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INTRODUCTION 

GROWBOOT is a FORTRAN program which estimates parameters and their 
confidence intervals for ten common growth models using nonlinear least 
squares regression. Statistical confidence intervals for the growth curve 
parameter estimates are derived using a resampling technique called 
bootstrapping (Efron 1982). GROWBOOT was compiled using the Microsoft(TM) 
FORTRAN Optimizing Compiler, Version 4.1. It runs on a personal computer 
under MS-DOS with at least 410K bytes memory free (executable file is 
approx. 307K). It uses IMSL~ subroutines and therefore must be linked to 
IMSL subroutine libraries STATCORE.LIB, STATl.LIB, and STAT2.LIB. 

METHODS 

Description 

The program uses age-length-weight (AWL) measurements from fish to fit 
growth curves using either weighted or unweighted nonlinear least squares 
(NLLS) regression (see IMSL documentation for RNLIN). Statistical 
confidence intervals for the growth curve parameter estimates are derived 
using the bootstrap resampling technique (Efron 1982). To begin the 
bootstrap process, nonlinear least squares procedures are used to fit the 
specified growth model to the input data set of N observations, producing N 
expected lengths or weights at age, and N residual deviations of the 
original lengths or weights at age from the expected lengths or weights at 
age. For each bootstrap iteration, a bootstrap sample of N residuals is 
drawn at random with replacement from the initial set of residuals, and 
added to the initial set of expected lengths or weights at age to form a 
bootstrap sample of lengths or weights at age. Nonlinear least squares 
procedures are then used to estimate parameters for the specified growth 
model on the bootstrap sample of lengths or weights at age. This process 
is repeated for a user specified number of iterations ( 1,000 are 
recommended by Efron, 1982), forming a sample of estimates for each 
parameter. The frequency distribution of the parameter estimates is then 
used to construct 95% and 90% confidence intervals by determining the 
values of the parameter between which 95% and 90% of the parameters 
estimates fall. Confidence intervals constructed in this manner may be 
slightly biased (Efron and Tibshirani 1986, Efron 1987), but the method 
does not depend on assumptions regarding underlying distributions of the 
parameters. 

There are three data file formats available in the program: (1) free format 
with two variables, age and length or weight, (2) user specified format 
with four variables, age, length or weight, regression weight, and 
frequency, and (3) free format with four variables, age, length or weight, 
regression weight, and frequency. Variable age must be an integer value, 
while length or weight, regression weight and frequency are real data 
types. 

2~~~~ Stat/PC-Library Edition 1.0 from IMSL, 2500 ParkWest Tower One, 
2500 CityWest Boulevard, Houston, Texas 77042-3020 USA. 



. The user specifies whether a length or weight based model is to be fit. 
The program.requires a minimum of two values per record: age and length or 
weight. Units of measurement for length and weight are determined by the 
user. In cases where fish age is not an integer value, ages can be 
transformed (coded) into integer values (e.g. 0.5 years = 1, 1.5 years - 2, 
etc.) If coded ages are input into a model that estimates theoretical age 
at which length or weight equals zero (paremeter to), the value for to must 
be back transformed using the reciprocal of the age transformation value. 

Data file formats 2 and 3 allow the user to input a weighting value and 
frequency for each record. A weighted regression is appropriate in cases 
where the variance of the error term in the model being fitted is not 
constant. A frequency value (e.g. number of fish in an age class) could be 
used when only mean length or weight at age data is available. Regression 
weitght and frequency are set to 1.0 by default if no values are input for 
these variables. Data file format 2 (user specified format) requires 
values for all four variables to be input. If there are no data for 
regression weight and frequency the user must designate two blank fields 
for these variables in the format statement. 

Models 

There are 10 growth models in the program: 

Model 1: 3-parameter von Bertalanffy growth model attempts to predict 
weight or length from the equation: 

where: Yt = length (or weight) at time t 
ym = maxirmrm length (or weight) 
k = I1grcwtW1 coefficient 
tO = theoretical age at w h i c h  L (or W) = 0 

The parameters to be estimated by NLLS regression in this model are Yco, k, 
and to. 

Model 2: 4-parameter von Bertalanffy uses a slightly different predictive 
equation: 

where: b = allometric growth constant 

The parameters to be estimated are Yco, k, t o ,  and b. 

Model 3: Logistic growth model uses the equation: 

Model 4: Richards growth model uses the equation: 



Model 5: Gompertz growth model uses the equation 

Parameters to be estimated in models 3, 4, and 5 are Ya, k, to, and b in 
model 4. 

Model 6: Kappenman's growth model uses the equation 

yt = yoo(l*-k(t*c) ) 

The parameters to be estimated are Yoo, k, and C. 

Choosing number 7 on the growth models menu produces another menu listing 
Schnute's four generalized growth models. 

Case 1: 4-parameter model using the equation: 

where: taul - youngest age in sample 
tau2 = oldest age in sample 

Parameters to be estimated are Y1, Y2, a, and b. 

Case 2: 3-parameter model using the equation: 

Parameters to be estimated are Y1, Y2, and a. 

Case 3: 3-parameter model using the equation: 

Parameters to be estimated are Y1, Y2, and b. 

Case 4: 2-parameter model using the equation: 

(t- taul) 
Yt - Yl(e[log(Y2/Yl) * 1 ) 

(tau2-taul) 

Parameters to be estimated are Y1, and Y2. 



All the above growth models except number 6 ,  from Kappenman (1980), were 
taken from Schnute (1981). 

Output t o  Screen 

After typing GROWBOOT at the DOS prompt, a descriptive banner is printed 
and the user is asked for the names of the input (AWL data), and output 
files, A second output file with the default name GBGRAPH.PRN is also 
created. If any of the output files already exist, the user can either 
write over the old files or rename the output files. The program then asks 
if a length or weight model is to be fit, what format the AWL data file is 
in, and if the user wants to see the data as it is being read in. A 
summary table showing mean length or weight at age of fish from the data 
file, and the number of fish with a valid length or weight measurement 
(depending on whether a length or weight model was chosen) is displayed. A 
title for the run is requested, and a menu showing the different growth 
models is printed. The user is asked for initial estimates of the growth 
model parameters, and if the default convergence parameters for the NLLS 
regression are acceptable. After the input data is regressed, the 
parameter estimates and summary statistics of the inital regression are 
output. The user is now asked for the number of bootstrap iterations to 
perform. The parameter estimates for each bootstrap iteration are printed 
to the screen after each regression. Finally, the user is asked if the 
residuals from the regression of the input data are to be printed to the 
output file. An example of screen output from GROWBOOT is shown in 
Appendix 1. 

Output t o  F i l e  

Two output files are produced. One file contains: 

1. summary table of the AWL data 
2. growth curve parameter estimates and regression statistics 

for the raw AWL data 
3. listing of the growth curve parameter estimates from all 

bootstraps 
4. mean value of parameter estimates from all bootstraps and 

their associated 95% and 90% confidence intervals 
5. summary statistics of growth parameter estimates for all 

bootstraps (see documentation for IMSL subroutine UVSTA for 
details) 

6. variance-covariance matrix of growth curve parameters 
7. mean values, for all bootstraps, of the mean length or 

weight at age, its standard deviation, and range 

Residuals from the NLLS regression of the input data are output if 
requested. An example of the above output file is found in Appendix 2. 



A second output file with the default name "GBGRAPH.PRNn contains the data 
needed for importation into a spreadsheet. Data consists of: 

1. mean, standard deviation, range of length or weight at age 
of the input data and number of fish in age class. 

2. parameter estimates of input data 
3. means of the bootstrap parameter estimates and their associated 

95% and 90% confidence intervals 

An example of output file GBGRAPH.PRN is found in Appendix 3. From these 
data expected length or weight and "mean" residuals can be calculated and a 
graph showing observed and predicted growth, confidence intervals, and 
range of the data can be plotted. 

Program Structure  

A description of the structure of GROWBOOT.FOR is given in Appendix 4. 
Appendix 5 contains a flowchart detailing the organization of GROWBOOT and 
descriptions of the subroutines used in GROWBOOT are found in Appendix 6. 

The program is easily modified to accept other growth models, including 
most common models. To use other models, the only subroutines that should 
need modifying are PICKMOD and MODELS. To change the default values for 
number of fish, oldest age class, and bootstrap replications, assign new 
values to the parameters MAXFISH, MAXBOOT, and MAXAGE in LB. INC and 
recompile. A MAKE file to automate compilation of GROWBOOT.EXE is found in 
Appendix 7. It is highly recommended that the program be run on a computer 
equipped with a math coprocessor. Execution time for a 403 record file, 
fit to a 3 parameter von Bertalanffy model (unweighted regression), using 
an IBM-XT with a 16-Mhz 80386 CPU and 80387 math coprocessor is 
approximately 15 seconds per bootstrap replication (average 3.15 iterations 
per bootstrap). Information describing the file header for GROWBOOT.EXE is 
shown in Appendix 8. Appendix 9 is a source code listing of GROWBOOT.EXE. 
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Appendix 1. Output printed to the screen by -.ExE. 
(user input and comments are in bold type) 

C: \m- 
........................................................ 
* - Growth curve estimation program with * 
~r estimation of m t e r  standard error * 
* by bootstrap resaqling. J( 

* Copyright (C) Charles Burkey, ADFM; 6/88 ~r ........................................................ 

ENTER INPUT FILE NAME: genf.I-81 

ENTER OUTHIT FILE NAME: genf.& 

File exists; overwrite (Yp)?: y 

Graphics output File exists; overwrite (Yp)?: y 

Select W G I ' H  or WEIGHT model 
1=mm 
2 = WEIGt-lT => 1 

Indicate format of data file: genf.r-81 

1. T W  VARIZABLES: age and length or weight only 
- FREE format in order: age, length or weight 

2. USER specified format 
NOTE: Program reads in variables in the order: 

age, length or weight, regression weight, 
frequency 

3. FREE format (age, length or weight, regression 
weight, frequency) 

- 1 fish/line w/4 values separated by 
spaces (use 0 for missing values) 

Pick 1 ,2 ,  or 3 
1 

If you want to see the data as it is read in 
type Y, if not hit <ENTER>: y 

... l a s t  7 records froan file GEN.R81 

Fish#: 397 Age: 2 DAT: 165.00 : 1.00 FREQ: 1.00 
Fish#: 398 Age: 1 DAT: 102.00 WT: 1.00 FREQ: 1.00 
Fish#: 399 Age: 2 DAT: 137.00 WT: 1.00 FREQ: 1.00 
Fish#: 400 Age: 1 DAT: 102.00 WT: 1.00 F'REQ: 1.00 
Fish#: 401 Age: 2 DAT: 166.00 WT: 1.00 FREQ: 1.00 
Fish#: 402 Age: 1 DAT: 111.00 WT: 1.00 F'REQ: 1.00 
Fish#: 403 Age: 2 DAT: 159.00 WT: 1.00 FREQ: 1.00 



A p e  1. (page 2 of 4) 

Summary of data in f i l e :  genf.r81 
Mean 

Age W H  Nmber 
1 111.47 47. 
2 163.87 70. 
3 197.16 107. 
4 221.19 69. 
5 233.50 105. 
6 236.75 4. 
7 237.00 1. 

No. f i shwi thLENHmeasu rmen t  is 403 
Working, Please  standby ... 

Enter title for this run (max 80 characters) 
Kodiak, AK Erosn D m & ,  1981 - ~ a u F p l t  

Pick a grawth model 
1. 3 parameter von Bertanlanffy 

Y ( t )  = Y&EXP (-k(t-to) ) 
2. 4 parameter von Bertanalaffy 

Y ( t )  = Y&EXP (-k(t-to) ) **b 
3 .  Lqistic 

Y (t) = Y&+EXP (-k (t- to) ) ) 
4. Richards 

Y ( t )  = Y& (EXP (-k ( t- to) ) /b) ) **-b 
5. Gorrrpertz 

Y ( t )  = Y e  (-EXP (-k (t-to) ) ) 
6-  &P- 

Y(t)  = YooJcEXP(-k(EXP(t*c)))) 
7. Schnutels Generalized G r o w t h  Models 

Y(t) = LENGTH a t  age t 
Yw = ul t imate  LENGTH (Lpo o r  W) 

k = "growthn coeff  icient 
t O  = t heo re t i c a l  age at  w h i c h  lENGIH=O 
b = a l lomet r ic  growth coef f ic ien t  

1 

Enter ini t ial  estimate of IP 
258 

Enter initial es t imate  of k 
-44 

mter initial est imate of t o  
-.26 



A p w  1. (page 3 of 4) 

The default convergence parameters for the 
Nonlinear least squares regression are: 

(1) Maxirmrm number of iterations: 100 
(2) Maximum number of SSE evaluations: 400 
(3) Number of good digits in residuals: 24 
(4) Scaled gradient tolerance: .3453E-03 
(5) Scaled step tolerance: .2423E-04 
(6) Relative function tolerance: .2423E-04 
(7) Absolute function tolerance: .1422E-13 
(8) False convergence tolerance: .1192E-04 
(9) lhxhum allowable step size: -999.0 
(10) Parameter scaling option: 1 

Are these criteria OK (Y/N) ? y 

********* M;LS regression of input ********* 
Iteration number: 1 
Iteration nunhr: 2 
Iteration number: 3 

Parameter estimates from Nonlinear least squares regression of input data 
Parameter Estimate 

Lpo 258.5 
k .4439 
tO -. 2676 

Rankof R m a t r i x =  3 
Sums of squares for error = 75409.5900 
Mean Square Error = 188.5240 
Dqrees of freedom for error = 400.000 

Nimher of bootstrap replications to perform: 2 

Bootstrap number: 1 

Iteration number: 1 
Iteration number: 2 

l'amneter Estimate 
LPo 260.9 
k .4419 
tO -. 2205 
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Bootstrap number: 2 

Iteration number: 1 
Iteration number: 2 
Iteration number: 3 

Parameter Estimate 
Lpo 256.0 
k .4559 
t O  -.2123 

Do you want to print the residuals (Y/N) ? : y 

E r d ~ f o u i q u t t o s c r e e n f r o a n ~ . E X E  



Appendix 2 .  Output  f i l e  f rom GROUBOOT.EXE. 

* GROUBOOT - Growth curve  e s t i m a t i o n  program u s i n g  * 
* n o n - l i n e a r  l e a s t  squares r e g r e s s i o n  * 
* w i t h  e s t i m a t i o n  o f  parameter s tandard  * 
* e r r o r  b y  b o o t s t r a p  resampling. * 
* Char les Burkey, ADF&G 8 / 8 8  * 
...................................................... 

Summary t a b l e  o f  d a t a  i n  f i l e :  genf.r-81 

Mean 

Age LENGTH 

1 111.5 

2 163.9 

3 197.2 

4 221.2 
5 233.5 

6 236.8 

7 237.0 

St  Dev 

23.6 
16.0 

9 .6  

14.1 

9.0 

5.4 

5 .4  

Range 

197.0 84.0 

191.0 103.0 

228.0 160.0 

247.0 165.0 
251.0 205.0 

244.0 231.0 

237.0 237.0 

Number 

47 .  

7 0 .  
107.  

6 9 .  
105.  

4 .  

1 .  

Growth model: t h r e e  parameter von B e r t a n l a n f f y  

o f  LENGTH a t  age 

Parameter es t imates  f rom Non l inear  l e a s t  squares r e g r e s s i o n  o f  i n p u t  d a t a  

Parameter Es t imate  

La 258.5 

k .4439 
t 0 - .2674 

Number o f  i t e r a t i o n s  = 3 

Rank o f  R m a t r i x  = 3 

Sums o f  squares f o r  e r r o r  = 75409.5700 

Mean Square E r r o r  = 188.5239 
Degrees o f  freedom f o r  e r r o r  = 400.000 

GROWBOOT Growth c u r v e  b o o t s t r a p  program. 

by Char les Burkey, ADF&G - Juneau, Ak. 1988 

Kodiak, AK h e r r i n g  f rom General D i s t r i c t ,  1981 - se ine  caught 

Es t imates  o f  Growth Parameters f o r  ALL BOOTSTRAP R e p l i c a t i o n s  

Parameters 

Boot MSE La k to 

1 181.957 260.9 .4419 - .2205 
2 192.365 256.0 .4559 -.2123 
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Mean Values and conf idence i n t e r v a l s  o f  Growth Parameters f o r  ALL BOOTSTRAP R e p l i c a t i o n s  

95% Confidence I n t e r v a l  90% Conf idence I n t e r v a l  

Mean Upper Lower Upper Lower 

La 258.4 260.9 256.0 260.9 256.0 
k .4489 .4559 .4419 .4559 -4419 
t 0 -.2164 - .2123 - .2205 -.2123 - -2205 

Summary S t a t i s t i c s  o f  t h e  Growth Parameter Es t imates  f o r  A L L  BOOTSTRAP R e p l i c a t i o n s  

95% C . I .  o f  Mean Value 

Var iance  Skewness K u r t o s i s  Min Max C.V. Lower Upper 
La 11.7431 .OOOO -2.0000 256.0 260.9 .0133 227.7 289.2 

k .0001 .OOOO -2.0000 .4419 .4559 .0220 .3603 .5375 

t 0 .OOOO .OOOO -2.0000 -.2205 -.2123 -.0267 -.2683 - .I644 

Var iance-Covar iance M a t r i x  o f  Parameter Est imates 

La k t 0 

L 41 11.74 

k -.3380E-01 .9726E - 04 
t 0 -.1981E-01 .5703E - 04 -3343E - 04 

Mean LENGTH a t  Age o f  A l l  BOOTSTRAP R e p l i c a t i o n s .  

Age Mean 

1 108.5 
2 163.4 

3 197.1 

4 219.6 
5 233.6 
6 242.2 

7 253.1 

Range 

111.5 108.5 

163.9 161.2 
198.8 197.1 

221.9 219.6 

234.0 233.5 
243.2 236.8 

259.0 237.0 

Std. Dev. Range 

13.0 23.6 12.0 

13.6 16.0 12.8 

12.8 13.0 9.6 

15.2 15.2 14.1 

13.9 14.2 9.0 

7.5 9.4 5.4 

7.5 9.4 5.4 

Observed Expected 

Age LENGTH LENGTH Residual 

l i s t i n g  o f  r e s i d u a l s  c o n t i n u e s  



Appendix 3. Graphics output file GEGRAFI3.m fromprogram GROWBOOT. 

Swanary table of data 

Mean 
Age LENGTH St Dev 
1 111.5 23.6 
2 163.9 16.0 
3 197.2 9.6 
4 221.2 14.1 
5 233.5 9.0 
6 236.8 5.4 
7 237.0 5.4 

in file: genf.r-81 

Range Number 
197.0 84.0 47. 
191.0 103.0 70. 
228.0 160.0 107. 
247.0 165.0 69. 
251.0 205.0 105. 
244.0 231.0 4. 
237.0 237.0 1. 

Kodiak,' AK herring fran General District, 1981 - seine caught 

G m w t h  model: three parameter von Bertanlanffy 
of LENGI!H at age 

Parameter estimates from NLLS regression of input data 

Mean Values and confidence intervals of Growth Pixmeters for 
All EDCYISTRAP Replications 

Ninety-five percent CI Ninety percent CI 
Mean WPer LDwer W F  mwer 
258.4 260.9 256.0 260.9 256.0 
.4489 .4559 .4419 .4559 .4419 

-.2164 -.2123 -.2205 -. 2123 -.2205 



Qxndix 4. Description of FORTRAN program czamm?.FOR.  

The program consists of 4 modules (fi les) , containing 16 subroutines, 
1 function, and an I N m E  f i le .  

CXMEDOT.FOR - main ERSET - IMSL 
R2IJN - IMSL 
Som 

DATAIN. FOR 

Mom. FOR 

l?mDm. FOR 

o m 0  
mTAIN 
BTABIJ;: 
STATS 

PICKMOD 
MODELS 
m m  
R8LDl- IMSL 

RANDOM 
RAND - function 
GSTATS 
SORT 
RESID 

Ll3.INC is an include f i l e  containing C@MON statements and type 
statements for m N  variables used in m o s t  of the SUBROUTINES. 

Paramters: MAXFISH - maxhmm number of fish in sample 
MAXBOCYr - maximum number of bootstraps 

MAXAGE - maximum age of a fish 



Appendix 5 .  Flowchart o f  program GROWBOOT. 



Appendix 6. Description of subroutines used in (;ROWBOOT.=: 

SUBR(XITINE ERSET - IMSL subroutine to control output from errors and 
warnings generated by IMSL subroutines 

EEGET(3,0,0) -- turns off printing of warning messages 

SUBR(XITINE OPENIO - asks for input and output file names. Input file 
( ~ 1 ,  FTLF=FTLEIN or variable INRPT) contains AWL data (one line per 
fish). File opening errors are trapped and user is given the option of 
overwriting an existing file or renaming output files. 

SUBRCUTINE IY4" - asks user what format the input AWL data file is in 
(variable CHOIC1) and reads it in accowly. Only accepts fish between 
the age of 1 and MFXAGE. Puts data into 4 vectors; LAGE, LDAT, WFH, and 
LF'REQH (age, length or weight, regression weight, and frequency). User has 
the option of printing AWL input data to screen. Checks for number of fish 
older than MAXAGE, no fish in file, and no fish less than MAXAGE years old. 
Regression weight and frequency are set to 1.OEO if input file does not 
include values for these variables. 

WEEWTDE EXFABLE - Data are put into array TABLE. Finds minimum and 
maximum values of age (LOAGE, HIAGE), and length or weight at age. 

SUBROUTINE STATS - called by BTABLE to compute mean length or weight and 
their standard deviations at age and store them in arrays (MEANS & SDS) . 
Determines range of mean and standard deviation of length or weight at age 
for all bootstrap replications. Outputs mean, standard deviation, range of 
length or weight at age, and nurthrs in age class to GRAPH and OUTPUT 
files . 
SUBROUTINE SOIZTR - sorts LAGE, LDAT, LWIH, AND LF'REQH into ascending order 
based on value of LAGE. Necessary to put data in order by age so that 
residuals (calculated in SUBRoUTINE MODELS) will match raw data values if 
user asks for them to be printed. 

PICWDD - describes growth models available, asks user to chose 
one (PDDEL) , sets the nmber of paxawters to be estimated ( N P M )  , their 
names (PARMNAME) , and a name for the model (M0IXW-E) . 
SUBROUTINE CONVBG - list default convergence parameters for the 
regression program (IPARAM, RPARAM) and allows user to change them if 
necessary. See attached d m t a t i o n  of IMSL fllbroutines R 8 m  and R 2 I J N  
(a.k.a. RNLDJ) for details. 

SUBROUTINE RESID - calculates the expected value of length at age (if 
length based model) or weight at age (array EXPECT) from NL,LS parameter 
estimates of raw data. 



Appendix 6. (p 2 of 2) 

- picks a residual at random from the array RES. Puts  
residual plus expcted length or weight at that age into array LDAT. Puts 
the c o r r e s p w  age into LAGE, regression weight into LWT, and frequency 
into LFREQ. Number of residuals chosen for each age class is the number of 
fish of that age class from the input sample with a length (or weight) 
measurement. 

FUNCTION RAND - generates uniformly distributed random numbers from 0 to 1 
(any number from 0 to 1 has an equal probability of being generated) which 
are used by RANI334 to pick bootstrap sample. Original seed values are 
calculated (in RANDOM) from values returned by the system clock using the 
intrinsic function GEITIME. Subsequent seeds are generated by RAND. See 
dmmentation of FUNCTION RAND in file RAND.FOR for origin of this routine. 

SUBROUTINE R2LXN - see doamentation for IMSL subroutine RNLIN 

SUBliOUTINE mDEL - called by R 2 m  to campute the residual (E) at the given 
parameter vector THETA for a single observation. YDATA is assigned the 
observed value of length or weight of a fish, from vector LDAT, depending 
on whether a length or weight model is chosen. Prints the value of ITER to 
the screen after each iteration of R 2 U .  A series of IF(M0DEL .EQ. #) 
E=. . . . statemmts control which growth model is to be evaluated. 
Regression weight (WT) and frequency (FREQ) are assigned appropriate values 
from vectors LWT and LFREQ. See doamentation of RNL,IN for more details. 

SUBROUTINE GSTATS - calculates covariance, and the 95% and 90% confidence 
intervals of the bootstrap parameters, and writes summary data to output 
file. The confidence intervals of paramter estimates are calculated by: 
(1) sorting the parameter array, PAEWS, in ascending order using subroutine 
SORT (each column sorted individually since a column corresponds to all 
bootstrap estimates of a single parameter), and (2) picking the array 
elements mst closely corresponding to the 2.5th and 97.5th percentile for 
95% confidence intervals and the 5th and 95th percentile for 90% confidence 
intervals (eg. if 100 bootstraps were performed the 5th and 95th array 
elenents would comespond exactly to the lower and upper 90% confidence 
bounds , respectively) . 
SUBROUTINE WSTA - IMSL subroutine called by GSTATS to calculate summary 
statistics for the NILS regression parameter estimates from all bootstraps. 
See IMSL doamentation for details. 



Appendix 7.  MAKE file to  a u t o m a t e  q i l a t i o n  of -.EXE using the 
Microsoft ('IN) u t i l i t y  MAKE. EXE 

Notes :  1. . O D  files are LINKed w i t h  the Microsoft (TM) floating p i n t  
library LLIBFDR7.LLB and the IMSL libraries STATCDRE.LJB 
( a b b r e v i a t e d  SC),  STATl.LIB, and STAT2.LJB 

2. If the program is t o  be run on computers w i t h o u t  a math 
coprocessor subsitiute LS_ITBFORE.LCB for UBFDR7.LJB in the 
LINK step 

3. LINK option /SE:300 needed since program has mre than the 
1 2 8  segments allmed by default (due t o  IMSL s u b r o u t i n e s )  

4. LINK option /E produces a smaller (packed) .EXE file using 
the Microsoft(TT4) u t i l i t y  EXEPACK.EE 



Ap?endix 8. Information in GIEOWBOCrT. EXE header. 

Microsoft (R) EXE File Header Utility Version 4.02 
Copyright (C) Microsoft Corp 1985-1987. A l l  rights resewed. 

.EXE s i z e  (bytes) . . 
Mmmum load s i z e  (bytes) 
Overlay number 
Ini t ial  CS: IP  
Ini t ial  SS:SP . . 
Mmmum allocation (para) 
Maximum allocation (para) 
Header s i z e  (para) 
~ e l d i o n  table offset 
Relocation entries 



Appmdix 9. Source code for GW3WBOCrT.mR. 

....................................................................... 
* -.FOR - Bootstrap estimation of growth equation parameters * using non-linear least squares regression. * 
* ERSEF - an IMSL routine to suppress printing 05 warnings 
j, generated by IlBL subprograms 
~r that do not require corrective action ....................................................................... 

INTM;ER I,J,K,CHOIC2,BOCYrS,INT,NPARMfIDERIV,IRANKfLDR, 
$ 33'=(4) f IPARAM(6) ,=IN 
REAL TfETA(4) , DFE,MODEIS,R(4, 4) ,SSE,'lTElXl(4) , 

$ s m ( 4 )  ,WK(48) ,=ARAM(7) 
h m  TITLE*8OIMO~*5O 

cca/rrJR3N /NL;LS/= 
EXTERNAL ERSEF,DATm,RANDOM,mABLE,RAND,OPENIO,STATS,GsTATS, 

$ MODELS,R2L;INI CY)NVERG,PICKP.IOD,RESID,SORI'l3 
W A  NPARM/O/,~OIC2/O/,ID~/O/,~4*O.O/,LDR/4/ 

............................................................ 

PRINT *, * GROWBOOT - Growth cuwe estimation program with * 
PRINT *, I* estimation of parameter standard error * I  

PRINT *, I* by bootstrap resampling. * 1  

PRINT * , * Copyright (C) Charles Wrrkey , ADF&G 6/88 ~r 1 

PRINT * , ' ********************************************************1 

PRINT *,I ' 
CALL ERSET(3,0,0) 
TIMES=l 
MODELF0 

C Open input and output files 

3 PRINT (//A) , Select LENGTH or W E I W  model 
PRINT *,' 1 = LENGTH' 
PRINT ' (A\) ' I ' 2 =WEIGHT => ' 
READ(*, ' (11) ' ,-loo) CHOIC2 

100 IF(CHOIC2 .LT. 1 .OR. CHOIC2 .GT. 2) THEN 
PRINT *, ERROR: Invalid choice - Pick 1 or 2' 
G O T 0 3  

ENDIF 
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IF(CHOIC2 .EQ. 1) THEN 
TYPE='LENGrH' 
PARMNAME(l)='rn' 

ELSE 
TYPE='WEIGHT' 
PARMNAME (I) ='W' 

ENDIF 

C Read in data from m u t  file 

CALLllxcAm 
CALL mABm 

C Print out summary table of input data 

PRINT '(/A,A) ' , I  Summary of data in file: ' ,FILEIN 
PRINT *,I Mean 
PRIMP I(AIA6,A)I11 Age ',TYPEfl Number' 
m 2 I=rnGE,HIAGE 

PRINT ' (lX,I2,F10.2,F8.0) ', I,MEANS(I) ,TABLF:(I,l) 
2 CONTINUF, 

TAU (I) =L13AGE 
TAU(2) =HIAGE 
PRIWT '(/A,A6,Af16)',' No. fish with ',TYPE,' measurment is I ,  

$ NFISH 
PRIWT *,I Working, Please standby . . . I  
CALLSORTR 
PRINT ' (//A) , Ehter title for this run (max 80 characters) 
READ(*, ' (A80) I )  

-(-I ' (//Ago/) '1 

C Go pick a model 

CALL PI~D(MO~,NPARM,MODEL,PARMNAME,TYPE,TAU) 

C Initial esthtes of models paramters 

DO 10 I=l,NPARM 
101 PRINT (/A,A4) I ,  Enter initial estimate of I ,  PARMNAME (I) 

READ (* , * , Em=lOl) THETA(1) 
10 CONTINUE 

C Check convergence parameters for NILS and change if necessary 

CALL C O m  (WARAM, IPARAM,NPARM, SCALE, PARmAME) 

C Do the NL;LS estimate of growth parameters using the input data 

1 (//A) 1 , I  
********* NL;LS r - - s i o n  of input data ********* I 

CAI& R 2 W  (MODELS ,NPATiM, IDERIV,THE=CA,R, LDR, IRANK, Dm, SSE, 
$ IPARAM,RPARAM,SCALEI IWKIWK) 
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C Ou-tput statistics from N I L S  regression of input data 
C First to the screen 

WRITE(*, 11) 
11 FORMAT (1X,/ Parameter estimates frcan  onl linear least scpares regr 

Session of input data ,/lX, Parameter Est imate ' )  
DO 12 J=l,NPARM 

WRITE(*, ' (5X,A4,3XIG15.4) I )  PARMNAME(J) ,THE-rA(J) 
=(J)-(J) 

12 CO- 
WRITE(*,15) IRANK,SSE,SSE/DFE,DFE 

15 FOHMAT(lX,'RankofRmatrix= ',13,/' Sumof scparesforerror 
$=',F12.4,/' Mean Square Error = ',F10.4,/' Degrees of freedom for 
$error = ,F8.3/) 

C To the output file 

WRITE (OUTPUT, 11) 
WRITE (GRAPH, ' ( /A / )  ) Paramter estimates from NLLS regression of 
$input data' 
DO 13 I=l,NPARY 

WRITE(OUTPUT, ' (5X,A4,3XIG15.4) ' )  P-(I) ,TFETA(I) 
WRITE(GRAE'H,'(G15.4) ' )  -(I) 

13 C O m  
WRITE (OUTPUT, (/A, 15) I )  Number of iterations = , lTEq/3+1 
WRITE (OUTPUT, 15) IRANK, SSE , SSE/DFE, DFE 
CAL;L RESID(THETA) 

C T H I S  I S  T H E  B O O T S T R A P  P A R T  

6 PRINT (=,//A\) I ,  Number of bootstrap replications to perform: 
READ(*,*,lBR=6) BOOTS 
IF(= .GI?. MAXBOCYT) THEN 

PRINT '(1XIA,I6,A)','EFIROR: Prcgram dimensioned for a maximum 
$ of ' ,MAXBOCVTI1 replications.' 

GOT06 
ENDIF 
IF(= .m. 1) THEN 

rnE(OUTPUT) 
-E(-) 
STOP ' Prcgram terminated normally' 

ENDIF 
DO 7 I = l , ~  

PRINT '(//A,I5/)',' Bootstrap number: ',I 
CALLRANDOM 
CALL BTABLE 
1-0 
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CALL R2LIN(~DELS,NF'ARM,IDERITVfTHETA,R,LDR, IRANK, Dm, SSE, 
$ IPARAM,RPARAM,SCaLEI IWKIWK) 

WRITE(*, ' (=,/A) ' ) I Parameter Estimate 
DO 18 J=l,NPARM 

WRITE(*, ' (5XIA4,3X,G15.4) ' )  PARMNAME(J) ,THFTA(J) 
PARMS (I,J)rTHETA(J) 
-(J)-(J) 
MSES (I) =ssE/DFE 

18 C O m  
7 co- 

C B O O T S T R A P  O V E R  
C Cmpute and print out fllmmary statistics of BOOTSTRAP parameter 
c estimates 

CALL GSTATS(BocyTs,NP~,TITLE) 
END 

......................................................................... 
* Wzbble sort routine to put arrays LAGE and LQAT into assending order 
* based on value in IAGE. Linked sort that keeps corresponding elements 
* of all arrays in the same order. This allows the residual array RES * (calculated in sUBROUTINE MODELS) to be in same order as its other 
* correspondhq array elements if user requests printing of residuals. 
.......................................................................... 

INTEGER I,J,IBND,IXCH,ITEMP 
REAL TEPllP 

I-NFISH 
30 IXCl+O 

DO 100 I=l,IENI-l 
IF (LAGE(1) .Gr. LAGE(I+l) ) THEN 

TEPlF'=mAT (I) 
raAT (I) =raAT (I+l) 
LQAT (I+1) =rE3rP 
T E N P = m  (I) 
m (I) =LWEI (I+l) 
m (I+l) =TEm? 
--(I) 
rnH(1) ==(I+l) 
rJ?REQH (I+l) =rlmP 
lx'Em+IAGE (I) 
LAGE (I) =LAGE (I+l) 
LAGE (I+1) =ITEMP 
IXCH=I 

ENDIF 
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100 OCWTINUE 
IF (IxcH.EQ.0) m 101 
IBND=IxcH 
GOXI 30 

101 CrXJTINUE 
END 

........................................................................ 
* SUBROUTINE FOR L V B ~ . F O R  
* Reads in data and puts it into 4 vectors after checking for a valid 
* age (1-17) . * 
* VECTORS: LAGE - age of fish * LaAT - length (or weight) of fish 
~r WIH - weight of observation in regression 
* - frequency of observation 
* 
* User specifies format of data file * -- free format 
* -- user specified format 
........................................................................ 

LLX;ICAL MIF 
INTM;ER ~OIC1,ISEL,IAGE,sTAT,I,J,NOm 

=T,m,FREQ 
CHARACTER FMT*80 ,ANS*l 

DATA CHOICl/O/, ISEyO/, STAT/O/ , ANS/ I/, NOLD/O/ 

NFISH=O 
PRINT *,I 
PRINT *,I 
PRINT *,I Indicate format of data file: I, F'IIXIN 
PRINT *,I 
PRINT *, 1. 'IWO VXUAEEE: age and length or weight only 
PRINT *,I - FRJB format in order: age, 1eqt.h or weight 
PRINT *, 2. USER specified format 
PRINT *,I NCYI'E: Program reads invariables in the order: 
PRINT *,I age, length or weight, regression weight, 
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PRINT *,I frequency 1 

PRINT *,I 3. FREE format (age, length or weight, regression 
PRINT *,I weight, frequency) I 

PRINT *,I - 1 fish/line w/4 values separated by I 

PRINT *,I spaces (use 0 for missing values) I 

PRINT *,I I 

PRINT *,I Pick 1,2, or 3 I 

101 READ(*, ' (11) ' ,ERR=102) CHOICl 
102 IF(U-IOIC1 .EL'. 1 .OR. CHOICl .GT. 3) THEN 

PRINT *,I ERROR: Invalid choice: Pick 1,2, or 3' 
GO TO 101 

ENDIF 
IF(CHOIC1 .EQ. 2) THEN 

PRINT *, Enter data format in parenthesis (80 column limit). 
PRINT *,I Use the T format if your data is not in I 

PRINT *,I age, length or weight, regression weight, I 

PRINT *,I frequency order. Include 1 integer and 3 real I 

PRINT *,I variables (in that order) in format descriptor. I 

=(*, ' (A80) I ) FlW 
ENDIF 

104 PRINT '(/A,/A\)',' If you want to see the data as it is read in1, 
$ type Y, if not hit <ENTER>: 
READ (* , ' (Al) ' , -104) ANS 

950 IF(.NOT. EDF(INHIT)) THEN 
IF(CHOIC1 .FQ. 1) READ(INHFT,*,END=1001,ERF+1000,IOSTAT-STAT) 

$ -,m 
IF(CHOIC1 .EQ. 2) R E A D ( I N R P T , F I W , ~ l O O I I ~ l O O O I  

$ I O S T ~ ~ T )  IAGE,DAT,WT,~ 
IF(CHOIC1 .EQ. 3) ~ ( I N R I T I * , E N D = l O O 1 , ~ l O O O , I O S T A T S T A T )  

$ IAGE,m,m,FREQ 
IF(IAGE .GT. MAXAGE) NOLD=NOLM-1 
IF(- .GT. 0 .AND. IAGE .LE. MAXAGE .AND. EAT .GT. 0.0) 

$ THEN 
NF'ISH=NI?ISH+l 
IF(NFISH .a. MAXFISH) THEN 

PRINT (/A,/A, I6,A) I, I ERROR: Maximum number of fis 
$h exCeeded.lI1 Prcgram dimensioned for a maximum of l,MAXFISH,l fi 
$sh. ' 

STOP 
ENDIF 
LAGE (NFISH) =IAGE 
LaAT (NFISH) =MT 
rn(NFISH)=wr 
LFREQH (NFISH) =FREQ 
IF(m .m. 0.0) rn(NFISH)=l.OEO 
IF(FREQ .m. 0.0) LFREQH(NFISH)=l.OEO 

ENDIF 
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IF(ANS .EQ. 'yl .OR. ANS .EQ. 'Y1) THEN 
PRINT '(1X,A,15,A,13,3(A,F8.2))',1 Fish#:',NFISH, 

$ Age:',IAGEI1 ~ : ~ , ~ , 1  WT:',WIH(NFISH), 
$' FREQ: ',-(NFIsH) 

ENDIF 
GO TO 950 

FSJDIF 

C Error checking of input data 

1000 IF(STAT .NE. 0) THEN 
PRINT *,I ERROR in input file: I ,  FILEIN 
PRINT *,I reading record No.: I ,  NFISH 
PRINT *,I STAT = ',STAT 
STOP 

ENDIF 
1001 IF(N0LD .a. 0) THEN 

PRINT (/A, I5 ,A, I5 ,A,/A) , WNWDJG: I ,NOLD, fish more than 
$',MAXAGE,' years old in input file.', 
$I Program will ignore these fish. 
ENDIF 
IF(NFISH .EQ. 0) THEN 

PRINT '(A,18)1,' EECROR: No fish less than age I, MAXAGE 
PRINT *,I in file: I ,  FILEIN 
STOP 

ENDIF 
C B E ( r n )  
END 

...................................................................... 
SUBROUTINE m m  

...................................................................... 

llwExxR 1,J 
REAL MAXIMIN 

C Z e r o  out values in TABLE to start with clean slate 
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C To correct ly determine the minimum length or weight in each 
C age class and the range of ages the appropriate variables must 
C be initalized with a value greater than the highest possible value 

IF(TIMES .EQ. 1) THEN 
DO 2 I=l,MAXAGE 

I'!amxr (I) =1000. 
2 m m  

IL1AGE+lOOO 
HIAGE=O 

W I F  

C Acahmlate age, and length or weight data into TABLE one fish 
C at a time. NFISH = No. fish (from SUBROUTINE DATAIN) 

DO 100 I=l,NFISH 
IF(TIMES .EQ. 1) THEN 

m-(H=,=(I) 
LOAGEHm (LOAGE, LAGE (I) ) 

C W E I G H T - L E N G T H  T A B L E  

C Calculates maximum and minimum lenght or weight in each age class 

-T(UGE(I) )=MAX(-(LAGE(I)) IUT(1) 
-T(-(I) )=MIN(-TWGE(I) ) ,='=='(I) 

ENDIF 
TABLF: (LAGE (I) ,1) =TABm (LAGE (I) ,1) +1 
TABLE (IAGE (I) ,2) =TABLE (LAGE (I) ,2) +LDAT (I) 
TABLF: (LAGE (I) ,3 )  =TABLE (LAGE (I) , 3 )  +LDAT (I) * U T  (I) 

100 m- 

C END OF FILE, WE'RE DONE. 
C Cmpute mean length or weight at age and their 
C standard error using SUBROUT7NE STATS 

IF(TIMES .EQ. 1) THEN 

C If there were no fish in an ageclass the minimum length or weight is 
C reset to 0 

DO 3 I=rnAGE,rnGE 
IF(-(I) .EQ. 1000.) TmlmT(I)=O. 
IF(MImm(1) .EQ. 1000.) TmlmT(I)=O. 

3 m m  
ENDIF 
C N L  STATS 
TIMES-==+I 
END 
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........................................................................ 
*ASKS FOR INHJT AND OUIWT FILENAMES 
*CO-s EmaR TRAPPING FOR FILE OPENING ERRORS 
* r n P  THE PE#X;RAM BY TYPING 'END' ........................................................................ 

1 FORMAT (A) 
2 FDRMAT (=,/A\) 
3 FDRMAT(lX,// ' ETU?OR NUMBER', 15, ' OPENING FILE',lX,A,lX,/ 

$'  PIEASE TRY AGAIN. I//) 

*m FILE 

100 WRITE (*,2) ' ENTER m FILE NAME: ' 
READ(*,l) FILEIN 
IF (FILl3IN.Q. 'END') STOP 
OPEN (INKIT, FILE+ FILEIN, ST!'* 'OLD ' , IOSTAP STAT) 
IF (STAT.NE. 0) THEN 

WRITE: (*,3) STAT, FImIN 
GO TO 100 

ENDIF 

200 wRITJ3 (*,2) ' ENTERoIJrFWFImNAME: ' 
READ (*,I) FIm 
IF (FILlm.Q.'END1) THEN 

CLL)GE (uNI'l+ rn) 
STOP 

ENDIF 

C Does the output file already exist? 
C If so, do you want to write over it? 

IN- ( f ile=FTLE(TT, EXISPians) 
if (ians) then 

print (/A\) I ,  File exists; overwrite (Y/N)?: 
read ( * , (a) ) iyes 
if(iyes.ne.'yv.and. iyes.ne.'Y1) go to 200 

endif 
OPEN (OUTPUT, FILE= FILEUP, IOGTAT = STAT) 
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IF (sTAT.NE.0) THEN 
WRITE (*,3) m, FIm 
GO TO 200 

ENDIF 

C GRAPHICS OUTAIT FILE 

C Does the output file already exist? 
C If so, do you want to write over it? 

if (ians) then 
print (/A\) , Graphics output File exists ; overwrite (Y/N) 

$?: I 

read (*, I (al) ) iyes 
if(iyes.NE.'y'.AND. iyes.NE.'YV) THEN 

GO TO 300 
ELSE 

GO TO 400 
ENDIF 

endif 
GO TO 400 

300 WRITE (*,2) ENTERGRAPHICS CUTFUT FILENAME: 
READ (*,I) cmwILE: 
IF (GFw'II;E.EQ.'END') THEN 

CL135E ( U N I P  INPUT) 
CLOSE (I. lNrP OUTHIT) 
STOP 

ENDIF 
GO TO 500 

400 OPEN (GRAPH, FILE= C;RAFIL;E, ICSTAT = STAT) 
IF (STAT.NE. 0) THEN 

WRITE (*,3) STAT, FIL;EXTT 

GO TO 300 
ENDIF 
END 
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........................................................................ 
* -rn * 
* Calculates mean and std. error of LEGTI4 or WEIGHT at age (1-HIAGE) 
* depending on type of model chosen. 
* Puts means and std. errors in vectors MEANS and SD 
* Largest and smal les tm and std. error at age in vectors 
* MXMEAN, M7MEANI MXSD, and MISD ........................................................................ 

IF(TIMES .EQ. 1) THEN 
DO 4 MF1,HIAGE 

MIMEAN (M) =1000. 
MISD (M) =1000. 

4 C O m  
ESTDIF 

DO 1 W1,HIAGE 
IF(TABLE(MI1) .m. 2) GO TO 2 
STD24'ABI.E (MI 3 ) -TABLE (MI 2) VW3I.E (MI 2) /TABLE (MI 1) 
SESQRF (ABS (STD2/ (TABU (MI 1) -1.0) ) ) 
IF(TABU3 (MI 1) .EQ. 0) GO TO 6 
IF(TIMES .LE. 2) THEN 

MEANS (M) =?I:ABLE (MI 2) /TABLE (MI 1) 
SD (M) S D S  

ELSE 
MEANS (M) = ( (TIMES-2) *MEANS (M) +TABLE (MI 2) /TABLE (MI 1) ) 

$ / (TIMES-1) 
SD (M) = ( (TIMES-2) *SD (M) +SIX) / (TIMES-1) 

ENDIF 
6 Iclm34N (MI =MIN (MIMEAN (MI I MEANS (MI 

mMEm (MI =MAX (M- (MI I MEANS (MI 
MISD (M) =MTN (MISD (M) , SD (M) ) 
MXSD (MI =MAX ( W D  (MI I SD (MI 

1 coNTmm3 
IF(TIMES .EQ. 1) THEN 

DO 5 MF1,HIAGE 
IF (MIMEAN (M) . EQ. 1000. ) MIMEAN (M) =O . 
IF (MISD (M) . EQ. 1000. ) MISD (M) =O . 

5 03- 
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W(2,*)'******************************************************1 
WRITE(2, *) ' * GROWBOOT - Growth m e  estimation program using * 
WRITE(2,*) I* non-linear least squares regression * I  

WRITE(2,*) I* with esthtion of parameter standard * I  

W ( 2 , * )  I* error by bootstrap resampling. * 1 

WRITE(2,*)'* Charles Wlrkey, ADFM; 8/88 * 1 

.................................................................. 
wRITE(2,*) ' ' 

C Write out mean length and weight at age and their minimum and maximum 

WRITE (oUIWl?, 2041) l?ILEIN,TYPE 
~(GRAPH,2041) l?ILEIN,TYPE 

2041 FORMAT(lX, ' Summary table of data in file: ,A, 
$// ' Mean ' I / 
$ A g e  ',A6,' StDev Range w') 

DO 2042 I=LLIAGE,HIAGE 
WRITE(OUTHTT, ' (I3,3XI4F8.1,F8.0) I )  I,MEANS(I) ,SD(I) , 

$ =T(I) ,=T(I) IWLE(II1) 
WRITE:(GRAPHI'(I3,3X,4F8.1,F8.0)') I,MEANS(I),SD(I), 

$ -T(I) ,-(I) IW~(II1) 
2042 C O m  

ENDIF 
END 

sUsRoUTINE PI-D (Morn, WARM, MODEL, PARMNAME , TYPE, TAU) 
....................................................................... 
* Menu for choosing a growth model. * Sets nuthr and name of parameters to be estimated * (WARM & PARMIWE), the ID number and name for the chosen model 
* (MODEL & MomAME) ....................................................................... 

PAHMNAME(4)='b ' 
1 PRINT (/A) , Pick a growth model 

PRINT * , I  1. 3 parameter von Bertanlanffy' 
PRINT*,' Y(t) =YEXI?(-k(t-to))' 
PRINT * , I  2. 4 parameter von Bertanalaffyt 
PRINT*,' Y(t) =YEXI?(-k(t-tO))**bt 
PRINT *, 3. Logistict 
PRINT*,' Y(t) =Y+MP(-k(t-to)))' 
PRINT *, 4. Richardst 
PRINT *, ' Y (t) = Y (Ex?(-k(t-to) )/b) ) **-b ' 
F'FUNT *, ' 5. GOmpertz' 
PRINT*,' Y(t) =Y(-Ex?(-k(t-to)))' 
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PRINT *, I  6. Kappemmn' 
PRINT*,' Y(t) =YMP(-k(EXP(t*c))))' 
PRINT *, 7. Schnutef ' s  Generalized Grcrwth Models' 
PRINT '(/A,A6,A)',' Y(t) = ',TYPE,' at aget' 
PRINT ' (AtA6,A) I , I Yultimate  TYPE,' (L W 
PRINT *,I k = ltgmwt.hll coefficient 
PRINT ' (A,AG,A) I, I to = theoretical age at w h i c h  ',TYPE,'=O1 
PRINT * , I  b = allametric growth coefficient' 
READ (*, ' (12) ' , EEE+101) MODEL 

101 IF(MODEL .m. 1 .OR. MODEL .GT. 7) THEN 
PRINT (/A) I, ERROR: Invalid choice' 
PRTNT *,I Pick a number between 1 and 7' 
GOT01 

ELSEIF(N3DEL .EQ. 7) THEN 
2 PRINT (//A) , Schnute s Generalized Growth Models 

PRINT *,I 8. Case 1: a o 0, b o 0' 
PRINT *, Y (t) = [Yl**b+ (Ya**b-Yl**b) ( (1-MP(-a (t-taul) ) ) 
PRINT * , I  / (1-MP(-a(tau2-taul) ) ) ) ]**(l/b) 
PRINT * , I  9. Case 2: a o 0, b = 0' 
PRINT*,' Y(t) =Y~*EXP[LDG(Y~/Y~)((~-EXP(-~(~-~~U~)))~ 
PRINT *,I / (1-MP(-a(tau2-taul) ) ) ) ] 
PRINT *, I  10. Case 3: a = 0, b o 0' 
PRINT *, ' Y (t) = [Yl**b+ (Y2**b-Yl**b) ( (t-taul) 
PRINT * , I  / (tau2-taul) ) ] ** (l/b) ' 
PRINT * , I  11. Case 4: a = 0, b =  0' 
PRINT *, ' Y (t) = Yl*ExP[UX (Y2/Y1) ( (t-taul) ' 
PRINT I(A) ' , I  / (tau2-taul) ) ] ' 
PRINT ' (/A,AG,A) ' , ' Y (t) = ,TYPE, at age t' 
PRINT I(A,A6,A,F4.0)t,' Y1= ',TYPE,' atage ',TAU(l) 
PRINT '(A,A6,A,F4.0)',' Y2= I,TYPEl1 atage ',TAU(2) 
PRINT *, I  a = constant relative rate of relative growth rat 

Set 
PRINT *,I b = incremental relative rate of relative growth 

$rate 
PRINT ' (A,F4.0) I ,  ' taul = age of youngest fish in sample = 

$ ' I  TAU(1) 
PRINT '(A,F4.0)',' tau2 = age of oldest fish in sample = I ,  

$TAU (2) 
PRINT '(/A\) I t 1  Choose 8,9,10 or 11: 
READ(*, ' (12) ' ,Em=102) MODEL 

102 IF(M0DEL .El?. 8 .OR. MODEL .GT. 11) THEN 
PRINT *, ERROR: Invalid choice1 
PRINT * , I  Pick number between 7 and 11' 
GOT02 

ENDIF 
PARMNAME(1)='Ylf 
PAl+mME(2)='Y2' 
PARMNAME(3)='a1 
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IF(MODEL .EQ. 8) THEN 
NPzm44 
MODNAME=lSchnutells Case 1: a o 0, b o 0' 

ELSEIF (MODEL . EQ. 11) THEN 
NPARM=2 
M O ~ l S c h n u t e l l s  Case 4: a = 0, b = 0' 

ELSE 
NP-3 
MOINQE+lSchnutells Case 2: a o 0, b = 0' 

ENDIF 
IF(MODEL .EQ. 10) THEN 

PZARlWBE(3)=1b1 
MO13WE=1Schnute11s Case 3: a = 0, b o O1 

ENDIF 
ELSE 

PAPMNAME(2)='k 
PARMNAME(3)=ItO1 
IF(MODEL .NE. 2 .AND. MODEL .NE. 4) THEN 

NPzm'I=3 
IF(M0DEL .EQ. 1)M0EWMEk1three parameter von Bertanlanffyl 
IF (MODEL . EQ. 3) MOINQE+ I Logistic 
IF(MODEL .EQ. 5)MO13WE=1Gmpertz1 
IF(MODEL .EQ. 6) THEN 

M O ~ l K a p ~ '  
PARMNAME(3)='c' 

ENDIF 
ELSE 

NPAFaWl 
IF (WDEL . EQ. 2) PDDtQME+ I four parameter von Bertanlanf f y  ' 
IF(WDEL .EQ. 4)MODtQME+1Richards1 

ENDIF 
ENDIF 
END 

........................................................................ 
* Routine to change convergence parameters for Nonlinear least squares 
* regression. 
* IMSL SUE;ROUTINE R8LIN returns default convergence parameters and 
* sets the initialization flag to accept any user input convergence 
* settings. 
* Answering Y to the pranpt Are these criteria OK (Y/N)?I1 returns 
* control to the main program with the default settings intact. 
........................................................................ 

INTEGER CHOICE, IPARAM(6) ,NPAHM, I 
REAL RPARAM(7) ,ScALE(4) 
( X A R A m  ANS*l,PARMNRm(4) *4 
EXTERNAL R 8 m  
aATA ANS/' '/ 
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CALL R8IJN (IPARAM, WARAM) 
PRINT (//A,/A) I , The default convergence parameters for the I , 
$I Nonlinear least squares regression are: I 
PRINT 1(AI14)11 (1) Maximum number of iterations: I 

I 

$ IPARAM(3) 
PRINT 1(A,14)1,1 (2) Maximum number of SSE evaluations: , 

$ IPARAM(4) 
PRINT '(A,I2)I,l (3) Numberofgooddigitsinresiduals: I, 

$ IPARAM(2) 
PRINTf(A,G15.4)t,1 (4) Scaledgradienttolerance: I, 

$ Wrn(1) 
PRINT I (A, G15.4) , (5) Scaled step tolerance: I I 

$ ,  WARAM(2) 
PRINT I (A,G15.4) , I (6) Relative function tolerance: , 

$ Rprn(3) 
PRINT I (A,G15.4) I, I (7) Absolute function tolerance: , 

$ W M ( 4 )  
PRINT1(A,G15.4)1,1 (8) Fal~ecomergencetolerance:~, 

$ Rprn(5) 
PRINT (A,G12.4) I, I (9) Maximum allowable step size: , 

$ Wrn(6) 
PRINT (A,Il) I, I (10) Paramter scaling option: I, IPARAM(6) 
IF(ANS .EQ. ' ' )  THEN 

PRINT (/A\) I , I Are these criteria OK (Y/N) ? 
READ(*, ' (Al) I) ANS 
IF(ANS .IQ. Iy1 .OR. ANS .EQ. IY1) THEN 

RE'IURN 
'ELSEXF(ANS .EQ. In1 .OR. ANS .EQ. IN') THEN 

GOT01 
ELSE 

PRINT (A/A) I , ERROR: Invalid choice1, I Pick Y o 
$r N1 

GO TO 17 
ENDIF 

ENDIF 

C The rest of the routine is executed only if user wants to change 
C the default convergence paremeters 

PRINT *,I (11) STOP changing parameters' 
3 PRINT I (/A\) I, I Pick a convergence parameter to change: I 

READ(*, (12) ' ,ERR.=103) CHOICE 
103 IF(CHO1CE .LT. 1 .OR. CHOICE .GT. 11) THEN 

ERINC *, EElffOR: Invalid choicet 
PRINT *,I Pick nurriber between 1 and 11 I 
GOT03 

ENDIF 
IF(CHO1CE .GE. 4 .AND. CHOICE .El?. 11) FTUNT *,I Be sure to punch 

$ the decimal point1 



Appenaix 9. (page 16 of 26) 

IF(CH0ICE .EQ. 1) THEN 
PlUNC '(/A\)',' Enter new value for max No. of iterations: 
READ(*, ' (14) ' ,ER%104) IPARAM(3) 

ELSEIF(CHO1CE .EQ. 2) THEN 
PRINT (/A\) , Enter new value for max No. SSE evaluations 
READ(*, ' (14) ' ,-105) IPARAM(4) 

ELSEIF(CHO1CE .EQ. 3) THEN 
PRINT ' (/A\) ' , Enter new value for No. gccd digits in residu 

$als: ' 
READ(*, ' (12) ' , -106) IPARAM(2) 

ELSEIF(CHO1CE .EQ. 4) THEN 
PRINT (/A\) I ,  Enter new value for scaled gradient tolerance 

$f  ' 
READ(*, ' (G15.4) ' , ~ 1 0 7 )  RPARAM(1) 

EISEIF (CHOICE .EQ. 5) THEN 
PRINT (/A\) , Enter new value for scaled step tolerance: 
READ(*, ' (G15.4) ' ,-108) RPARAM(2) 

EISEIF (CHOICE .EQ. 6) THEN 
PRINT '(/A\)',' Enter new value for relative function toleran 

$ce: ' 
READ(*, ' (G15.4) ' ,EFG+109) RPARAM(3) 

ELSEIF(CHO1CE .EQ. 7) THEN 
PRINT '(/A\)',1 Enter new value for absolute function toleran 

$ce: I 

READ(*, ' (G15.4) ' ,ERF+llO) RPARAM(4) 
ELSEIF(CH0ICE .EQ. 8) THEN 

PRINT ' (/A\) I, Enter new value for false convergence toleran 
$ce: ' 

READ (*, ' (G15.4) ' , ERRS.111) RPARAM (5) 
EISEIF(cH0ICE .EQ. 9) THEN 

PRINT ' (/A\) I ,  ' Enter new value for max step size: 
READ(*, ' (G12.4) ' ,-112) RPARAM(6) 

ELSEIF(cHO1CE .EQ. 10) THEN 
IPARAM(6) =O 
D3 2 I=l,NFJARM 

PRINT ' (/AtA4,A,F8.3) I ,  Present scaling value for I ,  

$ PARMNAME(I), is: ',SCALE(I) 
PRINT ' (A,A4,A\) I ,  Enter new scaling value for I ,  

$ PARMNAME(I),': ' 
READ (* , ' (F8.3) ' , -113) SCALE (I) 

CONTINUE 
ELSE 

REnlRN 
ENDIF 
GOT01 
END 
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........................................................................ 
* Routine CALUd by IMSL FNLJN to calculate the residual 
* at the given parameter vector THETA for a single observation. 
* MODELS contains the different growth equations in the series of 
* lines: IF (MODEL .EQ. #) %(dependent variable) - (growth equation) * MODEL = chosen growth model number * E = residual 
~r dependent variable = length or weight of fish ( W A )  
~r growth equation = equation to predict length or weight as a 
~r function of age 
........................................................................ 

IN'I!ECER NPARMIIOPTIIOBSIIENDIITERfMOD 
IiEAL THETA(4) ,~,WT,E,DE(I),EXP,MATA,DEN,YlB,Y2B,LLX; 
INTRINSIC EXP, LLX; 

IF(I0BS .LE. NFISH) THEN 
IF(TIMES .EQ. 2) THEN 

wl?m (IOBS) 
m m H  (IOE ) 

ELSE 
wl+UWT (IOBS) 
m m ( I o B S )  

ENDIF 
IENI)=o 

C If length model chosen put length into MATA, or put weight into 
C YWIA if a weight male1 is chosen 

MATA=rRA!r (IOBS) 
IF (MODEL . EQ . 1) E=MATA-THETA (1) * (1.0-EXP (-THETA (2 ) 

$ *(-(IoB) -(3) 1) ) 
IF (MODEL .EQ. 2) E=YEWA=(l) * (1.0-EXP(mA(2) 

$ * (IAGF,(IOBs) llHETA(3) ) ) ) **THFTA(4) 
IF(MODEL .EQ. 3) E=YWIA~(l)/(l+EXP(4YETA(2) 

$ *(-(Io=) -(3) 1) ) 
IF (MODEL .EQ. 4) ExrxrA-(l) * (1+ (EXP (-mmcA(2) 

$ *(-(IoBS)-(3) 1) )/D(4) 
$ ** (-(4) 

IF(MODEL .EQ. 5) %=-(I) *EXP(-EXP(-THE=CA(2) 
$ *(mQ3(IoBS)-(3) 1) 

IF (MODEL . EQ. 6) %YD&TA~(l) * (1-EXP (-THETA (2) 
$ *EXP(-(Io=) *THETA(3) 1 )  
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IF(M0DEL .EQ. 8) THEN 
DEN=l. OEO-EXP (-THETA (3) * (TAU (2) -TNJ (1) ) ) 
YlB=n-mA(l) *-(4) 
Y2B=mExA(2) *-(4) 
E=YWIYi- ( Y W  (Y2B-YlB) * (1.OEO-EXP(-THE;TA(3) * (LAGE (IOBS) 
-TAU(l) ) ))/DEN) **(l.OEO/~(4) ) 

ENDIF 
IF(M0DEL .EQ. 9) THEN 

DEN=l. OEO-EXP(-(3) * (TAU (2) -TAU (I) ) ) 
E=rnTA-THETA(l) *EXP(UX;(THE;TA(2)/THE;TA(l) ) * 

$ (1.OEO-arP(w(3) * (LAGE(I0BS) -TAU(l) ) ) )/DEN) 
ENDIF 
IF(M0DEL .EQ. 10) THEN 

YlrnA(1) **THETA(3) 
Y2B=THETA(2) **THETA(3) 
E=YllTA- (Y lB+ (Y2B-Y 1B) * ( (LAGE ( IOBS) 

$ -TAU(l))/(TAU(2)-TAU(l))))**(l.OEO/THETA(3)) 
ENDIF 
IF (MIDEL . EQ. 11) E=YDA'TA4META(1) *EXP (LCG (THETA (2) /THETA (1) ) 

$ *( (-(Io=) -TAU(l) ) /  (TAU(2) -TAU(l) ) 
IF(T7MES .EQ. 2) RES(IOBS)=E 

EISE 
lmE=1 

C Count number of iterations taken by NLLS regression (R2LIN) and 
C update screen men value changes 

m m + 1  
IF(PDD(ITER,3) .EQ. 1) PRINT '(A,I4) , I  Iteration number: I ,  

$ ITER/3+1 
ENDIF 
END 

C Initalize seed for random number generator (FUNCTION RAND) 
C using the system clock 

CALL GE;TTIME (IHR, IMIN, ISEC, I100TH) 
S- (IHR+l) * (IMIN+l) * (ISEC+l) * (IlOOTH+l) 
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1 IF(SEEDC .m. 5000) THEN 
sEEDCSm*10 
GOT01 

ENDIF 
SEEDMEEDC/ 10 

C SEEDF must be less than 2048 

2 IF(SEEDF .GT. 2047) THEN 
SEEDMEEDF/10 
GOT02 

ENDIF 
RNFISH=1 

C Pick bootstrap residuals f m  RES, add to e x p c k d  values in EXPECT, 
C and put in LIZ if length based model or LWT if weight based model 
C TABLE (I, 1) = # fish with length or weight measurement in age class I 
C RND = uniform randam number generated by FUNCTION RAND 

DO 3 I=l,HIAGE 
IF(TABLE(I,1) .a. 0) THEXI 

DO 4 J=1, TABLE (I, 1) 
-RANDO 
LUiT (RNF'ISH) =RES (INT (NFISH*RND) +1) +EXPECT (I) 
Iwr (RNFISH) =IMIH (INT (Nl?ISH*RND) +1) 
LFREQ (RNFISH) =wRJQH (INT (NFISH*RND) +1) 
IAGE (RNFISH) =I 
RNFISH=RNFISH+l 

4 CO- 
ENDIF 

3 CONTINUE 
END 

REAL*8 FUNCTION RAND 

........................................................................ 
c 'rSuper-Ilqer'r Pseaudorandm Number Generator 
c Debra K. Hofmeister and George Woodworth 
c Science Software 3 (2) : 100-102, 1987 
c Installed by T. Quinn, 9/3/87 
c Sanple usage shown below: 
c -n/=Q-/ s&c,&f 
C integer*4 seedc, seedf 
c real*8 d ,  rand 
c print *,'Input 2 odd seeds, the second between 0 & 2047:' 
c read(*,*) seedc,seedf 
c m-0 
........................................................................ 
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integer*4 i126,~0,ixh0,~1,ixhl,~,seedc,seedf11~,IM>R 
- n / m /  seedctseedf 
equivalence (u, ix) 
i126=1056964608 

c Congruential part 
ixlO=ishft (seedc, 16) 
ixlO=ishft (ixl0, -16) 
ixhO=ishft (seedc, -16) 
ixll=ixl0*3533 
ixhl=ixlO+i~h0*3533+ishft (ixll, -16) 
ixhl=ishft ( ixhl, 16) 
ixhl=ishft ( ixhl , -16) 
ixll=ishft (ixll, 16) 
ixll=ishft (ixll, -16) 

ixl*ixll 
iXh*ixhl 
seedoieor (ishft (ixh0,16) , ixlo) 

c Feedback Shift Part 
seedf=ieor (ishft (seedf, -15) , seedf) 
seedf=ieor (ishft (seedf, 17) , seedf) 
hieor (seedc , seedf ) 
hishft (ix, -9) 
hieor (ix, i126) 
rand=2 *u-1 
return 
end 

....................................................................... 
* Caqutes for all bootstraps: * (1) grand mean of growth m t e r  estimates 
* (2) basic univariate statistics of parameter estimates 
~r (3) covariance matrix of parameter estimates * 
* CAI& IMSL SUBROUTINE W m  to capute univariate statistics of 
* thepammterestimates ....................................................................... 

INTEGER LDSTAT,LDX,NVAR,NP!,K,L 
PARAPEER (LDSTAT-15) 
INTM;ER I , J , I D O , I F R Q , ~ , ~ ~ , ~ S S , ~ , I P R I N T  
REAL (XXJPRM,CONPRV,STAT(~TAT,4), 

$ CDVAR,COV(6) ,TEMP 
(3IAR7lCTER TITLE*80, IYES*l 
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C Calculate summary statistics of NLLS regression 
C parameter estimates for all bootstrap replocations 

CALL, ~(Im,m,m,x,mx,I~,m,mm,~NpRM,coNpRv, 
$ IPRIXCIsTATI~INRMISS) 
WRITE(OUI'FUT,19) TITLE 

19 FORMAT (XI/////// ' GROWBO(TT Growth curve bootstrap program. I/ 
$ '  by Charles Wzrkey, ADFM; - Juneau, Ak. 1988'//,A80/) 

C Write NLlS paramzter estimates for all bootstrap replications 

WRITE (OUTWT, 8) (P- (I) , I=l,NPARM) 
8 FoRMAT(X,///~ Estimates of Growl5 Parameters for All BOOTSTRAP Re 

$plications',//26X11 F)arameters1,/' Boot MSE',4X14(5X,A4,5X)) 
DO 9 I=l,NRoW 

WRITE(OUTKJT, ' (14,F10.3,4G15.4) ' )  I,MSES(I), 
$ (PARMS (I , J) , J=l , NPM) 

9 CONTINUE 

IF(NRoW .GT. 1) THEN 

C Calculate covariance of all parameters 

LFl 
DO 25 I=l,NPARM-1 

DO 26 J=I+l,NPARM 
DO 27 K=l,NROW 

CO-VAR+ ( (PARMS (K, I) -STAT (1, I) ) * (PARMS (K, J) - 
$ 

2 7 
rn(1IJ) 1) 

C O m  
a v  (L) =03VAR/ (NROW-1.0) 
c o m F + O  
L=Lt-1 

2 6 CONTINUE 
25 

IF(NPARM .EQ. 4) THEN 
-v(3) 
COV(3)=03V(4) 
mv (4) =rEPP 

ENDIF 

C Sort the parameter estimates (individually) in assending order 

CALL, SOKr(NRoW,NPARM) 
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C Write mean of parameter estimates for all bootstrap replications 
C and their corresponding 95% and 90% percentile ('confidence') values 

-(-I 21) 
-(-I221 

21 FOFWlT(lX,/' Mean Values and confidence intervals of Grawth Parame 
$ters for All BOOTSTRAP Replications ,/25X, 95% Confidence Interval 
$',7xIt90% Confidence Intenmlt,/llX,tMean~,llX,~vppert,lOX,l~~er~ 
$,lox, lvpperl, lox, Lmer') 

22 FORMAT(lX,/ I Mean Values and confidence intervals of Growth  Parame 
$ters for All BOOTSTRAP Repli~ations~,/2OX,~Ninety-five percent CI 
$t,7X,1 Ninety percent CI~,/6X,tMean~,llX,tvppert,10X,~Lrrwer~ 
$l.lOX, tvpper', lox, tmwer') 
DO 20 I=l,NPARM 

IF(NROW .m. 39) THEN 
WRITE(OUTHPT, ' (lXIA4,5G15.4) ' )  PARI'@WE(I) ,STAT(l,I) , 

$ PAl?MS ( (m*. 975) ,I) , PARMS ( (MZOW*. 025) , I) , 
$ PAWS( (NROW*.~~) ,I) ,P-( (m*.05) ,I) 

WRITE(GRAPH, (X15.4) ' )  STAT(1,I) , 
$ PAWS( (MZOW*.~~~) ,I) ,PARMS( (m-k.025) ,I), 
$ PARMS((NROW*.95) ,I) ,PARMS((NROW*.05) ,I) 

ELSE 
WRITE(OUTHIT, ' (lX1A4,5G15.4) ' ) PARMNAME(1) ,STAT(l,I) , 

$ PARMS((NROW*.975)+1,1) ,PARMS((NRGW*.025)+1,1), 
$ PARMS((NROW*.95)+lII) ,PARMS((NROW*.O5)+lII) 

WRITE(G&PH,t(5G15.4)') STAT(l,I), 
$ PAFWS((NROW*.975)+1,1) ,PARMS((NROW*.025)+1,1), 
$ PARMS((NROW*.95)+1,1) ,PARMS((MZOW*.05)+1,1) 

W I F  
20 CONTINUE 

WRITE (OUTPUT, ( / A / )  ) flmanary Statistics of the G& Parameter 
$ Estimates for All EDCYISTRAP Replicationst 
WRITE (-1 30) 

30 FORMAT(lX,64XIt95% C.I. of Mean Value1,/4XI1 Variancet,2X,'Skewnes 
$s1,2X,tKuTtosist,4XIt~1I9XI1MaxtI7X,~C.V.~l4Xlt~er~,7X,1~~~ 
$ 1 
DO 10 I=l,NPARM 

WRITE(OUTHPT, ' (A4,F9.4,2F10.4,2G12.4,F7.4,2G12.4) I )  

$ p-(I) lSTAT(2,I) 1 (SW(J11) ,J=4,7) 1 

$ STAT(9,I), (STAT(J,I) ,J=ll,12) 
10 CONTINUE 

C Print variance-covariance matrix 

WRITE (oUIRlT, ' (/A1/4X, 4 (6XIA4, 6X) ) ) Variance-Cavariance Matrix 
$of Paraneter Estimates , (PARMNAME (I) , I=1, NPARM) 
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DO 28 I=l,NPARM-1 
WRITE(-, ' (A4,4G15.4) I) PARMNAME(I+l), (CYIV(J+K-1) ,K=l, I) , 

$ m ( 2 ,  I+1) 
J<+I 

28 CONTINUE 
ENDIF 

WRITE(Ou"IWT,1(/A,A6,A//,A,A) I) Mean I,TYPEI1 at Age of All EGm 
$STRAPRe~lications.~,~ Age1,' Mean m e  Std. Dev. 
$ Ranset 
DO 31 I=113AGEIHIAGE 

WRITE(OUTHITI1 (13,6F8.1) I) I,MEANS(I) ,-(I) ,MIMEAN(I), 
$ .  SD (I) ,MXSD (I) ,MISD (I) 

31 CONTINUE 

PRINT ' (//A\) , Do you want to print the residuals (Y/N) ? : 
READ(*, (Al) I) iyes 
IF(iyes .EQ. Iy1 .OR. iyes .EQ. IY1) THEN 

WFUTE(ouTpuT,23) TYPE,TYPE 
2 3 FORMAT(=,//' Observed Exp&ed1,/lXI1 Age1,3X,A6,4X, 

$A6, Residual I/) 
DO 24 I=l,NFISH 

-(-I 29) -(I) IEXPECT(WGE(1) )+RES (1) , 
$ 

24 
ExpEcT(rnGE(1) ,=(I) 

C O m  
29 FORMAT(lX,13,F10.0,1XIF9.0,F11.4) 

ENDIF 
END 

&smmUTINE: RESID (THETA) 

....................................................................... 
* Calculates the expected value of LJWGI'H or WEIGHT at age from the 
* pmmeters (THETA) estimated by NL;LS regression of the input data * CAILed when user requests printing of residuals 
....................................................................... 

INTM;ERI 
REAL LCG,DZP, DEN,Y1BIY2BITHETA(4) 
INTRINSIC EXPILOG 

DO 1 I=l,HIAGE 
IF (MODEL .EQ. 1) EXPECT (I) =IlBIA(l) * (1.0-E3(P(4?HETA(2) 

$ * (I-THETA(3) 1)  
IF(MODEL .EQ. 2) WECT(I)=THETA(l) * (l.O-MP(4?HETA(2) 

$ * (14?HETA(3) ) ) 1 *-A(4) 
IF (PDDEL . EQ. 3) MPECT (I) -4XETA(l)/ (1+EXP(4XEDi(2) 

$ * (14?HETA(3) ) ) 
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IF(M0DEL .EQ. 4) EXFXCT(I)4?HE3X(l) * (l+(EXP(4TEIl(2) 
$ *(1-(3) 1) )/THE;TA(4) 
$ ** (-(4) ) 

IF(M0DEL .EQ. 5) EXPECT(1) 4?HE3X(1) *EXP(-EXP(4WZtA(2) 
$ * (I-(3) 1) ) 

IF(M0DEL .EQ. 6) EXPECT(I)+ElETA(l) * (l-EXP(4333'A(2) 
$ *EXp(I*THETA(3) 1)  

IF(M0DEL .EQ. 8) THEN 
DEN=l. OEO-EXP(-(3) *(W(2) -TAU(l) ) ) 
YlB+nErA(l) *-(4) 
Y2B=THmX(2) **THE;TA(4) 
EXPECr(I)=(YlB+(Y2EYll3) * (1.OEO-EXP(+lHTA(3) *(I 

$ .  -TAU(l) ) ) )/DEN) ** (I. OEO/THFTA(4) ) 
ENDIF 
IF(M0DEL .EQ. 9) THEN 

DEN=l. OEO-EXP(-T!HEXA(3) * (TAU(2) -TAU(l) ) ) 
MPECT(1) +EECA(l) *EXP (LIX(THFTA(2)/THFTA(l) ) * 

$ (1. OEO-EXP (-THETA (3) * (I-TAU (I) ) ) )/DEN) 
ENDIF 
IF(M0DEL .EQ. 10) THEN 

YIJHHETA(1) *-(3) 
Y2B+IHETA(2) *-(3) 
EXPECT (I) = (YlB+ (Y2EYll3) * ( (I 

IF(M0DEL .EQ. 11) EXPECl'(I).-THETIA(l) *EXP(LLX;(THETA(2) 
$ /=A(l) * ( (I-(l) )/(TAu(2) -TAU(l) 1) 

1 0- 
END 
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........................................................................ 
* Sorts paramters fmm growth cuwe bootstrap replications into * assending order using the ttbubble sorttt ........................................................................ 

IBND=NROW 
DO 101 J=l,NF'ARM 

3 0 R(cH=o 
DO 100 I=l,IBND-1 

IF (PARMS(1,J) .GT.PARMS(I+l,J)) THEN 
TEKP=PARMS (I, J) 
PARMS(I,J)=PARIB(I+l,J) 
PARMS (I+1, J) =-TEMP 
IXC!I-eI 

ENDIF 
CONTINUE 
IF (IXCH.EQ.0) THEN 

Il3ND=NROW 
GCrrO 101 

ENDIF 
IBND=IXCH 
GOTO 30 

101 C O m  
END 



A p p a d k  9. ( p a g e  2 6  of 2 6 )  

* I N O E  file Ll3.INC 

INTM;ER M A X F I S H I N F I S H I m I O U T R I T I T I M E S I ~ ,  
$ bKIDEL,QIAPHI-IHIAGE;ILOAGE 

PARAMETER (MAXFISH=2O0OI MAXBOOT-1000, MAXAGE+lOO) 
l l a F m R * 2  LAGE(MAXF3CSH) 
Rx2xL =[=I (==I) I m [ = l ( = S H )  Im=[=El(-) I 

$ m [ m G E l  (MAXFISH) ,LFR.EQ[m] (MAXFISH) , ~ L F : ( M A X A G E 1 3 ) ,  
$ x[HT-Jal (-14) I m ( 2 )  I-(-) I S D ( m G E )  I 

$ P m [ m l  , = S ( m G E )  ,-[=El (MAXFISH) 
$ =[=I (MAXFISH) IM=(-) I-(-), 
$ MISD (MA=) I ImsD (MAXAGE) I - (-1 1- (MAXAGE) 

CHARACTER*30 F I ~ I N , F I ~ , ~ ~ , T Y P E * 6 , P ~ ( 4 ) * 4  
C t M m N  /INOUT/ I N H I T I ~ I ~ I F ' I L E I N I l ? I L E C T r I G R A F I ~  
CXWMON /IlATAI/ ~T,LWT,LA~,RES,HIAGE:,U3AGEILWMILFREQ,LFREQH 
CCPlMON /STAT/ S D I N F I S H I T I M E S 1 M E A N S I T ~ , ~ T I M I N I 3 A T  
COMMON /GSTAT/ X, P- ,NSES, MIMEAN ,MXMEAN ,MISD,MXSD 
CXWMON /MOD/ mDEL,TYPE,TAu,EXPEm 

( X ( l I 1 )  I p = ( l I 1 )  
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