
A Generalized Fish Life-Cycle 
Population Model and Computer Program 

D. L. DeAngelis 
W. Van Winkle 
S. W. Christensen 
S. R. Blum 
6. L. Kirk 
6. W. Rust 
C. Ross 

ENVIRONMENTAL SCIENCES DIVISION 
Publication No. 11 28 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



National Technical Information Service 
U.S. Department of Commefce 

This report was prepared as an account of work sponsored by an agency of the United 
States Government. Neitherthe United States Government nor any agency thereof, nor 
any of their employees, contractors, subcontractors, or their employees, makes any 
warranty. express or implied, nor assumes any legal liability or responsibility for any 
third party's use or the results of such use of any information, apparatus, product or 
process disclosed in this report, nor represents that its use by such third party would 
not infringe privately owned rights. 



' ORNL /TM-6 125 

c o n t r a c t  No. W-7405-eng-26 

, A  GENERALIZED FISH LIFE-CYCLE POPULATION MODEL 
AND COMPUTER PROGRAM 

D. L.  DeAngelis, W. Van Winkle, S.  W. Chr i s tensen ,  

S. R .  ~ l u m , '  B. L. Kirk,  B. W. ~ u s t , '  and C. Ross 2 

ENVIRONMENTAL SCIENCES DIVISION 
P u b l i c a t i o n  No. 1128 

'computer Sc iences  Div is ion ,  Union Carbide Corporat ion - Nuclear 
Div is ion .  

'current &dress : Knoxvil le  College', Knoxvil le ,  Tennessee. 

Date Published: March 1978 

OAK RIDGE NATIONAL LABORATORY 
Oak Ridge, Tennessee 37830 

opera ted  by 
U N I O N  CARBIDE CORPORATION 

f o r  t h e  
DEPARTMENT OF ENERGY 

/ 

- NOTICE 

niJ mpon wr prepared as an account of work 
sponsored by h e  United States Covemmenl. Neither Ihc 
United Stater nor h e  United Slates Department of 
Energy, nor any of heir$mployees, nor any of heir  
contractors, subconmctorr, or heir  rmployccs, maker 
any warranty, express or implied, or anurnel any legal 
liability or responsibility for the accuracy, campletenerr 
or uvfulncss of any information, apparatus, product or 
proccss d i s c l a ~ d ,  or r e p r e x n ~  h a t  its uu would not 
infringe privately owned righD. 



THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 



ACKNOWLEDGMENTS 
< > 

The au tho r s  acknowledge wi th  a p p r e c i a t i o n  t h e  h e l p f u l  comments 

o f f e r e d  by Drs. L .  W .  Barnthouse and D .  S. Vaughan of  Oak Ridge 

Nat iona l  Labora tory ,  C .  P. Goodyear of  t h e  U.S. F i s h  and W i l d l i f e  

S e r v i c e ,  Nat iona l  Power P l a n t  Team, and G. Swartzman o f  t h e  Un ive r s i t y ,  

of  Washington. M. L .  Tharp o f  Oak Ridge Nat iona l  Laboratory helped i n  

t h e  des ign  o f  t h e  computer subrout ine  t h a t  handles  t h e  g raph ic  ou tput .  

Th i s  research  was sponsored i n  p a r t  by t h e  Department o f  Energy under 

c o n t r a c t  wi th  Union Carbide Corpora t ion ,  and i n  p a r t  by t h e  U.S. Nuclear 

Regulatory Commission. 

iii 



THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 



PREFACE 

Oak Ridge Na t iona l  Laboratory is provid ing  t e c h n i c a l  a s s i s t a n c e  t o  

t h e  U.S. Nuclear Reguiatory Commission and o t h e r  agenc i e s  i n  t h e i r  

assessments  o f  t h e  environmental  impacts  o f  e l e c t r i c  power p l a n t s .  

These assessments  have r equ i r ed  t h e  development o f  new a n a l y t i c a l  

t echniques  and t h e  expansion o f  many e x i s t i n g  ones.  The work r epo r t ed  

he re ,  wh i l e  begun i n  suppor t  o f  t h e  a n a l y s i s  of a p a r t i c u l a r  nuc l ea r  

p l a n t ,  has  wide a p p l i c a t i o n  i n  o t h e r  a r e a s .  Much of  t h e  model develop- 

ment ha s  been f inanced  by t h e  D iv i s ion  o f  Biomedical and Environmental  

Research, U.S. Energy Research and Development Adminis t ra t ion .  
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ABSTRACT 

DEANGELIS, D.  L . ,  W. VAN WINKLE, S .  W. CHRISTENSEN, S. R .  BLUM, 
B. L. KIRK,  and C. ROSS. . 1977. A gene ra l i zed  f i s h  l i f e -  
cyc l e  popula t ion  model and computer program. ORNL/TM-6 125. 
Oak Ridge Nat iona l  Laboratory,  Oak Ridge, ~ e n n e s s e e .  176 pp; 

A gene ra l i zed  f i s h  l i f e - c y c l e  popula t ion  model and computer program . . .  

have been prepared t o  eva lua t e  t h e  long-term e f f e c t  o f  changes i n  mor- 
. . 

t a l i t y  i n  age c l a s s  0 .  The g e n e r a l  q u e s t i o n  concerns what happens t o  a 

f i s h e r y  when densi ty- independent  sou rces  o f  m o r t a l i t y  a r e  in t roduced  
. .  . 

t h a t  a c t  on age c l a s s  0 ,  p a r t i c u l a r l y  entrainment  and impingement a t  
.. . .  

power p l a n t s .  Th i s  paper d i s c u s s e s  t h e  model formula t ion  and computer 

program, i nc lud ing  sample r e s u l t s .  

The popula t ion  model c o n s i s t s  of  a system o f  d i f f e r e n c e  equa t ions  

involv ing  age-dependent f ecund i ty  and s u r v i v a l .  The f ecund i ty  f o r  each 

age c l a s s  is assumed t o  be a func t ion  o f  both t h e  f r a c t i o n  o f  females 

s exua l ly  mature and t h e  weight o f  females  as they e n t e r  each age class. 

Natura l  m o r t a l i t y  For age c l a s s e s  1 and o l d e r  is assumed t o  be indepen- 

dent  o f  popula t ion  s i z e .  F i sh ing  m o r t a l i t y  is assumed t o  vary wi th  t h e  

number and weight of  f i s h  a v a i l a b l e  t o  t.he fi .shery. Age c l a s s  O is 

div ided  i n t o  s i x  l i f e  s t ages .  The p r o b a b i l i t y  o f  s u r v i v a l  f o r  age c l a s s  

0 is es t imated  cons ide r ing  both densi ty- independent  m o r t a l i t y  ( n a t u r a l  

and power p l a n t )  and density-dependent m o r t a l i t y  f o r  each l i f e  s t age .  

Two types  o f  density-dependent m o r t a l i t y  are included.  These a r e  ( 1 )  

cannibal ism o f  each l i f e  s t a g e  by o l d e r  age c l a s s e s  and ( 2 )  

i n t r a - l i f e - s t a g e  competi t ion.  



A computer code f o r  implementing t h i s  popula t ion  model has  been 

w r i t t e n  i n  FORTRAN. T h i s  code c o n s i s t s  of  a  main program and numerous 

s u b r o u t i n e s  which perform c a l c u l a t i o n s  and c o n t r o l  i n p u t  and output .  

The most important  f e a t u r e  of  t h e  computer code is its f l e x i b i l i t y .  By 

a p p r o p r i a t e  s p e c i f i c a t i o n  o f  a  set  o f  i n p u t  ca rds ,  t h e  u se r  can run t h e  

model f o r  s e v e r a l  y e a r s  u s i n g  one set of parameter va lues  and then 

change some of t h e  parameter  va lues  and cont inue  running t h e  model 

u s i n g  t h e  new va lues .  The unique populatiorl  vec to r  r e s u l t i n g  i n  a  

s t e a d y - s t a t e  system f o r  f i xed  va lues  of  t h e  a d j u s t a b l e  parameters  is 

determined a n a l y t i c a l l y .  Comparison of s i m i l a r  ca se s  v i a  g raph ic  and 

t a b u l a r  ou tpu t  is poss ib l e .  
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I. INTRODUCTION 

Th i s  s imula t ion  model is a gene ra l i zed  and expanded ve r s ion  o f  t h e  

s t r i p e d  bas s  popula t ion  model descr ibed  by Van Winkle e t  a l .  (1974).  

S ince  t h i s  e a r l i e r  r e p o r t  is now ou t  o f  p r i n t ,  t hose  s e c t i o n s  of  t h e  

e a r l i e r  r e p o r t  no t  changed i n  g e n e r a l i z i n g  t h e  model have been repea ted  

o r  paraphrased i n  t h i s  r e p o r t  i n  o rde r  t o  make t h e  p re sen t  r e p o r t  s e l f -  

contained.  

This  s imula t ion  model has  been developed t o  f o r e c a s t  t h e  long-range 

impact on a  f i s h  popula t ion  o f  entrainment  and impingement of  eggs,  

l a r v a e  and juven i l e s  due t o  t h e  withdrawal of  water by power p l a n t s .  

The model is designed t o  he lp  r egu la to ry  agenc ies ,  power companies, and 

s o c i e t y  make sound dec i s ions  concerning a l t e r n a t i v e  coo l ing  methods and 

a l t e r n a t i v e  sites. T h i s  is be ing  d o n e . i n  two ways. F i r s t ,  t h e  model 

provides  q u a n t i t a t i v e  f o r e c a s t s  of impact on 'a f i s h  popula t ion .  Second, 

t h e  model is u s e f u l  i n  p l ac ing  p rev ious ly  q u a l i t a t i v e  s t a t emen t s  i n t o  a  

q u a n t i t a t i v e  framework and i n  d e f i n i n g  i s s u e s  where f i e l d  and l a b o r a t o r y  

research  are e s s e n t i a l  f o r  more a c c u r a t e  f o r e c a s t s  (Chr i s tensen  e t  a l .  

1976; Van W i  nk1.e 1976).  

The model focuses  on t h e  long-term (e .g . ,  10 o r  more y e a r s )  impact 

on t h e  f i s h e r y  and on t h e  r e l a t i v e  s i z e  and age s t r u c t u r e  o f  t h e  f i s h  

popula t ion .  Entrainment and impingement probably a c t  i n  most si tu-  
a 

a t i o n s  a s  density-independent sources  of  m o r t a l i t y ;  t h a t  is, t h e  

p r o b a b i l i t y  of entrainment  o r  impingement m o r t a l i t y  f o r  an i nd iv idua l  

is a cons t an t  independent of  t h e  s i z e  o f  t h e  popula t ion .  The g e n e r a l  

ques t i on  we a r e  address ing  is what happens t o  a  f i s h e r y  when 



densi ty- independent  sou rces  of m o r t a l i t y  t h a t  a c t  on age c l a s s  0 ,  such 

as entrainment  and impingement, are in t roduced .  The a p p l i c a t i o n  o f  

L e s l i e  mat r ix  popu la t i on  models t o  add re s s  ques t i ons  o f  t h i s  type  

appea r s  t o  be g a i n i n g  f avo r  (Beland 1974, Hess e t  a l .  1975, Jensen  

1971, LMS 1975, Miller e t  a l .  1975, Sommani 1972, Horst  1977).  

The changes made from t h e  o r i g i n a l  model improve t h e  a b i l i t y  o f  

t h e  model t o  s imu la t e  t h e  s t r i p e d  bas s  popula t ion  and a l s o  make t h e  

program more adap tab l e  t o  o t h e r  f i s h  popula t ions .  The major changes 

are mod i f i ca t i on  o f  t h e  f i s h i n g  m o r t a l i t y  func t ion  and cons ide ra t i on  o f '  

s i x  s e q u e n t i a l  l i f e  s t a g e s  w i t h i n  age c l a s s  0. Complex entrainment  and 

impingement s c e n a r i o s  can now be s imula ted .  The model is p r e s e n t l y  

be ing  app l i ed  t o  t h e  s t r i p e d  b a s s ,  whi te  perch,  and A t l a n t i c  tomcod 

popu la t i ons  i n  t h e  Hudson River .  

P a r t  of  t h e  e f f o r t  i n  updat ing t h e  l i f e  c y c l e  model and program 

has  gone i n t o  p rov id ing  more comment ca rds  f o r  t hose  program subrou- 

t i n e s  which c o n s t i t u t e  t h e  h e a r t  of  t h e  computer model; i . e . ,  t hose  

which set up t h e  L e s l i e  mat r ix .  The comment ca rds  make t h e  sub rou t ines  

more unders tandable ,  f a c i l i t a t i n g  p o s s i b l e  debugging o r  f u r t h e r  modifi-  

c a t i o n  o f  t h e  program. 

11. POPULATION MODEL 

The popula t ion  model is based on L e s l i e ' s  (1945, 1948) de te r -  

m i n i s t i c ,  d i s c r e t e - t ime  model, which inco rpo ra t e s  age-dependent 

f e c u n d i t y  and s u r v i v a l  (Keyf i t z  1968, P i e lou  1969). I n  c o n t r a s t  t o  our  

earlier model '(Van Winkle e t  a l .  19741, which assumed a cons t an t  s ex  



. . r a t i o  and only d e a l t  wi th  female s t r i p e d  bas s ,  t h i s  gene ra l i zed  model 

does not assume the  same sex  r a t i o  f o r  a l l  age c l a s s e s  and d e a l s  wi th  

t h e  t o t a l  f i s h  popula t ion ,  i. e . ,  bo th  males and females .  The time and 

t h e  age i n t e r v a l s  have a du ra t i on  o f  a yea r .  Aging ( i . e . ,  formation of 

t h e  annulus  or annual growth r i n g  on t h e  s c a l e s )  and recru i tment  t o  t h e  

f i s h e r y  ( i . e . ,  a t t a i n i n g  a l a r g e  enough s i z e  such t h a t  t h e  f i s h  are i n  

t h a t  component of t h e  popula t ion  l e g a l l y  f i s h e d )  a r e  assumed t o  occur  

immediately p r i o r  t o  spawning. 

The f i s h  popula t ion  is d iv ided  i n t o  M age c l a s s e s ,  wi th  t he  o l d e s t  

age c l a s s  i nc lud ing  a l l  f i s h  M-1 y e a r s  o l d  and o l d e r .  The age d i s t r i b u -  

t i o n  vec to r  f o r  year  t, n ( t ) ,  g i v e s  t he  number of  f i s h  i n  each o f  t h e  M . 

age c l a s s e s  (F ig .  1 ) . 
The su rv iva l - f ecund i ty  mat r ix  f o r  year  t ,  A ( t ) ,  is an M x M mat r ix  

having f ecund i ty  va lues  i n  t h e  f i r s t  row, s u r v i v a l  p r o b a b i l i t i e s  a long  

t h e  subdiagonal  and i n  p o s i t i o n  (M,M), and a l l  o t h e r  e lements  equa l  t o  

z e r o  (F ig .  1) .  The element f .  denotes  t h e  average number o f  eggs pro- 
1 

duced pe r  f i s h  (bo th  sexes  combined) upon e n t e r i n g  age c l a s s  i a t  t h e  

beginning o f  year  t .  The element pi denotes  t h e  p r o b a b i l i t y  t h a t  a 

f i s h  i n  age c l a s s  i a t  t h e  s t a r t  of t h e  year  t w i l l  s u r v i v e  t o  t h e  s t a r t  

of year  t+ l  . The age d i s t r i b u t i o n  vec to r  f o r  year  t+ l  , N ( t + l ) ,  is 

c a l c u l a t e d  by mat r ix  m u l t i p l i c a t i o n  (F ig .  1 ) .  

F igure  2 is an a l t e r n a t i v e  r e p r e s e n t a t i o n  o f  t h e  mat r ix  equa t ion .  

Aging t r a n s f e r s  occur  y e a r l y  and. a r e  represen ted  by t h e  t r a n s f e r  arrows 

down the  d iagonal .  A s  females become sexua l ly  mature ( e .g . ,  as 

4-year-olds) , they add t o  t h e  complement o f  eggs spawned a t  t h e  s t a r t  ' 
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Fig. 1. Formulation of t h e  l i f e - c y c l e  popula t ion  model a s . a  d e t e r m i n i s t i c ,  d i s c r e t e - t ime  model 
i nco rpo ra t i ng  age-dependent f ecund i ty  and s u r v i v a l .  The diagram st t h e  bottom d e f i n e s  
t h e  age and tLmes a s s o c i a t e d  w i th  elements  of t h e  age v e c t o r ,  n ( t ) ,  and t h e  L e s l i e  
ma t r ix ,  A( t ) .  The f i r s t  s u b s c r i p t  on t h e  elements of t h e  age v e c t o r s  denotes  age and 
t h e  second s u b s c r i p t  denotes  year .  
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o f  each yea r ,  as r ep re sen t ed  by t h e  upward-directed arrows t o  t h e  egg 

compartments. The t o t a l  complement of  eggs r e p r e s e n t s  t he  i n p u t  a t  t h e  

start  o f  t h e  y e a r  t o  age c l a s s  0 ,  which i n  t h i s  modified model c o n s i s t s  

of  s i x  l i f e  s t a g e s ,  some of which are e n t r a i n a b l e  and some of  which are 

impingable.  Na tu ra l  m o r t a l i t y  ( e .g . ,  m o r t a l i t y  due t o  p reda t ion ,  

d i s e a s e  and p a r a s i t e s )  occurs  f o r  each age class. I n  a d d i t i o n ,  t h e r e  

is m o r t a l i t y  i n  age c l a s s  0  due t o  entrainment  and impingement by power 

p l a n t s ,  and t h e r e  is m o r t a l i t y  o f  o l d e r  f i s h  due t o  f i s h i n g .  M o r t a l i t y  

and ag ing  t r a n s f e r s  occur  first,  fol lowed by spawning. 

A l l  f i s h  popu la t i ons  a r e  probably c o n t r o l l e d  i n  t h e  long  term by 

density-dependent mechanisms a c t i n g  on c e r t a i n  ages o r  s i z e s .  I n  l i n e  

wi th  t h e  t h i n k i n g  of Ricker  (1954, 1975),  Backie l  and LeCren (1967) ,  

Cushing (1  974 1, and o t h e r s ,  we env i s ion  n a t u r a l ,  density-dependent 

mechanisms o p e r a t i n g  p r i m a r i l y  i n  age c l a s s  0. I n  a d d i t i o n ,  f o r  s p e c i e s  

s u b j e c t e d  t o  a  l a r g e  s p o r t  and/or commercial f i s h e r y ,  we assume t h a t  t h e  

popula t ion  may be  c o n t r o l l e d ,  i n  p a r t ,  by density-dependent f i s h i n g  

m o r t a l i t y .  

De ta i l ed  d i s cus s ion  o f  t h e  elements  o f  t h e  f ecund i ty - su rv iva l  

m a t r i x  is g iven  i n  t h e  fo l lowing  subsec t ions .  

A .  Fecundi ty  

Le t  f i  denote  t h e  average number o f  eggs produoed per  f i s h  (bo th  

s exes  combined) upon e n t e r i n g  age c l a s s  i. The q u a n t i t i e s  f i  ( i  = 1,  

2, . . . , M-1 ) i n  t h e  first row of t h e  mat r ix  A (  t )  are c a l c u l a t e d  as :  

f i  = FF 1 . F M A T ~   EGGS^ , (1 1 



where FFi is t h e  r a t i o  o f  female f i s h  t o  t h e  t o t a l  number of  f i s h  

e n t e r i n g  age c l a s s  i, FMATi is t h e  p r o b a b i l i t y  t h a t  a  female e n t e r i n g  

age c l a s s  i is s e x u a l l y  mature,  and EGGSi is t h e  average  number of  

mature ( i . e . ,  r i p e )  eggs i n ' t h e  o v a r i e s  of a  s exua l ly  mature female 

e n t e r i n g  age c l a s s  i. 

The average number of mature eggs i n  t h e  o v a r i e s  o f  a  s exua l ly  

mature female e n t e r i n g  age c l a s s  i is c a l c u l a t e d  as: 

where WT. is  t h e  average weight of  a  f i s h  a t  t h e  ith annulus  forma- 
1 

t i o n ,  and B1 and B2 are the  i n t e r c e p t  and s lope ,  r e s p e c t i v e l y ,  o f  a 

s t r a i g h t - l i n e  r eg re s s ion  equat ion.  I f  some o t h e r  r eg re s s ion  model 

( e. g  . , second degree polynomial ) is more a p p r o p r i a t e  t o  c h a r a c t e r i z e  

t h e  r e l a t i o n s h i p  between weight and egg product ion ,  o r  i f  it is more 

app rop r i a t e  t o  e s t i m a t e  egg product ion from LENGTHi, t h e  average 

t o t a l  l e n g t h  o f  a  f i s h  a t  t he  ith annulus  formation,  then  t h e  computer 

code must be modified accord ingly  (see sub rou t ine  MAKMAT i n  l i s t i n g  of  

computer code i n  Appendix A ) .  

The average weight of  a  f i s h  a t  t h e  ith annulus  formation,  mi, 

is es t imated  us ing  the  a l l o m e t r i c  r e l a t i o n s h i p :  

where B and B4 are the  i n t e r c e p t  and s l o p e ,  r e s p e c t i v e l y ,  of t h e  
3 

s t r a i g h t - l i n e  r eg re s s ion  equat ion.  The average t o t a l  l e n g t h  of a  f i s h  

a t  t he  ith a n n u l u s  formation,  LENGTHi is es t imated  a s :  



2 LENGTHi = ACON + B.AGEi + C.AGEi, 
' ( 4 )  

w h e r e  AGE. is t h e  age i n  yea r s  of a f i s h  a t  t he  ith annulus  forma- 
1 

t i o n ,  and ACON, B and C are t h e  c o e f f i c i e n t s  of  a q u a d r a t i c  r eg re s s ion  

model. I f  some o t h e r  r eg re s s ion  model ( e .g . ,  f i r s t - d e g r e e  o r  t h i r d -  

degree polynomial o r  von Be r t a l an f fy  growth f u n c t i o n )  is more appro- 

p r i a t e  t o  c h a r a c t e r i z e  t h e  r e l a t i o n s h i p  between age and l e n g t h ,  t h e  

computer code must be modified accord ingly .  

Equat ions  (3) and ( 4 )  above a r e  empi r i ca l  r eg re s s ion  models f o r  

f i s h  o f  both s exes  combined r a t h e r  than f o r  females only a s  i n  t h e  

e a r l i e r  model (Van Winkle e t  a l .  1974).  I f  i t  is judged important  t o  

t r e a t  t h e  r e l a t i o n s h i p s  between l e n g t h  and weight and between age and 

l e n g t h  s e p a r a t e l y  f o r  males and females ,  then t h e  computer code must be  

modified acco rd ing ly .  Such mod i f i ca t i on  must i nc lude  t h e  c a l c u l a t i o n  

o f  TOTP (Sec t ion  1 I . C ) .  

B. Natura l  M o r t a l i t y  (Age Classes  1  t o  M-1) 

Natura l  m o r t a l i t y  is assumed t o  be  d e n s i t y  iddependent f o r  f i s h  i n  

, a g e  c l a s s e s  1 t o  M-1, a l though it may vary from age c l a s s  t o  age c l a s s .  

The in s t an t aneous  n a t u r a l  m o r t a l i t y  r a t e  f o r  age c l a s s  i, Mi,  is i n p u t  

t o  t h e  model. 

C.  F i sh ing  M o r t a l i t y  

The fo l lowing  assumptions a r e  made wi th  r e s p e c t  t o  t h e  dependence 

o f  f i s h i n g  m o r t a l i t y  on t h e  s i z e  o f  t h e  f i s h a b l e  popula t ion :  

a. F i sh ing  m o r t a l i t y  may be d iv ided  i n t o  densi ty- independent  and 

density-dependent components. 



b . The dens i  ty-independent component,. which by ' d e f i n i t i o n  5s not  

in f luenced  by t h e  s i z e  of t h e  f i s h a b l e  popu la t i on ,  ' c o n s t i t u t e s .  

a  t ime- invar ian t ,  background f i s h i n g  m o r t a l i t y .  Th i s  

background f i s h i n g  m o r t a l i t y  a r i s e s  from two sources:  

1. ' nonspec ies -spec i f ic  d i r e c t e d  f i s h i n g  e f f o r t  ( i .  e. , 

'commercial and s p o r t  f i s h i n g  e f f o r t  di i -e i ted a t  whatever 

s p e c i e s  are a v a i l a b l e ) .  

2. f i s h i n g  e f f o r t  d i r e c t e d  a t  t h e  s p e c i e s  being 'moaeled t h a t  ' 

is not  s e n s i t i v e  t o  t h e  a v a i l a b i l i t y  of f i s h  of  t h i s  

s p e c i e s  ( i . e . ,  t h e  hard-core and h a b i t u a l  f ishermen).  
, . 

c .  The density-dependent component o f  f i s h i n g  m o r t a l i t y  is a  

f u n c t i o n  of  t h e  number o f  f i s h  and t h e  s i z e  of t h e  f i s h  

a v a i l a b l e  t o  t he  f i s h e r y  f o r  t h e  c u r r e n t  year .  The fo l lowing  

assump ti ons are made wi th  r e s p e c t  t o  t h i s  density-dependent 
. . 

component : 

1. For populat ion s i z e s  g r e a t e r  than some minimum (below 
. . 

which t h e  f i s h i n g  is no t  good enough t o  s i g n i f i c a n t l y  
a ,  

i n f luence  t he  f i s h i n g  e f f o r t  d i r e c t e d  a t  t h e  s p e c i e s  being 
. , .  

. . 

modeled), f i s h i n g , m o r t a l i t y  i n c r e a s e s  with i n c r e a s i n g  
. . . . .  . - . . 

I , .-: . .-. . 

popula t ion  s i z e .  Th i s  r e l a t i o n s h i p  e x i s t s  because high 
. . 

l e v e l s  o f  abundance i n c r e a s e  f i s h i n g  e f f o r t ,  which i n  t u r n  
. . .  . .  . . . . . . 

i n c r e a s e s  f i s h i n g  m o r t a l i t y .  

2. A maximum fishing m o r t a l i t y  e x i s t s  t h a t  depends on t h e  
, . . . . . , . 

maximum f i s h i n g  e f f o r t  t h a t  can be expended, which i n  t u r n  

depends on t h e  number o f  fishermen, boa t s ,  e t c . ,  a v a i l a b l e  

f o r  t.he c1.1 r r e n  t, year  , 



One f u n c t i o n  f o r  f i s h i n g  m o r t a l i t y  t h a t  i n c o r p o r a t e s  t h e s e  

assumptions is ( s e e  F ig .  3 )  

F[TOTP(t)] 5 F = FDI + FDD[TOTP(t)] , 

where F is t h e  i n s t a n t a n e o u s  c o e f f i c i e n t  o f  f i s h i n g  m o r t a l i t y  and con- 

sists of t h e  sum o f  a  densi ty- independent  term (FDI) and a dens i ty-  

dependent term (FDD) , and TOTP(t) is an index o f  t h e  u sab l e  s tock  dur ing  

yea r  t. The densi ty-dependent  term is given by 

FDD [ T O T P ( ~ ) ]  FDD 
(TOTP(t) - TOTP1) FDDMAX 

TOTP2 - TOTP1 9 (6). 

i f  TOTP1 5 TOTP(t) TOTP2 

FDDMX, i f  TOT? ( t )  > TOTP2 

where TOTP1 is t h e  popu la t i on  index below which f i s h i n g  e f f o r t  is a 

minimum and independent o f  d e n s i t y  (FDD = O ) ,  and TOTP2 is t h e  popula- 

t i o n  index above which f i s h i n g  e f f o r t  is a maximum and aga in  independent 

of  d e n s i t y  (FDD = FDDMX) . 
The independent v a r i a b l e  TOTP(t) i n  t h i s  density-dependent 

(compensatory) f u n c t i o n  f o r  f i s h i n g  m o r t a l i t y  is t h e  biomass of  f i s h  

a v a i l a b l e  t o  t h e  f i s h e r y  a t  t h e  start  o f  yea r  t. A s  mentioned i n  

Assumption (c), t h e  f i s h i n g  e f f o r t  d i r e c t e d  towards t h e  f i s h  popula t ion  

be ing  modeled is a func t ion  o f  bo th  t h e  number o f  f i s h  and t h e  s ize  

( i . e . ,  age) o f  t h e  f i s h .  Th i s  assumption is implemented i n  t h e  model 

by d e f i n i n g  TOTP( t )  as: 
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M- 1  
TOTP(t) = C CATCH VULN WT n  ( t )  . . (7 

i = l  i i i i  
.. , 

Again, M is t h e  number o f  a g e . c l a s s e s  i n  t h e  popula t ion  ( s t a r t i n g  wi th  

0 ) .  CATCHi is t h e  f r a c t i o n  of  t h e  yea r  f o r  which t h e  average l e n g t h  
. . 

of  f i s h  i n  age c l a s s  i (LENGTHi) is g r e a t e r  than o r  equa l  t o  t h e  
.. . 

minimum l e g a l  l e n g t h  (LEGAL);. it. is an approximation o f  t h e  e f f e c t i v e  

f r a c t i o n  of  f i s h  i n  age c l a s s  i a t  t h e  beginning oF t.he yea r  l e g a l l y  

a v a i l a b l e  t o  t h e  f i s h e r y .  CATCHi w i l l  be  equa l  t o  0.0 o r  1.0 i n  

g e n e r a l  f o r  a l l  b u t  t h e  p i v o t a l  age c l a s s  ( i . e. , i such t h a t  

LENGTHi < LEGAL 5 LENGTHi+l). VULNi is  t h e  v u 1 n e r a b i l i . t ~  t o  t h e  

f i s h e r y  o f  f i s h  i n  age c l a s s  i r e l a t i v e  t o  t h e  most vu lne rab l e  age 

class ( f o r  which VULNi =1 .0) .  Th i s  parameter r e f l e c t s  t h a t  d i f f e r e n t  

p a r t s  o f  a  s t ock  l e g a l l y  a v a i l a b l e  t o  t h e  f i s h e r y  may d i f f e r  i n  t h e i r  

a c t u a l  a v a i l a b i l i t y  because d i f f e r e n t  ages  are sub jec t ed  t o  d i f f e r e n t  

r a t e s  of remova1,by t h e  f i s h e r y .  WTi is t h e  average weight of  f i s h  

i n  age c l a s s  i at  t h e  s t a r t  of  year  t. For t h e  p i v o t a l  age c l a s s ,  

WT. is set. equa l  t o  the,  weight corresponding t o  t he  minimum l e g a l  
1 

l eng th .  n . - ( t )  ii t h e  number o f ,  f i s h  i n  age c l a s s  i a t  t h e  s t a r t  of 
1 

yea r  t. 

The minimum va lue  f o r  t h e  i n s t an t aneous  c o e f f i c i e n t  of  f i s h i n g  

m o r t a l i t y  (F = FDI) occurs  when t h e  popula t ion  s i z e  f o r  yea r  t is less 

than  some minimum '(TOTPI) ( s e e  F ig .  31,  such t h a t  t h e  f i s h i n g  is not  

good enough t o  s i g n i f i c a n t l y  i n f luence  t h e  f i s h i n g  e f f o r t ~ f o r  year  t 
. . ., . 

d i r e c t e d  a t  t h e  s p e c i e s  being modeled. The maximum va lue  f o r  t h e  
. . 

i n s t an t aneous  c o e f f i c i e n t  o f  f i s h i n g  m o r t a l i t y  (F = FDI + FDDMX) occurs  



when. t h e  popula t ion  s i z e ,  f o r .  year  ,t .is g r e a t e r  than  -some maximum (TOPT2.) 

( s e e  F ig .  3 ) ,  such t h a t  .maximum f i s h i n g  e f f o r t  f o r  t. is' d r e a d ?  

d i r e c t e d  a t  t h e  . s p e c i e s  .beirig modeled. . .TOTP2 is c a l c u l a t e d  a s  a  'mu1 ti- 

p l e .  o f  TOTP.1 by. spec i fy ing  a. p r o p o r t i o n a l i t y  cons t an t  ' (RATIO). 'SUC~ . t h a t  

.. . . . 
. . 

The p re sen t  model has  been gene ra l i zed  t o  a l low e i t h e r  FDI o r  FDDMX 
. . 

t o  vary l i n e a r l y  i n  t ime i n  order  t o  r e f l e c t  r e a l  o r  hypothesized 
. . 

changes i n  f i s h i n g  e f f o r t .  

FDI = FDIO IYRI'STEPDI . 

. . .  . . .  
( 9 )  

and ' FDDMX = FDMXO IYRI'STEPDD ", 
. , .. . . . . 

where I Y R I  is the  model year  and STEPDI and STEPDD a r e  t h e  y e a r l y  

changes i n  FDI and FDDMX, r e s p e c t i v e l y .  The p l u s  s i g n  i n  Eq. ( 9 )  is 

f o r  i nc reas ing  f i s h i n g  e f f o r t ,  whi le  t h e  minus s i g n  is f o r  dec reas ing  . 

f i s h i n g  e f f o r t .  The v a r i a b l e s  STEPDI and STEPDD a r e  c a l c u l a t e d  . . a s  
. . .  . . . .  

STEPDI = CHGDI*FDIO/IYRCH 

and STEPDD = CHGDD*FDMXO/IYRCH . 
. . 

The q u a n t i t i e s  CHGDI FDIO and CHGDD FDMXO a r e  t h e  . . f i n a l  va lues  f o r  FDI 
. . .. . . . .  . . " .  

. . ... . . . . . , .  , . .- 
and FDDMX, r e s p e c t i v e l y ,  which a r e  reached a f t e r  IYRCH yea r s .  I Y R C H  is  

. . . . . . .. . . , . . . 

t h e  number o f  yea r s  over which i t  is assumed t h e  s p e c i f i e d  change i n  
. . . . .  . . , . . x  

f i s h i n g  e f f o r t  occurs .  
,. . . . . . . . .  . 

,. . 

Thi s  func t ion  f o r  f i s h i n g  m o r t a l i t y  is s impler  ( f o u r  parameters  

i n s t e a d  o f  f i v e )  than  t h e  r e l a t i v e l y  complicated func t ion  presen ted  i n  

Van Winkle e t  a l .  (1974) and LMS (1975) .  This  s impler  formula t ion  is 



more i n  l i n e  with our l imi ted  knowledge concerning the  r e l a t ionsh ip  

between f i s h i n g  e f f o r t  and the  s i z e  of  a f i s h  population. 

Eqs. (5) and ( 6 )  can be  read i ly  modified if information f o r  a par- 

t i c u l a r  f i s h  populat ion suggests  a d i f f e r e n t  r e l a t i o n s h i p  between stock 

s i z e  and f i s h i n g  e f f o r t .  An example of such a modification would be 

incorpora t ion  o f  a time l a g ;  e.g.,  da ta  and genera l  knowledge may 

suggest  t h a t  f i s h i n g  e f f o r t  does not vary with the  s i z e  of the  popula- 

t i o n  f o r  the  our ren t  year  {.TOTP( t ) )  but  f o r  the  previous year 

{TOTp(t-1)). ' 

The L e s l i e  matr ix u t i l i z e s  age-specif ic  es t imates  of pi, the  

p r o b a b i l i t y  t h a t  an ind iv idua l  en te r ing  age c l a s s  i w i l l  survive  t o  

e n t e r  age c l a s s  i + l .  The age-specif ic ,  instantaneous c o e f f i c i e n t  of 

f i s h i n g  m o r t a l i t y  (Fi) is ca lcu la ted  from F (Eq. 5)  a s  follows: 

where CATCHi andVUWi a r e  defined a s  i n  Eq. (7).  Then 

where Mi is the  age-specif ic ,  instantaneous coe f f i c i en t  of na tu ra l  

m o r t a l i t y  (see Sect ion  I I . B ) ,  and Zi is the  age-specif ic ,  in s t an ta -  

neous c o e f f i c i e n t  of  t o t a l  mor ta l i ty  (Ricker 1975). Thus, the  number 

of' i+l-year-old f i s h  a t  the  s t a r t  of year  t + l ,  n i + l ( t + l ) ,  is cal -  

cula ted  from the  number of i-year-old f i s h  a t  the  s t a r t  of the  year  

t ,  n. ( t ) ,  as follows: 
1 
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D.  Yield t o  t h e  F i she ry  

Yield f o r  year  t is c a l c u l a t e d  a s  fol lows:  

We have s i m p l i f i e d  t he  equa t ion  f o r  y i e l d  by us ing  weights  a t  t h e  

beginning of t h e  y e a r ,  WTi, a s  opposed t o  weights  a t  t h e  middle of 

t h e  yea r ,  AVWTi (Van Winkle et a l .  1974).  The term (1.0 - e -Z i )  is 

t h e  p r o b a b i l i t y  o f  m o r t a l i t y  f o r  age class i from a l l  sou rces ,  whi le  

t h e  r a t i o  Fi/Zi s p e c i f i e s  t h e  f r a c t i o n  o f  t h e  t o t a l  m o r t a l i t y  f o r  

age c l a s s  i due t o  f i s h i n g  (Ricker  1975, p. 11 ) . Yield  w i l l  be  under- 

es t imated  by Eq. (14) if f i s h i n g  occurs  b e f o r e  n a t u r a l  m o r t a l i t y .  It 

w i l l  a l s o  be  underest imated because growth dur ing  t h e  yea r  is not  

assumed . 

E. P r o b a b i l i t y  o f  Su rv iva l  f o r  Age C l a s s  0 

Although Van Winkle e t  a l .  (1974) d i s c u s s  p o s s i b l e  dens i ty -  

dependent mechanisms f o r  f i s h  i n  age c l a s s  0 ( i . e . ,  young-of-the-year 

or y-o-y), they  do not  a c t u a l l y  provide  f o r  suoh meohanisms i n  t h e i r  

computer program because of t h e  l a c k  o f  da t a .  The amount o f  d a t a  

a v a i l a b l e  f o r  s p e c i f y i n g  compensation f u n c t i o n s  o r  parameters  is still 

no t  a t  a  s a t i s f a c t o r y  s t a t e ,  b u t  s i n c e  t h e  p o s s i b l e  long-term con- 

sequences o f  compensation i n  l i f e - c y c l e  models should be explored ,  such 

mechanisms are now included i n  t h e  program. The model f o r  y-o-y mor- 

t a l i t y  i n  t h e  p r e s e n t  l i f e  cyc l e  model was developed by Chr i s tensen  e t  

a l .  (1977). It is o u t l i n e d  below. 



Assume t h a t  age c l a s s  0 is d iv ided  i n t o  s i x  s e q u e n t i a l  l i f e  s t a g e s  

from spawning time, to, t o  t h e  time o f  recru i tment  of y-o-y f i s h  i n t o  

age c l a s s  1 one yea r  la ter .  The choice  of  s i x  l i f e  s t a g e s  is 

a r b i t r a r y .  The r e l a t i v e  d u r a t i o n s  o f  t h e s e  l i f e  s t a g e s  a r e  denoted by 

a t i  (i = 1 , 6 ) ,  and they  must add up t o  a year ;  i . e . ,  

The numbers o f .  f i s h  w i t h i n  t h e  s i x  l i f e  s t a g e s  a re .  represen ted  by 

( t  5 t 5 t o + l ) ,  where t l  = to + A t  t2 =t + A t l .  + A t 2 ,  
5 1 ' 0 

e t c .  A hypo the t i ca l  s u r v i v a l  curve through t h e s e  l i f e  s t a g e s  is shown 

i n  F ig .  4. x,(ti), which is equal  t o  n o ( t o )  i n  t h e  prev ious  

n o t a t i o n ,  is  t h e  number o f  eggs spawned a t  t ime t and x6(t0+1 ) 0 ' 
is t h e  number o f  y-o-y f i s h  a t  t h e  end of  t h e  s i x t h  l i f e  s t a g e ,  which 

become r e c r u i t s  t o  age c l a s s  1. 

Within each l i f e  s t a g e ,  m o r t a l i t y  r e s u l t s  from t h r e e  p r i n c i p a l  

f a c t o r s :  (1 ) Density-independent e f f e c t s  such a s  p reda t ion  by o t h e r  

s p e c i e s ,  unfavorab le  environmental  c o n d i t i o n s ,  and power p l a n t  e n t r a i n -  
. . . . 

ment and impingement; (2) i n t r a - l i f e - s t a g e  r e g u l a t i o n  through competi- 

t i o n  f o r  food and r e sou rces ;  and ( 3 )  preda t ion  by and competi t ion from 
. ~ 

o l d e r  age c l a s s e s .  A s imple d i f f e r e n t i a l  equa t ion  combining t h e s e  t h r e e  
. .  . 

. . . . 

f a c t o r s  t o  d e s c r i b e  t h e  popula t ion  dynamics of  t he  i t h  l i f e  s t a g e  is, 
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Fig. 4. Hypothetical 'survival curve of .'numb'er of. y-o-y ' fish' . 
through the six life stages. 

. . 
3 .  . - . .  



where n .( t )  is t h e  number o f  f i s h  i n  t h e  j t h  age c l a s s  a t  time t 
J 

w i t h i n  t h e  d u r a t i o n  o f  t h e  i t h  l i f e  s t age .  The parameter di repre-  

s e n t s  t h e  r a t e  o f  densi ty- independent  m o r t a l i t y ,  i nc lud ing  both  n a t u r a l  

m o r t a l i t y ,  d , and power p l a n t  r e l a t e d  m o r t a l i t y ,  d , where 

The term "densi ty- independent"  means t h a t  t h e  c o e f f i c i e n t ,  dip o f  

x i ( t )  i n  t he  first term on the  r i g h t  s i d e  o f  Eq .  ( 1 6 ) ,  is i t se l f  inde- 

pendent o f  t h e  number of f i s h .  The parameters  gi and c i j  repre-  

s e n t ,  r e s p e c t i v e l y ,  r a t e s  of i n t r a - l i f e - s t a g e  r e g u l a t i o n  and r a t e  of  

p r eda t ion  by and compet i t ion  from o l d e r  age-c lass  f i s h  o f  t h e  same 

s p e c i e s .  Both o f  t h e s e  l a t t e r  forms of  m o r t a l i t y  a r e  c a l l e d  

l ldensity-dependentll  because t he  c o e f f i c i e n t s  of x i ( t )  are g ix i ( t )  
m- 1 

and c n . ( t ) ,  which involve  number o f  f i s h .  It should be noted 
j=1 i j  J . 

t h a t  compet i t ion  f o r  food,  represen ted  by g ix i ( t ) ,  u s u a l l y  does no t  

i n  i t s e l f  cause m o r t a l i t y ,  but  r ende r s  t h e  f i s h  more s u s c e p t i b l e  t o  

o t h e r  forms of m o r t a l i t y  such as p reda t ion  o r  d i s ea se .  

The r a t e  of m o r t a l i t y  of  f i s h  i n  age c l a s s  0 is almost always much 

g r e a t e r  (e .g . ,  by more than  a f a c t o r  o f  10) than t h e  rate of  m o r t a l i t y  

of o l d e r  f i s h .  Thus, one can assume t h a t  t h e  n . ( t ) ' s  (j = 1,  . . . , 
J 

M-1 ) are approximately cons t an t  over  a y e a r  i n  Eq. ( 16) .  Therefore ,  

t h e  number o f  f i s h  i n  age c l a s s  j a t  t h e  beginning of t h e  y e a r ,  

n . ( t  ), is s u b s t i t u t e d  f o r  n . ( ' t ) .  Then Eq.  (16)  can be  solved 
J 0 J 

a n a l y t i c a l l y  t o  y i e l d  



where 

There a r e  a  t o t a l  of  s i x  equa t ions  of  . the form o f  Eq. (18);  one f o r  each 

l i f e  s t a g e .  Eq.  (18)  can be wri.tten i n  abbrevia.ted form a s  

Observe from F igu re  4 . t h a t  

xi-I ( t i)  = x i ( t i )  (i = 2 , 6 )  , (21) 

mathematical ly  express ing  t h e  f a c t  t h a t  t h e  number o f  f i s h  l eav ing  t h e  

( i - 1 ) t h  l i f e  s t a g e  a t  time ti e q u a l s  t h e  number e n t e r i n g  t h e  i t h  l i f e  

s t a g e  a t  t h e  same time. 

S t a r t i n g  wi th  a  number o f  spawned eggs,  x l ( t O ) ,  a t  t he  

beginning o f  t h e  y e a r ,  t h e  f i n a l  number o f  y-o-y f i s h  a t  t h e  end o f  t h e  . 

year  is found by applying Eq .  (21 ) s i x  times: 

The s u r v i v a l  p r o b a b i l i t y  f o r  y-o-y f i s h  through t h e  e n t i r e  yea r ,  po 

(see Fig .  1  ) ,  is then 

I n  s e t t i n g  up t h e  model f o r  a  f i s h  popula t ion  i t  is nec'essary t o  

assi.gn values t o  t h e  nat.1.1ral mort.ali.t,y rates, dn, , gi, and c 13 ' 



T h i s  may be d i f f i c u l t  because o f  i n s u f f i c i e n t  da t a .  The s t r a t e g y  f o r  

app ly ing  the  model under such c i rcumstances  is t o  t r y  a  sequence of  

d i f f e r e n t  ca se s ,  wi th  each of  t h e s e  parameters  t ak ing  d i f f e r e n t  va lues  

over  a p l a u s i b l e  range.  It  may be p o s s i b l e  t o  e s t i m a t e  d i r e c t l y  t h e  

va lues  o f  power p l a n t  m o r t a l i t y ,  d  
p , i '  

b u t  it is more l i k e l y  t h a t  

t h e s e  w i l l  be deduced from empi r i ca l  models o r  from i n d i r e c t  evidence 

such a s  e s t i m a t e s  c a l c u l a t e d  with t r a n s p o r t  models (E ra s l an  e t  a l .  

1976, LMS 1975, Hess e t  a l .  1975, Warsh, 1975). 

The s u r v i v a l  p r o b a b i l i t y  through age class 0 ,  pu,  "an he decom- 

posed i n t o  s u r v i v a l  p r o b a b i l i t i e s ,  poi, through each o f  t h e  s i x  l i f e  

s t a g e s ;  

i n t h e  absence o f p o w e r  p l a n t m o r t a l i t y  ( i . e . ,  d  = O . O , i = l ,  
P ,  i 

..., 6) .  PNSO is t h e  y-o-y s u r v i v a l  under n a t u r a l  cond i t i ons ,  i n  t h e  

absence o f  power p l a n t  m o r t a l i t y ,  and from Eq. (18)  

( d n , i  + Ci) exp ( - + C i ) A t i )  - 9 - 
+ c + g . x . ( t , - , )  ( 1.0 - exp( -(dr,,i + c,)At,)) . ( 2 5 )  

d n ,  i- i 1 1  

. I t  may be  e a s i e r  t o  estimate p  o i than d n , i  f o r  a  p a r t i c u l a r  l i f e  

s t a g e .  I n  t h i s  c a s e ,  when the  o t h e r  m o r t a l i t y  r a t e s  ( i . e . ,  gi ,  c  ) i j 

and z ( t  ) a r e  known, 
I i.-1 d n ,  i. can be c a l c u l a t e d  from (25 ) .  Th i s  

f ~ p t . i r n ~  i:: :iv:i-iIabl.e I.n t h e  computer code. 



2 1  

F. Steady-State  Analys i s  

The nega t ive  feedback of  t h e  y-o-y m o r t a l i t y  func t ions  and t h e  

f i s h i n g  m o r t a l i t y  f u n c t i o n s  compels t h e  g r e a t  ma jo r i t y  o f  r e a l i s t i c  

c a s e s  t o  converge even tua l ly  t o  a s t eady - s t a t e  popula t ion .  The 

remaining ca se s  w i l l  run  a sympto t i ca l l y  toward i n f i n i t y  o r  t o  ex t inc -  

t i o n  o r ,  i n  some i n s t a n c e s ,  w i l l  run t o  a s t a b l e  bu t  o s c i l l a t i n g  popula- 

t i o n .  I n  g e n e r a l ,  t h e  p r o b a b i l i t y  of  s u r v i v a l  f o r  age c l a s s  0  i n  t h e  

absence of  power p l a n t  m o r t a l i t y ,  PNSO, cannot e a s i l y  be determined 

from f i e l d  and/or l a b o r a t o r y  d a t a .  Th i s  parameter is commonly t h e  

l e a s t  a c c u r a t e l y  known parameter i n  a  l i f e - c y c l e  model. 

Th i s  s e c t i o n  w i l l  show t h a t  e x a c t l y  one PNSO va lue  and s teady-  

s t a t e  popula t ion  v e c t o r . e x i s t  when t h e  biomass a v a i l a b l e  t o  t h e  f i s h e r y  

is assumed known and a l l  o the r  a d j u s t a b l e  parameters  a r e  f i xed .  An 

a n a l y t i c  d e r i v a t i o n  of  t h e  s o l u t i o n  is provided. A s i m i l a r  a n a l y t i c a l  

technique o r i g i n a l l y  was proposed and used i n  t h e  e a r l i e r  s t r i p e d  b a s s  

l i f e - c y c l e  model (Van Winkle e t  a l .  1974) and r e c e n t l y  was proposed and 

used by Vaughan and S a i l a  (1976) .  Lawler, Matusky and S k e l l y  Engineers  

(1975) adopted t h e  same gene ra l  approach, a l though they s e l e c t e d  t h e  
. 

f i r s t - o r d e r  exponent ia l  m o r t a l i t y  r a t e  ( i . e . ,  t h e  i n s t an t aneous  

m o r t a l i t y  r a t e ,  Z )  f o r  a d u l t s  as t h e  f r e e  parameter t o  be  un ique ly  

determined. They then es t imated  t h i s  parameter u s ing  an i t e r a t i v e  

convergence scheme i n s t e a d  of  an a n a l y t i c a l  express ion .  

A s1;eady-sLaLe su1ul;ion by d e f i n i t i o r ~  has t h e  p rope r ty  



where M-1 is t h e  o l d e s t  age c l a s s .  S ince  such a  s o l u t i o n  is time 

i n v a r i a n t ,  t h e  n o t a t i o n  f o r  time, t, can be omit ted.  

Based on t h e  s t e a d y - s t a t e  d e f i n i t i o n  and assuming no power p l a n t  

m o r t a l i t y ,  we have 

and cor respondingly  f o r  h igher  ni. I n  g e n e r a l  ,* 

The average number o f  eggs produced per f i s h  (bo th  sexes  combined) 

upon e n t e r i n g  age c l a s s  i a t  t h e  beginning of  a  yea r  is g iven  by f ( s e e  

Eqs. 1-4).  Thus, t h e  t o t a l  number of  eggs produced is 

* ~ d u a t i o n  (27)  is not  v a l i d  f o r  wi thout  some r e d e f i n i t i o n .  The 

equa t ion  assumes = %-2pM-2 . I n  t h e  model, however, age 

c l a s s  M-1 is a c t u a l l y  cons idered  t o  c o n s i s t  o f  age c l a s s  M-1 p l u s  a l l  

o l d e r  age c l a s s e s .  The re fo re ,  

If we t emporar i ly  r e d e f i n e  pM - a s  {pM-,)new = p l ( l . 0  - pM-l), M- 2 
Eq. (27)  becomes v a l i d .  



or ,  by Eq. (271, 

Solv ing  f o r  PNSO, we o b t a i n  f i n a l l y  

The va lue  of TOTP ( s e e  S e c t i o n  1 I . C )  which t h e  s t eady - s t a t e  

s o l u t i o n  is s e l e c t e d  t o  s a t i s f y  is 

TOTP = (TOTPI + TOTP2) / 2.0 . (31 > 

Given t h i s  va lue  of  TOTP, s t eady - s t a t e  F va lues  may be c a l c u l a t e d  by - .  
j 

Eq . ( 1 1 ) . Given the  M . va lues ,  then PNSO is determined by Eq . ( 30 ) . 
J 

Once n is s p e c i f i e d ,  Eq. (27 ) w i l l  immediately y i e l d  t h e  rest of t h e  0 

popula t ion  vec to r .  

Note t h a t  t he  s e l e c t e d  va lue  of  TOTP (Eq. 31 ) must equa l  its 

defined value: 

M- 1  
TOTP = C VULNi CATCHi WTi ni . 

i = 1  

S u b o t i t u t i n g  from Eq. (27)  



G.  S tock  and R e c r u i t s  

Two v a r i a b l e s  o f  p o t e n t i a l  i n t e r e s t  i n  e v a l u a t i n g  a  f i s h  popula- 

t i o n  a t  equ i l i b r ium a r e  s tock  and r e c r u i t s  ( o r  progeny) (Ricker ,  1954 

and 1975) .  I n  a  mul t ip le -age-c lass  model, and p a r t i c u l a r l y  i n  one 

which i n c o r p o r a t e s  density-dependent m o r t a l i t y  r a t e s  f o r  most age 

classes ( S e c t i o n s  C and E l ,  t h e  choice  o f  i n d i c e s  o f  s t ock  and progeny 

is not  c l e a r  c u t .  Ra the r ,  t h e  choice and d e f i n i t i o n  o f  t h e  i n d i c e s  

must depend both  on t h e  manner of a p p l i c a t i o n  of  t he  model and on the  

' use  t o  .whi.ch in format ion  on s tock  and progeny w i l l  be put .  For  t h i s  

. . r ea son ,  we have not  i nco rpo ra t ed  s p e c i f i c  i n d i c e s  i n t o  t h e  model, bu t  

simply note  t h a t  s tock- recru i tment  o r  stock-progeny r e l a t i o n s h i p s  could 

be ob ta ined .  

H. Concept and D e f i n i t i o n  of t h e  Impact F a c t o r  

Two q u a n t i t i e s  of i n t e r e s t  i n  impact a n a l y s i s  a r e  t h e  p o t e n t i a l  

annual  percentage  r educ t ion  i n  s u r v i v a l  through t h e  first year  of  l i f e  

due t o  a  power p l a n t  and t h e  r e s u l t i n g  long-term, s t eady - s t a t e  change 

i n  a d u l t  popula t ion  s i z e .  The r e c i p r o c a l  of  t h e  r a t i o  of  t h e s e  two 

q u a n t i t i e s ,  which we c a l l  t h e  l1 impact f a c t o r " ,  has sometimes been 

es t imated  on t h e  b a s i s  o f  p r o f e s s i o n a l  judgment, p a r t i c u l a r l y  i n  c a s e s  

where y-o-y models have been used without  l i f e - c y c l e  models i n  an 

a t t empt  t o  f o r e c a s t  popula t ion- leve l  impacts (Warsh, 1975).  With a  

l i f e - c y c l e  model t h e  impact f a c t o r ,  I ,  is defined a s  



F R ~  
. .. 

I = - ,  f o r  FRY > 0. 
F R ~  

(35) 

The numerator o f  Eq. (35) is defined a s  

0 p 
FR, = 9 9 

L T 

A1 is the  chosen index of  a d u l t  populat ion s i z e  ( e . g . ,  TOTP; see Eq. T 

7 ) ,  eva lua ted  a t  a  t ime T  such t h a t  t h e  index is e i t h e r  s t a b l e  o r  has  

reached a  minimum. The s u b s c r i p t  0  r e p r e s e n t s  a  model run without  power 

p l a n t  m o r t a l i t y .  The s u b s c r i p t  P  denotes  a  r u n . w i t h  power p l a n t  mor- 
, . .  . 

t a l i t y .  Thus, FRA is t h e  r e s u l t i n g  long-term, s t e a d y - s t a t e  f r a c t i o n a l  

reduc t ion  i n  t h e  chosen index of t h e  a d u l t  popula t ion  s i z e .  

The denominator (FRY) of  t h e  express ion  f o r  t he  impact f a c t o r  

(Eq. 35) is defined a s  t h e  f r a c t i o n a l  reduc t ion  i n  t h e  number of su r -  

v i v o r s  from egg t o  age 1 owing t o  power p l a n t  m o r t a l i t y  i n  t h e  a b s e n c e .  

of  compensation. A value  f o r  t h i s  parameter is i n p u t  t o  t h e  model. , . 

FR has  t he  proper ty  t h a t  Y 

where PNSO Is the  prlubabiliLy UP su~ivi-val through age c l a s s  0 without  

puwera p l a n t  m o r t a l i t y ,  and Po is t h e  p r o b a b i l i t y  o f  ou rv iva l  through '. 
' 

age c l a s s  0 with  power p l a n t  m o r t a l i t y  - i n  both ca se s  with no compen- 

s a t i o n .  I n  a  model s imula t ion  us ing  y-o-y compensation, t h e  a c t u a l  



f r a c t i o n a l  r educ t ion  i n  s u r v i v a l  from eggs t o  y e a r l i n g s  w i l l  not  be a s  

l a r g e  as FRY, and it w i l l  change a s  t h e  o l d e r  age c l a s s e s  respond t o  

t h e  impact. 

Power p l a n t  m o r t a l i t y  f o r  each of  t h e  s i x  l i f e  s t a g e s  w i t h i n  t h e  
. . 

oth age c l a s s  is determined by s p e c i f y i n g  the  r e l a t i v e  f r a c t i o n a l  

r educ t ion  i n  t h e  number of s u r v i v o r s  from eggs through l i f e  s t a g e  i i n  

t h e  absence o f  compensation (RFRi; i = 1 ,  . . . 6 ;  RFR = 1 . 0 ) .  Then 6 

FRi = RFR . FRY ; i = 1 ,  ..., 6 , 
1 

(38 ) 

where FR . is t h e  f r a c t i o n a l  reduc t ion  i n  t h e  number of su rv ivo r s  from 
1 

eggs through l i f e  s t a g e  i owing t o  power p l a n t  m o r t a l i t y  i n  t h e  absence 

of compensation. Note t h a t  FR6 = FRY, s i n c e  RFR6 = 1.0. Values 
. . 

f o r  r e l a t i v e  f r a c t i o n a l  r educ t ion  from egg t o  y e a r l i n g  (FRY) may be  

e s t ima ted  e m p i r i c a l l y  (Texas Ins t ruments ,  1975) o r  from t h e  r e s u l t s  of  

y-o-y s imu la t i on  models. FRY may be  va r i ed  t o  r ep re sen t  d i f f e r e n t  

power p l a n t  c o n f i g u r a t i o n s  ( e .  g  . , once-through cool ing  ve r sus  

c losed-cyc le  coo l ing )  and the  RFRi va lues  may be va r i ed  t o  r ep re sen t  

d i f f e r e n t  v u l n e r a b i l i t i e s  of  t h e  i n d i v i d u a l  y-o-y l i f e  s t a g e s  t o  power 

p l a n t  m o r t a l i t y .  Once t h e  va lues  o f  FRi c a l c u l a t e d  (Eq. 381, t h e  

va lues  o f  d (Eq. 17)  may be c a l c u l a t e d  s e q u e n t i a l l y  s t a r t i n g  wi th  
i , ~  

eggs a s  fol lows:  

For  eggs 



where x  ( t  ) is  the  number of  eggs a t  t h e  end of  t he  egg l i f e  l , o  1  

s t a g e  ( i . e . ,  a t  time t ) without  power p l a n t  m o r t a l i t y ,  and 1  

x  ( t l )  is t h e  same q u a n t i t y  bu t  wi th  power p l a n t  m o r t a l i t y .  
1 , ~  

However, i n  t h e  absence of  compensation, 

l , o  1  A t  1 x  ( t  = x l ( t O )  exp ( -d l , n  

and 

where x  ( t  ) is the  number of  eggs spawned a t  t ime to, A t l  is 1 0  

t h e  du ra t i on  of  t h e  egg l i f e  s t a g e ,  d  is the  r a t e  o f  dens i ty -  
l , n  

independent m o r t a l i t y  f o r  eggs,  and dl is the  r a t e  o f  power p l a n t  , P  

m o r t a l i t y  f o r  eggs ( s e e  S e c t i o n  1 I . E ) .  A f t e r  s u b s t i t u t i o n  of Eqs. (40)  

and (41)  i n t o  Eq. (39)  and some s i m p l i f i c a t i o n ,  

For l i f e  s t a g e  i 

xi ,(ti) - Xi ( t i)  
FR. = 9 9 P  9 

1 x  ( t i)  
i , O  

( t . )  is t h e  number o f  i n d i v i d u a l s  i n  l i f e  s t a g e  i a t  t h e  where xi,0 

end of  t h a t  l i f e  s t a g e  ( e .g . ,  a t  time t . )  wi thout  power p l a n t  
1 

m o r t a l i t y ,  and xi ( t i)  is t h e  same q u a n t i t y  bu t  wi th  power p l a n t  , P 
m o r t a l i t y .  However, i n  t h e  absence of  compensation 



x ( t i)  = n x l ( t o )  exp (-d ~ t . )  
i , O  j=1 j , n  J 

and 

x ( t i )  = n x , ( t o )  exp ( - (d  +d ) A t j )  , 
i , ~  j=1 j , n  j , ~  

where x ( t  ) i 3  a g a i n  t h e  number o f  eggs spawned a t  t ime t t .  is 1 0  0' J 

t h e  du ra t i on  o f  l i f e  s t a g e  j, d is t h e  rate o f  densi ty- independent  
j , n  

n a t u r a l  m o r t a l i t y  f o r  l i f e  s t a g e  j, and d is t h e  r a t e  o f  power 
j, P 

p l a n t  m o r t a l i t y  f o r  l i f e  s t a g e  j (see S e c t i o n  1 I . E ) .  Af t e r  s u b s t i t u -  

t i o n  o f  Eqs. ( 44 )  and (45)  i n t o  Eq. (43)  and some s i m p l i f i c a t i o n ,  

i 
FRi = 1.0 - exp (-d A t  j )  

j=1  j, P 

I .  L i m i t a t i o n s  o f  t h e  Model 

I t  is u s e f u l  t o  s u m a r i z e  t h e  main approximating assumptions i n  

oui\ model, si~~ct! L k s e  h p u s e  l l m l t s  on the model 's  u se fu lnes s .  The 

model is a "s ing le -spec ies"  model; e f f e c t s  of changes i n  lower t r o p h i c  

l e v e l s  a r e  not  t aken  i n t o  account .  Density-dependent i n f l u e n c e s  on 



growth a r e  not  i-ncluded except  i n d i r e c t l y  a s  they a r e  r e l a t e d  t o  y-o-y 

m o r t a l i l t y .  P o s s i b l e  density-dependent e f f e c t s  on f ecund i ty  and on t h e  

l e n g t h s ,  A t i ,  o f  y-o-y l i f e  s t a g e s ,  a r e  a l s o  ignored.  F i n a l l y ,  we 

neg l ec t  p o s s i b l e  density-dependent power-plant m o r t a l i t y .  A s  C. P. 

Goodyear (pe r sona l  communication) has  pointed o u t ,  power-plant induced 

m o r t a l i t y  could be  density-dependent when y-o-y f i s h  a r e  weakened by 

i n t r a - l i f e - s t a g e  competi t ion f o r  food. 

Despi te  t h e s e  and o the r  s imp l i fy ing  assumptions i n  our model, we 

expec t  it t o  adequate ly  s imula te  t h e  important  f e a t u r e s  of  a f i s h  

popula t ion  sub jec t ed  t o  a d d i t i o n a l  y-o-y m o r t a l i t y .  

J .  Summary of  Data Necessary f o r  Model 

I n  t h e  above s e c t i o n s  , we have descr ibed  t h e  t h e o r e t i c a l  develop- 

ment o f  t h e  l i f e  c y c l e  model. It may be confusing t o  t h e  r eade r  a t  

t h i s  p o i n t  a s  t o  what da t a  a c t u a l l y  have t o  be supp l i ed  t o  t h e  model. 

These a r e  descr ibed  b r i e f l y  below, wi th  r e f e r ence  t o  F ig .  5. 

The da t a  t h a t  must be  supp l i ed  are: 

1. The number o f  age c l a s s e s ,  M (see l i n e  38 o f  F ig .  5 ) ;  t h i s  is 

c u r r e n t l y  l i m i t e d  t o  16. Many dimension s t a t emen t s  would have t o  

be changed t o  i n c r e a s e  t h i s .  

2. I n i t i a l  popul.at.jon ni~mber e s t i m a t e s  f o r  each age c l a s s  ( l i n e s  39 

and 40) .  

3. FMTi; t h e  f r a c t i o n  o f  females  which a r e  mature i n  age c l a s s  i 

( l i n e s  43 - 46) .  This  parameter is des igna ted  FMATi i n  t h e  t e x t  

(Eq. 1 ) .  
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Fig. 5. Example 1 - Input data.  



4. FNMi; t h e  i n s t an t aneous  n a t u r a l  m o r t a l i t y  r a t e  f o r  f i s h  of  age 

c l a s s  i ( l i n e s  47 - 50) .  This  parameter is w r i t t e n  Mi i n  t h e  

t e x t  (Eq. 12) .  

5. FRY; t h e  r e l a t i v e  f r a c t i o n a l  r educ t ion  i n  t h e  number of  s u r v i v o r s  

from eggs through y e a r l i n g s  owing t o  power p l a n t  m o r t a l i t y  i n  t h e  

absence o f  compensation ( l i n e  5 0 ) .  Th i s  is des igna ted  FRY i n  

t he  t e x t  (Eq. 38) .  NQTE: I f  t h e  i n s t an t aneous  r a t e s  o f  power 

p l a n t  m o r t a l i t y ,  d  a r e  s p e c i f i e d  f o r  t h e  i n d i v i d u a l  l i f e  
p , i '  

stages, it is not  necessary t o  s p e c i f y  FRY s i n c e  knowledge o f  FRY, 

a long  wi th  RFRi (see item 24 below) i s  equ iva l en t  t o  knowledge 

o f  t h e  s i x  d  See item 19 below f o r  f u r t h e r  in format ion .  
p , i '  

6 .  FDIO and FDMXO; densi ty- independent  and maximum density-dependent 

f i s h i n g  m o r t a l i t y  r a t e  c o e f f i c i e n t s ,  r e s p e c t i v e l y  ( l i n e  51 ) .  

These a r e  r e f e r r e d  t o  i n  Eq. 9 of  t h e  t e x t .  

7 .  EPS; measure o f  convergence of  Newton's method f o r  s o l v i n g  Eq. 

(25) ( l i n e  51) .  The c u r r e n t  va lue  o f  EPS = 0.00001 is probably 

app rop r i a t e  f o r  most purposes.  

8 .  TOTPI; a  popula t ion  index below which f i s h i n g  e f f o r t  is a minimum, 

and is independent of  f i s h  dens i ty  ( l i n e  51 ) . See Eq. ( 6 )  o f  t h e  

t e x t  . 
9 .  LEGAL; minimum l e g a l  l e n g t h  (mm) f o r  f i s h i n g  ( l i n e  5 2 ) .  

10. RATIO; r a t i o  o f  TOTP2 t o  TOTPI, where TOTP2 is t h e  popu la t i on  

index above which f i s h i n g  e f f o r t  is a maximum ( l i n e  5 2 ) .  See Eq. 

( 8 )  o f  t h e  t e x t .  

11. B3 and B4; c o e f f i c i e n t s  o f  weight- length r eg re s s ion  ( l i n e  5 2 ) .  

T h e s e  coefficients a r e  w r i t t e n  B and B i n  t h e  t e x t  (Eq. 3 ) .  
3 4 



B1 and B2; c o e f f i c i e n t s  of  eggs vs .  weight r eg re s s ion  equa t ion  

( l i n e  53) .  These c o e f f i c i e n t s  a r e  w r i t t e n  B and B  i n  t h e  1  2  

t e x t  (Eq. 2 ) .  

ATMAX; t h e  maximum number o f  i t e r a t i o n s  performed i n  t h e  s o l u t i o n  

by Newton's method of Eq. (25)  ( l i n e  53 ) .  Th i s  can normally be 

set  t o  100. 

FFi; the  r a t i o  of female f i s h  t o  t he  t o t a l  number of  f i s h  

e n t e r i n g  age c i a s s  i ( l i n e s  53 - 57) .  See Eq. ( 1 )  of  t e x t .  

ACON, B ,  and C:  c o e f f i c i e n t s  of t h e  l e w t h  vs .  age r e g r e s s i ~ n  

equa t ion  ( l i n e s  57 - 5 8 ) .  See Eq. ( 4 )  of t h e  t e x t .  

VULi; v u l n e r a b i l i t y  t o  t h e  f i s h e r y  o f  f i s h  i n  age c l a s s  i 

r e l a t i v e  t o  t h e  most vu lne rab l e  age c l a s s  ( l i n e s  58 - 62) .  Th i s  

i s  denoted VULNi i n  t h e  t e x t  (Eq. 7 ) .  

I Y R C H ,  C H G D I ,  and CHGDD; parameters  r e l a t e d  t o  changes i n  t h e  

minimum and maximum f i s h i n g  e f f o r t  through time ( l i n e s  62 - 63) .  

See Eqs. ( 9 )  and (10)  i n  t h e  t e x t .  

DELTi; d u r a t i o n s  of  y-o-y l i f e  s t a g e s  ( l i n e s  63 - 64) .  These 

a r e  denoted A t i  i n  t h e  t e x t  (Eq. 15) .  

DAPi; i n s t an t aneous  rate of  densi ty- independent  power p l a n t  

m o r t a l i t y  o f  f i s h  i n  t h e  ith y-o-y l i f e  s t a g e  ( l i n e s  64 - 66) .  

I n  t h e  t e x t  t h i s  is denoted d  (Eq. 17) .  NOTE: If FRY and 
p , i  

RFR. a r e  known, it  is not  necessary  t o  s p e c i f y  t h e  DAPils .  
1 

These va lues  should be  s e t  t o  ze ro .  I f  t h e  DAPiVs a r e  s e t  t o  

nonzero v a l u e s ,  they w i l l  be  used i n s t e a d  of  FRY and RFR i ' 



20. ZSi; t h e  p r o b a b i l i t y  o f  s u r v i v a l  through t h e  ith y-o-y l i f e  

s t a g e  i n  t h e  absence o f  power p l a n t  m o r t a l i t y  ( l i n e s  66 - 67) .  

This  is designated by poi i n  t h e  t e x t  (Eq. 25) .  NOTE: I f  t h e  

density-independent i n s t an t aneous  n a t u r a l  m o r t a l i t y  r a t e s ,  dn l i ,  

a r e  s p e c i f i e d ,  t h e  ZSits  need not  be  s p e c i f i e d  and can be  s e t  t o  

ze ro .  

21. CAij; 
t h  i n s t an t aneous  r a t e  of  m o r t a l i t y  o f  f i s h  i n  t h e  i y-o-y 

l i f e  s t a g e  caused by cannibal ism and compet i t ion  from t h e  j 
t h  

age c l a s s  ( l i n e s  67 - 75) .  Th i s  is r e f e r r e d  t o  as c i j  i n  t h e  

t e x t  (Eq. 16) .  

22. GAi; i n s t an t aneous  r a t e  o f  density-dependent n a t u r a l  m o r t a l i t y  

through compet i t ion  f o r  food and o t h e r  r e sou rces  among y-o-y f i s h  

i n  t h e  ith l i f e  s t a g e  ( l i n e s  75 - 7 6 ) .  Th i s  is c a l l e d  gi i n  

t h e  t e x t  (Eq. 16) .  

23. DANi; i n s t an t aneous  r a t e  o f  densi ty- independent  n a t u r a l  

m o r t a l i t y  of f i s h  i n  t h e  ith y-o-y l i f e  s t a g e  ( l i n e s  76 - 7 8 ) .  

This  is c a l l e d  dn l i  i n  t h e  t e x t .  NOTE: If t h e  ZSits are 

s p e c i f i e d ,  t h e  va lues  of  DAN. must be  set t o  ze ro  i n  t h e  i n p u t  
1 

d a t a ;  i f  t h e  DAN. 's a r e  nonzero, t h e  program w i l l  use  t h e s e  
1 

i n s t e a d  o f  t h e  ZSi va lues .  

24. RFRi; r e l a t i v e  f r a c t i o n a l  r educ t ion  i n  t h e  number of  s u r v i v o r s  

from eg@;s through l i f e  s t a g e  i i n  t h e  absence o f  compensation 

( l i n e s  78 - 7 9 ) .  Th i s  is discussed fo l lowing  Eq. (38) i n  t h e  

t e x t .  NOTE: If t h e  i n s t an t aneous  r a t e s  o f  power p l a n t  m o r t a l i t y ,  

d  a r e  s p e c i f i e d ,  it is not  necessary  t o  s p e c i f y  FRY and 
p1i '  

RFR i. 



25. RJAGE; a a d j u s t a b l e  i n p u t  parameter which determines which va lue  

o f  A ( I , I + 1 )  is  t o  be  s t o r e d  a s  OUTPT(8) f o r  l a t e r  p r i n t i n g  i n  a 

summary t a b l e  ( e . g . ,  RJAGE = 5 imp l i e s  A(5,6)  is p r i n t e d ) .  

111. COMPUTER PROGRAM 

A .  I n t r o d u c t i o n  

Th i s  chap te r  c o n t a i n s  a  d e s c r i p t i o n  of t h e  FORTRAN computer program 

implementing t h e  popu la t i on  model a s  wel l  a s  d e t a i l e d  i n s t r u c t i o n s  f o r  

u s i n g  t h i s  program. The program is g e n e r a l  i n  des ign ,  a l lowing  

d i f f e r e n t  t ypes  of f i s h  popu la t i ons  t o  be  s imulated by simply changing 

t h e  i n p u t  va lues  of t h e  l l ad jus t ab l e "  parameters  and i n i t i a l  popula t ion  

d e n s i t i e s .  llCommandw c a r d s  i n  t h e  i n p u t  da t a  a r e  used t o  s p e c i f y  t h e  

d e s i r e d  sequence o f  d a t a  i n p u t ,  parameter changes,  s imu la t i ons ,  and 

p r i n t o u t  of  r e s u l t s .  I n  t h i s  r e s p e c t  t h e  program is h igh ly  f l e x i b l e ,  

o f f e r i n g  a  v a r i e t y  of op t ions .  

Succeeding s e c t i o n s  d e s c r i b e  i n  d e t a i l  t h e  i n p u t  and ou tpu t  and 

document t h e  r o u t i n e s .  Following documentation o f  t h e  r o u t i n e s ,  two 

sample c a s e s  (Sec t ion  I11 .F)  a r e  presen ted ,  p a r t s  of  which are r e f e r r e d  

t o  e a r l i e r  i n  d i s c u s s i n g  t h e  i n p u t  and output  from t h e  model. The 

Appendix provides  a  complete program l i s t i n g .  

B. Input. Setup, 
....,,,,. .. . ,.., ".,.~.. ....- ... 

The i n p u t  is  based upon a  set o f  s h o r t  mnemonic commands ( e . g . ,  

EP, R O ) .  Each "command card" c o n t a i n s  a  f i e l d  f o r  t h e  command, followed 



by f i e l d s  which supply f u r t h e r  in format ion .  With one except ion ,"  

command c a r d s  a r e  s e q u e n t i a l l y  read and executed i n  a  "once through" 

procedure.  The format is always A5, 1015. 

Command c a r d s  which reques t  read ing  o r  changing of  t he  i n i t i a l  

vec to r  of  parameter va lues  a r e  immediately followed by ca rds  con ta in ing  

the  p e r t i n e n t  va lues .  An example o f  i n p u t  s e tup  (command c a r d s  and 

parameter va lues )  is g iven  i n  F ig .  5.  The reader  may f ind  i t  e a s i e s t  

t o  r e f e r  t o  t h e s e  examples f i r s t  and then look up the  meanings of  t h e  

commands l i s t e d  a l p h a b e t i c a l l y  below. The reader  should r e f e r  t o  Table  

1 f o r  t he  meaning of va r ious  i n p u t  parameters .  

1. BEGN - Begin by R e s e t t i n g  t o  Inpu t  Values 

This  command is used t o  denote  t he  beginning o f  a  s e t  of  r e l a t e d  

ca se s  and t o  r e s t o r e  i n i t i a l  popula t ion  vec to r  o r  parameter s e t  i n p u t  

va lues .  Although its use is not r e q u i r e d ,  i t  a i d s  i n  ou tput  i d e n t i f i -  

c a t i o n .  I n  t h e  absence of  t h i s  ca rd ,  g r aph ic  and t a b u l a r  ou tput  from 

t h i s  set w i l l  not  have a  unique i d e n t i f y i n g  set 'number; a l s o ,  t h e  

parameter s e t  and i n i t i a l  popula t ion  vec to r  w i l l  remain a t  t h e i r  

p r e sen t  va lues ,  which may be a p p r o p r i a t e  only f or1 p ~ * e v l o u s  cases. 

Col. 1-5 Format A5 l B E G N 1 ,  l e f t  ad jus t ed .  

*The "DO s ec t i on"  is a  group o f  commands which may be reexecuted by 

means of  another  command. 



Table 1. Program Var iables  

For t ran  
v a r i a b l e  Dimension Mathmat i ca l  

nime ( i f  a r r a y )  s-ynbol D e f i n i t i o n  
Found i n  

subrout ine  

A (MyM) A(t)  : :Survival-fecundity ma t r ix  f o r  t he  c u r r e n t  1 ,  2, 8 ,  26 
y e a r ;  A(1,I-1) = pi 

ACON MON C o e f f i c i e n t  of t he  z e r o - o ~ d e r  term i n  t h e  8 
quadra t i c  r e l a t i o n  between LENGTE and AGE 

AGE 

ALG 10 

ANAM 

ARAY 

AVAL 

B 

Age of f i s h  i n  yea r s  a t  t h e  i t h  annulus 8  
format ion  

In termedia te  v a r i a b l e  used i n  c a l c u l a t i n g  8 
v e i g h t s  of f i s h  a t  annulus formation from 
:heir l eng ths  

Temporary in t e rmed ia t e  s t c rage  11 

Storage  a r r a y  f o r  va lues  cf  OUTPT, REL, 19 
and IMPACT, which a r e  l a t e r  p r in t ed  

maximum number of i t e r a t i a n s  performed Z 
I n  SUBROUTINE SOLVE t o  f i d  t h e  unknown 
dn, from Eq. (23) 

Temporary in t e rmed ia t e  s t o r a g e  f o r  
parameter va lues  

Coef f i c i en t  of t h e  f i r s t - o r d e r  term i n  
t h e  quadra t i c  r e l a t i o n  bet-qeen LENGTH 
znd AGE 

C,oef f i c i e n t  of t h e  zero-order term i n  
the  l i n e a r  r e l a  t i onsh ip  be rween EGGS 
and WT (weight) of f i s h  

& * e f f i c i e n t  of t h e  f i r s t -oyde r  term ir. 
t k e  l i n e a r  r e l a t i o n s h i p  b e a e e n  EGGS 
and WT 



Table  1. (zont inued)  

F o r t r a n  
v a r i a b l e  Dimension Mathematical  Found i n  

name ( i f  a r r a y )  symb.21 . D e f i n i t i o n  s u b r o u t i n e  

BLOCKA 

BLOCKL 

BLOCKN 

BLOCKV 

BLOCKY 

BLOKNS 

C o e f f i c i e n t  of t he  zero-order  term i n  8 
t h e  l i n e a r  r e l a t i o n s h i p  between LOG 
(WT . ) and LOGlO (LENGTHi) 1 0  

C o e f f i c i e n t  of  t h e  f i r s t - o r d e r  term i n  8 
t h e  l i n e a r  r e l a t i o n s h i p  between LOG 
(WTi) and LOGlO (LENGTHi) 10  

S to rage  a r r a y  f o r  b e n e f i t l c o s t  i n f o r -  
mation,  which is  l a t e r  p r i n t e d  

COMIdON/BLOCKV/ VARB (256) 

COMMON/BLOCKY/ YIELD,FTP,CATCH(16), 
FFM(16) ,F(16) , ' f l (17),  JYP 

C o e f f i c i e n t  of t h e  second-order term 
i n  t h e  q u a d r a t i c  r e l a t i o n s h i p  between 
LENGTH and AGE 

Rate  of m o r t a l i t y  of f i s h  i n  t he  i 
t h  

y-o-y l i f e  s t a g e  caused by canniba l i sm 
and compet i t ion  from t h e  j t h  age  c l a s s  
t j  '0) 



Table 1. (continued.) 

Fo r t r an  
v a r i a b l e  Dimension Mathematical Found i n  

name ( i f  a r r ay )  symbol D e f i n i t i o n  sub rou t ine  

IDETPR 

IGPH 

IMPACT 

INTRY 

IROW 

ISET 

I V  

I Y  

IYC 

IYR 

I n t e g e r  v a r i a b l e  whose v a l u e  de termines  
whether program p r i n t s  d e t a i l e d  y e a r l y  
ou tpu t  o r  summary ou tpu t  

An i n t e g e r  s e t  equa l  t o  1 i f  a n  i n v a l i d  
parameter  name i s  encountered i n  i n p u t  

Index i d e n t i f y i n g  graph t o  be  p l o t t e d  

Storage  a r r a y  con ta in ing  m l u e s  of 
impact f a c t o r s  (IMPACT(1) = (1.0 - 
REL(I))/FR ) 

Y 

I n t e g e r  spec i fy ing  mode o f  r ead ing  
i n p u t  ( IN=5 o r  1 0  ) 

Tears  f o r  which t h e  ou tpu t  of a  run  
a r e  t o  be  l i s t e d  i n  a  sunutary t a b l e  

Vector f i e l d  fo l lowing each commarid 
and supplying f u r t h e r  i n f c rma t ion  

Years f o r  which .sumnary t ~ b l e  d a t a  a r e  
p r i n t e d  o u t  

I d e n t i f i c a t i o n  number f o r  s e t s  of 
r e l a t e d  ca ses  

Subsc r ip t  and running index 

Subsc r ip t  and running index 

Subsc r ip t  and running index 

Subsc r ip t  ancl running index 



Table 1. (cont inued)  

F o r t r a n  
v a r i a b l e  Dimension M a t h m a t i c a l  Found i n  

name ( i f   array:^ s p b o l  D e f i n i t i o n  sub rou t ine  

FblAT (M- 1)  FMATi Array g iv ing  f o r  each age  c l a s s  t h e  8 
p r o b a b i l i t y  t h a t  a  female i s  s e x u a l l y  
mature upon e n t e r i n g  t h a t  age  c l a s s  

F R Y  

FTP 

G A 

GAS 

I 

IAT 

Age-class s p e c i f i c  c o e f f i c i e n t  of  
i n s t an t aneous  n a t u r a l  m o r t a l i t y  

F r a c t i o n a l  r educ t ion  i n  t h e  number of 
su rv ivo r s  from eggs through l i f e  s t a g e  
i i n  t h e  absence of compensation 

F r a c t i o n a l  r educ t ion  i n  t h e  number of 
su rv ivo r s  from eggs t o  age  1 due t o  
power p l a n t  m o r t a l i t y  i n  t h e  absence 
of compensation 

Non-age-class s p e c i f i c  c o e f f i c i e n t  of 9, 24 
i n s t an t aneous  f i s h i n g  m o r t a l i t y  

R2te of density-dependent s e l f  - r egu la t ion  2 ,  10 
through compet i t ion  f o r  food and o the r  
r e sou rces  among y-o-y f i s h  of t h e  i t h  
l i f e  s t a g e  

Same a s  GA 2  

Subsc r ip t  and running index 

P a r t  of t h e  l o g i c  involved i n  r ead ing  1, 16 
i n  commands i n  a  DO s e c t i o n  

An a r r a y  which s t o r e s  t h e  y e a r s  f o r  1 
which va lues  a r e  t o  be p l o t t e d  out  
i n  graphs 1 and 2 



Table 1. (continued) 

For t ran 
v a r i a b l e  ~ i m e n s i o n  Mathematical Found i n  

name ( i f  a r r a y )  symbol Def ini t ion subrout ine  

FALSE 

FDI 

FDIO 

FDD 

FDDMX 

FDDMO 

FEEDBK 

Variable used i n  reading and recognizing 14 
commands i n  a DO s e c t i o n  

. . 

Array giving the  average nqnber of 2 ,  8, 24 
mature eggs i n  the  ovar i e s  of a f i s t ,  
male and female combined, upon en te r ing  
age , c l a s s  i 

. . 
Logical  v a r i a b l e  s e t  t o  t h e  l o g i c a l  
va lue  'FALSE' and used i x  l o g i c a l  
comparisons f o r  con t ro l l ing  the  flow 
of t h e  'program 

FDI(t) Density-independent term i n  instantaneous 9 
c o e f f i c i e n t  of f i s h i n g  m o r t a l i t y  

FDIO I n i t i a l  value  of time-changing FDI(t) 9 

FDD(TOTP(t)) Density-dependent term i n  instantaneous 9 
c o e f f i c i e n t  of' f i s h i n g  mor ta l i ty  

FDDMX Maximum value  of time-changing FDD 9 

FDDMO I n i t i a l  value  of time-changing FDD 9 

Logical  parameter used :o speci fy  1 
which opt ion should be used i n  
subrout ine  MAKMAT 

Array giving f o r  each age c l a s s  the  
r a t i o  of female f i s h  to. t o t a l  number 
of f i s h  en te r ing  t h a t  age c l a s s  

Age-class s p e c i f i c  c o e f f i c i e n t  of 
ins tantaneous  f i s h i n g  u-or t a l i t y  



Table 1. ( c ~ n t i n u e d )  

F o r t r a n  
v a r i a b l e  Dimension Mathematical 

name ( i f  a r r a y )  symbol D e f i n i t i o n  
Found i n  

sub rou t ine  

DAP (6) 

DAPS 

DELT 

DELTS 

DUMMk- 

EGGS 

EGTABL 

ENTP.Y 

EPS 

EPSI 

ENDED 

(6) 

(6) 

,:6) 

VARIOUS 

EPS 

Rate  of densi ty-independent power 2, 1 0  
p l a n t  induced m o r t a l i t y  of f i s h  i n  
t h e  i t h  y-o-y l i f e  s t a g e  

Same a s  DAP 

Duration of t h e  i t h  y-o-y l i f e  s t a g e  

Same a s  DELT 

Dummy name used by a  sub rou t ine  f o r  
a  b lock  of v a r i a b l e s  appear ing  i n  a  
COMMON s ta tement  i n  t h a t  sub rou t ine  
b u t  no t  a c t u a l l y  used by t h e  sub rou t ine  

Average number of mature eggs i n  t h e  
o v a r i e s  of a  s exua l ly  mature feinale 
s t r i p e d  bas s  upon e n t e r i n g  age  c l a s s  i 

Logica l  func t ion ;  i f  TRUE, a  t a b l e  of 
" v i t a l  s t a t i s t i c s "  - l eng ths ,  weights ,  
f e c u n d i t i e s ,  e t c . ,  f o r  each age c l a s s  
i s  p r i n t e d  o u t  

Var i ab l e  used i n  r ead ing . and  recogniz ing  7 ,  14 
commands 

The measure of convergence of Newton's 2  
method i n  so lv ing  f o r  t h e  r o o t  of a n  
equat ion  ( c u r r e n t l y  EPS = 1 .0  x  

Same a s  EPS 

F i a a l  v a l u e  of time-varying FDDMX 



Table 1. (continued) 

Fo r t r an  
v a r i a b l e  Dimensan Plathematical Found i n  

name ( i f  a r r a y )  symbol D e f i n i t i o n  sub rou t ine  

CATCH (M) CATCHi b r a y  g iv ing  f o r  each age  c l a s s  t h e  2 ,  8, 9,  24 
a f f e c t i v e  f r a c t i o n  of  f i s h  a t  t h e  ' 

beginning of t h e  year  l e g a l l y  a v a i l a b l e  
t o  t h e  f i s h e r y .  Each CATCHi is approxi-  
nated a s  t h e  f r a c t i o n  of che year  f o r  
xhich t h e  average  l e n g t h  of f i s h  i n  age  
:lass i i s  g r e a t e r  than  o r  equal  t o  t h e  
ninimum l e g a l  l e n g t h ,  LEGaL 

CCA 

CHGDI 

CHGDD 

CMND 

COLHD 

DAN 

CHGDI 

. CHGDD 

Rate of m o r t a l i t y  of f i s h  i n  t h e  i t h  
y-o-y l i f e  s t a g e  caused bp canniba l i sm 
and compet i t ion  from t h e  sum of a l l  
o l d e r  age  c l a s s e s  

C o e f f i c i e n t  of t h e  y e a r l y  change i n  
FDI, t h e  densi ty-independent 
c o e f f i c i e n t  of f i s h i n g  moy ta l i t y  

C o e f f i c i e n t  of t h e  yea r ly  change i n  9 
FDMX, t h e  maximum possibl , .  c o e f f i c i e n t  ' 

o f  f i s h i n g  m o r t a l i t y  

Array of command names 7 

Column headings,  r ep re sen t ing  d i f f e r e n t  1 3  
v a l u e s  of FRY-1.0, f o r  t h2  t a b l e  of 
f r a c t i o n a l  change i n  s u r v i v a l  proba- 
b i l i t y  f o r  age  c l a s s  0  

Rate  of density-independtx2t n a c u r a l  2., 13 
m o r t a l i t y  of f i s h  i n  i t h  y-o-y l i f e  
s t a g e  



Table 1. (continued) 

For t r an  
v a r i a b l e  Dimension Mathematical 

name ( i f  a r r a y )  symb 31 D e f i n i t i o n  
Found i n  

sub rou t ine  

MUSDO 

MVARB 

N 

NCHGS 

NCOLS 

NEGGS 

NMI 

NOUT 

NROWS 

Yiximum row dimension of t he  L e s l i e  
matr ix  (=M) 

The.number of commands i n  a  DO s e c t i o n  

Number of v a r i a b l e  parameters whose 
va lues  can be ad jus t ed  

Number of elements i n  t h e  popula t ion  
vec to r  (=M) 

Number of d i f f e r e n t  ca ses  of power p l a n t  
impacts run  i n  a  p a r t i c u l a r  s e r i e s  

Number of columns p r in t ed  o u t  i n  t a b l e  
of f r a c t i o n a l  changes i n  s u r v i v a l  
p r o b a b i l i t y  f o r  age  c l a s s  0, (NCOLS = 
NCHGS) 

To ta l  number of eggs spawned by a l l  
females i n  a l l  age  c l a s s e s  

P a r t  of t he  l o g i c  involved i n  
reeching i n  commands i n  a  DO s e c t i o n  

Number of age c l a s s e s  which can 
cann iba l i ze  young (=5 presen t ly )  

T o t a l  number of output  v a r i a b l e s  s t o r e d  
i n  OUTPT a r r a y  f o r  p r i n t i n g  o u t  of sum- 
mary t a b l e  (=16) 

Number of yea r s  f o r  which summary t a b l e  
d a t a  and graphs a r e  p r in t ed  ou t  



Table 1. (cont inued)  

- - 

For t r an  
v a r i a b l e  Dimension Ma t h m a  t i c a l  

name ( i f  a r r a y )  symbol D e f i n i t i o n  
Found i n  

sub rou t ine  

IYRCH 

IYRI 

J 

JAGE 

J Y R  

K 

KMND 

LEGAL 

LENGTH 

LES 

LNGTMI 

a n  a r r a y  which s t o r e s  y e a r s  f o r  which 15 
d a t a  a r e  p l o t t e d  o u t  i n  graphs  1 and 2 

IIRCE FIumber of y e a r s  over whic t  i t  is  assumed 2, 9 ,  10 ,  24 
a s p e c i f i e d  change i n  f i s t i n g  e f f o r t  
occurs  

LEGAL 

L ENGTHi 

Running index used t o  keep up wi th  t h e  1, 8, 9,  24 
number of e lapsed  y e a r s  i r  a run  

Subsc r ip t  and running i n d ~ x  2, 9, 10 ,  11, 15, 16, 21, 25, 26 

.I f o r  which A(J+l,  J )  i s  ~ r i n t e d  i n  
summary t a b l e  

age  c l a s s  i n  which f i s h  e r t e r  t h e  
f i s h e r y  

Subsc r ip t  and running index 

:he number of a  p a r t i c u l a r  command 

ninimurn l e g a l  l e n g t n  of s t r i p e d  bas s  8 
f o r  t h e  f i s h e r i e s  

Mean t o t a l  l e n g t h  of  a  f i s h  a t  t h e  i t h  8 
annulus  format ion  

The number of yea r s  t h a t  impacted va lues  11 
of y i e l d ,  TOTP, o r  n, have f a l l e n  belaw 
a c e r t a i n  percentage ,  PER, of t h e  base  
c a s e  

L.ENGTHi-l average  t o t a l  l eng th  of a  f i s h  a t  t h e  
:i-1) t h  annulus formation 



Table 1. (zontinued) 

- - - 

Fort ran 
v a r i a b l e  Dimension Mathematical 

name ( i f  a r ray )  symbol 

- ,  . . . 

~ e f  i n i t i o n  
Found i n  

subrout ine  

WATE 

Dummy name used by main program f o r  1, 11, 12 
a r ray  of names of the  ad jus tab le  
parameters 

Re la t ive  v u l n e r a b i l i t y  of f i s h  i n  2, 8, 9 
age c l a s s  i t o  f i s h i n g  

hntermediate v a r i a b l e  used i n  calcu- 2 
l a t i n g  TOTP 

Array giving f o r  each age c l a s s  the  2, 8 ,  24, 25 
average weight of a female a t  annulus 
formation 

Fract ion surviving through success ive  
y-o-y l i f e  s t ages  

Fract ion surviving through success ive  
y-o-y l i f e  s t ages  i n  the  absence of 
power p l a n t  e f f e c t s  

Nmber of y-o-y f i s h  remaining a t  
end of success ive  l i f e  s t ages  

YIELD(TOTP(~)) Current y i e l d  of biomass t o  t h e  
f i s h e r i e s  

Year number ( i n  f l o a t i n g  po in t )  of 
current  year 

Nmber of y-o-y f i s h  remaining a t  
end of successive l i f e  s t ages  i n  
t h e  absence of power p lan t  e f f e c t s  



Table  1. (cont inued)  

F o r t r a n  
v a r i a b l e  Dimension Mathematical  Found i n  

name [ i f  a r r a y )  symbol D e f i n i t i o n  sub rou t ine  
I 

RJAGE 

SAVP 

SET 

STEPDD 

STEPDI 

TEMP 

TITLE 

TOTP 

TRUE 

VARB 

STEPDD 

STEPDI 

TOTP ( t) 

An a d j u s t a b l e  i n p u t  parameter  which 8 
determines  which v a l u e  of  A ( I , I + l )  i s  
t o  be  s t o r e d  a s  OUTPT(8) f o r  l a t e r  
p r i n t i n g  i n  summary t a b l e  

An a r r a y  which s t o r e s  i n i t i a l  popu la t i on  1 
d a t a  

I d e n t i f i c a t i o n  number of a s e t  of  15., 21 
r e l a t e d  c a s e s  

Year ly  change i n  FDI 9 

Year ly  change i n  FDDMX 9 

Vector  of temporary s t o r a g e  ' 1, 15, 24, 26 

Array f o r  s t o r i n g  t i t l e  t o  b e  p r i n t e d  
on hard  copy 

T o t a l  biomass o f  f i s h  l e g a l l y  a v a i l a b l e  1, 2, 8 ,  9 ,  24 
t o  t h e  f i s h e r y  a t  t h e  s t a r t  o f  t he  cur-  
r e n t  y e a r  

The minimum and maximum biomasses 1, 9 
expected  t o  b e  a c t u a l l y  a v a i l a b l e  
t o  t h 2  f i s h e r y  o v e r ,  f o r  example, 
a 10-year per iod;  on ly  .TOTPI is  
a d j u s t a b l e  

Log ica l  v a r i a b l e  s e t  t o  t h e  l o g i c a l  
v a l u e  "TRUE" and used f o r  l o g i c a l  
comparison i n  c o n t r o l l i n g  t h e  f low 
of t h e  program 

Dummy name used by main program f o r  
e n t i r e  a r r a y  of a d j u s t a b l e  parameters  



Table 1. (cmt inued)  

For t ran  
v a r i a b l e  Dimension Mathematical 

name ( i f  a r r a y )  s ymb 01 Def in i t ion  

RATIO 

RCPUE 

REL 

RFR 

PNZ (16) 

PNO (MI 

PPX 

PSET 

RASH 

RATIO 

Used i n  manipulating i n i t i a l  vector  
of popula t ion es t imates  

I n i t i a l  popula t ion vector  wi th  
elements n 

i , tO 

Survival  from spawning t o  t h e  end of 
y-o-y l i f e  s t a g e  i 

Storage a r r a y  which s t o r e s  NCHGS va lues  
of 3% f o r  l a t e r  p r i n t i n g  out  of column 
headings i n  summary t a b l e  

RASH(1) i s  t h e  r a t i o  of f i s h  i n  age  
c l a s s  i t o  f i s h  i n i t i a l l y  en te r ing  
age  c l a s s  1 

The average r a t i o  of the  maximum t o  the  
minimum biomass a c t u a l l y  a v a i l a b l e  t o  
the  f i s h e r y  wi th in ,  f o r  example, 10  o r  
20 year pe r iods ;  used i n  c a l c u l a t i n g  
TOTP2 from TOTPl 

Re la t ive  ca tch  per  u n i t  e f f o r t  

Array s t o r i n g  r e l a t i v e  values  of 
OUTlT v a r i a b l e s  (REL(1) - OUTPT(I)t 
/OUTPT(I) ),  f o r  p r i n t i n g  out  i n  

0 
summary t a b l e  

Re la t ive  f r ac t iona1 . reduc t ion  i n  t h e  
number of survivors  from eggs through 
l i f e  s t a g e  i i n  t h e  absence of 
compensation 

Found i n  
subrout ine  



Table  1. (cont inuec)  

F o r t r a n  
v a r i a b l e  Dimension &:hematical Found i n  

name ( i f  a r r ~ y )  symbol D e f i n i t i o n  sub rou t ine  

NP 

NXEL 

NTYPS 

NVARB 

NYR 

OUTPT (20) 

OUTNAM (4)  

PER 

Parameter  s p e c i f y i n g  l o c a t i o n  i n  t h e  
ayray  of a d j u s t a b l e  parameters  f o r  t h e  
parameter  of  i n t e r e s t  

T o t a l  number of ou tpu t  v a r i a b l e s  s t o r e d  
i x  REL and IMPACT a r r a y s  fc.r p r i n t i n g  
o - ~ t  i n  summary t a b l e  (=7) 

N-mber o f  types  of  d a t a  ( i . e . ,  OUTPT, 
R3L, IMPACT and BC) p r i n t e d  o u t  i n  
slmmary t a b l e  (NTYPS = 4) 

N-mber of a d j u s t a b l e  parameters  whose 
v a l u e s  can be  v a r i e d  i n t e r c c t i v e l y  

Parameter  f o r  s t o r i n g  number of y e a r s  
il a  run  

Array s t o r i n g  a s s o r t e d  v a r i a b l e s ,  des-  
c r i b e d  i n  s e c t i o n  I I I .C .2 . z ,  t o  be 
p r i n t e d  o u t  i n  summary t a b l e  

Array s t o r i n g  c a p t i o n s  'OUTPT', 'REL', 
'DIPACT' and 'B/Cf f o r  u se  i n  summary 
t 3 b l e  

P3rametzr c o n t a i n i n g  name of one of  t h e  
a r l j u s t ab l e  parameters  f o r  comparison w i t h  
p3rameters  i n  i n p u t  d a t a  

A percentage  v a l u e  which is compared k i t h  
t h e  percentage  which impacted v a l u e s  c f  
y i e l d ,  TOTP, and n ,  have f a l l e n  below 
t x e  ba se  c a s e  v a l u e s  

C ~ r r e n t  popu la t i on  v e c t o r  w i th  
elements n  

i , t  

1, i n ,  1 2  

1 

1, .a, 9 ,  1 0 ,  21, 24 



Table  1. (cont inued)  

F o r t r a n  
v a r i a b l e  Dimension Mathematical  

name { i f  a r r a y )  symbol D e f i n i t i o n  
Found i n  

s u b r o u t i n e  

YRVAL (101,9,4)  S t o r e s  y e a r l y  v a l u e s  of  PFM,YIELD,PN(Z), 1, ::5, 21, 24 
and TOTP f o r  l a t e r  p r i n t i n g  

zs ,(6) 
' z , i  

P r o b a b i l i t y  of s u r v i v a l  through t h e  i t h  2 
y-o-y l i f e  s t a g e  

zss .(6) Same a s  zs 2 



Col. 6-10 Format I5 

Col.  11-15 Format I5 

Col.  16-20 Format I5 

To r e t u r n  t o  t h e  i n p u t  popula t ion  

v e c t o r ,  l e ave  t h i s  f i e l d  blank o r  

e n t e r  a zero.* To keep t h e  p re sen t  

va lue  o f  t h e  i n i t i a l  v e c t o r ,  e n t e r  a 

nonzero number . 
To r e t u r n  t o  t h e  i n p u t  parameter set 

va lues ,  l e ave  t h i s  f i e l d  blank.  To 

keep t h e  p re sen t  va lues  of  t he  

parameter  s e t ,  e n t e r  a nonzero 

number . 
The u s e r  may s p e c i f y  t h e  set number 

here.  Otherwise,  t h e  set number is  

incrlemenled f rum t h e  ' p r ev ious  s e t .  

2. C I  - Change I n i t i a l  Values 

Th i s  card s p e c i f i e s  how many o f  t he  va lues  o f  t he  i n i t i a l  

popu la t i on  v e c t o r  a r e  t o  be  changed. The command card  format is: 

Col. 1-5 Format A5 l C I 1  , l e f t  ad jus t ed  

Col. 6-10 , Format I5 The number of  t h e  i n i t i a l  va lues  

of t he  popula t ion  vec to r  t o  be changed 

*In  i n t e g e r  f i e l d s ,  a ze ro  is equ iva l en t  t o  no e n t r y .  



Immediately fo l lowing  t h e  command card a r e  t h e  changed i n i t i a l  va lues  

w i t h  t h e  format ,  

The I 5  f i e l d  c o n t a i n s  t h e  age c l a s s ,  from 1 t o  M ,  followed by t h e  new 

va lue  i n  t h e  E f i e l d .  Thus, t h e  age c l a s s  is  en t e r ed  i n  columns 1-5, 

21-25, 41-45, 61-65, while  t h e  va lue  f o r  t h e  number o f  f i s h  i n  t h e  

corresponding age c l a s s  is en t e r ed  i n  6-15, 26-35, 46-55, 66-75. 

3. CP - Change Parameter Values 

This  card s p e c i f i e s  how many a d j u s t a b l e  parameter va lues  a r e  t o  be 

changed. The command card format is: 

Col. 1-5 Format A5 

Col. 6-10 Format I 5  

'CP', l e f t  ad jus t ed .  

The number of  parameters  t o  be 

changed. 

Therefore ,  up t o  f o u r  parameters  a r e  en t e r ed  pe r  ca rd ,  t h e  parameter 

names being l e f t  ad jus t ed  t o  columns 1 ,  21, 41, and 61, and t h e  new 

pal-ametel- va lues  l o c a t e d  i n  column3 6-15, 26-35, 46-55, and 66-75. ' 

4. DO - Execute and Save t h e  Commands Following 

The ca rds  fo l lowing  t h i s  card  through an END0 card  a r e  t o  be  

executed normally bu t  a l s o  saved f o r  reexecut ion  (REDO). Th i s  set of  

ciiiids compl*ises a 'DO s e c t i o n ' .  Note t h a t  t h e  DO card  in t roducco ,  bu t  

is not  a  p a r t  o f ,  t h e  DO s e c t i o n .  A DO s e c t i o n  may c o n t a i n  only one 

END0 card and no DO o r  REDO cards .  A l l  o t he r  ca rds  are permiss ib le .  



Only one DO s e c t i o n  a t  a t ime is saved,  t h a t  be ing  t h e  one most 

r e c e n t l y  encountered.  

Note t h a t  ' a f t e r  t h i s  command is read ,  t h e  f u l l  DO s e c t i o n  is r ead ,  

l i s t e d ,  and s t o r e d ,  and then  is executed.  

Col. 1-5 Format A5 ' D O 1 ,  l e f t  ad jus t ed .  

5 .  END0 - Terminate  t h e  'DO1 Sec t ion '  

T h i s  command performs no ope ra t i on  o t h e r  than s p e c i f y i n g  t h e  end 

o f  a 'DO s e c t i o n 1 .  T h i s  is always t h e  l a s t  card of  a DO s e c t i o n .  

Col. 1-5 Format A5 'ENDO', l e f t  ad jus t ed .  

6 .  ITR - C a l c u l a t e  PNSO t o  Achieve a Ta rge t  TOTP 

A r o u t i n e  is c a l l e d  which a n a l y t i c a l l y  c a l o u l a t e s  t h e  PNSO va lue  

and popula t ion  v e c t o r  a s s o c i a t e d  wi th  a t a r g e t  va lue  o f  TOTP equal  t o  

(TOTPI + TOTP2)/2. 

Col. 1-5 Format A5 'ITR1, l e f t  ad jus t ed .  

7. OUT - ~ e n e r a t e  'Graphic o r  Tabular  Output 

The OUT card  r e q u e s t s  t h a t  p a r t  o r  a l l  o f  t h e  d a t a  s p e c i f i e d  by 

t h e  RO card be  ou tpu t .  

After t h e  p roces s ing  of each 'OUT' c a r d ,  t h e  d a t a  a r e  c l ea red .  

Thus, .,each c o l l e c t i o n  of r e f  a t e d  da t a  may be accessed once only .by an 

'OUT' card..  ,There a r e  .two t a b l e s  and two graphs  t h a t  may be  

reques ted .  The con ten t  o f  t h e s e  t a b l e s  and, g raphs  is d iscussed  2.n 

d e t a i l  i n  t h e  . nex t  s e c t i o n  on Output ( s e c t i o n  1 I I . C ) .  



Col. 1-5 Format A5 

Col. 6-10 Format I5 

Col. 11-15 Format I5 

Col. 20 Format 11 

'OUT', l e f t  ad jus t ed  

Enter  t h e  sum of  t h e  code numbers of  

a l l  de s i r ed  t ypes  of  ou tput :  

Summary t a b l e  1.; Benef i t /Cos t  

( b / c )  t a b l e  = 2;  Graph 1 = 4; Graph 

2 = 8; Thus t o  r eques t  t h e  summary 

t a b l e  and graphs  1 and 2 e n t e r  1 + 

4 + 8 = 13 i n  columns 9 and 10. 

Some s e t s  ( a s  def ined by t h e  BEGN 

ca rd )  have more than one OUT card .  

If t h e  u se r  e n t e r s  any nonzero 

number he re ,  t h e  ou tput  from each 

such ' subse t '  will have a p o s i t i v e  

s u b s e t  number appended t o  t h e  set 

number. For example, i f  sr?t 5 h a s  

t h r e e  s u b s e t s  and thus  t h r e e  'OUTf 

c a r d s  f o r  which t h i s  f i e l d  is 

marked, they w i l l  be des igna ted  5.1, 

5.2, 5.3 i n  t h e  ou tput .  When t h i s  

f i e l d  is blank,  t h e  s u b s e t  number is 

always zero .  

To s p e c i f y  t h e  r e f e r ence  c a s e  from 

which d i f f e r e n c e s  i n  r e l a t i v e  y i e l d s  

a r e  ca1,culated f o r  t h e  b e n e f i t / c o s t  

ou tpu t ,  e n t e r  i n  t h i s  column t h e  



sequence number o f  t h e  r e f e r ence  

case .  The f i r s t  c a s e  f o r  which b/c 

ou tput  is genera ted  is number 1 ,  t h e  

second case  number 2 ,  e t c .  

8.  P I  - P r i n t  I n i t i a l  Vector  

I n c l u s i o n  o f  t h i s  card  g e n e r a t e s  ou tput  o f  t h e  c u r r e n t  popula t ion  

vec to r .  

Col. 1-5 Format A5 ' P I ' ,  l e f t  ad jus t ed .  

9 .  PP - P r i n t  Parameter  S e t  

I n c l u s i o n  of t h i s  card  g e n e r a t e s  ou tput  of  t h e  c u r r e n t  parameter 

s e t ,  c o n s i s t i n g  o f  names and va lues .  

Col. 1-5 Format A5 ' PP ' , l e f t  ad jus t ed .  

10. RO - Run from Year Zero 

This card requests a run f o r  a  s p e c i f i e d  number o f  yea r s  s t a r t i n g  

wi th  t h e  c u r r e n t  i n i t i a l  popula t ion  vec to r  and t h e  c u r r e n t  parameter  

set .  A l l  o t h e r  f i e l d s  on the  card supply ou tput  in format ion .  

Col. 1-5 F  ormat A5 'RO '  ("R-zer8o" ) , l e f t  ad jus t ed .  

Col. 6-10 Format A5 The number o f  yea r s  t o  run. 

Col. 11-15 Format A5 IDFTPR, y e a r l y  p r i n t i n g  d e t a i l :  

IDETPR > 0  g e n e r a t e s  d e t a i l e d  y e a r l y  

va lues  ; 



Col. 16-20 Format I 5  

Col. 21-25, Format 615 

26-30, 

31-35, 

36 -40, 

41-45, 

46 -50. 

Col. 51 -55 Format I 5  

= 0  g e n e r a t e s  one l i n e  o f  out-  

put. pe r  yea r ;  

< 0  suppresses  y e a r l y  ou tpu t .  

Enter  t h e  sum of t h e  code numbers o f  

a l l  de s i r ed  t ypes  of ou tput  (same a s  

f o r  t h e  'OUT1 c a r d ) .  

Summary t a b l e  = 1  ; 

Benef i t /Cos t  ( b / c )  t a b l e  = 2 ;  

Graph 1  = 4;  Graph 2  = 8;  

The con ten t  of t h e s e  t a b l e s  and 

graphs  is d iscussed  i n  t h e  next  

s e c t i o n  on Output (Sec t ion  1 I I . C ) .  

If t h e  va lues  i n  t h i s  run  (and a i l  

RC c o n t i n u a t i o n s )  a r e  t o  be l i s t e d  

i n  a  summary t a b l e ,  e n t e r  t h e  y e a r s  

f o r  which va lues  a r e  t o  be ou tput .  

Up t o  s i x  y e a r s  a r e  permi t ted .  

These e n t r i e s  a r e  necessary  on ly  f o r  

t h e  first such RO card a s s o c i a t e d  

with each OUT card .  

Enter  a  nonzero number i n  column 54 

t o  gene ra t e  a  t a b l e  of  " v i t a l  

statis k i c s ~  : age,  l e n g t h ,  weight ,  

eggs pe r  female,  sex r a t i o ,  f r a c t i o n  

of females s exua l ly  mature,  

f ecund i ty ,  l e g a l  c a t c h a b i l i t y ,  



v u l n e r a b i l i t y ,  and c o n d i t i o n a l  

p r o b a b i l i t y  of  n a t u r a l  m o r t a l i t y  f o r  

each age. Enter  a  nonzero number i n  

column 55 t o  suppress  p r i n t i n g  o f  

t h e  f i n a l  popula t ion  vec to r  of  t h i s  

run and any RC con t inua t ions .  

11. RC - Continuc Running 

Continue running from the  l a s t  p o i n t  f o r  a s p e c i f i e d  number of  

y e a r s .  A l l  ou tpu t  o t h e r  than  y e a r l y  p r i n t i n g  d e t a i l  is determined by 

. . t h e  most. r ecen t  p r ev ious  RO card .  

Col. 1-5 . Format A5 'RC'  , l e f t  ad jus t ed .  

'Col. 6-10 Format I5  The number of  yea r s  t o  run. 

Col. 11-15 Format I 5  IDETPR, y e a r l y  p r i n t i n g  d e t a i l  : 

IDETPR > 0  g e n e r a t e s  d e t a i l e d  y e a r l y  

va lues ;  

= d generates one l ine  of 

output  pe r  yea r ;  

< 0  suppres se s  y e a r l y  ou tpu t .  

12. R D I  - Read I n i t i a l  Popula t ion  Vector 

Col. 1-5 Format A5 ' R D I 1 ,  l e f t  ad jus t ed .  

Col. 6-10 Format I 5  M, t h e  number of  age c l a s s e s  o r  

values i n  t h e  I n i t i a l  popula t ion  

vec to r .  P r e s e n t l y  1. 16. 



Thi s  is  g e n e r a l l y  one of  t h e  first t h r e e  commhd c a r d s '  i n '  t h e  i n p u t  

deck. It is followed immediately by ca rds  with t h e  va lues  of  ' the . 

i n i t i a l  popula t ion  vec to r  wi th  format 8E10 . O .  

The R D I  card and t h e  da t a  it r e f e r ences  must precede t h e  first RO 

ca rd .  Later r e d e f i n i t i o n  of  t h e  i n i t i a l  vec to r  by t h e  R D I  command is 

permi t ted  a t  any p o i n t .  The P I  command is used t o  p r i n t  t h e  i n i t i a l  

vec to r .  

13. RDP - Read Adjus tab le  Parameters  

Col. 1-5 F ormat A5 'RDP' , l e f t  ad jus t ed .  

Col. 6-10 Format I 5  The number of  a d j u s t a b l e  parameters ,  

p r e s e n t l y  148. 

Th i s  is g e n e r a l l y  one of  t h e  first t h r e e  command c a r d s  i n  t h e  ' i npu t  

deck. It is followed immediately by c a r d s  with t h e  complete set of  

a d j u s t a b l e  parameter names and va lues  i n  any order .  The u s e r  e n t e r s  

t h e  alphanumeric name of  each parameter ,  followed by its value.  The 

format is 

Thus, f o u r  parameters  are en t e r ed  per  ca rd ,  t h e  names l e f t  ad jus t ed  t o  

columns 1 ,  21, 41, and 61, and t h e  va lues  l oca t ed  i n  columns 6-15, 

26-35, 46-55, and 66-75. 
. . 

A s  wi th  t h e  R D I  command, t h e  RDP command and its d a t a  must always 
. 

precede t h e  first RO command. The RDP command may precede o r  fo l low 

t h e  R D I  command. 



The PP command w i l l  g e n e r a t e  a list of  parameter names and va lues  

a t  any time. 

14. REDO - Reexecute t h e  DO S e c t i o n  

E a r l i e r  i n  t h e  program, a DO s e c t i o n  of  i n s t r u c t i o n s  was 

executed.  Th i s  command r e q u e s t s  t h a t  they be  executed aga in .  The use r  

may a l s o  modify t h e  DO s e c t i o n  by t h e  f e a t u r e  descr ibed  below. 

The REDO op t ion  may be  used an un l imi ted  number o f  times. 

Col. 1-5 Format A5 'REDO' , l e f t  ad jus t ed .  

Col. 11-15 Format I 5  To r ep l ace  one command i n  t h e  DO 

s e c t i o n  by ano the r ,  e n t e r  here  t h e  

s e q u e n t i a l  number* wi th in  t h e  DO 

s e c t i o n  o f  t h e  command t o  be 

rep laced;  then immediately fol lowing 

t h i s  REDO card ,  put  t h e  replacement 

card .  Commands which c o n t r o l  

read ing  o f  f u r t h e r  da t a  (RDI, RDP, 

CP, C I )  should no t  be rep laced  o r  

used a s  replacements.  Replacement 

a f f e c t s  only t h i s  REDO execut ion ,  

no t  any la ter  REDO'S. 

*The f i r s t  command a f t e r  t h e  DO card  has  s e q u e n t i a l  number one; t h e  next  

command, two; and so  on. 



15. R I  - Replace I n i t i a l  Popula t ion  Vector  

The i n i t i a l  popula t ion  v e c t o r  is t h e  popula t ion  by age c l a s s  a t  

t h e  s t a r t  o f  a  run ,  which may d i f f e r  from t h e  i n p u t  i n i t i a l  vec to r .  

Th i s  command enables  t h e  u se r  t o  r ep l ace  t h e  p re sen t  i n i t i a l  vec to r  

with e i t h e r  t h e  c u r r e n t  vec to r  o r  t h e  i n p u t  i n ' i t i a l  vec to r .  

Col. 1-5 Format A5 

Col. 6-10 Format I 5  

' R I ' ,  l e f t  ad jus t ed .  

To r ep l ace  t h e  i n i t i a l  vec to r  wi th  

t h e  c u r r e n t  vec to r ,  l e a v e  t h i s  f i e l d  

blank.  To r ep l ace  t h e  i n i t i a l  

v e c t o r  wi th  t h e  i n p u t  vec to r  (as 

wi th  t h e  BEGN command), e n t e r  a 

nonzero number . 

16. TRA - Trans fe r  t o  Another Command 

This  card is u s e f u l  t o  modify t h e  DO s e c t i o n  i n  a  REDO ope ra t i on .  

I f  K is t h e  e n t r y  i n  t h e  i n t e g e r  f i e l d ,  t h i s  command t r a n s f e r s  c o n t r o l  

t o  t h e  K~~ command below t h i s  card .  Thus, K = 1 has  no e f f e c t  on 

execut ion .  A s  i n  FORTRAN, t r a n s f e r  i n t o  t h e  middle of  a  DO s e c t i o n  is 

i l l e g a l  . 

Col. 1-5 Format A5 

Col. 6-10 Format I 5  

'TRA', l e f t  ad jus t ed .  

K ,  t h e  t r a n s f e r  value.  K=O is 

equ iva l en t  t o  K=l. 

C.  Output 

The t h r e e  main components of  t h e  ou tpu t  a r e  run-command (RO and 

RC)  ou tpu t ,  t a b l e s ,  and graphs.  Other ou tput  i n c l u d e s  e r r o r  messages 



and t h e  job summary page. Cases* a r e  grouped i n t o  " se t s "  a s  determined 

by t h e  BEGN c a r d ;  corresponding "set numbers" i d e n t i f y  ou tpu t ,  

p a r t i c u l a r l y  t h e  t a b l e s  and graphs .  

1. Run Command Output 

The q u a n t i t y  o f  RO o r  RC ou tpu t  is  completely u s e r  c o n t r o l l e d .  I t  

may i n c l u d e  any o r  a l l  o f  t h e  fo l lowing:  y e a r l y  ou tput  i n  e i t h e r  

oummwy o r  d e t a i l e d  farm, 'a "vlLal  s t a t i s t i c s ' l  t a b l e ,  and t h e  f inal  

popu la t i on  v e c t o r .  

The y e a r l y  ou tpu t  is exh ib i t ed  i n  some o f  t h e  f i g u r e s  presen ted  

wi th  t h e  examples. The summary form p r i n t s  one l i n e  of  da t a  f o r  each 

y e a r .  YIELD and v a r i a b l e s  i nvo lv ing  YIELD a r e  c a l c u l a t e d  a s  occur r ing  

du r ing  t h e  l i s t e d  y e a r ,  whi le  N1, TOTP, and v a r i a b l e s  i nvo lv ing  TOTP 

a r e  c a l c u l a t e d  as o c c u r r i n g  a t  t h e  beginning of  t h e  l i s t e d  yea r .  TOTP 

is c a l c u l a t e d  by Eq. (7) ,  F is t h e  non-age-class s p e c i f i c  i n s t an t aneous  

f i s h i n g  m o r t a l i t y  (Eq. 5 and Fig. 3 ) ,  and YIELD is c a l c u l a t e d  by Eq. 

( 1 4 ) .  N1 is t h e  beginning of t h e  yea r  popula t ion  of age class 1. The 

o t h e r  q u a n t i t i e s  a r e  

REL TOTP ( r e l a t i v e  TOTP) = TOTP(t)/TOTP(O) 

REL EFRT ( r e l a t i v e  e f f o r t )  = F( t ) /F (O)  

REL YIELD ( r e l a t i v e  y i e l d )  = YIELD( t)/YIELD(O) 

IMPACTP (TOTP impact) = (1.0 - REL TOTP)/FRy 

IMPACTY (YIELD impact) = ( 1.0 - R E  YIELD) /FRY 

*Each c a s e  c o n s i s t s  o f  an RO run p l u s  any succeeding R C  runs.  Output 

d a t a  a r e  g e n e r a l l y  organized by c a s e s  r a t h e r  than runs .  



RCPUE ( r e l a t i v e  ca t ch  p e r  

u n i t  e f f o r t  1 = REL YIELD/REL RFRT 

Deta i l ed  y e a r l y  ou tput  c o n s i s t s  of t h e  summary l i n e  j u s t  descr ibed  

p l u s  t he  popula t ion  vec to r  a t  t h e  beginning o f  t h e  l i s t e d  year .  The 
- 

d e f a u l t  op t ion  (b lank  o r  z e r o  i n  t h e  p e r t i n e n t  f i e l d )  on y e a r l y  ou tpu t  

is the  summary form. The use r  may a l s o  suppress  a l l  y e a r l y  ou tput .  

The v i t a l  s t a t i s t i c s  t a b l e  lists t h e  fo l lowing  informat ion  f o r  

each age c l a s s :  average t o t a l  l e n g t h  o f  a  f i s h  a t  t h e  ith annulus  

formation,  LENGTH. (Eq. 4 ) ;  average weight of a  f i s h  a t  t h e  i t h  
1 

annulus  formation,  WT. (Eq. 3 ) ;  average number of  eggs i n  t h e  ova r i e s .  
1 

of a  s exua l ly  mature female e n t e r i n g  age c l a s s  i, EGGSi (Eq. 2 ) ;  

r a t i o  of  female f i s h  t o  t h e  t o t a l  number of  f i s h  e n t e r i n g  age c l a s s  i, 

FFi, w r i t t e n  a s  FEMALE i n  t h e  ou tput ;  p r o b a b i l i t y  t h a t  a  female 

e n t e r i n g  age c l a s s  i is sexua l ly  mature,  FMATi; average number of  eggs 

produced per  f i s h  (bo th  sexes  combined) upon e n t e r i n g  age c l a s s  i, 
i 

(Eq. 1) w r i t t e n  as FSUBI i n  t h e  ou tput ;  e f f e c t i v e  f r a c t i o n  of  f i s h  i n  

age c l a s s  i a t  t h e  beginning i f  t h e  y e a r  l e g a l l y  a v a i l a b l e  t o  t h e  

f i s h e r y ,  CATCHi; v u l n e r a b i l i t y  t o  t h e  f i s h e r y  i n  age c l a s s  i r e l a t i v e  

t o  t he  most vu lne rab l e  age c l a s s ,  VULNi; and c o n d i t i o n a l  p r o b a b i l i t y  

of  n a t u r a l  m o r t a l i t y  ( = 1.0 - exp(-M.) ) f o r  f i s h  i n  age c l a s s  i, 
1 

NAT .MORTi. The d e f a u l t  op t ion  is suppress ion  of  t h i s  t a b l e .  

The popula t ion  vec to r  a t  t h e  end of t h e  l a s t  year  of  t h e  RO run 

(and each RC run)  is p r i n t e d  u n l e s s  suppressed by an e n t r y  on t h e  RO 

ca rd .  



2. Tabu la r  Output 

a. Summary Table  

The summary t a b l e  (see t h e  f i g u r e s  presen ted  wi th  t h e  examples i n  

1 I I . F )  is genera ted  by r eques t  on t h e  OUT command card and a l l  RO c a r d s  

a s s o c i a t e d  wi th  t h a t  OUT card .  It provides  a  means o f  comparing up t o  

n i n e  r e l a t e d  c a s e s  by l i s t i n g  va lues  of  ou tput  v a r i a b l e s  s i d e  by s i d e  

f o r  s e l e c t e d  y e a r s .  The c a s e s  and y e a r s  are s p e c i f i e d  on t h e  RO 

command card.  

All summary t a b l e s  a r e  p r i n t e d  i n  a  s e p a r a t e  ou tpu t  s e c t i o n  

( l o g i c a l  number 9 )  f o r  easier acces s  and s p e c i a l  p r i n t i n g  op t ions .  Each 

t a b l e  is i d e n t i f i e d  by its set number, p r i n t e d  a t  t h e  t o p  o f  t h e  first 

page. The set numb.er is incremented by means of  t h e  BEGN card.  

S ince  comparat ive c a s e s  a r e  p r e s e n t l y  being genera ted  by vary ing  

FRY, t h e  f r a c t i o n a l  r educ t ion  i n  t h e  number of s u r v i v o r s  t o  age 1 due 

t o  t h e  power p l a n t s  i n  t h e  absence o f  compensation (Eq. 37 ) ,  t h e  va lues  

of FRY are the  column headings  i d e n t i f y i n g  each case. Cases which 

c o n s i s t  o f  m u l t i p l e  runs  (RO p l u s  RC runs )  a r e  i d e n t i f i e d  by t h e  FRY 

va lue  o f  t he  RO run.  One o f  t h e  c a s e s  i n  t h e  t a b l e  must have FRY 

0.0 ( i . e . ,  no power p l a n t  impact) f o r  t h e  e n t i r e  d u r a t i o n  o f  t h e  case. 

T h i s  is t h e  base  ca se  used i n  gene ra t i ng  r e l a t i v e  ou tput  va lues .  

Values are l i s t e d  f o r  up t o  s i x  y e a r s ,  as s p e c i f i e d  on t h e  RO card .  

The first 16 ou tpu t  v a r i a b l e  a r e  

OUTPT ( 1 ) - - TOTP( t )  

OUTPT (2 ) - - YIELD( t )  

OUTPT ( 3 )  - - F ( t )  

OUTPT ( 4  ) - - NO( t )  



OUTPT(5) - - N l ( t )  

OUTPT(6 ) - - N M ( t . 1  

OUTPT (7  ) - - PO( t )  

OUTPT ( 8 ) - - A(J+I ,  J )  ( J  1 4 )  

OUTPT ( 9 ) - - FDI/F ( t ) 

OUTPT(10). = ( F ( t )  - FDI) /F( t )  

OUTPT(11) = Pol ( t )  

OUTPT(12) = p O 2 ( t )  

OUTPT(13) = pO3 ( t ) 

OUTPT(14) = pO4 ( t )  

OUTPT(15) = pO5 ( t )  

OUTPT(16) pO6( t, 

where TOTP(t), YIELD( t ) ,  Nl( t ) ,  and F ( t )  are def ined  under y e a r l y  

ou tput ;  NO(t),  NM(t) a r e  t h e  beginning o f  t h e  year  popu la t i ons  of  age 

c l a s s  0  and age c l a s s  M ( o l d e s t  age c l a s s ) ,  r e s p e c t i v e l y ;  PO(t)  is  

s u r v i v a l  through t h e  first yea r ,  A(J+1, J )  is s u r v i v a l  from age class J ,-. 

t o  age class J+1; FDI/F(t)  is  t h e  r a t i o  o f  densi ty- independent  f i s h i n g  

m o r t a l i t y  t o  t o t a l  f i s h i n g  m o r t a l i t y ;  and poi is t h e  s u r v i v a l  proba- 

b i l i t y  th r iugh  t h e  ith y-o-y l i f e  s t a g e .  

The next  7  o u t p u t ' v a r i a b l e s  are r e l a t i v e  va lues ,  o r  y e a r l y  va lues  

d iv ided  by t h e  base ca se ,  

Note t h a t  REL(3) = R E L  EFRT, as def ined  i n  t h e  y e a r l y  ou tput .  

The next  7 ou tput  v a r i a b l e s  a r e  def ined  by 



Note t h a t  IMPACT(2) = IMPACTY and IMPACT(2) = IMPACTP, a s  def ined  i n  

t h e  preceding  s e c t i o n .  

3 .  Benef i t /Cos t  Ana lys i s  

P rov i s ion  has  been made i n  t h e  computer program f o r  t h e  ca l cu l a -  

t i o n  and p r i n t i n g  o u t  of  va r ious  b e n e f i t / c o s t  i n d i c e s .  Because i n t e r -  

p r e t a t i o n  of t h e s e  i n d i c e s  is still p rob lema t i c , .  t h e i r  d e s c r i p t i o n  is  

omi t ted  from t h i s  r e p o r t .  

4. Graphic Output 

Graphic  ou tpu t  is p l o t t e d  by means o f  t h e  DISSPLA computer d i s p l a y  

system ( I n t e g r a t e d  s o f t w a r e  Systems Corpora t ion ,  P.O. Box 9906, San 

Diego, C a l i f o r n i a ) .  T h i s  system has  been implemented a t  many computer 

f a c i l i t i e s .  I f  t h e  l i f e  c y c l e  model is t o  be used a t  a f a c i l i t y  

wi thout  t h i s  f e a t u r e ,  a l t e r n a t i v e  arrangements must be made i f  p l o t s  

a r e  des i r ed .  

Two g raphs  enab le  t h e  u se r  t o  d i s p l a y  d a t a  from r e l a t e d  c a s e s  i n  a  

set: 

a .  Graph 1 p l o t s  r e l a t i v e  TOTP vs .  time. 

b .  Graph 2 p l o t s  r e l a t i v e  y i e l d  vs .  t ime,  

Add i t i ona l  g r aph ic  c a p a b i l i t i e s  can e a s i l y  b e  added t.o t h e  program i f  

des i r ed .  

The user  makes e n t r i e s  on t h e  RO c a r d s  o f  t hose  c a s e s  f o r  which 

g r a p h i c  ou tput  is d e s i r e d .  The graphs  a r e  then genera ted  by r eques t  of 

t h e  OUT command ca rd .  Each of  Graphs 1 and 2 may c o n t a i n  d a t a  f o r  up 



t o  n ine  d i f f e r e n t  cases .  The "base case" ,  FRY = 0.0 ,  need no t  be 

p re sen t  on a graph.  Data from t h e  f i r s t  year  o f  an R C  run r ep l ace  

corresponding da t a  from t h e  f i n a l  yea r  of t h e  prev ious  run. 

Graphs 1 and 2 each have t h e  same format,  one curve f o r  each c a s e  

p l o t t e d .  The legend t o  t he  r i g h t  o f  each graph lists the  FRY va lue  

a s s o c i a t e d  wi th  each curve. A s  i n  t h e  t a b l e ,  c a se s  which c o n s i s t  of  

m u l t i p l e  runs  (RO p l u s  R C )  a r e  i d e n t i f i e d  by t h e  FRY va lue  of t h e  RO 

run. The curves a r e  drawn us ing  va lues  f o r  each year  ( i n  c a s e s  o f  up 

t o  100 y e a r s ) ,  a l though p l o t t i n g  symbols a r e  en te red  only every 5 o r  10 

yea r s .  Cases of no more than 100 yea r s  dura t ion*  may be  p l o t t e d  i n  

g raphs  1 and 2. 

5. Miscel laneous Output 

The remaining output  may be ca t ego r i zed  a s  being p r i n t e d  e i t h e r  

with t h e  s tandard  ou tput  ( l o g i c a l  number 6 )  o r  i n  a s e p a r a t e  f i n a l  page 

of ou tput  ( l o g i c a l  number 11) as t h e  " job  summary" page. The job 

summary page is always t h e  page fo l lowing  t h e  end of  t h e  s tandard  

ou tpu t  u n l e s s  a s p e c i a l  p r i n t i n g  opt ion  is requested f o r  t h e  s t anda rd  

ou tpu t*  

The job summary page provides  t h e  u s e r  wi th  a qu ick  summary o f  
> 

what may be  dozens of pages of st-andard ou tput .  For each set o f  c a s e s  

s u c c e s s f u l l y  completed i nc lud ing  a l l  ou tpu t ,  t h e  fo l lowing  message is  

p r i n t e d :  

*There is one except ion  t o  t h i s  requirement:  g raphs  may be ga thered  

from a set of ca se s  which c o n s i s t s  only of  RO runs  of  l e n g t h  101 y e a r s  

t o  200 years. 



OUTPUT COMPLETED, SET x. x  

Whenever a s i g n i f i c a n t  i n p u t  e r r o r  is encountered,  i t  is p r i n t e d  both 

i n  t h e  s tandard  ou tpu t  and on t h e  job summary page. F i n a l l y ,  s i n c e  

normal job t e rmina t ion  is caused by encounter ing  an end-of - f i l e  card  i n  

t h e  i n p u t  stream, t h e  l a s t  l i n e  of both t h e  s tandard  ou tput  and t h e  job 

summary page should be: 

EXIT AT END-OF-FILE CARD. 

A s  each command ca rd  is processed i t  is p r i n t e d  i n  t h e  s tandard  

ou tpu t .  Each of  t h e  t e n  i n t e g e r  f i e l d s  on t h e  command card is p r i n t e d  

below t h e  heading I k ,  f o r  t h e  kth i n t e g e r  f i e l d .  Other s tandard  

o u t p u t  no t  r e l a t e d  t o  t h e  run commands inc ludes  d a t a  p r i n t e d  i n  

response  t o  t h e  P I ,  PP, and CP commands. 

When t h e  DO command is processed,  a l l  c a r d s  fo l lowing  i t ,  through 

t h e  END0 command ca rd ,  a r e  read and p r i n t e d  with t h e i r  a s s o c i a t e d  

s e q u e n t i a l  command numbers. Th i s  is t h e  number which may be  re fe renced  

i n  t h e  REDO s ta tement .  

When a  p l o t  has  been completed, a page l i s t i n g  t h e  graph 

s p e c i f i c a t i o n s  is p r i n t e d .  The message, 

DISSPLA i COMPLETED -- CONTAINS m CASES 

s i g n i f i e s  s u c c e s s f u l  completion of  t h e  p l o t t i n g .  

Nearly a l l  t h e  e r r o r  messages are se l f - exp lana to ry .  However, t h e  

fo l l owing  two messages a r e  expla ined  here .  



FOLLOWING CARD TO MODIFY DO SECTION WAS NEVER READ. READ NOW WITHOUT 

EXECUTING. 

A REDO command used t h e  op t ion  t o  r ep l ace  a  command i n  t h e  DO 

s e c t i o n  by another .  The s e q u e n t i a l  command number l i s t e d  was never 

reached while  reexecut ing  t h e  DO s e c t i o n .  The replacement card is now 

read,  p r i n t e d  immediately below t h e  e r r o r  message, and t h e  program 

con t inues  with t h e  next  command. 

WARNING: NO FRY = 0 CASE WAS REQUESTED ON GRAPH i 

I n c l u s i o n  o f  t h e  base c a s e ,  FRY = 0, is not  n e c e s s a r y , . b u t  s i n c e  

i t  is r o u t i n e l y  used,  except ions  a r e  noted. 

D.  D e f i n i t i o n s  of  t h e  Var i ab l e s  

Before desc r ib ing  t h e  sub rou t ines  which perform most of  t h e  

c a l c u l a t i o n s  i n  t h e  model, it is u s e f u l  t o  d e f i n e  t h e  v a r i a b l e  names 

used i n  t h e  c a l c u l a t i o n s .  Table  1 lists a l p h a b e t i c a l l y  a l l  t h e  impor- 

t a n t  FORTRAN v a r i a b l e  names used i n  any o f  t he  sub rou t ines  concerned 

wi th  t h e  a c t u a l  c a l c u l a t i o n s  f o r  t h e  models. 

Column 1 o f  Table  1 g i v e s  t h e  FORTRAN name of t h e  v a r i a b l e .  

Column 2 g i v e s  t h e  dimension of  s t o r a g e  block reserved  f o r  t h e  

v a r i a b l e  i f  it is an a r r a y  v a r i a b l e .  

Column 3 cont.ai.ns t.he symbol used f o r  t h e  v a r i a b l e  i n  t h e  

mat-hema t.i cal. formula t ion  o f  t h e  model which was g iven  i n  t h e  e a r l i e r  

s e c t i o n s  o f  t h i s  r e p o r t .  



Column 4 c o n t a i n s  t h e  d e f i n i t i o n  and/or d e s c r i p t i o n  o f  t h e  v a r i a b l e  

and its use i n  t h e  program. 

Column 5 lists t h e  sub rou t ine  number ( s e e  Table  2 )  of  t h e  subrou- 

t i n e s  i n  which t h e  v a r i a b l e  is used. 

Many of  t h e  v e c t o r  v a r i a b l e s  i n  t h e  model have ze ro - subsc r ip t s  

( e . g . ,  n o ( t ) ) ,  bu t  ze ro - subsc r ip t s  a r e  no t  allowed i n  FORTRAN. Table  

3 g i v e s  a  complete list o f  t h e  a r r a y s  i n  columns corresponding t o  age 

class. I n  some cases t h e  FORTRAN program does no t  s t o r e  t h e  v a r i a b l e  a s  

an a r r a y  so only t h e  mathematical names and s u b s c r i p t s  a r e  given.  I n  

c a s e s  where t h e  FORTRAN program d o e s  treat t h e  v a r i a b l e  as a  FORTRAN 

a r r a y ,  t h e  mathematical  names and s u b s c r i p t s  a r e  g iven  f i r s t  and t h e  

corresponding FORTRAN names and s u b s c r i p t s  a r e  given d i r e c t l y  below. By 

r e f e r r i n g  t o  Table  3 t h e  u s e r  can e a s i l y  determine For each v a r i a b l e  t h e  

FORTRAN s u b s c r i p t  corresponding t o  any age c l a s s .  

E. Desc r ip t i on  o f  Rout ines  

The programming package c o n s i s t s  of a  main program and a number of 

s u b r o u t i n e s  (Tab le  2). These components of t h e  program a r e  arranged i n  

t h e  t a b l e  i n  t h e  o rde r  i n  which they appear  i n  t h e  l i s t i n g  of t he  code 

i n  t h e  Appendix. Th i s  o rde r ing  is roughly a l p h a b e t i c a l  except  t h a t  

s u b r o u t i n e s  which are not  c a l l e d  by t h e  main program bu t  only by 

ano the r  sub rou t ine  a r e  l i s t e d  ~ i n d e r  t h a t  subrout ine .  The subroiit,.i.ncn 

l a b e l l e d  ENTRY a r e  a c t u a l l y  p a r t s  of t he  sub rou t ines  they a r e  l i s t e d  

under. The advantage of  u s ing  ENTRY s t a t emen t s  is t h a t  p a r t i c u l a r  

in format ion  can be  ob ta ined  from o r  en t e r ed  i n t o  a  sub rou t ine  without  

having t o  e n t e r  i t  from t h e  beginning.  The second and t h i r d  columns of  
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Table  2. Subrout ines  o f  t h e  l i f e  c y c l e  model code 

Subrout ine  
name 

C a l l i n g  
sub rou t ine  

Subrout ines  
c a l l e d  

M A I N  

ANALYT 

SOLVE 

SCAN. 

BISECT 

FUNCTION FF 

GET CMD 

MAKMAT 

PFMCLC 

Y OYMRT 

NITPRM 

FINDNP 

PLOTST 

ENTRY PLTSV 

PLT 123 

PROCDO 

REREAD 

RPLACE 

ENTRY PVEC 

ENTRY RDYRS 

TABLE 

ENTRY BCTAB 

ENTRY PRETAB 

YEARLY 

YL DCL C 

YRRUN 

.BLOCK DATA 



T a b l e  3. S u b s c r i p t i n g  S c h e m e  f o r  the  V e c t o r  V a r i a b l e s  

AGE 
CLASS 

CATCH CATCH2 . . . CATCH& I 

CATCH ( 1) CATCH ( 2 )  CATCH (3)  . . . CATCH (M) 

V U L N ~  
VULN 

WLN2 
. . . VULNM- 1 

VULN ( 1) W L N ( 2 )  V U L N ( 3 )  ... VULN(M) 



Table 2 t e l l  where a p a r t i c u l a r  sub rou t ine  is c a l l e d  from and what o t h e r  

sub rou t ines  it c a l l s .  

The co re  of  t he  model c a l c u l a t i o n s  is performed i n  ANALYT, MAKMAT, 

YRRUN,  and KDCLC and i n  t h e i r  s u b s i d i a r y  sub rou t ines ,  SOLVE, SCAN, 

BISECT, FUNCTION FF, PFMCLC, and YOYMRT. The o the r  sub rou t ines  a r e  

designed p r imar i l y  t o  f a c i l i t a t e  t h e  i n p u t  and output  of d a t a  i n  a 

f l e x i b l e  manner. 

A complete l i s t i n g  o f  t he  program is given i n  t h e  Appendix. Below, 

t h e  component s u b r o u t i n e s  of t h e  program a r e  descr ibed .  

1.  Main Program 

The main program c o n t r o l s  t h e  read ing  o f  a l l  i n p u t  d a t a ,  executes  

many of  t h e  commands inc lud ing  t h e  run commands RO and R C ,  s u p e r v i s e s  

d a t a  s t o r a g e  f o r  t h e  graphs  and t a b l e s ,  and g e n e r a t e s  much of t h e  

s tandard  ou tput .  

A t  t h e  major c o n t r o l  po in t  i n  t h e  program ( s e e  comment card l1THIS . 

I S  THE COMMAND POINT") a command card is read and i d e n t i f i e d  and a  

branching t o  t h e  a r e a  i n  t he  main program which processes  t h a t  command 

i 3  made. Every ope ra t i on  inc lud ing  loading  o f  t h c  ad juo tab l c  paramctcr 

s e t  and i n i t i a l  popula t ion  vec to r  must be requested he re  by a  s p e c i f i c  

command card.  Addi t iona l  in format ion  is supp l i ed  on f u r t h e r  f i e l d s  of 

each command card  and s t o r e d  i n  t h e  a r r a y  IOP. After each command card  

is executed,  a  branching back t o  t h e  command p o i n t  is made and t h e  next  

command card is read and executed. 

An abridged flow c h a r t  of  t h e  main program is g iven  i n  Fig.  6 .  The 

command loops  shows i n  d e t a i l  only t h r e e  o f  t h e  most important  command 



START Ci 
INTIALIZE PARAfJETEfiS I 

IYRI = 0 
FEEUBK ='FALSE' 

1 MAKMAT 3 

ORNL - GWG 73- 12414 

.IPTIONS 

RUN THE MODEL CONTINUE RUNNING 
FROhl YEAR 0 MODEL FROM LAST 

ST3P 

IYRI=C' STAFT AT YEAR 

PN; = PNO, 

(NO. 0' .'EARS) 
FEEUBK='TRUE' 

FEEDBK- 'FALSE' 

DE TERh,lINE PLOT RESOLUTION YRRUN 
PRINT HECOINGS. elc. 

'f 
NO !LOOP COMPLETED) 

Fig .  6 .  Abridged f low c h a r t  of the  main Frogran.  



o p t i o n s  f o r  ca r ry ing  out  t he  c a l c u l a t i o n s  o f  t h e  model. The i n i t i a l i z a -  

t i o n  segment is abbrev ia ted  i n  t h e  flow c h a r t .  

The program f i r s t  reads  t h e  i n p u t  da t a  f o r  t h e  i n i t i a l  popula t ion  

v e c t o r ,  n ( t O )  (FORTRAN a r r a y  PN), which con ta in s  t h e  i n i t i a l  estimates 

o f  t h e  number o f  f i s h  i n  each age c l a s s .  1.t next  reads  i n  t h e  a d j u s t -  

a b l e  va lues .  . . 

Af te r  t h e  i n i t i a l  vec tor  is def ined , , ,  t h e  program i n i t i a l i z e s  . t h e  

L e s l i e  ma t r ix  i n  sub rou t ine  MAKMAT, which is descr ibed  i n  more d e t a i l  

i n  a l a t e r  s e c t i o n .  For  t he  p re sen t  purposes  it s u f f i c e s  t o  say  t h a t  

MAKMAT is c a l l e d  i n  d i f f e r e n t  p a r t s  o f  t h e  main program t o  accomplish 

one o f  two purposes: e i ther!  t o  i n i t i a l i z e  t h e  L e s l i e  mat r ix  .before  . 

beginning a run  of  t h e  model o r  t o  update t h e  L e s l i e  mat r ix  wi th  t h e  

feedback informat ion  i n  a  run a t  t h e  end of  each year .  Which t a s k  i t  

does is decided by t h e  l o g i c a l  v a r i a b l e  FEEDBK, which is set t o  t h e  .. 

l o g i c a l  va lue  'FALSE' f o r  i n i t i a l i z a t i o n  and 'TRUE! f o r  updat ing.  

The ca3.J. t o  MAKMAT, which immediately fo l lows  t h e  i n i t i a l i z a t i o n .  

of t h e  a d j u s t a b l e  parameters and t h e  i n i t i a l  v e c t o r ,  is an i n i t i a l i z a -  

t i o n  c a l l .  Upon r e t u r n  from MAKMAT, t h e  main program e n t e r s  t h e  compland , 

loop  a t  t h e  COMMAND POINT. Many o f  t h e  p o s s i b l e  commands (see S e c t i o n  ,, 

1II .B)  r e q u i r e  more in format ion  than t h e  simple two-character command' 

codes which i n i t i a t e  them. T h i s  a d d i t i o n a l  information is coded i n  t h e  

columns fo l lowing  t h e  commands. 

The comruand code CP ( s e e  F i g .  6 )  is used f o r  changing one o r  more 

of  t h e  a d j u s t a b l e  parameters .  T h i s  card is .followed by c a r d s  with t h e  

names of  t h e  parameters  t o  be changed and the  new va lues  o f  t h e s e  

pammeters .  



The names o f  t h e  a d j u s t a b l e  parameters  i n  t h e  package a r e  g iven  i n  

Tab le  4. The f i r s t  column g i v e s  t h e  name used f o r  i n p u t t i n g  o f  para- 

meters. The second column g i v e s  t h e  corresponding FORTRAN name used 

' i n t e r n a l l y  by t h e  programs. The t h i r d  column g i v e s  t he  mathematical 

name used i n  t h e  mathematical  formula t ion  of  the-model  g iven  i n  t h e  

earlier s e c t i o n s  o f  t h i s  r e p o r t .  F u r t h e r  d e f i n i t i o n s  of  t h e s e  

v a r i a b l e s  ,used dur ing  t h e  c a l c u l a t i o n s  are g iven  i n  Table  1 .  

I n  a d d i t i o n  t o  s p e c i f y i n g  t h e  changes i n  t h e  parameter va lues ,  t h e  

u s e r  can i n d i c a t e  whether h i s  next  run of  t h e  model w i l l  s t a r t  from t h e  

yea r  z e r o  or  from t h e  yea r  where t h e  preceding run l e f t  o f f .  Given t h i s  

' i n fo rma t ion ,  t h e  program c a l l s  MAKMAT t o  i n i t i a l i z e  t h e  L e s l i e  mat r ix  

acco rd ing ly  . 
. . 

The flow c h a r t  i n  F ig .  6 shows both of  t h e  run op t ions ,  RO and RC.  

A c t u a l l y ,  t h e  two o p t i o n s  are i d e n t i c a l  except  f o r  t h e  i n i t i a l i z a t i o n  of  

t h e  s t a r t i n g  popula t ion  vec to r .  RO means run t h e  model s t a r t i n g  wi th  

y e a r  z e r o  and t h e  , s t a r t i n g  vec to r  set equa l  t o  t h e  i n i t i a l  vec to r .  RC 

means cont inue  running t h e  model from t h e  c u r r e n t  model year  u s ing  t h e  

s o l u t i o n  vec to r  from t h e  preceding yea r  a s  t h e  s t a r t i n g  vec to r .  Before 

beginning  the  . run ,  both op t ions  c a l l  MAKMAT i n  o rde r  t o  i n i t i a l i z e  t h e  

L e s l i e  mat r ix  u s i n g  t h e  c u r r e n t  s t a r t i n g  vec to r .  The next  s t e p  is t o  

c a l l  Subrout ine  YLDCLC t o  compute t h e  y e a r l y  y i e l d .  Following t h i s  t h e  

main program c a l l s  ENTRY PRETAB, i n  which it s t o r e s  in format ion  f o r  

l a t e r  p r i n t i n g  o u t  i n  t h e  summary t a b l e  i n  Subrout ine  TABLE. 

After p r i n t i n g  t h e  headings f o r  t h e  subsequent  p r i n t i n g  ou t  o f  

y e a r l y  ou tpu t ,  t h e  program e n t e r s  t h e  run loop.  One pass  through t h e  
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Table 4. The Adjustable Parameters 

Input Fortran Mathematical 
Variable Variable Symbol 

Name Name 

FFO 
FF 1 

W L O  VULN (I) W L N i  
VUL1 I = l,M i = l,M 

FRY FRY F% 

FDIO FDIO FDIO 
FDMXO FDMXO FDMXO 

EP S EP S EPS 
TOTP 1 TOTP 1 TOTP 1 
LEGAL LEGAL LEGAL 
RATIO RATIO RATIO 



T a b l e  4. (continued) 

Inpu t  For t ran  M a t h e m a t i c a l  
V a r i a b l e  V a r i a b l e  S y m b o l  

N a m e  N a m e  

ATMAX 

ACON 
B 
C 

I Y  RCH 
CHGDI 
CHGDD 

DELT 1 
DELT2 

DELT 6 

DAP 1 
DAP 2 

DAP 6 

ATMAX 

ACON 
B 
r: 

IYRCH 
CHGDI 
CHGDD 

DELT (I) 

I = 1,6 

ATMAX 

ACON 
B 
C 

I Y  RCH 
CHGDI 
CHGDD 

A t .  
3. 

i = 1,6 



Table 4. (cont inued)  

Input  . For t r an  Mathematical 
Var iab le  Var iab le  Symbo 1 

Name Name 

C A l  1 CA(I, J) c 
CA12 i j  

I = 1,6  i = 1,6 

KFR 1 
RFR2 

WAGE WAGE 



l oop  r u n s  t h e  model f o r  one year .  A t  each pas s  t h e r e  is a c a l l  t o  

MAKMAT wi th  FEEDBK equa l  t o  t h e  l o g i c a l  va lue  "TRUE" ( t h i s  c a l l  is t o  

update  t h e  L e s l i e  m a t r i x  w i th  t h e  feedback in fo rma t ion ) .  Upon r e t u r n  

from MAKMAT, t h e  program then  c a l l s  ~ u b r o u t i n e  YRRUN i n  o rde r  t o  advance 

t h e  model by ano the r  yea r .  The s u b r o u t i n e s  MAKMAT and YRRUN a r e  

desc r ibed  i n  more d e t a i l  i n  l a t e r  s e c t i o n s  of  t h i s  r e p o r t .  Subrout ines  

YEARLY, YLDCLC, and ENTRY PRETAB a r e  c a l l e d  each yea r  f o r  t h e  purposes 

ruentloned i n  the above paragraph. 

2. Subrout ine  ANALYT 

Subrout ine  ANALYT (TOTP ,PN , A  ,MR) i s  c a l l e d  from t h e  main program 

whenever t h e  ITR command is processed.  It f i r s t  c a l c u l a t e s  t h e  base- 

l i n e  s u r v i v a l  percentage  through t h e  f i r s t  year  i n  t h e  absence of  power 

p l a n t  e f f e c t s ,  PNSO. It then  c a l c u l a t e s  t h e  s t a b l e  popula t ion  vec to r ,  

n i ( t ) ,  ( i = l , M ) ,  which i n  FORTRAN v a r i a b l e s  is PN(I ) ,  ( I = l , M ) ,  cor re -  

sponding t o  t h e  assumed va lue  of  t h e  biomass of  f i s h  a v a i l a b l e  t o  t h e  

f i s h e r y  a t  t he  s t a r t  o f  yea r  t ,  TOTP (Eq. 7) .  This c a l c u l a t e d  va lue  of  

PNS is then used t o  c a l c u l a t e  t h e  densi ty- independent  n a t u r a l  mor- 0  

t a l i t y  rates, D A N ( 1 )  ( = 
dn, i9 

i = 1 , 6 ) ,  o f  t h e  s i x  y-o-y l i f e  s t a g e s ,  

i f  t h e s e  a r e  no t  g iven  as d a t a  i n p u t .  I f  t h e s e  va lues  a r e  g iven  a s  

i n p u t ,  ANALYT c a l c u l a t e s  PNS and t h e  i n t r a - l i f e  s t a g e  s u r v i v a l s  f o r  
0  

t h e  s i x  y-o-y l i f e  s t a g e s  d i r e c t l y  from t h e  y-o-y m o r t a l i t y   rate^, 

To c a l c u l a t e  PNSO, t h e  sub rou t ine  f i r s t  c a l l s  MAKMAT t o  cal- 

c u l a t e  f i s h  f e c u n d i t i e s ,  weights ,  and s u r v i v a l  p r o b a b i l i t i e s  f o r  t h e  

g iven  va lue  of  TOTP. F i x i n g  ISET = -99 p reven t s  MAKMAT from 



r e c a l c u l a t i n g  TOTP. The temporary va lue  f o r  s u r v i v a l  i n  age c l a s s  M-2, 

'M- 2  ' is then c a l c u l a t e d  as descr ibed  i n  t h e  foo tno te  t o  Eq. (27) .  

Following t h i s ,  PNSO is c a l c u l a t e d  u s ing  Eq. ( 3 0 ) ,  and then PN(1) 

( = no) us ing  Eq. ( 2 9 ) ,  and f i n a l l y  t h e  remainder of  t h e  popula t ion  

vec to r  PN(1) u s ing  Eq. (27 ) .  

The i n p u t  va lues  ZS1, ..., ZS6 (which become Z S ( I ) ,  I = 1 , 6  i n t e r n a l l y  

i n  t h e  code) a r e  t h e  s u r v i v a l  percentages  through t h e  i n d i v i d u a l  l i f e  

s t a g e s ,  as def ined  by Eq. (25 ) .  From Eq. (24b) ,  

F i r s t ,  suppose t h e  va lues  of  t h e  densi ty- independent  n a t u r a l  m o r t a l i t y ,  

DAN(I), a r e  unknown, bu t  t h e  va lues  of  Z S ( I ) ,  I = 2 , 6  can be determined. 

Then ANALYT uses  Eq. ( 34 ) t o  compute ZS ( 1 ) . Next Eq. (25 ) , which is an 

i m p l i c i t  equa t ion  f o r  DAN(I), is used t o  compute t h e  s i x  va lues  of 

DAN(1). T h i s  is done by c a l l i n g  Subrout ine  SOLVE, which i n  t u r n  ca l l s  

SCAN, BISECT, AND FUNCTION FF. 
.L 

I f  t h e  va lues  o f  DAN(1) are p re sc r ibed  as i n p u t  d a t a ,  then t h e s e  

va lues ,  a long  wi th  GA(1) ( = g i ) ,  DELT(1) ( = Ati) and CA(1,J) 

( =  c ) are used t o  c a l c u l a t e  ZS(1) from Eq. (25 ) .  Then Eq. (34)  is  
i j  

used t o  compute PNSO. 

3. Subrout ine  SOLVE 

Subrout ine  SOLVE (Z, I ,  EPS, ITMAX) is c a l l e d  by ANALYT t o  compute 

t h e  (assumed unknown) dn, if s by us ing  Newton1 s method t o  f i n d  t h e  

r o o t s  o f  Eq. (25 ) . EPS is a measure o f  t h e  convergence of  t h e  method 

( c u r r e n t l y  EPS = 1. x  10-5) and ITMAX is t h e  maximum number of  



i t e r a t i o n s  permi t ted  b e f o r e  an e r r o r  message is p r i n t e d  ( c u r r e n t l y  

ITMAX = 100 ) . 

4. Subrou t ine  SCAN 

Subrout ine  SCAN ( Z 0 , I )  is c a l l e d  by SOLVE t o  provide i n i t i a l  lower 

and upper bounds on d - 6 The lower bound is BL = Ci + 1.  x 10 , n ,  i' 
- 6 where t h e  cons t an t  1. x 10 is added t o  avoid t h e  f a l s e  r o o t  of  

Eq. (23) a t  d  + Ci = 0. The upper bound B is a cons t an t  t o  be n ,  i U 

e t  by t h e  u se r .  Cur ren t ly  BU = 500. 

5. Subrout ine  BISECT 

Subrout ine  BISECT (FF, A ,  B, XTOL, IFLAG, I )  is c a l l e d  by SCAN t o  

compute an i n i t i a l  e s t i m a t e  of  d It uses  t h e  b i s e c t i o n  method n , i '  

f o r  f i n d i n g  t h e  r o o t s  o f  a  func t ion .  The i n i t i a l  e s t i m a t e  is computed 

t o  two decimal p l a c e  accuracy and is r e tu rned  v i a  SCAN ( a s  Z O )  t o  

SOLVE, where Newton' s method computes t h e  f i n a l  value.  

6.  DOUBLE PRECISION FUNCTION FF 

DOUBLE PRECISION FUNCTION FF (X, I )  is c a l l e d  by 'SOLVE, SCAN and 

BISECT, and c o n t a i n s  t h e  p a r t i c u l a r  func t ion  (Eq. 25) f o r  which t h e  

r o o t s  are b e i w  so lved .  

7 .  Subrout ine  GETCMD 

Subrout ine  GETCMD (ENTRY,KMND,*) is c a l l e d  by t h e  main program t o  

i d e n t i f y  a command (ENTRY). I f  t h e  command is i d e n t i f i e d ,  t h e  command 

number (KMND) is  r e tu rned .  Otherwise,  a  nonstandard r e t u r n  is made. 



8. Subrout ine  MAKMAT 

Subrout ine MAKMAT (A, FEEDBK, MR , PN, TOTP , EGTABL, ISET , I Y R I  ) is t h e  sub- 

program t h a t  i n i t i a l l y  forms and l a t e r  updates  t h e  Leslie m a t r i x ,  t ak ing  

i n t o  account t he  feedback e f f e c t s  on t h i s  mat r ix .  D e f i n i t i o n s  of  a l l  

t h e  q u a n t i t i e s  i n  t h e  argument list except  M R ,  which is s e t  t o  16, can 

be found i n  Table  1. The c a l l i n g  program s u p p l i e s  t he  va lues  o f  FEEDBK, 

MR,  PN, EGTABL, ISET, and IYRI ' t o  MAKMAT which computes A and ( excep t  

dur ing  t h e  i n i t i a l i z i n g  c a l l  t o  MAKMAT) TOTP and r e t u r n s  them t o  t h e  

c a l l i n g  program. The main program is t h e  only p a r t  of t h e  program which 

c a l l s  MAKMAT. 

A f low c h a r t  o f  MAKMAT is given i n  F ig .  7 .  The va lues  o f  WT. a r e  
J 

computed by Eq. (3 )  wi th  t he  LENGTH. being computed by Eq. ( 4 ) .  The 
J 

f e c u n d i t i e s ,  F ( J )  ( = f i ) ,  a r e  computed accord ing  t o  Eq. ( 1 )  wi th  

EGGS . being f i r s t  computed from Eq. ( 2 ) .  The f ecund i ty  F(M) , which 
J 

a p p l i e s  t o  a l l  f i s h  i n  age c l a s s e s  M and above, is s e t  equa l  t o  t h e  

va lue  F(M-1). The program then c a l c u l a t e s  t he  number of  eggs,  

M 
NEGGS = Z F(J-1 )*PN(J) 

J =2 

where t he  F ( J )  a r e  the  f e c u n d i t i e s  t h a t  were j u s t  computed, and t h e  

PN(J) a r e  t h e  elements  o f  t h e  c u r r e n t  popula t ion  vec to r  except  t h e  

f irst ,  PN( 1 1, which is the  number o f  eggs i n  t h e  c u r r e n t  popula t ion  

vec to r .  The va lue  o f  PN(1) is replaced by t h i s  va lue ;  i . e . ,  

PN(1) = NEGGS . 
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Once t h e  f i s h i n g  m o r t a l i t y  r a t e s  a r e  c a l c u l a t e d  by c a l l i n g  t h e  

Subrout ine  PFMCLC, t h e  program must dec ide  whether t o  i n i t i a l i z e  t h e  

e n t i r e  L e s l i e  ma t r i x  o r  j u s t  t o  update  t hose  e lements  which a r e  a f f e c t e d  

by t h e  new s u r v i v a l  r a t e s .  The dec i s ion  is made by checking t h e  va lue  

o f  t h e  l o g i c a l  parameter  FEEDBK, which was t r ansmi t t ed  from t h e  c a l l i n g  

program. I f  t h a t  va lue  is "FALSEt1, t h e  program s e t s  up t h e  ma t r i x  shown 

i n  F i g .  1. Every element A i j  o f  t h e  ma t r i x  is i n i t i a l i z e d ,  i n c l u d i n g  

t h e  e lements  which have t h e  va lue  ze ro .  I f  FEEDBK has t h e  va lue  "TRUE", 

on ly  t hose  e lements  which depend on density-dependent n a t u r a l  and 

f i s h i n g  m o r t a l i t y  a r e  recomputed. After t h e  L e s l i e  ma t r i x  has  been 

formed, o r  updated,  MAKMAT r e t u r n s  c o n t r o l  t o  t h e .  c a l l i n g  program. 

9 .  Subrout ine  PFMCLC 

Subrout ine  PFMCLC(TOTP,IYRI) is c a l l e d  from MAKMAT and c a l c u l a t e s  

t h e  m o r t a l i t y  from f i s h i n g  o f  l e g a l l y  a v a i l a b l e  f i s h ,  u s ing  r e l a t i o n -  

s h i p s  descr ibed  i n  s e c t i o n  1 I . C .  The computed s u r v i v a l  c o e f f i c i e n t s  
. . 

a r e  then  used t o  update t h e  Leslie ma t r i x .  The c o e f f i c i e n t s  a r e  

density-dependent because they  a r e  f u n c t i o n s  of  TOTP, Leslie ma t r i x .  

The c o e f f i c i e n t s  a r e  density-dependent because they  a r e  f u n c t i o n s  of 

TOTP, t h e  index of  s t and ing  c rop  a v a i l a b l e  t o  f i s h i n g .  The f i s h i n g  

s u r v i v a l  r a t e  can a l s o  b e  s p e c i f i e d  t o  change l i n e a r l y  wi th  t ime. 

10. Sub rou t ine  YUYMKT 

~ u b r o u t l n e  YWMRT(PN,PPX) is called by M A W T  L u  c a l c u l a t e  Llie 

s u r v i v a l  o f  y-o-y f i s h  u s ing  t h e  formulae der ived  i n  s e c t i o n  1I .E .  The 



y-o-y f i s h  a r e  ,assumed d i v i d e d  i n t o  s i x  l i f e  s t a g e s .  I n  t h e  p r e s e n t  

model o n l y  -age c l a s s e s  1 th rough  5 a r e  a b l e  t o  c o n t r i b u t e  t o  y-o-y mor- 

t a l i t y  th rough  c a n n i b a l i s m  o r  c o m p e t i t i o n .  The FORTRAN e q u i v a l e n t s  t o  

t h e  mathemat ica l  symbols .are DAN ( I )  = dn,  i9 DAP(I )  = d  p , i 9  G A ( I )  = gi ,  

CA(1,J)  = c i j ,  and DELT(1) = A t i .  

S u b r o u t i n e  YOYMRT a l s o  computes t h e  f r a c t i o n a l  y-o-y p o p u l a t i o n  

r e d u c t i o n ,  FRY, and r e l a t i v e  f r a c t i o n a l  r e d u c t i o n s ,  RFRi, d e f i n e d  i n  

s e c t i o n  TI.H., u s i n g  t h e  v a l u e s  o f  densi ty-dependent  m o r t a l i t y ,  DAP(I),  

if t h e  D A P ( I l t s  are .known and g i v e n  as i n p u t  p a r a m e t e r s .  If t h e  DAP(I) 

v a l u e s  are n o t  i n i t i a l l y  known, b u t  FRY and t h e  RFR.'s can be  pre-  
I. 

s c r i b e d  as i n p u t  d a t a ,  t h e n  t h e  DAP(1) 's  a r e  computed from t h e  l a t t e r  

q u a n t i t i e s .  

11..  S u b r o u t i n e  NITPRM 

S u b r o u t i n e  NITPRM(KMND,IOP,PN,PNO,PNZ,SAVP,IN,MR) - p r o c e s s e s  a l l  

commands d e a l i n g  w i t h  i n i t i a l  p o p u l a t i o n  v a l u e s  o r  pa ramete r  d a t a .  

These  commands i n c l u d e  R D I ,  RDP, CP, C I ,  R I ,  PP, and P I .  

12. S u b r o u t i n e  FINDNP 

S u b r o u t i n e  FINDNP(PARAM,NP) f i n d s  r e q u e s t e d  paramete rs  i n  t h e  a r r a y  

o f  a d j u s t a b l e  p a r a m e t e r s .  The c a l l i n g  program s u p p l i e s  t h e  name o f  t h e  

i n p u t  i n  t h e  PARAM a r r a y .  I n  FINDNP t h e  name o f  each i n p u t  

pa ramete r  is compared w i t h  t h e  v a l i d  pa ramete r  names. If t h e  i n p u t  

pa ramete r  name matches a v a l i d  pa ramete r  name, t h e  s u b r o u t i n e  r e t u r n s  

its l o c a t i o n  i n  t h e  a r r a y  t o  t h e  c a l l i n g  r o u t i n e  by NP. I f  t h e  name of 

t h e  i n p u t  pa ramete r  does  n o t  match a v a l i d  pa ramete r  name, FINDNP 



re turn;  NP = -1 t o  t h e  c a l l i n g  r o u t i n e  and an e r r o r  message is p r i n t e d  

ou t .  

13. Subrout ine  PLOTST 

Subrout ine  PLOTST (IPL, NST) s t o r e s  t he  ou tput  d a t a  f o r  l a t e r  

p l o t t i n g .  No p l o t s  a r e  made during t h e  run i t s e l f ,  but t h e  ou tput  is  

s t o r e d  i n  a r r a y s  f o r  p l o t t i n g  a t  t h e  u s e r ' s  op t ion  a f t e r  t h e  run is 

completed. 

14. Subrout ine  ENTRY PLTSV 

15. Subrout ine  PLT123 

Subrout ine  PLT123(IGPH,NPLTSI,NPTSI,IYRS,PSET,SET) g e n e r a t e s  on t h e  

CALCOMP p l o t t e r  e i t h e r  of  two graphs  u s ing  t h e  DISSPLA p l o t t i n g  package 

( I n t e g r a t e d  Software Systems Corpora t ion ,  P.O. Box 9906, San Diego, 

C a l i f o r n i a ) .  The u s e r  r eques t s  p l o t s  on t h e  OUT card  and s p e c i f i e s  

which runs t o  pu t  on t h e  p l o t s  on t he  RO ca rds .  

The argument IGPH con ta in s  t h e  graph number reques ted  -- each c a l l  

t o  PLT123 r e q u e s t s  one p a r t i c u l a r  graph. The argument VALS is a  doubly 

dimensioned a r r a y  s t o r i n g  t h e  va lues  t o  be p l o t t e d ,  where VALS(1, J) is 

t h e  po in t  of  the  J~~ curve on the  graph. Arguments NPLTSI and 

NPTSI i n d i c a t e  t h e  number of  curves  pe r  graph reques ted  and t h e  number 

of  p o i n t s  per  curve,  r e s p e c t i v e l y .  IYRS is t h e  a r r a y  o f  x-coordinate  

va lues  of  t h e  p o i n t s .  A t o t a l  o f  NCHGS d i f f e r e n t  RO ca rds  have 

reques ted  t a b u l a r  o r  g r aph ic  ou tput .  Each has  an a s s o c i a t e d  FRY va lue ,  

PSET(1). 

For Graph 1  t h e  v a r i a b l e  o f  i n t e r e s t  is r e l a t i v e  TOTP and f o r  

Graph 2  i t  is y i e l d .  



16. Subrout ine  PROCDO 

Subrout ine  PROCDO(KMND,IOP,MUSDO,IN,IAT,NEXT,EX,ENTRY,*) processes  

a l l  DO commands. These commands i n c l u d e  DO, ENDO, REDO, and TRA. 

17. Subrou t ine  REREAD 

Subrout ine  REREAD permi ts  t he  program t o  read aga in ,  a s  many times 

a s  d e s i r e d  and i n t o  d i f f e r e n t  formats  and lists, t h e  l a s t  phys i ca l  

r eco rd  v i a  a format ted  READ s ta tement .  (Th i s  subrout ine  is an IBM 

package . 

18. Subrou t ine  RPLACE 

Subrout ine  RPLACE(PN,PNO,N) is c a l l e d  when t h e  main program is 

p roces s ing  RO cards .  

19. ENTRY PVEC 

ENTRY PVEC(VEC,N,K) is an e n t r y  po in t  i n  Subrout ine  RPLACE which 

p r i n t s  t h e  i n i t i a l  and f i n a l  popula t ion  yea r  c l a s s  v e c t o r s .  

ENTRY RDYRS 

ENTRY RDYRS(INTRY, IROW,NROWS) is an e n t r y  po in t  i n  Subrout ine  

RPLACE which is c a l l e d  when t h e  RO card is being processed.  

21. Subrout ine  TABLE 

Subrout ine  TABLE(IROW,PSET,SET,NYRS) p r i n t s  a summary t a b l e  of  

p r ev ious  cases .  It is c a l l e d  by t h e  main program when an 'OUT' card is 

processed con ta in ing  a  r eques t  f o r  a  summary t a b l e .  Data f o r  t h e  t a b l e  

were ga thered  i n  each prev ious  run f o r  which t a b u l a r  ou tput  was 

reques ted .  



Most o f  t h e  d a t a  i n  t h e  t a b l e  c o n s i s t s  o f  NTYPS d i f f e r e n t  o u t p u t  

parameter  t y p e s  o r i g i n a l l y  s t o r e d  i n  t h e  OUTPT, REL, and IMPACT a r r a y s  

( s e e  s e c t i o n  I I I .C .21 ,  each e v a l u a t e d  f o r  s e v e r a l  y e a r s  and s e v e r a l  

c a s e s ,  as s p e c i f i e d  on t h e  RO c a r d .  These  d a t a  are s t o r e d  i n  

ARAY(I,J,K) and B C ( I , J , K ) ,  where I is t h e  y e a r  s u b s c r i p t ,  J is t h e  c a s e  

number, and K is  t h e  o u t p u t  parameter  number. Most o f  t h e  ARAY v a l u e s  

were loaded  i n  e a r l i e r  c a l l s  t o  ENTRY PRETAB. 

PSET is t h e  a r r a y  c o n t a i n i n g  t h e  FRY v a l u e  a s s o c i a t e d  w i t h  each 

c a s e .  The v a l u e s  s t o r e d  i n  t h e  a r r a y s  OUTPT, REL, AND IMPACT were 

c a l c u l a t e d  f o r  t h e  b a s e  c a s e  (FRY = 0.0)  and passed as arguments t o  

c a l c u l a t e  t h e  r e l a t i v e  ARAY v a l u e s  i n  TABLE. 

The a r r a y  YRVAL(I,J,K) was loaded  i n  t h e  main program w i t h  v a l u e s  

o f  y i e l d ,  TOTP, and t h e  number o f  one-year-olds ( n  ) f o r  each c a s e  
1 

which r e q u e s t e d  t a b u l a r  o u t p u t ,  where I is t h e  y e a r  number, J is t h e  

c a s e  number, and K=2 f o r  y i e l d ,  K=3 f o r  number o f  one-year-olds ,  and 

K=4 f o r  TOTP. F o r  each c a s e ,  t h e  r o u t i n e  c a l c u l a t e s  t h e  number of y e a r s  

(LES) t h e  y i e l d ,  TOTP, and n, f a l l  below each o f  two p e r c e n t a g e s  (PER) 

o f  t h e  b a s e  c a s e  v a l u e s  o f  t h e s e  q u a n t i t i e s .  From t h e s e  d a t a  a n  " index 

o f  r i s k v  is c a l c u l a t e d  and p r i n t e d  o u t .  

S u b r o u t i n e  TABLE a l s o  p r i n t s  a t a b l e  o f  r e l a t i v e  y i e l d s  f o r  each 

y e a r .  The d i f f e r e n c e  between t h e  r e l a t i v e  y i e l d s  f o r  d i f f e r e n t  c a s e s  

is computed and p r i n t e d .  

22. ENTRY BCTAB 

ENTRY BCTAB(PSET,SET,NYRS) is an e n t r y  p o i n t  i n  S u b r o u t i n e  TABLE 

which computes b e n e f i t / c o s t ,  i n f o r m a t i o n .  



23. ENTRY PRETAB 

ENTRY PRETAB ( I S ,  RCPUE, PN, IMPACT, REL , OUTPT, FTP ,FRY) is an' e n t r y  

p o i n t  i n  S u b r o u t i n e  TABLE which s t o r e s  d a t a  f o r  la ter  p r i n t i n g  i n  a 

summary t a b l e .  PRETAB is c a l l e d  by t h e  'main program f o r  s p e c i f i c  y e a r s  

d u r i n g  an  RO o r  RC r u n  as r e q u e s t e d  on t h e  p e r t i n e n t  RO c a r d .  The d a t a  

are loaded  i n t o  t h e  a r r a y  A R A Y ( I , J , K ) .  

24. Subroutine YEARLY 
" ,~  ..., ...,-- -.-.*-"-".--.-. 

S u b r o u t i n e  YEARLY(IYRI,TOTP,PN,RCPUE,FRY) i s  c a l l e d  by t h e  main 

program f o r  each y e a r .  Va lues  o f  t h e  p r o b a b i l i t y  o f  f i s h i n g  m o r t a l i t y ,  

y i e l d ,  n . ( t ) ,  TOTP, and o t h e r  v a l u e s  d e s c r i b e d  i n  s e c t i o n  I I I . C . 2 . a  
J 

are s t o r e d  f o r  each y e a r  i n  t h e  a r r a y s  YRVAL(1, J , K ) ,  OUTPUT(I), REL(I) ,  

and IMPACT(1) f o r  l a t e r  o u t p u t  by S u b r o u t i n e s  TABLE and PLT.123. Rela- 

t i v e  e f f o r t ,  r e l a t i v e  c a t c h  p e r  u n i t  e f f o r t ,  t h e  impact f a c t o r  f o r  y i e l d  

and t h e  impact  f a c t o r  f o r  TOTP are c a l c u l a t e d  and r e t u r n e d  t o  t h e  main 

program f o r  p o s s i b l e  p r i n t i n g .  

25. S u b r o u t i n e  YLDCLC 

S u b r o u t i n e  KDCLC(PN,A,MR,N) is  used f o r  c a l c u l a t i n g  t h e  y i e l d  t o  

t h e  f i s h e r i e s  f o r  each y e a r .  The arguments PN, A ,  MR, and N are a l l  

s u p p l i e d  t o  t h e  s u b r o u t i n e  by t h e  c a l l i n g  program. The v a l u e  o f  y i e l d  

is computed by Eq. (14)  and t h e  v a l u e  is r e t u r n e d  t o  t h e  c a l l i n g  program 

th rough  t h e  COMMON'block BLOCKY. YLDCLC is always c a l l e d  immediately 

a f t e r  a c a l l  t o  MAKMAT s o  t h a t  t h e  v a l u e s  a A and PN used f o r  ca lcu-  

l a t i n g  YIELD(t) f o r  a y e a r  t a r e  t h e  ones  cor responding  t o  t h e  beg inn ing  

o f  t h e  y e a r .  



26. Subrout ine  YRRUN 

Subrout ine YRRUN(PN,A,MR , N  ,TEMP) is c a l l e d  on each pass  through 

t h e  run-loop i n  order  t o  advance t h e  model by one yea r .  The arguments 

A ,  MR, N ,  and TEMP a r e  suppl ied  by t h e  c a l l i n g  program ( t h e  main pro- 

gram),  and PN is computed and re turned  t o  t h e  c a l l i n g  program. YRRUN 

advances t h e  model through one year  by simply mu l t i p ly ing  t h e  c u r r e n t  

popula t ion  v e c t o r ,  PN(J) ,  by t h e  c u r r e n t  L e s l i e  ma t r ix ,  A ( 1 ,  J )  . T h i s -  

is done by t h e  mat r ix  m u l t i p l i c a t i o n  

without  t a k i n g  advantage of t h e  many z e r o s  i n  t h e  L e s l i e  mat r ix .  

Although 'such a prJocedure is not  computat ional ly  e f f i c i e n t ,  it has t h e  

advantage t h a t  i t  can be used without  any changes,  no mat te r  what form 

t h e  Leslie mat r ix  , t a k e s  when t h e  model is a 1  t e r ed .  

F. Sample Resu l t s  

1 .  Example 1 (F igs .  5 ,  8-16) 

This  example is designed t o  i l l u s t r a t e  t h e  d i f f e r e n c e s  i n  behavior  

of t h e  l i f e  cyc l e  model when power p l a n t  e f f e c t s  a r e  absen t  and p r e s e n t ,  

a s  wel l  a s  t o  e x h i b i t  some o f  t h e  b a s i c  c a p a b i l i t i e s  o f  t he  "commandv 

l o g i c  of  t h e  program. 

'The i n p u t  d a t a  a r e  shown i n  F ig .  5. The parameter va lues  used i n  

t h i s  example a r e  der ived  mainly from t h e  F i n a l  Environmental Statement  

Related t o  Operat ion o f . I n d i a n  Po in t  Generat ing P l a n t  Unit No. 3 ,  



COORAND I 1  
ROI 16 

CORIhND I 1  
F I  0 

Y E A R  CLASS 

0 
1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
13 

Cl l IRLNP 1 1  
' ROP 148 

CORllND I 1  
BEGN 0 

12 1 3  ' I 4  I 5  I 6  I 7  18  I 9  110 
0 0 0 0 0 , 0 0 0 0  

I 2  1 3  I 4  I S  I 6  1 7  TR 19 110 
0 - 0 0 0 0 0 0 0 0  

INITIAL VECTOR 

5.20000E 10 
1.1000nE n6 
4.40000E 0 5  
2.6OOOOE 05  
2.10000E 0 5  
1.30000E 05  
7.70000E 04 
4.30000E OI 
2.50000E 04 
1.90000E 04 
8.00000E 0 3  
4.50000E 0 3  
2.60000E 03 
1.50000E ,03 
8.30000E 02 
I .  IbOOOL 03 

1 2  I 3  1 4  I S .  26 I: I8  19 I10  
0 0 0 0 0  b b b  

12 1 3  1 4  I 5  I t  I 7  I 8  19 110 
0 ~ 1 0 0 0 0 0 0 0  

Fig. 8. Example 1 - Standard output. 



REPLACE INITIhL POP'N VECTOR WITH ROST RECEWT INPOT VECTOR. 
REPLACE PRESENT PAR8 SET UITR INPOl SET. 

CORMAND11 I 2  1 3  I 4  I 5  16  I 7  I 8  1 9  I 1 0  
ITR 0 0 0 0 0 0 0 0 0 0  

'IARG* 2.000E 0 6  
PDRXO CHANGES PBOI 0.900 TO 0.900 I N  STEPS OP 0.0 
PDIO CHANGES PROR 0.319 TO 0.319 I N  STEPS OF 0.0 

TOTP = 2.000000E 0 6  

ANALYTIC PNSO= 1.7098E-05 

Y-0-Y FARAIETERS CORPOTEE I N  RNALYT 

Dan i3 j  0.3780928oe 02 
OAN(0) 0.1381e714R 02 
DAN (5)  0.45556641E 01  
D A N  (6)  0.32595720E 01 

YEIR CLISS INITIAL VECTOB 

0 6.450161 10 

COIRANDIl 12  1 3  I 4  I S  I 6  1 7  I 8  19 110 
PP 0 0 0 0 0 0 0 0 0 0  

LfST OP ADJOSTABLE PABARETEAS 

PNR10 2.0000E-01 PRRll 2.0000E-01 PNR12 2.0000E-01 PNfl13 2.0000E-01 PNI14 2.0000E-01 
PNI15 2.00008-01 PRY 0.0 PDIO 3.1900E-01 PDRXO 4.0000E-01 EPS 1.0000E-05 
TOTPl 1.0000E 06 LPGAL 4.38008 02 RITIO 3.0000E 00 03 -5.34008 00 84  3.1300E 00 
81 9.811LE 04 8 2  7.303OE 04 hTI&X 1.0000E 0 2  PPO 5.0000E-01 PPl  5.0000E-01 
PPI 5.OOOOE-01 PP3 5.OOOOE-01 PP4 5.OOOOE-0 1 PPS 5.0000E-01 PP6 5.0000E-01 
PP7 5.OOOOE-01 PP8 5.0000E-01 PP9 5.0000E-0 1 PPlO 5.00UUE-01 YP 1 1  5.0000E-01 
PP12 5.0000E-01 PP13 5.0000E-01 PP14 5.OOOOE-01 PP15 5.0000E-01 ACON 0.0 
R 1.151OE 02  C -3.C900E 00 VOLO 0.0 VOL1 0.0 VOL2 0.0 
VOL3 6.67001-01 VOLU 1.COOOE 00 POL5 1.0000E 00 POL6 1.0000E 00 VOL7 8.33001-01 
VOL8 
VOL13 
CRGDD 
DSL86 
DAP4 
7.53 
CAI2 
CRZ2 
CR32 
CA42 
CR52 
CA62 
612  
DARl 
DAN6 
RPRS 

V0L9 6.670OE-01 
VOL14 3.3300E-01 
DELTl 5. 48OOE-03 
nP1.7h Y.711lOl-01 
D1P5 0.0 
ZS4 2.15401-01 
CAI3 0.0 
CB.23 0.0 
C133 0.C 
ChU3 0.0 
CA53 0.0 
CR63 0 . 0  
6 1 3  0.0 
DAN2 1.38138 02 
BPRl 1.0000E-02 
RPR6 5.0000E-01 

VOL11 5.0000B-01 
IYBCR 1.0000E-02 
DELT3 6.09001-02 
DIP2 0.0 
251 1.7108E-01 
256 2.1540E-01 
C I 1 5  0.0 
CA25 0.0 
CA35 0.0 
CAU5 0.0 
CA55 0.0 
CA65 0.0 
GRS 0 .0  
DAN4 1.3819E 01 
RPR3 3.0000E-01 

VOL12 5.OOOOE-01 
CAGDI 0.0 
DELTU . 1. 111OE-01 
DAP3 0.0 
ZSZ 1. UUUUE'DI 
CAI1 0.0 
CI21 0.0 
CA31 0.0 
CAUl 0.0 
CA51 0.0 
CA61 0.0 
GI1 0.0 
GI6 0.0 
DAN5 9.5557E 00 
RPB4 4.0000E-01 

Fig. 9.  Example 1 - Standard output ( con t . ) .  



VITAL STATISTICS - SET 1 

A G E  
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11  
12 
13  
19 
15 

LENGTH WEIGIT EGG 
0.0 

'EIALE PIhT PS 
0.0 0.0 
5.000E-01 0.0 
5.000E-01 0.0 
5.000E-01 0.0 
5.000E-01 6.000E-02 
5.000E-01 2.300E-01 
5.0OOE-01 7.10OE-01 

CATCH VOLN NIT. IORT 

WITH THESE PARAtlETERS-- ACON.R,C= 0 . 0  115.10 -3.09 LEGAL.83,DU- 438.0 -4.34 3.13 
Pl,BZ= 0.982E 05 0.730E 0 5  

POIXO CRINGE$ PlOR 0.400 TO 0.'100 I N  STEPS OP 0.0 
FDIO CRINGES PRON 0.319 TO 0.319 I N  STEPS OP 0.0 

Y E I R  T M P  P Y I E L D  R E L  TOTP REL E P R T  aeL YIELD IIPLCTY INPACTP HI  RCPUE 
0. 2.OOOE 0 6  0.5190 7.668E 05 1.0001 00 1.000E 0 0  1.000E 00 1.000P 50 1.000E 50 1.103E 06 1.0001 O n  
I .  2 . 0 0 0 ~  0 6  0.5190 7.6682 05 1 . 0 0 0 ~  00 I . U U U E  00 i.oooe 00 i .oooe so i .oooe 50 1.1031 06 i .nnna 00 
1 2.0008 0 6  0.5190 7.668I  05 1.0008 00 1.UUUE U O  1.000E 00 1.000E 50 1.000E 50  1.103E 06 1.000E 00 
3. 2.000E 0 6  0.5190 7.6681 05 1.000E 00 1.000E 00 1.000P 00 1.000E 50 1.000E 50  1.103E 06 1.000E 00 
4. 2.000E 06 0.5190 7.668E 05 1.000E 00 1.000E 0 0  1.000E 00 1.000E 50 1.000E 50 1.103E 06 1.000E 00 
5. 2.000E 06 0.5190 7.6681 05 1.nnnE 00 1.0OOE 0 0  1.000E 00 1.OOOE 50 1.00OE 50  1. l03E 06 1.UUUE 00 ' 

6.  2 .0001 0 6  0.5190 7.668E 05 1.000E 0 0  1.000P 0 0  1.OOOE 0 0  1.OOOE 5 0  1.OOOE 50 l.lO3E 06 1.OOOE 00 
7 .  1.0008 0 6  0.5190 7.660E 05 1.000L 00 1.000E 0 0  1-UUUE 0 0  1.000E 50 1.000E 50  1.103E 06 1.000E 00 
8. 2.0001 0 6  0.5190 7.668E 05 1.000E 00 1.000E 0 0  1.000E 00 1.000E 50 1.000E 50  l.lO3E 06 1.OOOE 00 

1.000E 
1.0008 
1. oooe 
1.000E 
1.00OE 
1.000E 
1.000E 
1.000E 
1.000E 
1.000E 
1.000E 
1.000E 
1.000E 
1.000E 
1.000E 
1.000E 
I. nnnp. 
I-UUUE 
1.000E 
1.000E 
1.000E 
1.000E 
1.000E 
1.000E 
1.000E 
1.000E 

YEIR CLISS PINAL VECTOR 

Fig. 10. Example 1 - Standard output (cont.). 



1 CHRNGIO PLRLRETER(3) -- 
PRY 3.00001-01 

COORAND11 12 1 3  I 4  15  16 I 7  I8  19 I 1 0  
R O  40 0 15  5 10 20 40 0 0 10 

VITAL STLTISTICS - SET 1 

A G E  LENGTH WEIGHT EGGS PEIIALE PIIAT PSOBI CATCH VOLN 8AT. RORT 
o o.n n. n n.n n.o 0.0 

WITH THESE PARRRETLRS-- LCON,B,C= 0.0 115.10 -3.09 LEGAL,83,84= 438.0 -5.34 3.13 
E1.821 0.S82E 05 0.130E 05 

PDIIXO CHLNGES PROR 0.400 TO 0.400 IN STEPS OP 0.0 
POI0 CHRNGES PEON 0.319 TO 0.319 I N  STEPS OP 0.0 

TOTP 
2.000E 06 
2.0001 06  
2.0001 06  
2.000E 06  
1.9471 06 ' 
i . 8 8 i e  06 
i . a u s e  06 
1.8331 06  
1.8241 06  
1.8191 06 
1.8091 06 
1.7991 06  
1.7891 06  
1.7848 06  
1.7801 06  
1.7771 06 
1.7741 06  
1.7721 06 
1.7691 06 
1.167E 06  
1.7661 06 
1.7658 0 6  
1.1641 06  
1.7631 06  
1.1621 06  
1.1611 06 
1.7611 06  
1.1601 06 
i.76o.e 06 
1.1603 06  
1.1591 06 
1.7591 06 
1.7591 06 
1.1591 06  
1.7591 06 
1.7591 06 
1.7591 06 
1.7581 06 

YIELD 
7.6681 05 
7.6681 05 
7.6681 05 
7.6681 05 
7. 3341 05 
6.9481 05 
6.7381 05 
6.6111 05 
6.6171 05 

REL TOTP 
1.0001 00 
1.0001 00 
1.0001 00 
1.0001 00 
9.7391-01 
9.407E-01 
9.2241-01 
9.1671-01 
9. 1201-01 
9.0971-01 
9.OU6E-01 
8-9961-01 
8.9461-01 
8.9181-01 
8.8981-01 
8.8851-01 
8.8121-01 
8.8591-01 
8.8411-0 1 
8. 8371-01 

REL 1PRT 
1.0001 00  
i.oooe o o  
1.0001 00  
1.000E 00 
9.1951-01 
9.5431-01 
9.4021-0 1 
9.3581-01 
9.3221-01 
9.3081-01 
9.2651-0 1 
9.2261-0 1 
9 . 1 8 8 ~ - o i  
9.1661-0 1 
9.1511-01 
9.1401-01 
9-1311-01 
9.1211-01 
9.1111-01 
9.1031-01 
9.0971-01 
9.0931-0 1 
9.0891-01 
9.0861-01 
9.0831-01 
9.0801-0 1 
9.0781-01 
9.0161-01 
9.0751-0 1 
9.0741-01 
9.0731-01 
9.0721-01 
9.0111-01 
9.0111-01 
9.0701-01 
9.0701-01 
9.0101-01 
9.0691-01 

RCPOB 
I. oooe oo 
1.000E 00 
1.0001 00 
1.000E 00 
9.7641-01 
9.4951-01 
9.3461-01 9.2961-01 

9.2571-01 
9.2361-01 
9. 1911-01 
9.1413-01 9.1051-01 

9.ORlE-01 
9.064E-01 
9.052E-Cl 
9.0411-01 9.0301-01 

9.0191-01 
9 . 0 1 0 ~ - 0 1  
9.0031-01 
8.9981-01 
8.9991-01 
8.9901-01 
8.9811-01 
8.9841-01 
8.982E-01 
8.9808-01 
0.9181-01 
8.9711-01 
8.9761- 01 
8.9751-01 
8.9741-01 
8.9731-01 
8.9731-01 
8.9121-01 
8.9721-01 8.9711-01 

38: 1 . 7 5 8 ~  06 0.4707 6.2391 05 8.1921-01 9.0691-0 1 8.1361-01 6.213E-01 U.0271-01 8.794E 05 8.9111-01 
39. 1;7581 06 0.4707 6.2391 05 8.7921-01 9.069E-01 8.1361-01 6.2151-01 4.0281-01 8.79UE05 8.9711-01 
90. 1.7581 06 0.4707 6.2381 05 8.791E-01 9.0691-01 8.135E-01 6.2161-01 P.0281-01 8.7943 05 8.97lE-01 

Fig. 11, Example 1 - Standard output  (cont .  ) . 



YELR C L I S S  

0 
1 

P I N I L  VECTOR 

--- J O B  s o n n ~ n y  -.- 
OUTPUT COMPLETED, SET 1 . 0  

EXIT I T  END-OP-PILE CARD 

Fig. 12. Example 1 - Standard output  ( c o n t . ) .  



S E T  1 . 0  

FRICTIONAL CH AAGE I N  S O R V I V I L  ERORIBILITY FOR I C E  CLASS 0 .  PRY 

~. - 
PEAR 
1.. . 5 2 . 0 0 0 E  0 6  
I . . .  1 0  2 . 0 0 0 E  0 6  
1 . .  . 2 0  2 . 0 0 0 E  0 6  
l . . .  4 0  2 . 0 0 0 E  0 6  

OOTPT 

OOTPT 

OOTPT 

OOTPT 

0 0 T P T  

OOTPT 

OOTPT 

OOTPT 

OOTPT 

OOTPT 

OOTPT 

OOTPT 

OOTPT 

OOTPT 

OOTPT 

OOTPT 

REL 

REL 

Fig. 13.  Example 1 - Summary table.  



REL 3 . . .  5 
3.. . 10 
3. . -  20 
3.. . 40 

R EL U... 5 
u... 10 
u... 20 
u... 40 

PEL 5..- 5 1.000E 00 
5 4 . .  10 1.000E 00 
s... 20 1.0001 on  
5... 40 1.000E 00 

REL 7 . . .  5 1.000E 
l . . .  10 1.000E 
7 . . .  20 1.000E 
7 . . .  40 1.0001 

IRPhCT U... 5 1.000E 50 
u... 10 1.000E 50 
U..- 20 1.000E 50 
' I . .  . 'I0 l.OOOI1 50 

IRPACT 5.. . 5 1.OOOE 50 
5... 10 1.000E $0 
5... 20 1.000E 50 
5.,. sa i .oooa :a 

IRPACT 7 . . .  5 1.000E 50 
7... 10 1.000B 50 
7 . . .  20 1.000E 50 
7 . . .  40 1.000E 50 

B/C u... 5 
u... 10 
u... 20 

-U. . .  U O  

YPS RELY0 IT - 5 0  0 

YRS RELNl LT - 5 0  0 

YRS RELTOTP LT - 5 0  0 

INDEX OP RISK 0.0 

F ig.  14.  Example I - Summary t ab l e  (cont . ) .  



SET 1.0 ORI"\IL- D1JG 78- 1 226 

RELATIVE YIELD VS. TIME 

0.0 8- 0 16-0 29.0 S2* 0 

TIME, YEflRS 

Fig. 15. Example 1 - Graph 1. 



ORNL-DWG 78-1 287 
SET 1.0 

RELATIVE TOTP VS. TIME 

0.0 0- 0 16- 0 24.0 32.0 

TIME, YEflRS 

Fig. 16. Example 1 - Graph 2. 



Consolidated Edison Company of  New York, I n c . ,  Docket No. 50-286, United 

S t a t e s  Nuclear Regulatory Commission (1975) ,  and from McFadden,(l977);  

I n  t h i s  example t h e r e  a r e  no density-dependent e f f e c t s  i n  age c l a s s  0;  

bu t  f i s h i n g  is assumed t o  a c t  i n  a  density-dependent manner. 

The command R D I  c a l l s  f o r  t h e  read ing  i n  of  an i n i t i a l  popula t ion  

vec to r  with 16 age c l a s s e s .  The command PI  c a l l s  f o r  t h i s  vec to r  t o  be 
. . . . 

p r i n t e d  (F ig .  8 ) .  The command ITR s p . e c i f i e s  t h a t  Subrout ine  ANALYT is 

c a l l e d  t o  c a l c u l a t e  a  va lue  of  PNSO from t h e  t a r g e t  va lue  o f  TOTP, and 

then an i n i t i a l  popula t ion  vec to r  is genera ted  from t h e  base case  

(F ig ,  91, The f i r s t  RO comm&d causes  a  run of  40 yea r s  t o  be made. 

The v i t a l  s t a t i s t i c s  a r e  first p r i n t e d  ou t  (F ig .  9 )  and then t h e  popula- 

t i o n  s t a t i s t i c s  over t h e  40 year  per iod  (F ig .  9 ) .  Note t h e  i n t e g e r  13 

o r  15 i n  columns 19 and 20 of  t h e  RO ca rd ,  which causes  va lues  t o  be 

s t o r e d  f o r  t h e  even tua l  p r i n t i n g  o u t  of  a  summary t a b l e  and p l o t t i n g  o f  
* .  

graphs  1  and 2. The f i n a l  popula t ion  vec to r  is next  p r i n t e d .  

The CP command s p e c i f i e s  t h a t  a  change i n  parameter va lues  is 

needed f o r  t h e  next  run.  The fo l lowing  card causes  FRY, t h e  power p l a n t  

impact f a c t o r ,  t o  be changed from 0.0 t o  0 . 3  (F ig .  11 ) .  Another run o f  
. . 

40 y e a r s ,  s t a r t i n g  with t h e  o r i g i n a l  popula t ion  v e c t o r ,  is then made 

F i g s .  11, 1  A s  is c l e a r  from t h e  numbers, t h e  power p l a n t  'impact 

has changed t h e  equ i l i b r ium state of  t h e  f i s h  popula t ion .  F i n a l l y ,  t h e  
. . 

OUT . .  card . c a l l s  f o r . t h e  p r i n t i n g  o u t  o f  a  summary t a b l e  a s  w e l l  as t h e  

p l o t t i n g  of g r aphs  1  and 2, u s ing  d a t a  s t o r e d  from t h e  RO runs .  The 

summary t a b l e  is shown i n  F igs .  13-14 and graphs  1  and 2  a r e  shown i n '  
' 

Figs .  15 and 16. 



No DO s e c t i o n s  were used i n  t h i s  example s i n c e  they a r e  p r i m a r i l y  

used t o  s i n p l i f y  and condense t h e  number of  c a r d s  needed f o r  t h e  execu- 

t i o n  of  r e p e t i t i v e  (w i th  s l i g h t  mod i f i ca t i ons )  of  long  s e r i e s  of runs .  

2. Example 2  (F igs .  ' 17-35) 

T h i s  example i l l u s t r a t e s  t h e  long-term e f f e c t s  o f  power p l a n t  

impacts both with'  and wi thout  compensation i n  age c l a s s  0. The use fu l -  

ne s s  of t h e  RC c a r d s  i n  s imu la t i ng  t h e  " tu rn ing  o f f f f  o f  t h e  power p l a n t  

a f t e r  a  g iven  number o f  y e a r s  of o p e r a t i o n ,  and t h e  succ inc tnes s  

a f fo rded  by t h e  DO commands a r e  taken advantage of  here .  

The inpu t  da t a  a r e  shown i n  F ig .  17. The i n i t i a l  parameter va lues  

a r e  s i n i l a r  t o  t hose  o f  Example 1. 

The command BEGN denotes  t h e  beginning of  a  set of  r e l a t e d  ca se s  

(F ig .  1 8 ) .  The c a r d s  from t h e  DO t o  t h e  END0 commands c o n s t i t u t e  a  "DO 
~5 

sec t ion" .  The commands wi th in  t h i s  s e c t i o n  a r e  saved f o r  reexecut ion  

(REDO). They c a l l  f i r s t  f o r  t h e  running of  a  "base- l ine"  case  of  80 

y e a r s ,  i n  which FRY- 0.0.  The s tandard  out,put genera ted  f o r  t h i s  c a s e  

l ooks  very s i m i l a r  t o  F igs .  9  and 10 and is omit ted here .  The fo l lowing  

commands c a l l  f o r  a  p a i r  o f  RO-RC runs ,  wi th  t h e  power p l a n t  impact 

f a c t o r ,  FRY, having va r ious  va lues  f o r  t h e  first 40 y e a r s ,  and then 

be ing  turned o f f  t o  s imu la t e  t h e  s h u t t i n g  down of  t h e  p l a n t .  The 

s lmu la t l ons  con t inue  t o  run  f o r  ano the r  40 y e a r s ,  a s  s p e c i f i e d  by t h e  

RC c a r d s .  I n  t h e  f i r s t  RO-Rc' run ,  FRY = 0..3 ( F i g s .  19-20) whi le  i n  t h e  

second run ,  FRY = 0.1 (F igs .  21-22). 



P!T4 
P u r l  i  
IN52 
PNl4 
PRY 
8 3  
PP2 
PP3 

. .. . 
PHT13 
P N l l  
PNYI 

p010 
34 
PP3 
PPlO 
B 
v015 
vu112 
DELTl 
0ap2 
z53 
CA1U 
CA3 1  

PDlXO 
8 1  
P.DU 
P P l l  

vu16 
vd113 
de1t2 
PAP3 
2-34 
:A15 
CA32 
CAUU 
CAhl 
$113 
DAN4 
RPR5 

EPS 
q 7 TOTPl LEZhL 

ATnAX PPJ 
PP6 PPl  
? P I 3  PP14 
VULl VUL2 
VUL8 VUL9 
VULl5 1YP.H 
DELTU DELP5 
~ A P S  DAP5 
ZS6 CAI1 
CA22 CA23 
CA34 C.4 3 5  
CA51 C152 
CA63 CAB4 
GAS GAS 
 DAN^' R P R  1  
RJAGE 

?AT10 
PPl 
PP3. 
P P l 5  
VDL3 
VOLlO 
CHGDI 
DELTK 
z s 1  
CAl2 
CA2U 
CA41 
CA53 
CA65 
DANl 
RPR2 

... 
AC3S 
VULl 
VULll 
CHZOD 
DAPl 

VULlO 
de1t3 
DAPU 
z55 
ca21 
CA33 
CAU5 
C162 
GAP 
DAN5 
RPR6 RPRU 

pH13 1 . 3  
P l P 7  0 . 9 5  
P n r i i  I .  
PUT15 1. 
PKLO - 2  
PNll  . 2  
P l i 5 l l  . 2  
PNlllS . 2  
EPS .00001 

PIT4 0 .06  
PIT8 1.0 
P l T 1 2  1. 
PNIO 2. E-5  

PRY 0.0  
TOTPl 1806 

PATIO 3. 
82 7 3 0 3 0 .  
PP2 . 5  
PP5 . i 
w i n  . S  
PPlB . i  
C - 3 . 0 9  
VD1.3 3 .667 
VLlL7 3 . 8 3 3  

8 3  -5 .34  
ATflAX 100. 
PP3 - 5  
PP7 . 5  
PP11 - 5  
P P l S  . 5  
VUL3 
VULl 1 .3  

B4 3.13 
PPO . 5  
PPU - 5  
PP8 - 5  
PP12 . 5  
ACON 
VULl 
VUL5 1 .0  
VDL9 3.667 

v n L i o  0 .667 
VULlU 0 .333 
CHCDD 
DELTU . I 1 1 1  . 
DAP2 
DIP6 
254 0.2154 
CAI2 
C l l l  
CA25 
CA34 
CA43 
CA52 
CA61 
CA65 
GAU 
DAN1 0.0 
DAN6 0 .0  
RPRU 0.40 
BEGN 
DO 
I T P  
PP 
RO 8 0  
C P  1  
PRY 0 . 3  
R n un 
C P 1  
PRY 0.0 
RC 4  0  
C P  1  
PRY 0 . 1  
RO 4  0  
C P  1  
PRY 0.0 
PC 40 
OUT 1 5  
E NDO 
BEGN 
I: P d 
POI0 0 . 1 7 0  
CA41 1.E-8 
RED3 

VULll 3 .500 
VULlS 3. 3 3 3  
DELTl . 3 0 5 4 8  
DELI'S . 3 3 7  
DIP? 
7,s 1  
ZS5 3 .2154 
C113 
C 1 2 7  
CA31 
CA?9 
CA44 

V0L13 0 . 3 3 3  
CHGDI 
DELT3 - 0 6 0 9  
DAPl 
DIPS 
2 5 3  3.1 
C A l l  
ca15 

CA23 CA2V 
CA32 CA33 
CAll CA42 
CAUS , CA51 
CA51 CA55 
CL63 CA64 
GA2 CA3 
GA6 DAN1 
n n ~ x  n.n  AN?, n.n 
RPR2 0 .10  RPR3 0.30 
RPRj 0 . 5 0  RJAGE 5  

C453 
CL62 
GA1 
GA5 

'P4N3 n.0 
PPP 1  0.01 

9 1  
9 2  
q ? 
qu 
95 
96 
47 
9 8  
9 9  

I no 
101 
i n a  
103 

F ig .  17. Example 2 - '  Input data. 



COMMAND I1 
P I  0 

YEAR C L A S S  

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 U 
1 5  

COMRANO I 1  
unp I U R  

COflMAND I 1  
BEGN 0 

I N I T I A L  VECTOR 

REPLACE I N I T I A L  POP'N VECTOR WITR MOST RECENT INPUT VECTOR. 
REPLACE PRESENT PLRM S E T  WITH I N P O T  SET .  

COOlUND NO. 
1 ITR 
2 P P 
3 8 0  
4 C P  

PRY 
5 RO 
6 C P 

PRY 
7 R C 
8 C P  

PRY 
9 RO 

1" C D  
PRY 

1 1  RC 
1 2  0 UT 
13 END0 

DO SECTION I S  SAVED. 1 3  RECOGNIZABLE COMMANDS. 

TRBGT= 2 . 0 0 0 E  0 6  
PDMXO CHANGES P R O 8  0 . 9 0 0  7 0  0 . 9 0 0  I N  S T E P S  OP 0.0 
P D I O  CRINGES PROfl 0 . 3 1 9  T O  0 . 3 1 9  I N  S T E P S  O F  0 . 0  , 

TOTP = 2 . 0 0 0 0 0 0 E  0 6  

LNALYTIC P ~ S O =  1 . 1 0 9 8 1 - 0 5  

Fig. 18. Example 2 (set 1: without age class 0 compensation) - 
Standard output. 



1 CHLNGED PLRLIETER(S)-- 
YHX 3-UUUUE-Ul 

VITRL STAUSTICS - SET 1 

AGE LENGTH WEIGHT EGGS PEUALE PMLT PSOBI CATCH VOLN NIT. UORT 

WITH THESE PARIUETERS-- ICON,B,C= 0.0 115.10 -3.09 
81,82= 0.582E 05 0.730F 05 

FDMXO CHRNGES PROM 0.400 TO 0.400 I N  STEPS .OP 0.0 
POI0 CHANGES PROM 0.319 TO 0.319 I N  STEPS OF 0.0 

Y R I A  TOTP P YIELD REL TOT9 REL EPRT RE1 YIKLD IMPICTY ' INPLCTP N 1 RCPOE 
0. 2.000E 06  0.5190 7.668E 05 l.000E 00 1.000E 00 1.000E 00 0.0 .. 0.0 . 1 .1031  06 1.000E 00 
1. 2.000E 06' 0.5190 7.668E 05 1.0001 00 1.OOOE 00  1.OOOE 00 0.0 . . - 0.0 ' 9.374E 05 1.000E 00 
2. 2.000E 06 0.5190 7.6688 05 1.000E 00 1.000E 00 1.000E 00 .0 .0 . 0.0 9.3743 05 1.000E 00 
3. 2.000E 06 . 0.5190 7.668E 05 1.000E 00 1.000E 00  1.000E 00 . 0.0 0.0 . - :  9.3741 05 1.000E 00 

6. 
7. 
8. 
9. . 

10. 
11. 
12. 
.13. 
14. 
15. . 
16. 
17. 
18. 
19. 
20. . 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. ' 

29. ' 

30. 
31. 
32. 
33. . 
34. 
35. 
36. 
37. 
38. 
39. 
40. 

Y ELB CLLSS 

Fig. 

1.8451 06  
1.833E 06  
1.824E 06  
1.8191 06  
1.809E 06 
1.7998 06 
1.7891 06  
1.789E 06 
1.780E 0 6  
1.777E 06  
1.1741 06 
1.772E 06 
1.769E 06  
1.7611 06 
1.7668 0 6  
'1.1651 06 
1.769E 0 6  
1.7631 0 6  
'1.7621 06 
1.761E 06  
1.761E 06  
1.760E 06 
1.760E 0 6  
1.7608 0 6  
1.759E 06 
1.759E 06  
1.7591 06 
1.7598 06 
1.7598 06  
1.7591 06 
1.7591 06 
1.7581 0 6  
1.7581 06 
1.1581 06  
1.7581 06 

FINAL VEC 

I Y .  Exampie 2 (set 
Standard output 

1: without age class 
(cont . ) . 



1 CRANGED PARARETERt S) -- 
PRY 0.0 

COIIANOI1 I 2  I 3  1 4  I 5  1 6  1 7  I8  19 I10  
RC 4 0 0 1 5 0 0 0 0 0 0 0  

VITAL STATISTICS - SET 1 

AGE LENGTH WEIGHT EGGS FERAL E FRAT PSUBI CATCH VULN NIT. UORT 
0 0.0 0.0 0.0 0-  0 0 - 0  

WITH THESE PARARETERS-- ACON,B,C= 0.0 115.10 -3.09 LEGAL,83,84= 438.0 -5.34 3.13 
11.82= 0.5821 05 0.7301 05 

YEAR ' TOTP P YIELD PEI. TOTP PEL E P R T  RBI. Y I E L D  I ~ ~ P I C T I  JRPLCTP N 9 RCPOP. 
40. 1 . 7 5 8 8 0 6  0.4707 6.238E 05 8.7911-01 9.0691-01 8.135E-01 1 . 0 0 0 E 5 0  1 .000E50  8.79UE05 8.971E-01 
41. 1.7581 0 6  0.4707 6.2YIE 05 8.7918-01 9.0681-01 8.135L-01 l.000C 50 1.0002 50 1.0358 06 8.971L-01 
42. 1.7588 06 0.4706 6.2381 05 8.791E-01 9.0681-01 8.135E-01 1.000E 5 0  1.000E 50 1.035E 06 8.970E-01 
43. 1 .758E06  0.4706 6 . 2 3 8 E 0 5  8.791E-01 9.068E-01 8.134E-01 1 . 0 0 0 E 5 0  1 .000E50  1 .035E06  8.970E-01 

58. 
59. 
60.  
61. 
62. 
63. 
64. 
65. 
hh. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
79. 
75. 
76. 
77. 

YEAR CLASS PINAL VECTOR 

l.OO0E SO 
l.OO0E 50 
1.000E 50 
l.0OOE 5 0  
1.000E 50 
1.000E 5 0  
1.000E 50 
1.000E SO 
1.000E 50 
1.000E 50 
1.000E 50 
1.000E UI 
l.OO0E 50 
1.000E 50 
1.000E 5 0  
1.nOOE 50 
1.000E 5 0  
1.000E 50 
1.000E 50 
1.000E 50 
1.000E 50 
1.000E 50 
l.OO0E 50 
l.OO0E 50 
1.0OOE 50 
1.000E 50 
l.0OOE 50 
1.000E 50 
1. OOOE 5 0  
1.000E 50 

Fig. 20. Example 2 (set 1: without age class 0 compensation) - 
Standard output (cont.). 



CORRANO I 1  I 2  1 3  14 I 5  I 6  I 7  18 I 9  110  
CP 1 0 0 0 0 0 0 0 0 0  

* 8 0 0 * * *  NOTE- ******+ 
1 CHANGE0 PARAIETER (S)-- 

PRT 1.000uE-ui 

CORIANOII I 2  1 3  I 4  I 5  I 6  1 7  18 19  I10  
R O  YO 0 1 5  10 20 40 8 0  0 0 10 

VITAL STATISTICS - SET 1 

AGE 
0 
1 

LENGTH WEIGHT EGGS PEIRLE P I  AT PI ;OBI CATCH 1 lOLB . NIT. RORT 

WITH THESE PARAMETERS-- ACOR.B,C= 0.0 . 115.10 -3.09 LEGAL.B3,BU= 438.0 -5.34 3.13 
B1,82= 0.982E 05 0.7308 05 

POlllO CRINGES PROR 0.400 TC 0.400 I N  STEPS OP 0.0 
POI0 CHANGES PROR 0.319 TO 0.319 I N  STEPS OP 0.0 

YEAR TOTP F Y T E l . 0  RRtTnTP RELEPRT RELIIELD IRPACTP IIPICTP .N1 n~ PVE 
0. 2.000E 0.6 0.5190 7.6688 05 1-000E 00 , 1.000E 00 1.000P 0 0  0.0 0.0 1.103E 06 1.000E 00 
1 2.000E 06 0.5190 7.668P 05 l.000E 00 1.000E 0 0  1.000E 00 0.0 0.0 1.048E 06 1.000E 00 
2. 2.000E 0 6  0.5190 7.668E 05 1.000E 00 1.000E 00 1.000E 00 0.0 0.0 1.048E 06 1.000E 00 

YELR CLASS FINAL VECTOR 

F i g  21. Example 2 ('set 1: without age class  U compensation) - 
Standard o u t p u t  ( c o n t . ) .  

- .  



.**.*.* NOTE- ***re** 

1 CRINGED PARAIETER(S1-- 
PRY 0.0 

VITAL STATISTICS - SET 1 

LGE LENGTH WEIGHT EGGS PEllLLE PllAT PSOBI CATCH VOLN NIT. LlORT 

WITH THESE PARIIIETERS-- ACON,B,C= 0.0 115.10 -3.09 LEGLL,83,BO= 438.0 -5.34 3.13 
01.821 0.982E 05 0.130E 05 

YEIR CLA 

TOTP P 
1.9228 06 0.5034 
1.922E 06 0.5034 
1.9228 06  0.5034 
1.9221 06 0.5034 
1.9398 06  0.5069 
1.961E 0 6  0.5112 
1.9733 06  . 0.5136 . 
1.9768 06 0.5142 
1.9798 06  0.5148 
1.9811 06 0.5151 
1.9841 06  0.5158 
1.YVBE 06 0.5166 
1.991E 06 0.5172 
1.9931 0 6  0.5116 
1.9941 06 0.5178 
1.9951 06  0.5180 
1.9961 0 6  0.5181 
1.996E 06 0.5183 
1.9971 06  0.5184 
1.998E 0 6  0.5186 
1.9981 06 0.5186 
1.9993 06  0.5187 
1.9998 0 6  0.5188 
1.9991 06  0.5188 
1.9998 06  0.5188 
1.9991 06 0.5189 
1.9998 0 6  0.5189 
2.000E 0 6  0.5189 
2.0008 06  0.5189 
2.000E 06  0.5189 
2.000E 0 6  0.5190 
2.000E 06 0.5190 
2.000E 0 6  0.5190 
2.000E 0 6  0.5190 
2.000E 06  0.5190 
2.000E 06  0.5190 
2.000E 06  0.5190 
2.0008 06 0.5190 
2.000E 06  0.5190 
2.0008 06  0.5190 
2.000E 06 0.5190 

SS PINLL VECTOR 

YIELD 
7.1951 05  
7.195E 05 
1.1958 05  
1.195E 05 
1.3031 05 
7.4328 05 
7.502E 05 
1.5221 05 
7.5391 05 
7.5491 05 
7.571E 05 
7.594E 05 
7.61UE 05 
7.6251 05 
7.631E 05 
1.636E 05 
7.64lE 05 
7.646E 05 
7.651E 05 
7.6553 05 
7.657E 05 
7.6598 05 
7.66lE 05 
7.662E 05 
7.663E 05 
7.664E 05 
7.66St 071 
7.666E 05 
7.6661 05 
7.667E 05 
7.6671 05 
7.6671 05 
7.667E 05 
7.6683 05 
7.668E 05 
7.6688 05  
7.6681 05 
7.668E 05 
7.668E 05  
7.668E 05 
7.6681 05 

HEL TOTP 
9.6118-01 
9.G10E-01 
9.6lOE-01 
9.6101-0 1 
9.6978-01 
9.805E-0 1 
9.864E-01 
9.8813-01 
9.8951-01 
9.9031-01 
9.9211-01 
9.939Z-01 
9.956E-01 
9.9648-01 
9.970E-0 1 
9.974E-01 ' 

9.9181-01 
9.982E-01 
9.986E-01 
9-9891-01 
9.9911-01 
9.9931-01 
9.994E-01 
9,995E-01 
9.9961-01 
9.9971-0 1 
9.9971-01 
9.998E-01 
9.9981-0 1 
9.9991-01 
9.9991-01 
9.9998-01 
9.999E-0 1 

.9.999E-0 1 
9.9991-01 
1.000E 00 
1.000E 00  
1.000E 00  
1.000E 00 
1.000E 00 
1.000E 00 

EEL EPRT 
9.700E:Ol 
9.700E-01 
9.7001-01 
9.700E-01 
9.7671-01 
'9 .850~-01 
9.895E-01 
9.908E-01 
9.9191-01 
9.9251-01 
9.9398-01 
9.953E-01 
9.9661-01 
9.9735-01 
9.977E-01 
9.98OE-01 
9.983E-01 
9.986E-01 
9.9891-01 
9.9911-01 
9.993E-01 
9.9901-01 
9.9951-01 
9.9961-01 
9.9971-01 
9.997E-01 
9.9983:01 
9.9981-01 
9.999E-01 
9.9993-01 

'9.999E-01 
9.9998-01 
9.9991-01 
1.000E 00  
1.000E 0 0  
1.000E 0 0  
1.000E 0 0  
1.000E 00 
1.0001 00  

, 1.000E 00  
1.000E 00  

REL YIELD 
9.3831-01 
3.3838-01 
9 .383001  
9.3838-01 
9.523E-01 
9.69lE-01 
9.7831-01 
9.809E-01 
9.831E-01 
9.844E-01 
9.87UE-01 
9.9031-01 
9.9291-01 
9.943E-01 
9.9521-01 
9.958E-01 
9.965E-01 
9.9711-01 
9.978E-01 
9.982E-01 
9.986E-01 
9.988E-01 
9.990E-01 
9.992E-01 
9.993E-01 
9.995E-01 

99:!9,$:3 
9.9971-01 
9.9981-01 
9.998E-01 
9.998E-01 
9.999E-0 1 
9.999E-01 
9.999E-01 
9.999E-01 
9.999E-01 
1.000E 00 
1.000E 00 
1.000E 00 
1.000E 00 

IRPLCTY 
1.000E 50 
1.000E 5 0  
1.000E 50 
1.000E 50 
l.OOOE 50 
1.000E 50 
1.000E 5 0  
1.000E 50 
1.000E 50 
1.000E 5 0  
1.000E 5 0  
1.OOOE 50 
1.OOOE 50 
1.000E 50 
l.0OOE 50 
1.0001 5 0  
1.000E 50 
1.000E 5 0  
1.000E 50 
1.0OOE 50 
1.000E 50 
1.000E 50 
1.000E 50 
1.000E 50 
1.000E 50 
1.00OE 50 
1 OOOE 50 
i:aaai;l 50 
1.000E 50 

RCPOE 
9.673E-01 
9.673e-ni 
9-6731-01 

9. 839E-01 
9.886E-01 
9.900E-01 
9.912E-01 
9.919E-01 
9.934E-01 
9.950E-01 
9.963E-01 
9.9701-01 
9.9751-0 1 
9.978E-01 
9.9821-01 
9.985E-01 
9.9883-01 
9.99lE-01 
9.9931-01 
9.999E-01 
9.995E-01 
9.9961-01 
9.997 1-01 

.9.997E-01 
9.998P-01 
Y. 9YI)E-Ul 
9.9991-01 
9.999E-01 
9.999E-01 
9.9991-01 
9.9991-01 
9.9991-01 
1.000E 00 
1.000E 00 
1.000E 00 
1.000E 00 
1.oooe 00 
1. OOOE 00 
1.000E 00 

F ig.  22. Example 2 ( s e t  1: wi thout  age c l a s s  0 '  compensation) - 
Standard output  ( con t . ) .  



. . 
COIIANO I 1  I 2  1 3  I 4  15 I 6  1 7  I8  I 9  I10  

CP 8 0 0 0 0 0 0 0 0 0  

*r*r.** NOTE- ******* 

8 CHANGED PARAMETER (S)-- 
POIO 1.7800E-01 
POMXO 5.36001-01 
CA21 l.OOO0E-08 
CA31 1.0000E-08 
CAOl 1.0000E-08 
GA2 1.0000E-08 
GA3 1.0000E-08 
G R U  1.0000E-08 

COIRANO I 1  12 
REDO 0 0 0 

COIIAND I 1  I 2  I 3  I4 I 5  16 I 7  I8  19 I10 
ITR O O O O O O O O O O  

TARG- 2.000E 06  
PDNXO CHANGES PROI 0.536 TO 0.536 I N  STEPS OF 0.0 
POIO CHlNGES PRO8 0.118 TO 0.178 I N  STEPS OF 0.0 

TOTP = 2.000000E 06 

ANALYTIC PNM= 1.33291-05 

1-0-1 PLRARETERS CORPOTPO I N  ARILYT 

C A N  (1) 0.367628171 03 
DAN(2) 0.10459288E 03 
DLN(3) 0.39239761E 02 
OAN(4) 0.13333221E 02 
OAN(5) 0.45504560E 01 
OAN(6) 0.32500839E 01 

YEAR CLASS INITIAL VECTOR 

Fig. 23. Example 2 (set 2: with age .. . class 0 compensation) - 
Standard output. . 



1 CHANGED PARAIETER (S ) - -  
PRY 3.0000E-01 

VITAL STATISTICS - SET 2 

AGE LENGTH WEIGHT EGGS PERALE PR AT PSOBI CATCH VOLN NAT. MORT 
0 0.0 0.0 0 - 0  n. n n. n 

WITH THESE PARANETERS-- ACOR.B,C= 0.0 715.10 -3.09 LEGAL.B3,84= 438.0 -5.34 3.13 
81.825 0.9821 05 O.73OE 05 

PORXO CHANGES FROR 0.536 TO 0.536 I N  STEPS OP 0.0 
POI0 CHANGES PROR 0.178 TO 0.178 I N  STEPS OP 0.0 

YELR CLASS 

TOTP 
2.000E 06  
2.000E 06  
2.000E 0 6  
2.000E 06 
1.959E 06 
1.910E 0 6  
1.88OE 06  
1.878E 0 6  
1.872E 06  
1.8721 06  
1.869E 0 6  
1.868E 06 
1.866E 06  
1.866E 06  
1.8658 06 
1.8658 0 6  
1.8658 0 6  
1.865E 06 
1.8651 06  
1.8658 06  
1.8658 06 
1.8658 0 6  
1.865E 06 
1.8651 06 
1.8651 06  
1.865E 06  
1.8651 0 6  
1.865E 0 6  
1.8653 06 
1.865E 06  
1.865E 06  
1.8658 06  
1.8651 0 6  
1.865E 06 
1.8651 06 
1.865E 0 6  

FIRAL VEC TOR 

REL TOTP 
1.000E 00 
1.000E 00 
1.000E 00 
1.000E 00  
9.7961-0 1 
9.551E-01 
9.4201-0 1 
9.3891-0 1 
9.3608-01 
9.35%-01 
9.3441-01 
9.3391-01 
9.3281-01 
9.3281-0 1 
9.327E-01 
9.3261-01 
9.3261-01 
9.3211-01 
9.327E-01 
9.3278-01 
9.327E-0 1 
9.3261-01 
9.3261-0 1 
9.326E-01 
9.326E-01 
9. 326Ea0 1 
9.3261-01 
9.3261-01 
9.3268-01 
9.3261-01 
9.326E-01 
9.326E-0 1 
9.326E-01 
9.326E-01 
9.3261-01 
9.326E-01 
9.326E-01 
9.326E-01 
9.326E-0 1 
9.326E-01 
9.3261-01 

REL EPRT 
1.000E 00  
1.0001 00  
1.000E 0 0  
1.000E 00  
9.7551-01 
9.U60E-01 
9.303E-01 
9.2661-01 
9.231E-01 

REL YIELD 
1.000E 00  
1.000E 00  
1.0001 00  
1.0001 00  
9.590E-01 

IRPICTY 
0.0 
0.0 
0.0 
0.0 
1.3661-01 
2.930E-01 

RCPOE 
1.000E 00 
1.000E 00 
1.000E 00 

Fig. 24. Example 2 (set 2: with age class 0 compensation) - 
Standard output (cont.). 



1 CHANGED PARAIETER(S)-- 
PRY 0.0 

VITAL STATISTICS - SET 2 

LGE 
0 
1 
2 '  
3 
0 

UEIGRT EGGS PmALE FIAT PSOBI CA TC H VOLN , N A  T. MORT 

YEAR TOTP P PIELD EEL TOTP REL EPRT REL YIELD IRPACTY IIPACTP N1 RCPOE 
9.4691-01 9.069E-01 

9. 4691-01 
9.069E-01 
9.6OlE-01 
9.836E-01 
9.9301-01 
9.956E-01 
9.975E-01 
9.9751-01 
9.9878-01 
9.992E-01 
1. OOOE 00 
1. OOOE 00 
1.000E 00 
1.000E 00 
1.000E 00 
1.000E 00 
1.000E 00 
1.000E 00 
1.000E 00 
1.000E 00 
1.000E 00 
1.000E 00 
I. nnor! on 
1. OOOE 00 
1. OOOE 00 
1. OOOE 00 
1.oooe 00 
1. OOOE 00 
1.000E 00 
1.000E 00 
1.000E 00 
1.000E 00 
1.oooe 00 
1.000E 00 
1.000E 00 
1.000E 00 
1. OOOE 00 
1.000E 00 
1.000E 00 

YEAR CLLSS PIALL VECTOR 

Fig. 25. Example 2 (set 2: with age class 0 compensation) - 
Standard output (cont.). 



1 CHANGED PARAMETER (SI-- 
PRY 1.0000E-01 

VITAL STATISTICS - SET 2 

AGE 
0 
1 

LENGTH WEIGHT EGGS PEEALE PRW PSUBI CATCH VOLN NAT. ROUT 
0.0 0.0 0.0 0.0 0.0 
1.120E 0 2  2.6153-02 1.001E 0 5  5.000E-01 0.0 0.0 0.0 0.0 2.0031-05 
2.118E 02 2.0971-01 1.135E 05 5.000E-01 0.0 0.0 0.0 0-. 0 4.512E-01 
3.175E 02 6.8191-01 1.480E 0 5  5.000E-01 0.0 0.0 0.0 0.0 3.2918-01 
4.110E 02 1.5291 00 2.099E 05  5.000E-01 6.000E-02 6.297E 03 0.0 6.670E-01 1.813E-01 
4.982E 02 2.7951 00 3.023E 05 5.000E-01 2.300E-01 3.4771 04 6.9773-01 1.000E 00 1.813E-01 
5.7948 02 U.481E 00 4.254E 05  5.000E-01 7.100E-01 1.510E 05 1.000E 00 1.000E 00 1.813E-01 
6.503E 02 6.557E 00 5.nOE 05 5.000E-01 9.500E-01 2.7411 05 1.000E 00 1.000E 00 1.813E-01 
7.230E 02 8.960E 00 1.529E 05 5.000E-01 1.000E 00 3.7601 05  1.000E 00 8.330E-01 1.813E-01 
7 . 8 5 6 ~  02 1 . 1 6 2 ~  01 9 . 0 1 0 ~  0 5  ~ . O O O E - O I  1 . 0 0 0 ~  o n  u . 7 ~ 5 ~  n5 i .nnnp  nn R -3ny-nq q.8138-01 
8.b20t  0 2  i.06UE 01 1.153E 06 5.000E-01 1.000E 00 5.764E 05  1.000E 00 6.670E-01 1,813E-01 
8.9228 02 1.731E 01 1.362E 06 5.000E-01 1.OOOE 00 6.812E 0 5  1.000E 00 6.670E-01 1.813E-01 
O.363X 0 3  2.0138 01 1.6688 06 5.0008 09 1.000E 00 7.8401 03 1.OObP 00 5.uuOa-01 1 . ~ 1 3 s - u i  
9.741E 02 2 . 2 7 8 ~  01 1.7621 06 5 . 0 0 0 ~ - 0 1  I .OOOR n n  A . R I ~ P  n5 r .nnns  nn 5.nnnx-01 1 .013~-01  
1.006E 0 3  L 518E 01 1.937E 06 5.OOOE-01 1.OOOE 00  9.687E 05 1.000E 00 3.330E-01 1.813E-01 
1.031E 0 3  2.7291 01 2.087E 06 5.000E-01 1.000E 00 1.0OUE 06 1.000E 00 3.330E-01 1.813E-01 

WITH THESE PARARETERS-- ACON,B.C= 0.0 115.10 -3.09 LEGAL.B3,84= 
81,82= 0.9821 05 0.730E 05 

YEAB 
0. 
1. 
2. 
3. 
0. 
5. 
6. 
7. 
8. 
9. 

PORXO CHANGES PROR 0.536 TO 0.536 I N  STEPS OP 0.0 
POI0 CHABGES PRO8 0.178 TO 0.178 IN STEPS OP 0.0 

YEAR CLASS 

TOTP 
2.000E 06 
2.000E 06 
2.000E 06  
2.000E 06 
1.987E 06 
1.9711 06  
1.9621 06 
1.9611 06 
1.9598 06  
1.9591 06 
1.9588 06 
1.9581 06 
1.9571 06 
1.9578 06  
1.9571 06 
1.957E 06 
1.957E 06 
1.957E 06 
1.9571 06 
1.957E 06  
1.9571 06 
1.9571 06 

,1.957E 06 
1.9571 06 
1.957E 06 
1.9571 06 
1.957E 06 
1.9578 06 
1.957E 06 
1.9571 06  
1.9572 06 
1.9571 06 
1.957E 06 
1.9571 06 
1.9513 06 
1.9578 06  
1.9578 06 
1.9578 06 
1.9571 06 
1.9578 06 
1.9578 06  

PINAL VEC 'TOR 

REL TOTP 
1.000E 00 
1.000E 00 
1.000E 00  
1.000E 00 
9.9338-0 1 
9.8531-01 
9.8llE-01 
9.8031-0 1 
9.190E-01 
9.794E-01 
9.7908-0 1 
9.788E-01 
9.785E-01 
9.785E-01 
9.785E-01 
9.7851-01 
9.785E-0 1 
9.7851-01 
9.7851-01 
9.785E-01 
9.185E-01 
9.785E-01 
9.7851-01 
9.785E-01 
9.785E-01 
9.785E-01 
9.785E-01 
9.785E-01 
9.785E-01 
9.785E-01 
9.1853-01 
9.785E-01 
9.7851-01 
9.785E-01 
9.7851-01 
9.785E-0 1 
9.785E-01 
9.185E-01 
9.785E-01 
9.7851-01 
9.185E-01 

REL EPRT 
1.000E 00 
l.0OOE 00  
1.00OE 00 
1.000E 00 
9.919E-01 
9.8238-01 
9.773E-01 
9.7631-01 
9.753E-01 
1.753E-01 
9.7071-01 
9.7V5E-01 
9.7UlE-01 
9.742E-01 
9.74lE-01 
9.70lE-01 
9.74lE-01 
9.741E-01 
9.7UlE-01 
9.74lE-01 
9.7413-01 
9.741E-01 
9.7418-01 
9.741 E-01 
9.7VlE-01 
9.7UlE-01 

r 9.7UlE-01 
'9.7918-01 
9.701 E-01 
9.74lE-01 
9.701E-01 
9.74lE-01 
9.74lE-01 
9.74lE-01 
9.701 E-01 
9.74lE-01 
9.7411-01 
9.701E-01 
9.7VlE-01 
9.701E-01 
9.741E-01 

REL YIELD InFACTl N1 RC POE 
9.4881 05  1.OOOE 00 
9.071E 05 1.OOOE 00 
9.0738 05 1.000E 00 
9.013E 05 1.0008 00 

Fig. 26. Example 2 (set 2: with age class 0 compensatiun) - 
Standard output (cont.). 



COIIANDII I 2  1 3  10 IS I 6  I 7  I8  19 I10 
CP 1 0 0 0 0 0 0 0 0 0  

tl***l* NOTE- *tee*** 

1 CHANCED PARLMETER(E) -- 
PRY 0.0 

COIM?NDIl I 2  1 3  I 4  I 5  I 6  1 7  I 8  I 9  I10  
RC 0 0 0 1 5 0 0 0 0 0 0 0  

VITLL STATISTICS - SET 2 

AGE LENGTH WEIGHT EGGS PEIIALE P I  AT PSOBI CATCH VOLN NAT. IORT 

WITH THESE PARAMETERS-- ACOR,B,C= 0.0 115.10 -3.09 LEGAL.83,80= 038.0 -5.34 3.13 
81.82. 0.982E 05 0.730E 05 

YEAR 
00. 
01. 
02. 
43. 
44. 
45. 
46. 
47. 

' 08. 
09. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
bS. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 

TEAR CLA! 

TOTP P 
1.9573 06 0.0305 
1.957E 06 0.4305 
1.9571 0 6  0.4305 
1.9571 06 0.0345 
1.970E 06 0.9381 
1.987E 06 0.4424 
1.9953 06 0.4046 
1.996E 0 6  0.4051 
1.998E 0 6  0.4455 
1.9988 06 0.4055 
1.9991 0 6  0.4457 
1.9991 06 . 0.4458 
2.000E 06 0.4460 
2.000E 0 6  0.0460 
2.000E 0 6  0.4460 
2.000E 06 0.0460 
2.0008 06 0.4060 
2.000E 06 0.0060 
2.000E 0 6  0.0460 
2.000E 0 6  0.9960 
2.000E 06 0.0460 
2.000E 0 6  0.4460 
2.000E 0 6  0.9460 
2.000E 0 6  0.9060 
2.000E 0 6  0.4960 
2.UOOE 06 O.sU60 
2.000E 06 0.0060 
2.000E 0 6  0.4460 
2.000E 06 0.0060 
2.OOOE 06 0.4460 
2.0008 0 6  0.4060 
2.000E 06 0.9060 
2.000E 0 6  0.4460 
2.000E 0 6  0.4460 
2.000E 0 6  0.4460 
2.000E 0 6  0.4060 
2.000E 06 0.9060 
2.000E 06 0.4460 
2.0008 0 6  0.0460 
2.000E 06 0.9060 
2.000E 06 0.0460 

PINIL VECTOR 

YIELD 
6.508P 05 
6.508E 05 
6.508E 05 
6.508E 05 
6.599E 05 
6.706E 05 
6.760E 05 
6.7711 05 
6.781E 05 
6.7821 05 
6.7881 05 
6.7901 05 

REL TOTP 
9.7851-01 
9.785E-0 1 
9.785E-01 
9.7851-01 
9.852E-01 
9.9331-01 
9.9748-0 1 
9.982E-01 
9.991E-01 
9.99lE-01 
9.9951-01 
9.9971-01 

REL EPRT 
9.7411-01 
9.7918-01 
9.741E-01 
9.7411-01 
9.822E-01 
9.919E-01 
9.969E-01 
9.979E-01 
9.9898-01 
9.9891-01 
9.99PE-01 
9.9971-01 
1.000E 0 0  
1.000E 0 0  
1.000E 00 
1.000E 0 0  
1.000E 0 0  
1.000E 0 0  
1.000E 0 0  
1.000E 0 0  
1.000E 0 0  
1.000E 00 
1.000E 0 0  
1.000E 0 0  
1.oooe 0 0  
1-oooe 0 0  
l.OO0E 0 0  
1.00OE 0 0  
1.000E 00 
1.oooe 00 
1.0008' 0 0  
1.000E 00 
1.oooe 0 0  
1.OOOE 0 0  
1.000E 0 0  
1.OOOE 0 0  
1.000E 0 0  
1.000E 0 0  
1.000E 0 0  
1.000E 00 
1.000E 0 0  

REL YIELD 
9.578E-01 
9.5781-0 1 
9.578E-01 
9.578E-01 
9.712E-01 
9.87OE-01 
9.950E-01 
9.966E-0 1 
9.9811-01 
9.981E-01 
9.991E-01 
9.99OE-01 
1.000E 00 
1.000E 00 
1.000E 00 
1.000E 00 
1.000E 00 
1.000E 0 0  
l.0OOE 00 
1.000E 00 
1.000E 00 
1.000E 0 0  
1.000E 00 
1.000E 0 0  
1.000E 0 0  
1.00OE 0 0  
1.OOOE 00 
1.000E 0 0  
1.000E 0 0  
1.000E 0 0  
1.OOOP 0 0  
1.000E 00 
1.000E 0 0  
1.000E 00 
1.000E 00 
1.000E 00 
1.000E 00 
1.000E 00 
1.000E 00 
1.000E 00 
1.000E 0 0  

IIPACTY 
1.000E 50  
l.OO0E 50  
1.000E 50 
1.000E 50 
1.000E 50  
1.000E 50 
1.000E 50  
1.000E 50  
1.000E 50 
1.000E 50  
1.000E 50  
1.OOOE 50 
1.000E 50  
1.000E 50 
1.000E 50 
1.000E 5 0  
1.000E 50  
1.000E 50  
1.000E 50  
1-000E 50 
1.000E 5 0  
1.000E 5 0  
1.000E 50 
1.000E 50  
1.000E 50 
1.000E 50 
1. OOOE '50 
1.000E 50 
1.oooe 50 
1.000E 50  
1.000E 50 
1.000E 50  
1.000E 5 0  
1.OOOE 50 
1.000E 5 0  
1.000E 5 0  
1.000E 50 
1.000E 50  
1.000E 50 
1.OOOE 50 
1.000E 50  

RCPVE 
9.8323-01 
9.8328-01 
9.8321-01 
9-8321-01 
9.888E-01 
9.95OE-01 
9.9803-01 
9.987E-01 
9-9938-01 
9.9938-01 
9-9971-01 
9-9981-01 
1.000E 00 
1.00OE 00 
1.oooe 00 
1.000E 00 
1.000E 00 
1. OOOE 00 
1.000E 00 
1: OOOE 00 
1. OOOE 00 
1.000E 00 
1.000E 00 
1.000E 00 
1. OOOE 00 
.l.OOOE 00 
1.000E 00 
1.000E 00 
1.000E 00 
1.000E 00 
1. oooe 00 
1.000E 00 
1. OOOE 00 
1.000E 00 
1.000E 00 
1.OOOE 00 
1.000E 00 
1.000E 00 
1. oooe 00 
1.000E 00 
1.000E 00 

Fig. 27. Example 2 (set 2: with age class 0 compensation) - 
Standard output (cont.). 



S E T  

FRACTIONAL CHI \NGE I N  SORV I V A L  PROBABILITY FOR AGE CLASS 0 ,  PRY 

YEAR 
I . . .  1 0  
I . . .  2 0  
I . . .  4 0  
1 . .  . 8 0  

OOTPT 

OOTPT 

OOTPT 

OOTPT 

OOTPT 

OOTPT 

OOTPT 

OOTPT 

OOTPT 

OOTPT 

OOTPT 

OOTPT 

OOTPT 

OOTPT 

OO'IPT 

OOTPT 

R EL 

9 . 3 8 1 1 - 0 2  
9 . 3 8 1 E - 0 2  
1 . OOOE- 0 1  
1 . 0 0 0 E - 0 1  

Fig. 28. Example 2 - Summary table, set 1. 



REL 4... 
4... 
u... 
4.. . 

I n P m  i... 10 
1.. . 2 0  
I... 40  
1.. . 8 0  

I I P I C T  2.. . 1 0  
2... 20  
2.. . 4 0  
2.. . 8 0  

I lPACT 4.. . 1 0  
4.. . 2 0  
4.. - 4 0  
4.. . 8 0  

I I P I C T  6.. . 1 0  
6.. . 20 

. 6.. . 4 0  
6... 8 0  

IIPACT 7 . . .  1 0  
7.. . 2 0  
7. . .  40 
7.. . 80 

0.0 
0 . 0  
1.000E M 

- 1.  OOOE 5 0  

8 /C l... 1 0  
I . . .  20 
I... 4 0  

BjC b . . .  1 0  
6.. . 2 0  
6.. . 4 0  
6.. . 8 0  

YRS RELYD I T  - 5 0  

YRS RELNI LT - 5 0  

PAS PELTOTP I T  . 5 0  

Fig. 29. Example 2 - Summary t a b l e ,  s e t  1 (cont .) .  



ORNL-DMG 78-1 288 
SET 1.0 

RELATIVE YIELD VS. TIME 

Fig. 30. Example 2 - Graph 1, set 1. 



RELATIVE TOTP VS. TIME 

Fig. 31. Example 2 - Graph 2 ,  s e t  1. 



s e r  2.0 

PB#CTIOI)I I  CUlRGl I N  SOBVIVIL FBCelEILITP PO8 AGE CLlSS 0 ,  PEP 

CPlFT 

CClET 

O C l P l  

COIFT 

OC'IFT 

C C l E l  

O C l P l  

CClFT 

OCIP'I 

CClFT 

OCIPT 

CClET 

O I i l F l  

COlFT 

OClF1 

COTIT 

RE1 

6 1 1  

2 . -  1 6 . 7 9 4 1  C5 
i... 20 t . 1 9 4 1  Cf 
i... 40 6 . 7 9 4 1  C5 
i... 8 0  6 .7941 C5 

U . . .  
4.. . 
U... 
I ! . .  . 
5.. .  ..... 
5.. .  
5... 

t... 1 0  4 . 0 3 2 1  C3 U.?C8E 0 3  4.3C8E 0 3  
C... i O  4.0321 C3 4.659E C3 4.65SE 0 3  
6... 40 9 .0321 C3 4 - 6 5 6 4  0 3  4 . 6 5 6 t  0 3  
6... 8 0  U.032C C3 4 . t 5 6 E  C3 U.656E 0 3  

e... l o  r . 9 9 8 ~ - c i  
8... 20 f .9981-C1 
e...  uo f . 9 9 e e - c r  

.8... 8 0  5.998E-Cl 

ll... 10  1.3341-C1 
ll... 2 0  1 .33up-Cl  
ll... 90 1.334F-C1 
ll . . .  8 0  1.33PE-Cl 

2... 1C 1 . 0 0 0 1  CC 
2... iO 1 .0001 CC 
l... PO 1 .0001 co  
2... 80 1 .0001 CC 

Fig. 32. Example 2 - Summary tab le ,  set 2. 



4... 10 
u... 20 
U... 4c 
4... 80 

6 . . .  10 
C... io 
6..; 4C 
C... 80 

a... 10 
u... 2C 
4... a0 
Q... 80 

1 6 3  RELPC 17 -50 0 C 0 

T6S BELUl 17 -50 0 0 0 

1 6 5  BELTCIE IT -50 0 C 0 

IBCIX OP BIER C.0 0.0 0.0 

Fig .  33. Example 2 - Summary t a b l e ,  set 2 ( con t . ) .  



ORNL- DWG 78- 1 290 
SET 2.0 

R E L A T I V E  Y I E L D  V S .  TIME 

-1- 1 I I 

O* 0 16- 0 32- 0 10- 0 I 

TIME, YEflRS 

Fig, 3 4 ,  Example 2 - Graph 1, set  2. 



ORNL- DWG 78- 1 291 
SET 2.0 

RELATIVE TOTP VS. TIME 

LEGEND 
0- 

0.0 16.0 32.0 18- 0 80- 0 
TIME, YEARS 

Fig. '35. Examp1.e 2 - Graph 2, set 2. 



Following t h e  DO s e c t i o n ,  a  CP card  c a l l s  f o r  changes i n  t h e  para- 

meter va lues  governing t h e  compensatory mechanisms, namely t h e  para- 

meters FDMXO, FDIO, GA2, GA3, GA4, CA21, CA31, and CA41 (F ig .  23) .  The 

e n t i r e  DO s e c t i o n  is re run  (REDO command) us ing  t h e  va lues  p re sc r ibed  

. fo l lowing  t h e  CP ca rd  (F igs .  24-27). These parameter va lues  a r e  

' des igna ted  a s  S e t  2 ,  t o  d i s t i n g u i s h  them from t h e  o r i g i n a l  parameter 

va lues ,  S e t  1. One can r e a d i l y  observe t h a t  a d d i t i o n a l  compensation 

dec reases  t h e  e f f e c t  o f  t h e  power p l a n t  impact on t he  population. '  

I n  t h e  p r e s e n t  example, bo th  t h e  RO and OUT c a r d s  have a va lue  o f  

15 i n  columns 19-20 and 9-10, r e s p e c t i v e l y ,  meaning t h a t  a summary t a b l e  

and graphs  1 and 2 are output .  The summary t a b l e  f o r  S e t  1  is g iven  i n  
. . *  

F i g s .  28-29, and g raphs  1 and 2 i n  F igs .  30 and 31. The summary t a b l e  

f o r  S e t  2  is g iven  i n  F i g s .  32-33, and graphs  1 and 2 i n  F igs .  34 and 

35. 



REFERENCES 

Back ie l ,  T.,' and E. S. LeCren. 1967. Some d e n s i t y  r e l a t i o n s h i p s  f o r  
. . . . 

f i s h  popula t ion  .parameters .  I n  S. E. ~ e r ~ k i n g  (ed .  1, The 

b i o l o g i c a l  b a s i s  f o r  f reshwater  f i s h  product ion.  Blackwell ,  

Oxford, pp. 261-293. 

Beland, P. 1974. On p r e d i c t i n g  t h e  y i e l d  from brook-trout  popula t ions .  

Trans.  Am. F i s h e r i e s  Soc. 103:353-355. 

C h r i s t e n s e n , ' S .  W . ,  W. Van Winkle, and J .  S. Mat t ice .  1976. Defining 

and determining t h e  s i g n i f i c a n c e  o f  impacts: concepts  and methods. 

I n  R .  K. ~ h a r m a ,  J. D.  Buf f ing ton ,  and J. T. McFadden ( e d s . ) ,  

Proceedings of  t h e  Conference on t h e  B i o l o g i c a l  S i g n i f i c a n c e  of  

Environmental Impacts,  h e l d  a t  t h e  Un ive r s i t y  of  Michigan, Ann 

Arbor, Michigan, June 4-6, 1975. Sponsored by U.S. Nuclear 

Regulatory Commission, NR-CONF-002, pp. 191-219. 
. . 

Cushing, D.  H. 1974. The p o s s i b l e  density-dependence of  l a r v a l  mor- 

t a l i t y  and a d u l t  m o r t a l i t y  i n  f i s h e s .  I n  J. H. S. B lax t e r  ( e d . ) ,  

The e a r l y  l i f e  h i s t o r y  of  f i s h .  Springer-Verlag,  New York, pp. 

. , 

Eras l an ,  A .  H . ,  W .  Van Winkle, R .  D. Sharp,  S. W .  Ch r i s t ensen ,  C.  P .  

Goodyear, R .  M. Rush, and W. Fulkerson.  1976. A computer 
. . .  

s imula t ion  model f o r  t h e  s t r i p e d  bass  young-of-the-year popula t ion  

i n  t h e  Hudson River .  Oak Ridge Nat iona l  Laboratory,  Oak Ridge, 

Tennessee,  ORNL/NUREG-8, S p e c i a l ,  ESD 766. 



Gove, N .  B., M. F e l i c i a n o ,  Jr . ,  K.  C .  Chandler,  J. D. McDowell, M. M.. 

P e r a r d i ,  and C. W. Nestor .  1974. User's Manual f o r  t h e  Graphic 

Package ORGRAPH. ORNL-4596. Oak Ridge Nat iona l  Laboratory,  Oak 

Ridge, Tennessee.  

Hess, K .  W . ,  M. P. S i ssenwine ,  and S. B. S a i l a .  1975. S imula t ing  t h e  

impact o f  t h e  entrainment  o f  w in t e r  f lounder  l a r v a e .  I n  S. B. 

S a i l a  ( e d . ) ,  F i s h e r i e s  and Energy Product ion:  A Symposium. 

Lexington Books, D.  C.  Hea l th  & Co., Lexington,  Massachuset ts ,  pp 

1-23 

H o r s t , - T .  J .  1975. The assessment o f  impact due t o  entrainment  of 

i ch thyoplankton .  I n  S. B. S a i l a  ( e d . ) ,  F i s h e r i e s  and Energy 

Product ion :  A Symposium. Lexington Books, D. C.  Heath & Co., 

Lexington,  Massachuset ts ,  pp. 107-1 18. 

Hoyst,  T. J. 1977. E f f e c t s  o f  power s t a t i o n  m o r t a l i t y  on f i s h  

popu la t i on  s t a b i l i t y  i n  r e l a t i o n s h i p  t o  l i f e  h i s t o r y  s t r a t e g y .  I n  

Van Winkle ( e d . ) ,  Proceedings o f  t h e  Conference on Assessing t h e  

E f f e c t s  o f  Power-Plant-Induced m o r t a l i t y  on F i s h  Popula t ions ,  he ld  

a t  Ga t l i nbu rg ,  Tennessee,  May 3-6, 1977. Sponsored by Oak Ridge 

Na t iona l  Labora tory ,  Energy Research and Development 

Adminis t ra t ion ,  and E l e c t r i c  Power Research I n s t i t u t e .  Pergamon 

P r e s s ,  New York, pp. 297-310. 

I n t e r n a t i o n a l  Bus iness  Machines Corporat ion.  1968. IBM I n s t a l l a t i o n  

Newsletter. I s s u e  No. 68-24. 

' Jensen ,  A .  L .  1971. The e f f e c t  o f  increased  m o r t a l i t y  on t h e  young i n  

a popula t ion  o f  brook t r o u t ,  a t h e o r e t i c a l  a n a l y s i s .  Trans.  Am. 

F i s h e r i e s  Soc. 100 :456-459. 



Keyf i t z ,  N .  1968. I n t r o d u c t i o n  t o  t h e  mathematics o f  popula t ion .  

Addison-Wesley, Reading, Ma33achusett3. 450 pp. 

Kidd, S. 1970 . '  IFTYP. DECUS Program L ib ra ry ,  10-117. 

Lawler,  Matusky & S k e l l y  Engineers.. 1976. Documentation f o r  mathemati- 

c a l  models- o f  t h e  Hudson River  s t r i p e d  b a s s  popula t ion .  Volume 11: 

Completely mixed model; Lawler,  Matusky & S k e l l y  Engineers ,  

Tappan, New York, LMS P r o j e c t  No. 115-49. 

Lawler,  .Matusky & S k e l l y  Engineers .  1975. Report on development of  a 

rea l - t ime ,  two-dimensional model o f  t h e  Hudson River  s t r i p e d  b a s s  

popula t ion .  LMS P r o j e c t  No. 115-49. 

L e s l i e ,  P,. H .  1945. The use  o f  matrices i n  c e r t a i n  popula t ion  mathe- 

mat ics .  Biometrika 33:183-212. 

L e s l i e ,  P. H. 1948. Some f u r t h e r  no t e s  on t h e  use of  ma t r i ce s  i n  popu- 

l a t i o n  mathematics. Biometr ic  35:213-245. 

Lewis, R .  M . ,  and R .  R .  Bonner. 1966. Fecundi ty  o f  t h e  s t r i p e d  bas s ,  

Roccus s a x a t i l i s  (Walbaum) . Trans.  Am. ~ i s h e r i e s  Soc. 95 : 328-331. 

Mansueti ,  R .  J .  1961. Age, growth, and movements o f  t h e  s t r i p e d ' b a s s ,  

Roccus s a x a t i l i s ,  taken i n  s i z e  s e l e c t i v e  f i s h i n g  g e a r  i n  

Maryland. Chesapeake Sc ience  2:9-36. 

McFadden, J.  T. 1977. In f luence  of  Ind i an  p o i n t  Unit  2 and o t h e r  steam 

e l e c t r i c  gene ra t i ng  p l a n t s  on t h e  Hudson River  e s t u a r y ,  wi th  

emphasis on s t r i p e d  b a s s  and o ther '  f i s h  popula t ions .  ( submi t ted  

t o )  Consol idated Edison Company o f  ~ e w  York, I n c .  

P i e lou ,  E. C.  1969. An i n t r o d u c t i o n  t o  mathematical ecology. Wiley- 

I n t e r s c i e n c e ,  New York. 286 pp. 



Ricke r ,  W. E. 1954. S tock  and recru i tment .  J. F i s h e r i e s  Res. Board 

Canada 1 1 : 559 -623. 

R icke r ,  W. E. 1975. Computation and i n t e r p r e t a t i o n  o f  b i o l o g i c a l  sta- 

tistics o f  f i s h  popu la t i ons .  Department of t h e  Environment, 

F i s h e r i e s  and Marine Se rv i ce .  B u l l e t i n  191. 382 pp. 

Slobodkin,  L .  B. 1963. Growth and r e g u l a t i o n  o f  animal popula t ions .  

H o l t ,  Rinehar t  & Winston, New York. 184 pp. 

Sommani, P. 1972. A s tudy  o n ,  t h e  popula t ion  dynamics of  s t r i p e d  b a s s  

i n  t h e  San F r a n c i s o  Bay Estuary.  Ph.D. Thes is .  Un ive r s i t y  o f  

Washington, S e a t t l e ,  Washington. 133 pp. 

Texas In s t rumen t s  Company. 1973. Hudson River  e c o l o g i c a l  s tudy.  F i r s t  

Annual Report.  Prepared f o r  Consol idated Edison Company of  New 

York, I n c .  

Van Winkle, W . ,  B. W. Rust ,  C. P. Goodyear, S. R .  Blum, and P. T h a l l .  

1974. A s t r i p e d  b a s s  popula t ion  model and computer programs. ' Oak 

Ridge Na t iona l  Labora tory ,  Oak Ridge, Tennessee. ORNL/TM-4578. 

ESD-643. 

Van Winkle, W. 1976. The a p p l i c a t i o n  o f  computers i n  an assessment 

o f  t h e  environmental impact of  power p l a n t s  on an a q u a t i c  

ecosystem. I n  S. Fernbach and H. M. Schwartz (eds .  ) , Proceedings 

o f  t h e  Conference on Computer Support  o f  Environmental Sc ience  and 

Ana lys i s ,  Albuquerque, New Mexico, J u l y  9-11, 1975. Sponsored by 

U.S. Energy Research and Development Adminis t ra t ion ,  COW-750706, 

pp. 85-108. 



Vaughan, D.  S . ,  and S. B. S a i l a .  1976. A method f o r  determining mor- 

t a l i t y  r a t e s  us ing  t h e  L e s l i e  mat r ix .  Trans.  Am. F i s h e r i e s  Soc. 

105(3) : 380-383. 

Warsh, K .  L. 1975. Hydro logica l -b io logica l  models of  t h e  impact o f  

entrainment  o f  spawn o f  t h e  s t r i p e d  b a s s  (Morone s a x a t i l i s )  i n  

proposed power p l a n t s  a t  two a r e a s  i n  t h e  upper Chesapeake Bay. 

The John Hopkins Un ive r s i t y ,  Applied Phys ics  Laboratory,  S i l v e r  

Sp r ings ,  Maryland, J H U  PPSE-T-1. 



THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 





. . 

THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 



C 
C-.... IIAIA PROGRAI POR TIE GERERAL L I P e  CYCLE MODEL, 1 9 7 7 '  VEBSIOR. 
C 
C 
C 
C 
C 

REAL*8 VRAME 
REALtU I I P A C T  
COMION /BLOCK&/ OUTPT ( 2 0 )  . I I P A C T ( 2 0 )  ,RXL ( 2 0 )  
COIMOH /BLOCKL/ V N M E ( 2 5 6 )  
comaon /RLOCKR/ N , N V A R B . I V A R B  
COIMON /BLOCKY/ YIELD,PTP,CATCA ( 1 6 ) . P P 1 ( 1 6 ) . P ( 1 6 )  ,WT(17)  ,JYB 
COMMON /BLOCKV/ VARB ( 2 5 6 )  
comaor /BLOCKP/ NPTS ( 9 )  
C O I I O H  /DATA/ YRVAL(101.9.11),  T E I P ( l O 1 ) .  RCLlGS 
LOGICAL TRUE. PALSE,PEEDBK, EGTABL 
DATA TRUE,PALSE /.TRUE. ,.PALSE. /, I R / 1 6 /  
DIMENSION A(16.16) , P N ( 1 6 )  , P A O ( 1 6 ) , E I ( 2 0 )  , I O P ( l O )  , P N Z ( l 6 )  . IROW(9) ,  

2 P S E T ( 1 6 )  .SAVP(256)  
D I I E R S I O N  IDEL (9) 
REAL*U CMRD(20) /@RDI'. 'RDP'.*CP '.'CI ' . 'RI  ' , * P P  * , ' P I  *, 

8 ' 8 0  ' , * R C  ' ,*GT ','GC ' .*OOTe.*1TR' ,*CR *. 
P 'BEGN'.'DO'.'ENDO'.'REDO','TRA*,* '/ 

E p u r v r L e n c e  ( P R a o , v r s a  ( 1 6 ) ) .  ( P R Y , V A R B  ( 3 2 ) )  
1 , (TCfrPl.VARB(36) ) . (RATI0,VARB ( 3 8 ) )  

CALL REREAD 
C 
C 
C.. . . ,INITIALIZE INARE, THE kRRAY O P  PARAMETER RAIES. 
C 
C 

CALL CALCIP 
READ (5 .50)  ( V W A I E ( 1 ) .  1 s 1 . 2 5 6 )  

5 0  PORIAT ( ( 1 0 X , 7 ( A 5 , 5 X ) )  ) 
C 
C 

NROIIS = 0 
NPLTS = 0 
KOPLOT = 0 
RCAGS = 0 
I A T  = 0 
NEXT = 0 
IUSDO = 0 
I N 5 5  
DO 8 0  1 = 1 , 2 0  
I I P A C T ( 1 )  = 0. 
REL(1)  = 0. 
OUTPT(1) = 0. 

8 0  COUTINOE 
DO 1 0 0  I = 1 , 6  

l oo  IROW(1) =o 
I S P T  = 0 
WRITE(11.6900)  

6 9 0 0  PODMAT(' --- J O B  S O I I A R Y  ---I/) 
C 
C 

2 2 0  CONTINUE 
C 
C.-.-.THIS I S  THE COIIAND POINT. WBERE THE PROGRAI ENTERS THE COMMAND LOOP. 
C 

T I T  = T l T + l  
READ(1R. 7 0 0 0 .  END= 2 0 0 0 )  ENTRY, I O P  

2 3 0  I P  (1AT.EQ.UEXTI RE19(5 .7000.EHD=2000)  ENTRY.IOP 
I P  (1AT.EQ.NEXT) NEXT=-REXT 

7 0 0 0  PORIAT ( A 0 . 1 1 , 1 0 1 5 ) .  ' . 
II (ERTRT -RE. C I N D ' ( ~ )  .ARO. ENTRY .HE. CIND ( 3 ) )  GO TO 2 3 1  
WRITE(6.2999)  ' 

2 9 9 9  PORMAT(lB1) 
2 3 1  COHTINUE 

WRITE (6.70X)) ENTRT, I O P  
7 0 2 0 P O B M A T ( * O C O I M A R D I l  I 2  I 3  I 4  I 5  I 6  1 7  I8 1 9  1 1 0 ' .  

1 / 1 1 , A 5 , 1 0 1 5 )  
CALL c m c a o ( e R T s r , r a n o , s z 6 ~ )  , 

C 
C 
C 
C O M M A N D  IS R D I  RDP ce a R I  PP PI  no RC GT GC OUT I T R  cw  

GO T 0 ( 3 0 0 , 3 0 0 , 3 0 U .  3DU~3D0 ,3UU,3DU.SOU,5~5 .b7S ,6~ /~ ,10 ' lU .  ISU. JUU 
1 .166C,1800.1800.1800,1800 ) ,  KMND 

COIIAND I S  BEGR DO END3 REDO TRA 
C 
C 
C.....AN I l V A L I D  COIIAND WAS ENTERED I N  THE DATA. 
C 

2 6 0  ~ I T E ( 6 . 2 7 0 )  
WRITE (1 1 , 2 1 0 )  

2 7 0  PORMAT(*OROTE -'/'*ROTE -- TEE COMMABD P I E L O  OR T E E  ABOVE CARDe, 
1 * DOES NOT QRTAIR A VALID COIMIND. IGRORE TEE CARD.') 



MAIN 

GO TO 2 2 0  
C 

3 0 0  CORTINOE 
C 
C,.-.,PROCESS I N I T I A L  OR PARARETER DATA. 
C 

CALL NITPRM(KMND.IOP.PN.PNO.PNZ,SAVP,IN,IR) 
GO M 2 2 0  

5 0 0  COHTINOE 
C 
C 
C....RON T R E  MODEL FROB THE YEAR ZERO, 
C 
C 

I P  (NCBGS.EQ.O.OR.IYR1.EQ.NYRS) GO TO 5 1 0  
WRITE ( 6 , 7 0 4 0 )  NCRGS 
P R I T E ( 1 1 , 7 0 4 0 )  A C R 5  

7 0 4 0  P O R E A T ( *  O P A R N I N G :  CASE NO. * .12 ,*  I N  THIS  SET DISAGREES WITH'. 
1 ' T I E  BASE CASE IN NO. OP YEABS.*) 

510 COATINOE 
NYR = I O P ( 1 )  
IDETPR = I O P ( 2 )  
ICRGS = RCtlUS+I 
PSET(NClI03)  = AIY 
TV (RROPS.EQ.0) CALL RDTRS ( I O P ( 4 )  .IROR. BROWS) 
RPLTS = NPLTS + 1 
NPTS(NPLTS) = 0 

C 
C 
C... . .INITIALIZE POB RO RON 
C 

IPOPN = n o n ( r n P ( i o ) ,  i n )  
EGTABL = I O P ( 1 0 )  /1 O.NE.O 
YR-0.0 
I Y R I = O  
TOTP = 0. 
YIELD=O. 0 
CALL RPLACE(PN0,PN.R) 
GO TO 5 6 0  

C 
C 
C-....RC COHMAND -- CONTINOE ROBNING PROM TRE LAST STOP. 
C 

5 5 5  NIB = I O P ( 1 )  
I D E T P B  = I O P ( 2 )  

C 
C-....NOW sorrrarcr om L A S T  Y E A R  DATA OP PREVIOOS R O N  BEPORE ADDING 
C I N  TEAR ZERO DATA CP RC RON. 
C 

5 6 0  CONTINUE 
PEEDBK=PALSE 
CALL IAKMAT (A,PEEDBK, MR,PN,TOTP.EGTABL. ISET.IYR1)  
CALL YLDCLC ( P N , A . M B , N )  
CALL Y E A R L Y f 1 Y R I . T ~ P . P R . R C P O E . P R Y l  

. . .  
rconnr = 2 
I P  ( 1 Y R I . E Q  IROW (NR3YS))  ICOOBT = 1 

6 1 5  I P  ((IYRI.EQ.IROW(NBOWS)) ,AND. (ICOONT.EQ.1) ) GO TO 5 6 5  
CLLL PRETAB(I,OOTPT,IMPACT,REL) 

5 6 5  GO TO 5 7 5  
5 7 0  COUTINOE 
5 7 5  CONTINOE 

C 
C 
C.....DETERIIRE PARAMETERS USED I N  PLOTTING 
C 
C 

I R E S  = ( ( N T R - ? ) / l o o )  + 1 
I P L  = 0 
CALL PLOTST(IPL,NST) 

C 
C 

T P  (TDl?TPR-FQ. 0 )  WRWR ( 6 , l l n n )  
IF (IDBTPR. BQ. 0) 

1 P R I N T  595,TR,TOTP,PTP,TIELD.REL(l).REL(3) , B E L ( 2 )  , I I I P A C T ( 2 ) ,  
2 IMPACT ( l ) ,  PN (2)  rRCPOE 

7 1 0 0  PORHAT('0 YEAR TO T P  P YIELD EEL TOTP 
1 REL EPRT REL YIELD IMPACTT IIIPACTP N1 
2RCPOE') 

I F  (HTB.SQ.0) GO TO 2 2 0  
C 
c 
C.., ..BEGIN RON LOOP. 
C 
C 

DO 6 5 0  IIB=l.RYR 
C 

I T B I = I Y R I + l  
I B = I Y R I  



RAIN 

1 8 1  
1 8 2  
1 8 3  
1 8 0  
1 8 5  
1 8 6  
1 8 7  
1 8 8  
189 
1 9 0  
1 9 1  
1 9 2  
1 9 3  
1 9 0  
1 9 5  
1 9 6  
1 9 7  
1 9 8  
1 9 9  

CLLL YBRON (PN,A.RR, N,TEMP) 
PEEDBK=TROE 
CALL MAKIAT (A.PEEDBK. MR.PN.TrJTP.PALSE.ISIT. I Y N I )  
CALL YLDCLC ( P N , L .  R R , N )  
CALL YEABLYIIYBI.TUTP.PN.RCPOEePRYl . . 
IP(IDETPR.B~.O) - - - 

1 PRINT 595,PR,TOTP.PTP,YIELD.NEL(l),REL(3) .NEL(2)  ,IMPACT(Z) , 
2 IMPACT(1) .  PA ( 2 )  ,BCPOE 

5 9 5  PORMATIP8.0, IPEIU.  3.OPPlO.Q,2I(. 1 P 8 E 1 2 . 3 1  . . 
I P L  = I P L  + 1 
I P  ( ( ( I P L / I R E S ) * I R E S )  . EQ. I P L )  CALL PLOTST ( I P L - N S T )  
DO 6 0 5  I=l,NROWS 
I F  ( I Y R I .  NE. IROW(1) ) GO TO 6 0 5  
C s L L  PRETAB(I.OOTPT.IRPACT,REL) 

6 2 0  GO TO 6 5 0  
6 0 5  CONTINUE 

C 
6 5 0  CONTINOE 

C 
C-..... END RllN LOOP. 
C 

CALL PLTSV(NST,NPLTS) 
I D E L I N P L T S )  = I R E S  
IP(IPOPN.EQ.O) CALL PVEC(PN,N,2) 
IF(NCHGS. RE. 1 )  GO 'Kl ' 6 6 0  
I P  fABSfPBI)  .GT. 1E-51 WRITE16.72801 
I P  ~ L B S ( P R Y ~  .GT.1 E-5; W ~ 1 ~ ~ i l i . 7 2 8 0 )  

7 2 8 0  PONRATl'O*** WRRNING: PRY I S  NOT EQOAL TO ZERO I N  BASE CASE.') 
N Y R S  = - N P R  

6 6 0  CONTINOE 
GO TO 2 2 0  

6 7 5  CONTINUE 
C 

GO TO 2 2 0  
C 

7 5 0  CONTINOE 
C 
C 
C-----COMMAND ' ITR'  BRINGS ONE HERE. THE STABLE POPULATION VECTOR- AND 
C PNSO ASSOCIA?ED WITH A GIVEN TARGET VALUE OP TOTP ARE CALCULATED. 
C 

TARGT = TOTPI* (1 .*NATIO) /2 .0  
C ... T H I S  EQUATION I S  EQOIV. TO TARGT=(TOTPl+TOTP2) /2 .  

PRINT 7 3 1 0 ,  TARGT 
7 3 1 0  PORRAT(*OIARGT=', 1 P E 1 0 . 3 )  

CALL ANALYT(TARGT, PRO. A.RR) 
CLLL PVEC (PNO ,N, 1)  
GO TO 2 2 0  

C 
1 0 7 0  CONTINOE 

C 
C 
C....~CORRAND 'OOT' BRINGS ONE HERE. DATA I S  OUTPUT. 
C 

I P ( 1 S E T .  EQ.0) I S E T = l  
KOPLOT = KOPLO? + 1 
I P  ( I O P  (2)  .EQ. 0 )  KOPLOT=O 
SET = I S E T  + .l*KOPLOT 

C 
C,,..,PBINT SOMMARY TABLE 
C 

1 1  = I O P ( l !  
LP ( I I U U ( 1  1 . L ) .  R L O J  LALL ' ~ ' A ~ L ~ ~ I ~ O U . P ~ I I . S E T , N Y ~ ~ ~ )  

1 1 0 0  CONTINOE 
C 
C.....PRINT BENEPlT/COST ANALYSIS TABLE. 
C 

I1 = I 1 / 2  
I P  (MOD ( I  1.2).  NE.0) CALL BCTAR(PSET,SET.NYRS) 
I 1  * 1 1 / 2  
I P ( I 1 .  EQ.0) GO TO 1 5 5 0  

c- 
C-..-. GENERATE GRAPHIC OOrPOT 
C 

IP  I n o D i r i . ~ ~ .  m . 0 1  C A L L  P L T ~ Z ~ ( Z , N P L T S ,  R P T ~ , I D E L , P S E T , S E T ~  
I 1  = I1 / 2 
I P  (MOD (11.2) . W . 0 )  CALL P L T l 2 3  (0. NPLrS. BPTS,IDEL,  PSET,SET) 

1 5 5 0  CORTIROE 
C 
L . . . . R E I N I T I A L I Z E  GRAPH. PLOT PARAIETERS BEPORE READING REXT CPND. 
C 

NPLTS = 0 
NCRGS = 0 
NRCUS = 0 
DO 1 5 7 0  1-1.6 

1 5 7 0  IRCW(1)-0  
WRITE ( 1  1 , 7 6 5 0 )  SET 

7 6 5 0  POBEAT(* OIJTPOT C O R L E T B D ,  S E T 9 , P S . 1 )  
GO TO 2 2 0  



I A I R  

C....COIILRD @ I E C R *  BRINGS O R E  RERE, nosr RECENT PARAIIETER 08 ~ P U L A T I O R  
C VALOES ARE RESTORED. 
C 

1 6 6 0  CORTIAUE 
XSET = I S E W l  
I P  ( IOP(3)-GT.  0 )  I S B = I O P ( 3 )  
ROPLOT=O 
P R I R T  7 6 9 0 .  I S A - I S E T  

. . . 
I P ( I O P ( l ) , W . O )  GO TO 1 7 0 0  - 
CALL RPLLCE(PRZ.PU0.R) 
P R I R T  7 7 0 0  

7 7 0 0  POBRAT(' REPLACE I N I T I A L  POP"R VECTOR Q I T R  IIOST RECENT INPUT ', 
1 ' VECTOR.') 

1 7 0 0  I P ( I O P ( 2 )  .RE,O) GO TO 1 7 2 0  
CALL RPLACE(SAVP.VABB.RVARE) 
P R I R T  7 7 2 0  

7 7 2 0  POBIIAT(' REPLACE PRESERT PARI SET WITH I N P U T  SET.') 
1 7 2 0  COBTIROE 

GO t o  226 
C 

1 0 0 0  CORTIROI 
I- 

C-..-.PHCCBSS - 0 0  S E C ~ I O N  COIIIIADS -- DO,  E N D O .  Renn, T R ~ .  
C 

ROID=KIRD 
CALL PROCDO(KIUD.IOP.IOSDO.IR.IAT.NEXt.EX,ERTRY,62OOO) 

C ... NORSTANDARD REfR QRER HITTING END-OF-PICE 

C 
C,,...TERIIIRITE EXECUTION 
I- - 

2 0 0 0  C O R T I A W  
PRINT 9 1 0 0  
W ~ I T E ( l l . 9 1 0 0 )  

9 1 0 0  FOBIAT ( * O  . = I T  AT WD-OF-PILE CARD') 
C 
C 
C 
C 

RETURN 
EAC 



' ARALYT 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  

SUBROOTIHE ARALYT(TOTP,PR.A.IIR) 
C 
C 
C.,...TRIS SUBROUTIRE I S  CALLED ONLY I P  TRE COIIARD * I T R a  I S  USED. I T  . 
C CALCULATES THE POPIILLTIOR VECTOR. PR, All0 THE SURVIVAL PROM BATORAL 
C IORTALITF THROUGH TRE AGE CLASS ZERO, PUS0,ASSOCIATED WITH A TARGET 
C VAZUE OP TOTP, WHERE TOTP I S  TRE TOTAL PElALE BIOllASS LEGALLY AVAILABLE 
C TO TRE FISHERY AT TRE START OP TRE CURRENT TEAR. 
C 
C 

DOUBLE PRECISION Z.GAS.ZSS.CCAS,DELTS,XX,DAPS,EPSl 
REAL*U IllPACT,IYRCR 
COIILION /BLOCKA/ OUTPT(20)  , I I P I C T ( Z O )  .REL ( 2 0 )  
COlllON /BLOCKV/ PIIAT ( 1 5 )  , P R I ( l 6 )  ,PRT.PDIO.PD~XO.EPS.TOTP~,LEGAL. 

1 ,RATIO, 83,80,81,B2,ATI(AX.~PP ( 1 6 ) .  ACOR,B,C,VULA(l6) 
2 , I Y R C H . C H G D I . C R G O O . D E L T ( 6 )  ,DAP(6).ZS(6) ,CA (6 - 5 )  
3 ,GA ( 6 )  ,DRN(6) ,RPR(6)  .RJAGE,DUIIMY ( 1 0 8 )  

COllOR /BLOCKY/ YIED,PTP,CATCH ( 1 6 )  , P P I ( 1 6 )  . P ( l 6 )  ,WT(17) , J I R  
COPIRON /BLOCKW/ N,NVRRB,flVARB 
CO!IROR /BLOKNS/ GAS(6)  , Z S S ( 6 )  .CCAS ( 6 ) .  DELTS(6)  .XX ( 7 ) .  

1 navs I L I  - . . - - . - , 
DIBEHSION CCR161 .X 171 
oIneusron e w ( i ) , ~ ~ i s i i ( r r i ) ,  ~ ( n u . 1 )  , P N S ( I ~ )  
LOGICAL EGTABL 
EGTABL = . P A L S E  
E P B I  = EPC 
ITlAX = ATflAX 

C 
C 
C 
C,.... .. MARRAT I S  CALLED TO CALCULATE P I S R  WEIGHTS, EGGS AND SURVIVALS, DATA 
C URICR I S  RECESSARY TO CAICULATE THE DENSITT OP TEE ZEROTH AGE CLASS, 
C FR(1) .  FOR A GIVFY VALUE OP TOTP. 
C 

C 
CALL IAK~AT(AI.PRLSE..9R.PNNTOTP,EGTA8L,-99-0) 

r 
C-.--- -. FNSO ( = P N S ( l ) )  I S  CRLCULRTED ALONG WITA RATIOS OP SUCCESSIVE AGE CLASS 
C DENSITIES CONSISTENT WITH A STEADY-STATE POPULATION. 

DO 5 0  1 = 2 , R n l  
RASR(1) = RASR ( I -  1 )  EXP (- ( P A I  ( I )  *PPn ( I )  ) ) 
I P  ( I  .RE. Rn1) GO TO 4 9  
RLSH(1) = RASH (I) /(I.-EIP(-(PRM(I*l)*PPR(I*l)))) 

U9'CONTIRUE 
son = son + P (I )*RASR(I)  

C 
C.......RASH(I) I S  THE POPULATION RATIO P R ( I + l ) / P A ( 2 )  

C - - - - - - - E N 0  ( = P R ( l ) )  I S  CLLCULATED WHICR I S  C3NSISTEHT UITR A TARGET VALUE 
C CP TOTP, 
C 

sun = 0. 
DO 8 0  I=2.H 
WATE = WT~I)  

eo son - son t m r ~ e - c ~ ~ c n ( ~ ) - n r c e ( ~  I )*VULA(I)  
P R I H ?  3 0 0 ,  TOTP 

3 0 0  PORRAT l 1 R  .'TOTP = ' . lPElU.61 

C - - - - -  .-B.SlNB TRP: I R n V R  RR.SU7.T.S TRE REIAIRDEP OP THE STEADY-STATE DODOLATIOW 
C VECTOR CAR BE COIIPOTED. - 
C 

DO 1 0 0  1 = 2 , n  
P R ( 1 )  = PR(1) * P R S ( l )  *RASR(I-1) 

1 0 0  CORTIROE 

C-.,..CILCOLLTIOU OP IUTRA-AGE GROUP'DERSITT-DBPENDEET EORTA&ITr 
C COIPPICIENTS 
C 

WRITE 16.20001 
2 0 0 0  ~ 0 8 1 ~ ~  (>/.51; @ I-0-Y PARIIETEBS COlPUTED I R  AUALIT* ./) 

zs (1) = P R S ( ~ )  / ' ( e s  ( 2 ) * z s ( 3 ) * e s ( o ) * z s  ( s ) * z s ( s )  ) 
DO 200 1=1,6 
CCA(1) = 0.0 



ANALYT 

1 5 0  CONTINOE 
C A S ( 1 )  = GA(1)  
Z S S ( 1 )  = Z S ( 1 )  
C C A S ( 1 )  = CCA(I)  
D E L T S ( 1 )  = D E L T ( 1 )  
OAES(1)  = D A P ( q  
DC C D A N ( 1 )  + CCA (1)  
EX = EXP(-DC*DKLT(I)) 
I P  (DAN(I).EQ.O.O) GO TO 1 7 0  
Z S ( 1 )  = DC*EX/(DC + GA ( I )  *I ( I )  (1. -EX) ) 
Z S S ( 1 )  = Z S ( 1 )  
X ( I + l )  = Z S S ( 1 )  X(1)  
X X ( I + l )  = X ( I + l )  
W R I T E ( 6 . 2 0 0 1 )  I . Z S ( 1 )  

2 0 0 1  P O R I A T ( 9 X , * Z S ( ' . I l , q )  ' .E15-8)  
GO TO 1 9 0  

1 7 0  CORTINUE 
CALL SOLVE(Z.I ,EPSl , ITRAI)  
DAR(1) = Z 

1 7 5 0  X ( I * l )  = Z S ( 1 )  X ( 1 )  
X I ( I + l )  = X ( T + l )  

1 7 1  CONTINflZ 
WRITE ( 6 , 2 0 0 2 )  I , O A N ( I )  

ZOO2 PONIAT(9X,'DAR (', 1 1 , ' )  ' ,E15.8)  
1 9 0  CONTINOE 
2 0 0  CONTINUE 

WRITE ( 6 . 2 0 0 3 )  
2 0 0 3  POBRAT(//) 

RETURN 
END 



SOLVE 

1 
2 
3 
4 
5 
6 
7 
8 

? 9 
1 0  
1 1  
1 2  

b 
1 3  
1 4  
1 5  
1 6  
1 7  
1 0  
19 
2 0  
2 1  
2 2  
2 3 
2 4  
2 5 
2 6  
2 7  
2 8  
2 9  
3 0  
3 1 
3 2  
3 3 
3 4  
3 5  
3 6  
3 7  
3 8  
39 
4 0  
4 1  
4 2  
4 3  
4 4  
US 
4 6  
4 7  
4 8 
4 9  

SUBROUTINE SOLVE(Z.1, EPS.ITOAX) 
I M P L I C I T  REAL*B(A-H.0-Z) 

C 
C 
C,....TBIS SUBROUTINE I S  CRLLED BY SUBROUTINE LRALYT TO COOPUTE TEE Y-0-Y 
C .LINEAR NATURAL IIORTLLITY RATES BY USING NEWTON'S IIETHOD 
C 
C 

EXTERNAL P P  
DOUBLE PRECISION GASIZSS.CCAS,0ELTS,XI.DAPS,ZX(500) 
COMMON /BLOKNS/ GAS(6)  .ZSS(6)  ,CCAS(6)  , DELTS ( 6 )  . X X ( 7 ) ,  

1 DAPS ( 6 )  
C 

C 
C A L L  s c r n ( z o . 1 )  
ZX (1) = 2 0  
P S  = Z S S ( 1 )  
DCl  = CCAS(1) 

C 
C 
C BEGIN THE ITERATIOIiS. 
C 
C 

DO 5 0 0  J=l . ITOAX 
I T E R  = J 
X = Z X ( J )  
PUNC = P P ( X , I )  
DC. ZX ( J )  + DCl 
ex = ~ E ~ ~ ( - D C * D E L T S ( I ) ~ )  
AN = OC EX 
DPONC = PS + PS * G L S ( I )  X X ( ~ )  ex O E L T S ( 1 )  

1 -EX + AN * DELTS(1)  
RATIO = PUNC / OPUNC 
ZX ( J + l )  = ZX ( J )  - RATIO 
2 = Z X ( J + l )  
I P  ( DLBS(RLTIr)/ZX ( > + I ) ) - G T .  EPS)  GO TO 3 0 0  
GO TO 7 0 0  

3 0 0  I P  ( 1TEN.EQ.ITRAX) GO TO 6 0 0  
5 0 0  CONTINUE 
6 0 0  PRINT 6 2 0 ,  I T E R  
6 2 0  PORRAT ( lRO,  ' NO CONVERGENCE I N ' .  3 X . I 5 , 3 X , ' I T E R A T I O N S ' ~  

GO TO 9 0 0  
7 0 0  CONTINUE 
9 0 0  CONTINOE 

RETURN 
END 



soesoonus s c ~ n ( z o  ,I) 
IIIFLXCIT BE7tL.B (A- l.0-2) 

C 
C 
C,....TAIS SOBROOTI!4E I S  CALLED 0 1  S09BOOTINE SOLVE TO PROVIDE IRITIAL LOWER 
C AND UPPER BOOWDS OW TEE 1-0-7 LIIIERR WATOBAL IIOBTALITT RATES 
C 
C 

' DOUBLE PRECISION GAS.ZSS,CCAS.DELTS.XX,DAPS 
EITEBBAL PP 
CoIIaoW /BLaWS/  GAS(6) ,ZSS(6)  ,CCAS (6) .OELTS (6)  . 11 (7 )  ,DAPS(6) 
A = CCAS ( I )  + . 000001  
0 = 500 .  
XTCL = 1.8-2 
CALL BISECT(PP ,A.B ,XTOL.IPLAG,I) 
I P  (IPLAG-GT. 1 )  GO TO 2 0 0  
ZO = (A*B)/Z. 
EBROB = DABS( (A-0) /L.) 

2 0 0  COBTIAOE 
RBTORN 
s n o  



BISECT 

1 
2 
'3 
U 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 U 
1 5  
1 6  
17 
1 8  
19 

SOBROOTIRP BISECT (W,A'.B,XTOL.IPLAG,I) 
I B P L I C I T  BEAL*B(A-R.0-2) . 

C 
C 
C-...-TRIS SOBROOTIRE I S  CALLED BY SOBROOTIRE SCAR TO COIPOTE AR I I I T I A L  
C ESTIBATE OP THE Y-0-Y LINEAR RATORAL BORTALITY RATES 
C 
C 

EXTERNAL PP 
IPLAG = 0 .  

C 
C,.,... ..CHECK POR SIGN CRRNGE- 
C 
C 

I P  (PA*PB .LE. 0.) GO TO 2 0 0  
IPLAG = 2 
PRINT 1 0 0 ,  A, B 

1 0 0  PORIAT ( . lHO,@PP(X)  I S  OP THE SANE SIGN AT TRE TWO ENDPOINTS', 
1 lPE13.6.3X. lPE13.  6) 

RETURN 
2 0 0  COUTXROE 

ERROR = CIBS(B-A) 
2 5 0  ERROR = ERROR/2. 

C 
C 
C..... . . CHECR POR S O W I C I E N T L Y  SHALL INTERVAL. 
C 
C 

I P  (ERBOR.LE.XT0L) RETORR 
bO = (A+B)/2. 

C 
C 
C,...,..CRECK POR UNREASONABLE ERROR REQUIREUERT. 
C 
C 

I P  (XI+ERROR.EQ.XI) GO TO 1 0 0 0  
PM = PP(XB.1) . . 
R = N+1 

C 
C 
C-.. .-. . CHARGE TO NEW INTERVAL. 
C 
C 

I P  (PA*PI.LE.O.) GO TO 5 0 0  
A = X I  
PA = P I  
GO TO 2 5 0  

5 0 0  0 = X I  
GO TO 2 5 0  

1 0 0 0  IPLAG = 1 
RETORN. 
E l D  



C 
C.....TBIS PUNCTION I S  CALLED BY SUBROUTINES SOLVE. SCAR ARD BISECT. I T  
c COIITAIRS THE PARTICDLAR PONCTION POR UBICB T A E  ROOTS A R E  BEIRG SOLVED. 
C 
C 

DOUBLE PRECISION GAS,ZSS.CCAS.DELTS.XX,DAPS 
COl9RON /BLOKNS/ GAS(6)  , Z S S  ( 6 )  ,CCAS ( 6 ) .  D E L r s ( s )  .XX(7)  , D A P S ( 6 )  
PS = Z S S ( 1 )  
DC = X C C L S ( 1 )  
EX = OEXP(-DC*DELTS(I) ) 
AN = DC*EX 
DN = DC + GAS(1)  * X X ( 1 )  *(l.-EX) 
P P  = P S  DN - AN 
RETURN 
END 



SOBROOTINE GETCID (ENTRT.KIND,*) 
C 
C 
C,....TllI3 3UOROfJTINE I5 CALLED DY TnC I L I A  P Q O C B I I  TO.IDEATIPY A 
C COIIAND (EBTRY). I P  T E E  COlllAND I S  IDENTIPIED,  T E E  W I I A N D  
C NUIBER (KIUD) I S  RFTUENED. 
C 
C 

NEAL.4 CRND(20) / 'EDI' .@RDP*.'CP - , 'CI  @ , * R I  ' , ' P P  * . * P I  '. 
8 'RO '.'RC *,'GT '.'GC @,'OUT', *ITFt',*CU ', 
P 'BEcN','w*,'ENDO'.'REoo'.*mA',* * /  

DO 5 0  I = 1 , 1 9  
I P  (ENTRY. EQ.CIND(I)) GO TO 7 0  

5 0  CONTINUE 
RETURN 1 

7 0  KIBD = I 
IP(ENTRY -Be. CIRDCJ)  .AND. ENTRY .BE. C I N D ( 8 ) )  GO TO 8 0  

2 0 0 0  P O R I A T ( l R 1 )  
8 0  CONTINUE 

RETURN 
ENC 



IAKIAT 

SOBROOTIRE I A K M T  ( A , P E E O 8 K . I R . P R . ~ T P , B G T A B L , I S E T . I I B I )  
C 
C 

C,..,.TilIS SIIBROOTIRE CAIZOLATES T E E  ELEIBRTS, A(1 .J ) .  O P  TBE L E S L I E  POPOLATIOII 
C IATBIX 
C 
C 

C O I I O R  /BLOCKV/ PIAT ( 1 5 )  , Q R I  ( ~ ~ ~ . P U T , P D I O , F ~ ) I I O , E P S , ~ T P ~ , L E G A L  
1 , R A T I O . B 3 . B O , B l . B 2 , A ~ A X , P P ( l 6 )  .ACOti.B,C,VOLR[l6) 
2 .ITRCR,CBGDI,CRGDD, DELT (6). DAP(6)  , Z S  (6)  .CA ( 6 , 5 )  
3 .GA ~).DAN(~).RPR(~).RJAGB,DUIIY(~O~) 

C 
LOGICAL PBEDBK, EGTABL 
REIL.4 REGGS.LEGAL.LENGTR.LRGII1 
DIAERSIOR I(RR.1) , P W ( l )  

C 
C.......*PBBUBKg I S  FALSE YHBA T H I S  SUBHUUTIBE I S  YlHST CALLED PRUR THE I A I N  
C PBOGBLI (YEAR = 0 ) .  SO IAKIAT CALCOLLTES TEE I N I T I A L  L E S L I E  MATRIX. 
C RBBR IIAKRAT XE ChLLED I R  SVCCEEDINC TEARS, 'FBEDBK' X E  QBOB, SO hII 
C UPDATED L E S L I E  R m R I X  BBPLECTIIG TRE BPPECTS OP DERSITY-DEPEADERCE. I S  
C CALCOLATED. WRER I A K I A T  I S  CALLED PROI SOBROOTIRE ARALlT, PEEDBK I S  
C FALSE. 
C 

JAGE = RJAGE 
I P ( P E E D B K )  GO TO 1 0 0 0  

C 
G..,.-. BELOW C I K R ( J )  , YT ( J )  , P ( J )  AND WTLEGL ARE CALCOLATED, W0ERE 
C CAT€B(J)  = PRACTIOII OP F I S H  I N  TEAR C L I S S  J AVAILABLE TO P I S R I N G  
C (LONGER THAN LBGLL IIUIHlJ1I) 
C W T ( J )  = AVBRAGS WEIGHT O F  A P I S A  I R  AG8 CLASS J 
C P ( J )  = AVERAGE PECURDITI  OF A P I S B  I N  AGE CLASS J 
C WTLEGL = EFFECTIVE LEGAL I I R I I O I  WEIGHT 
C 

IP(EGTABL) PRIW 7 0 0 0 .  ISET 
7 0 0 0  PORIAT(*-e ,30X. 'VITAL S T A T I S T I C S  - SET' . I3 / 'Oa ,  

1 a AGE*,3X,*LERCCR' ,6X, *WEIGRT*,6I,'EGGS' ,8X,*PEIALEg.6X.'PIAT',8K 
2 , # P s o e r * . 7 x .  * C A T C R * . ~ X .  @ V O L N * , ~ X , * R A T .  IORT') 

NU1 = 8 - 1  
WT (1) =0.O 
LNG1111 = 0.0 
J Y 8  = 0 
IP(EGTABL) P R I R T  7 0 5 0 .  JTR,LRGII l .WT(l ) ,WT ( 1 )  , W T ( l ]  , W T ( l )  
DO 1 J = l , A  
AGEXJ 
LERGTE=ACOB* (B*AGE)* (C*(AGE**2) ) 
CATCA(J) = 0 . 0  
I P  (LEAGTB.LT.LFSAL) GO TO 7 0  
C A l C A ( J )  1 . 0  
I P  (LRGXI1.GE.LEGAL) GO TO 7 0  

C 
C.......AGELEG I S  CALCULATED PROR W E  EQOATIOW POR 'LENGTH* ABOVE. AGELEG 
C P I L L  GERERALLY BE A ROW-INTEGER. UREN DECOIPOSED INTO AR INTEGER. J. 
C t L O S  A PRACTIONAL RESIDUE. TRER 1.-RESIDUE EQUALS TEE PERCEWACB OF 
C PISIJ  I N  AGE CLASS J AVAILABLE TO THE P I S R E R I .  TBE 'J-Ja WAS ADDED 
C TO PREVERT O m = 2  PROM CALOLATIRG THE SQUARE ROOT OUTSIDE TAB LOOP. 
C 

AGELEG = (-B SQRT (J-J*B**2-4.*C* (ACOR-LEGAL) ) )  /(2.*C) 
CATCR (J) = A c e  - AGELEG 

70 counnm 
IP(CATCR(J)*(CATCR (3) -  1.) .NE.O.) J l R = J  
r L f i o  = ~a + R o * r r . m i n ( r n w s r n )  
WT(J*l) = (10 .0 .*ALG10) /453.6  
I P  (J .  EQ. N) GO TO 1 
EGGS = B 1  8 2  W T ( J * l )  
P ( J )  - P P  (J) *PIAT ( J )  *BCGS 
L R G I I 1  = LEUGTR 
rancro ,= 1. - a r p ( - p a s ( n )  

7050 PORIAT ( 1 8  , 1 3 . 3 1 , l P 9 E 1 2 - 3 )  
I P  (EGTIBL)  PRINT 7050.J.LERGTR,WT(J*l) .EGGS.PP(J) , P M T ( J )  , P  ( J )  . 

i c r ? c a ( J )  ,WLI(J) , P a n c m  
1 C O l T L R O l  

IP'(BGTABL) P R I W  7 1 0 0 .  ACON,B.C,LEGAL.83.B4,81,B2 
7 1 0 0  POBIIATI'OPITE TBESE PABAIBTERS-- ACOR. B.CE *.P7.3. P7.2. P6.2. . . . . 

1 * L E G U ,  B3,84= '  . P 6 , 1  , P I .  2 , P 5 . 2 /  
2 26X,aB1.B2=*. 2E10.3 / / )  

ALGlO = 8 3  BO*ALCGlO (LEGAL) 
B ( R ) = F ( U I l )  

1 0 0 0  CONTIAOE 
C 
C..--..COMPUTE TRE W l l B H l  O? EGGS PRODUCED OSIRG TEE CALCULATED PECOADITIES. 
C 

C 
C....,..IIAEE SOBROOTIUB ARALYT CALLS T E I S  SOBROOTIRE W R B  A GIV,EI TARGET VALUE 
.c C 1  TOTP,  I S E F - 9 9  SO TEE RAKIAT CALCOLATIOII OP TOP? BELOW I S  SKIPPED. 
C 

I P  (ISBT. E9.-99) GO TO 7 0 0  



. C...,.... I S E T = - 9 9  WREN ARALXT CALLS IIAKRAT WITH A GIVER TOTP.. 
REGGS=O.O 
DO 2 J = 2 , R  
REGG5 MEGGS I P ( J - 1 )  * @ R ( J )  

2 COBTIROB 
PR ( 1 )  ZREGGS 

C 
4 CORTIROB 

TOTP=O.O 

. . . . 
6 CORTIROE 

7 0 0  CORTIROE 
C 
C,.... .. SDBROOTIRE PPBCLC I S  CALLED TO CALCULATE TEE SURVIVAL PEOB P I S R I R G  FOR 
C AGE CLASS J 
r 

0 0 ~ k ( 8 )  = A ( j + l , ~ )  
2 1  CONTINUE 
2 0  CORTIROE 

r ( n . n )  = PXP(-(FUR ( R ) + P P B ( N ) ) )  
A (l ,N)=A (1.N) *A(A, HI 
CA'LL YOTBBT(PR ,PPX) 
A ( 2 . 0  = PPX 
r i i , i )  = ~ ( i )  * PPX 
RETORR 

C 
C...,.-..BELOW THE VALUES 3 F  T E E  ELERERTS OF TiiE L E S L I E  RATRIX ARE CALCULATED 
C W R  YEARS APTER 0. THESE VALUES IRCLODE DERSITI-DEPENDENT FEEDBACK 
C CALCULATED I R  SOBROOTIRES PSPCLC AND TOYflRT- 
C 

50 COBTIAOE 
CALL IOIRRT(PN ,PPX) 
A(2.1) = eex 
A(1.1) = PPX P ( 1 )  
DO 6 0  J=2.RR1 
A ( J + l . J )  = E X P ( - ( F A R ( J )  + P F I ( J ) ) )  
A ( 1 , J )  = P ( J ) * A ( J + l , J )  
I P  IJ.  WE. JAGEI GO TI 6 1  
O O T ~ T I ~ )  = A ( J + I , J )  

6 1  COBTIAOE 
6 0  CORTINOE 

A (A.A) = E m ( -  (PAR(R) + P F I I ( R ) ) ) )  
A ( l , R ) = P ( R ) * A ( R , R )  
RETORR 



C 
C,.. ..THIS SOBROOTIRE CALCULATES YOORG-OP-TUB-TEAR SOBVIVAL OSIRG A 
C CARISTERSFR-DEANGELIS-CLARK TYPE OP STO-K-RKROITIEAT POBIDLA. THE 
C IOORG-OF-THE-TEAR ARE ASSOllED DIVIDED INTO S I X  L I P E  STAGES. 
C 

REAL.4 1IPACT.IYRCH 

D I I E A S I O N  P R ( ~ ) -  . ' 
X = 1.0 
T = P N ( 1 )  
POX = 1 . 0  
xw = 1. 
TW = P u r l 1  
PPXW - 1. 

C 
C' 
c coneom O A P ( I ) .  
C 

s o n  = s o n . +  DAP(J)  D E L T ~ J )  
2 0  COWTIROE 

DAP(I) = - ( A L o G ( ~ . - P R ( I ) )  + s o n )  / DELT(I) 
3 0  COWTINOE 
31 CORTIHOE 

C 
C......THE OA(1)  ' S  ARE DENSITY-INDEPENDENT Y-0-Y NORTALITIES POR THB 6 L I P E  
C STAGES. THE GA(1)  'S ARE DENSITY-DEPENDENT IORTALITIES.  THE CA(1)  ' S  
C REPRESENT NEGATIVE EPPECTS PROI OLDER AGE CLASSES. THE DELT(1) 'S ARE 
C TEE LENGTHS OP THE 6 L I F E  STAGES. 
C 

DO 1 0 0  I = l , 6  
CCA(1) = 0.0 
N I  = 5 
0 0  5 0  J = l , R R  
J P = J +  1 
CCA(1)  = CCA(1) + C A ( I , J ) * P W ( J P )  

5 0  CORRROE 
OC = DAP (I) + DAN ( I )  + CCA ( I )  
OCP = DLN(1) 4 CCA [I) 
EX = EXP (-DC*DELT ( I )  ) 
exw = ~ ~ P ( - D C W * D ~ L T ( I )  ) 
I P  ( (DC+GA(I)  *Y*(l.-EX)).EQ.O.) GO TO 8 0  
X = DC*EX/@C+GA ( I ) * Y *  (1. -EX) ) 
XU = DCW*EXU/(DCY+GA ( I )  * I # *  (1.-EXW)) 
O O T P T ( l O + I )  = X 
Y = X*T 
YP = XW*YW 
GO TO 9 0  

8 0  X = 0. 
9 0  COUTIROE 

PPX = X*PPX 
1 0 0  COBTIROE 

OOTPr (7)  = PPX 
RE'IWH 
ERE 



S ~ E R O ~ T I N B  e p a n c ( m T e ,  ITRI) 
C 
C 
C...,..THIS SUBROUTINE I S  CALLED PROM IIAKMAT. I T  CALCULATES AGE-SPBCIPIC 
C SURVIVAL PROM P I S H M G  POR TWO DIPPERBUT P I S R I N G  -MORTXL.ITY POBCTIOBS. 
c THE COIIPDTED SWVIVALS A R E  USED TO UPDATE THE LESLIE arrarx. 
C SURVIVAL PROl  PISHIRG I S  DEBSITY-DBPERDERT BECAOSE I T  I S  A POIICTIOB OF 
C TOTP. TRE CORRPNT BIOMASS AVAILABLE TO PISHIBG.  
C CALLED PROM MAKMAT. 
C 
C 

REAL*4 IMPACT,ITRCR 
COMMON /BLOCKA/ O U ' I P T ( 2 0 )  .IIIPACT(ZO) .BEL ( 2 0 )  
COIIMOR /BLOCKT/ YIELD,PTP,CATCH ( 1 6 ) . P P I I ( l 6 )  . P ( 1 6 )  ,WT(17)  , JTN 
COCBON /BLOCKN/ N, NVARB,MVARB 
COMMOR /BLOCKS'/ PMAT ( 1 5 )  ,PNM(16) ,PRT,PDIO, PDIIXO.EPS,TOTPl,LEGAL 

1 ,RATIO,B3.B4.Bl.B2.ATMAI.PP(16). ACOII,B,C,VULN(l6) 
2 , IYRCH,CHGDI ,CAGDD,DELT(6 )  ,DAP(6)  , 2 S ( 6 )  ,CA (6.5) 
3 ,GA (6) , D A N ( 6 ) , B P R ( 6 )  ,RJAGE,DOMMY ( 1 0 8 )  

I P ( I T R 1 .  NE.0) GO TO 2 0  
ITRCR r ITRCH + 0 . 0 1  

2 0  I P  (IYRI.GT.IYRCH.ARO.IYRCH.GT.0) GO TO 1 0 0  
P ~ C I I I  = Pcnxn 
P D I  = PDIO 

C 
C......IP THERE I S  NO P E R 1 3 0  DURING WHICR PISHING INTENSITY CHANGES 
C (I.E.. IYRCR=O.O), DO ROT CHANGE VALUES 
C 

I P  (ITRCH.EQ.0) GO TO 1 0 0  
I P  ( I T R L  NE.0) W TO 6 0  

C ... ONE TIME CALCS POR MOVING P I S R I N G  PA. 
STEPDD = CHGDD P m X O  / IYRCR 
STEPDI = CRGDI PDIO / IPRCH 
INCDD = PDMXO (1--CHGDD) 
ENDDI = PDIO (1.-CHGDI) 
WRITE ( 6 , 7 0 0 0 )  PDMXO,EBDDD,STEPDD 
WRITE ( 6 , 7 0 1 0 )  PDIO, ENOD1,STEPDI 

7 0 0 0  PORMAT (TlO.'POMXO CHANGES PROM',P6.3,' TO',  
1 P6 .3 , '  I N  STEPS O P @ , P 7 . 0 )  

7 0 1 0  PORMAT (T10, 'PDIO CRAAGES PROM'.P6.3,* TO' ,  
1 P6.3 , '  I N  STEPS OP'.P7.4) 

6 0  PDDMX = PDMXO - I Y R I  STEPDD , 
P D I  = PDIO - I Y R I  S T E P D I  

1 0 0  CORTINUE 
C 
C......PIECEWISE LINEAR P I S A I N G  MORTALITY PONCTION 
r 

TUTP2 = KATIU PUTPI  
I P  (TOTP.LT.TOTP1) PDD = 0. 
I P  (TOTP. GT.TOTP2) PDD = PDDMX 
T P  (TOTP.GE.TOTP1. AND. TOTP-LE. TOTP2) 

1 PCD = (TOTP-TOTPl) PDDMX / (TOTP2-TOTPl)  
PTF = P D I  + PDD 
O U I P T ( 9 )  = P O I A T P  
OUTPT(10)  = (PTP-POI)  / PTP 

3 0 0  C U B T l R U L  
0 0  3 5 0  J = l , N  
P P l ( J )  = VOLR ( J )  CATCH(J) *PTP 

3 5 0  COBTINUE 
RETURN 
END 



SUBROOTLIE RITPRII(KIRD.IOP,PR.PRO.PRZ, SATP,IR.IIR) 
C 
C 
C....,TRIS SWRODTIRE PROCESSES ALL COIIIIARDS DEALING WIT0 I B I T I A L  POPOLATIOR 
C VALUES OR PARAIIBTER DATA. 

C 
REAL*8 ARAII, VRAIIE 
COIllOA /BLOCKL/ V R M E  ( 2 5 6 )  
c o a a o R  / B L ~ K R /  n, l m r a e , a v l R a  
COIlOR /BLOCKV/ VA88 ( 2 5 6 )  
DIIERSIOA I O P (  1 0 ) .  PRO ( 1 6 ) .  PRZ ( 1 6 ) .  S A V P ( 6 0 ) .  LAAII(4) , AVAL(4) 

1 ( 16)  
r 

I P  (KIIRD. EC.14) GO 7U 1 6 0 0  
GO TO(100,170,000,U30,005,060.480) . KllRD 

C COIIIIARC: RDI RDP CP CI R I  P P  P I  
C 
C..,. REID I R I T I A L  VALUES 
r 

1 4 0  CORTIWOE 
I l r I o P  ( 1 )  
READ(1R. 1 6 0 )  ( P N U ( n )  .IY=l.R) 

1 6 0  PORIAT (8G 10.0) 
CALL RPLACE(PR0,PRZ. R) 
I P  (R. EQ. IIR) GO TO 1 6 8  
1 U U l  = R + l  

C 
C,..,.READ AND LOAD ADJOSTIBLE PARAIIETERS 
C 

1 7 0  CnATlRnF! 
RRERD = I C P ( 1 )  

1 7 5  COFITIROE 
C 
C,....READ AND LOAD CAARGED PARAIETERS 

TER = 0 
KDS = (RREAD+3)/4 
DO 2 0 0  I= 1.KDS 
READ(IR.180) (ANAN (K) ,AVAL(K) ,K=l,O) 

1 8 0  PORIAT ( 0  (15,  P10.0.5X) ) 
DO 1 9 0  J=l .U 
NOR = 9*(1-1) + J 
CALL P I R D R P ( A N M  (J).RP) 
I P  (RP-GT. 0 )  GO TO 1 8 7  
IP(RUII.G'I.RREAD) GO' TO 2 1 0  
WRITE(6.6950) ARAI (J) 
WBITE ( 1 1 , 6 9 5 0 )  ARAM(J) 

6950 P O R I I A T ( ' O W A R H I R C * / ' * W A R B I R C :  TAE POLLOWIRG CBABACTERS DO HOT', 
1 PORII A VALID PARAIETER RARE: "'.A5,'". PROCESS REST'. 
a '. I P O  P X L B ' I  

I E R  = 1 
GO TO 1 9 0  

187 CORTfRUE 
VARB(RP) = AVAL(J) 
I P  (KIRD.EQ.3) WBITE (6 .475)  VNAIE(WP) .VARB(RP) 

1 9 0  CORTIROE 
2 0 0  COUTIBUE 
2 1 0  COATIRUE 

I P  ( IER-EQ.  1) S l O P  
I P  (KIIRD. EQ.2) CALL RPLACE(VAR8, SAVP.RVAR8) 
RSlORR 

C 
4 0 0  COBTIRUE 

c 
C,.,.,CBAIiGE SOME OP TRE PABAlETERS 
C 

4 1 0  PORIAT(;O*,IU, @ CBMGED PARAIETER (S)- -*)  
GO TO 1 7 5  

C 
4 3 0  COATIAnR 

C 
C..,.,CBARGE LA mEIIEBT 09 THE I R I T I A L  VECTOR 
C 

nsrm - IOP(I) 
READ(5.440) (J,PIIO (J) , IP~,.BRLAD) 

4 4 0  POBIAT(0(IS.ElO.O,5X))  
RETURR 



C-..-. REFLACE T H E  INITIAL VECTOR YITR T H E  C U R R E N T  SOLUTION VECTOR 
C 

C r i L  PELACE(PN.PI0 , W )  
I P  ( IOP(l ) ,NE.O)  CALL RPLACE(PNZ.PN0.N) 
RETORN 

C 
4 6 0  CORTINOE 

C 
C.....PRINT OUT m E  ENTIRE S E T  OP ADJUSTABLE PARAllETERS 
C 

WRITE (6 .465)  
4 6 s  POREAT ( IBO,  *LIST OP ADJUSTABLE e r R r a e m s s * , / n  

NU = RVANB / 5 
DO 4 7 0  I = l , N K  
J1 = 5 (1-1) . 1 
J Z z 5 . I  
WRITE ( 6 , 0 7 5 )  (VNAIE(J)  .VARB(J) , J=Jl, J 2 )  

4 7 0  CONRRUE 
R V 1 = 5 * N K * l  
WRITE ( 6 , 0 7 5 )  (VNARE(1) ,VARB(I) , I=NVI .  8VARB) 

4 7 5  PORR1.T ( *  '.5 (A5.1PE13.4.6X)) 
RETURN 

4 8 0  CONTINOE 
C 
C... ..PRINT THE I U I T I A L  VECTOB 
C 

CALL PVEC (PNO.R,I) 
RETURN 

C 
C 

1 6 0 0  CONTINUE 
C 
C.....*CN*, COIIIIINI). 14 -- CRINGE N. THE NURBW OP AGE CLASSES 
C 

N = I O P ( 1 )  
I P  (N-LE, 16.AND.N.GE. 2 )  RETURN 
PRINT 7 6 8 0 ,  N 

7 6 8 0  PORRAT('0TRE NURBER OF AGE CLASSES,'I3.*. I S  OOT OP RANGE. EXIT') 
STCF . 
END 



P I N D N P  

1 
2 
3 
U  
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
1 U  
15 
16 
17 

S O B R O U T I N E  P I l D a P  ( P A R A R , N P )  
C  
C,.,,.A S O B B O U T I R E  P O 0  P T A D I N G  T H E  P O S I T I O N  B P  I R  T E E  
C  P A R A R E T E R  A R R A Y  B R I C R  C O R R E S P O N D S  T O  T R E  B A R 8  I N  
C  PARAM. B E T U R N S  N P = - 1  I P  N A I E  I N  P A R A 0  D O E S  
C  N O T  I A T C B  O N E  O P  I R E  P A R A M E T E R  NARES.  
c - 

ReAf*8 V N A I E . P A R A R  
C O I R O R  / B L O C K N / N ,  NVARB. R V A E B  
C O I R O N  / B L O C R L /  V N M E ( 2 5 6 )  
DO 20 I V = l , N V A R B  
N P = I V  
I P  (PARAR.EQ.  V N A I l E ( 1 V ) )  G O  T O  30 

2 0  C O N T I N O E  
N P = - 1  

30 R E T U B R  
E N D  



SOEROUTINE PLOTST ( IPL, Y ST) 
COIIUON /BLOCKP/ APT3 (9) 
ir i Z P L .  EQ.0) NST - 0 
HST = RST + 1 . 
RETWN 

C 
C 

ENTRY PLTSV(NST,NPLTS) 
C 
C 

IP (NPTS(UPLTS).EQ.O) ISEG = 0 
ISEG = ISPG + 1 
IPREV = NPTS(NPLTS) - 1 
IP (ISEG.EQ.1) IPREV = 0 
RPTS(NPLTS) = IPREV + HST 
RETURN 
END 



SOBEOOTI WE P L T l 2 3  (ISPB. RPLTSI, bPTSI,IrRS,PSRT.SFT) 
C 
C 
C. .. ., THIS SOBROOTIHE GERERATES PLOTS OP RELATIVE TOTP VS. T I  ME 
C AND RELATIVE YIELD VS. TIME. 
C 
C 

COMOOR /DATA/ YRVAL(101,9.11) .TEMP(lOl),RCAGS 
DIMEESIOR VAL(lO1) .PSET( l6 )  .ABSIS(l6l  ,IPAK (120)  
DI n E n s I o r  I Y R S  (9) , APTSI (9) 

C 
C 
C,.. ., I R I T I A L I Z E  VALUES NEEDED POR PLOTTIRG. 
C 
C 

XLORG = 5-0  
YLCRG = 7.5 
DO 2 0 0  I = l , N P L T S I  
ABSISI I )  = P S E T I I )  

zoo c o t i z r ~ i o c  
OLI = 0 

. - 
250 CORTIAUB 

OAX = (MAX-1) / 5 
IMARL = OAX / 2 

C 
C 
C..,,. BEGIH 'PLOTTING. 
C 
C 

CALL BGRPL(l1 
I P  (IGPA. E & Z )  

1CALL TITLE ('RELATIVE YIELD VS. TI l lESo , lOO~ 'TIME,  YEAESS*,lOO, 
Z*EELATIVE  YIELD^^. ~ O O , X L O N G . Y L O R G )  

TP [TRPA. PO. 41 
lCALL TITLE I'RELkTIVE TOTP VS. TIMES'. 100,'TIME. Y EARSS',100. 
Z I R E L A T I V E  T ~ T P S ~ . ~ O O , X L O R G , Y L O N G ~  

CALL GRAPA(O.MAX.0.5.0- 125)  
CALL GRID (2.2) 
DO 6 0 0  T=l ,NPLTSI  
room = n e r n ( r )  
DO 3 0 0  K = 1 , I W O  
VAL(R) = YRVAL (R.1 .IGPfi) / YRVAL(l.1,IGPR) 

3 0 0  CORTINOE 
CALL MARKERIII 
o o  400 L = I , ~ D U M  
TEIIP(L) = (I-1) IYRS(1) 

400 COBTIROE 
CALL C O R V E ( T E M P . V A L , I O O M . I M A B K )  
CALL RESET ('MRRRER'I 

6 0 0  CORTIBOE 
CALL MESSAGI'SET'. 3.2. . 8 -251  
CALL R E A L R O ~ S E T ,  1; i 55,8.25)  
CALL AEXGBTIQ.  11 
IDOM = L I N E S ? . ( I P A K , ~ ~ O ,  2) 
DO 6 5 0  I= l ,NPLTSI  
CALL LIRE$( '  S'.IPAR.II . . . .  

6 5 0  CORFIROE 
CALL LEGERD(1PAK. RPLTSI ,5.25.4.0) 
DO 7 0 0  I = l , H P L T S I  
J = RPLTSI - I 1 
ADD = 4- + (1-1) - 1 2  
CAXL RELLRO(ABS1S (a. 2.5-9,ADD) 

7 0 0  CORTIROE 
CALL MESSAG('PRY'.3.5.9.ADD*.l2) 
CALL ERDPL (1) 
PRIRT 1 0 0 0 ,  1GPR.APLTSI 

1 0 0 0  POEEAT (*OOISSPLA*,T2.m COMPLETED -- CO#?~X#S8 ,12 . '  CASES') 
C 
C 
C 
c... . . EFD I.I? o r . ~ ' l v r n r . ,  
C 

RE'IIIRR 
euc 



RPLACE 

S U E R O U T I N $  PROCDO(KIND,IOP,llUSDO.I!I,IAT,NEXT.EX.ENTRY,*) 
O I I I E I S I O N I O P ( 1 0 ) .  E X ( 2 O )  . 

C 
C 
c... ., THIS S U B R O U T I N E  PROCESSES DO* COIIANOS -- DO.BNDO,REDO,TNA 
C 
C 

K O I  = K I N D - 1 5  
GO T O  ( 1 8 0 0 , 1 8 6 0 , 1 9 2 0 . 2 0 6 0 ) .  K O I  

C C O I I A N D :  DO ENDO REDO TRA 
C 
C 
C.....'DC9 -- DO AND S A V E  T H E  POLLOWING C A R D S  O N T I L  T H E  'ENOO* CARD 
C 

1 8 0 0  C O N T I N U E  
REWIND 1 0  
I U S D O  = 0 
P R I N T  7 7 3 0  

7 7 3 0  P O R I A T  ( *  OCOl!IAND NO.') 
DO 1 8 2 0  J = 1 , 2 0 0  
~ e r t o ( s . 7 7 3 2 , ~ ~ r ~ ~ q s n )  ~1 
P R I N T  7 7 3 5 , E X  

7 7 3 2  P O R I A T ( 2 0 1 4 )  
7735 P O R I A T  (15X.ZOAU) 

W R I T E ( ~ O . ~ ~ ~ O )  ex 
7 7 4 0  P O R I A T  ( 2 O I Y )  

C A L L  G E T C I D I E X  (11 . K I N D . E 1 8 2 0 1  
nosoo = aosio i iv 
P R I N T  7750. - I U S D O  

7750 P O R I I A T ( ' + ' , I 6 )  
I P ( K I N D . E C . 1 7 )  GO 'IU 1 0 4 0  

1 8 2 0  C O N T I N U E  
1 8 4 0  C O N T I N U E  

e n I n  7 7 6 0 .  IIUSDO 
7760 P O R I A T ( ' O D 0  S E C T I O N  I S  SAVED. ' , I 3 , '  R E C O G N I Z A B L E  COIBAHDS. ' )  

I N  = 10 
I L T  = 0 
REWIND 1 0  
RETORH 

C 
C.....'ENDO1. C O M A N O  1 7  -- S I G N I P I E S  T H E  END O P  A DO S E C T I O N  
C 

1880 C O N T I R O E  
I N  = 5 
P R I N T  7 7 8 0  

7 7 8 0  P O R I A T  1' END P R O C E S S I N G  DO S E C T I O N ' )  
IP (NEXT.  LE.O) GO TO 1 9 0 0  
P R I N T  7 7 7 0  
S R I T E ( 1 1 . 7 7 7 0 )  

7770 P O R I A T ( ' O P O L L 0 W I N G  CARD T O ' I O O I P T  DO S E C T I O N  WAS NEVER READ. ' 
t , * R E I D  NOP WITHOUT EXECUTING.*) 

READ(5 .7732 .  E N E 3 0 0 0 )  EX 
P R I N T  7 7 3 5 , E X  
W R I T E ( l 1 . 7 7 3 5 )  EX 

1 9 0 0  C O N T I N U E  
NEXT = 0 
RETURN 

C 
C... . . 'REDOg, C O I I A N O  18 -- REEXECOTE A DO S E C T I O N  
C 

1 9 2 0  C O N T I N U E  
I P ( I U S D O . E Q . 0 )  GO TO 1 9 4 0  
I N  = 10 
T A T  = 0 
NEXT = I O P ( 2 )  
REWIND 1 0  
RETURN 

1 9 4 0  PRIWT 7 7 9 0  
7790 P O R I A T ( ' O C A N N 0 T  E X K O T E  REDO BECAUSE NO DO S E C T I O N  EXISTS . ' ,  

1 ' I G N O R E  REDO COIIIAND. * I  
RETURN 

C 
C..... 'TRA'. C O I I R N D  19 -- TNANSPER OVER SEVERAL I R S T R U C T I O N S  
C T R A N S P E R  D O W N  ' I O P ( ~ )  ' INSTRUCTIONS. 
C 

2 0 8 0  C O B I I h U x  
J = I O P ( 1 1  
IP (J. E Q ~ O )  J= i 
DO 2 0 8 0  Ix1.J 

2 0 7 0  R E A D ( I N . 7 7 3 2 ,  E N b - 3 0 0 0 )  EX 
P R I N T  7 7 3 5 , E X  
CALL G ) ! T C l D ( E X ( l )  . K I N D , C 2 0 7 0 )  
I P  (KIIUD.EC.17) GO TO 2 0 9 0  

2 0 8 0  C O l l R N I J E  
2090 R E A D ( 9 9 , 7 0 0 0 )  ENTRY, I O P  
7000 P O R I I A T ( R 4 , 1 X , 1 0 1 5 )  

I A T  = I A T * J  
R E T W R  

C 
C,.. ..ENCOUNTERED END-OF-PILE CARD 



RPLLCE 

C 
2 9 9 0  P R I I T  9 0 0 0  
9 0 0 9  F0EI)rZ ('OESD OF P I L E  BICOUllTBRBO QEILE PEOCESSXBG W SBCTIOU. @ .  

1 * EXIT. *) 
3 0 0 0  C O I T I I O E  

RETURR 1 
EBD 



TABLE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 0  
15 
1 6  
1 7  
1 8  
1 9  
2 0  

SUBROUTIRE RPLACE(PH.PB0, El 
C 
r 
C....TAIS'SUBROUTIRE IS C A L L E D  UREA me R A I U  PROGRAII IS PROCESSIRG RO 
C CARDS. 
C 
C 

DIl!ERSIOH PR(R),PH,O(R) 
DO top 1 = 1 , n  

1 0 0  PRO(1) = PB(1)  
RETURN 

C 

C 
DIIIENSIOH IUPRY(1) , I R O P ( 1 )  
RROWS = 0 
DO 2 0 0  I = 1 , 6  
IP(IRTRT(I) .EQ.O)  (D TO 2 1 0  
I a o w ( x )  = I B ~ Y  (I) 
ARCUS = I ' 

2 0 0  CORTIROE 
2 1 0  RE'IORU 

C 
C 

C 
ENTRY PVEC (VEC.Ri K) 

C 
C 

oraensron v e c ( m  
I P  (K-EQ. 1 )  PBIHT 3 8 0 0  
I P  (K.EQ.2) PRTHT 3 9 0 0  
DO 4 9 0  I=l.W 
I T C  -- 1 - 1  
PRINT 4 0 0 0 ,  IYC,VEC(I)  

4 9 0  CORTINOE 
3 8 0 0  POURAT (lRO.*IEAR CLASS I N I T I A L  VECTOR'/) 
3 9 0 0  PORAAT(lRO,*YEAR C U S S  PIUAL VECTOR'/) 
4 0 0 0  POUflAT(1A ,3X.I3,7X, 1 P E 1 2 . 5 )  

RETURN 
END 



YEARLY 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
15 
1 6  
1 7  
1 8  
1 9  
20 
2 1 
a3 
23 
2 4  
2 5  
2 6  
2 7  
2 8  
'29 
3 0 

SUBROUTIRB TABLE(IR3W. PSBT,SBT,RYRS) 
COlllOR /DATA/ Y E V A L ( 1 0 1 . 9 , l l ) .  T E I I P ( 1 0 1 ) .  NCUGS 

C 
C,..,.TEIS SWROOTIRE PRINTS A TABLE: PARAIIBTRIC ANALYSIS OP CALCULATED 
C VABIABLES FOR SBVBRAL VALUES OF AR ADJUSTLBLB PARAIIBTER, E G . ,  PRY 
C 
C .. .- ARA1(11.12.13) CORTAIRS TRE CALCULATED TABLB OUTPUT: 
C I1 : ROW SUBSCRIPT, YEAR NO. 
C I 2  : COLUlR SUBSCRIPT,.POR DIPP'NT VALS O P  ADJ PARR 
C 1 3 :  SELECTS OUTPUT VLRIABLB 
C 

DIIIERSIOR ARAY (6.9.50). COLBD ( 9 )  , IROW(l)  , P S E T ( l 6 )  ,LES(3.9) , R I S K ( 9 )  
DIIIERSIOR LIC (6.9.7) 
D I l E R S I O l l  LICSU8151 .BCDIPIOI 
RELL*8 OUTRAII (P) ' / ;wTP? ' ,~*REL*.  *IIIPACTS, ' 8 / C 0 /  

2 ,AEAD(4) / 'YRS BELYw,'D LT *.'YRS R E L R 9 , ' l  LT '/ 
3 ,PER*4/.50/ . CASE/'CASE'/. D I F P / ' D I P F * /  

EQUIVALENCE (RCOLS.RCRGS) 

C 
PER = - 7 5  
OPR = - 5 0  

C 
m Y P S  = 4 
ROUT = 1 6  
RRPL = 7 

C .  
C 

ROUT1 = ROOT + 1 
NOUT2 = RU'SP 4 NRSL 
NTPSP1 = P m S + l  
L I F  = 9 

C 
C 

DO 2 0  I = l , K R G S  
COLHD(1) = P S E T ( 1 )  

2 0  COBTIAUE 
DO 5 0  I=l.BROWS 
DO 50 J=I;BCOLS 
BC(1.J.  1 )  = ARAY(1.J. 1 8 )  / ARAY(1,J . lS)  
BC ( I . J . 2 )  = ARAY(I.J.9) * (ARAY(l.J.18)-LRLY(I,J.18)) 
8C ( I . J .3)  = BC(I .J .2)  / ( l . O + S I ) * * I R O W ( I )  
BC(I.J.4) = ARAY(l.J.3) - LRLY(I.J.3) 
ec (I . J .~)  = a c ~ ,  ~ , u )  / ( i , o + s x )  * * I n o w ( I )  
B C ( I . J . 6 )  = ARAT(I .J .10)  ( B C ( l . J . 1 ) - B C ( 1 , J . l ) )  
8C ( I . J .7)  = BC(I.J.6) / ( l .O+SI)**IROW(I)  

5 0  CONTIRUE 
WRITE ( L I P . 5 5 )  SET 

5 5  PORIAT ( '1' ,40X,'SET' , F 5 -  l / * O W ,  18X, 'FRACTOPAL CHANGE I R  SUBVIVAL' 
1 ,I PROBABILITY FOR RGE CLASS.0 ,  PRY') 

WRITE (LIP.60)  (COLHD ( I )  ,I=l.WCOLS) 
6 0  FORMAT ( 'Oe.21X.9(PS.2 ,71))  

WRITE ( L I P  ,65)  
65 P ~ N R ~ T ~ ~ ~ ; , * Y ~ A I I * I  

DO 1 0 0  RK=l, N O m  
WRITE I L I P . 7 0 )  OUTRAR(1) 

7 0  POBIIAT ( * - ' , i 8 )  
DO 1 0 0  I=l.RROWS 
~ I T E  (LIP.eo)  r r , I R o w ( I ) ,  ( & R A Y  (I. J,KK) .J=I.NCOLS) 

8 0  FORRAT ('**.111,'...',13,1P9El2-3) 
1 0 0  WRITE f L I P . 8 5 )  

8 s  e o R a A r ( .  
DO 110 K-2,ATIPS 
DO 1 1 0  KK=l,BREL 
WRITE (LIP.70)  OUTRAII(R) 
DO 1 1 0  I=l.NROWS 
I P  (R-BQ.4) GO TO 1 0 5  
WRITE (LIP.80) RR, IROW ( I ) .  (ARLY (I.  J.KK+(K-2)*AREL+ROUT), 

1 J= 1 ,BCOLS) 
G O  m 1 0 7  

1 0 5  C O A I R U E  
WPLTB I L L Y . U V I  R R . L P V W I L l .  I Y U I I . J .  RRI . J ~ l . I C ' V L Y I  

1 0 7  COBTIAUE 
1 1 0  WRITE (LIP.85)  

DO 1 2 0  5=1,3 
DO 1 2 0  K = l , R c o L S  
r e s ( J , r )  - o 
DO 1 2 0  IYR=l.PYRSPl 
IP(IBVAL(IYE,K~J+1).LT..PBR*YRVAL(IYB~l~J+1)) L B S ( J , K ) c L B S ( J , K ) + l  

1 2 0  C O A I R U E  
DO 140 K=l,RCOLS 
RISK (K) = 0. 
DO 1 0 0  IYI=l .NYESPl  
TRE = PER - YRVIL(~R,K.O)/IRVAL(IYR.l,U) 

1 4 0  I F  (4IIP.GT.D.) HISK(K) a RISK(K) +TIIP 
U B I T E ( I J P . 6 1 0 0 )  READ ( 1 )  ,BEAD(I) ,  PBR. (LES (1.J) . J - ~ , B C O L ~  
WRITE(LIP.6100)  RBAD (3) .BEAD(O), PER. (LES (2.J) .J=l.BCOLS) 
WRITE(LIP.6150)  PEE, (LES(3.J ) .  Ja1,UCOLS) 



YEARLY 

9 1 
9 2  
9 3  
9 0  
9 5  
9 6  
9 7  
9 8  
9 9  

1 0 0  
1 0 1  
1 0 2  
1 0 3  
1 0 0  
1 0 5  
1 0 6  
1 0 7  
1 0 8  
1 0 9  

' 1 1 0  
1 1 1  
1 1 2  
1 1 3  
1 1 0  
1 1 5  
1 1 6  
1 1 7  
118 
1 1 9  
1 2 0  
1 2 1  
1 2 2  
1 2 3  
1 2 0  
1 2 5  
1 2 6  
1 2 7  
1 2 8  
1 2 9  
1 3 0  
1 3 1  
1 3 2  
1 3 3  
13U 
135 
1 3 6  
1 3 7  
1 3 8  
1 3 9  
lU0 
1 U l  
1 0 2  
1 4 3  
1 0 4  
1 0 5  
1 4 6  
1 9 7  
1 0 8  
1U9 
1 5 0  
1 5 1  
1 5 2  
1 5 3  
15U 
1 5 5  
1 5 6  
157 
1 5 8  
1 5 9  
1 6 0  
1 6 1  
1 6 2  
1 6 3  
1 6 4  
1 6 5  
1 6 6  
1 6 7  
1 6 8  
169 
1 7 0  
1 7  1 
1 7 2  
1 7 3  
1 7 4  
1 7 5  
1 7 6  
1 7 7  
178 
1 7 9  

6 1 0 0  PORIAT(*O'.A8.A5.P3.~2,9(17.5X)) - .  
6 1 5 0  PORIAT('0YBS RELTO'IP LT q , P 3 . 2 , 1 5 , 8 ( 5 1 , 1 7 )  ) 

WRITE(LTP,6200)  (RTSR (K) ,Kol.RrllLZ) 
6 2 0 0  PORIAT('O1NDEX OP RISK*.9P12.2) 

RETURN 
C 
C 
C 

ERTRT PRETRB(IS.OUTPT. I IPACT,REL) ,. 
C 
C-....PRETAB STORES V A R I A B L E S  FOR LATER PRINTING I N  s o a n r a y  TABLE. 
C 

REAL*@ OUTPT(20)  . I W A C T ( 2 O )  ,REL(20)  
DO 2 2 0  I = 1 , 1 6  
ARAY ( I S .  NCOLS, 4 = DUTPT(1) 

2 2 0  CONTIROE 

NROWS = I S  
RETURN 

C 
C 
C 

ENTRY BCTAE(PSET.SR.NTRS) 
C 
C 

NTRSPl = N I R S + l  
IGC = 9 
DO 2 5 0  I = l , N C R G S  
COLAD(1) = PSET(1)  

2 5 0  CONTINUE 
WRITE. ( IG0.6600)  SET 

6 6 0 0  PORIAT ( ' le .27X. 'SET' .P5.1 /  'O'.lOI.'YEARLY BENEPIT/COST kNALYSIS' 
1 I 

. W R X T E  ( i G 0 , 6 6  10) 
6 6 1 0  PORIAT ( '1' .15X.'REL YIELD/BEL EPPORT') 

WRITE (YG0.6630) (CASE,I~l.RCOLS),(DIPP,I~l,NCOLS) 
6 6 3 0 ' P O R I A T  ( 1 8  ,1X,'YR0. lX.9(5X.L0,5X))  

WRITE ( 1 6 0 , 6 6 5 0 )  ( I , I = l  ,NCOLS) , ( I , I = l , N C O L S )  
6 6 5 0  POBIAT ( 1 8  .UX,9(5X,I4 ,5X))  

DO 3 5 0  I = l , N Y R S P l  
I Y R  = 1-1 
DO, 3 2 5  J= 1,NCOLS 
BCSUB(J) = YRVAL(I.J.8) 

3 2 5  B C C I P ( J )  = YRVAL(I.J.8) - YRVAL(1.1.8)' 
WRITE ( I G 0 . 6 7 0 0 )  IYR, (BCSUB(J) , J = l , N C D L S ) ,  (BCDIP ( J )  .J=l, 

6 7 0 0  PORIAT ( 1 8  , I O , l P 9 E l U . 6 )  
3 5 0  CORTINUE 

WRITE (160.600 1) 
6 0 0 1  PORIAT ( 1 8 1 )  

DO 5 0 0  K=1.6 
SK = K 
KR = K/2 
SKR = KA 

, NCOLS) 

I P  (K.EQ. 1 )  WRITE ( IG0.6611)  
I P  (K-EQ. 2) WRITE ( IGO.6612)  
I P  (R.EQ.3) WRITE ( 1 6 0 . 6 6 1 3 )  
I P  (K.EQ.4) WRITE (IG0.661U) 
I P  (K.EQ.5) WRTTE ( r G 0 . 6 6 1 5 )  
IF (R-EQ..6) .BITE m G 0 . 6 6  1 6 )  
WRITE ( 1 6 0 , 6 6 3 0 )  (CASE.I=l.NCOLS), ( D I P P , I = l  ,RCOLS) 
WRITE ( I G 0 , 6 6 5 0 )  ( I .  I= 1,NCOLS). ( I , I = l .  UCOLS) 
DO 4 5 0  I = l , N Y R S P l  
I T R  = 1 - 1  
DO 0 2 5 - J = 1  .NCOLS 
I P  (SKU. EC. .S*SK) GO TO U10 
BCSW ( J )  - TRVAL(I,J,9*KN) 
BCOIP ( J )  = TRVAL(I,J,9+KR) - IRVAL (1 ,1 ,9+KU) 
GO TO U20 

0 1 0  CORTIROE 
e c s o a ( J )  = Y R V N , ( I , J . ~ + K U )  / ( ~ . o + s I ) * * I  
BCDIP (J) = (TRVAL(1, J, 8+11N) - TRVAL(I.1, 8+KA))  / ( l . O + S I ) * * I  

0 2 0  CORTINOE 
iTINDE 
:TE ( I G 0 , 6 7 0 0 )  In, (BCSOB(J) ,  J=l ,NCOLS).  ( B C D I P ( J ) , J = l . N C O L S )  
!TINOR 
.TE (IG0.6001) 
IRUUE 
IIAT (' 1'. lOX.'POI/P (T)* (EEL YIELD(0)  - REL I I E L D ( T ) )  ') 
MAT ('1*.5X.'OISCOUlITBD B C 1 R l S )  
t a r T  ( * ~ * . I ~ x , * P ( o )  - P V ) * )  
IIAT (' l', 1 7 1 , '  DISCOOUTED ?(O)  - P ( T ) ' )  
IIAT ( q  ~ ~ . ~ X . * B C I R S ~ )  
IIAT (*1',5X.'BCTli6') 

RETURN 
ERD 



SUBROUTINE TEARLT (nRI ,TO?P.PA.RCPnE,PRY) 
C 
C 
C..,..TBIS S W R O O T I R E  I S  CALLED BT TRE I N N  PROGBAII POR EACH TEAR. SEVERAL 
C QOAWTITIRS ARE STORED FOR LATER OUTPUT BT SUBROOTIRES TABLE LRD PLT123.  
C 

C 
C..,..STORE VALDES I N  TAB ARBAT YRVAL. 
C 
C 

T R V L L ( I T R I + l .  ACRGS.1) = PTP 
X X V A L ~ ~ Z U ~ ' ~  I ,  WCBQ5.Z) - TIDLD 
TRVAL ( I Y R I + l  ,RCRGS,3) = P N ( 2 )  
TRVAL (ITRI.9. UrRCS,U)  TnTP 
? R P A L I I I R I * l  .QCRGS,5) = PR 1 )  
? R V A L ( I Y R I * l ,  RCRCS.6) = P # { * b )  
TRVAL (IPRI*l, NCHGS.7) = UUTPT(1) 

C 
C 
C,., ..STORE VALUES I R  ARRAY OUTPT. 
C 
C 

OUTPT(1) = TOTP 
OUTPT(2)  a T I E M  
o u ~ m ( 3 )  = PIP 
0 0 1 P T ( U )  = PN (1) 
CUTPT(5)  a P H I Z )  
OUTPT(6)  = PA ( 1 6 )  

C 
C 
C.....STCRE VLLUES I R  ARRAY REL. 
C 
C 

R E L ( 1 )  = 1OTP / TRVIL(l.NCHGS.0) 
R E l ( 2 )  = YIELD / YRVAL (l.NCRGS.2) 
REL(3)  = PTP / YRVALi;l,NCRGS, 0 
R E L ( 0 )  = P N ( 1 )  / YRVAL ( 1  ,liCRGS,5) 
R E L ( 5 )  = P N ( 2 )  / TRVAL (l.ACRGS.3) 
R E L ( 6 )  = P N ( 1 6 )  / IRVAL(I.NCRGS.6) 
R E L ( 7 )  = O W P T C T )  / YRVAL(l.NCHGS.7) 

C 
C 
C-..,,STCRE VALUES I N  LRRAY IIPACT.  
C 

DO 5 0 0  1 = 1 , 7  
D I P P  = 1. - REL(1)  
18 (IRFIIITPP! .LT. 1 .E-51 DIPP = 0 .  
I I IFACT(1)  = ALIZY8 
I P  IPRT.RE-0.1 I . 9 P A C T l I )  = D I P P  / PRY . . 

5 0 0  C O R ~ I N O E  
RCFOE = ALAZYB 
I P  (REL(3)-NE.0.) RCPUE = REL(2)  / REL(3)  

C 
C 
C,,,,-STORE TEARLT B E U E P R  COST VALUES I N  TRVAL. 
C 
C 

Y R S A L ( I T R I + l  ,RCHGS,0) = REL(2)  / REL(3)  
I P  ( fYBI .CT.0)  GO TJ 600 
R E 1 2 5 1  = REL 1 2 )  
0 0 1 3 5 V  = O U T P T O l  . . 

6 0 0  COBTIROE 
TRvAL ( I T R I * l  ,RCHGS,9) = OUTPT(9) * (RELZSV-REL(2) 1 
T R V A L ( I T R I * l ,  RCRGS.10) = 0UT3SV - OOTPT(3) 
Y R V A b ( I T R I ~ 1 .  RCHliS.! I) : hn'l'PT(lfi)  + (YUVLL(l.BCIIQ3.01 . 

1 YRVALIITRI*~.NCRGS.~))  
RETURN 
END 



C,., ., S O B R O O T I A E  POR C A L C O L A T I A G  TAB YIELD 
P 



BLOCK 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  

. 1 4  
15 
1 6  
1 7  
18 
1 9  

SUEROUTIRE YRRUR (PN,A,IIR,N,TEFIP) 
C 

. C,....SOBROUTINE FOR ADVANCING TAE POPULATION VECTOR BY 1 YEAR 
C OSIRG OATEIX A 
C 

COOOON /BLOCKY/ YIELD, PTP,CATCR ( 1 6 )  , P P E ( 1 6 )  , P ( 1 6 )  .OT(17) ,JYR 
DIEERSION A(FIR.1). PN(1)  , T E N P ( l )  
ROl=R-1 
DO 3 0  I = l , R  
TEOP(1)  =O.O 
DO 2 0  J = l , A  
T E E P ( 1 )  = T E O P ( I ) + A  ( 1 . 4  *PR(J) 

2 0  CORTIROE 
3 0  CORTIAUE 

DO 4 0  I = l , A  
PR ( I )  = T E O P ( I )  

0 0  CORTIROE 
RETURN 
ERD 



BLCCK D L T L  
COL!flON/BLOCKN/N, NVARB. RVARB 
DL 'IA l l V A R B / 2 5 6 /  
DATA N V A R B / 1 4 8 / ,  N / 1 /  
END 
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