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ABSTRAcr 

A discrete-difference model for moult-type fisheries based on Scotia-Fundy 
Lobster fisheries is described. The objective of the model is to enable 
management options to be evaluated in terms of future landings, and future 
(discounted) revenues. Any number of management regulations can thus be 
compared through an estimate of their "net present revenues". 

The model also enables the age structure of lobster populations to be 
determined after successive iterations together with the relative yields in 
weight as a function of lobster carapace length given different management 
scenarios. These results are used to determine annual yields and revenues 
during successive years. 

The principal model control variables are cullsize, (i.e., carapace length 
at first possible capture or retention), and the annual rate of exploitation. 
The model is parameterized with sex-dependent functions of annual moult 
probability, weight and maturity~ all functions of size. A population 
size-frequency structure is needed to initialize the model. 

Keywords: Moult-fisheries, lobster, lobster fisheries, fisheries policy. 

On decrit un modele a differences discretes pour les pecheries d'especes a 
mue fonde sur la peche du homard dans la region de Scotia-Fundy. Le modele en 
question vise a permettre l'evaluation des options de gestions en egard aux 
debarquements futurs et aux recettes futures (actualisees). On peut com parer de 
la sorte n'importe quel nombre de reglements de gestion au moyen d'une 
estimation des recettes actuelles obtenues sous leur regime. 

Le modele permet egalement de determiner la structure d'age des populations 
de homard apres des iterations successives et les rendements relatifs en poids, 
fonctions de la longueur de la carapace, dans differents scenarios de gestion. 
Les resultats obtenus servent a determiner les recettes et les rendements 
annuels successifs. 

Les principales variables de contrale du modele sont la taille de selection 
(p. ex.: longueur de la carapace a la premiere capture possible ou a la 
retention) et Ie taux annuel d'exploitation. Le modele est parametre selon des 
fonctions qui dependent du sexe et egalement de la taille: probabilite de mue 
annuelle, poids et maturite. On a besoin de connaitre la frequence par taille 
de la population pour initialiser Ie modele. 

Mots-cles: Especes a mue, homard, peche du homard, poli tique sur les peches. 
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1. Introduction 
Formulation and evaluation of policy options for the management of a 

fishery requires that the respective costs and benefits of the different options 
can be determined. In this way, either the requirements for an optimal policy 
may be detennined, and/or the costs of a sub-optimal policy identified. To do 
this, a model that can determine the yields and revenues for different values of 
the control variables is usually required. In lobster fisheries, these usually 
are the minimum carapace size at which a lobster can be retained, the total 
number of traps allowed (i.e., the product of number of licensed fishennen and 
the trap limit per licence), and the length of the fishing season. 

A management action that increases future benefits fram a fishery by 
reducing bmmediate and near-term catches will change the temporal distribution 
of cash flow. Thus additional, but deferred benefits should be discounted to 
account for the fact that future additional revenues will not accrue for an 
elapsed time period. What are appropriate social discount values is the subject 
of an extensive literature (e.g., Treasury Board 1982); in this model 10% is 
used but any value may be specified. 

The model described here is a conventional discrete-difference yield-per­
recruit model that accounts for growth by size specific moult increments. In 
this regard, the model is similar to that developed by Caddy (1979) and subse­
quently modified by Campbell (1985),. but differs in that trajectories of yield 
can be followed as conditions (e.g. recruitment, cullsize, rate of exploitation, 
etc.) are changed over successive years. In this regard, the model outputs 
appear similar to those obtainable from the model described by Ennis and 
Akenhead (1978). A second program uses the yield by lobster size classes fram 
successive annual harvests to determine revenues by size grades for the 
successive years, both in constant, and discounted, dollar values. 

The models are written in Borland's TUrbo Pascal, version 4, in contrast to 
the models of Caddy, Campbell, Ennis and Akenhead, which are written in 
Fortran. The model should run on any PC-AT that supports TUrbo-Pascal. Because 
of the software's powerful text editting facilities, programming is easier if 
parameters are changed directly in the program using the edit option of the 
software's integrated environment facility. Despite this, most basic control 
variables are set by a user prompt and response procedure. 

The number of possible model control combinations that one may wish to 
investigate is large, e.g., changes, or trends, in recruitment, growth, fishing 
mortality, rate of maturation, etc., during a simulation. To attempt to handle 
even same of these through a menu-prompt manner would make program use awkward. 
However, because of the structured design of the program, users with a basic 
knowledge of TUrbo-Pascal should have little difficulty in modifying the soft­
ware to obtain particular outputs they may require. Users wishing to do this 
are encouraged to contact the author for assistance. 

In lobster fisheries, regulations often protect egg-bearing lobsters. This 
is done on the assumption that reduced exploitation of these lobsters will 
contribute to future recruitment. Thus this model handles males and females 
separatel y. Female lobsters, as modeled, may be bmmature, mature and 
non-berried or berried. 
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2. Population Dynamics 
An arbitrary number of lobsters, separated by sex, Ml's (males of age one, 

and size s) and II,s (immature females of age one, size s) are recruited to the 
fishery as a sDnulated population. These lobsters are allocated to a range in 
size, from the user-specified minimum fishable size to the next smallest size to 
that at which a minDnum sized lobster becomes on moulting. For example, if the 
minimum length at capture is 81 mm, and such a lobster becomes 94 mm after 
moulting, then the initial population number is divided into 13 size classes for 
their first year in the silnu1ation, i.e., 94 - 81 = 13 size classes in the first 
age group, or, 

where 

M1'size = initial number of recruits 
L2's - Ll's 

L1,s = minDnum size considered in model. 
L2's = size of crustacean after moUlting, whose premoult size 

is L1,s' 

With a mlnllnum (model) size at first capture of 81 mm and corresponding post 
moult size of 94 mm for a lobster with a premoult size of 81mm, and 100 000 
recruits, then the numbers at age 1 in the size ~lasses 81-93 would be, 

M1's = 100 000 
94 - 81 

= 7692 

During the fishing season an age class is subjected to a total mortality; 

where: ~ = daily ~nstantaneous natural mortality rate, 
Fd = daily instantaneous fishing mortality rate, 
s = length of fishing season in days. 

The number of anilnals in a group that survive tb the end of the fishing season 
will be, 

where, 
N = initial number of animals. 

During the closed season, the group will be subject to only natural mortality, 
and the instantaneous natural mortality during this period will be, 

Me = ~ (365 - s) 

The number of anilnals at the start of the second year will be, 

N2 = Nfe- Me 
Thus, 
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The model starts at the opening of the fishing season with a full 
complement of recruits then a closed season follows. Moulting occurs at the end 
of the closed season. Figure 1 shows a schematic of this process. 

Figure 1 

Zf = Ff + M Zc = M 

Fishing Season Closed Season 

365 days:s------------; 

s days 

I 
356 - s days 

For those lobster that in year y have an age class of "age" a, and size s, on 
transistion to their next year, 

Ny+l's+l = Ny's Ps 

In this case a fraction Ps of the animals moult, increasing in size to s+l. For 
those that do not moult, 

where, 

Ps = fraction of animals of size s that moul t, 
Ny+l,s+l = numbers of lobsters of size s that moul t to the next size 

s+l, in year y + 1, 
Ny+l's = numbers of animals that do not moult on becoming a year 

older and thus remain the same size. 

Thus the numbers of animals that recruit in year zero (indicated as subscript y) 
change in size as follows: 

Year: o 1 2 3 4 

Ny's ~ Ny+l,s - Ny+2,s - Ny+3,s ---'Joot Ny+4's 
~ ~ ~ ----... 

Ny+l's+l~ Ny+2's+1--" Ny+3's+1~ Ny+4's+1 
.~ ~---.. 

Ny+ 2 , s+ 2---- Ny+ 3, s+ 2---"" Ny+4, s+ 2 
~ ~ 

Ny+ 3 , s+ 3----' Ny+4 , s+ 3 
~ 

Ny+4's+4 
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The size of an animal at the nth moult is that size attained after that 
number of moults by an anlinal with an initial size s. 
The number caught at any age and size is: 

cNy's = (1 - eZf ) Ny's 

An unequivocal interpretation of models descibing the rate at which 
lobsters moult is difficult. For example, Campbell (1985) gives models that 
determine the "proportions moulting annually at different carapace lengths." 
But what subsequently happens to the lobsters that do not moult at a given size 
is not clear. If the proportion of NV lobsters moulting one year is P, does 
that linply that of the animals that dO not moult, Ny (1 - P) P moult the 
following year, or alternatively, is it ~ P (or Ny [1 - P ] if P is greater 
than 0.5)? Further, it is most likely that the proportion of lobsters of a 
given age and size mouting in a year changes with age; insufficient biological 
information is available to explicitly answer these questions. Code for both 
moult models is described in Section 4.13. 

The yield in kg is obtained from the numbers caught using a weight-at-size 
function (see Section 3.6), 

where 

Yy's = cNy's Ws 

W = a sb 

The yield at size is required for the revenue model because the price/lb 
received for lobster depends of their size. 

The proportion of females that are mature at a given size increases with 
size. After each moult, the expected number of mature anlinals at a size s, is 
determined by 

where 

Thus, 

Nm,s = expected number of mature animals at size s, 
Po = probability of a female being mature at size s, 
Is = number of ilmnature anlinals at size s, 
Os = number of mature non berried anlinals at size s, 
Bs = number of berried anlinals at size s. 

In this model, mature lobsters in year y, became berried in year y +1, i.e., 

By+l = Oy 

The number of mature, but non-berried lobsters at size s is thus 

Oy+1's = Nm,y's - By+1's 



5 

Implicit in this is that lobsters first carry eggs in their second year of 
maturi ty, and are then berried in alternate years. These assumptions are not 
held in all situations but are considered reasonable for Scotia-Fundy. 

3. Model Parameterization 
3.1 Introduction 

The program is parameterized in two ways; (1) type declared constants (a 
Pascal feature, see Table I and, (2) user entered constants. Deciding what sho­
uld be a menu-prompted parameter and what a declared constant is a little arbit­
rary as it depends on the focus of the research, e.g., one analysis may be 
concerned with the cullsize chagnes keeping fishing mortality constant; in 
another study, cullsize may remain constant while another parameter is varied. 

Requiring all parameters to be user-entered would make the program unwield­
ly. However, the reverse is not true as the "Integrated Envirorunent" of Turbo 
Pascal makes program changes easy. Thus large amounts of code necessary to 
pranpt for, and check input, can be avoided. A canpromise, with parameters 
being declared both ways has been used in the program. Non-trivial users should 
ailn to operate entirely within the integrated environment mode for parameter 
specification. 

The user-entered variables in the biological model are: 

Julian date of opening of fishing season, 
Julian date of season closure, 
Annual rate of exploitation in period prior to sbnulation, 
Annual rate of exploitation during silnulation, 
Cullsize prior to sbnulation period, 
Cullsize during silnulated period. 

All other parameters are declared as fixed or variable constants. 

The third manner of program initiatization is through program code. For 
example, Campbell (1985) gives as a model for gDJwth per moult, 

L Y +1 = yLb (1) 

In an earlier paper (1983) he uses a linear model, 

Ly + 1 = Y + bL (2) 

In Pascal, Equation I is coded (for males) as 

NextM[size] = round (exp(ln(amoultM) + bmoultM * In (size»). 

Equation 2 is coded (for females) as 

NextF[size] = round(amoultF[size] + bmoultF[size] * size) 

To switch from one to another, both code could be included and bracketsl used 
to "carment out", that which is desired to be null code. 

1/ Braces are used to create carments in Pascal, such code is not compiled. 
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Table 1 

Type Declare Constants 

Lines 1 - 13 show examples of type declared constants in the main program. 

PROGRAM LCB35; [LFAS 35, 36, 38, two cu11sizes, 19 Dec 1988] 
[$R+,$U+] 
Uses Dos,Printer,Crt,Listnums; 
1 Const 
2 amou1tM real = 1.717; 
3 bmoultM real = 0.912; 
4 amou1tF real = 2.107; 
5 bmoultF real = 0.864; 
6 apropM real = 1.76; 
7 bpropM : real = -0.0084; 
8 apropF : real = 1.95; 
9 bpropF : real = -0.0097; 
10 awtM real = 0.0000566; 
11 bwtM real = 3.078; 
12 awtF real = 0.001525; 
13 bwtF : real = 2.8612; 
14 M annual: real = 0.1; 

Table 2 

Examples of Program Declared Constants 

These can be subsequently changed in the main program. For example, if the 
fishery subsequently took canners, the start size could be changed to 70mm. 

15 First year = 1989; 
16 Last year = 1998; 
17 Startsize = 81; 
18 maxage = 5; 
19 maxsize = 160; 



" 

7 

3.2 Mortality 
3.2.1 Natural Mortality 

As is common for most fisheries, the natural mortality (M) of American 
lobster (Hanarus arnericanus) is not well determined. The most cannonly quoted 
value is 0.1 (e.g., caddy 1979, campbell 1985). The basis for this value is the 
analysis of Thomas (1973). However Botsford et ale (1986: 72-73) note that 
there are substantial reasons to doubt the methods used to obtain them, and that 
"their questionable nature is an important issue in light of the critical 
dependence of yield-per-recruit results on them." 

Botsford et al., in their analysis, use a value of M = 0.15, but with no 
other justification. Vetter (1988) reviews the consequences for fishery models 
of incorrect choice of M. In general, higher estimates of M lead to lower 
estimates of maximum yield or maximum possible yield-per-recrui t, higher 
estimates of the optimal fishing mortality (i.e. catch them before they die) , 
and lower estimates of the optimal size at first capture. Botsford et ale 
(1988) found that using an M = 0.18 gave a long term [annual] increase in yield 
with their model of 6.8%, but this fell to 4.8% if an M = 0.2 was used. 

3.2.2 Fishing Mortality 
Values for fishing mortality are required to initialize the age-size 

structure population, and as such would represent the rate of fishing applied to 
the population prior to the start of the simulation. Fishing mortality is 
specified in the model as the annual rate of exploitation (A). The annual 
instantaneous fishing mortality is then obtained by, 

F = - In (1 - A) 

3.3 Growth Functions 
Two forms of moult functions are commonly specified for the American 

lobster. An exponential model is given by Campbell (1985) for the Bay of Fundy: 

Males: 

Females 

Lm + 1 = 1.7l7Lm 0.912, and 

Lm + 1 = 2.107Lm 0.864. 

Linear models specified by Campbell (1983) for the Bay of Fundy are: 

Males: Lm + 1 = 10.10 + 1.04Lm 

Females: imnature Lm + 1 = 9.60 + 1.04I1n 

Females, mature Lm + 1 = 18.0 + 0.95I1n 

Miller, Moore and Pringle (1987, Table 1) list other coefficients for linear 
lobster growth models. 

3.4 Moult Frequency 
Table 3 lists moult frequency models, by Lobster Fishing Area. Note that these 
are interpretted as a proportional model. 
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3.5 Female Maturation 
Table 4 lists models and coefficients for the probability of maturity for female 
lobsters as a function of size. 

3.6 Size-weight Functions 
Size-weight functions for males and females are given by Campbell (1985): 

Males W = 5.66 x 10-7 L 3.0780 (kg) 

Females W = 1.525 x 10-6 L2.86l2 (kg)" 

where lengths are measured in an. Other length-weight functions are given by 
Miller et al. (1987). 

3.7 Initial Population Age-Size Structure 
A major objective of the model is to determine what happens to catches and 
revenues when a population that has been fished under conditions of one set of 
mortality and cull sizes is subsequently fished at a different rate of 
exploitation and minlirrum carapace size. To investigate this an initial 
frequency-at-size matrix is established using the appropriate cull size (which 
together with natural mortality determine size at entry to the fishery) and 
fishing mortality which determines numbers at subsequent ages. The size 
frequency matrix is then fished under the new conditions and the changes in 
yield characteristics determined. 

Although the model has not been so written, it can be easily modified so 
that the initial population structure is taken fram a real population, or any 
arbitrary size frequency distribution could be used. In this case, results for 
the first phase of the simulated exploitation could reflect how well (or poorly) 
the model assumptions describe the past fishery. 

3.8 Recruitment 
The model assumes a constant recruitment of 10 000 males and 10 000 females 

each year. The code can be simply changed to model any assunption about 
recruitment one wishes. For example, a stochastic process, or trend, or some 
combination, could be applied to the numbers that recruit each year to examine 
the consequences of different assumptions of variable recruitment. Multiple 
recruitment within a year would be possible but would require programming 
changes. 

3.9 Fishing Seasons 
The model is structured with a two phase annual cycle: first a fishing 

season, then a closed season. Moulting and increase in age occur at the end of 
the closed season. The model could be easily modified by an appropriate loop to 
handle any number of fishing and closed seasons within a year. An appropriate 
array would be necessary to store the open and close days, or equivalently the 
season lengths. These would then be accessed through an appropriate variable in 
the main program loop. 

3.10 Grade Prices 
Clearly any set of prices used for the differing sized lobsters will be 

arbitrary, especially as they will vary in response to changes in the relative 
supply of the different grades. Development of an acceptable demand-supply 
function should be the next objective of any future model extension. 
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TABIE 3 

PROBABILITY OF MCULT MODELS 

LFA MODEL SOURCE 

33, 34-38 Males 1. 76e-0.0084L Campbell (1985) or 

28-32 

27 

LFA 

34-38 

33 

28-31 

27 

Miller et al. (1987). 

Females 1. 95e -0. 0097L Campbell (1985) or 
Miller et al. (1987). 

80th sexes 2. 5ge-0.014L Miller et al 1987 

80th sexes 3.77eO.019L rube 1986 

TABIE 4 

PROBABILITY OF MATURITY; FEMALES 

MODEL 

1 

1 + e23.23-0.2l4L 

1 

1 + e 14.23-0.14L 

1 

1 + elO•4 - 0.112L 

1 

1 + e2l•8 - O.258L 

SOURCE 

Campbell and Robinson (1983) or 

Miller et al. (1987). 

Campbell and Robinson (1983) 

cited by Miller et al. (1987). 

Campbell and Robinson (1983) 

Miller et al. (1987) 
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Figure 2 shows the relation of the different program modules. Procedures 
1-6 are executed once to initialize the population; procedures 7-13 are executed 
for each year of the simulation. Full details of the program code are given in 
Appendix I. 

4. 2 GET PARAMETERS 
This procedure handles the user-specified variable setting for the 

program. By successive pranpts, the user is asked to enter:. 

1. A name for the simulation (up to 80 characters). This is echoed by 
the Fiscal module that processes the output fran the biological model. 

2. Julian dates of the opening and closing days of the fishing seasons. 
These should be entered as a pair separated by a blank. 

3. The annual rate of exploitation to be used in initializing the 
population structure. This must have the form O.nd where nd is any 
number of digits. This would be the same when initializing the 
population as when it was being exploited. 

4. The annual rate of exploitation to be used in the simulation is also 
O.nd 

5. The cull size that is to be used in initializing the population 
structure. This would be the cull size used prior to any change in 
fishing regulations. 

6. The future cull size. 

7. The name of the output file. This must conform to ros requirements, 
i.e., the name can have up to 8 characters plus a 3 letter extension 
separated by a period. 

8. Length-age frequency distributions can be printed by appropriate 
responses to the pranpt; the initial, final, or both, population 
structures can be listed. 

4. 3 SET VARIABLES 
This procedure calculates the size of a lobster after its next moult. It 

also calculates the proportion of lobsters that will moult as a function of 
size. Unlike the output of the model of Ennis and Aikenhead (1977), there is a 
one-to-one correspondence between premoult and post-moult sizes. The model of 
Ennis and Aikenhead results in a prespecified distribution of post moult sizes 
for a given pre-moult size. The program could be easily modified to account for 
such a moult model if it could be parameterized. 

• 
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Figure 2 

Main Program Procedure Structure 

1 I GET PARAMETERS I 
I 

2 I SET VARIABLES j 

~ 
3 I SET POPUIATION ARRAYS l 

I 
r RECRUIT I 
1 I 

4 

5 I INITIALIZE MALES I 6 I INITIALIZE FEMALES I 

I r 
7 l SET YIELOO TO ZERO 1 : OVIGEROUS \ ! 

I 
8 ~ RECRUIT I 

I 
1 

I 
9 I HARVES'IM I 10 I HARVESTF 

I 
l 

I 
10 , HARVEST TO FILE I 

I 
11 I MCULT I ~ OVIGEROUS I I 

I 
12 I WRITE NUMS I REPEAT 1 

r I 
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4.4 SET-POP-ARRAYS-TO-ZERO 
Turbo-Pascal does not initialize declared variables to zero. This 

procedure sets the age-size frequency arrays for male, immature female, mature 
female (non-berried) and berried females to zero. 

4.5 RECRUIT 
This procedure takes an arbitrary, but program specified, number of anilnals 

(10 000) and assigns them to the age one male and immature female age-size freq­
uency arrays. The minimum size is specified by the constant "startsize" specif­
ied as a constant in the variable declaration code of the first procedure 'decla­
ration. The next moult size for a lobster of startsize is determined 
(Nextsize), and the 10 000 lobsters are equally assigned among the (Nextsize -
startsize) size frequencies. For example, with a startsize of 81mm, 
Nextsize [81] = 94 mm, thus 10 000 animals are allocated to the 81 to 93 mm size 
classes. 

For females, the proportion of mature female lobsters in the size range 
startsize to NextsizeF-l is next calculated, and the numbers of immature and 
mature females so determined. It is assumed that no berried lobsters of age 
one (Le., the first year of the simulation) exist. The procedure RECRUIT is 
called in two places~ first in the program initialization and then for each year 
of the simulation. Should any change in recruitment, e.g., a trend or stochas­
tic process be desired, it could be handled in this procedure. Alternatively, 
frequencies otherwise determined could be read fram a file. 

4.6 INITIALIZE MALES and INITILAIZE FEMALES 
These procedures establish a population structure using the variables 

Old cull size and Pre rate of exploitation, that represents the conditions of 
the-population prior to exploitation by the model. By determining the annual 
survivors, the numbers at successive ages are determined, and fram the propor­
tion moulting, the numbers in subsequent size classes. The number of age 
classes considered in the silnulation is specified by the constant maxage, and 
the total number of size classes (in Imm increments) by startsize - maxsize + 
1. While survivors may occur in the largest age and size classes, under most 
conditions their numbers are negligible. 

The INITIALIZE FEMALES procedure differs fram that for the males in that it 
determines the numbers of mature and berried females. The logic used to do this 
is shown in Figure 3. Mature females that survive alternate annually between 
being berried and non berried. Newly mature lobsters do not becane berried in 
their first year of maturity. In reality, berried lobster may be berried in 
succesive years and immature lobster may be berried in the first year they 
mature (Per comm. D. Pezzack, Benthic Fisheries and Aquatic Division, Scotia­
Fundy Region, Department of Fisheries aoo Oceans). However, the model as coded 
does not account for this. If parameters were available the program can be 
easily modified to account for such maturity transformations. 

During fishing seasons, lobsters are subject to natural and fishing 
mortality (Ff+Mf). Between fishing seasons, they are subject only to natural 
mortali ty ( Me) • 

4. 7 OVIGEROUS 
This procedure determines the numbers of lobsters that should be mature at 

a given size, and as necessary, reduces the number of immature females lobsters 
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Figure 3 

Program Logic for Maturing or Mature Females 

In RECRUIT: 

Immature[l,size] 

~ Dmmature[l,size] 

~ Mature [1 ,size] 

In subsequent procedures: 

~ Berried [year+l ,size] 

Mature[year,size] ~ 

~Berried[year+l,nextsize] 

~ Mature [year+ 1 ,size] 

Berried[year,size] ~ 

~Mature[year+l,nextsize] 

~Mature[year+l,siZe] 

~Mature[year+l,nextsiZe] 

Immature [year,size] 

~Immature[year+l,siZe] 
~Immature[year+l,nextsiZe] 
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and increases the number of mature female lobsters. It is called during model 
initialization and during each year of the model simulation. Because males are 
fished irrespective whether mature or ilnmature, state of male lobster maturity 
is immaterial to the model. 

4.8 SET YIELDS TO ZERO. 
Prior to harvest, the arrays storing the yield in weight by size category 

and sex (male, immature female and mature female) are set to zero. 

4.9 HARVESTM 
This procedure harvests the male lobsters whose numbers by age and size are 
stored in the array Males. The conventional models are used: 

survivors = initial number * e-Zf • 

Catch in numbers at the end of the season is determined by, 

C = Ff/ Zf (1 - e-Zf ) * initial numbers 

Should the lobster size be less than the cull size, the fishing mortality is set 
to zero; likewise it is set to zero for periods outside fishing seasons. 

4.10 HARVESTF 
This procedure is similar in function to HarvestM. The irranature and mature 

lobsters are harvested and their numbers correspondingly reduced. The numbers 
of berried lobsters are subjected solely to natural mortality during the harvest 
period (fishing season). The numbers of lobsters harvested are multiplied by 
their weights at size and the catches of ilnmature and mature lobsters are stored 
in the arrays YieldI[size] and YieldO[size] respectively. 

4.11 HARVEST-TO-FILE 
The procedure writes to the user-specified disc file the yield by weight 

for each size class of males, ilnmature females and mature females. 

4.12 WRITENUMBERS 
This procedure, when called, writes the age-size frequencies to the line 

printer for each of the four lobster classes modeled; males, immature, mature 
and berried females. The procedure calls LIST-AGESIZE. Should it be desired 
that these numbers be written to disc, the writeln statements in LIST-AGESIZE 
should be modified. 

4.13 M:XJLT 
This procedure moves lobsters from one age and size to either the next age 

(a+l) and the same size (i.e., those lobsters that did not moult), or the next 
age and next size (s+l), i.e., for those lobsters that do moult, as determined 
by the moult model 

A simple fractional moult rrodel can be used. In this case, a specified 
fraction of all lobsters at the same size moult. TImplicit in this model is that 
some lobsters of a particular year class never moult and their numbers in a year 
and size ~Jc.ss simply decline from year to year fran natural mortality. Thus if 
60% of an age class moulted each year, the numbers at the initial size would be 
(ignoring mortality) as follows: 



15 

Numbers at initital size 

Year 1 10 000 recruits 
Year 2 4 000 survivors at age 2 and still at the initial 

size. 
Year 3 1 600 survivors at age 3 
Year 4 640 survivors at age 4 
Year 5 256 survivors at age 5. 

At the end of n years, (l-p)n lobsters will still have the same size 
(ignoring mortality) as in the year they recruited to the fishery. 

An alternative moult model has been progarrmed in which the numbers of 
animals moulting each year is not a proportion of the remaining numbers at size 
but rather the proportion of the original numbers, adjusted for mortality. In 
the case above, with "flush" or "rolling wave" type moultirq, a probability of 
moUlting = 0.6 and ignoring mortality, then the numbers at age and size would 
be: 

Year 
-1-

2 
3 

Numbers at size 
10 000 

4 000 
o 

Should 30% of animals moult each year, then the numbers of a year class remain­
ing at a particular size with a "rolling wave" type moult rncx:iel (ignoring 
mortali ty) \\Ould be as follows: 

Year 
-1-

2 
3 
4 
5 

Numbers at size 
10 000 
7 000 
4 000 
1 000 

o 

In this model after (truncate(l + l/proportion moulting)] years, all 
lobsters would be flushed through to the next larger size class. This moult 
model involves considerably more coding as a shadow array must be maintained to 
track the numbers of lobsters that must moult for each year class entering the 
fishery. These shadow arrays, one for each class of lobster, must also be 
adjusted for natural and fishing mortality as appropriate. 

In the case of female lobsters, the moult procedure is also where mature 
non-berried female lobsters are switched to berried lobsters at the end of the 
closed season, and berried lobsters are switched to mature non-berried female 
lobsters. 

Table 5 shows an example of the output of the Biological Model. The code 
for this model is not given in this report. 

5. Revenue Model Structure 
5.1 Introduction 

By separating the algorithms for calculating revenues from those required 
to determine yields by size, different market assumptions can be examined 
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Table 5 

An exanple of the output fran the Biological Model. 

The first line is a oamment line echoing run identification characters 
entered by the user. The data on the second line are: initial cull size, final 
cull size, maximum size in the simulation, year simulations start, and year 
simulation stops. The third line gives the year of the first annual results 
The subsequent rows give the n\.lTlbers caught at the respective carapace sizes. 

Ll<'A 27, 2 rates ot exploitation 70/8';) days :;: bl 
70 'Iu 16u 19t1Si 1998 -u.OO 

1989 
CL Males Immature Mature 
70 166.'1 1'/4.6 4.1 
71 175.2 1tll.tl ';).~ 

12 Itl4.1 Itltl.tl '7.4 
73 193.3 1~~.4 ~ • 9 
'/4 2U2.8 2Ul.5 1.501 
75 212.'/ 2Ub.9 1'/ • 3 
"/6 222.9 211.J L2.8 
77 233.4 L14.3 L~.tl 

'18 L44.J 21!> ./ Jtl.b 
79 2~'i.b 215.U 4~.b 

8U 91.1 IL.I:S 1~.~ 

81 12U.8 tj~.b JL.l 
82 u.u tj4.~ JI:S.I:S 
83 lL9.J "~ . 3 ':16.4 
84 132.8 '/ L • ~ !:>4.4 
85 136.3 b'i.~ b L • " 
tlt> 13~.tj !:>tj . " " u . tj 
87 143.3 'il. b '/ tj . 5 
88 146.9 44 . '/ 8!>.'i 
89 15U.4 Jtj.4 ~1. b 
90 u . U 11. !> J!>.J 
91 159.7 4 • 'I 1 ti • " 
92 !>b.U 4. U 19.~ 
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without requlrlng the biological computations to be repeated. This model reads 
the file created by the biological model. Figure 3 shows the logic structure of 
the model. The procedures 2-5 are repeated twice; the first iteration analizes 
the status quo or initial variable conditions, the second iteration analizes the 
al ternati ve set of management variables. An example of the output of this 
program is given in Table 6. 

5.2 GET FILE 
Procedure GET-FILE prompts for the name of the user-specified output file 

from the biological module. It assigns the file unit, then appends and resets 
it. 

5.3 SET-VARIABLES 
This procedure sets the arrays which accumulate the weights and revenues by 
grade to zero. 

5. 4 GET-I:lA.TA 
This procedure reads the output from the biological model for processing. 

The first record reads the following variables: 

minsize: minimum size at which the crustaceans enter the fishery. 

cullsize: size of animals at which they are recruited to the fishery 
(Knife-edge recruitment). 

maxsize: maximum age of animals considered by model. Animals older 
than maxage "falloff the edge" of the population matrix. 

yearstart: the first year of the simulation. 

yearstop: last year of the simulation. 

Rate-of-Exploitation: Annual rate of exploitation used in biological 
model. Recorded for information purposes only. 

Each subsequent line (from minsize to maxsize) consists of: 
- oephalothorax size 
- catch of males (kg) at this size 

catch of ilrnnature females (kg) at this size 
- catch of mature females at this size 

These lines are processed through a number of loops that correspond to the 
different grades: 

canners 
chix 
quarters 
halves 
selects 
jumbos 

5. 5 REVENUES 

to 80 rom cephalothorax size, 
81 - 89 rem, 
90 - 95 rom, 
94 - 104 rem, 
105 - 119 rom, 
greater than 120 mm. 

This procedure assigns revenues to the respective grades. The prices ~ 
lb are declared as constants at the start of the "Revenues" procedure. Revenues 
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Figure 4 

Program Logic for Revenue Model 

1 Declare variables 

2 

3 

4 

5 

6 

7 
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Table 6 

An example of output fran the Revenue Program. 

Lr'A 34 days = 1 /j 'I a = U.fU , 81//j:> 
cullsize= 81 ttEVENUES 
Year Canners Chix Quarters Halves Selects Jumbos '!'otal 1J1scountea 

1 0 21625 13803 7124 4742 726 480~0 48ULO 
2 0 2162S 13803 "1124 4 '/b3 696 48ulL 43b4J 
3 0 2162!> 13803 'IIL6 47B btU 4/j01U .3 ':J6 'J /j 
4 0 :l1625 13/j03 7126 47 'J 3 6/j!> 4/jUU 36un 
5 0 21625 U80J 'J 12b 4'J73 b/j2 48ulU 3n~1 

6 0 21625 lj/jU3 "Ill. 6 4JJ 3 6/jL 4/jUlU L~/jlU 

7 U 2162!> 138u3 'J 1 Lb 4nJ b/jL 4/jU1U LIlUU 
/j U 2Hl.S 1J/jU3 "IlLb 4n3 b/jL 4tlU1U L4b3J 
9 0 :llb2:> U/jU3 11~b 4 '/7 3 b/jL 4/jU1U LLj~ 'J 

10 0 '1.1625 13I1U3 'J lLb 4F13 b/jL 4/jU1U LUJbl 

---
4/jlJllL J24~U 

Total discounted over a twenty year period ......... -
44%21 

WEIGHT 
,Year Canners Chix Quarters Halves Selects Jumbos 1'otal 

1 0 5767 3451 1187 6'17 11'1. 111H 
2 0 !>76'J 3451 IH!7 680 107 Illn 
3 U 576'1 34S1 1188 682 lu5 I11n 
4 0 5767 3451 1188 682 105 111n 
5 0 5767 3451 1188 6/j2 105 111~2 

6 U 5767 3451 11 /j /j 682 105 lUn 
'I 0 S '/6 'I 34S1 11 /j /j 682 luS llB2 
8 0 576'1 3451 1188 682 lu:> lUn 
9 0 5'/67 34:>1 11/j /j b/j:l lU:> llBL 

10 U 5'/67 3451 1188 682 lu5 1lln 

l11n] 
cullsize= /j!> l{EVENU1!::) 
Year Canners Chix Quarters Halves Selects JumOos 'l'ota! IHscountea 

1 U 128/6 13803 '/12t> 4'1/3 G8L 3~LbU 3nbU 
2 U 12876 18434 1439'7 4773 682 51lb3 4b:>1:l 
3 0 12/j76 1906u 1S505 '/b/j'L 6/j:l S:>/ju:> 4blLU 
4 0 12876 B13u 1!>644 8239 106:> 56955 4L 'JH 
S 0 12876 1H3/j 1 :>61:d /j3:l3 !3UU S'J2~tl 39US 
6 0 12876 1913/j 15661 /j323 130u :'-/'L 'j /j 35:>n 
'1 0 12876 1913/j Dbb! /j3L3 1300 :'-1 L~ /j 32343 
8 0 12876 1913/j l56b1 /j323 13uu :> 'JL ~ /j LH03 
9 0 12/j'16 19U/j 1S6bl 8323 UUU ~/L~/j Lt> nu 

10 0 12 /j '/b BU/j 15bbl /j32J UUU 5 '/2~ 8 2430U 

---
!>469'/l Jb21'IL 

Total discounted over a twenty year period ......... 
511484 
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Table 6 Continued 

Wl!:lGH'f 
'fear Canners Chix Uuarters Halves Selects JumbOS 'l'otal 

1 U 3434 J4S1 11tH! bilL lU) Ild::)~ 

2 0 34.14 46u~ l3~~ btU 1U~ HLL~ 

3 U 3434 4"/b~ L~1l4 lU~/ lU~ 1BtiS 
4 U 3434 47tu 2bU '/ 111'1 Ib4 12164 
S 0 3434 4 '/ ti4 Lb1U 111l~ LUU ULlI 

6 U 34j4 4 '/84 2blU 1l~9 LOU lLL1'I ., 0 3434 4'11l4 261U 11!l~ LUU lLlll 

8 0 3434 4 '/~4 261U 11!l~ 2uO lLLU 
9 0 3434 4'184 2t:i1U Hti~ LUU lLLl/ 

10 0 3434 4784 2610 llti9 2UO 12Ll'I 

11'1~40 

are calculated by mUltiplying the catch in weight by grade by the corresponding 
prices, for each year. The annual revenues are calculated by summing these 
values. This procedure also discounts future revenues, i.e., 

where Rl = revenue in first year of sllnulatian, 
Ri = revenue in the ith year, 
d = user-specified discount rate. 

The discount rate is declared as a constant in the main program. Two total 
discounted revenues are calculated, one for 10 years, the other for 20 years. 
The 10 year value is given by 

10 

i=l 

The 20 year value is given by 

20 

i=l 

Revenues are not calculated past 10 years. However, no matter what cull 
size increase is chosen, model outputs usually stabilize by year 4 or 5 when 
only one change in the cull size is undterken. Thus RIO can be safely taken as 
an equilibrium revenue value under the new management conditions. Table 6 shows 
an example of the revenue outputs from the model. 
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5.6 WEIGHT 
This procedure lists the catch in kg by grade for the period of the sDnula­

tion, nominally 10 years. Note that this represents the yield from 20 000 
recruits, 10 000 of each sex. 

5.7 Revenues from Rolling-Wave Moult Model 
Table 7 lists output fran the Program WB2 (Appendix IV) vtlich process the 

output fran the "Rolling Wave" moult-type model (Appendix III). These results 
are slightly different to those fran the Proportional Model in that the biol-
ogical model calculates the catch and its composition for an increase in cull­
size over a range of new cullsizes, e.g., fran 8lrnm to 101rnm. The program also 
lists the Net Present Value summed over 20 years for the succesive cull size 
options. This is shown in Table 8. 
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Table 7 

An example of output fran LCB2, the revenue model for the "Rolling Wave" 

moult model. This model determines the fishery results for a sequence of cull 

sizes, e.g., from 81mm to lOlmm. 

SUMMARY OF 20 YEAR DISCOUNTED REVENUES BY CU LLSIZE 
cullsize (mm) 20 year discounted value 

81 239680 
82 242157 
83 247175 
84 254630 
85 262201 
86 269879 
87 277645 
88 285562 
89 293580 
90 301691 
91 309010 
92 317970 
93 328496 
94 339149 
95 345784 
96 348553 
97 348931 
98 349121 
99 349109 

100 348811 
101 348285 
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Table 8 

An example of output fran L002, the revenue model for the "Rolling Wave" 
moult model. This part of the output summarizes the annual results disconted 
over a 20 year period after a change in the moult size. 

REVENUES BY CATAGORIES for CULLSIZE = O J 
,.) ... 

Year 'Chix Quarters Halves Selects Jumbos Total Discounted 
1990 20908 13246 8664 6427 779 50024 50024 
1991 20908 13246 8664 6427 786 50031 45482 
1992 20908 13246 8664 6427 786 50031 41348 
1993 20908 13246 8664 6427 786 50031 37589 
1994 20908 13246 8664 6427 786 50031 34172 
1995 20908 13246 8664 6427 786 50031 31065 

20 year discounted total = 239680 

CATCH BY SIZE CATAGORY 
Year Chix Quarters Halves Selects Jumbos Total 
1990 5575 3311 1444 918 120 50024 
1991 5575 3311 1444 918 121 50031 
1992 5575 3311 1444 918 121 50031 
1993 5575 3311 1444 918 121 50031 
1994 5575 3311 1444 918 121 50031 
1995 5575 3311 1444 918 121 51)031 

REVENUES BY CATAGORIES for CULLSIZE = 32 
Year Chix Quarters Halves Selects Jumbos Total Discounted 
1990 18912 13246 8664 6427 779 48028 48028 
1991 18912 15382 8664 6427 786 50171 45610 
1992 18912 15696 8664 7215 786 51273 42374 
1993 18912 15704 8664 7511 786 51577 38751 
1994 18912 15704 8664 7576 816 51672 35293 
1995 18912 15704 8664 7583 837 51700 32102 

20 year discounted total = 242157 

CATCH BY SIZE CATAGORY 
Year Chix Quarters Ha 1 ves Selects Jumbos Total 
1990 5043 3311 1444 918 120 48028 
1991 5043 3846 1444 918 121 50171 
1992 5043 3924 1444 1031 121 51273 
1993 5043 3926 1444 1073 121 51577 
1994 5043 3926 1444 1082 125 51672 
1995 5043 3926 1444 1083 129 51700 
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~rogram listing ot the Biological MOOel. 

PROGRAM LOB 2'1 ; 
t$R+,U+} 

{LFA if, 2 cullslzes, b Jan 88, proportIonal moultl 

uses Dos,Printer,crt,listnums; 
const 

amoultM 
bmoultM 
amoulU' 

real 
real 
real 

= -O.'l.f; 
= 1.1!>; 
= -;.67; 

bmoultF real = 1.U; 
apropM real = J.JJ; 
bpropM real = -U.Ul~; 
apropF real = 3.77; 
bpropF real = -U.Ul~; 
awtM real = O.UUU~bb; 
bwtM real = 3.0f8; 
awtF real = O.OU152~; 
bwtF real = 2.8b12; 
M_annual : real = 0.1; 
First year = 1989; 
Last year = 1998; 
startsize = 70; 
maxage = 5; 
maxsize = 160; 

Type 

tall Miller etc tlJ} 

agesizeA = arrayll .. maxage,startslze .. maxsizeJ ot real; 
sizeVec = arraylstartsize .. maxsizeJ ot real; 

Var 
ch,print_inIt_sIzes,print_tinal_sizes : char; 
age,cu11size,Oay,i,],finish,nexts,season,size, 

closeday, new_culls i ze, olel __ cullsi ze, openoay, start, year ; Integer; 
Fday,F_simulation,Mday,~,~re_rate_ot_exploitatlon, 

rate_.ot_exploltation ; real; 
Males,lmmature,Mature,HerrIeel,poptreq : agesIzeA; 
~mature, propM, propft', we ightM, we ightl", Yl e 10M, Yle 10l, Y ie lelO: s i zeVec; 
nextF,nextM : arraylstartsize .. maxsIzeJ of Integer; 
tapel,tapel : text; 
yr,mon,ely,dywK,hr,min,sec,seclUU ; worel; 
filenamel : stringlllJ; 
run_name: stringltlUl; 

PROCEUURE S~T tl~LUS TO ~~HO' - -- -- , 
BIWl N 
For size := startsize to maxsize Uo 

BEGIN 
yielOM[sizeJ ;= U; 
yieldllsizeJ .- 0; 
yieldO[sizeJ .- U; 



Ii:NDi {size! 
END; 

PROCEDURE GIi:T P AHAMETli:kUi ' - , 
SI!;GIN 
ch := 'p'; 
Repeat 

Clrscr; 
GO'l'Oxy (1U, 1 ) ; 
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wnteln( 'Enter name of simulation for L!,'A l,7')j 
wr itelnj 
readln(run_name)j 
GoToxy(2,5)j 
write( 'Enter Julian date of opening day of season ?')i 
Gotoxy(62,5)j 
reaelln(opendaY)j 
Gotoxy(2,7)j 
write( 'Enter Julian elate of closing day of season? ')j 
Gotoxy( 62, '7) j 

readln(closedaY)j 
Gotoxy(2,9); 
write( 'I!:nter rate of exploit, during prevlous time periOel "('); 
gotoxy(62,9)j 
readln(~re_rate_ot_exploitatlon)j 

gotoxy( 2,11) j 
write( 'Enter annual rate of exploitation tor the simulatlon:")j 
gotoxy( 62,11); 
readln(rate_of_exploitatlon)j 
gotoxy( 2, 13); 
write( '~nter olel cull Slze in millimetres ?')j 
gotoxy(b2,lJ)i 
readlnlold_cullslze); 
if old_cul1size ( startslze Then 
Begin 
writeln( 'startsize to Oig, cnange startslze In constant deClarations' J; 
haIti 
end; 
gotoxy( l" l!»; 
write( 'I!:nter future cull size in millimetres ('); 
gotoxy(6l,lS)j 
readln(new_cullsize)j 
if new_cullsize ( startsize 'llhen 
Begin 
writeln('startsize to big, change startsize in constant declarations')j 
halt; 
endj 
gotoxy(2,17); 
writeln('Enter output file name as aocdefgh,abc ?')i 
gotoxy(62,17); 
readln(filenamel); 
Assign(tape2,filename1); 
Rewrite(tape2); 
writeln(tape2,run_name); 
gotoxy(L, 19) j 
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write( 'Enter y it you want a list of the initial size frequencIes ?' I; 
Gotoxy(62,19); 
readln(print_init_sizesl; 
Gotoxy( 2, 21); 
write( '~nter y if you want a list ot the final size trequencles 1'); 
Gotoxy( 62, 21); 
readln(print_final_sizes); 
Gotoxy(2,23); 
writeln( 'Enter any character to proceed; enter "!:!" if there IS an 

error' ); 
readln(ch); 

Until Not ((Ch = 'H') or (ch = '0') J; 
end; 

PROCIWURE ~E'r VARIABLES' - , 
Begin 

For size := startsize to maxsize 00 
Begin 
NextMIsizel .- rOUnd(exp(ln(amoultM)+omoultM * Ln(SlZe))); 
NextF(sizeJ .- round(eXp(ln(amoultF) + Omoult~ x Ln(SlZe)J); 
propMlsizeJ .- apropM x eXp(bprOpM * size); 
If propMlsizeJ ) 1 Then propMlslzel := 1; 
propF'lsizeJ := apropl" ir exp(bpropi" 'iC size); 
If propF(sizeJ ) 1 Then propFlsizeJ := 1; 
Pmature[sizel := 1 / (1 + exp(21.tl - size x U.25tl)); 
weightMlsizeJ :=(exp(Ln(awtM) + bwtM 'iC Ln(slZe)) )/lUUU; 
weightFlsizeJ :=(exp(Ln(awU') + bwU' x Ln(size)))/lULJU; 
End; tSlzet 

F_simulation := Ln(l/(l-kate_ot_~xploitation)); 
Mday := M_annual/365; 
If openday ) closeday then season := closeday + 36~ + 1 - openday 

Else season := 1 + c10seday - openday; 
writeln( 'length of season = ',season,' days'); 
Fday := F_simulation/season 
End; {set_variables} 

PROCEDURE RECHUIT; tsets up 1st age class size change only if 
nonconstant} 
Begin 
For size .- startsize to (nextM[startslzeJ - 1) 00 

Malesl1,sizel := lUuuu/(nextM[startslzeJ - startslZe); 
For size .- nextM(startsizeJ to maxsize Do Malesl1,sizel .- U; 
For size .- startsize to (nextFIstartslzeJ - 1) ao 

Begin 
Immature!l,slZel := lOOOO/(nexU'lstartsizeJ - startslZe); 
Mature(l,sizeJ := Immaturel1,slzeJ x pmature[slZeJ; 
Immature(l,sizeJ := Immaturel1,slzeJ - Mature 11,sizeJ; 
End; 

F'or size := nextF(startslzeJ to maxsize do 
Begin 
Immaturel1,sizeJ := U; 
Maturell,sizeJ .- U; 
End; 

~nd; 



PROCEDURE OVIGEROUS; 
Var 

expected_mature, new_mature real; 
BegIn 

27 

expected_mature: =Pmature I size 1 x (Immature I age, s lZe J+Mature (age, s lZe J 
t BerrIedlage,slze/J; 

If expected_mature) Berriedlage,sizeJ t Maturelage,slZel Then 
Begin . 
new_mature := expected_mature - Maturelage,sizeJ - Berriealage,sizeJ; 
Mature(age,sizel := new_mature t Mature{age,sizeJ; 
Immaturelage,sizel:=Immaturelage,sizeJ-new_mature; 
END; 

END; {ovigerous} 

E>ROCEDURE SJ:i:T _POP _ARRAt S _'L'O _~EHO; 
Begin 

For size := startsize to maxsize Do 
Begin 
l"or age : = 1 to maxage Do 

Begin 
Males(age,sizeJ := 0; 
Immaturelage,slzel := U; 
Maturelage,sizeJ := 0; 
Be r r i ea { age, size J : = U; 
End; {agel 

End; tsizet 
End; tset-pop_arrays_to_zero} 

I:>ROCEDUHE INI'r IALI Sl!:_MALES; 
Var 

nexts : integer; 
fday,survivors : real; 

Begin 
Fday := (Ln(l/(l-pre_rate_ot_exploltation)))/season; 
For age .- 2 to Maxaqe Do 

Begin 
l"or size := startsize to maxsize ao 

Begin 
Nexts := NextMlsizeJ; 
If Males(age-l,sizeJ ) U Then 

Begin 
survivors := Males(age-l,sizeJ * exp(season7:(-l"aay - Mday)); 
survivors := survivors x eXp((jb~-season) x -Mday); 
Maleslage,sizeJ := Maleslage,sizeJ + survivors * (1 - propMlslzeJ); 
If Nexts (= maxsize 'rhen 

End; 
End; 

end; 
END; 

Maleslage,nextsJ := Maleslage,nextsJ + surVIvors x propMlsizel; 
{ males ) U t 

{age} 
{init males} 

tsize} 

PROCEDURE INI'L'IALISE l"EMALES' - , 
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Var 
nexts : integer; 
Fday,survivors : real; 

Begin 
Fday := Ln(l/(l-pre_rate_ot_exploitation))/seasoni 
For age .- 2 to maxage 00 

Begin 
For size := startsize to maxsize do 

BegIn 
Nexts := NextF{sizel; 

{bring immature through} 
If Immaturelage-l,sizel > 0 Then 

Begin 
survivors := Immaturelage-l,sizeJ * exp(season*(-l"oay-Mday)); 
survivors := survivors x exp((36S-season) * -MdaY)i 
Immaturelage,sizel:=lmmaturelage,sizeH surVlvors x (1 - propl"lsize))i 
If Nexts (= maxsize Then 

Immaturelage,nextsl .- Immaturelage,nextsJ + surVlvors xprop~'lSIZeJi 

~ndi timmature>U} 
{Bring BerrIed through} 

It .I:lerriedlage-l,sizel > U Then 
Begin 
survivors := .I:lerriedlage-l,SIZeJ x eXp(jb~ x -Maay); 
Maturelage,sizel := Maturelage,slZeJ + surVIvors x (1 - prop~lSlZeJ Ii 
1 t Nexts (= maxsize 'l'hen 

Maturelage,nextsJ := Maturelage,nextsJ + surVIvors x prop~lslZeJi 
End; {berried>Ut 

{bring mature through} 
if Maturelage-l,sizeJ > U Tnen 

Begin 
survivors := Maturelage-l,sizeJ lr exp(season*(-l"day-MdaY))i 
survivors := survivors lie exp((j6~-season) x -MdaY)i 
Berriedlage,sizeJ := .I:lerried{age,sizel + survivors x (1 -prop!t'lsLZeJ); 
If Nexts (= maxs ize 'rnen 

Berriealage,nextsl:=Berriedlage,nexts)+survivors * propl"lSlze); 
End; {mature>U} 

If immaturelage,sizel > 0 Then OVIG~lWUti; 

END; {size} 
END; {tor age} 

end; {lnltialise_numoersl 

PROCEDURl!: HARVES'l'M ([4'mort : real); 
var 

Fday,numdead : real; 
Begin 

F'or age : = 1 to maxage 00 
BegIn 
For size := startsize to maxsize 00 

BegIn 
If Maleslage,sizeJ>U Tnen 

.I:legIn 
It size ( cullslze Then ~day := 0 ~lse ~oay := ~mort; 
numdead := Maleslaqe,sizeJ x (l - exp(seasonX(-l"day-Mday))); 
yieldM l size 1 : =yieldMl size 1 + (l"day / (l"day+Maay) ) Xnumdeaa xwe IghtM I SIze J; 
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Males(age,slzeJ := Ma1eslage,slZeJ - numaead; 
Maleslage,sizel := Males(age,slzeJ ~exp( (365-season)X-Maay); 
End; {ma1es>O} 

End; ltor size} 
End; ttor agel 

end; lharvestM} 

PtWCEDUl{1!: HAltVI!:!;i'i'l" (t<'mort : real); 
var 

Fday,numdead : real; 
begin 

For size := startsize to maxsize Uo 
Begin 
1t size < cullsize 'i'hen Fday .- 0 Else Faay .- Fmort; 

For age := 1 to maxage Do 
Begin 
numdeaa := Immaturelage,sizeJ x (1 - exp(season*(-lt'aay-Mday»)); 
yieldIlsizeJ:=yieldI(sizeJ+ (Fday/(Fday+Mday))*numdead"weightF(sIZeJi 
Immature(age,sizeJ := 1mmature{age,sizeJ - nurndeaa; 
Immaturelaqe,sizeJ := Immaturelage,sizeJ " exp( (36S-seasOn)"-MdaY)i 
numdead := Mature(age,sizeJ * (1 - exp(season*(-l<'aay-Maay))); 
yieldOlsizeJ:=yieldOlsizeJ+(Fday/(Fday+Mday» x numaeaa "weightFlsizeJi 
Mature[age,size) := Mature[age,sizeJ - numdead; 
Maturelage,sizeJ := Maturelage,sizeJ x exp((36S-season)"-Mday); 
Berriedlage,sizeJ .- Berriedlage,sizel * eXp(-MdaY*JbS); 
li:nd; {tor age} 

End; {for SIze} 
end; tharvestFI 

PROCEDURJ!: HARVES'f 'fO F 1LE' - - , 
var 

size: integer; 
Begin 
It year = tirstyear Then 

writeln(tape2 ,startsize:4,cullslze:4,maxsize:4,tirstyear:b,lastyear:b, 
~ate_ot_l!:xp101 tat Ion : IS: i.); 

writeln(tape2,year)j 
writeln(tape2,' CL Males Immature Mature total'l; 
For size := startsize to maXSlze Do 

writeln(tape2,size:J,yie1dMlsizeJ:1U:l,yieldllslzel:1U:1,yie1dul­
sizeJ :1U:1); 
End; 

PROCIi:DURE MOULTi 
Var 

nexts integer; 
Begin 
For age .- maxage UOWN'l'O 2 Do 

Begin 
For size := startsize to maxsize Do Maleslage,size) .- U; 
For size .- startsize to maXSlze Uo 

Begin 
nexts := nextMlsizeJ; 
If Maleslage-l,sizeJ > U Then 
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Begin 
Maleslage,sizeJ:=Maleslage,slzeJ+Maleslage-l,sizeJx (1 -propMISlzeJ)i 
It nexts <= maxs Ize Then 
Maleslage,nextsJ:=Maleslage,nextsJ+ Maleslage-l,SIZeJ x propMISIZeJi 

End; t males > U t 
endi {size} 

ii'or size .- startsIze to maXSlZe ])0 lmmaturelage,sizeJ .- Ui 
For size := startsize to maxsize ])0 

Begin 
If Immature(age-l,sizeJ > 0 Then 

Begin 
nexts:= nextF(sizel; 
Immature(age,sizeJ := lmmaturelage,size) + Immaturelage-l,size) 

x (l-propF{sizel)i 
if nexts <= maxsize Then 

Immature[age,nextsl := Immature[age,nextsJ + Immaturelage-l,sizel 
x propJ.<'{slzeJ; 

End; t num > U ! 
end; {size} 

For size := startsize to maXSIze Do Maturelage,slzeJ .- U; 
For size := startsIze to maXSIze ])0 

Begin 
lt Berrieolage-l,slzeJ > 0 Tnen 

BegIn 
Nexts:= next~lsizeJ; 
Maturelage,slzeJ := Maturelage,slzeJ + HerrIeolage-l,SlzeJ x 

(l-prOpl"lSIZe J); 

it nexts <= maXSIze Tnen 
Mature(age,nextsJ:=Maturelage,nextsJ+Herrlealage-l,slzeJxpropJ.<'lsIZeJi 

End; {Oerried>Ut 
end; {size} 

J.<'or size := startsIze to maxsize Do Hernea{age,slZeJ .- 0i 
For size := startsIze to maxsize ])0 

Begin 
Nexts:= nextF(sizeJ; 
If Mature(age-l,sizeJ > 0 Then 

BegIn 
Berriedfage,sizeJ := Berriedlage,sizeJ + Maturelage-l,sizeJ x 

(1 - propFlslzelJ; 
it nexts <= maXSIze 'l'hen 
Berried(age,nextsl:=Herriedfage,nextsl+Maturelage-l,sizeJ*propJ.<'(sizeJ; 
~no; t mature > U ! 

It Lmmature[age,sizeJ > 0 Then OVIG~HOUti; 
end; t size ! 

l!:ndi tage} 
EM; tMOUL'i'! 

PROCEDUH~ LlST_AGl!:Snl!: (Var poptreq : agesIzeA; Ch : Char); 
Var 

i,size :integer; 
tot : real; 

Begin 
Case ch Of 
I M I : wr i t e ( 1 S t, I Male age compositIon' I; 
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, I' 

'0' 
, a' 
End; 

write(1st, ' 
wr i te (lst, ' 
wr i te (1st, ' 

Immature l"emale age compOSitIon' J; 
Mature ¥ema1e age composition I I; 
BerrIed Female age composItion' J; 

Writeln(lst;' : ',year); 
Write1n(lst,' CL . 1 2 

For SIze := startsize to maXSlze Do 
Begin 

write(lst,size:4); 
For i := 1 tomaxage - 1 1..)0 

write(lst,popfreqli,sizeJ:9:2); 
write(lst,popfreq(maxage,sizel:~:2J; 

tot := 0; 

3 4 

For i := 1 to maxage vo tot := tot + poptreqll,slzeJ; 
writeln(lst,tot:~:L); 

end; 
End; t listtreq t 

PROCEDURE WRLT~NUMS; 
BEGIN 
ch : = 'M'; 
LIS'f_AGESHE (Males, cn); 
cn : = '1'; 
LIST_AGESI~~ (Immature,ch)i 
ch : = '0' i 
LIST_AGESIZE (Mature,ch)i 
ch : = 'B'; 
LIST_AGESI~E (Berried,ch)i 
END; {Writenumst 
Begin tmain procedure} 
GET _P ARAME'l'ERS ; 
SET VARIABL~S· - , 
SE'f_PO~ _ARRAtS_'l'O_~Ji;RO; 

RECRUIT; 
INI'rLALLSJi; MALJi;S· - , 
IN! 'f! ALI SICFEMALES; 

total' J; 

{If (print_inlt_sizes = 'y') or (print_InIt __ sIzes = 't') 'i'nen WRi'1'~NUMS; I 
For year := first year to last year vo 

BEGIN 
cu1lsize := old_cullsizei 
SE'l'_t LELDS _TO _:lJi;IW; 
It year> first year Then RECRUIT; 
writeln( 'year = ',year,' cuilsize = ',cullSIZe); 
HARVES'i'M (!o'day) i 
HARV~ST!O' (l"day J i 
HARVES'l'_TO_¥ILEi 
MOULT; 
End; {year 1 

For year := tirstyear to last year Do 
HEGIN 
Cullsize := new_cu1lsizei 
SET _t L ELDS _'1'0 _ZERO; 
RECRUI 'i'; 
write1n( 'year = ',year,' cullsize = ',culisize)i 



HAl< VI!:~'l'M (l"aay ) ; 
HAHVli:~1'1"(l<'Clay) ; 
HARVE~'l'_'l'U JILl!:; 
MOULT; 
l!:nd; {yearl 
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If (print_tinal_sizes = 'y') or (print_tinal_slzes = 't') Then W!(l'1'l!:NUM~; 

close (tapet); 
wrlteln( 'fInished') 
end. 
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Appendix II 

Revenues Program. 

PROGRAM LOB2S3; {processes data from LOBI - 2 cull sizes} 
{$R+,U+} 
uses Printer,crt; 
const 

discount = 0.1; 
type sizevec = array[60 .. 200] of real; 
var 

cullsize,maxsize,number_of-years,size,year : integer; 
lasty,total,twenty,total_discounted,rate_of_Exploitation,sim-year, 

total_nondis,totyearW : real; 
yieldM,yieldI,yieldO : sizevec; 
tapel,tape2 : text; 
cannerW,chixw,quartw,halfw,marketW,selectw,jumboW,cannerR,chixR,-

quartR,halfR, . 
selectR,jumboR,totaIM,year_discounted,totaII,totaIO array[l .. 20] of 

real; 
filenamel : string[ll]; 

run_name: string[BO]; 

PROCEDURE GET_FILE; 
BEGIN 
writeln('enter input file name'); 
readln(filenamel); 
writeln(Lst, 'file being processed = ',filenamel);writeln(lst); 
Assign(Lst,filenamel); 
Append(Lst);Reset(tapel); 
Readln(Lst,run_name); 
writeln(run_name); 
END; 

PROCEDURE SETVARIABLES; 
var 

year : integer; 
Begin 
For year := 1 to 20 Do 

Begin 
totalM[year] := 0; 
totaII[year] := 0; 
totaIO[year] .- 0; 
chixw[year] := 0; 
quartw[yearJ := 0; 
halfw[year] := 0; 
selectw[year] := 0; 
jumbow[year] := 0; 
cannerW[yearl .-~; 

marketW[yearJ .- 0; 
End; 



End; 

PROCEDURE GET_DATA; 
var 
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annual,cl,minsize,size,yearstop,yearstart integer; 
total : real; 
line: string[401; 

Begin 
Readln(tape1,minsize,cullsize,maxsize,yearstart,yearstop,rate_of­
_Exploitation); 
If maxsize > 200 Then 

Begin 
write('maximum size> 200, fix I!!!!!!'); halt; 
End; 

number_of-years := 1 + yearstop - yearstart; 
If number_of-years > 10 Then 

Begin 
write('more than 10 years, fix!!!!!!!!!'); halt; 
End; 
For year := 1 to number_of-years Do 

BEGIN 
readln(tape1,sim-year); 
Readln(tape1,line); 
For size := minsize to maxsize Do 

Begin 
Readln(tape1,c1,yieldH[sizel,yieldI[sizel,yieldO[sizel); 
totalH[yearl := totalH[yearl + yieldH[sizel; 
totalI[yearl := totalI[yearl + yieldI[sizel; 
totalO[yearl := totalO[yearl + yieldO[sizel; 
End; 

If minsize < 81 Then 
For size := minsize to 80 Do 
cannerw[yearl := cannerw[yearl+yieldH[sizel+ yieldI[sizeJ t 

yieldO[sizel; 
For size := 81 to 89 Do 

chixw[yearJ .- chixw[yearJ + yieldM[sizeJ + yieldI[size) t 
yieldO[sizel; 

For size := 90 to 95 Do 
quartw[yearl .- quartw[yearJ + yieldH[sizel + yieldI[sizeJ t 

yieldO[sizel; 
For size := 96 to 104 Do 

halfw[yearJ:=halfw[yearJ + yieldH[sizel + yieldI[sizel t 
yieldO[size 1; 

For size := 105 to 119 Do 
selectw[yearl := selectw[yearl + yieldM[sizeJ + yieldI[sizel t 

yieldO[sizel; 
For size := 120 to maxsize Do 

jumbow[yearJ .- jumbow[yearJ + yieldM[sizeJ + yieldI[sizeJ t 
yieldO[sizeJ; 

End; {year} 
End; 

PROCEDURE REVENUES; 
const 



cannerP : real = 2.8li 
chixP : real = 3.75i 
quartp : real = 4.0i 
halfP : real = 6.0i 
selectp : real = 7.0i 
jumboP : real = 6.5i 

Begin 
For year := 1 to number_of-years Do 

Begin 

35 

cannerR[yearl := cannerP * cannerW[yearli 
chixR[yearl := chixP * chixw[yearli 
quartR[yearJ := quartp * quartw[yearJi 
halfR[yearl := halfP * halfW[yearli 
selectR[yearJ := selectP * selectW[yearli 
jumboR[yearl := jumboP * jumbow[yearli 
End; 
total_discounted := 0i 
total_nondis := 0; 

writeln(Lst,'cullsize= ',cullsize,' REVENUES')i 
writeln(Lst, 'Year Canners Chix Quarters Halves Selects Jumbos Total 
Discounted' ) i 
For year := 1 to number_of-years Do 

Begin 
total:= cannerR[yearl + chixR[yearl + quartR[yearl + 

halfR[yearJ + selectR[yearl + jumboR[yearli 
total_nondis := total_nondis + total; 
year_discounted[yearl := total / exp((year - 1) * In (1 + discount)); 
total_discounted := total_discounted + year_discounted[yearJ; 
writeln(Lst,year:3,cannerR[yearl:8:0,chixR[yearl:8:0,quartR[yearl:8:0, 

halfR[yearl:8:0,selectR[yearl:8:0,jumboR[yearl:8:0,total:9:0,yea­
r_discounted[yearl:9:0)i 

End; 
writeln(Lst, ' 
---'); 
writeln(Lst,' 
',total_nondis:16:0,total_discounted:9:0)i 
lasty := year_discounted[yearl; 
twenty := 0; 
for year := 1 to 10 Do twenty .- twenty + lasty / exp(year * In(l + discount)); 

writeln(Lst,'Total discounted over a twenty year period ........ . 
---'); 
twenty := twenty + total_discounted; 
writeln(Lst, ' 
, ,twenty:16:0); 

End; . 

PROCEDURE WEIGHT; 
var 

total, total_weight 
Begin 
total_weight := 0; 
writeln(Lst,, 

real; 

WEIGHT' )i 
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writeln(Lst, 'Year Canners Chix Quarters Halves Selects 
For year := 1 to number_of-years Do 

Begin 
total:=cannerW[yearJ + chixW[yearJ + quartW[yearl 

+ halfW[yearl + 
jumboW[yearJ; 

Jumbos Total' ); 

selectW[yearl 

total_weight := total_weight + total; 
writeln(Lst,year:3,cannerW[yearJ:8:0,chixW[yearJ:8:0,quartW[yearl:8:0, 

halfW[yearJ:8:0,selectW[yearJ:8:0,jumboW[yearJ:8:0,tota1:9:0); 
End; 

writeln(Lst, , 
writeln(Lst, , 
writeln(Lst,' ');writeln(tape2,' '); 
End; 

___ I); 

',total_weight:16:0); 

{----------------------------------------------------------------------------} 
Begin 
GET_FILE; 
SETVARIABLES; 
GET_DATA; 
REVENUES; 
WEIGHT; 
SETVARIABLES; 
GET_DATA; 
REVENUES; 
WEIGHT; 
Close(tapel); 
writeln('finished' ) 
end. 

+ 
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Appena i x 1 tlA 

Code tor "1<011 ing-wave It moult moael. 

PRUGl<Al1 LOBi; 
{SR+,Ut} 
uses Printer,crt,listnums,setvars; 

P£WC1!:OURE SE'l' Y l1!:LDS TO Z!!:RO· - - - , 
J:Ui:GIN 
For Slze := startsize to maxsize vo 

BEGIN 
yieldM[sizeJ := 0; 
yieldIlslZel := 0; 
yieldO[sizeJ .- 0; 
ii:NO; {s i ze } 

!!:ND; 

PROCEDURE S1!:'r VARIABLES· - , 
Begin 

F'or size := startsize to maxsize {)o 
Begin 
NextMIsizel .- round(exp(ln(amoultM)+bmoultM x Ln(size))); 
NextF[sizel := round(exp(ln(amoult~') + DmoultF' x Ln(size))); 
propMlsizel .- apropM * exp(DpropM • slze); 
If propM(sizeJ ) ! Then propMlslzel := 1; 
propflsizel := apropF • exp(bpropf • size); 
If prop1<'(sizel ) 1 Then prop1<'[SlZeJ := 1; 
Pmature(sizeJ := 1 / (1 + exp(Lj.2j - size x U.Ll4»); 
welghtMIsizeJ :=(eXp(Ln(awtM) + DwtM x Ln(slZe)))/!UUU; 
weight~[sizeJ :=(exp(Ln(awt~) + Dwtf x Ln(Slze»))/lUUU; 
End; {size} 

writeln( '~nter output tlle name')i 
readIn(filenamel); 
Assign(tapeL,tllenamel); 
1<ewr i te (tapeL); 
write( 'enter rate ot exploitation'); 
reaaln(rate_ot_exploltatlOn)i 
F_simulatlon := Ln(i/(l-Rate_ot_~xploitatlon»); 
Mday := M_annual/jbJi 
If openday ) closeaay then season := closeday + jb~ + 1 - openday 

Else season := 1 + c10seday - openday; 
writeln( 'length of season = ',season,' days'l; 
Fday := F_simulation/season 
End; {set_var iables} 

PROCEDURE RECl<UIT; {sets up ls~ age class size change only if 
nonconstant} 
Begin 
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For SIze := startsize to (nextMlstartsIzeJ - 1) Uo 
Begin 
Malesll,sizeJ := luOuO/(nextMlstartsizeJ - startslZe)i 
transMll,sizeJ := Malesll,sizeJ x propM(slzeJi 
J!;ndi 

For size := nextM(startsizeJ to maxsize 00 
Begin 
Malesll,sizeJ := 0; 
transMll,sizel := 0i 
End; 

For size := startsize to (next~lstartsizel - 1) do 
BegIn 
Imrnaturell,sizel := lOOOO/(nextlt'lstartsizeJ - startsize); 
Maturell,sizeJ := Imrnaturell,sizeJ x PmaturelslzeJi 
Immaturell,sizel := Immaturell,sizeJ - Mature 11,slzeJi 
transIll, size J : = propF 1 SlZe J :It Immature 11, s lZe J; 
transOll,sizel := propFlsizeJ :It Maturell,sizel; 
End; 

For size := nexU'[startsizeJ to maXSlZe do 
Begin 
Immaturell,slZeJ := 0; 
Maturel1,sizeJ .- 0; 
transIll,sizeJ .- 0; 
transOll,slze J • - u; 
J!;nd; 

l!:ndi 

P~OCl!:UU~l!: OVlGE~OUS; 

Var 
expected_mature, new_mature : reali 

Begin 
expected_mature := ~maturelsizel x (Immaturelage,sizeJ + 

Maturelaqe,slzeJ + BerrIedlaqe,sizel)i 
It expected_mature> Herriedlage,sizeJ + Maturelage,sizeJ 'l'hen 

Begin 
new_mature := expected_mature - Maturelage,sizeJ - Herrieolage,sizeJ; 
Maturelage,sizeJ .- new_mature + Mature(aqe,sizeJi 
transOlage,sizeJ := transOlage,sizel + (new_mature/lmmaturelage,sizeJ) 

~ transllage,slzeJi 
transilage,sizeJ := transIlage,sizeJ - (new_mature/lmmaturelaqe,sizeJ) 

* transllage,sizeli 
Immature(age,sizeJ:=lmmaturelage,sizeJ-new_maturei 
END; 

END; {ovigerous} 

PROCEDURE Sli;T POP AHRA'lS '1'0 ll!:lW' - - - - , 
Begin 

£i'or size := startsize to maxsize 00 
BegIn 
.[t'or age : = 1 to maxage 00 

Begin 
Maleslage,SlZeJ := 0; 
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Immature(age,sizel := 0; 
Maturelage,sizel := 0; 
Berrie<1lage,sizei := U; 
transMlage,sizel := U; 
transllage,sizeJ .- u; 
transulage,sizeJ := 0; 
transd[age,sizel := U 
End; {age) 

End; {size} 
End; {set~op_arrays_to_zero) 

t>l<OCEOUHE 1 Nl'1'l ALl SE_MALl!:S; 
Var 

nexts : integer; 
Fan,survlvors,moulters real; 

Begin 
{Set up age-slze trequency distrlbution} 
1<'an := Ln\l/(l-initial_l"mortJJ; 
For age := 2 to Maxage Do 

Begin 
For size := startsize to maxsize do 

Begin 
Nexts := NextM[sizel; 
If Males[age-l,sizel > 0 Then 

Begin 
survivors := Males[age-l,sizeJ * exp(season*(-lt'<lay - Mday»; 
moulters := transMfage-l,sizeJ ~ exp(season ~ (-Fday - MdayJJ; 
survlvors := survivors * exp((365-season) ~ -Mday); 
moulters := moulters * exp((36S-season) * -MdayJ; 
Males[age,sizel := Maleslage,sizeJ + survivors - moulters; 
If moulters < O.S ~ surVlvors 

Then transMlage,sizeJ := transMlage,slzeJ + moulters l!;lse 
If moulters < survivors 'l'hen transMlaqe,slzeJ:=transMlage,slzeJ 

+ survivors - moulters; 
1f ll!;-lU < moulters - survivors Then 

write!n( 'HI M m>s ',slze,' ',moulters - surVlVOrS); 
1£ Nexts <= maXSlze 'l'hen 

Begin 
Maleslage,nextsl := Maleslage,nexts] + moulters; 
transMlage,nextsJ .- transMlage,nextsl + propMlnextSJ x 

END; 
End; 

End; {size} 

moulters; 

end; 
END; 

[age) 
linit males) 

PRUCEDUHE L N L '1'1 AL L SE io'l!;MALES' -- , 
Var 

nexts : integer; 
Fan,survivors,moulters 

Begin 
real; 
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iSet up age-sIze frequency dlstrlbutIonl 
l"an : = Ln (1/ (1- ini tial_l<'mort) ); 

l"or age : = 2 to maxage !)o 
Begin 
~'or size : = startsize to maXSlze ao 

Hegin 
Nexts := NextflsizeJ; 

{bring immature through! 
If Immaturelage-l,sizeJ > 0 'fhen 

Begin 
survivors := Immaturelage-l,sizeJ )II exp(season)ll(-l<'day-Mday)); 
moulters := trans1lage-l,sizeJ )II exp(season)ll(-fday-MdaYJJ; 
survivors := survivors )01 exp((365-season) )II -Mday); 
moulters := moulters * exp((3b5-seasonJ )II -MdayJ; 
1mmaturelage,sizel := Immaturelage,sizel + survivors - moulters; 
If moulters < 0.5 )II survivors 

Then transllage,sizel := transllage,sizeJ + moulters ~1se 
If moulters < surVIvors 'fhen transl(age,sizeJ:=trans1lage,slZel 

+ survivors - moulters; 
1f lE-IU< moulters-surVIvors Then writeln( 'IN 1M m>s ',sIze,' 

If Nexts <= maxsize 'fhen 
Begin 

',moulters - surVIvors); 

lmmaturelage,nextsl := 1mmaturelage,nextsJ + moulters; 
trans1lage,nextsJ:= trans1lage,nextsJ + prop~lnextSJ )II mOUlters; 
EN!); 

End; timmature>U! 
tBring Berried through! 

If Berrledlage-l,sizeJ > U Then 
BegIn 
survivors := Herrlealage-l,SIZeJ )II exp(3b~ )II -MaayJ; 
moulters := transHlage-l,SIZeJ )II eXp(jb~ )II -Mday); 
Maturelage,sizeJ := Maturelage,slZeJ + surVIvors - moulters; 
If moulters < 0.5 )II surVIvors 

Then transolage,sizeJ := transOlage,sizeJ + moulters ~lse 
If moulters < survivors Then transOlage,sizel:=transolage,slzeJ 

+ survivors - moulters; 
If lE-lU< mOUlters-survivors Then writeln( 'IN B m>s ',size,' 

If Nexts <= maxsize '1'hen 
Begin 

, , moul ters,' " survi vors) ; 

Maturelage,nextsJ := Maturelage,nextsJ + moulters; 
transOlage,nextsl:=transOlage,nextsl + propF[nextsJ )II moulters; 
End; 

End; {berried>O} 
ibring mature through} 

1f Mature(age-l,slzeJ > 0 Then 
Begin 
survivors := Mature(age-l,slzeJ )II exp(season*(-¥day-Mday)); 
mOUlters := transO{age-l,SlZeJ )II exp(season)ll(-l"day-MdaY))i 
survivors := surVIvors )II exp( (3b5-season) )II -Maay); 
moulters := mOUlters )II exp( (jb~-seasonl )II -MaaYI; 
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Berrieolage,sizeJ := HerriedLage,sizeJ t survivors - moulters; 
It moulters < O.~ x survivors 

Then transB(age,sizeJ := transBlage,slzeJ t moulters ~lse 
If moulters < survivors Then transHlage,sizeJ:=transB(age,sizeJ 

t survivors - moulters; 
It 18-10< moulters-survivors 'fhen writeln(' IN 0 m>s ',size,' 

If Nexts <= maxsize 'fhen 
Begin 

, ,moul ters,' I, surVl vors) ; 

Herrieolage,nexts) := Herrieolage,nextsJ + moulters; 
transHlage,nextsJ:=transBlage,nextsJ t prop~tnextsJ x moulters; 
Bna; 

~nd; {mature>U} 
It immaturelage,sizeJ > U 'l'hen UVWl!;tWU::i; 
l!:nd; t s lZe} 

~ndi {tor agel 
Endi tini tial ise._numbers t 

tJ~OC~I)UHE HAl<Vl!:::i'fl1 (l"mort : real); 
var 

l<'day,numaeao : real; 
Begin 

li'or age : = 1 to maxage 00 
Hegin 
li'or size := startsize to maxsize 00 

Begln 
If Maleslage,sizeJ>O Then 

Begin 
If size < cullsize Then Fday := 0 Else Fday := ¥morti 
numdead := Males(age,sizeJ * (1 - exp(season*(-Fday-MdayJ)J; 
YleldMlsizeJ:=yieldMlsizeJ+(Fday/(Fday + 

Mday))*numoead*weightMlsizeJ; 
Maleslage,slzel := Males(age,sizeJ - numdead; 
transMlage,sizeJ := transMlage,sizeJ*exp(seasonX(-l<'oay - MdayJJ; 
Maleslage,slze! := Maleslage,slzeJ *exp((3b~-SeasonJx-MoaYJ; 
transM(age,sizeJ .- transMlage,sizeJ xexp((J65-season)X-MoayJi 
l!:nd; {males>Ul 

l!:nd; {for size} 
Eno; tfor aget 

eno; tharvestMl 

PRUCl!:I)UHl!: HAl< Vl!:::i'!'l<' (l<'mort : rea 1 J ; 
var 

to'day, numdeao : rea 1; 
begln 

to'or size := startsize to maxsize Uo 
Begin 
1£ size < CUl1slze Then l<'oay . - U l!:lse to'oay . - 1<'morti 

l<'or age . - 1 to maxage 00 
Begin 
numdead .- Immaturetage,size! - Immaturelage,sizeJ 

x exp(season x ( -Fday -MdaYJJ; 
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YleldllsizeJ := yieldllslzeJ + (l<'aay / (l<'aay + Mcray)) 1( 
numaeaa 1( welgnu'lSlZeJi 

Immaturelage,sizeJ := Immaturelage,slZeJ - numdeaa; 
transllage,sizeJ := transllage,sizeJ 1( exp(season 1( (-~aaY-Maay)); 

It U;-lU ( transllage,slZeJ - l.mmaturelage,SlZeJ 'l'nen 
writeln('HARV ',age,' ',Slze,' ',immaturelage,sizeJ,' " 

transllage,slZeJ); 
Immaturelage,slzel := l.mmaturelage,slZeJ 1( eXp((Jb~-seaSOn)1(-Mday); 

transllage,slzel := transllage,slzeJ 1( eXp((Jb~-season)1(-Maay); 

numaead := Maturelage,slzeJ-Maturelage,sizeJ 1( 

exp(season 1(( -~day - Maay»; 
yieldOlsizeJ := yieldOlsizeJ + (l<'aay/(l<'day + Maay) 1( numaeaa 

1( welghtF'lslzeli 
Mature(age,sizeJ := Maturelage,slzeJ - numdeadi 
TransOlage,sizel := transOlage,sizeJ 1( exp(season 1( (-~day - Maay»; 
Maturelage,sizeJ := Maturelage,sizeJ 1( eXp((jb~ - season) 1( -Mday); 
transOlage,slzel := transolage,sizel 1( eXp((jb~ - season) 1( -Maay); 
Berriedlage,sizel := Berriedlage,slzeJ 1( exp(-Mday 1( 3bS); 
transBlage,sizel := transBlage,sizeJ 1( exp(-Mday 1( 3bS); 
End; {tor age} 

Endi {for size} 
end; {harvestF} 

PROCEOURI!.: HAR VE::i '1' TO it'ILI!:· - - , 
var 

size : integeri 
Begin 
It year = tlrstyear Then 

writeln(tapeL,startsize:4,cullslze:4,maxslze:4,tlrstyear:b,lastyear:b, 
l'tate .. ot .,I!;Xpl.Oltatlon:tS:L)i 

writeln(tapeL,year)i 
writeln(tapeL,' CL Males Immature Mature total'); 
l"or size := startslze to rnaXSlze 1)0 

writeln(tapeL,size:J,YlelaMlslzeJ:lU:l,YlelallslzeJ:lU:1, 

I!.:ndi 
~HOCI!.:UUHI!.: MOULTMi 
Var 

age,nexts : integeri 
Begin 
l"or age : = maxage UOWN'l'O L 00 

Begin 

YlelaOlSlZeJ :lU:l); 

For size := startsize to maXSlze Do Maleslage,sizel := Ui 
For size .- startsize to maxsize 00 transMlage,slzeJ :=Oi 
For size := startsize to maxsize 00 

Begin 
nexts := nextMlsizeli 
If Maleslage-l,sizel > U Then 

Begin 
If transMlage-l,sizel ( u.s 1( Maleslage-l,slzeJ Then 

Begin 
If nexts (= maxs ize '1'nen 
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Maleslage,nextsJ := Maleslage,nextsJ + transMlage-l,sizeli 
MaleS(age,slZeJ := Maleslage,slZeJ + Maleslage-l,sizeJ -

transMlage-l,SlZeJi 
It nexts (= maXSIZe '!'nen 
transMlage,nextsl := transMlage,nextsJ + 

transMlage-l,SlZeJ * propMlnextsJ; 
transMlage,slZeJ .- transMlage,sizeJ + transMlage-l,slzeJi 
l!:nd 

l!:lse 
BEGIN 
If transMlage-l,sizeJ ( Males[age-l,sizeJ then 

Begin 
If nexts (= maxsize '!'hen 
Maieslage,nextsl := Maleslage,nextsJ + transMlage-l,slzeJi 
Maleslage,slzeJ := Maleslage,slzeJ + Maleslage-l,SlZeJ -

It nexts <= maxsize Tnen 
transMlage,nextsJ := transMlage,nextsJ 

transMlage-l,slzel; 

+ transMlage-l,slzel x propMlnextSJ; 
transMlage,slzeJ .- transMlage,slZeJ + Maleslage-l,slzel -

transMlage-l,SlzeJi 
End; 

I!:ND; t else t 
If l~-lO ( transMlage-l,sizeJ - Maleslage-l,SlZeJ Then 

wrlteln( 'MM m>s ',slze,' ',transMlage-l,sizeJ-Maleslage-l,SlZel); 
It (transM[age-l,sizeJ >= Maleslage-l,sizeJ) ANO 

(nexts (= maxslZe) Then 
Begin 
Males[age,nextsJ := Malesiage,nextsJ + Maleslage-l,slzeJi 
transMlage,nextsJ := transMlage,nextsJ + Maleslage-l,slzeJ ~ 

l!:ndi 
li:nd; {num > U} 

l!:ndi {S ize I 
l!:ndi {age} 

endi {moultMt 

PROCEDURE MOULT_LMMATUR~i 
var 

age,nexts : integeri 
Begin 

For age := maxage Downto 2 00 
Begin 

propMlnextSJi 

For Slze .- startslze to maxSlze 00 Immaturelage,slZeJ := Ui 
For size .- startslze to maXSlze 00 transllage,slzel .- Ui 
~'or size .- startslze to maXSlZe Do 

Begln 
If Lmmaturelage-l,slZeJ > U Tnen 

~egln 

nexts:= next~lsizeJ; 
It transllage-l,SlZeJ ( U.!) lit Immaturelage-l,slZeJ '!'nen 

~egln 
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It nexts <.= maXSlze Then 
Immaturelage,nextSJ:=lmmaturelage,nextSJ+transllage-l,slzeJ; 
Immaturelage,slzel:=lmmaturelaqe,slzel+lmmaturelaqe-l,slzeJ 

- cransllage-l,SIZeJi 
transllage,slZeJ := transllaqe,slZeJ + transllage-l,slzel; 

It nexts <.= maXSlZe 'i'hen 
transIlage,nextsJ:=transllage,nexcSJ+propFlnextSJXtransllage-l,SlZeJi 

l!:n<l 
l!:lse It transllage-l,SIZeJ <. Immaturelage-l,slzel Chen 

Begin 
It nexts (= maxsize Then 
Immaturelage,nextSJ:=lmmature[age,nextsl+ transllaqe-l,sizeJi 
Immaturelage,sizel:=lmmaturelaqe,slzel+ Immaturelage-l,slzeJ 

It nexts <. = maxs i ze 'rhen 
transIlage,nextsJ := transllage,nextsJ + 

- transllage-l,sizeJi 

propFlnextsl x transllage-l,sizeJi 
transliage,sizeJ .- transllage,sizeJ + Immaturelage-l,slzeJ­

cransllage-l,slzeJi 
l!:n<li 

If lE-b < transllage-l,sizeJ - Immaturelage-l,slzeJ 'I'hen 
writeln('MI m>s ',age,' ',size,' ',transLlage-l,slzeJ:l:L,' 

',lmmaturelage-l,SIZeJ:/:LJi 
It (transl(age-l,slzeJ>=lmmaturelaqe-l,sIZeJJ ANU 

(nexts <.= maxslZe) Then 
Begin 
Immaturelage,nextsJ:=lmmaturelage,nextsJ+lmmaturelage-l,sIZeJi 
transllage,nextsl .- transllage,nextsJ + 

l!:nai 
l!:n<li 

propnnextsJ x ImmatureJage-l,sIZeJi 

endi {SlZe t 
I!:ndi {age} 

Endi {mOUI t_immature t 
PROCEUURE MOULT Bl!:RHIl!:U' - , 
var 

age,nexts : Integeri 
Begin 
For age := maxage Uownto ~ vo 

Begin 
For size := startsize tomaxsize Do Maturelage,sizeJ := Ui 
For size .- startsize to maXSlze uo transOlage,sizeJ :=Oi 
ii'or size .- startsize to maxsize Do 

Begin 
It Berriedlage-l,sizeJ > U Then 

Begin 
Nexts:= nextFlsizeJi 
If transBlage-l,sizeJ <. U.~ * Herrlealage-l,sizeJ Then 

BegIn 
Maturelage,sizeJ:=Maturelage,sizeJ +Berrledlage-l,sIZeJ-transB 

lage-l,SlZeJi 
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It nexts (= maxs lze Then 
Maturelage,nextsJ := Maturelage,nextsJ + transHLage-l,SlZeJi 

Maturelage,sizel:=Maturelage,slZeJ+8errledlage-l,SlZeJ- tranSH 
lage-l,sizeJi 

transO[age,slzel := transOlage,slZeJ + transBiage-l,sizeJi 
It nexts <= maxs lze '!'hen 

transO(age,nextsJ:=transOlage,nextsJ+propF[nextsJ~transHlage-l,slzeli 

.l!:nd 
Else If transHlage-l,sizel < Herriedlage-l,sizeJ Then 

Begin 
If nexts <= maxsize 'l'hen 

Maturelage,nextsl := Mature[age,nextsJ + transH[age-l,sizeJi 
Maturelage,sizel := Maturelage,sizeJ + Herriedlage-l,sizeJ 

- transHlaqe-l,slzeJ; 
It nexts (= maxsize '1'nen 

transOlage,nextsJ:=transUlage,nextsJ+propb' lnextSJXtranSHlage-l,slZeJi 
transOlage,slZeJ .- transolage,slZeJ + HerrledLaqe-l,SlZeJ 

- transHtage-l,SlZeJ; 
Ji:nd; 

1f l~-lU ( transHlage-l,SlZeJ - Herrledlage-l,SlZeJ rnen 
write1n( 'MH m>s',slze,' ',transHLage-l,SlZeJ-Berrledlaqe-l,SIZeJJ; 

It (transHlage-l,slzeJ >= Herrledlage-l,SIZeJj ANU 
(nexts (= maxsIZej 'l'nen 

Hegin 
Maturelage,nextsJ := Maturelage,nextsJ + Herrledlage-l,SIZeJ; 
transO[age,nextsJ .- transolage,nextsl + prop~LnextSJ ~ 

~nd; 

End; {berried>Ot 
end; {sizet 

End; {aget 
End; {MOULT_BJi:RRIEUt 

P1WCEDURE MOUL'l'_MA'I'Ul<~; 

var 
nexts : integer; 

Begin 
For age := maxage Oownto L vo 

Hegin 

Herriedlage-l,sizel; 

b'or size .- startsize to maXSlZe vo Herriealage,slZeJ := 0; 
ki'or size .- startsize to maxsize 00 transHlage,SlZeJ :=U; 
b'or SIze .- startsize to maxslZe vo 

Hegin 
Nexts:= next~lsIZeJ; 
1f worktranslage-l,SlZeJ ( U.~ x worKnumlage-l,SIZeJ Tnen 

BegIn 
It nexts (= maxs Ize '1'hen 

Herriedtaqe,nextsJ := Herriealage,nextsl 
+worKtranslage-l,sIZeJ; 

Herrieataqe,slZeJ := HerrleaLaqe,slZeJ + worKnumlage-l,SlzeJ 
- worktranslage-l,slzeJ; 

trans8lage,slzeJ := transHlage,slZeJ + worKtranslage-l,slzeJ; 
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If nexts (= maXSlze 'l'hen 
tranSJ:llage,nextsl .- tranSJ:llage,nextsJ + propr'lnextsJ 

worKtranslaqe-l,slzel; 
I!;nd 

I!;lse It worktranslage-l,SIZeJ ( worKnumlage-l,SIZeJ then 
J:legin 
If nexts (= maxsize Then 
J:lerriedlage,nexts] := J:lerrledlage,nextsJ + worKtranslage-l,slzeJ; 
Berriedlage,slzeJ := J:lerrledlaqe,sIZeJ + worKnumlaqe-l,SIZeJ 

- worktranslage-l,SIZeJ; 
It nexts (= maXSlze Then 

transJ:llage,nextsJ := tranSJ:llage,nextsJ + prop~lnextSJ + 
worKtranslage-l,SIZeJ; 

tranSJ:llage,slzeJ .- transJ:llage,sIZeJ + worKnumlaqe-l,SlZeJ 
worKtranslage-l,SIZeJ; 

k!:nd; 
If l~-lO( worktranslage-l,sizeJ - worKtranslage-l,sizeJ Then 
writeln( 'MM m>s ',sIze,' ',worKtranslage-l,slZe I > 

worktranslage-l,slze]); 
If (worktranslage-l,sizeJ >= worKnumlage-l,sizeJ) 

ANU (nexts (= maxSIze) Then 
Begin 
Berriedlage,nexts) := Berrledlage,nextsJ + worknumlaqe-l,slzeJ; 
transBlage,nextsJ .- transBlage,nextsJ + propflnextsJ 

k!:nd; 
It Immaturelage,slZeJ > 0 Then UVIGI!;HUUS; 
end; iSIze} 

I!;nd; {age} 
End; i MOUL'l'_MA'l'UHl!:} 

~ worknumlage-l,sizeJ; 

PHUC~UUHE WHITl!:NUMS; 
J:ll!;GlN 

isaved to tIle Inltnum.aatt 

eh : = 'M'; 
L1S'l'_AGk!:SUl!: (MaleS,eh); 
eh : = '1 I; 
LlS'l'_AGl!:::>Ul!: (Immature, eh); 
eh : = 'U'; 
LlS'f_AGI!;Sl:ll!: (Mature,eh); 
eh : = 'J:I'; 
LlS'l'_AGESLZE (Berried,eh); 
ENU; lWritenums} 
PHOCl!:IJUHk!: U~J:lUG; 

var 
size: Integer; 
totm,totl,toto,totb,totf 

BEGIN 
totm :=U; 
toti:=O; 
toto:=O; 
totb:=O; 

¥or age .- 1 to Maxage 1J0 

real; 
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Begln 
r'or s 1 ze : = culls 1 ze to maxs i ze vo 

Begin 
totm := totm + males/age,slzeJ; 

toti := toti + immaturelage,slzel;t 
toto := toto + maturelage,slzeJ; 
toto .- totO + oerriedlage,sizeJ; 
end; 

end; tage! 
totf := toti + toto + totb;} 

writeln(lst,year:b,toto:ll:j,totb:ll:j); 
END; {debug} 
Begin 
SE'i'_ VAtU AHLES; 
~or cullslze := startslze To stopsize 00 

B1!:lHN 
For year := tlrstyear to last year Do 

Bl!:GiN 
SE'l'_Y ll!:LUS_'i'O __ ~E1<O; 

{main procedure! 

If year = tlrstyear 'fnen Sl!:T]Otl_A!<1<AYS_'1'U_~l!:1<O; 

1<ECRUI 'i'; 
wrlteln( 'year = ',year,' cullslze = ',CuiiSlzeJ; 

It year = first year '1'nen INl'i'LALiSl!:_MAL~S; 

if year = tlrstyear 'i'nen iNiTIALU:il!: _1<'l!:MALl!:S; 
t WRL 'i'ENUMS; ! 

HARV1!:S'l'M (J.t'day J; 
HA!<Vl!:S'i'J.t' (1<'day) ; 

HA!<VES'i'_'i'O_J.t'iLl!:; } 
MOUL'fM; 
MUUL 1'_i MMA'l'U1<l!:; 
For age := 1 to Maxage 00 

.I:Iegin 
For SIze := startsize to maxsize 00 

Begin 
worknumLage,sizeJ := Maturelage,slZeJ; 
worktransLage,slzel .- transU(age,slZeJ; 
l!:nd; {size! 
l!:nd; {age! 

MOUL'l'_Bl!:1<Hll!:O; 
MOUL'l'_MA'i'U1<1!: ; 
l!:nd; t year} 

EM; {culls LZe! 
close (tapeL); 
writeln( 'tinisned'J 
end. 
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APPl!;N1J1X iil b 

This unIt declares all tne variables usea Dy LUH~LBH.PA~. 

UNi'!' Bh:'!'VARB; 
1 N l' EHl<' AGE 

const 
amoultM 
bmoultM 
amoultF 
bmoultF 
apropM 
bpropM 
apropF 
bpropF 
awtM 
bwtM 
awt£o' 

real 
real 
real 
real 

real 
real 
real 
real 

real = 
real = 
real = 

= 1. '/1'/; 

= U.HL; 
= 2.1U'I; 
= 0.H64; 

= 1. 76; 
= -0.OU84; 
= 1. 9S; 
= -U.UO~7; 
O.UOO~66; 
3.U1H; 
O.UUl~25i 

owtii' real = L.HblLi 
M_annual : real = 0.1; 
initial_l"mort : real = U.Hi 
openday :integer = jj~; 
First year = l~~U; 
last year = B9~i 
closeday : integer = l~L; 
startsize = HIi 
stopsize : Integer = lUI; 
maxage = H; 1# year Classes In tisnery atter recrUItment! 
maxsize = 1'/U; 

'l'ype 
ageslzeA = arrayll .. maxage,startsize .. maxSIZeJ ot reali 
sizeVec = arraylstartsIze .. maxSIZeJ ot real; 

var 
ch : cnar; 
age,oay,i,],tInlsh,nexts,season,size,cullsize,start, 

year: Integer; 
Fday,F_simulatIon,Mday,~,rate_ot_exploltatlon, 

gtotm,gtott : real; 
Males, Lmmature,Mature,BerrIed,transM,transl,transo, trans H, 

poptreq,worknum,worktrans : agesizeA; 
pmature,propM,propF,weightM,weightF,yielaM,yieldL, 

yieloO : sizevec; 
nextF,nextM : arraylstartsize .. maxsizeJ of integer; 
tapel,tape2 : text; 
yr,mon,dy,dywk,hr,mln,sec,seclUU : word; 
filenamel : strInglllJ; 

IMP LEMEN'i'A'!, 1 UN 
.l!;nO. 
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APtll(NJ.lJ X 111 c 

This unit lS used to llst length trequency data 1t the call1ng COde 
in LUBfL~H.PA~ is 1nvoKed. 

unit ListnuffiSi 
1 N'l'EHlt'ACb; 
uses setvars,crt,UUSi 
PHOCEDURb; Ll~'l'_AGb;SU:I:!;( poptreq 
PROCEDUR~ LlS'f_SHl!:VgC( treqvec 
I MP LEMEN T A'!' 1 ON 

agesizeai var ch 
slzevec )i 

PROCEUUttE LlS'!'_AGJ!:Sl ~gi 
Var 

i,size :integeri 
tot : reali 

Begin 
{writeln( 'carapace 
Writeln( 'length 1 l. 
For size := startsize to maxsize Vo 

Begin 
write(size:4); 
For i := 1 to maxage - 1 Do 
Write(popfreq{i,sizeJ:~:3); 

Writeln(poptreq[maxage,slZeJ:~:j); 

l!:nd; 
Writeln( 'enter Key to cont1nue' I; 
ttepeat until Keypressedi 
React(chlit 
Ass1gn(tapel, 'in1tnum.dat'); 
GetDatelyr,mon,dy,dywk); 
GetT1me(hr,min,sec,secluu)i 

age' ); 
J 4 

char); 

total' )i 

If (year = 19t1tl) and (ch = 'M') Then Hewr1te(tapelJ J!:lse Append (tapel); 
If (year = l~tltl) ana (Ch = 'I') 'l'hen 

writeln(tapel,yr,' ',mon,' ',dY,' ',hr,' ',m1n)i 
case ch Ut 

'M' write(tapel,' Male age compos1t1on ')i 
'I' write(tapel,' lmmature It'emale age compos1t1on ')i 
'a' write(tapel,' Mature It'emale age compos1t1on ')i 
'B' write(tapel,' Berr1ed Female age composition'); 
Endi 

Writeln(tapel,': ',year)i 
Writeln(tapel,' CL 1 2 3 4 5 
total' ) i 
!o'or size := startsize to maxsize vo 

Begin 
Write(tapel,size:4); 
!o'or i := 1 to maxage - 1 Do Write(tapel,poptreqli,sizel:~::.:!); 
Write(tapel,poptreqlmaxage,slzeJ:9:l.)i 
tot := U; 
F'or 1 := 1 to maxage Do tot := tot + poptreqli,sizeJi 



Writeln(tapel,tot:9:LJ; 
End; 

Close (tapel J ; 
End; {listfreq} 
~ROCKDURE LIST SlZKV~C' - , 
Var 

size: lnteger; 
Begin 

l"or size := startsize to maxsize-l 00 
Wri teln(size, I I, treqveclsize J: 'j: L J; 

~nd; flist_sizevecJ 
Knd. 
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This program calculates revenues ana welgnts trom tne output trom 
LUB1.PAS llsted in Appendlx 111. 

~ROUHAM LOBi; {processes aata trom LUBll 
{SR+,Ut} 
uses Printer,crt; 
const 

discount = U.l; 
startsize = 81; 
stopslZe = lUl; 
maxsize = 1'10; 
tlrstyear = l~~U; 
last year = 1~9S; 

type sizevec = arraylstartslze .. maxslzel ot real; 
var 

Cullsize,maxsizeck,size,year : integer; 
total_discounted,rate_ot_~xploltatlon,total,totyearw real; 
summary_rev,yieldM,yieldl,yieldu : sizevec; 
tapel : text; 
cannerW,chixw,quartw,haltw,marketW,selectw,JumboW,chixH,quartH, 
halfR,selectR,jumboH,totalM,year_discounted,totall,totalU 

PROCEDURE GE'l'_l"lLl!:i 
Begin 
ASsign(tapel,'report.dat')i 
Append(tapel);Reset(tapel) 
l!:ndi 

PRUCI!;L)UHE S E'rV At{ 1 ABL~S i 
var 

year : integer; 
Begin 

: arrayLfirstyear .. lastyearJ ot real; 

~or year := first year to last year uo 
Begln 
totalMlyearJ := Ui 
totall I year J := U; 
totalulyear] := Uj 

chixwlyearJ := Uj 

quartwlyearJ := 0; 
haHw( year J : = U j 
selectwlyearJ := 0i 
jumbowlyearJ := Ui 
cannerWlyearJ .- U; 
marketwlyearJ .- U; 
End; 

End; 

PROCEDURli: GET_VA'l'A (startsize : lnteger); 



var 
annual,cl,minsize,size,yearstop,yearstart lnteger; 
total : real; 
line: stringl4UJ; 

Begin ~eaOln(tapel,minsize,cullsize,maxsizeck,yearstart,yearstop, 
rate __ of_l!;XploitatlOn) ; 

If cullsize <> startslze Then 
Begin 
Write( 'startsize does not match cullsize, fix Ill!!!!'); haIti 
End; 

It maxsizeck <> maxsize 'l'hen 
Begin 
Write( 'maximum sizes don' 't match, tlX ll!!!l!')i halti 
Endi 

If yearstop <> last year Then 
Begin 
Wr i te ( 'finish year <> yeart, £lxI I I!! ! !!! ' ) i halti 
Endi 

It yearstart <> tirstyear Then 
Begin 
Write('start year <> tirstyear, tix!l!!l!!!!'); halti 
l!;nd; 
For annual := first year to last year 00 

Begin 
Readln(tapel,year)i 
Readln(tapel,llne)i 
For size := minsize to maxsize VO 

Begin 
Readln(tapel,cl,yieldHlsizel,YlelollsizeJ,YlelOUlslZeJ); 
totalHlyearl := totalHlyeari + YleldHlslzel; 
totalIlyearJ .- totalllyearJ + yielallsizeJi 
totalO(yearJ := totalOlyearJ + yieldOlsizeJ; 
End; 

For size := startsize to tl~ Vo 
chixwl year J := chixwlyearJ + yieldH[sizeJ + YleldLIslZeJ + 

yieldOlsizeJi 
For size := YU to 95 Do 
quartwlyearJ := quartwlyearJ + yieloHlsizel + yieloIlsizeJ + 

yieloOlsizeJ; 
For size := 96 to 104 VO 

halfwlyearJ:=haltwlyearJ + 

~or size := lOS to 123 00 

yielaMlsizeJ + yieldIlsizeJ + 
YleldU(slZeJ i 

selectwlyearJ := selectwlyearJ + yielQMlslzeJ + yielallslzeJ + 
yieldulslzeJi 

~or size := 124 to maxsize 00 
jumbowlyearJ := JUmbowlyearJ + yielaHlslzeJ + yielaLlsizeJ + 

yieldOlsizeli 
For size := startsize to tlY Vo 

cannerwlyearJ := cannerwlyearJ + YlelOMlslzeJ + yieldllslZeJ + 
yielouLslze I; 

For size := YU to YS Vo 

• 


