 0022 RATIO = KPLANT/KTOT AL PDNC 115 
1:511 0023 PSN = EXP(-KNATL*DTE(IS)) FONC 120 
ISH 0024 PSP = EXP(-KPLJNT*DTE(IS)) FONC 125 
ISH 0025 PST = UP (-KTOTAL*DTE (IS)) PDNC 130 
IS II 0026 DNXDT ·= -KTOTAL*HX FDNC 135 
ISII OC27 RETURN PONC 1~0 

ISN 0028 END PONC 1~5 
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*****P 0 8 T 8 l II c a o s s BE P EBEN C E• L I S T I II G••••• 

SYIIBOL I liT Ell NAt STATEIIENT IIU~BEBS 
p 00011 
v 00011 0018 
DE 0003 
Ill 000 2 
lS 0008 0010 0012 0012 0012 0012 0013 0013 0015 CC15 0017 0018 0023 00211 0025 
Kl 0003 0007 0012 0017 
Nil 00011 
Nl 000~ OOC7 0012 0013 0015 0026 
QP 00011 0018 
TE COO II 
YS 0003 0010 0012 001:< 0013 0.015 
Altl 0003 
AIS 000 3 
i!IIP coos 0012 0013 0015 0017 
DTE OOOJ 0023 00211 0025 
Elf 002 3 00211 0025 
ISW 00011 0018 
IYR 0002 0019 
KIO 000 3 0007 0012 
PS!i 0002 0023 
PSP 0004 00211 
PST 0002 0025 
AKIO 000 3 
FOliC 000 2 
lEND 000 II 
ISI<P 00011 
KSfP 00011 
DIIIDT 0005 0026 
PKILL 000 3 0018 
ILIFt C003 0013 
KIIAT L 000 2 0006 0017 0021 0023 
RATIO 000:< 0022 
IBIUIIT 0003 0015 
:O:STAGE 0002 0008 
KPLAHT 0002 0006 0018 0019 0021 0022 00211 
K1'0TAL 0006 0021 0022 0025 0026 
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ISii 0002 
ISii 0003 
ISii 0004 
ISii 0005 
ISii 0006 
ISii 0007 
ISH 0008 
.ISii 0009 
ISN 0010 
ISii 0011 
ISii 0012 
ISN 0013 
ISii 0014 
ISM 0015 
.ISN 0016 
IS II 0011 
ISii 0018 
.ISN 0019 
ISii 0020 
ISii 0021 
ISN 0022 
ISN 0023 

ISii 0024 
ISH 0025 
.ISii 0026 
ISii 0027 
lSI 0028 
ISii 0029 
ISII 0030 
ISM 0031 
ISii 0032 
ISII 0033 
ISli 0034 
J:SN 0035 
ISii 0036 
ISH 0037 
ISI 0039 
ISII 0041 
ISH 0043 
ISH 0044 
J:Sli 0045 
ISH 0046 
.ISH 0047 
ISI 0048 
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COIIFILEB OPTIONS - liA" E= IIAili,OPT=02,LI IIECH1=60,SI2E=OOOOK, 
SOURCE, EBCDIC,HOLIST, HO DECK ,LOAD,IIAP, NO EDIT ,NO ID, XB EP 

CEQUl 
c ••• 
C ••• SUBBOOTINE EQUAL CALCULATES A FIRST ORDER IICRTALITY RATE 
C ••• COEPFICI!liT FOB ADULT CLA_SSES 4-13 f06 YEAR ZERO. THIS 
c ••• CALCULATION IS DONE USING A NEilTON BHAPHSON TECHNIQUE AND 
C ••• IS DESIGNED TO GENERATE Ali ADUL1 AGE DISTRIEUTION THAT WILL 
C ••• PBODOCTICN THE SAllE NUIIBEB Of EGGS AS SPECifiED BY ONE OF 
c ••• THE INPUT PARAIIETEBS. 
c ••• 

SUBROUTINE EO UAL (A DOL 'I ,AD DLT S, DC YO ,NEO, PEQUAL, BliP, BO) 
COIIIION;ADULTT/tCY(20) ,fEC(20),StiAT(20),SIIAT(20) 
COIIIIOii/PAB/IEND,ISKP,ISV,KSTP,NN,F,QP,TE,V 
DIIIENSIOii AD0Li(20) ,ADULTS(20),DC1U.(20) ,F.!!F(20) 
REAL liEO,IiS,KO,KH 
DO 10 K=1,3 

10 DCYO(K)=DCY(K) 
R O=PEQ DAL/11 EO 
DO 20 K= 1, IEND 

20 BliP (K)=SBAT (K)*SIIAT (K) •UC (K) 
S1=RIIF (1) 
A XP= 1. 
DO 30 1<=2 ,4 

AXP=AIP*EXP(-DCYU(K-1)•365.) 
30 S1=S1+BIIP(K)*AIP 

c ••• 

D= (R0-51)/AXP 
II RITE( 12,10000) 
IIBITE(12,10100)BO,S1,AIP,D 
DTEST=.1!-7 
I'IERX=20 
ITER=1 
KO= 1.89903E-3 

c ••• START ITERATION lOOP 
c ••• 

40 PPK=O. 
PK'=D 
PI=1. 
DO 50 K=S,IEND 

AK=K 
PI= UP (-KO* (AK-4.) *365.) 
PK=FK-RIIP(K) *PI 

50 PEK=PPK+365.*CAK-4.)*BIIP(K)*PX 
QUOT=FK/f'PK 
KN=KO-COOT 
DF=ABS (KN-K 0) 
IIB.ITE ( 12,10200) KO,KN, DF, ITEB 
ITEB=IHB+1 
IP (ITER.EQ.t'tEBx) GO TO 60 
IF (DP.lE.DTEST) GO TC 60 
H (!Clf .!",T.O.) Kif,. S*KO 
KO=Kii 
GC TO 40 

60 KK=4 
DO 70 II=KK,IEiiD 

70 DCYU (II)=KN 
IIRITE(12,10200)KO,KI,DP,IT!B 

EQUA 0 
EQUA 5 
EQUll 1 0 
EQUA 15 
EQUA 20 
EQUA 25 
EQUA 3 0 
EQUA 3 5 
EQUll 40 
EQUA 45 
EQUA 50 
EQUA 55 
EQUA 60 
EQUA 65 
EQUA 70 
EQUA 75 
EQUA 80 
EQUA 85 
EQUA 90 
EQUA 95 
EQUA 100 
EQUA 105 
EQUA 110 
EQUA 115 
!!QUA 120 
!!QUA 12 5 
EQUA 130 
EQUA 135 
EQUA 140 
EQUA 145 
EQUA 150 
EQUA 155 
EQUA 160 
EQUA 165 
EQUA 170 
!!QUA 175 
EQUA 180 
EQUA 185 
EQiiA 190 
EQUA 195 
EQUA 200 
EQUA 205 
EQUA 210 
EQUll 215 
EQUA 220 
EQUA 225 
EQUA 230 
E<)UA 235 
EQUA 240 
liQOA 24~ 

EQUA 250 
EQUA 255 
EQUA 260 
EQUA 265 
EQUA 270 
EQUA 275 

\ 
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.J:Sli 001f9 IBITE ( 12,10300) EQUA 280 
.ISB 0050 R!TURB EQUA 285 
.ISB 0051 10000 PORftAT (/// 1 ITERATE TO EQOILIBRIUft BY ADJUSTIIG THE FIRST ORDER' EQUA 290 

1 ,/, 1 DECAY RATE COEPPICIEBT USED PCR YEAB CLASSES If AND OLDER',/)EQUA 295 
.I Sli 0052 10100 PORftAT(' R0= 1 ,E15.8,' S1=',E15.8, 1 AXP= 1 ,E15~8,' D= 1 ,E15.8) EQUA 300 
.IS I 0053 10200 PORftAT ( 1 KO=• ,!15.9, 1 KN= 1 ,E15.9, 1 1:= 1 ,!1~.8, 1 1=',13) EQUA 305 
.IS I 0054 10300 POBftAT ( 1 BID Of EQOAL •••••• 1 ////) EQUA 310 
ISB 0055 EllD EQUA 315 
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*****P 0 R T B A II C R 0 S S R E P E B E N C E L I S T I II G***** 

SYIIBOL IIITEBHAL STAtEftEIIT BOftEEBS 
D 0017 0019 0025 
K 0001 0008 0008 0010 0011 0011 0011 0011 OCH OC15 0016 0021 0028 0030 0()31 00116 00111" 
p 00011 
y 00011 
AK 0028 0029 0031 
DP 00311 0035 OC39 00118 
PK 0025 0030 0030 003~ 
KK 00115 00116 
Kll 0006 0033 00311 0035 00111 0011.1 00113 00111 OCIIB 
KO 000~ 0023 0029 0033 OOJII 0035 00111 00113 00118 
1111 000 II 
liS C006 
PX 0026 0029 0030 0031 
QP 00011 
80 000 2 0009 0017 0019 
51 001~ 0016 0016 0017 0019 
TE 00011 
ABS OOlli 
UP 0013 0015 0015 0016 0017 0019 
OCY 0003 coca 
BXP 0015 0029 
Pll: 0003 0011 
PPK 00211 0031 0031 003:< 
ISII COO II 
lii!D 0002 0006 0009 
llftP 000~ 0005 0011 0012 0016 0030 0031 
OCYO 000 2 0005 ocoe 0015 00t11 
I.t!IID 00011 C010 0027 00116 
ISKP 00011 
ITER 0022 0035 OC36 0036 0031 00118 
KS'l p 000 II 
QOOT C032 0033 
SIIAT 0003 0011 
SBAT 0003 0011 
A Oil LT 000 ~ 0005 
O'fliST 002 c 0039 
EQUAL 000~ 
ITER X 0021 0037 
ADULTS 000~ 0005 
PBQUAL C002 0009 
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LABEL Dl!fHEt Bl!li!BEilCES 
10 oocs 0007 
20 0011 0010 
30 0016 00111 
.. o 00 211 001111 
50 0031 0027 
60 00115 0037 0039 
70 00117 0046 

10000 0051 0018 
10100 0052 0019 
10200 0053 0035 oo11e 
10300 0054 0049 
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APPENDIX B 
INPUT DATA CARDS FOR SAMPLE RUN 

1 13 ouo 00 10 128. 335. 1 
01 uo 01 01 

U.69"i7E-3 
• 'i • c; 

100. OE9 U9. 0.2 
08 7. 1 u. 21. 28. 

.5 .c; .028 
o. 7. 0.7 1.U 1. u 

3 5. U2. !19. 
• 05 36 .02!13 .2361 • UU8 2 • 2 365 .0000 

.002'i10 .001400 • 000611 o. o. 0. o. 
• "iO .52 • 54 .'56 • '58 .60 • 6 2 .6U 
.0 • 0 .o .0 • 8 1. 0 1. 1. 

.o • 0 . o .205E6 .297E6 
.9UOF.6 1. 1 4E 6 1.lfir:fi 1. 56Ef'\ 1.76E6 

1 • 1. 1. 2. 
EGG STI\GE 
1. 15 1 0. OOEO 2. 

1. 0 1. 0 1.0 0 0 
UP VAL STAGE 
o. 1645 1. U 7ECI 28. 

1. 0 0.8 1. 0 0 0 
JOVENILR 1 ST!\.GE 
0.05115 2. 65E7 30. 

1. 0 0.8 1. 0 0 0 
JUVEN!Ll!: 2 STAGE 
o.o 1 24"i 8.98Ef'i 100. 

1. 0 0.8 1. 0 0 0 
JOV ENIL E 3 SlAG"!': 
0.009720 2. 29 E6 1 5P.. 

1. 0 0.8 1. 0 0 0 

• 0 28 40 

.0013 • 0000 
0. 0. o. 0 • 0. 
.66 .6 8 .70 • 70 

1. 1. 1. 1 • 
• 4 2 0~6 • 5.72E6 

o. 
.70 

1. 
• 7U7E6 



THIS PAGE 

WAS INTENTIONALLY 

· LEFT BLANK 
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APPENDIX C 
OUTPUT FROM SAMPLE RUN 



•• CURRENT Y!A~ ••••••• o- •• 

STAGf EGG STAGE 

KX ( 1/DAY) = 0 .11509990691! 01 
KIO ( 1/DA Y) = c .115 0999069 ~ 01 
YS (liUIIBER)= o.o 
LIFE PERIOD (DAY)= 2.000C 
RATIO OP THE 1<1 VALU£ USED l"~ TIIS RIE TO THE •S'lAiiDABD• !1: "AlOE GIVEN ABOVE = 1. 00() 
RATIO OP THE ~10 VALUE OSED IN ~HIS RDH TC THE KX VALUE O~ED IN THI> RUN = 1. 000 
RATIO OP TRI! YS VALUE USED I1i TIIS BUll TO THE •STAIICABD• !S 1'ALOE GUEN ABOVE = 1.000• 
LEFT LIIIB Of COIIFENS&TION POiCT:ON DISABLeD ••• liO 
BIGHT LIIIB OP C~IIPBiiSATION POHCTION Ci:SABL!D ••• NO 

TillE ( I EOPUU.TI CN (-) '=!IA!ISPBR P!IODOCTION POPDUTIO!f (•) .t<NATL KPLIINT RAT!O P511 PSP PST 

o.o .o .o • 1531! 09 .15311! 09 
2. 00 .5324! 09 .15~2E 08 .1531! 09 .67C3:E 09 .1151! 01 .o 0.() 0.1001 1. 0000 o. 1001 
4.00 .5324! 09 .1532£ C8 • 1531! 09 .6703! 09 .1151E 01 .o 0 .·0 0.1001 1. 0000 0. 10 01 
6.00 .5324E 09 .15~2E08 • 15311! 09 .• 6703! 09 .11518 01 .o o.o 0.1001 1. 0000 o. 1001 
8.00 .3378E 09 .15nE 08 .6943E 08 .3~191 09 .1151E 01 • 0 o.o 0.1001 1. 0000 o. 1001 -....! 

10.00 .2~14E ()9 .69t·7E C7 .6943! 08 • 3(·391! 09 .1151F 01 .o 0.() 0.1001 1.0000 o. 1001 0 

12.00 .H14E 09 • 6947! 07 .69431! 08 • 3(•39! 09 .1151! 01 .o 0.0 0. 1001 1.0000 o. 1001 
14.00 .2~14E 09 • 69t7E C7 .6943E 08 .3C·Jn 09 .1151E 01 .o o.o 0.100 1 1. 0000 o. 1001 
16.00 .2.285E 10 .6947! 07 • 67461! 09 .• 2S52l 10 .1151E 01 .o o.o 0.1001 LOOCO o. 1001 
18.00 .2345F 10 • 67~0E 08 ,6746E 09 • 2S 52:! 10 • 115 1E 01 • 0 o.o 0.1001 1. 0000 o. 1001 
20.00 .2345E 10 .E7~0E C8 • 6l46E 09 .2:52E 10 .1151E 01 .o 0.0 0.1001 1.0000 0. 1001 
22.00 .3754E 10 .6750E 08 • 1281E 10 .11:67! 10 .11518 01 .o o.o 0.1001 1.0000 o. 1001 
24.00 .4 .. 52E 10 • 12E1E C9 .1281E 10 • 5E05E 10 .1151E 01 .o 0.0 0 .101)1 1. 00 00 o. 1001 
26.00 .11~52E 10 .12E1E 09 .12818 10 • 5€ 05 E 10 • 1151 E 01 .o o.o 0.1001 1.0000 0.1001 
28.00 ,4'152E 10 .1281809 • 12811! 10 .5E05E 10 .1151E 01 .o o.o 0.1001 1. 0000 o. 1001 
30.00 • 211 10 E 10 .12e1E C9 .6757E 09 • 2957! 10 .1151E 01 .o 0.) 0. 1001 1- 00 00 o. 100 1 
32.00 .211198 10 .6762! 08 .6757E 09 .:2'i5H 10 • 11 51E 01 .o O.:l 0.1001 1. cooo 0. 1001 
34.00 .2349! 10 .6762! 08 .6757E 09 • 29 57! 10 .1151E 01 • 0 0.) o. 1001 1. 0000 o. 1001 
36.00 .7l83E 09 .6762! 08 .o .111071 09 .1151E 01 • 0 0.) 0 1001 1.0000 o. 1001 
38.00 .11621£ 01 .42:JCIE 01 .o • 3e211 00 .1151! 01 .o O.J 0-1001 1. 0000 o. 1001 
40.00 .o .o .o . •) .1151E 01 .o O.J 0. 100 1 1. 0000 o. 1001 
112.00 .o .o .o .•) .1151! 01 .o O.J 0 .. 1001 1.000C 0. 1001 
44.00 .1254! 08 .o .37111E 07 • J626l 08 • 115 1E 01 .o 0.0 0.1001 1. 0000 o. 1001 
46.00 .1291! 08 .3717! 06 .37111! 07 • 1626f 08 .1151! 01 .o 0.~ 0. 1001 1. 00 00 o. 1001 
48.00 .1:Z91E 08 .3717! 06 .37111E 07 .16261 08 .11518 01 .o 0.~ 0. 1001 1.0000 0.1001 
50.00 .3103! C7 .3717E 06 .o .273a 07 .1151! 01 .o O.J 0.1001 1. 0000 0. 1001 

TOT ll P!IODDCT ICI INTO THIS L HE STAGE 0.99S999110618 11 
TOTAL TBANSPEB INTO THE NEIT liFE STACE 0.10021056512 11 
I SURVIVAL 'IRBOIGR tHIS LIP8 STAZ:E = 10.0 
IIAXIIID" STAiDJNG CBOP FOR TR[S LifE S~AGE 0.5604630521£ 10 
BATIO OP IIAII!O! STANDING CB,:F 1"0 EQO:i:LI81!IDI! STaNDING CRO? OII!AX/!S) o.o 
REDUCTION U NOIIBER OP ORGAR~S"S ENTEtiNG THIS LIP! StAGE DUE tC TRE POIIEB PLANT.:. 0.0 
'REDUCTION IN !U"BER OP ORGINIS"S EN!EBIBG 1UIS LifE S'IAGE DUE TO THE POWER PLANT ••• ( .• 0 



S'l'AGB 2 UfVIL STAGE 

K~(1/Dll)= 0.164~9999€1E 00 
KID(l/DAJ)= 0.1315999627E 00 
YS(MU!BBB)= 0.1469999E72! 10 
LIPB PEBIOD(DA!)= 28.0000 
BAXIO OP THE Kl VALUE OSBt IH THIS RUH TO tHE •SlAHDABD• ~~VAlUE GIVEN ABOVE= 1.000 
R.UZ:O OP THE UO ULUE OSBD IB THIS BOfi T 0 TIE U V lL DE USED U THIS RON = O. 800 
R.a.1' !0 OP TB E .IS VILD E USEt IH THIS B Ul :'10 T H! •S"rAII tA&D• TS VAL OB GIVEN ABO VB 1. 000 
LBl~ LIBB OP COBPEHSATION PORCTIOH DISA3LBO... RC 
Bll>BT LIIiB OP COBPEHSUIOH POHCTIOR DIS.lBLED... 110 

TIRE( ) FOPO LA TI CN (-) TRANS PER PIWDUCTIOI! POPUlATION(+) RIIATL KPLANT 

2.00 .o .o .1532! 08 .153.2! 08 
9. 00 .26J9E •)9 .o • ~597B 08 .309H 09 .11163E 00 .0 

";6.00 .2375E •)9 .c .2C811E 08 .258-H 09 .11151E 00 .o 
Z3.00 • 9725.1! ·)9 .o • ::!025f 09 .1175! 10 .1632E 00 .0 
JO.OO .2050E 10 .2179E 06 .381111E 09 • 21135E 10 .1665E 00 .o 
37.00 • 22381! Hl .5095! 06 .2028! 09 .21111-l! 10 .1692E 00 .o 
411. 00 .159111! '10 .2005E 06 .E·100!01 .159H 10 .16115E 00 .o 
51.00 .50631! 09 .18511E 07 • 89201! 06 .50114! 09 • 1552E 00 .o 
58.00 .1620E •)9 .3975E 07 .1115! 07 .158·H 09 .11113E 00 .o· 

· 6S. 00 .3959E •)8. • 2769E 07 . (• • 3682! 08 .131128 00 .o 
72.00 • 13578 •) 3 • 8258E 01 .o .127U 03 .1316E 00 .0 
79.00 .29131! 1)2 .o . (• • 291 H 02 .1316E 00 .o 

TOrAL PRODUCTION INtO THIS LIPE STAGE D.1002105651E 11 
TOfU 'rRAHSfE& INTO 'T!II! H£1T LIPE STAGE 0.11261C6560E 09 
I SURVIVAL lHBOOGII TIIS LU'E S'UGE = 1.1 
IIUIIIOB STAHOI!IG CROP POR TillS LIPl! STAGE 0.28367311976E 10 
RA'UO 01' !IAIIIHl!l STUDING CROP TO EQUIU:BBIOII STJNDDIG CROP (liiHX/YSI 1.9298 
REDOCTIOH H HOBEEJI OP OBGANISIIS EIITERIIG THIS LIPE STAGE DOE ·TC THE POIIEB PLANT... 0.0 
• 311:DUCTIO!i IR !iO!IBEI OP O:BGAIIIS!IS Eli'IUIIIG THIS UFE S'IAGE DUE TO THE POIIER PLANT. •• 0.0 

... $ ................................. . 

STAGE 3 JUVENILE 1 STAGE 

KI(1/DAI)= 0.511.999786E-01 
KXO (1/DAY)= 0.110919993(7!-01 
YS(IiUIIBBR)= C.2650000000E 08 
LI?ll: PBRIOD4DAY)= 30.0000 
BlflO OP THE ~~ VlLOI USED II THIS RUB 70 THE •sTANDARD• KI VALUE GIVI!Ii ABOVE = 1.000 
RlrlO OP TH! KID ¥ALD! USED IN THIS RON' TO 'IHB Kl VALUE USED I& THIS BUN ~ 0.800 
BASIC OP THE IS VALU! USED IN THIS RUH 70 THE "STANDARD• IS VALUE GIVEN ABOVE = 1.000 
LEFT LIIIB OP CO!IPEiiSl'IICN POICTION [ISABL!t... NO 
BIGnT LIBB OP COIIPENSATIO!i PUICTIO!i DISABLED... NO 

:IIIB( ) iOPOUTIO!i (-) 'IRARSPER P&OCUCT IO!i POPULATION(+) KNATL KPLANT 

30.00 .o .o .2179! 06 .217'£ 06 

RATIO PSN PSP PS'l 

o.o 0.0166 1. 00 00 0.0166 
0.0 0.0172 1.0000 0.0172 
o.o 0 .o 1Qij 1.00CC o. 01011 
0.0 0.00911 1.0000 0.00911 
o.o O.OOR8 1.0000 0.0088 
o.o 0.0100 1. 0000 0.0100 
o.o 0. 0130 1. 0000 0.0130 
0.0 0.0191 1. 00 00 0. 0191 
o.o 0.0233 1. 0000 o. 02 3 3 
0.0 0.0251 1.0000 0.0251 
0.0 0.0251 1.0000 0.0251 ....... 

RATIO PSN FSF PST 



37.00 
1111.00 
51.00 
58.00 
65.00 
72.00 
79.00 
86.00 
93.00 

100.00 
107.00 

.~573! 07 

.5536! 07 

.11178! 08 

.3397! 08 

.5199! 08 
• 529118 08 
,31189! C8 
.2101! 08 
,.3510! 07 
.1218! 07 
.1916! 02 

.o 

.o 

.o 

.o 

.1197E Q.) 

.11058E 05 

.3378! o:. 

.69391! 05 
• 56671! 0 5 
.70378 0.0 
.2857E 01 

,5095E 06 
• 20051 06 
.185118 07 
• 3975! 07 
.2769! 07 
.82588 01 
.o 
.o 
• o 
.o 
.o 

.S082E o-r 
• 57 36E 07 
.16638 08 
,3795! 08 
.51164E 08 
• 5290E 08 
.3456E oa 
• 2032E 08 
• 79113£ 0 .. 
• 511iiiE 06 
.1630E 02 

TO.UL PRODUCTION INtO THIS [Iff S'I:AG.~ 0,11261C69'0E 09 
TO'fAL TRANSFER INTO TRB NBU liP! ST.GE 0.2165491200! 08 
I .SURVIVAL THF•)OGH THIS LIPi: SUGE = 19.2 
IIUiftOII S7ANDI!G CROP FOR T3IS LIFE 3TAGE = 0.5835'!111<5t00E 0€ 

.115358-01 .o 

.11609!-01 .o 

.5026!-01 .o 

.5138!-01 .o 

.6026!-01 .o 

.61328-01 .o 
,51118!-01 .o 
.51068-01 • 0 
,117951!-01 .o 
.112278-01 .o 
.11092E-01 .o 

BA'riO 01' IIAXII!'JII STANDING CEOP TO EQJILIBRIOII S'IANDING CROP (HIIAX/!S) 2.2022 
&BDOCTION Ill 5JIIBER 01' ORGAHSPIS EIIT5BIIIG THIS LIP'E S'UGE' DDE 1C TIE POIIER PLANT.,, 0,0 
S BEDUCTICII IN NOIIBER OF ORGARlSIIS EiTERIRG THIS LIFE STAGE DOE TO THE POWER PLANt ••• 0,0 

.......................... u ......... , •• 

S'UGE II JUVJNILE 2 STAGE 

KX(1/DA!)= 0.12QII9998111E-01 
KX0(1/DAI)= 0,9959995711~!-02 

YS(NOIIBE~= O.a9800000C:E 07 
LIFE PERIOD(DA!)= 100.000~ 
RATIO or THE K: VALUE USED n THIS RIIN TO THE "SUNDAR!)" U VHOE GitES ABOVE = 1.00• 
RATIO or THE ~lO VALUE USED IN THIS )011 TO THE KX VILa! USED IN THIS RUN = 0.800 
B!riO or THE IS VALDE USED IN THIS BIN TO THB "STANDAPD" YS VALOE GIVE" ABOVE = 1.000 
UrT LIIIB Of COIIPENSAtiON PJNCTIO!I o::SABLED... NO 
RIGHT LIIIB OF COI!PEIISATION ~OHCTICN ::ISABLH... NO 

l' IIIE ( ) 

60.00 
711.00 
88.00 

POPULATION(-) TRAilS PER PRODUCTION POPULATION (•I RNATL KPLANT 

1 02 .o 0 
123.00 
1 37.00 
151.00 
165.00 
179.00 
193.00 
2 07.00 

•• .11179E 07 
,!!153E 07 
.1789E 08 
,1370E 08 
.1148! 08 
,9642E 07 
.8099E 07 
.6805! 07 
.~722E 07 
,11818! 07 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.52C8E 05 
• 7526! 05 
.1476! 07 
.11258! 01 
.o 
.o 
.o 
.o 
.o 
.o 
.o 

.5208! o~. 

.1555! 07 
,9629! 01 
• 1789E OB 
• 1346E OB 
.1128E oe 
.91175! Oi 
.7959! 01 
.6688! 07 
.56211E 07 
.4737f 07 

TOTAL PRODUCTION INTO THIS LIFE STAGI = 0.21E54592~CE 08 
TOTAL TRANSFER INTO THE NEI~ liFE ST~G! 0.4578011100~8 07 
S SURVIVAL THFODGH THIS LIP~ StAGE = 21,1 
IIAXIIIUII STANDING CROP rOB TIIS LIFE STAGE 0, 1827,56200! 0€ 

.1100!-01 .o 
.1245E-01 .0 
.1488!-01 .o 
.1281E-01 .0 
,1250E-01 .0 
.12115!-0 1 • 0 
.1245!-01 .o 
.12111!-01 .o 
.1233E-01 .0 
.1220E-01 .0 

BAXIO or ftAXIftUII STANDING CROP TO EQ,ILIBBIUII STANDING CRCP (N~AX/1S) 2.03117 
REDUCTION IN NI"BBR 01' ORGA~~SI!S !NTlBIIIG THIS liFE StA~E DDE TC T~E POWER PLANT... 0.0 
S REDUCTICH IN NDIIBER OF ORCANISIIS EJTERING THIS LIPE 37AGE DUE TO THE POWER PLANt ••• 0.0 

HUft8!B OP JOi!5ILE 2 KILLED EY IIIPINGEIIEHT ••• O.O 

o.o 
0.0 
o.o 
o.o 
c-.o 
().0 
o.o 
0.0 
o.o 
o.o 
0.0 

H'UD 

o.c 
o.c 
0. C• 
o.c 
o.r. 
o.c 
O.(l 
O.C: 
o. c­
o.c 

),2565 
•). 25•J 9 
•),22111 
).2141 
•),16~0 

) • 158 9 
).2135 
•) .2162 
).2373 
1).28111 
).2930 

E SN 

(,3329 
c•. 2880 
(•.2258 
C.27"!7 
(.28611 
(}.2879 
c-.2880 
C.2890 
0.29111 
0.2952 

1.0000 
1. 0000 
1.0000 
1.000C 
1. 0000 
1. 00 00 
1. 0000 
1.0000 
1.0000 
1.0000 
1.0000 

PSP 

1.0000 
1.0000 
1.0000 
1.001'10 
1. 0000 
1. 0000 
1. 0000 
1.0000 
1.0000 
1.0000 

0.2565 
0. 250 9 
0.22111 
0.2141 
o. 16110 
o. 1589 
0.2135 
0.2162 
0.2373 
0. 28 14 
o. 29 30 

PSt 

o. 3329 
0.2880 
0.2258 
0. 2777 
0.2864 
0.2879 
0.2880 
0.2890 
0.2914 
o. 2952 



STAGE 5 JU VEBILE 3 S'UGB 

~1(1/DAY)= 0.91199976448-02 
KJO (1/Dlf)= O. 77759958808-02 
tS(SUBBER)= 0.22900000CO! 07 
.LIFE .PEBIOD(DIY)= 158.:l00D 
iiU'IO OF THE Kl VALUE US:!D Ill THIS BU~· TO T.HE "S7l!ICABD• KX VALUE GIYEII ABOVE = 1.000 
]~.10 OF TH! KIO ULU! U3ED IR THIS Rrll TO 'THE KJ VALUE USED IIi THIS RON = 0.800 
BUIO OF THE YS VALDE USZD IH THIS BUll TO T.HE •STANDARD• 1S HlO! GIVEN ABOVE = 1.000 
LEPT LIBH OP COIII?EfSA'IIC~ PUtiCTIOM [!SABLBO.... 110 
iliGHT LIIIB CP COBP!l!SATION PORCTION DISAB!.ED... RO 

U!IE(.) FOPOU'UON (-) TRAilS PER FRODUC1:ION POPULATION(+) KIIATL KPLANT 

209.00 .o .c .4578! 07 • 4S."7BE 07 
223.00 • 3982E 01 .o .o .3924! 07 .1050!-01 .o 
:237.00 .3451E 07 .o .o • 340 3! 07 • 997 JE-02 .o 
251.00 .3006E 07 .o .o .2965! 07 .97791!-02 .o 
265.00 .2622E 07 .o .0 .2597! 07 .97261!-02 .o 
279.00 .22891! 07 .o .o • 22581 07 .9720E-02 .o 
293.00 .1997E 07 .o .o .1970! 07 .9716!-02 .o 
3 07 .oo .1744E 07 .o • 0 • 17201 07 .9694E-02 .o 
321.00 • 1 5231! 07 .o .o • 15•)2E 07 .96471!-02 .o 
3 35.00 .1331E 07 .o • 0 .1313< 07 .• 9577E-02 .o 
349.00 .11651!! 07 .o .o • 11·~9! 07 .94891!-02 .o 
363.00 .1020E 07 .o .. o .1007E 07 .9389!-02 .o 

TJI:AL PRODUCTICII ISTO THIS LifE STAGE= 0.4578047000E 07 
Ni'AL TRASSPEB INTO THE NEXT liFE STAG!= 0.9808884375E 06 
I SURVIVAL 1:H~OUGR THIS LIP!!! STAGE = 21.4 
K1XIftUft STANDING CROP POB THIS LIFZ STAGE 0.4578041000E 07 
RJ.riO OF !IAIII!ll!l STUDIIIG CROP TO :!:QUI!i.IBRitlll SUNDI.IIG C!iCP .(HAX/YS) 1.99q1 
ii!!DUCTIOII IN &U!IBI!R OP OR•HNIS!IS E!IT!BJRG THIS liFE StAGE DUE TO THE POWER PLANT... 0.0 
I llEDOCTICN 1M NOIIBJ'P. 0' oJRGANIS!IS EHTI!RlNG 'THIS LIFE STAGE 0['! TO THE POIII!!B PLAN'I ••• 0.0. 

IIIIB.BER OP JOVUIILE 21 KILLED BY I!IPINGB!!I!!IIT ••• O.O 
TOfAL NU!IBEB CP JUV!NILES KILLED BY IIIPINGEIIEH'I ••• O.O 

~UIDLATIVE FBCEAEILI'TY OP SURVIVAL PROS EGG tHROUGH JUVENILE l 
EXPECTED NOIIBEB OF !EARliRGS = 0.98088688! J6 

At01T DISTRIBUTION BY AGE CLASS 

AG.E II OftBEBS 
1 980€88. 
6 73766. 

1i1 7081. 
Taf.IIL ADULTS 

AGE JO!IBERS AGE IOIIBBBS 
2 392411. 3 235~05. 
1 46164. e 28890. 

12 ~~31. 13 27"13. 
2107417. 

lGE lii!IB!BS 
4 188348. 
9 19oeo. 

PRiCEST AGE DJStBIBOTIOH RELATIVE TO YEAR ZI!!PO 

lt.GB NDIIBERS 
5 117871. 

10 11315. 

AGE PBBCEII7 AG! PEBC<IIIT AGE PERCENT AGE PI!!RC!:II1: iiGE PERCENT 

1 46.545 2 18.,20 
6 J.500 ' 2. ~1 91 

11 0.336 12 0.210 

3 11.170 
8 1. 371 

13 0.132 

4 
9 

8.S37 5 
0.858 10 

5.593 
0. 5~7 

0.98088749E-05 

RATIO PSN FSF PST 

o.o 0. 190 2 1.cooo o.1qo2 
0.0 o. 2068 1. 0000 0. 2068 
0.0 C•.2133 1.0000 0. 2133 
o.o 0.2151 1.0000 o. 21 51 
o.o 0.2153 1. 0000 0.2153 
o.o 0.2154 1.0000 o. 2154 
o.o C•.2162 1.0000 0.2162 
0.0 0.2178 1.0000 0.2178 
o.o 0.2202 1. 00 00 o. 22 02 
o.o 0.2233 1. 0000 0.2233 
o.o 0.2269 1.00.00 o. 2269 



PBRCEIT AGE DlSTRIBOTION BEL!TiiE TO CURREN~ TEAE 
AGE PBRCBHT AGE PBBCBNT AGE FERCENT AGE PERCENT AGE PEECE~T 

1 
6 

11 

46.545 
3. 500 
0.336 

2 18.620 3 
7 2.191 8 

12 0.210 13 

1 1. 170 
1.371 
o. 132 

4 
9 

8.937 5 
o.ese 10 

SIZE OP FOPULA~ION (TEAR CLlSSBS 1-13) FOR ~HE 

CUB3BNT TEAR A!: A PERCENTAGE: OP TBB SIZE OF THE 
E'OPiiLATION IN lEAR ZERO ••• "1.00) 

~.593 
c .5)7 

REDUCTION IN HOIIBBR OF YEAR:INGS DUE TO PLANT... 0. 
I REDUCTICN IN NU"BER Of YURLIIIGS DllE TO PLANT ••• 0. 0 
REDUCTION IH ~0711 IIUIIBER 0? All'ULTS J:UE TO PLANT... 0. 
'BECUCTION IN TOTAL NU"BER Of ADJLt~ DUE TO PLANT ••• C.) 

NUIIBBR OF EGGS EXPECTED TO EE PBOtUCH BY 
THE NUNBER OP ONE-YEAR OLD =tRIPEC e.ASS FOR THE CURRER~ 
YEAR DURING TE!IE LIFE rillE AS A PERCENTAGE OP THE IIIJ1!3Eil 
OP EGGS PBODUC~D IN TEAR ZEFO ••••• 1.000 



.•....•..••.•................... 
•.• C. ORR BIT YEA B ••••••• 1- •• 
....•....•... ··················· 
SU.GE S'IAG ~ 

Kill/DAY)= 0.1150999069E 01 
KIC ( 1/DAYI = 0.115C999069E 01 
YStNO!IBERI= 0.0 
Ll[fE PEBIOD (DHI= 2.0000 
BU'IO OF THE KX VALl! OSED IH THIS BllH TO 'fEE "S'IA!IDABD" RX V~lllE GIVEN ABOVE = 1.000 
lll'liO OF THE MIO VA LOB OSBD IN THIS BOI TO 1HE K I V !I. llE IJSED IN THIS BON = 1. 000 
RlTIO OF THE IS VJLlll! USEC IN THIS BUN TO l'FB 11STA!itARD" YS Vi.LUE GIVEN ABOVE = 1.000 
lBfT LIIIB OP COli PENS ATIOII PONCTION DISABLED ••• !IC 
BlGHT LIIIB OF COIIPEISATIOH PUNCTIO!i USABLE[ ••• 110 

fiiiE( I FOPO U'l!ICN (-1 TUNS PER PRODOCTIOII POPl'lATION (+I KIIATL KPLANT RATIO PSN PS!' I?ST 

o.o .o .o .15311 09 • 152 1! 09 
2. 00 .5306! ()9 .1518E 08 • 1531! 09 .66ESE 09 .1151E 01 • 4696E-02 0. 0041 0.1001 O.'l907 0.0991 
4.00 .5306E ()9 .1518Z 08 .1531E 09 .66E5E 09. .1151E 01 • 4696 E-02 0. 0041 0.1001 C.9907 0.0991 
6.00 .5306E (}9 .15181! 08 .15311 09 .66E5I 09 .1151E 01 .4696!-02 0.0041 0.1001 C.'l907 O.C'l91 
8.00 .3363! 09 .1518E 08 .6943E 08 • 39( 6! 09 .1151E 01 • 4696E-02 0. 0041 0.1001 0.9907 0. 099.1 

10.00 .2405E 09 .6882! 07 • 6943! 08 • 303 1E 09 .1151E 01 • 4696 E-02 0.0041 0.1001 C.9907 0.0991 
12~00 .24CSE 09 .6882E 07 .6943! 08 • 3031! 09 .1151E 01 .4696!-02 0.0041 0.1001 0.9907 0.0991 

""-J 14.00 • 2405E <09 .6882E 07 • 6943E 08 .3031 E 09 .1151E 01 • 4696E-02 0. 0041 0. 100 1 0.9907 0.0991 (J'l 
16.00 .22HE 10 .6882 E 07 .6746( 09 .291115! 10 .1151E 01 .4696E-02 0.0041 0.1001 0.9907 0.0991 
18.00 .2337E 10 • 6687E 08 .o5746E OCJ • 29115 I 10 .1151E 01 .4696E-02 0.0041 0. Hl01 0.9907 o. 09.91 
.20.00 .2337E 10 .6687E 08 .5746E 09 .2945! 10 • 1151E 01 • 4696E-02 0. 0041 0. 100 1 0.9907 O.C991 
12.00 .37431! 10 .6687E 08 • ~2811 10 • 4957! 10 .1151E 01 • 4696!-02 0.0041 0.1001 C.9907 0.0991 
24.00 .4437E 10 .1269!: 09 .1281E 10 .55~£ 10 .1151! 01 .46961!-02 0. 0041 o. 1001 0.9907 0.0991 
26.00 .41137E 10 .1269E 09 • ~ 281E 10 .5590! 10 .11511! 01 .4696E-02 0.0041 0.1001 0.9907 O.C991 
18.00 .4437B 10 .1269'£ 09 • 12811 10 .55901 10 .1151! 01 • 46961!-02 0.0041 0.1001 0.9907 0.0991 
JO.OO .21101B 10 .1269! 09 .6751B 09 .2950E 10 .1151E 01 • 4696E-02 0.0041 0.1001 0.9907 0. 0991 
.32.00 .231111! 10 .6698E 08 • 6757! 09 .2950! 10 .1151E 01 .4696!-02 0.0041 o. 1001 C.9907 o. 0991 
J4.00 .2341! 10 .6698! 08 .i757E 09 .2950! 10 .1151E 01 • 4696!-02 0. 0041 0.1001 0.'1907 0.0991 
36.00 .7733! )9 .6698! 08 .o .706H 09 .1151E 01 .4696!-02 0.0041 0.1001 C.9907 o. 0991 
J8.oo .o .o .o .o .1151E 01 • 4696!-02 0.00111 0.1001 O.'l907 0.0991 
400.00 .o .o •• .o .1151E 01 • 4696!-02 0.0041 0.1001 o. 9907 0. 09 91 
Cl2.00 .o .o •• .o .11511! 01 .4696E-02 0.00111 0.1001 0.9907 0. 0991 
411.00 .1250! )8 .o .n14E 01 .1621! 08 .1151B 01 .li696E-02 0.0041 0.1001 0.9907 0.0991 
1:.6.00 .1287E )8 .3682E C6 .37141! 07 .162 IE 08 .1151E 01 .4696E-02 0. 0041 0.1001 o. 9907 0.0991 
t:8.oo .1287E )8 .3682B 06 .n111.1 o1 .1621! 08 .1151! 01 :4696!-02 0.0041 0.1001 C.9907 0.0991 
! o.oo .3081E ·)7 • 36821! 06 .c • 27131 07 .11511! 01 .46961!-02 0. 0041 0.1001 0.9907 0.0991 

TOfJ.l PBODOCTIOI IBTO THIS LifB SUGE C.9999961293E 11 
TOTAL TBAISfBB IHTO ~BB NBIT 1IPB S!AGE 0.9927446528! 10 
!I Sl!BVIUL ~8800GB THIS LIPB STAG! = 9.9 
IIAUIIOII SUIDIJG CliOP POB TBIS LIFE SUGB 0.5590171648E 10 
RA~IO OP IIAIIBOI STIIDIMG CROP TO EQOILIBRIU! STIIDIIG CROP (MIAI/YS) 0.0 
B.BD[JC'liOil IH IIOIIBBB OP OBGAMISIIS I!HTBBIIIG TBIS LIP! SUGB DOE TC THI! POIIBB PLAIIT... 0.3276800000E 06 
I tEDOCTIOII IIi lilliiBI!E: OP CRGA!iiS!IS !BTEE:IIIG 'IBIS LIU SUGE DOE TO TRI! POIII!R PLAIIT ••• 0.00 



S'lAGE 2 LA FUL STAGE 

KJ(l/Dlf)= 0.1611119999811! 00 
KJ0(1/Dlf)= 0.13159996273 00 
YS(HO~BBB)= 0.1116999987~~ 10 
LU'E PBBIOD (Dll)= 28.000C 
BAXIO OP THE KX VALOE OSED H THIS ROll TO 'IRE •S'IAiiDARD" Eli VUOE G-IVEN ABOVE= 1.000 
iiUIO OP TH! UO UliJE OSED IN THIS liiUN TC THE KJ i!LD:! USEt IN THIS RUN = 0.800 
Bll'IO OP THE YS VALO! OSED lH THIS BWi TO THE •STANDABt:" lS VALUE GIVEN ABOVE = 1.000 
LEFT LI~B OF CO"PEMSATION FC~CTION DISABLED... NO 
BIGHT LI"B OF OO"PEBSAUOB E'DNCTION J:ISABLEt... NO 

TUB( I ECPU LATI CN (-) 'r&ANSPBR PBODDCTIO!i E-OPUUTiaN (+) KHATL KPLANT !H.T'IO 

2.00 .c .o .1518! 08 .15 18 F OA; 
9.00 .~578E il9 .o • II 55 liE 08 .30311! 09 .11161E 00 • 11€961':-02 o. 0311 

16.00 .~290E ·J9 .• c .2 C6 51! 08 • 21196 E 09 .111117E 00 .11€96~-02 0.03111 
23.00 .~11938 09 .o .2006! 09 .1150E 10 .1630E 00 • liE 96E-02 0.0280 
30.00 .19'l7E 10 .1906! OE • 3808E 09 .2378E 10 .1660E CoO .II€96E-02 0 .. 0275 
37.00 .~180E 10 .11512! ca. .20091! 09 • 23 81E 10 .1682E 00 • 11€96!-02 0. C2 72 
411.00 • 1535! 10 .1779E oe . .o .1535E 1C .16115! 00 .11€961':-02 0. 0276 
51.00 .L738E 09 .16117! C:' .8837E 06 .11722! 09 .• 1 51131! 00 • liE 96 E-02 0- C2 95 
58.00 • 11182! 09 .35119:: o: .1105! 07 .H46F og • 11106E 00 .11€968-02 O.C323 
65.00 .2·51111'1! OB • 211117E o:· .o • 32991! oe • 1 339'1! 00 .IIE96E-02 o.r.H'l 
72.00 • "1250E 03 .111111!! 01 .o .1236£ 01 .1316E 00 .IIE96E·02 O .. C3115 
79.00 .313111! 02 .o .o • 31311! 0~ .13168 00 .lle·96E-02 0. C345 

TOTAL PiiODUCTJON Ili'IO THIS :IPE STAGl: 0.992741165~8E ·;o 
TOTAL TBANS!EE INTO THB NEJ~ LIFE S'ILGE 0.999Q76" 60Ct 08 
' SURVIVAL 'IHBCOGH THIS LIP:! STAGE= 1.0 
UIIIID~ Sr&NDJIIG CROP FOR THS LIFE :S'IAGE O.l711116H!>6E 10 
RATIO OF IIAXIII~" SrANDING CFCF TO EQIIllBBIU" STANDING CRJP (li"AX/1SI 1.8872 
B~DUCTION Ii ~I"B!B OF ORGA~IS~S eN'I3RING THIS liFE ST~GE DOE TC TijE POWER PLANT... 0.9360938~00E 08 
'6EDUCTION IN NU"BER OF OR·~J.NISIIS H'IEBING THIS LIPE ~U~::: ODE TO THE POIIER PLANT ••• O.'l3 

.............. t•••··················~· 
STAG! 3 JUVENILB 1 STAGE 

KK(1/Dll)= 0.51111999786~-01 
KJO (1/Dll)= 0.1109199931r.'!-01 
YS(NU"BBB)= 0.26500000CX·E 08 
LIFE PERIOD (DAr)= 30.0000 
RATIO OP THB U VALUE'OSED Iti THIS RJN TO THE "STAHI:ABil" KI VALUE GIVEN ABOVE= 1.00·) 
RATIO OF THE KIO VALUE USED IH THIS uDN TO THE Kl VALUE US~D IN THIS RON = 0.800 
RATIO OP THE IS V&LDE OSED :!N THIS RON TO TBI! "S'IANDAB.:l" 15 VALUE GIVEN ABOVE = 1.00) 
LEFT LI"B OF CO!FBNSATICN PB~C'IIOR tiSABL!t... HC 
RIGHT LI"B 01' CO"PBNSATION PUHCTION DISABLED... NO 

Tl!IE( I 

30.00 

ICPDLA'!ION (-) TBlNSPER: 

.o .c 

UODOC'IION 

.1906£06 

POPULATION(+) KNATL KPLAN1 

- 190€E 06 

II:A JIO 

PSN PSP PS'I. 

0.0167 o. 8768 0.01117 
o. 01711 0.8768 0.0152 
0.010 II o.e768 0.0091 
0.0096 0.8768 0.00811 
O.OO'lO 0.8768 0.0079 
0.0100 o. 6768 0.0088 
O·.O 133 0.8768 o. 0117 
0•. 0195 C.A768 0.0171 
0.0235 0. R76 8 0. 0 20 6 
0.0251 0. 8768 0. 0220 
0•.0251 0.8768 0.0220 

PSN PS F PST 



37.00 
44.00 
51.00 
58.00 
65.00 
72.00 
79.00 
86.00 
93.00 

100.00 
1 07.00 

.3962E 07 

.4126E 07 
.1217E 08 
.29411E 08 
.11565E 08 
.117201! 08 
.3058E 08 
• 1789E 08 
.701lE 07 
.9671E 06 
.3683E 01 

.o 

.o 

.o 

.o 
.9512E 05 
.3387E 05 
.28115E 06 
.58681! 06 
.11720! 06 
.5595:1! 06 
.o 

.11512E 06 
• 1779! 06 
.16117E 07 
• 35119! 07 
.211117E 07 
.111111E 01 
.o 
.o 
.o 
.o 
.o 

.1111131 07 

.119•)41 07 

.11142E 08 

.3299! 08 
• 1181)01 08 
.117161! 08 
.3029! 08 
• 11301! 08 
.65111! 07 
.110'16! 06 
.3683! 01 

TOTAL PRODUCTION INTO THIS LIPE STAGE 0.9994761600E 08 
TOTAL 1'RAISPE!I IHTO 'IBE NI!IT liPE STAGI = 0.1795907200E 08 
I SURVIVAL THFOUGH THIS LifE STAGE • l8.0 
PUHIIUI! S1AHDHG CROP FOB THIS LIP!! STAGE 0.5179517EOOE OE 

.11486E-01 .46961!-02 0.09118 
.1151181!-01 .116961!-02 (1.0936 
.11973E-01 .116961!-02 0.0863 
.51161!-01 .11696E-02 0.08111 
.5501E-01".116961!-02 0.0786 
.56031!-01 .116961!-02 0.0773 
.5119E-01 .46961!-02 0.08110 
.5080E-01 .4696F-02 0.08116 
.11708E-01 .4696<-02 0.0907 
.11200E-01 .46961!-02 0.1006 
•• 0921!-01 .116961!-02 0.1029 

lU:I'IO OP I!AIIIIUI! STANDING CROP TO EQUU.IBBIUII S'IANDING CROP (IIIIAX/YS) 1.95116 
B3DUCTION IN liOIIBBR OF OBGAHISIIS ENTUI.NG THIS LIPE S'IAGI DUE 'IO THE POIIEB PLANT... 0.12663040001! 08 
'REDUCTICH Ill NUI!BEB OF ORGANISI!S ENTERING tHIS LIFE STAGE DUE TO TRE POWER PLANT ••• 11.211 

........................................ 
S~GE II JUVENILE 2 STAGE 

KI(1/DAY)= 0.12449998q1E-01 
KI:0(1/DAY)= 0.9959995l11H-02 
YS(HUI!BB!I)= 0.89800000COI 07 
LIFE PBRIOD(DAY)= 100.0000 
BlriO OP THE ~~ VALUE USED IN THIS RUH TO THE "StANDARD" RX VDlOE GIVEN ABOVE = 1.000 
BlT~O OP 'IHE RIO VALUE USED IN THIS EUM TO THE !X YALO! DSED JN. THIS RUN = 0.800 
BlriO OP THE !S VALUE USED IN THIS BUH TO 't'HE 11 S'IU1J:ARD" IS VIILU1 GIVEN ABOVE = 1.000 
L&PT LIIIB OP COIIPENSATION FUNCTION DISABLED... NO 
BIGHT LII!B OP COIIPEBSATIOii PO fiCTION DISABLE!:... NO 

:T I !IE ( ) 

60.00 
74.00 
88.00 

102.00 
123.00 
137.00 
151.00 
16 5. 00 
179.00 
193.00 
2 07 .oo 

POPULATION(-) TRANSFER 

.o .o 

.11 81 E 07 • 0 

.6817E 07 .0 

.1492E 08 .0 
.1156E 08 .o 
.9676E 07 .o 
.80981! 07 .o 
.6779E 07 .0 
.S679E 07 .0 
.4766E 07 .o 
.40071! 0? .o 

PBODUCTIOII 

.110121 05 

.6325! 05 
.12501! 07 
.114101 01 
.o 
.o 
.o 
.o 
.o 
•. 0 
.o 

POPUlATION(+) 

.4012! 05 
• 1211:4! 07 
.8067! 07 
• 11192! 08 
.11361! 08 
.9505! 07 
.195.5! 07 
• 666~! 07 
.558-0I 07 
.1168.3! 07 
.3939E 07 

TOTAL PBODUCTIOII INTC THIS LHE STAG1 = 0.11959C7200E 08 
TOTAL "rBAIISPEB INTO THE NUT LIFE STAG!= O. 3805661 COCE 07 
I SUBVI¥AL TH~DUGH TBlS LlPE STAGE = . 21.2 
Klii!IU!I S!ANDIRG CBOP POB THIS LIPE STAGE 0.1520692000E De 

KNATL KPLANT RATIO 

.1082E-01 .2630E-03 0.0237 

.1242E-01 .2630E-03 0.0207 

.1317E-01 .2630E-03 0.0196 

.1251E-01 .26301!-03 0.0206 
.121151!-01 .2630E-03 0.0207 
.121151!-01 .2630E-03 0.0207 
.1241E-01 .2630<-03 0.0207 
.12331!-01 .2630E-OJ 0.0209 
.1219£-01 .2630E-03 0.0211 
.1203E-0 1 • 2630E-03 0. 0214 

RATIO OP !IUIIIUII STAIIlliRG CROP TO EQUILlBRIUII S'UIIDIIIG CR()P (NI!II/YS) ·1.6936 
BEDUCTIOII IH liUI!BER Ol' OBGANISIIS ENTEBI!IG THIS LIFE SUE! DUE ·:rc THE POIII!R PLANT. •• 0.3695520000E 07 
I BEDUCTICII IH RUIIB!B OF GBGAHISIIS ENTE3IRG ~HIS LIFE STAGE DO£ TO THE POIIER PLAN'I ••• 17.07· 

HDIIBBB OP JUV!Nlll! 2 KILLED BY IftP"IliGEII3!1T ••• O. 2927!.3E 06 

0.26011 
0.2556 
0.2250 
0.2155 
0.1920 
0.1862 
0.2153 
0.2118 
0.2435 
0.:<837 
0.2930 

P,SN 

0.3390 
0. 2 88 9 
0.2679 
0.2%2 
0.2879 
0.2A80 
0.2890 
0.-2915 
0.2954 
0.3004 

o.e6e6 
O.R686 
0. 86 86 
C.8686 
o. 8686 
0.8686 
0.8686 
o. 8686 
c .8686 
o. 86 86 
o. 8686 

PSI' 

o. 9740 
c. q111o 
c. 974 0 
o. 9140 
c. 97 u 0 
o. q7 40 
o. 97110 
0.97UC 
0. q7 40 
C.974.0 

o. 226·1 
0.2220 
o. 1954 
0.1812 
o. 1668 
0.1618 
0.1870 
o. 1892 
0.2115 
o. 2464 
0,. 2545 

PST 

0. 3302 
0. 2814 
0.2609 
0.2788 
0.2804 
0.2805 
0. 28 15 
0.2840 
o. 2878 
0. 29 26 



STAGE 5 JUVENILE 3 STAGE 

KI(1/DAY)= C.9719997644E·02 
KIO (1/DAJ)= 0. 7775995880-02 
YS(NUftBEB)= 0.229000000CE 07 
LIFE PBRIOD(DH)= 158.000C 
RATIO OF THE RX VALUE USED IN TRIS BUM TO TRE "STA~CARD" ~~ VALUE GIVEN ABOVE • 1.00B 
llAriO OP THE I<XO VALUE USED IN THIS RUN TO THE Rl VALUE. ll~ED IN THIS PUN • 0.800 
RATIO 01' THE IS VALUE !!SED IN THIS RON TJ THE "SU~DAR[" !S YAIDE GIVEN ABOVE = 1.000 
LEf'T LIMB 01' COKPENSAHCN FCNCTIO~ IISABLEC. •• FO 
!liGHT LIMB CF COMPENSATION EDNCTIOH t•ISABLI!D... NO 

rillE( I FOPULA 'II ON (-) rRBSPER FBODUCT ION POPULATIO~ (+) KNATL KPU.NT RA.TIO 

:.!09.00 .o .c .38061! (>7 .380H 07 
:O:.l3.00 • 3340E C7 .o .o .329 3E 07 • 9908 !':-0 2 • 26-lOE·Ol 0.()~59 

237 .oo .29COE 07 .o .o • 2860! 07 .97571!-02 • 26.3 OE· OJ 0.0.262 
251.00 .25211! 07 .o .o .24 86 I 01 .97221!-02 • 26301!·0] o.02n3 
265.00 .2193E 01 .o .o •. 21 62 E 07 • 9720E-0 2 • 26301!-03 Q,IQ26J 
279.00 .19C7E 07 .o .o • 18 80 E 07' .97111!-02 • 26.:3 01!· 03 0.0.264 
2 9 J. 00 .1658E 07 .o .o •. 1636! 07 .961H·02 • 26o30E·03 0.0264 
307.00 .144JE C7 .o .o • 14241 07' .96221'!-02 • 26oJOE- 03 0.0266 
3 21.00 .1257E 01 .o .o • 1240F 07' .9542E-02 .2630E-03 1).0268 
335.00 .1097E 07 .o .o .1082E 07 .• 9445E·02 .2630E-OJ 0 .()211 
349.00 .9581E 06 .o .o .• 91153! 06- • 9338E-0 2 • 2iiJO'l·03 0.()2"!4 
3ti3. 00 .83821! 06 .o • o .827H 06 . .92251!·02 • 2630 E·OJ 0.0277 

TOIAL PBODUCTlON INTO THIS LIFE STAGE = 0 .. 3eC5681 CI(E 07 
TOTAL TRANSFER INTO THE NEXT liFE ST~GE O.B054811E2SE 06 
'SU&YIYAL TH~OUGH THIS LIFF STAGE = 21.~ 
MAXINOn STANDING CROP FOR Tf.IS LIFE STAGE 0.3805~810COE 01 
RATIO OP IIAXI"OK STANDIHG CE.OP TO EQUlLIBRIUft S'IANDING CBCE [N"AX/YS) 1.6619 
REDUCTION IN NU"BER OF CRGAUS"S EliTI6ING THIS llPE S'li..o(;E CUE TC Tl£1! POWER PLANT... 0. 77236EOOOOE 06 
I REDUCTICN IN NUMBER OJ ORGANISftS ENTERING TIIS LIFE S'l&CE DUE TO THE POWER PLAN'l ••• ~6.81 

NUftBER Of JUY!HILE 3 KILLEC EY IIIPINGEMENT ••• I.790276E 05 
TOI,H NOMBEB OF JUVENILES KlLLE!l BY HPINGEMl!I'I ••• 0.37"78";F 06 

CUftULATIYE FBCEAEILITY OF ScBYIYAt F&Oft EGG TIRODGH JUr!HIIE 3 
EIPECTBD NOMBEB CF YEARliNG~· = 0.805~8000£ Oli 

ADULT DISTBIBD'IION BY AGE CLASS 

AGE NU"BBBS AGE 
1 805481. 2 
6 73766. 7 

11 7081. 12 
lOIAL ADULTS 

NO "BER S AC-E 
392411. 3 

46164. e 
4431. 13 
1932009. 

NUKEERS 
2351105. 

2A890. 
2773. 

AGE IIOI!B!BS 
4 1183118. 
9 180€0. 

PERCENT AGE DlSTFIBUTIOK RElATIVE TO YEAR ZER~ 
AGE PERCl!HT AGE PERCENT AGE PERCENT Ai>E PERCE !iT AGE 

1 38.221 2 18.6 20 3 11.170 4 8.9J7 5 
6 J.5oo 1 2. 1 91 8 1. 371 9 o.8S8 10 

11 o. 336 12 0.210 13 0.132 

AGt: !II~EEBS 
5· 1~1871. 

11· 11315. 

PEJ:CE 1'1 

5-.5 !13 
•• 52i 

0.80548316E·05 

p~~ FS f PST 

0.209C C.S59l 0.2005 
0.2140 0.9593 0. 20 53 
0.2152 0.9593 0.2065 
0.21Sl c. 9593 0.2065 
0.2156 o. 95'13 0. 2068 
0.2167 0.9593 0.2079 
0.2187 0.9593 0.2098 
0.2214 0.9593 0.2124 
0. 2 24 9 0.9593 0.2157 
0. 22R 7 0.9593 0. 2194 
0. 2 32 8 0. 959 3 0. 223 3 



PERCENT AGE DJSTBI30TIOH RELATIVE TO COBBBBT IEAB 
AGB PERCENT AGE PERCENT AGB PERCENT AGE PEECENT AGE PERCENT 

1 111.691 
6 3. 818 

11 o. 367 

2 20.311 3 
7 2.389 8 

12 0.229 13 

12. 184 
1.495 
0.1114 

4 
9 

~.749 5 
~>.936 1() 

SIZE OP fOPOLATION (YEAR CLASSES 1-13) FOB THE 
CUiRENT lEAR AS A PERCENTAGE OP TBB s;zE OE THE 
POPULATION IH YEAR ZBBO ••• 0.917 

6. 1 01 
o.5 e6 

REDUCTION IH NOBBEE Of YEARLINGS DUE 70 PLJHT ••• 175407. 
I BECUCTION IN NDRBEB Of YEABLIHGS DDE TO PLAHf ••• 17.88 
REDUCTION IN ICTAL BDIIBER OP ADDLTS CrE TO PLANT... 17~408. 
I BEDDCTION IN TOT.!.L NO!IBER Of AEHIL'IS DUB '00 PLANT ••• 8.32 

IIUBBBB Of EGGS FIPECTED TO BE PRO [0CH BI 
THB NUBBEB Of ONE-YEAR OLD StBIPEC BA~S fOB TH! C03BENT 
YBAB DOBIHG TBUB J,IH TillE AS A PERCENTAGE OP 'IHE HO!IBEB 
Of EGGS PRODUCED Iti YEAR ZEBC ••••• O.E21 



................................. 
•• CUBRBHT Y~A~ ••••••• 40- •• 
• • • • • e ••••••••••••••••••••• I •••• 

STAGE STAGE 

KX(1/DAY)= 0.115099906~3 01 
KX0(1/DAY)= 0.115C9990E9E 01 
YS(NU!IBER)= 0.0 
LIFE PBRIOD(DAY)= 2.00CO 
iiM:IO 01' TH~ KX VALUE USED IN ':HIS R:11N TO THE "S'IANCARD" !IX HIDE :;IVEN AEOVE = 1.000 
BA:riO 01' THE IIXO VALUE OSE[ IN THIS '~UN TC THF KX VALUE lSEJ IN THIS RUN= 1.000 
&ATIO OF TH! !S VALO! USFC lN THIS RON TO THE "STANtABD• Y.S VALUE :;IVEN ABOVE = 1.000 
LEFT LI!IB Of CO!IPFNSATION !'IJNCTIOII D.ISABLED... NC 
RIGHr LI!IB 01' COIIPENSA'UON .?UNCTION tiSABLEC... NO 

TillE( I FCPUUTI Cll (-) TBNSFEH PRODUCTION NPUlATION I• I Y.NATL KF.L AN'!' HTIO .? s~ PSP PS'I 

c.o .o .o .1086! OS .1086! ()9 

2.00 .3762E 09 • 1•)7E E ce .1086! 09 .~HOE C9 .1151E 01 .lj 6 962-02 ~.0041 ). 1001 o. 9907 0.0991 
4.00 .3762£ 09 • 1016E c e .1CB6E 09 .~140! 09 • 11511! 01 .4696 E-02 ·). 1)1)41 0.1C01 C.9901 0. 09S 1 
6.00 .3762E 09 .1•J76E ce .10BtH09 • ~.., 40! C9 .11~1E 01 ,116963-02 •). 0041 0. 1CO 1 0.990'1 O.C9~1 

e.oo .23BSE 09 .107&E ce .4923E oe • 27 70 E C9 .1151E 01 , L696E-02 0.0041 J.10('1 0.9907 0. 09 9 i 
10.00 .1706E 09 .4BBOE C7 .492H oe • 2149E C9 .1151E 01 • ~696E-02 0·.1)•)4 1 0.1CO 1 0.9907 0.0991 
12.00 .1706E 09 .43BOE (7 .492H OB • 2149 E C9 .1151E 01 ,u696<:-02 0. 0041 J .1001 0.9907 0.09S1 co 
14.00 .1706E 09 .4BBOE C7 .4923E oe .21 49E C9 • 1151 E 01 • ~696E-02 0·. •)o)4 1 Q.1CO 1 0.9907 0.0991 0 
16.00 .1615E 10 .4!!80£ (7 ,47BH 09 .208BE 10 .1151E 01 ,L6963-02 0•. 1)041 0.1(•01 C.9907 0. 0991 
18.00 • 1 657E 10 .4742E ce .47B3E 09 .2088! 10 .1151E 01 • t 6 96 E- 02 0·. 0•)4 1 0.1C01 0.9907 0.0991 
20.00 .1657E 10 .4742E • e .4783E 09 .21)8BE 10 .1151E 01 • L-696 E-02 (}. •)·)4 1 0. IC•O 1 0.9907 0.0991 
22.00 • 2654E 10 ,4742E C8 .90BOE 09 • 35 15 E 10 .1151E 01 , C.696E-02 0.0041 o() .1 001 C.9<J01 0.0991 
24.00 .31461! 10 .9001E a a .90BOE 09 • 3964£ 10 • 1151E 01 .C.696E-02 () •. 0041 0.1001 0.9907 0.0991 
26.00 .3146E 10 .9001E CiB .90BOE 09 .3964£ 10 .1151E 01 • C.&96E-02 0.0041 {). 1001 0.9907 O.C991 
28.00 .3146E 10 .9001E ce .90BOE 09 • 3'~64E 10 .1151E 01 , !.6961!!-02 0. 0041 0.1C·O 1 0.9907 0. 0991 
30.00 .non 10 .900 IE liB .47911: 09 • 2•l92E 10 .1151E 01 , C.696E-02 0.0041 o. 1001 0.99!'7 0.0991 
32.00 .166 CE 10 .4750 E t<B • 4 79 1E 09 .2092! 10 .1151E 01 • C-696E-02 ().0041 o. 1001 0.9907 O.C991 
34.00 .1660E 10 .4750E ewe .4791E 09 • 2•) 9 2.! ·o .1151E 01 • L696E-02 0.0041 o() .1(!0 1 0.9907 0.0991 
36.00 .54B4E 09 .li750E CB .o • 50C·9E C9 .1151E 01 ,!.696E-02 0.0041 0.101)1 C.9907 0.0991 
38.00 .1406E 02 .0· .o • 14 06.! C•2 .11~1E 01 ,&.696E-02 0.0041 0. 100 1 0.99C1 0. C991 
40.00 .o .o .o • o. .1151E 01 , L696E-02 C.0041 o. 1001 C.9907 0.0991 
42.00 .0 .o .o .•o ,1151E 01 • L696 E-02 0.0041 0.1001 C.9907 0. 0991 
44.00 .BBME 07 .() .2634E 07 • 1150!• oe .1151E 01 • L6 96E- 02 0.0041 o. 1001 0.9907 o. 0991 
46.00 .9125E 01 • 261 1E 106 .2634E 07 •. 1 150.! oe .1151E 01 • 116961:'-02 ~.0041 0.1001 0.99(11 0.09'l1 
48.00 .9125E 07 .2611 E '6 • 2634! 07 .1150.! 09 .1151E 01 .ii696E-02 a. 0041 0.1001 C.9901 0. 0991 
so. 00 .2185E 07 • 2611 E t6 .o .1924E 07 .1151E 01 .o;696E-02 C.0041 0.1001 0.9907 0. 0991 

TarAL PliODDCTICN IKTO THIS L IFF STAIOE O. 7090BB37B9E 11 
TOTAL TBAHSfE9 INTO THI!! NEU LIFE S~AGE 0.7C394C193~!!! 10 
I SUBVIVAL THROUGH 'IRIS LifE STAGE = 9.9 
!IAXI!IU!I STA~DIBG CHOP FOR lHIS LIFE STAGE 0.3 9639554561! 10 
BATIO 01' IIAII~O!I STANDING CRCE TO E~OILIBBIUII STANDING CROP (N!IAX/YS) o.o 
REDUCTION H liD II EEH Of ORQN IS !IS ENTERING THIS LIFE S 'lA GE J:·UE TC '?HE POVEB PUNT ••• 0.29091 10212E 11 
I REDUCTION I~ NtiiiBER 01' ~G A!IISI!S :.~ NTEBI NG THIS LIFE S'I:AG! DOE TO 'l'HF POWER PLANT ••• 29.09 



Sr.t.GB 2 ll69AL S~&GE 

Kl(1/D&f)2 0.16,4999981E 00 
K10(1/DAf)2 0.1l15999627E 00 
!S(BOftBBB)= 0.1e69999a72E 10 
LIFE PBBIOD(Dl!)= 28.0000 
B~~O OP TRE II VALOB USED IH THIS ROH TO tHE •St&HDARD• KJ VAlUE GIVER ABOVE= 1.000 
B!fiO OP ·tHI! UO ULOE USED Ill TRIS BUI TO 'IRE KX VU.OE O~BD IR TRIS BUR = 0.800 
BA!'IO OP TH! !S VALliE USED Ill THIS BOll TO .TF.B "STA!IDABD• YS VIILOE GIVEN ABOVE = 1.000 
l&PT LiftB or COBP!liS&TIOR roHCTIOH DISABLED... HC 
BIGHT LIBB OF COBPBISATIOII POliCTION tiSABLEt... HO 

UftE( I POPOUTICH(-) TBAHSPBR FBODOCTION POPIILATIOII (+) KHATL KPLAHT 

2.00 .o .o .1076! oa • 1076! OB 
9.00 • 1846E 09 .o •. 3229! 08 .2169! 09 .1425E 00 .116968-02 

16.00 .16591! 09 .o .146CIB 08 • 1806! 09 .14151! 00 • 46961!-02 
23.00 .68198 09 .o .1423! 09 .82111! 09 • 1 594E 00 .4696E-02 
.30.00 .1427E 10 .14651! 06 .2700E 09 .16CJ6E 10 .16451! 00 • 46968-02 
.37. 00 • 16 21E 10 .36561! C6 .1425E 09 .1764! 10 .1645! 00 .4696!-02 
JjQ. 00 .1121E 10 • 111261! 06 •. 4220! 01 .1120! 10 .16411! 00 .46968-02 
51.00 .35341! 09 .1313E 07 .6266E 06 .35;;:11! 09 • 150 1E 00 .4696E-02 
58.00 .1122! 09 .2859 E 07 ."7833E 06 • 1093! 09 .13861! 00 • 46968-02 
65.00 .26611! 08 .1855E 07 .o • 24., 5! 08 .1334E 00 • 46968-02 
"12.00 .97098 02 .3268E 01 .o .9382! 02 .1316E 00 • 4696E-02 
79.00 .21978 02 .o .o .219H 02 .1316E 00 • 4696E- 02 

TOTAL PBODOCTIOH INTO THIS LIPB STAGE 0.7039401984E 10 
TG'J:.&L TBABSIE6 I liTO TBB NEXT LIFE S'IAGE O. 78li28Cl4800E O€; 
I SURVIVAL 'IBEOOGH TillS LlPE STAG I! = 1L. 1 
I!UIBOB STARDIBG CBC•P FOB THIS LIPE S'UGE 0.20250014728 10 
kiiTIO OF BAIIBOft STlHDIIIG CRCP TO EQOIUBBIOB STAHDIHG CROP (~·IIU/!S) 1.3776 

RATIO 

0. 0319 
0.0321 
0.0286 
0. 02 713 
o. 0271 
0.0278 
0. 0303 
0.0328 
0.0340 
0.0345 
0.0345 

B:!D.OCTIOI II IOIIBER or OB•:aRISBS I!II'IBBliiG THIS liP!! STAGE DOE TC TRE POIIEB PLANT... 0.2981654528E 10 
I B:EDUCTIOII Ill IIOIIBER OP OBGAHISftS BH'I:EBIHG ·'IHIS LIFE StAGE DUE TO THE POWER PlA!tT ••• 29.75 

... ~·····························**••• 
S!'lGE .l JOVEliiLE 1 STAGE 

KJ(1/DAr)= 0.5114999786!-01 
UO (1/DU)= 0.11091999 307!-01 
!S(liOIIBBB)• 0.2ESOOOOOOOE 08 
L~PB PBBIOD (DU)• 30.0000 
BlT~O OP 'IRE Kl VALUE USED II THIS BOB ~0 THE •STlBDlBD• Kl VALUE GIVEN ABOVE = 1.000 
Blr~O OP TH! KIO VALUE OSBD IN THIS BON TO 'IBE KJ VALUE USED lH TRIS RON = 0.800 
BA%~0 OP THI! JS VALUE USED Ill TBIS ROll TO THE "S7AHDABD• !S V'-lOB GIVEN ABOVE = 1.000 
LaFT LIBB Of CCI!PERSATICR POICTIOR tiSIBLED... BC 
IILG.BT LIBB Or COIIPBIISAT IO!I PONCTIOII DI!:ABLED... HO 

UBB( I 

JO.OO 

iCPOU'IIOII (-) TBARSPBR 

.o .o 
PJIO DO CT I 011 

;1465E 06 

POPOLJITIOI! (+) KHATL 

.14E5! 06 

KPLANT RATIO 

PSN PSP PS'I 

0.0185 0.8768 0.0162 
0.0190 C.8768 o.·o 167 
0.0115 o.e1Ee 0.0101 
0.0100 0.8768 0.0088 
0.0100 C.8768 0.0088 
0.0101. 0.8768 0.0089 
0.0150 0. 8768 0.0131 
0.0206 0.876A 0.0181 
0.023'l 0.8768 0. 0210 
0.0251 0.8768 0.0220 
o,o2s1 C.8768 0.02?0 

co _, 

PS!I PSF PST 



31.00 
114.00 
51.00 
511.00 
65.00 
12.00 
79.00 
86.00 
93.00 

100.00 
107.00 

.3134E 07 
.3789E 07 
.1023E 08 
.2366E 08 
.l666E C8 
.3809E 08 
• 2485E 08 
.111116E 08 
.5516E 01 
.71169E 06 
.J 

.o 
.o 
.o 
.o 
.7E59E 05 
.:<899E 05 
.2t13E 06 
.S009E 06 
.3859E C6 
• lis32E o6 
.o 

.3656£ 06 
.11126£ 06 
.1313£ 07 
• 2859£ 01 
.1855E 07 
.3268E 01 
.o 
.() 
.o 
.c 
.o 

• !500E 07 
·"'931£ 07 
.1155£ 0-3 
.2651 E 08 
.38114£ 09 
·"806E 08 
.21161E 08 
•• 396E 08 
.5131£ 01 
• J137E 06 . (• 

TOTAL PBODOCTIJN INTO THIS l.IFE STAGE 0. 78428CII8.JCE: 08 
TO!AL TRANSFER INtO 'IHE NE~ LIFE STAGE 0.11186719SOOE 08 
I SURVIVAL THF:OGH THIS LifE STAGE ; 19.0 
IIAXIIIUII StANDING CROP FCB 'lliiiS LIFE STAGE O.li143;7i2€00E 0€ 

.114111E-01 .4~96!-02 0.0562 

.4471E-01 • 4596E-n 0.0950 

.4878£-01 .4596E-•)2 1),0878 
.5114E-01 .4596E-02 O.OE41 
.5173E-01 .4596E-02 o;c8J2 
.5201E-01 .4596!-02 O.C828 
.5115£-01 .4596E-02 0.0841 
.5019£-01 .4596£-02 O.C856 
,4607E-01 .4596E-02 0.0925 
.4176E-01 .45961!-02 0.1011 
.4092E-01 .4596F-02 0.1029 

RATIO OF IIAIIIIDII STANDING ClOP TO EQUILIBRIUP. S'IANDrNC: CHCP (N~AX/YS) 1.5637 
li!IDUCTION IN NOIIBER OF CRGDIS!IS ENTERING THIS LIPE S'n\H DOE 'fC THE POWER PLANT... O.H18251J800E 08 
I F.EDUCTICN IN NOIIBER OF ORGANISIIS ENTERING THIS LIFE S~AG! DUE TO THE POWER PLAN'I ••• 30.35 

............... ~······················· 
S7A GE II JU1ENI1E 2 S'IAG~ 

Kl(l/DU)= 0.124499984U-O"I 
KXO ( 1/DA Y) = 0. 9959995711-... !-(•2 
YS(NUIIBBB)= 0.89800000CGE 07 
LIFE PEBIODIDA!)= 100,0000 
BATIO OP THE Kl VALUE USED :N THIS RON TO THE "S'IANDARJ" Kl VALUE r.IVEN ABOVE= 1.00~ 

RATIO OF 'IRE "XO VALUE USEC IN THIS BON TO THE "X VALUE USED I~ THIS RaN = 0.600 
~JTlO OP 'IH! 15 VALUE USED :N THIS RON TO T3E "STANCARV 0 YS VAtU£ GIVEN ABOVE = 1.000 
LEPT LIIIB OF c:"F!NSATION ~INC7ION DISABLED... NO 
<iiGHT LI~B CP :OftPE!ISATl:ON FONCTIC!I i:ISABUC... NO 

TillE ( I 

60.00 
711.00 
88.00 

FJPOLA1ION(-) TR1NSPER PBOD DC 'I"! ON POPULATION(+) KNATL KPILA NT RfiTIO 

1 02.00 
123.00 
137.00 
l51.00 
165.00 
179.00 
193.00 
207 .oo 

.o 

.9756! 06 

.5783E 07 
• 123JE C8 
.H35E 07 
• B064E 01 
.6751E 07 
.5656E 07 
.nii6E C7 
.3991E 07 
.J36U 07 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.c 
.o 
.o 
.o 

.31411! 05 

.5400E OS 
• 1C6SE 07 
.11549! 01 
.o 
.o 
.o 
.o 
.o 
.o 
.o 

.3144! 05 
• 1030! 07 
.6852! 07 
.1231! 08 
.946~! 07 
.1922! 07 
.15632! 07 
• 5551! 07 
.£16611 F 07 
.l923£ 07 
.)309£ 07 

TO'IAL PBODUCTIC!i INTO THIS ~IP! STAGE = 0.14€67J990CE 08 
TOTAL TRAHSFER IN'IO TR! NEIT liFE STAGE 0.319J5qQOCOE 07 
S SURVIVAL TR6~0GE THIS LIE! S!AGE = 21.5 
ftAXIIIOII S"IANDIIiG CROP POR 'IllS LIPE STAGE 0.125916QE!::OOE Oe 

.1069E-01 .2630E-03 0.02110 
.12341!-01 .2:630!:-0l 0.0209 
.1258E-o 1 • 26 30E-03 o. nos 
.1245E-01 .2630E-03 0.0207 
.12451!-01 .2630E-03 0.•)207 
.1241E-Of .2630E-03 O.oJ207 
.12321!-01 .2:630!-03 0.0209 
.1219E-01 .2630E-03 0.•)211 
.1202E-01 .2630E-03 0.02111 
.1184E-01 .2630E-03 0.0217 

RU:IO OP IIAII!OII STANDING Ci~OP TO EQ'.IILIBRIOII S'IlliDINC: CFOP (IIIIAI/YS) 1.11027 

).2660 
) • 261 5 
).231~ 

).2156 
).2119 
).2101 
).2156 
).2219 
J.2510 
).2857 
).2930 

?SN 

J.3435 
0.2q12 
0. 2841 
J. 2 87 9 
0.288o) 
J.2890 
::>.2916 
0. 2956 
::>.3005 
0.3060 

BE.C·UCTION Ifi lro!IBI!R OF ORGHISIIS ENTIBING THIS liFE S'LHF DIE TC THE POWER PLANT... 0.67867!93000E 07 
I bEDUCTICN I~ NOIIB!R OF OHGANISIIS ENTERING THIS LI~E STaGE DOE TO THE POWER PLANT ••• 31.lli 

HOP.BER OP JUV!tiiL~ 2 KILLEr I!Y I~PINGEIIENT ••• 0.241391E OE 

O.E6~6 
o. 86 86 
0. 86 86 
o.e68f 
o. 8686 
0.8686 
O.S6S6 
0. 86 86 
c. 8686 
0. 86 66 
o. e6 BE> 

PSF 

o. 97 40 
C.97~0 
C.9740 
0. 9740 
0.9740 
0. q1 40 
o. q1 40 
c.n~o 
o. 9740 
c. 97 4 0 

0.2311 
o. 2271 
0. 2010 
0.1873 
o. 1840 
o. 1825 
0.1873 
0. 1927 
0.2181 
0.21182 
o. 25115 

PS'I 

0. 3346 
o. 28 36 
0.2767 
0. 2804 
0.2805 
0. 2R 1 5 
0. 2R40 
0.2879 
o. 2927 
0.2q81 

00 
N 



S:UGB 5 J01EHILE 3 STAGE 

KI(1/DAY)= 0.97199976'4£-02 
Klll (1/0U)= 0.1775995880!-02 
!S(8DBBEB)= 0.2290000000! 07 
J.IF E PERIOD (D If)= 158.0000 
RaTIO OF THB I!X 1ALOE OSEI• H THIS BUS i'O THE "STAHUBD" KX VAI.O! GIVEN ABOVE = 1.00.0 
B.fliO OF THE KIO VALUE DSJ:D IN THIS BON TO Ti'IE Rl VALUE USED Di THIS RON = 0.800 
RATIO OF THE !S VALUE USEI• IN THIS RON ro TH3 "S'IANDARD" 15 VAlUE GIVEH ABOVE = 1.000 
LEF<r LI!IB OF CO"PENSA'IICN FONCTIO!I tiSABLED. •• NO 
RIG :IT LaB CF CO"PEII'SATIO~· FONCTIO!I DIS!BLBD... liO 

~'UE( ) FOPOUT'I<:N (-)· 'lBA liS FER BODUCTIO!I POPD:LATION (+) KNATL KPLANT RATIO 

~ 09.00 .o .o .J198E 01 • 31 91!! 01 
221.00 .2817E 07 .o .o .2779E 01 .97441!-02 • 2630 E-03 0.0263 
~31.00 .24491! 07 .o .a • 241 5! 07 .97211!-02 .2630E-03 0. 0263 
251.00 .21301! 07 .o .o .21 on 07 .97191!-02 • 2630E-03 0. 0:263 
265.00 .1852E 07 .o • 0 • 182H 01 • 9706E-0 2 • 26 30E-03 0.0264 
.279.00 .161 1E 01 .a .o • 1589! 07 • 96698-02 .26301!-03 0.0265 
293.00 .1403E 01 .o .o .1383! 07 .9607E-02 • 26301!-03 0.0266 
3•:7.00 .1222E 07 .o .o .1206! 07 .9523E-02 .2630E-03 0.0269 
321.00 .1066E 07 .a .o • 10 52! 07 .9423E-02 .2630!-03 0.0271 
315.00 .9318E 06 .o .a .9193! 06 .• 9314E-02 • 2630E-03 0. 0275 
3•9.00 • B 1 54E 06 .o .o .8047! 06 .9201E-02 • 2630E-03 0. 0278 
H3.00 .71411! 06 .o .CI .705H 06 • 9087 E-O 2 • 2630 E-03 0.0281 

TQ1'U PBODDCTlON INToJ THIS LIFE ST.AGB = 0.315754200CE 07 
TOTAL TRANSfER IfiTO rHE NEXT liFE STAGE 0.6872511875E 06 
S SIIBVIVAL 7H~OOGH THIS LHE STAGE ~ 21.5 
!IAU!IO" S7ANDING CIIOP FOR THIS LIFE STAGE 0.31975q2000E :1 
BAI':O OF IIAXI!UII STU DING CROP TO EQOIL:BaiO!I STANDHG CROP (N~AX/YS) 1. 3963 
BIIDliCTIOH I8 6U"BE11 •Jl' ORGANIS"S E!IT!BHIG TH:S liFE S'IAH DUE tO THE POIIEB PLANT... 0. 1380505000E 07 
• B!DOCTION IN 1i011Bi3 OF OBGANISIIS ENTE~I~G THIS LIFE S7AGI DU! TO THE POWER PLAN'I ••• 30.15 

NlP.IBEB Of JUVUIILI! 3 KILLE.D EY IIIPIJIGEIIENT ••• 0.661230E 05 
TOTAL HO"BEB CF JUVENILES KILLED BY IIIP:NGEIIENT ••• 0.307~1qE 06 

CDIIULATIVE FRC!AEILITY OF SURVIVAL FBOII EGG THROUGH JUVENILE 3 
EX?I:CTBD ND"BH OP t:!!&Rllli'GS = 0.687250251! C6 

AD~LT DISTRIBOTIOR BY AGE CLASS 

AG3 HDIIBBBS 
l 687251. 
6 52037. 

11 5041. 
TIJUL ADULTS 

PBiiC:BHT AGE 
AGE PEBCEHT 

32.611 
6 2.469 

11 a. 239 

AGE NOIIBEBS lGE HO"BEBS 
2 275272. 3 165Jq5. 
1 32618. e 201111e. 

12 3162. 13 1983. 
1479506. 

.!.GE NUIIBUS 
4 132473. 
9 12820. 

DlSTRIBO~ION RELATIVE TO !EI 8 ZB&O 
AGf PERCBIT AGE PERCENT AG3 PEBCBHT AGE 

2 13.062 3 7.846 q 6.a6 5 
7 1. 5118 3 0.970 9 0.608 10 

12 0.150 13 0.094 

lGE NU"BERS 
5 8302]. 

10 80H. 

PERCE liT 

3.9110 
o. Je1 

o. 96 9 20 25 71! -o s 

PSN fS f 

0.2145 C.9593 
0.2153 0. 9593 
0.2153 0.9593 
0.2158 C.9593 
I). 2170 0.9593 
0.2192 0.9593 
0.2221 C.9593 
0.2256 0.9593 
0.2295 0.9593 
0.2.137 0.9593 
0.2)79 0.9593 

PST 

0.2058 
0.2065 
0.2066 
0.2070 
0.2082 
0.2103 
0.2131 
o. 2164 
0.2202 
0.2242 
0.22R2 

00 
w 



Pl!BCENT AGE DlSTiiiBUTION REL!\"TIVE TO CURREN'! YEAR 
AGE PERCENT AGE PERCENT AGE ~ERCENT AGE PERCENT AGE PER(EN! 

1 
6 

11 

46.451 
3. 517 
0.341 

2 18.606 3 
1 2.205 8 

12 0.214 13 

11. 116 
1. 382 
0.134 

4 
9 

8. 9 54 5 
o.e6.7 10 

SIZE OP ~OPOLAT:ON (YUR CLASSES 1-13: POR THE: 
CllliREN·r YEAR AS A PERCENTAGE CP TH3 S:ZE Of TH·E 
POfULATIOR IN YlAR ZERO ••• 0.702 

5.612 
0 .543 

REDUCTIOII IN NUIIBER O·F YEARUNGS DOE ~0 PLAfiT... 293631. 
' REDOCTICN Ill IIOIIBER OF YI!AoL.INGS DUE: TO PLANT ••• 29. 94 
REDUCTION IN 10':AL NUIIBER OP ADULTS til! TO PllJIT... 621911. 
I REDUCTION IN TOTAL IIUIIBER ·:F ADOL'IS DUE '10 P'l.AIIT ••• 29.80 

IIUIIBER Of EGGS EXPECTED TO BE PRODUCE; BY 
THE ~UIIBER OP ORE-YEAR CLD SlRIPEC BA~S POR TKE CURRENT 
YBAR DURING TF.EIR LIFE TillE RS A PERC]NTAGE OP 'IHE IIUIIB:R 
Of EGGS PRODUCED IN YEAR ZEB( ••••• 0.~01 



TRACING LifE BISTOBY OF STRIPED BASS FISH 
IN HODSON BIVEB, WITH !OBTALITY IK EACH 
STA GB GI VEil B 1: 

D(NI) /tT=- (KI+ (KX-KIO)* ( (NX-YS)/JS)**31*KI 
-PKILL*OP*IIX/V 

WHERE, QP(III**3/DAY)=.O.II696E-02 
WHICH IS EQUIVALENT TO AN INTAKE PLOW OF ••• 0.8000E 04(CPS) 

V(III*•3)= 0.5000£ 00 

l'li ACTIO NlL KILL 
EGGS 
LARVAE 
.JUVENILE 1 
.JUVENILE 2 
.J OVENILE 3 

(I.E., CCIIPOSITE P-U:TOE:) FOR: 
0. 50 00 
0.5000 
0.5000 
0.0280 
0.0280 

IIODEL TillE STEP SIZE (DAYS) 
EGG LA~V JOV1 JOV2 JOVJ 

0.20 C.70 0.70 1.40 1.110 

TOTAL PRODUCTION PE3IOD (DAYS) = 49. 
SUBPBODOCTICII PEBIO::S AND ASSOCIATED F.tACTICoHS OF TOTAL EGG PROCUCTION 

PERIOD (DAY) P3ACTIOH 
o.o 7.0 0.0536 
7.0 14.0 0.0243 

111. 0 21 • 0 0. 2 361 
21.0 28.0 0.4482 
28.0 35.0 0.2365 
35.0 112.0 0.0 
42.0 49.0 0.0013 

ITEBAT.B TO EQUILIBRlOII BY ADJUSTING TEIE' FIRST OBtER 
DECAY BATE COEPPICIINT USED POR YEAR CIASSES II AND OLDER 

RO= 0. 10 194 83 1E 06 
K 0= 0. 189902 98 3B- 02 
KO=O. 8113 7117 28 6!-03 
K0=0.113213 06 2B- C2 
K0=0.126368809E-02 
K0:0.12837220CB-02 
K0=0.12BII11 OHI!-02 
K0=0.128411 03EB-02 
ll!ID CP BCUAL •••••• 

~;1= o.o 
F.N=0.8113747286E-03 
RN=0.113213062E-C2 
'R=0.1263E88093-02 
KN=0.1283722003-02 
~N=0.1281111036!~02 
U=0.1281111059E-02 
RR=0.128411059E-02 

UP= 0.192018218 CO D= C•.53093038E 06 
t= 0.10552825!-02 I= 1 
C= O.U!838334!-03 I= 2 
D= 0.1315574611-03 I= 3 
D= 0.2<l033913E-011 I= 4 
E:= 0.3B836151E-06 I= 5 
D'= 0.2'3283C64E-09 I= 6 
D= 0.23283064!-09 I= 7 

AllliOAL PBCBABII.ITY O:P SURVIVAL FOB ADUJ.J:S (4-13) c. 626 

AGE CECU COEPP. 
( 1/DA!) 

SEI RATIO 
(FEll/TOT) 

BACT ION 
IIATCRE 

PECONtiTY 
(EGGS/FE II ALE) 

(X) 
(J'1 



1 0.002510 o. 50 0.0 0.0 
2 0.001400 o. 52 o.o o.o 
3 0.000611 o. 54 0.0 0.0 
4 0.00128U 0.56 o. 0 0.205:E 06 
5 0.001284 o. 58 o.8o 0.297:E 06 
6 0.001284 o. 60 1. 00 0.42CJE o.; 
1 0.001284 0.62 1.0C 0.572JE 06 
8 0. 0012 84 0.64 1. 00 0.747CE ·06 
9 0.001284 0.66 1.CC 0.94QCE 06 

10 0.001284 0.68 1.00 0. 1111-CE -()7 
11 0.001284 0.70 1.0C 0.13~E 07 
12 0.001284 0.70 1. 00 0. 1Se<:E 07 
13 0.001284 0.70 1.0C 0.116.ClE ·07 



STOCK RECRUitftENT fABLE 

DBF IHI1'IOBS OP COLUftli READINGS 
I "' IBAB + 1 
sCI I = HU!BEB CP SP&WNERS 
B(II = NUftBEB OP RECRUITS (3 -YEAR OLDS)• 
R3(I) = NUftEBE OP R!CRUIT5 AT I+3. SPAWJBD At I 
fjJS (I) = RECRDIT!ENT BATE (RECRUIIS PE& SPAiNER) 
SR(II = HU!BEB OF SPAWNERS RElATIVE TO NUftBER Of SPAll NEFS AT I= 1 
BR(I) = HUftBEf. OP RECRUITS RELATIVE TO NUftBEB OF RECROI1S AT I=1 
Rlli (II = NOftB!B OP RECRUitS AT I+3 RELATIVE TO THE NUftBEF. OP B ECRUITS AT I=ll (R3 (I) /R3 (1) I 
BlBS B (II = BEIATIYE &ECFUITft!N1 RATE (R3R (I)/SB (I)) 

I s ~II R (l) R3 (II li3S (I) SR(I:) RR (I) B3P. (I) RJRSR (I) 

1 17568 9. 2351105. 193309. 1.100 3 1.0000 1.0000 1. 0(100 1 .0000 
2 175689. 235110 ~- 193309. 1.1003 1.0000 1 .oooo 1. 00 00 1.0000 

. 3 17568S. 2351105. 193309. 1.1003 1. 00 0 0 1.0000 1. 00 00 1. 0000 
II 11568 9. 193 309. 193309. 1.1003 1.0000 0.8212 1. 00 00 1.0000 
5 115685. 193309. 193309. 1. 10 0 3 1. 00 0 J 0.8212 1. 00 00 1.0000 
6 165908. 193309. 191632. 1.1551 o. 911113 0.8212 0.9913 1.01198 
7 1579911. 193309. 18911112. 1.1990 C.8993 0.8212 0.9800 1.08'l8 
8 15287 5. 19330'l: 187251. 1.22119 0.8701 0.8212 o. 9687 1. 1132 
9 1119565. 191632. 185199. 1.;-382 o. 8513 0.81111 0.9580 1.12511 

10 11171135. 18911112. 183387. 1. 21138 0.8392 0.80117 0.91187 1. 130 5 
11 1115670. 187 251. 181762. 1. 21178 0.8291 0.7954 0.9403 1.1340 
12 1113959. 185199. 180246. 1.:<521 0.819~ 0.786'7 0.9324 1.1379 
13 111228C. 183387. 178854. 1. 2571 0.809E 0.7790 0.9252 1.142 5 
111 1110646. 181762. 177~51. 1.2624 c.8oo~ 0. 7721 0.9185 1. 147 3 
15 139316. 180246. 17 6813. 1. 2692 C.793C 0.7657 0.9147 1.1535 (X) 

16 138010. 178854. "176007. 1.2753 c·. 78 55 0.7598 0.9105 1. 1591 
........ 

17 136753. 177551. 175162. 1. 2309 c. 778ll 0.7542 0.9061 1.1641 
18 135561. 176813. "74301. 1.2958 0.7716 0.7511 0.9017 1.16.86 
19 1341131. 176007. 17 3445. 1.2~02 o. 7652 0.7477 o. 8972 1.1726 
20 133500. 115162. 172667. 1.2B4 0.7599· 0. 7441 0.8932 1.1755 
21 132693. 174301. 1171973. 1. 29 60 0.7553 0.7404 0.8896 1.1779 
u u 1958. 173114'5. 1713118. 1.H85 c. 7511 0.7368 o. 88 64 1. 1801 
23 131263. 172667. 170770. 1.31110 0.7471 0.7335 0.8834 1.1824 
24 1305911. 1'71973. 17C229. 1. 30 35 c. 74 33 o. 7305 o. 88 06 1. 1847 
25 12995 8. 171348. 169711. 1. 3059 0.7397 o. 7279 0.8780 1.1869 
26 12936 5. 170770. 169237. 1. 30 82 o. 7363 o. 7254 o. 87 55 1. 1890 
27 12881 s. 110229. 158789. 1. 31 0) 0.7332 0.7231 0.8732 1.1908 
28 128316. 1697,.,. 15€371. 1. 31 22 c. 73 04 0.7210 o. 87 10 1.1926 
29 127848. 169237. 1679711. 1. 3139 0.7277 0.7189 o. 86 89 1. 1941 
30 1271111. 168789. 167601. 1.3154 o. 7252 0. 7170 0. 8670 1. 1'l55 
31 127003. 168371. 167251. 1.3169 o. 7229 0.7152 o. 8652 1.1'169 
32 12662 2. 1679711. 166922. 1.3183 0.1207 0.7136 o. 86 35 1.1981 
33 126261. 167601. 166617. 1.31"96 0.7187 0.7120 0.8619 1.1993 
34 '1259311. 167251'. 166330. 1.3Z08 o. 7168 0.7105 o. 8604 1.2004 
35 12~622. 166922. 166062. 1.3219 o. 71 50 0.7091 ·o. 8591 1.2014 
36 125328. 166611. 16~809. 1.3230 0.7134 0.7078 0.8577 1.2024 
37 12505~. 166330. 165570. 1. 3240 0.7118 0.7066 0.8565 1.2033 
38 121179 II. 166062. 16 ~345. 1.32119 0.7103 0.7054 0.8553 1.2042 
39 124552. 165809. o. o.o 0.7089 0.701111 o.o 0.0 
40 1211325. 165570. o. o.o 0.7076 0. 7033 o.o 0.0 
41 1211113. 1653115. o. o.o o. 70611 0.7024 o.o 0.0 
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APPENDIX D 
TABULATION OF DETAILED RESULTS FROM THE VARIOUS SENSITIVITY ANALYSES 



Output 
variable 

code 

I 
3 

4 
5 
6 

7 
8 
9 

IO 
11 
I2 

13 
I4 
IS 

I6 

Level 1: A YS = 0.20 

Life 
Stage 

Plant 
off, 

year 0 

Egg 1.00 Ell 
Egg IO.O% 

Larvae 1.00 ElO 
Larvae 4.05 
Larvae 0.2% 

Juvenile I 1.69 E7 
Juvenile I 2.46 
Juvenile I I9.4% 

Juvenile 2 3.27 E6 
J UYonilo 2 L n 
Juvenile 2 24.2% 

Juvenile 3 7.93 E5 
Juvenile 3 1.73 
Juvenile 3 21.9% 

Yearlings 1.74 ES 
and adults 

Plant on 

Year I 

1.00 Ell 
9.9% 

9.93 E9 
4.03 
0.2% 

1.53 E7 
2.2I 

I7.8% 

2.73 E6 
1.13 

23.9% 

6.5I ES 
1.42 

2I.5% 

1.40 E5 

Year 40 

8.3I EIO 
9.9% 

8.25 £.9 
3.74 
0.2% 

1.62 E7 
2.24 

I7.7% 

2.87 E6 
1.19 

23.5% 

6.76 E5 
1.48 

21.4% 

1.45 ES 

Table D I. Summary of model runs for the sensitivity analysis for YS, the equilibrium standing crop 

Level 2: A YS = 0.50 

Plant 
off, 

year 0 

Plant on 

Year I 

1.00 Ell 1.00 Ell 
IO.O% 9.9% 

i.OO EiO 9.93 E9 
2.84 2.8I 
0.6% 0.5% 

5.80 E7 5.27 E7 
2.55 2.30 

I8.3% I7.2% 

1.06 E7 9.04 E6 
2.06 I. 76 

21.8% 21.7% 

2.3I E6 1.97 E6 . 
2.02 I.72 

21.4% 21.1% 

4.94 ES 4.15 E5 

Year 40 

8.52 EIO 
9.9% 

8.46 E9 
2.63 
0.6% 

5.45 E7 
2.27 

17.I% 

9.32 E6 
L79 

21.4% 

2.00 E6 
1.75 

21.0% 

4.2I ES 

Level3: AYS=0.75 

Plant 
off, 

year 0 

1.00 Ell 
IO.O% 

i.OO E10 
2.35 
0.9% 

9.I4 E7 
2.40 

I8.3% 

1.67 E7 
2.ll 

21.1% 

3.53 E6 
2.05 

21.3% 

7.5I E5 

Plant on 

Year I 

1.00 Ell 
9.9% 

9.93 E9 
2.32 
0.8% 

8.2I E7 
2.17 

17.3% 

1.42 E7 
L79 

21.2% 

3.00 E6 
1.75 

21.0% 

6.32 E5 

Year 40 

8.22 E10 
9.9% 

8.16 E9 
2.03 
1.0% 

7.82 E7 
2.04 

17.7% 

1.38 E7 
L71 

21.2% 

2.92 E6 
1.70 

21.1% 

6.17 ES 

Level 4: A YS = 1.00 

Plant 
off, 

year 0 

1.00 Ell 
10.0% 

i.OO EiO 
1.93 
1.1% 

1.13 E8 
2.20 

19.2% 

2.17 E7 
2.03 

21.1% 

4.58 E6 
2.00 

21.4% 

9.8I ES 

Plant on 

Year 1 

1.00 Ell 
9.9% 

9.93 E9 
1.89 
1.0% 

9.99 E7 
1.95 

18.0% 

1.80 E7 
L69 

21.2% 

3.8I E6 
1.66 

21.2% 

8.05 E5 

Year 40 

7.09 E10 
9.9% 

7.04 E9 
1.38 
1.1% 

7.84 E., 
1.56 

19.0% 

1.49 E7 
L10 

21.5% 

3.20 E6 
1.40 

21.5% 

6.87 ES 

LevelS: AYS = I.50 

Plant 
off, 

year 0 

1.00 Ell 
IO.O% 

1.00 E10 
1.33 
1.3% 

1.27 E8 
1.75 

21.4% 

2.72 E7 
1.71 

21.8% 

5.93 E6 
1.72 

21.9% 

1.30 E6 

Plant on 

Year I 

1.00 Ell 
9.9% 

9.93 E9 
1.30 
1.1% 

1.12 E8 
1.49 

19.1% 

2.13 E7 
1.31 

21.6% 

4.60 E6 
1.34 

21.6% 

9.91 ES 

Year 40 

5.20 E10 
9.9% 

5.16 E9 
0.68 
1.3% 

6.65 E7 
0.89 

19.7% 

1.31 E7 
0.83 

22.4% 

2.94 E6 
0.85 

22.4% 

6.58 E5 

90 

Level6: A YS = 2.00 

Plant 
off, 

year 0 

1.00 Ell 
10.0% 

1.00 ElO 
1.00 
1.3% 

1.34 E8 
1.40 

22.0% 

2.95 E7 
L10 

22.2% 

6.54 E6 
1.43 

22.3% 

1.46 E6 

Plant on 

Year I 

1.00 Ell 
9.9% 

9.93 E9 
0.98 
1.2% 

1.18 E8 
1.18 

19.4% 

2.28 E7 
1.08 

21.9% 

4.99 E6 
1.09 

21.9% 

1.09 E6 

Year 40 

5.26 E10 
9.9% 

5.22 E9 
0.53 
1.4% 

7.21 E7 
0.72 

20.0% 

1.45 E7 
0.68 

22.8% 

3.30 E6 
0.72 

22.8% 

7.54 E5 

Level?: AYS = 5.00 

Plant 
off, 

year 0 

1.00 Ell 
10.0% 

1.00 ElO 
0.42 
1.7% 

1.67 E8 
0.70 

23.1% 

3.87 E7 
0.73 

23.3% 

9.02 E6 
0.79 

23.5% 

2.I2 E6 

Plant on 

Year I Year 40 

1.00 E1 i 
9.9% 

9.93 ElO 
0.41 
1.5% 

1.47 E8 
0.59 

20.5% 

3.01 E7 
O.S1 

23.3% 

7.01 E6 
0.61 

23.3% 

1.63 E6 

5.75 EIO 
9.9% 

5.71 E9 
0.24 
1.7% 

9.60 E7 
0.39 

21.4% 

2.06 E7 
0.39 

24.3% 

4.99 E6 
0.44 

24.2% 

1.21 E6 

17 Yearlings 4.99 ES 4.65 E5 4.15 ES 1.15 E6 1.07 E6 9.81 ES 1.66 E6 1.54 E6 1.36 E6 2.ll E6 1.93 E6 1.48 E6 2.72 E6 2.41 E6 1.38 E6 3.03 E6 2.66 E6 1.57 E6 4.29 E6 3.79 E6 2.44 E6 
and adults 

18 Yearlings 35-14-8 30-15-9 13-14-8 43-17-10 39-18-ll 43-17-10 45-18-ll 41-20-12 45-18-ll 47-19-11 42-20-12 46-19-11 48-19-ll 41-22-13 48-19-ll 48-19-12 41-22-13 48-19-12 49-20-12 43-22-13 49-20-12 
and adults 

19 YCarlirtgs U.896 0.735 0.669 0.626 0.579 0.560 0.496 

62 
64 
66 

. 68 
70 

71 

72 
73 
74 

and adults 

Eggs 
Larvae 
Juvenile 1 
Juvenile 2 
Juvenile 3 

YParling~ 

Yearlings 
Adults 
Adults 

0% 
0.7% 
9.5% 

16.5% 
17.9% 

1 il F4 

19.5% 
3.4 E4 
6.8% 

16.9% 
17.5% 
4.1% 

I2.2% 
14.8% 

7 Q Fll 

16.7% 
8.4 E4 

16.8% 

0% 
0.7% 
9.1% 

14.7% 
14.7% 

7 Q F.ll 

16.0% 
7.9 E4 
7.0% 

14.8% 
15.4% 

6.0% 
12.I% 
I3.4% 

7 1 F.4 
14.8% 

1.7 E5 
14.7% 

0% 
0.7% 

10.2% 
15.0% 
15.0% 

1 7 F'i 

15.8% 
1.2 E5 
7.2% 

17.8% 
18.4% 
14.4% 
17.2% 
17.0% 

1 14 F.'i 

17.8% 
3.0 ES 

17.8% 

Impact variables 

0% 
0.7% 

11.6% 
I7.1% 
16.8% 

1 7n F.'i 

17.9% 
1.80 E5 
8.5% 

29.1% 
29.6% 
30.6% 
31.3% 
30.1% 

7 Q4 F'i 

30.0% 
6.30 E5 

29.9% 

0% 
0.7% 

11.81% 
21.7% 
22.4% 

11 F'i 

23.8% 
3.1 E5 

11.4% 

48.0% 
48.4% 
47.6% 
51.8% 
50.42% 

n 47 F'i 

49.4% 
1.34 E6 

49.3% 

0% 
0.7% 

11.9% 
22.7% 
23.7% 

1 7 F.'i 
25.3% 

3.7 ES 
12.2% 

47.4% 
47.8% 
46.2% 
50.8% 
49.5% 

1 on F..'i 
48.4% 

1.46 E6 
4!!.2% 

0% 
0.7% 
I2.0% 
22.2% 
22.3% 

4.9 F.;) 
23.1% 
4.9£5 

11.6% 

42.5% 
42.9% 
42.5% 
46.8% 
44.7% 

9.1 F..'i 
42.9% 

l.ll5 E6 
43.1% 

j 



Output 
variable 

code 

1 
3 

4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 

16 

17 

18 

19 

62 
64 
66 
68 
70 

71 
72 
73 
74 

91 

Table 02. 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 Level4: AKX = 1.00 Level 5: AKX = 1.1 

Life 
stage 

Egg 
Egg 

Larvae 
Larvae 
Larvae 

Plant 
off, 

year 0 

1.00 Ell 
10.0% 

1.00 ElO 
2.56 
7.4% 

Juvenile 1 7.37 E8 
Juvenile 1 5.40 
Juvenile 1 5.3% 

Juvenile 2 3.93 E7 
Juvenile 2 4.06 
Juvenile 2 31.2% 

Juvenile 3 1.22 E7 
Juvenile 3 5.35 
Juvenile 3 24.0% 

Yearlings 2.94 E6 
and adults 

Yearlings 5.82 E6 
and adults 

Yearlings 50-20-12 
and adults 

Yearlings 0.439 
and adults 

Eggs 
Larvae 
Juvenile 1 
Juvenile 2 
Juvenile 3 

Yearlings 
Yearlings 
Adults 
Adults 

Plant on Plant 
off, 

year 0 Year 1 Year 40 

1.00 Ell 
9.9% 

9.93 E9 
2.51 
6.7% 

6.67 E8 
5.21 
5.4% 

3.63 E7 
3.75 

32.6% 

1.18 E7 
5.16 

24.0% 

2.84 E6 

5.72 E6 

50-21-12 

0% 
0.7% 
9.5% 
7.6% 
3,3% 

1.0 E5 
3.4% 
1.0 E5 
1.7% 

9.G7 EIO 1.00 Ell 
9.9% 10.0% 

9.60 E9 1.00 ElO 
2.47 2.21 
6.9% 2.9% 

6.63 E8 
5.20 
5.5% 

3.63 E7 
3.75 

32.5% 

1.18 E7 
5.16 

24.0% 

2.84 E6 

5.63 E6 

50-20-12 

3.3% 
4.0% 

10.0% 
7.6% 
3.3% 

1.0 E5 
3.4% 
1.9 E5 
3.3% 

2.91 E8 
3.72 

11.0% 

3.20 E7 
3.09 

25.5% 

8.17 E6 
3.57 

23.4% 

1.91 E6 

3.89 E6 

49-20-12 

0.514 

Plant on Plant 
off, 

year 0 Year 1 

1.00 Ell 
9.9% 

9.93 E9 
2.17 
2.6% 

2.61 E8 
3.55 

11.3% 

2.95 E7 
2.85 

26.2% 

7.71 E6 
3.37 

23.6%' 

1.82 E6 

3.80 E6 

48-20-12 

0% 
0.7% 

10.3% 
7.8% 
5.6% 

9.0E4 
.4.7% 
9.0 E4 
2.3% 

Year 40 

9.51 ElO 1.00 Ell 
9.9% 10.0% 

9.44E9 l.OElO 
2.09 2.04 
2.7% 1.6% 

2.56 E8 
3.54 

ll.5% 

2.95 E7 
2.85 

26.1% 

7.71 E6 
3.37 

23.6% 

1.82 E6 

3.70 E6 

49-20-12 

4.9% 
5.6% 

12.0% 
7.8% 
5.6% 

9.0 E4 
4.7% 
1.9 E5 
4.9% 

1.65 E8 
2.78 

16.4% 

2.70 E7 
2.54 

22.6% 

6.10 E6 
2.66 

22.6% 

1.38 E6 

2.87 E6 

4!!-19-12 

0.570 

Plant on Plant 
off, 

year 0 Year 1 Year 40 

1.00 Ell 
9.9% 

9.93 E9 
1.99 
1.5% 

1.47 E8 
2.57 

16.3% 

2.40 E7 
2.27 

23.0% 

5.53 E6 
2.42 

22.7% 

1.25 E6 

2.74 E6 

46-20-12 

9.06 ElO 
9.9% 

8.99 E9 
1.84 
1.6% 

1.00 Ell 
10.0% 

1.00 ElO 
1.93 
1.1% 

1.40E8 1.13E8 
2.49 2.20 

17.0% 19.2% 

2.38 E7 2.17 E7 
2.25 2.03 

23.1% 21.1% 

5.48 E6 4.58 E6 
2.39 2.00 

2Z.7% 21.4% 

1.25 E6 9.81 E5 

2.60 E6 2.11 E6 

48-19-12 4'1-19-11 

O.G2G 

Plant on 

Year 1 

1.00 Ell 
9.9% 

9.93 E9 
1.89 
1.0% 

9.99 E7 
1.95 

18.0% 

1.80 E7 
1.69 

21.2% 

3.81 E6 
1.66 

21.2% 

8.05 E5 

1.93 E6 

42-20-12 

Year 40 

7.09 ElO 
9.9% 

7.04 E9 
1.38 
1.1% 

7.84 "E7 
1.56 

19.0% 

1.49 E7 
1.40 

21.5% 

3.20 E6 
1.40 

21.5% 

6.87 E5 

1.48 E6 

46-19-11 

Impact variables 

0% 
0.7% 

10.6% 
11.1% 
9.3% 

1.2 E5 
8.9% 
1.2 E5 
4.3% 

9.0% 
10.0% 
15.3% 
12.0% 
10.1% 

1.3 E5 
9.4% 
2.7 E5 
9.4% 

0% 
0.7% 

11.6% 
17.1% 
16.8% 

1.76 E5 
17.9% 

1.80 E5 
8.5% 

29.1% 
29.6% 
30.6% 
31.3% 
30.1% 

2.94 E4 
30.0% 
-6.30 E5 

29.9% 

Plant 
off, 

year 0 

1.00 Ell 
10.0% 

1.00 ElO 
1.83 
0.8% 

7.66 E7 
1.55 

18.0% 

1.44 E7 
1.35 

19.4% 

2.79 E6 
1.22 

19.6% 

5.4 7 E5 

1.26 E6 

44-17-10 

0.719 

Plant on 

Year 1 

1.00 Ell 
9.9% 

9.93 E9 
1.79 
0.7% 

6.78 E7 
1.32 

16.6% 

1.13 E7 
1.05 

19.2% 

2.16 E6 
0.94 

19.4% 

4.18 E5 

1.13 E6 

37-19-12 

0% 
0.7% 

11.5% 
21.9% 
22.6% 

1.30 ES 
23.7% 

1.30 E5 
10.3% 

Year 40 

5.72 ElO 
9.9% 

5.68 E9 
1.05 
0.8% 

4.41 E7 
0.86 

17.1% 

7.55 E6 
0.71 

20.0% 

1.51 E6 
0.66 

20.2% 

3.04 E5 

7.03 E5 

43-17-10 

42.8% 
43.2% 
42.4% 
47.6% 
46.0% 

2.43 E5 
44.4% 

5.55 E5 
44.1% 

Level 6: AKX = 1.2 

Plarit; 
off, 

year .o 

1.00 Ell 
10.0%. 

1.00 ElO 
1.74 
0.5% 

5.19 E7 
1.02 

16.8% 

8.71 E6 
0.81 

17.8% 

1.55 E6 
0.68 

18.3% 

2.83 E5 

7.26 E5 

39-16-9 

0.821 

Plant on 

Year 1 

1.00 Ell 
9.9% 

1.00 ElO 
1.70 
0.5% 

4.58 E7 
0.87 

14.8% 

6.79 E6 
0.63 

17.8% 

1.21 E6 
0.53 

18.2% 

2.20 E5 

6.62 E5 

33-17-10 

0% 
0.9% 

11.7% 
2?..0% 
21.9% 

6.35 E4 
22.4% 

6.35 E4 
8.8% 

Year 40 

6.18 ElO 
9.9% 

6.13 E9 
1.07 
0.5% 

3.16 E7 
0.60 

15.4% 

4.87 E6 
0.45 

18.5% 

9.04 E5 
0.39 

18.8% 

1.70 E5 

4.39 E5 

39-16-9 

38.2% 
38.8% 
39.2% 
44 .. 0% 
41.6% 

1.13 E5 
39.8% 

2.87 E5 
39.5% 

Level 7: AKX = 1.3 

Plant 
oft; 

year 0 

1.00 Ell 
10.0% 

1.00 ElO 
1.65 
0.4% 

3.51 E7 
0.67 

15.2% 

5.34 E6 
0.49 

16.7% 

8.89 E5 
0.39 

17.3% 

1.54 E5 

4.56 E5 

34-13-8 

0.915 

Plant on 

Year 1 

1.00 Ell 
9.9% 

9.93 E9 
1.62 
0.3% 

3.10 E7 
0.57 

13.5% 

4.18 E6 
0.39 

16.7% 

6.99 E5 
0.31 

17.1% 

1.19 E5 

4.22 E5 

28-15-9 

0% 
0.9% 

11.9% 
11.6% 
21.4% 

3.42 E4 
22.3% 

3.42 E4 
7.5% 

Year 40 

6.23 ElO 
9.9% 

6.19 E9 
1.02 
0.3% 

2.15 E7 
0.40 

14.2% 

3.05 E6 
0.28 

17.3% 

5.28 E5 
0.23 

17.6% 

9.28 E4 

2.78 E5 

33-13-8 

37.6% 
38.2% 
38.9% 
41 .. 8% 

'40.6% 

6.08 E4 
39.6% 

1.78 E5 
39.0% 



Output 
variable 

code 

'1 
3 

4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 

16 

92 

Table 03. Summary of model runs for the sensitivity analysis for KXO, the minimum mortality rate coefficient 

Level 1: AKXO = 0. 3 

Life 
stage 

Plant 
off, 

year 0 

Egg 1.00 Ell 
Egg 10.0% 

Larvae 1.00 E10 
Larvae 1.84 
Larvae 1.'/% 

Juvenile 1 1.75 E8 
Juvenile 1 2. 72 
Juvenile! 11.1% 

Juvenile 2 1.94 E7 
Juvenile 2 1. 89 
Juvenile 2 21.8% 

Juvenile 3 4.23 E6 
Juvenile 3 1.85 
Juvenile 3 21.8% 

Yearlings 9.22 E5 
and adults 

Plant on 

Year 1 

1.00 Ell 
9.9% 

9.93 E9 
1.81 
L6% 

1.60 E8 
2.62 

11.0% 

1.77 E7 
1.72 

22.0% 

3.89 E6 
1.70 

21.7% 

8.44 E5 

Year 40 

9.16 ElO 
9.9% 

9.09 E9 
1.71 
ur.:. 
1.58 E8 
2.58 

ll.3% 

1.78 E7 
1.73 

21.9% 

3.90 E6 
1.70 

21.7% 

8.45 E5 

Level 2: AKXO = 0.5 

Plant 
off, 

year 0 

1.00 Ell 
10.0% 

1.00 ElO 
1.87 
1.4% 

1.45 E8 
2.52 

14.2% 

2.06 E7 
1.97 

21.3% 

4.36 E6 
1.91 

21.5% 

9.40 E5 

Plant on 

Year 1 

1.00 Ell 
9.9% 

9.93 E9 
1.84 
1.3% 

1.31 E8 
2.38 

14.1% 

1.85 E7 
1.77 

21.4% 

3.96 E6 
1.73 

21.4% 

8.46 E5 

Year 40 

8.99 ElO 
9.9% 

8.92 E9 
1.70 
1.4% 

1.27 E8 
2.33 

14.5% 

1.85 E7 
1.77 

21.4% 

3.96 E6 
1.73 

21.4% 

8.45 E5 

Level 3: AKXO = 0.8 

Plant 
off, 

year 0 

1.00 Ell 
10.0% 

1.00 ElO 
).9J 

1.1% 

1.13 E8 
2.20 

19.2% 

2.17 E7 
2.03 

21.1% 

4.58 E6 
2.00 

21.4% 

9.81 E5 

Plant on 

Year 1 

1.00 Ell 
10.0% 

9.93 E9 
J.R9 
1.0% 

9.99 E7 
1.95 

18.0% 

1.80 E7 
1.69 

21.2% 

3.81 E6 
1.66 

21.2% 

8.05 E5 

Year 40 

7.09 ElO 
'J.'J% 

7.04 E9 
1.38 
1.1% 

7.84 E7 
1.56 

19.0% 

1.49 E7 
1.40 

21.5% 

3.20 E6 
1.40 

21.5% 

6.87 E5 

Level4: AKXO = 0.9 

Plant 
off, 

year 0 

1.00 Ell 
10.0% 

1.00 ElO 
1.96 
1.0% 

1.05 E8 
2.09 

20.5% 

2.16 E7 
2.02 

21.3% 

4.60 E6 
2.01 

21.6% 

9.92 ES 

Plant on 

Year 1 

1.00 Ell 
9.9% 

9.93 E9 
1.91 
0.9% 

9.25 E7 
1.80 

18.5% 

1.71 E7 
1.60 

21.1% 

3.61 E6 
1.57 

21.1% 

7.60 E5 

Year 40 

4.64 ElO 
9.9% 

4.60 E9 
·0.90 
1.0% 

4.72 E7 
0.93 

19.1% 

9.02 E6 
0.85 

21.6% 

1.95 E6 
0.85 

21.7% 

4.23 E5 

Level 5: AKXO = 1.00 

Plant 
off, 

year 0 

1.00 Ell 
10.0% 

1.00 ElO 
2.00 
1.0% 

9.97 E7 
2.00 

21.4% 

2.14 E7 
2.00 

21.6% 

4.61 E6 
2.01 

21.8% 

1.00£6 

Plant on 

Year 1 

1.00 Ell 
9.9% 

9.93 E9 
1.94 
0.9% 

8.66 E7 
1.66 

18.6% 

1.61 E7 
1.51 

20.Y% 

3.37 E6 
1.47 

20.9% 

7.04 ES 

Year 40 

2.0i ElO 
9.9% 

1.99 E9 
0.39 
0.9% 

1.74 E7 
0.3J 

18.6% 

3.23 E6 
0.30 

20.9% 

6.76 E5 
0.30 

20.9% 

1.41 F.:'i 

17 Yearlings 1.99 E6 1.91 E6 1.83 E6 2.03 E6 1.93 E6 1.82 E6 2.ll E6 1.93 E6 1.48 E6 2.13 E6 1.90 E6 9.21 E5 2.15 E6 1.85 E6 3.25 E5 
and adults 

113 Yearlings 46·19·11 44-19·12 46-19·11 46·19-11 44-19-12 ~~6-19·11 47-19·11 42•20-12 46·19·11 47-19-11 40·21·13 46-.19·11 47-19·11 38-2H3 43·18-ll 

111 

62 
64 
66 
68 
70 

71 
72 
7J 
74 

aml adulls 
YoJzlingg 0 .. 636 

and adults 

Eggs 
Larvae 
Juvenile 1 
Juvenile 2 
Juvenile 3 

Yearlings 
Yearlings 
Adult~ 
Adults 

U% 
0.7% 
8.6% 
8.8% 
8.0% 

7.8 E4 
8.4% 
8;0 E1 
4.0% 

8.4% 
9.1% 
9.7% 
8.2% 
7.ll% 

7.7 E4 
8.4% 
L6 ES 
8.0% 

0.613 

0% 
0.7% 
9.7% 

10.2% 
9.2% 

9.4 E4 
10.0% 

1.0 ES 
4.9% 

10.1% 
10.8% 
12.4% 
10.2% 

9.2% 

9.5 E4 
10.1% 

2.1 ES 
10.3% 

0.626 

Impact variables 

0% 
0.7% 

11.6% 
17.1% 
16.8% 

1.8 ES 
U.9% 

1.8 ES 
8.5% 

29.1% 
29.6% 
30.6% 
31.3% 
30.1% 

2.9 E5 
30.0% 

6 3 F.~ 
29.9% 

0.624 

0% 
0.7% 

11.9% 
20.8% 
21.5% 

2.3 E5 
23.4% 

? .. 1 F..'i 
10.8% 

53.6% 
54.0% 
55.0% 
58.2% 
57.6% 

5.7 E5 
57.4% 

1.2 F.ti 
56.8% 

0.622 

0% 
0.7% 

13.1% 
24.8% 
26.9% 

3.0 ES 
29.6% 

3.0 E5 
14.0% 

79.9% 
80.1% 
82.5% 
84.9% 
85.3% 

8.6 ES 
85.9% 

1.S E6 
84.9% 
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Table 04. Summary of model runs for left limb and right limb of the compensation function disabled at different levels of A YS at year 40 

Levell: A YS = 0.2 
Output 
variable Life Neither Left 

code stage limb limb 
disabled disabled 

~------------~ 

1 Egg 8.31 E10 7.91 E10 
3 Egg 9.9% 9.9% 

4 Larvae 8.25 E9 7.85 E9 
5 Larvae 3.74 3.67 
6 Larvae 0.2% 0.2% 

7 
8 
9 

10 
11 
12 

13 
14 
15 

16 

17 

18 

62 
64 
66 
68 
70 

71 
72 
73 
74 

Juvenile 1 1.62 E7 
Juvenile 1 2.24 
Juvenile 1 17.7% 

Juvenile 2 2.87 E6 
Juvenile 2 1.49 
Juvenile 2 23.5% 

Juvenile 3 6.76 ES 
Juvenile 3 1.48 
Juvenile 3 21.4% 

Yearlings 1.45 E5 
and adults 

Yearlings 4.15 E5 
and adults 

Yearlings 35-14-8 
and adults 

Eggs 
Larvae 
Juvenile 1 
Juvenile 2 
Juvenile 3 

Yearlings 
Yearlings 
Adults 
Adults 

16.9% 
17.5% 
4.1% 

12.2% 
14.8% 

2.9 E4 
16.7% 

8.4 E4 
16.8% 

1.28 E7 
1.73 

18.4% 

2.36 E6 
1.21 

22.9% 

5.42 ES 
1.18 

20.9% 

1.13 ES 

3.43 ES 

33-13-8 

20.9% 
21.6% 

1.3% 
13.6% 
17.3% 

2.9 E4 
20.5% 

8.9 E4 
20.6% 

Right 
limb 

disabled 

2.54 E10 
9.9% 

2.53 E9 
2.47 
1.0% 

2.60 E7 
2.60 

18.9% 

4.92 E6 
2.32 

21.2% 

1.04 E6 
2.27 

21.0% 

2.19 ES 

4.85ES 

45-18-11 

74.6% 
74.8% 
75.1% 
78.1% 
78.6% 

8.4 E4 
79.3%. 

1.78 E6 
78.5% 

Level 2: A YS.= 0.5 

Neither 
limb 

disabled 

Left 
limb 

disabled 

8.52 E10 8.02 E10 
9.9% 

8.46 E9 
2.63 
0.6% 

5.45 E7 
2.27 

17.1% 

9.32 E6 
1.79 

21.4% 

2.00 E6 
1.75 

21.0% 

4.21 ES 

9.81 ES 

43-17-10 

14.8% 
15.4% 
6.0% 

12.1% 
11.4% 

7.3 E4 
14.8% 

1.7 ES 
14.7% 

9.9% 

7.96 E9 
2.56 
0.6% 

4.53 E7 
1.84 

18.0% 

8.17 E6 
1.55 

21.2% 

1. 73 E6 
1.51 

20.8% 

3.61 ES 

8.52 ES 

42-17-10 

19.8% 
20.6% 

5.3% 
14.6% 
17.4% 

8.92 E4 
19.8% 

2.11 ES 
19.8% 

Right 
limb 

disabled 

3.13 EIO 
9.9% 

3.11 E9 
1.22 
1.1% 

3.54 E7 
1.42 

19.2% 

6.80 E6 
1.28 

21.6% 

1.47 E6 
1.29 

21.6% 

3.18 ES 

6.88 ES 

46-19-11 

68.7% 
69.0% 
68.2% 
71.7% 
71-8% 

8.19 ES 
72.0% 

1.72 E6 
71.5% 

Level3: AYS = 0.75 

Neither Left 
limb limb 

disabled disabled 

8.22 ElO 6.83 E10 
9.9% 9.9% 

8.16 E9 6. 78 E9 
2.03 1.74 
1.0% 0.8% 

7.82 E7 
2.04 

17.7% 

1.38 E7 
1.74 

21.2% 

2.92 E6 
1.70 

21.1% 

6.17 ES 

1.36 E6 

45-18-11 

17.8% 
18.4% 
14.4% 
17.2% 
17.0% 

1.34 ES 
17.8% 

3.0 ES 
17.8% 

5.73 E7 
1.47 

18.5% 

1.06 E7 
1.32 

20.9% 

2.21 E6 
1.29 

20.9% 

4.62 E.'i 

1.04 E6 

45-18-11 

31.7% 
32.3% 
24.6% 
29.8% 
31.1% 

2.25 ES 
32.8% 

5.00 ES 
32.6% 

Right 
limb 

disabled 

3.61 E10 
9.9% 

3.59 E9 
0.94 
1.2% 

4.28 E7 
1.15 

19.4% 

8.31 E6 
1.05 

22.0% 

1.82 E6 
1.06 

22.0% 

4.01 ES 

8.56 ES 

4 7-19-11 

63.9% 
64.2% 
'63.1% 
67.0% 
66.7% 

7.92 ES 
66.4% 

1.66 ES 
66.0% 

Level 4: A YS = .1.00 

Neither 
limb 

disabled 

7.09 ElO 
9.9% 

7.04 E9 
1.38 
1.1% 

·Left 
limb 

disabled 

3.66 E10 
9.9% 

3.63 E9 
0.71 
0.9% 

7.84 E7 3.17 E7 
1.56 0.61 

19.0% 18.6% 

1.49 E7 5.90 E6 
1.40 0.55 

21.5% 20.9% 

3.20 E6 1.23 E6 
1.40 0.54 

21.5% 20.9% 

6.87 ES 2.56 ES 

1.48 E6 5.84 ES 

46-19-11 44-18-11 

Impact variables 

29.1% 
29.6% 
30.6% 
31.3% 
30.1% 

2.94 ES 
30.0% 

6.30 ES 
29.9% 

64.3% 
63.8% 
65.8% 
68.9% 
69.5% 

6.1 ES 
70.4% 

1.3 E6 
69.1% 

Right 
limb 

disabled 

4.05 E10 
9.9% 

4.02 E9 
0.79 
1.2% 

4.99 E7 
1.00 

19.5% 

9.75 E6 
0.92 

22.2% 

2.16 E6 
0.94 

22.2% 

4.80 ES 

1.02 E6 

47-19-11 

59.5% 
59.9% 
58.6% 
62.7% 
62.1% 

7.7 ES 
61.5% 

1.6 E6 
61.2% 

Level 5: A YS = 1.50 

Neither 
limb 

disabled 

5.20 ElO 
9.9% 

5.16 E9 
0.68 
1.3% 

6.65 E7 
0.89 

19.7% 

1.31 E7 
0.83 

22.4% 

2.94 E6 
0.85 

22.4% 

6.58 ES 

1.38 E6 

48-19-11 

48.0% 
48.4% 
47.6% 
51.8% 
50,42% 

6.42 ES 
49.4% 

1.34 E6 
49.3% 

Left 
limb 

disabled 

2.05 ElO 
9.9% 

2.04 E9 
0.27 
0.9% 

1.78 E7 
0.23 

18.6% 

3.31 E6 
0.21 

20.9% 

6.91 ES 
0.20 

20.9% 

1.44 ES 

3.32 ES 

43-18-11 

79.5% 
79.7% 
82.2% 
84.5% 
85.0% 

!USES 
85.6% 

1.81 E6 
84.5% 

Rlght 
limb 

disabled 

4.74 ElO 
9.9% 

4.70 E9 
0.6255 
1.3% 

6.20 E7 
0.83 

19.8% 

1.23 E7 
0.77 

22.6% 

2.77 E6 
0.81 

22.6% 

6.25 ES 

1.31 E6 

48-19-12 

52.6% 
53.1% 
51.4% 
56.1% 
54.9% 

7.31 ES 
53.9% 

1.52 E6 
53.7% 

Level6: A YS = 2.00 Level 7: AYS = 5.00 -----------------------, 
NeiU1er 

limb 
disabled 

5.26 E10 
9.9% 

5.22 E9 
0.53 
1.4% 

7.21 
0.72 

20.0% 

1.45 E7 
0.68 

22.8% 

3.30 E6 
0.72 

22.8% 

7.54 ES 

1.57 E6 

48-19-12 

47.4% 
47.8% 
46.2% 
50.ll% 
49.5% 

7.06 ES 
48.4% 

1.46 E6 
48.2% 

Left 
limb 

disabled 

2.01 £10 
9.9% 

1.99 E9 
0.19 
0.9% 

1.74 E7 
0.17 

18.6% 

3.23 E6 
0.15 

20.9% 

6.76 E5 
0.15 

20.9% 

1.41 E5 

3.25 E5 

43-18-11 

79.9% 
80.1% 
82.6% 
84.!1% 
85.4% 

8.63£5 
85.9% 

1.83 E6 
84.9% 

Right : Neither 
limb 'I limb 

disabled t disabled 

I 
5.21 ElO 5.75 ElO 
9.9% 

2.17 E9 
0.52 

' 9.9% 

5.71.1::9 
0.24 

1.4% 1.7% 

7.16 E7 
0.72 

20.1% 

1.44 E7 
0.68 

22.9% 

3.28 E6 
0.72 

22.9% 

9.60 E7 
0.39 

I 21.4% 

2.06 E7 
0.39 

24.3% 

4.99 E6 
> 0.44 
j 24.2% 

7.50 ES ; 1.21 E6 

1.56 E6 2.44 E6 

48-19-12 ; 49-20-12 

47.9% 
48.4% 
46.6% 
51.5% 
50.4% 

'/.1 7 ES 
48.9% 

1.48 E6 
48.8% 

'· 42.5% 
42.9% 

: 42.5% 
146.8% 
i 44.7% 

9.1 ES 
• 42.9% 

1.85 E6 
43.1% 

Left 
limb 

disabled 

2.01 ElO 
9.9% 

1.99 E9 
0.08 
0.9% 

1.74 E7 
0.07 

18.6% 

3.23 E6 
0.06 

20.9% 

6.76 ES 
0.06 

20.9% 

1.41 E5 

3.25 E5 

43-18-ii 

79.9% 
80.1% 
82.6% 
04.9% 
85.4% 

8.63 ES 
85.9% 

1.83 E6 
84.9% 

Right 
limb 

disabled 

5.75 ElO 
9.9% 

5.71 E9 
0.24 
1.7% 

9.60 E7 
0.39 

21.4% 

2.06 E7 
0.39 

24.3% 

4.99 E6 
0.44 

24.2% 

1.21 E6 

2.44 E6 

49-20-12 

42.4% 
43.0% 
42.6% 
46.8% 
44.7% 

9.16 F.S 
43.2% 

1.85 E6 
43.1% 

·-- ---·-· _. --------'----~-----------------------------------------------------------------------------------------------------------------------------------------'-----------------------

( 



Output 
variable 

code 

3 

4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 

16 

17 

lR 

19 

62 
64 
66 
oi:S 
70 

71 
72 
73 
74 

Table DS. Summary of model runs for left limb or right limb of the compensation function disabled at different levels of AKX at year 40 

Egg 
Egg 

Life 
stage 

Larvae 
Larvae 
Larvae 

Juvenile 1 
Juvenile 1 
Juvenile 1 

Juvenile 2 
Juvenile 2 
Juvenile 2 

Juvenile 3 
Juvenile 3 
Juvenile 3 

Yearlings 
and adults 
Yearlings 
and adults 
Yearlings 
and adults 

Eggs 
Larvae 
Juvenile 1 
Juvenile 2 
Juvenile 3 

Yearlings 
Yearlings 
Adults 
Adults 

Level 1: AKX = 0.5 

Neither 
limb 

disabled 

9.67E10 
9.9% 

9.60E9 
2.47 
6.9% 

6.63E8 
5.20 
5.5% 

3.63E7 
:us 

32.5% 

1.18E7 
5.16 

24.0% 

2.84E6 

5.63E6 

50-20-12 

0.439 

3.3% 
4.0% 

10.0% 
7.6% 
3.3% 

1,0E5 
3.4% 
1.9E5 
3.3% 

Left 
limb 

disabled 

9.67E10 
9.9% 

9.60E9 
2.47 
6.7% 

6.39E8 
5.16 
5.7% 

3.64E7 
~.74 

32.4% 

1.18E7 
5.16 

24.0% 

2.84E6 

5.63E6 

50-20-12 

0.439 

3.3% 
4.2% 

10.3% 
7.5% 
3.5% 

9.7F.4 
3.3% 
1.9E5 
3.3% 

Right 
limb 

disabled 

1.38E10 
9.9% 

1.37E9 
0.40 

10.8% 

1.49E8 
3.71 

40.3% 

6.01E7 
6.09 

44.8% 

2.69E7 
11.8 
44.8% 

1.21E7 

2.22E7 

54-22-13 

0.035 

86.2% 
86.3% 
85.4% 
87.3% 
87.7% 

9.01 E7 
88.2% 

1.66E8 
88.2% 

Level 2: AKX = 0.75 

Neither 

limb ' 
disabled 

9.51E10 
9.9% 

9.44E9 
2..09 
2.7% 

2.56E8 
3.54 

11.5% 

2.95E7 
2.85 

26.1% 

7.71E6 
3.37 

23.6% 

1.82E6 

3.70E6 

49-20-1?. 

0.514 

4.9% 
5.6% 

12.0% 
7.8% 
5.6% 

9.0E'l 
4.7% 
l.9E5 
4.9% 

Left 
limb 

disabled 

9.50E10 
9.9% 

9.43E9 
2.09 
2.4% 

2.31E8 
:~.4:i 

12.7% 

2.94E7 
2.80 

26.1% 

7.66E6 
3.34 

23.7% 

1.82E6 

3.69E6 

49-20-12 

0.514 

Right 
limb 

disabled 

2.06E10 
9.9% 

2.04E9 
0.49 
3.8% 

7.80E7 
1.72 

27.8% 

2.17E7 
2.11 

30.7% 

6.65E6 
2.90 

30.6% 

2.03E6 

3.90E6 

52-21-13 

0.220 

Impact Variables 

5.0% 
5.8% 

12.7% 
8.1% 
5.8% 

9.5E4 
5.0% 
1.9E5 
5.0% 

79.4% 
79.6% 
77.?.% 
79.9% 
80.6% 

p, 9f.6 
81.3% 

I.7E7 
81.1% 

Level3: AKX = 0.9 

Neither 
limb 

disabled 

9.06E10 
9.9% 

8.~~E~ 

1.84 
1.6% 

1.40E8 
2.49 

17.0% 

2.38E7 
2.2:'5 

23.1% 

5.48E6 
2.39 

22.7% 

1.25E6 

2.60E6 

'18-19-12 

0.570 

9.0% 
10.0% 
1'i~% 

12.0% 
10.1% 

l.JES 
9.4% 
2.7E5 
9.4% 

Left 
limb 

disabled 

8.76E10 
9.9% 

8.70E9 
1.79 
1.3% 

1.16E8 
2.19 

19.0% 

2.19E7 
2.06 

23.4% 

5.12E6 
2.24 

23.1% 

1.19E6 

2.48E6 

0.572 

12.4% 
13.2% 
18 . .5% 
16.0% 
13.6% 

1.7E5 
12.4% 
3.5E5 

12.4% 

Right 
limb 

disabled 

2.90E10 
9.9% 

2.88E9 
0.61 
2.0% 

5.70E7 
1.18 

22.4% 

1.28E7 
1.22 

25.0% 

3.19E6 
1.39 

24.8% 

7.93E5 

I.59En 

50-20-12 

0.439 

71.0% 
71.3% 
68.7% 
72.1% 
72.4% 

2.1E6 
73.0% 
4.2E6 

72.7% 

Level4: AKX = 1.00 

Neither Left Right 
limb limb limb 

disabled disabled disabled 

7.09E10 3.66E10 4.05E10 
9.9% 9.9% 9.9% 

7.04E9 i 3.63E9 4.02E9 
1.38 0.71 0.19 
1.1% 0.9% 1.2% 

7.84E7 3.17E7 4.99E7 
1.56 0.61 LOU 

19.0% 18.6% 19.5% 

1.49E7 5.90E6 9.75E6 
1.40 0.55 0.92 

21.5% 20.9% 22.2% 

3.20E6 1.23E6 2.16E6 
1.40 0.54 0.94 

21.5% 20.9% 22.2% 

6.87E5 , 2.58E5 4.80E5 

1.48E6 5.84E5 1.02E6 

4fi-19-11 44.18-11 47-19 11 

0.626 

29.1% 
29.7% 
30.3% 
31.3% 
30.1% 

2.9E5 
30.0% 

6.3E5 
29.9% 

0.645 

63.4% 
63.8% 
65.8% 
68.9% 
69.5% 

6.1E5 
70.4% 

1.3E6 
69.1% 

0.586 

59.5% 
59.9% 
.38.:'5% 
62.7% 
62.1% 

7.7E5 
61.5% 

1.6E6 
61.2% 

Level 5: AKX = 1.1 

Neither 
limb 

disabled 

5. 72E10 
9.9% 

5.68E9 
1.05 
0.8% 

4.41E7 
o.g6 

17.1% 

7.55E6 
0.71 

20.0% 

l.51E6 
0.66 

20.2% 

3.04ES 

7.03E5 

43-17·10 

0.719 

42.8% 
43.2% 
42.4% 
47.6% 
46.0% 

L43b 
44.4% 

5.55E5 
44.1% 

Left 
limb 

disabled 

2.97E10 
9.9% 

2.95E9 
0.54 
0.6% 

1.62E7 
0.30 

16.0% 

2.59E6 
0.24 

17.9% 

4.65E5 
0.20 

17.9% 

H.34E4 

2.19E5 

38-16-10 

0.775 

70.3% 
70.6% 
'/'2.~% 

76.5% 
77.2% 

2.98E5 
78.2% 

7.08E5 
76.4% 

Right 
limb 

disabled 

5.27E10 
9.9% 

5.23E9 
0.97 
0.8% 

4.13E7 
0.80 

17.2% 

7.JJEo 
0.67 

20.1% 

1.43E6 
0.62 

20.3% 

2.90E5 

6,67E5 

43-17-10 

0.713 

47.3% 
47.8% 
4!3.4% 
53.1% 
51.0% 

2.80E5 
49.1% 

6.37E5 
48.8% 

94 

Level6: AKX = 1.2 

Neither 
limb 

disabled 

6.18E10 
9.9% 

6.13E9 
1.07 
0.5% 

3.16E7 
0.60 

15.4% 

4.R7E6 
0.45 

18.5% 

9.04E5 
0.39 

18.8% 

1.70E5 

439F.') 

39-16-Y 

0.821 

38.2% 
38.8% 
39.2% 
44.0% 
41.6% 

1.13E5 
39.8% 

2.R7F.S 
39.5% 

Left 
limb 

disabled 

3.21E10 
9.9% 

3.19E9 
0.55 
0.3% 

l.l1E7 
0.20 

13.7% 

1.52E6 
0.14 

15.4% 

2.34E5 
0.10 

15.4% 

3.60E4 

1.19E5 

30-12 8 

0.913 

67.9% 
68.2% 
71.2% 
75.0% 
75.8% 

1.19E5 
76.8% 

3.39ES 
74.0% 

Right 
limb 

disabled 

5.97E10 
9.9% 

S.93E9 
1.03 
0.5% 

3.07E7 
0.58 

15.5% 

IJ.76E6 
0.44 

18.6% 

8.85E5 
0.39 

18.9% 

L67E5 

4.30E5 

39-16-9 

0.818 

40.3% 
40.8% 
42.4% 
46.7% 
43.9% 

l.21E5 
42.0% 

3.07E5 
41.6% 

Level 7: AKX =. 1.3 

Neither Left Right 
limb limb limb 

disabled disabled disabled 

6.23E10 4.60E10 6.12E10 
9.9% 9.9% 9.9% 

6.19E9 4.57E9 6.08E9 
1.02 0. 75 1.00 
0.3% 0.2% 0.3% 

7...1 S F.7 1.00E7 2.12E7 
0.40 0.1 7 0.40 

14.2% 11.7% 14.2% 

3.05EG 1.17E6 3.01Eti 
0.28 0.10 0.28 

17.3% 13.2% 17.3% 

5.28E5 1.55E5 5.23E5 
0.23 0.07 0.23 

17.6% 13.2% 17.6% 

9.28E4 2.0GE4 9.19E4 

2.78E5 9.98E4 2.75E5 

33-13-8 21-8-5 33-13-8 

0.915 

37.6% 
38.2% 
38.9% 
42.8% 
40.6% 

6.08E4 
39.6% 

1.78E5 
39.0% 

1.067 

54.0% 
'i4.4% 
59.2% 
64.6% 
65.7% 

4.19E4 
67.1% 

1.66E5 
62.4% 

0.913 

38.8% 
~9.4% 

40.8% 
44.4% 
41.9% 

6.33E4 
40.8% 

1.85E5 
40.2% 



· Table 06. Summary of model runs for left limb and right limb of the compensation function disabled at different levels of AKXO at year 40 

Level 1: AKXO = 0.3 Level 2: AKXO = 0.5 Level 3: AKXO = 0.8 Leve14: AKXO = 0.9 
Output 

Life Neither Left Right Neither Left Right Neither Left Right Neither Left Right variable 
code stage limb limb limb limb limb limb limb limb limb limb limb limb 

disabled disabled disabled disable:J disabled disabled disabled disabled disabled disabled disabled disabled 

1 Egg 9.16 E10 5.58 E10 5.77 E10 8.99 EW 5.00 E10 5.32 E10 7.09 E10 3.66 E10 4.05 E10 4.64 E10 2.96 E10 3.21 ElO 
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% 

4 Larvae 9.09 E9 5.54 E9 5.73 E9 8.92 E·:l 4.96 E9 5.28 E9 7.04 E9 3.63 E9 4.02 E9 4.60 E9 2.94 E9 3.19 E9 
5 Larvae 1.71 1.08 l.I3 1.70 0.97 1.04 1.38 0.71 0.79 0.90 0.58 0.63 
6 Larvae 1.7% 0.9% 2.3% 1.4% 0.9% 1.8% 1.1% 0.9% 1.2% 1.0% 0.9%· 1.1%. 

7 Juvenile 1 1.58 E8 4.83 E7 1.31 E8 1.27 E:3 4.33 E7 9.58 E7 7.84 E7 3.17 E7 4.99 E7 4.72 E7 2.57 E7 3.42 E7 
8 Juvenile I 2.58 0.93 2.90 2.33 0.83 2.03 1.56 0.61 1.00 0.93 0.49 0.67 
9 Juvenile 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% 

10 Juvenile 2 l. 78 E7 8.99 E6 2.56 E7 1.85 E7 8.06 E6 1.88 E7 1.49 E7 5.90 E6 9.75 E6 9.02 E6 4.78 E6 6.62 E6 
11 Juvenile 2 1.73 0.84 2.48 1.77 0.75 1.80 1.40 0.55 0.92 0.85 0.45 0.62 
12 Juver_i!e 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% 

13 Juvenile 3 3.90 E6 1.88 E6 15.58 E6 3.96 E6 1.68 E6 4.12 E6 3.20 E6 1.23 E6 2.16 E6 1.95 E6 9.98 E5 1.46 E6 1.0 
14 J uver.ile 3 1.70 0.82 2.44 1.73 0.74 1.80 1.40 0.54 0.94 0.85 0.44 0.64 U1 

15 Juvenite 3 21.7% 20.9% 21.2% 21.4% 20.9% 21.7% 21.5% 20.9% 22.2% 21.7% 20.9% 22.0% 

16 Yearlings 8.45 E5 3.93 E5 1.18 E6 8.45 E5 3.52 E5 8.92 E5 6.87 E5 2.56 E5 4.80 E5 4.23 E5 2.09 E5 3.21 E5 
and adults 

17 Yearlings 1.83 E6 8.81 E5 2.40 E6 1.82 E6 7.93 E5 1.83 E6 1.48 E6 5.84 E5 1.02 E6 9.21 E5 4.76 E5 6.94 E5 
and adults 

18 Yearlings 46·19-11 45-B-11 49-20-12 46-19-U 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% 
64 Larvae 9.1% 44.8% 42.8% 10.8% 50.5% 47.3% 29.6% 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% 30.6% 65.8% 58.6% 55.0% 73.1% 68.8% 
68 Juvenile 2 8.2% 46.6% 39.5% 10.2% 53.8% 46.4% 31.3% 68.9% 62.7% 58.2% 75.9% 72.0% 
70 Juvenile 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 E4 3.8 !E5 8.7 E5 9.5 E4 4.5 E5 8.0 E5 2.9 E5 6.1 E5 7.7 E5 5.7 E5 7.1 E5 8.0 E5 
72 Yearlings 8.4% 49.2% 42.5% 10.1% 55.9% 47.3% 30.0% 70.4% 61.5% 57.4% 77.2% 71.4% 
73 Adults 1.6 E5 8.2 E5 1.77 E6 2.1 E5 9.6 E5 1.64 E6 6.3 E5 1.3 E6 1.6 E6 1.2 E6 1.5 E6 1.7 E6 
74 Adults 8.0% 48.2% 42.4% 10.3% 54.8% 47.2% . 29.9% 69.1% 61.2% 56.8% 76.0% 70.8% 
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