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ABSTRACT

Ennis, G. P., and P. W. Collins. 1983. A computer program to assess egg
production per recruit in a lobster (Homarus americanus) population. Can.
Tech. Rep. Fish. Aquat. Sci. 1198: iv + 15 p.

A computer program which estimates the numbers of eggs produced per female
recruit in a lobster population is described. The layout of the input file and
an explanation of the parameters, a 1isting of the program and a sample of the
output are provided as appendices. The program is run with various
combinations of recruitment length (minimum legal size) and fishing mortality
(exploitation rate) thereby providing a basis for assessing the impact of
changes in size 1imit and/or exploitation rate in a lobster fishery on the
production of eggs in the population.

Key words: lobster, egg production per recruit, assessment

RESUME

Ennis, G. P., and P. W. Collins. 1983. A computer program to assess egg
production per recruit in a Tobster (Homarus americanus) population. Can.
Tech. Rep. Fish. Aquat. Sci. 1198: iv + 15 p.

Le présent rapport décrit un programme informatisé pour 1'estimation du
nombre d'oeufs produits par femelle dans une population de homards. Le
topogramme du fichier d'entrée, une explication des paramétres, un listage du
programme et un @tat imprimé type constituent les annexes. Le programme est
exécutd avec diverses combinaisons de longueurs au recrutement (taille 1égale
minimum) et de mortalités par péche (taux d'exploitation), générant ainsi une
base pour 1'évaluation de 1'incidence des changement de la limite de taille ou
du taux d'exploitation au cours de la péche du homard sur la production d'oeufs
dans 1a population.



INTRODUCT ION

The basic management tools commonly employed in lobster (genus Homarus)
fisheries are a minimum legal landing size (size 1imit) and effort 1imitation
as a means of controlling exploitation rate. In theory at least, MSY can be
realized from a population of -lobsters if such regulatory measures are
properly applied. However, it appears that the situation in most lobster
fisheries can be represented by a point well to the right of MSY on a general
production curve (i.e current landings are well below MSY and fishing effort
is well in excess of that at MSY).

There are two facets to achieving MSY from a population. One is
to maximize yield per recruit, the other is to maximize recruitment. Lobster
fisheries are characterized by high exploitation rates and assessments have
clearly demonstrated that, with existing size limits, yield per recruit is
substantially less than maximum (Anon. 1977, 1979; Anthony and Caddy 1980).
In addition, existing size limits are generally below the size at which most
females lay eggs for the first time and with the excessively nigh
exploitation rates that prevail in most areas, widespread recruitment
overfishing is a distinct possibililty. In fact, recruitment overfishning
appears to be the cause of stock collapse in certain areas of Eastern Canada
(Robinson 1979).

Stock-recruitment relationships as such are poorly known for the genus
Homarus, however, since current levels of landings are well below historical
Tevels in most fisheries, it is reasonable to assume that, within the limits
of habitat carrying capacity, increased egg production will result in
increased recruitment. While it is clear that increasing the minimum legal
size and/or reducing exploitation rates will result in greater numbers of
eggs produced, it is only in very recent years that the detailed biological
information required to properly assess the impact of changes in these
fishery regulatory measures on egg production within a population have become
available.

The purpose of this paper is to describe a computer program which has
been written in order to carry out egg production per recruit analyses using
the kind of information being obtained from studies of lobster population
biology in Newfoundland waters.

BIOLOGICAL BASIS OF THE ANALYSIS

The biological concepts on which this egg per recruit program is based
are very similar to those developed by Caddy (1979) in his relative
population fecundity analysis. In the two analyses, however, there are
different approaches to the way mortalities and growth are handled. Also, 1in
the program presented here, there is provision to account for egg loss over
and above that due to normal attrition as well as for those females which
molt and extrude eggs in the same molting/spawning season.

The analysis is carried out as a chronological sequence of annual 1ife
history and mortality events which begins subsequent to the annual spring



~ fishing season and just prior to the annual molting/spawning period in
summer. Initially, 1000 non-ovigerous females are distributed evenly at 1 mm
size intervals over the 71-80 mm carapace length range and the sequence of
1ife history and mortality events is repeated until these have disappeared
from the population as a result of fishing or natural mortality. The
analysis begins by estimating the number of individuals at each 1 mm CL that
will extrude eggs during the molting/spawning period in year one. This
estimate is obtained using a proportion derived from a functional size-
maturity relationship (logisitc equation relating % mature and CL) which is
based on detailed examination of pleopod cement glands done prior to the
molting/spawning period as a means of determining whether individual animals
will extrude eggs that year (Ennis, in press!). This relationshin is
represented by a sigmoid curve which sometimes does not fit the data very
well at the upper and Tower ends of the size range. In this analysis 100%
maturity is assigned to those sizes at and above which the data indicate this
to be the case, instead of assigning a lower percentage derived from the
equation.

Some female lobsters molt prior to extruding eggs during the same annual
molting/spawning period (Aiken and Waddy 1976, 1980). 1In annual (since 1975)
shell condition sampling done at Arnold's Cove, Newfoundland following the
molting period, the number of ovigerous females with new shells has ranged
from 6.5 to 38.5% of the total number of ovigerous specimens examined (Ennis
1980). These have generally been smaller animals within the overall size
range of ovigerous specimens and it was suggested that those females which
molt and extrude eggs in the same year are spawning for the first time.

These data have been examined in some detail and it has been found that the
incidence of molting and spawning in the same year declines with increasing
size. The data were subjected to probit analysis and a good fit obtained

(P > .99). The resulting equation (Y = 27.751 - 0.3072X) is used to
determine the number of those females which will extrude eggs in year one
that molt before doi:g so. The number of eggs producéd by these females is
determined from the size-fecundity relationship using their postmolt lTength.

Estimates of proportions molting amongst those females which do not
extrude eggs in year one are obtained from a relationship derived from molt
predictions based on pleopod examination early in the molting/spawning period
for non-ovigerous females but excluding those females whose pleopod cement
glands indicate egg extrusion to be imminent. A quadratic regression was
fitted to such data obtained from sampling at Arnold's Cove during June 9 to
July 15, 1983 and the following equation obtained:

Y = -330.3593 + 13.5685X - 0.1073X2 with RZ = .99,

The postmolt sizes of lobsters that molt are determined from a premolt-
postmolt carapace length relationship obtained from sphyrion tagging (Ennis
1972, 1978).

No reliable estimates of natural mortality in lobsters are available but
the general consensus reached by the ICES Working Group on Homarus Stocks is
that it can be expected to be less than 10% annually for lobsters at sizes
around the existing minimum legal sizes (Anon. 1977). One would expect most



natural mortality in lobsters to be associated with molting and in this
analysis a 10% natural mortality rate is applied only to those Tobsters that
molt. Lobsters not molting in a particular year are subjected to a 5% rate
of natural mortality.

Sphyrion tagging at Arnold's Cove in summer 1981 revealed that around
15% of the females which extrude eggs loose practically all of them over the
incubation period (Ennis, in press?). Accordingly, the numbers of females
which were estimated would extrude eggs were reduced by 15% to account for
this egg loss. This percentage was applied uniformly with respect to size.
Normal attrition of eggs over the 9-12 month incubation period has been
estimated at around 36% (Perkins 1971). This egg loss is accounted for in
the analysis by virtue of the fact that the size-fecundity relationship used
to estimate the numbers of eggs produced is based on egg counts for ovigerous
females taken near the end of the incubation period (Ennis 1981).

In addition to attrition of eggs over the incubation period, some female
lobsters molt shortly after extruding thereby 1oosing the entire clutch of
eggs (Ennis, in press?). This egg loss is accounted for in the functional
size-maturity relationship. In a tag-recapture validation of egg extrusion
predictions (based on cement gland staging), the only incorrect predictions
recorded were for 2 out of 9 (22%) females with stage 2 cement glands (for
which egg extrusion was predicted) which were not egg-bearing (but had
molted) when recaptured prior to the following molting/spawning period. It
is assumed that these two lobsters extruded eggs as predicted and Tost them
when they molted soon afterwards. Accordingly, in the data on which the
functional size-maturity relationship is based, 22% of the animals with stage
2 cement glands were considered immature (Ennis, in pressi).

So far the analysis has proceeded to the spring of year two and an
estimate derived of the number of eggs extruded in year one that remain in
the population and from which larvae will hatch during the summer. Except
for those at the 71 and 72 mm carapace length intervals, most Tobsters that
molted in year one would have grown to or beyond the minimum legal size
(81 mm CL) and at this stage in the analysis, except for those that laid eggs
shortly after molting or were lost as a result of natural mortality, are
subjected to fishing mortality. Egg-bearing females are protected from
exploitation. In this analysis those females (15%) which loose their eggs
over the incubation period are protected from exploitation as well because
the presence of even very small numbers of eggs would make them illegal. A1l
of these egg-bearing females (including those that loose their eggs) molt
during the molting/spawning period in year two, are subjected to 10% natural
mortality, and the survivors are subjected to fishing mortality during the
fishing season in year three. For all other females remaining following the
fishing season in year two, the initial stage in the analysis (i.e
determining numbers that will extrude eggs during the upcoming molting/
spawning season) is now repeated and followed by the subsequent steps in the
analysis.



The foregoing sequences are repeated until the 1000 individuals with
which the analysis started have been removed from the population. The
numbers of eggs produced and carried through the incubation period are then
totalled.

DESCRIPTION OF THE PROGRAM

Tne program is written in Fortran IV and is very similar to the one
developed by Ennis and Akenhead (1978) to assess yield per recruit in
Newfoundland lobsters. Each component of the annual cycle of 1ife nistory
and mortality events is handled separately and in chronological order.
Provision is made for different natural mortality rates for molters and non-
molters, for the protection of egg-bearers from fishing mortality, for
different growth rates for egg-bearers and non-egg-bearers, and for egg Toss
over the incubation period in excess of that due to normal attrition. 1In
addition, special treatment is provided for females tnat molt and Tay eggs in
the same year.

The organization of the program is shown schematically in Fig. 1.
The layout of the input file and an explanation of the parameters are
provided in Appendix 1 and Appendix 2 is a listing of the program.

APPLICATION OF THE PROGRAM

The program is run with various combinations of recruitment length
(minimum Tegal size) and fishing mortality (exploitation rate) thereby
providing a basis for assessing the impact of changes in size 1imit and/or
exploitation rate in a lobster fishery on the production of eggs in the
population. The output (sample provided as Appendix 3) includes an estimate
of the number of eggs carried to hatching produced by the 1000 females with
which each analysis begins over the period that they remain in the population
with a given combination of size limit and exploitation rate. Also included
is an estimate of the numbers of eggs produced by these females at sizes
smaller than the minimum legal size being considered.
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APPENDIX 1: INPUT FILE LAYOUT AND EXPLANATION OF PARAMETERS

RECORD LENGTH: 80 columns - card image

Card No.

1
2

5-12
13-20
21-28
29-36

3)

LIST

SLEN
FLEN
AMORT

BMORT
CMORT

EGLOS

AFEC
BFEC
AGR
BGR
IRUN

GDIST

Parameters Format
LIST (20) 2084
SLEN, FLEN, AMORT, BMORT 2F3.0, 4r5.0
CMORT, EGLOS, AFEC, BFEC 4F10.0, I3
AGR, BGR, IRUN
GDIST (10) 10F8.0
FSTRT, FSTOP, FINCR, RECLEN (5) 8F8.0
PROLAY (80) 10F8.0
PROMLT (80) 10F8.0
GROLAY (80) 10F8.0
PINIT (80) 10F8.0

Header of input file.

Starting carapace length (mm).

Last carapace length (mm).

Proportion of molting component surviving natural
mortality.

Proporiton of laying component surviving natural mortality.
Proporiton of old shells (i.e. those which neither molt not
lay) surviving natural mortality.

Proportion of successful layers that eventually lose all
eggs before hatching.

Intercept of length-fecundity regression (log,,).

Slope of length-fecundity regression (Tog,,).
Intercept of premolt-postmolt regression %arithmetic).
Slope of premolt-postmolt regression (arithmetic).
Number of years (cycles).

Distribution of growth scatter around postmolt mean length,
derived from deviation around growth regression.



4) FSTRT
ESTOP
FINCR
RECLEN

5-12) PROLAY

13-20) PROMLT

21-28) GROLAY

29-36) PINIT -

Starting exploitation rate.

Final exploitation rate.

Increment of change for exploitation rate.

Rec;uit carapace lengths (mm) (maximum of five for edch
run).

Proportion of population laying eggs each length, derived
from logistic equation relating % mature and CL basad on
pleopod cement gland develooment (see Ennis, In press).

Proportion of nonlaying component molting each length,
derived from quadratic equation relating % molting amongst
non-ovigerous females not going to Tay egs and CL.

Proportion of laying component that also molt in same year
each length, derived from probit equation based on
incidencce of new-shelled ovigerous females in relation to
size from fall sampling.

Initial population numbers each length (start with 100 each
length 71-80 mm).



FORTRAN IV G LEVEL

0001
0002
0003
0004
0005
0006
0007
0008

el
oocoo =]
2
L)

D20092020202
OOO?
Pt ot ol et Yt fd Yd i Sk

DPNPAFWN~D

2002
So002
NN =
N=OD

ones’
0024
0025
0026
0027

-0028-
0029
0030
0031
0032

300

301
302

3013
304

- 305
306

DOPOOO

APPENDIX 2: PROGRAM LISTING

él MAIN

X R R RS R ERATE TR Y- AR R R R X RER RN, R IR ST 33 g LI N0 L TS S e <
LOBSTER FGG PER RECRUYT PROGRAM

E- A ERER RS RN AR R R FAETRTE R PR R B RS R R PR R U R R R R R R R R LR XN
INTEGFR | IST(20) 9 IGROW(8BY) NUMLENIRIUNs ICNTR

REAL RFCLEN(S) +POP(80)/80%0,0/4PROLAY(ARD) yPROMLT(8BN)
REAL--CATEHABO)I S FECA(RO)-oPuNLT (80 L8000, 0/L,GNIST(10) 21D80., L
REAL AMORTsBMORTCMORTEGLOSYAFFEC+RFEC s AGRBGR

REAL FSTRTeFSTOP,FINCR,STARTNGNONLAY(ARN) yMEGHRS(A0) (PRFG(RD)
REAL HATCHS(B0) o LLOSERS(BO) o 1_LOST(ROY s NOMOLT (A0) s NBOTH(RO)
REAL HOLN(BO) sMOLTFR(R80) +POPLAY(RO) /80%0,0/49sGROLAY (R0)
REAL JUSLAY (80)

3 3h 3 4 0 4F & 5 0 35 S8 3P 0 4 33 42 38 31 3 33 & 4t 0

SKIP-REIMITIALIZATION —FIRST- TIME FMRU - = e

GO T0 304
REINTTIALIZE STORAGE FOR NEXT DATASFT
DN 301 T=1eNUMLEN
pOD(I)=0¢
PINIT(I)=0,
HATCHS (I)=0.
- = POPLAY ] )=0+— E=—— =S === 3
NRBNTH(I)=0,
JUSLAY (I)=0.
NEGGS (1) =0,
PRFG(I)-—-U.
NOMLAY (1Y =0
LOSERS(I)=0,
LosT(T)=0.
NOMOLT 1)-=0- - _
DO 302 I=1,10
GHNIST(I)Y=0.
DO 303 I=1le2
RECLEN(I)=0.
CONTINUE

READ TITIE===tD?* IN cOLUMMN 80 GIVES DETATILED OUTPUY

—READ{ Sy 2 END=305)LESF— — — —

GO TD 306k

STOP

CONTINUE
WRITF(6,2)LIST

READ START LENGTHelLAST LENGTH,MOLTING SURVIVNRSHIP,
LAYFRS SUKRKVIVORSHIPsOLD SHELL SURVIVORSHTR,
EGG=LOSS—MORTALITY+INTERCERT . ANP--SLOPF- DFE-FECUMDI T -
RFG, (LOGC10) 4 INTFRCEPT AND SLOPF OF GROWTH REG.(ARYT4),
NUMRER OF YEARS,



FORTRAN IV 6 LEVEL 21 MATN

(o
0033 READ (54 1)SLENSsFLENSAMNDRT » HMnRT.CMnHT.FGLns,AFrC BFECS
0034 NUMLEN=zFLEN=SLFN
00135 NUML EN=NIMLEN+]
0036 +LS=SL EN— —— — - -
0037 LF=FLEN
0038 WRITE(6413)LSsNUMLEN, AMORT s BMORT yCMORTSFGL NS
+AFFEC+BFECYAGRIBGRy TRUIN
0039 LB=L5-1
C
c READ PROPORTION OF SCATTER ARO(IND POST=-MOLT | ENGTH
0040 READ (54,5)6GDIST
0041 - WRITFE4&,y)GDIST —— - S—
C
C READ VARTABLES OF EXPLOITATION RATE AND RECRUTIT LENGTH
0042 READ (B ,6)FSTRTIFSTOP4FINCRIRECLEN
0043 WRITE (64 15)FSTRTGFSTORP,FINCRIRECLEN
C
C READ PRNPORTION LAYERS EACH LENGTH
0044 READ(5,5y (PROLAY (1) s T=19NIJMLFN)
—_— (L = = == —— — =
_ C READ PROPORTION MOLTING EACH | ENGTH
0045 READ (54,5) (PROMLT(T) 31=1sNUMLEN)
C
(o READ PROPORTION MOLTING AND LAYING SaAMF YEAR FACH LENGTH
0046 READ (54,5) (GROLAY(T)4T=19NUMLEN)
C
C READ INTYTIAL POPULLATYINN DISTRIRBUTION
0047 = — —READAS g5 ) —(PRINIF (T 9T =)o NUMLER)- =
0048 20 CONTINUF
C
o CALLCULATF VECTOR OF FECUNDITY FOR | FNGTHS
c PRINT HFADER FOR INPUT DATA
D049 WRITFE (6,44)
0050 AFFC=10ne®®AFFEC
0051 STARTN=O0,
0052 DO—11--F=1- 9 NUMLEN
N0S3 FEC(I)=AFEC®FLOAT(LS+T)®#BFEC
0054 IGROW (L) =AGR+BGR*F | DAT (LS+ 1)
0055 IL=1.5+1
0056 WRITE (693)ILsPIMIT(T) sPROMLT(T) yPROLAY (Y1) GROLAY (T,
+IGROW(TI) (FEC(I)
0057 STARTN=STARTN+PINTIT (1)
0058 11 CONTINUF
C e — ——
C ALL WATA NOW INPUT
C SET UP FTISHING RATE LNONP AND CHFCK FOR MORF VALUES

0T



FORTRAN IV G LEVEL 21 MA TN

0059
0060
0061
no62
0063-
0064
0065
0066
0067

0068
0069
0070
0071
0072
0073
0074
no7s
0076
-007F
0078
0079
0080
0081
o082
0083
0084

0085

0086
0087
o088
0089

0090

0091
0092
0093
0094
0095
0096

0097

Cc IF NANF RETURN FOR NFWw DATASET AND REINITIALTIZE
ICNTR=0
198 CONTINUE
ICNTR=ICNTR+ 1]
IF(ICNTR«GT«5) GOTO 300
— — — JFARFELEMAICNTIR )4 EQ-v 8-+ LGO0T0_300— —
LR=IFIX(RECLEN(ICNTR))
FMORT=FSTRT-FINCR
200 FMORT=FMORT+F INCR
IF(FMORTGTFSTORP)ANTND 198

C
C SET UP FOR LOOP THRU YFARS
TEGGS=)eE-10
TNUM= Q- e e I e
TCAT=0,.
TPREG=1eE-10
THAT'-:O.

¥

u-qv-cﬂ —t it}

Hile Nliie D

OD o0
o

0
)
)
0
)
)

NOMOLT
2 PGR4J+~PLNLL+P+
WRTITF (e 16)FMORTLLR
IFLTIST(20) o NE, NYGOTO 23
WRITF (r9018)
23 CONT INuUE

LOOP THRI) IRUN NUMRBER OF YEARS
NO 100 Ty=1s1IRUN

oo 0N
|

SET UP FOR LOOP THRU LENGTHS
SEFGGS=0e
SUMN=0»
CSiyM=0s
SPRFG=0.
SHOL.D=0.
SHAT=0e

C LOooRP THRU LENGTAHS
NN 0 IK=1sNUMLEN
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— e MORTERAI)=NONLAY- (1) #RPROMLY(

MAIN
I = (NUMLEN=TK) +1
CALCULATE LAYERS,MOLTERS AND MON=MOLTFRS

POPLAY (1) =paP (1) #PROLAY (1)
NONLAY (1) =pOP (T) ~POPLAY (T)

T
MOMOLT (1) =NONLAY (I)=MOLTER(I)

CAl CULATE NATURAL MORTALITY OF LAYERS MON=MO| TERS

POPLAY(I)=POPLAY (1) #BMORTY
NOMOLT(I)=NOMOLT(I)#®#CMORT

SEPARATE LAYING COMPONENT INTNO LAYFRS AND MOLTER/LAYFRS

— I FGROLAY AP EQeH B0 T 27 =
NBOTH(T) =POPLAY (T) #®*GROLAY (1)
JUSLAY (I) =POPLAY (1) -NBOTHI(T)
NRATH(I) =NBOTH(TI) «AMORT
POPLAY (1) =0

DISTRIBUTE MOLTER/LAYFRS AROUNMD PREDTCTEDND POST MOLT

ME aN LENGTH .
JEL =t IGROWAI )= .S ) =6 — == =
DO 26 K=1410
IX=JZ+K

CHECK TF LEGAL SIZFE T0O GROW INTO
IF(JXQLT.])-JX:I
IF(JXeGT o NUMLFNI)IJX=NUMLFRN
POPLAY (JX) =POPLAY(JX)+GNIST (K ®NBOTH(T)
CONTINUE — - ~

POPLAY (I)=pPOPLAY (1) +JUSLAY (1)

conTINVE

CAL CULATE NATURAL MORTALITY OF MOLTERS
(1.E. SURV. EGG~LOSERS+*LAST YEARS LAYFRS
(TH1IS YEARS HATCHERS)+THIS YFARS MOL TFRS
MOI TER(TI) =MOLTFR (I +LOSTH(I)+HATCHS(T)

— MAITERL L)} =MOLTFR-( [ #AMOKRT —

PopP(1)=0,

DISTRIBUTE GROWERS AROUND PRFNICTEND pnSsTMOLT
17=(IGROW(T)=-LS) -6
IX=172+K

IF(IXelLTW1)IX

MEAN |LENGTH

CHECK THAT THIS IS A LEGAL STZF TO GROw INTO
=1

T
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FO
0126 IF(IXeGOT dNUMLEN) IX=NUMLFN
0127 POP(IX)=POP(IX)+GDIST(K)#MOLTER(T)
o128 32 CONTINUE
0129 POP(I)=POP(TI)+NOMOLT(I)
0130 30 CONT INUE
— = — _€ - .
C CALCULATE TOTAL FECUNDITY AND CATCH
0131 DO 50 1J=1eNUMLEN
0132 I=(NUMLEN=TJ) +1l
0133 LOSERS(I)=HATCHS (1) #EGLOS
0134 HATCHS (I) =HATCHS (1) -LOSERS (1)
013s NEGGS (1) =HATYCHS(I)*FFEC(T)
0136 HOLD(TI)=HATCHS(I)
-0137—— — PREG{I)=NEGHSL(I) — —
0138 IF(LS+1.GE.LR)PREG(T) =0,
0139 CATCH(I) =POP(I) #FMORT
0l40 IF(LS+T1eLT.LRICATCH(T) =0,
0141 HATCHS (1) =POPLAY(T)
0lap LOST(1)=LOSERS(])
0143 POP(I)=POP(T1)Y~=CATCH(T)
0144 50 CONTINUE
— S .e_ [ B . B .
C CALCULATE YEARLY SUMMATIONS
0145 DO 31 I=1sNUMLFN
0146 SFGGS=SEGGS+NFGGS (1)
0147 SHOLD=SHOLD+HOLD(T)
Nl148 S{MN=SUMN+POP (1)
0149 CsUM=CSUM+CATCH (]
0150 coOREG=SPREG+PREG(])
0151 — - SHAT=SHAT+HATCHSL(I)-
n1s2 31 CONT INUE
(o IF DETAILED OPTION PRINT YFARLY SUMMATTYONS
n1%53 TEC(LTIST(20) JME, NYGOTO B
0154 WRITF(6s19) SUMNICSIUMeSHAT s SHOLD « SEFRGS
0155 51 CONTTNUE
C
C CALCHILATE FINAL SUMMATIONS
6156 — — ~ FEGGS=TEGGS+SEGGS
0157 TNUM=TNUM+SUMN
0158 TCAT=TCAT+CSM
0159 TPRFEG=TPREG+SPREG
0160 THAT=THAT+SHOLD
C
C CHFECk TIF ANOTHER YFAR WlLL CHAMNGF VALUFS
0161 TF(SIMN LT eSTARTN# ,001)GOTO 101
-0162— 1-006— CONT INUF e - - — —
0163 WRITE(6417)
0164 101 CONTIMUE
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C
C CALCULATE YIELD valLUFS
YN=TEGGS /STARTN
PP=TPRFEG/TEGGS
e WRITF (648 )TNUMSTCAT s THAT S TEGGS s TPREG,YNIPR,Rp
C
C RETURN FOR NEW VALUES OF EXPLOITATINN RATE AND RECRUTIT LFNGTH
c
GO TN 200
C “#“i#“ﬁ&n&#l&iﬂﬂh*ﬁﬁ“na»ﬁﬁiu*u#*##&Gﬁ“nﬂaﬂﬂ&ﬂdud#bﬁﬂﬂhh
c sanpanpuntitattataRFORVAT STATFMENT Sttt ottt ®iniriany
1 FORMAT(2F3e094F5,054F10e04913)
2 F_OQM_A_F_‘_")AAA) ——
3 FORMAT (4X21495X3sF10404F12e a,Sx.F1? ao%x.Fl? A.PXoI1n.Rx.F9 n)
4 FORMAT (¢ oLENGTH (MM) INIT POP PROP MOLTING PROP LAY TING
N PROP MOLT/LAY POSTMOLT LFENGTH FECUNDTTY?")
5 FORMAT (10F8.0)
6 FORMAT (RAFB8.0)
8 FORMAT(/,' POPULATTON NUMBERS:®yF1l0.27/
+9 TOTAL CATCHiI'y5XsFl0,2/
s TJOFAI—OMIGS t ey B Xy FY0--24 - - = - =
*+t TOTAL FGGS 185X eF10,0/
+1 PRERFCRUIT EGGS:'s3xsFl0e0/
+1 EGG YIFLD/RECRUIT:t4,F10.0/
+v PROP, RECRUIT EGGS3v4F10.4/
+9 PROP, PRERECRUIT EGGSI'sF10,4)

13 FORMAT (¢n0START LENGTH:*s15/v0NDOe OF |_LENGTHS S ¢,
+I5/vaMN| TING SURVIVORSHIPI Y FB,3/'0FGH=LAYING SURVIVORSHIP s,
*FB a3/ ONON=MOLTINGALAY-ING-_SURVIVORSHIR: 1 ,FA,3/L
+10EGHR~LDSS MORTALITY-o,FU.B/ 0A AND R DOF LnG10(FEC)—'.
+1A+B# OG10(LENGTH) : 'y 2F10.5/'0a AND R OF POSTMOLT=9,
+1A+BH#PREMOLT LENGTH:-.aFln.s/-oNo. NF YEFARS: v 415)

14 FORMAT (*nPROP. OF GROWFRS AROUND PREDICTED LENGTHI 1,
*+/10X410FQe4)

15 FORMAT (v0VARTARLF VA UFS FOR FXPLOITATION RATFE AND RECRUTT e,
*VLENGTH:; ¢+ /10X *FISH, MORT&: START STOP INCRFMENT I 93F10,2/
-u.L_nEcnUfJ-LEubTHS 1y 5F8.0) Fi-a

16 FORMAT(,/,% EXPLOITATION RATE:v,F6, ?,%x.'DFrRUIT LENGTH: v, I5/)

17 FORMAT (¢ ##%#PROGRAM WENT BEYOND ALLOTFD NUMRFR 0OF yFARG#a# )

18 FORMAT (snPOPULATION CATCH oOvVI6GS HATCHFD 0
. NO, OF EGGS?*)

19 FORMAT (' " 93X 9sF6,298X3F0eal3TXsFOE2436XsFEa294x3F10e0)

C nung#““bwhha“#u*nunhﬁ*&unuﬁ“%#aﬂ-##“#uu#a#&anuunuau““ncﬂt

END

AN
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APPENDIX 3: SAMPLE OF .PROGRAM OUTPUT

Exploitation rate: 0.80 Recruit length: 81
Population numbers: 509.79

Total catch: 893.07

Total ovigs: 434,71

Total eggs: 5076735.

Prerecruit eggs: 2463943.

Egg yield/recruit: 5077.

Prop. recruit eggs: 0.5147

Prop. prerecruit eggs: 0.4853






