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PREFACE

This guide documents the model RECON, a specific application of the

STMCOH software package. Although not imperative, it is advisable that

users of RECON have some familiarity with SZMCON or at least have access

to the SMCON User's Guide  see References!.

This work is a result of research sponsored by NOAA Office of Sea

Grant, Department of Commerce, under Grant Ho. NA81AA-D-0086 t',Project

No. R/OPF-l6!. The U.S. Government is authorized to produce and distribute

reprints for governmental purposes notwithstanding any copyright notation

that may appear hereon.

Address comments and requests for documentation to:

Eric Rexstad

Dept of Fisheries and Wildlife
Oregon State University
Corvallis, OR 97332-3803
�03! 754-4531
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I iVRRGDUCT ION

RKCOH is a computer simnlatioa model for reconstructing a fish stock

with age-class structure to find optimal exploitation strategies given

fairly standard stock assessment data for a fishery. The chief purpose of

the model is to account for effects of variation in recruitment to the stock

in yield estimation. It fs suitable for application to any fish species

with up to 20 age classes in the fishery. The number of age~lasses can be

increased. RKCON assumes the simplification that the pre-conditions of the

Baranov catch equation hold, and that the simulated fishery wi11 not inter-

fere with the annual number of recruits. We propose this simplification

because of difficulty of demonstrating stock-recruitaent relationships,

not to foster the notion that recruitment overfishing is unusual.

SPECIFIC USES OP RECON

To calculate yield isopleth diagrams of the dynamic pool model

under the simplification that mean annual recruitment is represen-

tative. Weight-at-age data and an estimate of the annual instan-

taneous natural mortality rate  M! are required.

2. To estimate next year's yields under a range of instantaneous

fishing mortality rates  F!, given an estimate of present

recruitment to the fishery, plus recent historic recruitment,

as well as the data in 1 above.

3. To reconstruct a stock's history gf,vea recruitment estimates for

a period of tim, weight-at-age data, an estimate of M, ar a

range of likely M values. The user may select a series of F

values that produces a simulated annual catch that may be

validated against actual historic catch.



4. To reconstruct the stock, and experiment wf.th alternative quota

and effort regimes to Learn how to cope with the pecularities

of the stock on the assumption that the recent past recruitment

is an indicatioa of how the stock will behave in the near future.

For example, what quota range would one expect if one managed

at P~M?

5. To reconstruct the stock as it would have been had there been

no fishery. This is accomplished by setting historic F to zero.

LINKAGE VITE SLNCON

To simplify re-paramatarXzation of the model between runs, and gain

flexibility in output, the model is run wf.th the model handling program,

SILICON, developed at the University of British Columbia  Beals, 1981!.

SILICON, supported by O,S U. Sea Grant, is available as a public program on

the O.S.U. Cyber computer, in either FORTRAN IV or FORTKQf V versions.

RECON is written as a series of subroutines with no specific X/0 cade.

Running the model with SILICON allows re-paramaterization between runs with-

out' remditing and re-compiling the code. Specific instructions for use

with SIMCQN are given here. The model can be used without SMCON if the

user cares to attach her/his own FORTRAN I/O code. Further information on

using SALON is to be found in Beals 1981.

RLPPG28~ THE MODKL

Department of Fish and Wildlife.

The model is provided with data from females of the Dover sole stock

of the Pacific continental shelf off the Columbia River  ZHPZC Statistical

Area 3A!. These data are shown in Appendix I  Hayman, Tyler, Demory 1980!.



Ia the example here we calculate the annual total allowable catch TAC! as it might have been for the period 1948 to 1962. This is a period
for which we have cohort analyses that give annual numbers of age-6 fish
entering the fishery.

STEP 1. Linking with SIMCON.
Enter  via keyboard!: GKT, PRECOH/U5 AAVQ7N
Eater: PRECOOK

Enter: STOIC

Ka ter: SILICON

After each entry, wait for a response from the computer before making
the next entry. A question mark will be the response after typing SIHCOH.

STEP 2. Finding the data provided with the model.
Enter: DISPLAY HHGKT�!The value of M will appear for age-6 fish. All ages 6-20

have the same value.

Enter: DISPLAY WT �- -.10!The mean weight-at-age for ages 6 through 10 appears.
Enter: DISPLAY FRY �...5!Gives the recruitment record as thousands of age-6 females

for years 1949 to }953.

Enter: DISPLAY mY �...10!Gives age-6 female recruits  thousands! for years 1954 to 1958.
Eater: DISPLAY FRY  ll...l 4!Gives age-6 female recruits  thousaads! for years 1959 to 1962.
Enter: DISPLAY FRY  ].5!Gives age-6 female recruits  thousands! for 1948.



Step 3. Choosing a value of F and simulating the fishery.

Enter: SET F -2

Causes the stock to be fished at F 0.20

Enter: SIMULATE 30

Initia3.ixes the model

Eater: SMJLATE 1948 to 1962

Calculates the values for model variables for the tiaa period

specified- This is the simulation run.

Eater: PRINT BIOL YIELD

Prints a table giving fishable stock biomass and the annual total

allowable catch or TAC  » YIELD! for management at F» 0.20.

Enter: VXZV YIELD MAX 1000

Produces a year by-year plot of the TAC.

If you are using a Techtronics scope terminal  CRT!, use the following

command for a continuous graph.

Enter: GRhPH YIELD MAX 1000

1

model.

The dynamic pool model of Beverton and Holt requires an estimate of Ã,

size-at-age data, and a mean annual recruitment.

All of these statistics are available in RECON, as is the basic math-

ematics of the dynamic pool model. One can use RECON to make the cal-

culations iu simulation mode rather than as the large formula originally

presented  See logic given in Tyler and Gallucci, 1980! i Xn a series

of runs with selected F values, RECON will calculate mean yields for the

period described above. The user then plots the yield against the value of

F used in the run.



Size-at~ntry into the fishery is setup with & utilization curve

developed by TenEyck aad Demory, 1915.

Step 1. Linkiag with SVfCON

Same as Step 1 above

Step 2. Calculating yield with a series of F values.

Enter: SET F 0.2

Eater: SIKJLATE 30

Initializes the model

Enter: S~HE 30

This is the usable simulation rua.

Enter: STATS YIELD

Mean yield will be displayed along with the standard deviation

and standard error

Step 3. Repeat Step 2 with F increas.nted by 0.20 until you have

reached a high value of F, say F 4.0. This will provide

an interesting range of F for your plot.

When you have all your data, plot the yield curve by head oa graph paper.

Suppose one has a new series of recruitmeat estimates for a 25-year

period, an estimate of M, aad weight-at-age data.

Step 1. Call the computer's editor  e.g. XEDIT oa the O.S.U- Cyber!.

Replace FRY�5! with FRY�5! in all COPYMAN statements of the file RECON.

Step 2. Edi.t the file RECONBi

This is the data storage file for the model. The series of

variables POP�! to POP�0! gives an approximate age-class structure as number



of age-0 through age-20 fish. The value of the variable POP S! is the

number of 5-year olds at the end of the year, which is the same as the

number of 6-year olds at the beginning of the following year. Because the

program is coded to graduate all numbers to the next age at the beginning

of the year, the number of age-6 fish must be entered here by the user as

the number of age-5 fish at year''s end.

Step 3. If there are a significant number of fish caught at ages

younger than ageW, and older than age ZO, edit the file

RZCGN as follaws:

a. Xn all subroutines change all dimensions of 20 in the

COMMON statement to a number equal to the oldest age

caught in the stock.

b. Subroutine statements to change

SUBROUTIiZ VMQKL

DO 1 I 620

DO 2 I ~ 6,20

SUBROUTINE PT~

DO 100 I w 6,20

SUBROUTINE FSURV

DO 100 I ~ 6,20

Change 6 to the youngest age-caught in the bO statement.

Change 20 to the oldest age caught.

Step 4. Edit weight-at-age into RKCONB with computer editing system-

The variable WT  I! is age-specific weight. In RZCONB the

statement: S WT  L...S! .004 .021 .054 .104 ,169

allows SWCON to use female Dover sole weights in kilograms,

where weight at age, 1 is 0-004 kg, weight at age 2 is 0.02L kg,



etc. To edit, replace the old  WT �! ~ .004 with the new

mean weight at age l. Similarly replace alL other weights

with appropriate new weights-

Step 5. Replace the initial stock biomass, B!ON 3968  tonnes!

with the new initial stock biomass in RECONB, calculated

as Z [POP  I!+ WT  I!], where the sum is made over all

ages recruited to the fishery.

Step 6. Replace the old instantaneous natural mortality rate  M!

with the new one in RECOMB. The variable to change is called

HMORT  I! ~ The mortality rate is age specific. At present,

however, the rate for all ages is 0.20. The SLCCON statement

S NMRT  ALL! 0.2 sets the rate for all ages to 0.2.

Suppose one replaces the old age-specific values with the

following statements:

S NM!RT �. ~ ~ l0! ~ 0.25 0.25 0.23 0 23 0.20

S NM!RT  ll. 20! 0 18

These stateaents will set the rate at age 6 0-25, at age 7 0.25,

at age 8 ~ 0.23, at age 9 ~ 0.23, at age l0 ~ 0.20, and for all older fish

the rate will be 0.18-

Step 7. Setting-up a new catch ogive.

To set an empirical catch ogive into RECON, divide the ogive

into four equal weight classes, such that fish smaller than

class 1 are essentially unexploited, and fish larger than

class 4 are fully exploited. P is the instantaneous fishing

mortality rate applied to fully recruited weight classes set



by the user. Variables SEL1, SEL2, Sr~, SELL are the pro-

portions of F that apply to the four partially recruited

weight classes If Che fish of the smallest weight class

are 20K recruited oa the average, smallest then SEL1 equals

.20. These values should thea be substituted into the RZCOIB

file ia place of the values givea.

Weight' categories for the ogi.ve aaxst also be set in the

program. The smallest weight  kg! of fish that is l001

recruited to the fishery is the variable QMi iV. The aew QMXN

weight must be substituted into the RECOH3 file.

With the Dover sole data, only two partially recruited

weight classes are used. The weight classes are set-up ia

Subroutines FAKE aad FSURV ia FORTMÃ statements number ll,

1 1 + l, ll + 2. Fully recruited fish have a wei.ght greater

or equal to 0.4 kg  WMIN .4}. Pish that are 50K recruited

are in the class with the smallest fish equal to  WHIM - .l!

and the largest less thea ~iV, ia other words 0.3 to 0.399 kg,

inclusive. Fish that are 201 recruited are 0.2 to 0.299 kg.

Smaller fish are considered not recruited- Thus variable

SKLl and SEL2 are not used in the Dover soLe data set, but

are available for new data sets.

Step 8. Kaif~dge recruitment

Zf an ogive i.s not avaiLable. or if the user wishes to compare

yields with knife edge recruitmeat versus ogive reczuitmeat,

ogive recruitmeat caa be by-passed by assigaiag a positive

value to the variable 1QEFE. When iCiZ=-E is set to the fish



weight  kg! that is 50X recruited in the data, then all cal-

culatioas are made with fish of weight greater or equal to

KNIFE caught with the full value of P. Both KNIFE and P are

set to zero in RECONB.

These variables should be reset without editing the file by using the

power of SILICON, as follows:

Enter: SET F .2

Enter: SET KNIFE .3

Eater: SMUULXE 30  to initialize the model!

Enter: SIMKhXK 30  the usable simulation run!

Enter: STATS YIELD

This set of commands is given after the model is linked to SIMCON

refer to p 3!. For the next simulation run, and all runs until F is changed,

or until the user logs onto SILICON a second time, F will equal 0.2 iastead of

the default value  which equals 0.0!. Similarly %LIFE will now equal 0.3.

If the user wishes to change F again after the DISPLAY command, and carry

out a new run, carry on as follows:

Eater: TINK 0  zero!

Enter: SET F ~ .4

Enter: SIMJLATE 30

Enter SIKKATE 30

Enter: STATS YIELD

Por this run P ~ 0.4, KNIFE remains at 0.30. The TINE command recaptures

the initial conditions.



VARIABLE DEFZNZTZONS

The variables defined here may be useful foz retrieving information

from the model, depending on the user's needs.

the biomass of the total stock in tonnee  metric
tone!
number of fish caught
biomass of the total stock in  English! pounds
pounds of fish caught all ages
instantaneous fishing mortality rate set by user
as an alternative to setting QUOTA
number of fish in total stock

this is the driving variable - the numbers of age 6
fish recruited to the fishery each year. See p. 3.
the weight-at-age to be set by the usez for knife-
edge recruitment as an alternative to ogive recruit-
ment. Fish sizes greater or equaL to KNIFE will be
fully recruited to the fishezy. See p. 8 for further
explanation.
age-specific pounds of biomass
age-specific instantaneous naturaL mortality rate
number of fish in each age class
tonnes to be set by user as an alternative to setting F

SKL3, SEL4 portion of F applied to small fish in
generating th* catch ogive. See p. 7 for further
explanation
tonnes biomass in each age~lass after fishery e~loktation
minimum weight for 100K recruitment under .+ve
selection

mean weight at age
tonnes of fish caught from total stock
pounds of fish caught by age class
tonnes of fish caught by age class

BZOM

2. CATCH  I!
3 KBZOM

4. EYTELD

5. F

6. FPOP
7. FRY  Z!

8. XNZFE

LBS  I!
5MORT  I!
POP  T.!
QUOTA
SKLI, SKL2,

9.
I O.

II ~

12.

13-

l4 TONS  I!
I5. WHIN

16, WT  Z!
17. YIELD
I 8 YLBS  Z!

YTONS  Z!

NOTE: Not all vaziables listed in the COMMON statements are functional.
Some were used in eazlier versions of the model and are no longer
operative in the code.
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APPENDIX l

Numbers at age in the first year

-- INITIAL POPULAT!QN UECTOR FOR 1948 <8*THAN.TYLER,f980!
8 POP<5! = 3001000

S POP d.e.10! = 2162000 1630000 1275000 924000 69300<!
S POP�1...T5! ~ 504000 300000 222000 165000 f22000
S POP�6.e.20! = 90400 56900 49600 36700 27200

Weight at age  kg!. Constant in model.

S  TT T...5! = .004 .021 .054 .104
S QT d...f0! = .247 .333 .426 .522 .619
S uT<f 1...15! = .716 .811 .902 .9S9 T.<�f
S QT�6...20! = 1.150 1.222 1.290 1.35f 1.4TO

Number of age-6 recruits in thousands, 1949 to 1962. The last figure
�001 thousand or 3.001 ad.llion! is for 1948. This ordering is necessary
for the SATICON algorithm.

8 FRY<1 ~ ~ .5! = 2154 3'170 2543 2611 3487
S FRY�...f0! = 3407 2906 29"1 3035 3521
S FRY�1...15! = 2TT35 3411 3539 3469 3001

Other variabl.es

S B!OTT = 395S
S M! IN = .4

S NT<ORY >LL! = .2
S F=D ~ 0

S SELT=.<jof
5 SE' "=.0165

S TT- 1JCaM ~ 4,

S SEL4=.5

S OUOT'A=0.5
S '"EAR=0

S KNIFE > I!
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Reconstruction of the Dover sole stock off the Columbia River
for years 1946 to 1961, based on recruitment data in Hayman,
Tyler and Demory, 1980. Upper line  + symbols! is total stock
biomass  tonnes! as it would have fluctuated had there been no
fishing. The strongly fluctuating line  x symbols! shows the
numbers of age-6 recruits. All fluctuation in the biomass
trajectory is due to recruitment variation. The vertical axis
is percentage of the maximum value for recruits and biomass.
The maxima are given at the top of the graph.





Reconstruction of total allowable catch  TAC! for the Dover sole
stock that would have maximized yield for the period l946 to
1961. The smallest TAC is about 20K of the largest  846.9
tonnes!. The annual change in TAC is necessary because of change
in recruitment- Graph axes are the same as in Fig. l.



The procedure file used to run RZCON.

PRECON

.PROC,FRKCON ~ PROCEDURE FOR HOVEL RECOH OCT 82
SETTL,2008.
GET,RECOH,CQ?fHQH RECOHC.BATCH-"RECQHB/Uk=AAVG7H.
ATTACH,FTH4/Uk=LIBRARY.
RKTURH,BHODL ~
FTH4,I=RECQH,L~O.B=BHODL,OPT=2.
GKT, SI ff C/UH=AAV I7H.
EQI EHCOUHTEREB.

/

The. CONHON block file used with RECON. This file is necessary for
SXMCON, and is automatically linked by running PRKCON. See p. 3.

RECQHC

REAL kffORT.LBS

COffffOH POPI20!,CATCH�0!,TONS�0!,YTONS�0!,LBS�0!,YLBS�0!
CQ f!fQH ff T�0!,BIOH,EBIO!f
CQHffQH YIELD. f YIELD,FPOP,FLAG,ÃffQRT�0!
COffHOH F7fORT, F, SEL T,SEL2, SEL3, SEL4, MffIH, I YEAR
COHHOH f!T3,QVQTA,.FRY T5!,KNIFE



C NGDEL RECON - PITH A RECOMSTRVCTIDN DF THE ASTDRIA DOVER 50LE STOCt 

C PRGGRAN AHD NODEL BY A.V. TYLER.
C IHCLUDIHG YEAR-CLASS STRENGTH AS A DRIVIttS
C VARIABLE FRDtl THE CQHGRT AHALYSTS SY HAYt AN, TYLER,DEI DRY 1980

SUBRGUTIttE UtlDDEL  IT!

REAL HNDRT,LBS
CGNt}DH PDP�0!,CATCH�0!,TONS�0!,YTGMS�0!,LBS�0!,YLDS�0!
CDtltlGH Mf �0!, BIGN,EB ION
CGtltlGH YIELD, E YIELD, FPDP, FLAG, tlNDRT�0!
CGNtlDH FtlDRTy Ff SEl '1 f SEL2 ~ SEL3 ~ SEL4 ~ LINING I YEAR
CDNtlOH MT3,DUDTA,FRY�5!,NHIFE
DO 1 l=6,20
TGHS  I! =0.

YTDHS  I!=0.

LBS I!=0.

YLBS  I! =0.

Y IELD=EYIELD=EBIDiM=FLAG=FPGP =0.

CeeeaweAGIHG OF POPULATION

DG 2 I=6
0
L=26-I

N=L-1

2 PDP L!=POP ll!

C~**~~RECRUITNEHT

C FRY TINES 1000 IS THE MG. OF FE! ALES,A6E 5
IF   I YEAR. E9.15! I YEAR=0

IYEAR=IYEAR+1

PDP�!=FRY IYEAR�1000.
CALL FTAKE

CALL FSURV

C234562 s~~ COLUNH NDS.
RETURH

END
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SUltRQUTI!tE FTAKE

REAL NNORT,LBS
Cot NOH POP<20!,CATCH<20!,TO	6<21!!,YTO!ts<20!,LBS<20!,TLSS�<1!
Catlt1ON UT<20!,DION,EBION
CONNON YIELD, EYIELD, F POP, FLAG, tlNORT �0!
COtlNOtt FNORT,F,SEL!,SEL2,SEL3,SEL4,UNIN,IYEAR
COt!NON L1T3,QUOTA,FRY<16!,KNIFE

'1 YIELD=EYIELD=O.

DO 100 I=6,20
IF <KNIFE .EO. 0! GOTO '1'1

C Kt<IFE EDGE SELECTION AT AGE <KNIFE>
IF  I .GE. KNIFE! GOTO 9
FNORT = 0.

GOTO 10

C OGIVE SELECTION  FUI.L RECRUITt ENT AT AGE 8!

11 IF<MT<I!.GE.UNIN!GO TO 9

IF<UT I!.GE.MNIN-.f! GQ TO 8

IF < tJT   I ! . GE. MNI N-. 2 ! GO TO 7

GO TO 10

5 FNORT=SEL14F

GO TO 10

6 FNORT=SELZ>F

GO TO '10

7 FNORT=SE1 3~F

60 TO 10

8 FttORT=SEL4iF

GO TO 10

9 FNORT=F

10 CONTINUE

CATCH  I ! =F  tF   I! cf NOR I/< f t!CRT t 	NORT < I ! ! + �-EXF' -Ft ORT-Nt OR 7  I ! ! !
C2345678 4~4'4 THESE ARE COL. NOS.

YTOHSX I! =CATCH I! FAUT< I!/1000.
YLDS<I! =YTOtdS I! ~2204.6

YIELD= Y I EL D+YTOMS < I !

EYIELD=EYIELD>YLBS l!

100 CONTINUE

IF YIE .D.GE.QUOTA!GQ TQ 200
C UHEN QUOTA SET, ITERATIVELY FINS THE F THAT GI<tES IT...

IF<F.GE.5.0!GO TO 200

C NOTE THAT F=5. NEANS A 99' ANttUAL NORTALITY
F=F~.01

GO TO 1

200 CONTINUE

RETURN

EttS
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S UBROUT I tlE FS URV
REAL ttt ORT,LBS
COt t O!t POP�0!,CATCH�0!, TOtlS �0!, YTG!tS �0 !
COt t Gtt MT �0!, 8IOt , EB IOt!
COttt ON YIEL !, EYIELD,FF'OP,FLAG, Ht ORT�0!
COttt ON Ft ORT, F, SEL!,SEL", SEL3 t SFL4, Mt Itl, X YE
COt t O!l MT3, GUOTA,FRY  $6! . KtllFE
B IOt "-0.

BO 100 I=6,20

,LBS�0!, YLBS�0!

IF   U I   I ! . GE. Mt  I!t! GO TO 9
IF  UT  I ! . GE. MtiIN-. 1 ! GO TO 8
If MT  I!.GE.Mt IN-.2!GO TO .
FtlORT=O.
DO TO 10

Ft ORT=SELf~F
GO TO 10

Ft ORT=SEL2<F
GO TO 10
rt ORT=SELzeF

GO TO 10
G Ft ORT=SEL4=~F

GO TO 10

7 Ft ORT=F

'! 0 CO!tTItlUE
POP  I! =FOP   I > <E! P -FHO! T -tlttottT I! !

C234J6?3 4+~4 THESE ARE COL. tlOS.
IF POP I!.LT.1.! POP I! =O.
FPOP=FPOP+POP  I!
TONS  I ! =POF' I ! 4WT   I! /1 j00.
LBS   I ! = TONS  I !:~2204. 6
BIOt =BI Ot + TOtlS  I !
E B I 0tt = E B I 0 ! + L BS   I !
CONTINUE
RETURtl

EBB

100

C KttIFE EBGE SELECTIOtl AT AGE -'.KHIFEr
IF  RtlIFE .EQ. 0! GOTO

IF  I .GE. KNIFE! GOTO 9
ft ORT = 0.

GOTO 10

C OGIVE SELECTIO!t  FULL ttECRUITt Et� AT AGE tt!
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This subroutine is used by SILICON to speed processing, and is optional.

S /9!tOUTI  E CCO! 
REAL N!IORT,LB5
CG!f!�!  POP�0!,CATCH� !!,TOMS�0!,YT !NS�0!,LBS�0!,YLBS�0!
CO f! DH MT�0!,BIO! ,EBIO!l
CON  OH YIELD,EYIELD,FPOP,FLAG,!   ORT�0!
CO! HO!  f  ORT,F,SEL!,SEL2,SEL3,SEL4,MAIR,IYEAR
CG!l!!O!! LITZ,QUOTA,FRY  t 6!,VHIFE
RETUR! 

END


