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The catch. curves of Nephrops caught in Bay of Biscay and in the
Celtic Sea are analyzed into component molt groups. Total morta11ty coeffi-

“ieients (Z) are estimated from the respect1ve contribution in number of-the

different molt groups to the catch curve. Z would be equa] to 1.35 for males
and to 1.34 for fema]es in Bay of B1scay. In the Celtic Sea the Z values

~ . would be equal to 1.01 for the males and to 0.91 for the fema]es.e

_ An estimate of the fishing mortality F in the Bay of Biscay is
obtained from available data on fishing effort and from an estimate of the
capturab111ty coeff1c1ent ¢ derived from a surp]us product1on model, F would
be equa] t0-0.907, The 1nstantaneous morta11ty coeff1c1ent M would be equa]

-~ to 0 45 for the ma]es and to 0 95 for the fema]esa

The adequacy of the mortality estimates 1s checked by using a
computer simulation of the flshery wh1ch generates size frequency distribu-
tions for a s1mu1ated catch under g1ven cond1t1ons of mortality. Save for
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" % I1 existe une version frangaise de cette communication.
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““Hortalits naturelle serait de 0.45 polr Tes fidies et de+0,55 pour ~les: feme it .
1les. '

Tinor ajustments the s1mu]ated d1str1but1ons compare well with the actual
ones. Accord1ng to the simulation resu]ts Nephrops s would recruit at 1.5 -
years in the Bay of Biscay and at 3 years in the Celtic Sea.

RESUME

Les courbes de capture de 1angoust1nes péchees dans 1e Nord du
Golfe de Gascogne et en Mer Ce1t1que ont été decomposees en groupes de mue.
Des coefficients de mortalité totale (Z) ont ete estimés & partlr des effec-
tifs appartenant aux differents groupes de mue. Z serait égal & 1.35 pour
Tes miles et & 1.34 pour les femelles du Golfe de Gascogne. En Mer Ce]thue
Z serait égal & 1.01 pour Tles males et & 0.91 pour les femelles,

La mortalité par*péché F dés~1angoustinés dans le Nord du Golfe

de Gascogﬁé a été estimée a. partir de données d'effort de péché et d'une

tion de la péchérié sur ordinateur. Les simu]ations générent des distributions

de frequence de taille qui sont fonct1on des coefficients de mortalité’

t.®

“»

...estimation du coefficient de capturabilité. obténUe aprés ajustémént d'un R
. modéle de production. F serait égal & 0.907. Le coeff1c1ent 1nstantane de

“La qualité“des estimations de'mortalité est évaluée par~simula=%-""""

~choisis et peuvent atre comparees avec les .distributions de frequence B

obseryées dans les captures Aprés de 1egers reajustements de va]eurs

pour des coefficients de mortalités par peche propres & chaque age un assez
bon aaustement est obtenu Les simulations 1nd1quera1ent que les langous-
tines sont recrutées i 1 age de 1.5 ans dans le Go]fe de Gascogne et a
3‘ans\en Mer Ce1t1que.



INTRODUCTION I

This paper was or1g1na11y wr1tten as an appendix to the 1980
report of the ICES Nephrops working group which has already been turned in.

Natural mortality is the most difficult population parameter
to assess in a harvested stock. It is Tikely to be age dependent, and to
vary seasonally. Natural mortality may be correlated with fishing effort,
either negative]y for instance in a mu]tispecies fishery when the predators
are removed, or posxt1ve]y when the habitat is modified by the fishing gear
for instance in a traw] fishery. In y1e]d models however, it is generally.
assumed for the purpose of s1mp11f1cat1on that natural mortality is a para-
A meter constant over time. Constant values ranging from .2 to .4 are tradi-

X ) L tionally assumed for instantaneous mortality in harvested fish, stocks, there
is however very 11tt1e evidence 1n-most cases that the approp1ate value will
actually be Timited to that range of var1at1on Natural mortallty estimates
for crustacean popu]at1ons are even scarcer than for fish. This is ma1n1y
because crustaceans cannot be d1rect1y aged by counting rings on hard

- structures and Because the1r growth pattern through molting makes it

o d1ff1cu1t to sort out age groups from the size frequency distributions.

T Tota1 morta11ty Z can be est1mated by ana]ysxs of a catch
in a steady state. Comb1n1ng the size or age distributions in the catch
over a ser1es of years will somehow smooth out the Bias introduced by -
_recru1tment var1ab111ty. It is not usually p0351b1e to estimate simulta-
. neously ﬁ'shing and natural mortalities (F and M) by direct. analysis of a
o catch curve. Cohort or virtual popu]at1on analysis methods (Pope 1972)
will not prOV1de simultaneous estimates of F's and M's, The re]at1Ve
h contributions of F's and M's to the total morta11ty Z is however determi-
. ‘nant for y1e1d est1mates, the predlct1ons of losses or gains in the case
' of a change in mesh size or f1sh1ng effort can be reversed for a constant Z
when vary1ng the va]ues of M. ‘

. For a g1ven va]ue of yA the ratio of the yield to the abundance
of the stock on the ground will vary-as a function of M. Therefore when some
direct censuses of abundance can comp]ement estimates of Z obtained from

N, ., . ) - . . .

curve e1ther in age (R1cker, 1975) or size (Van Sickle, 1977) of a pOPU1at10nyww'



the catch curve and estimates of the overall catch, it will be possible to
make some inferences on the values of M.

In this:paper L used a different approach. First I analyzed
the catch curves of Nephrops caught in Bay of Biscay and in the Celtic Sea
and estimated Z. Later, I used independent information on capturability . =
~ coefficients obtained from a surplus production model to estimates F as a
ifunction of the fishing effort in the Bay of Biscay. I assumed on a preli-
minary basis that F and M were constant over the fishable Tife span.Subs-
tracting F from Z gave an estimate for M in the Bay of Biscay. I assumed
that M's were equal in the Celtic Sea and in the Bay of Biscay and calcu-
lated F in the Celtic Sea by substracting M from Z. 1 later checked the
adequacy of the estimates of M's and F's and the assumption of their cons- '
‘tant value over the fishable life span by s1nu1at1ng the size frequency
distributions in the catch (Conan and Morizur, 1979). I f1na11y made minor
ajustments in the values of F at age in order to 1mprove the fit of the
simulated to the observed size frequency distributions.
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TERIAL AND METHODS,

1) Estimation of total morta11ty by analysis of the size frequency
_distributions in the catch. o o ‘ .

. Size fréquency distributions of the catch of‘Néphrops from

the Bay of Blscay (Division VIIIa) have been samp1ed montly by Charuau
 (ISTPM, France) from 1971 to 1978. Measures were made to the nearest mm

on board of commerc1a1 f1sh1ng Boats. The samp]es of the distributions

were combined over the whole sampling per1od, in order to smooth out yaria-'
b111ty in recruitment. The catch curves for males and fema]es were studied .
separate]y‘because growth and availability to the f1shery are sex dependent"v;
(Conan, 1978). Similar data sampled by Charuau from 1978 to 1979 in the
Celtic Sea (area VIIg) were processed in the same way. : |




. In a seasonal env1ronment s]ow growing Crustacea such as
.Nephrops will tend to have mo1t1ng events more or less synchronized within
a population. For adult Nephrops there are two periods of molt a year, one
in the spring, the other in the fall. Most adult females will molt only
) once in the spring. Most adult males will molt both in the spring and in
- the fall (Farmer, 1973; Conan, 1975)

, The s1ze frequency d1str1but1ons can be splitted in molt groups
rather than in age groups. By combining distributions sampled all year round
..an "average" p1cture of the proportlon of individuals in each molt group is

obtained. A pred1ct1ve 11near regress1on of natural 1ogar1thm of abundance
“in molt groups completely recruited to the flshery vs average age at which
. ’ ... individuals enter a molt group will prov1de an estlmate for a constant total

‘ _morta]1ty rate. : - BN ‘

"1 used the maximum 11ke11hood techn1que descr1bed by Hasselblad
(1966) and modified by Tom11nson (1970), for sort1ng out the contribution )
in number of each component molt groups to the size frequency distributions
combined by sex. The genera] grouth pattern of Nephrops caught in the Bay
o of B1scay had been prev1ous1y assessed (Charuau 11977, Conan 1978).
-~.3;Ltherefore gave narrow bounds for the est1mates of the means and standard -
A Adev1at1ons and used the 1terat1ve procedure ma1n1y\for est1mat1ng ‘the pro-wwxphuyx
‘ port1on of 1nd1V1dua]s 1n each mo]t group

RS .‘—‘ﬂ_‘ \‘:_«»_.‘_ >':~~.* IR R B ._: «g. _.~..= R O ', \,.,‘1;.

- 2)‘Estimation bf fish{ng morta]ity~in‘the‘Bay'of Biscay.
" | ST The fishing effort in the Nephrops 'f1shery of northern Bay of
T L Biscay has been falrly stab]e from 1971 to 1978, it averages 32.5 103 boat.
day at fishing per year. Conan, Depo1s and Charuau (1977) have app]led the
| surp]us product1on model of Fox (1975) to 17 years of data on f1sh1ng effort
and capture per un1t effort from northern Bay of B1scay They calculated by
the mu1t1p11cat1ve error method of Fox an average capturab111ty coeff1c1ent
- ¢ of 2, 098 10 for all age groups and sexes combined and for a time unit
of one year L

-

Data on capture per unit effort tends_to‘show that the captu-
.~ rability coefficient varies seasonally and differs for males and females,




In the present paper I did not attempt to quantlfy seasonal variations of
¢ for the males. Adult females are available during only .43 of the year
in the Bay of Biscay flshery (Conan and Morizur, 1979) I attempted to
estimate from c an instantaneous capturab111ty coefficient ¢' assumed to
be constant all year round for the males and e1ther constant over .43 of
the year or equa] to 0 over the rest of the year for adult females.

In the Bay of B1scay flshery the sex ratio in the catch is
about 50% in Apr11 May when males and females seem to be equa]]y available
to the f1shery (Conan, 1975) The sex ratio in the population is likely to
be well balanced.

If Ny is the number of individuals at the end of the year, N
at the beg1nn1ng of the year, with f the fishing effort assumed constant
over the year, C the average capturability coeff1c1ent over one year:

0

for both sexes comb1ned. .
Ny = N, exp (-(M + cf))

for the males: : ‘ S
e Nl»-, 1 =:.Nd 1-2.exp (M4 ') on i e e N s e e
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L o the females: % AL D L 0T L
N1 o = N,/ 2 exp (-(M+0.43 c'f))

| N0 exp (-(M + cf)) NO/Z exp (-(M + c'f))'+ NO/Z exp‘(-(M + 0.43 e'f))’

12 exp (M) (exp(-c'f) + exp (- 0.43 ¢'f))

exp (-M) exp‘(-cf)
(1/2 (exp(-c') + exp (0.43 c*)) - exp (-c))f = 0

exp ¢' + exp (0.43 ¢') - 2 exp c= 0 ‘. (1)
(1) is so]ved for ¢' by 1terat1on |

for the ma1es

for the féma]es:
M2 =7 -0,43c'f
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3) Simulation of”giie7fréooenoyjd§strthutions_and estimates of yield
per recruit and number of eggs prodoced per female.

A11 dindividuals in an age group do not mo]t exactly at the same
- time, the spring and fall molt periods in the Bay of Biscay extend over two
to three months. Individuals of the same age can be harvested simultaneously
in two molt groups. Intermolt periods extend over 2 to 4 months. Therefore
the technique of ca]cu]at1ng total mortality- by regre551on of natural loga-
rithms of abundances in the molt groups vs average age at which the indivi-
duals enter the molt group is only approx1mate In order to check how good
was this approximation, I ran a computer simulation of the f1shery This
'computer simulation prov1des est1mates of the size frequency d1str1but1on of
the catch as well as yle]d per recruit and number of eqgs produced per
female (Conan and Morizur, 1979). T used in 1nput the same parameters as 1in
1979, save for the natural and fishing mortalities values which are est1ma-
ted in the present work. The program was slightly mod1f1eq, it now takes in
account the discarding and partial survival of sma]]'Nephrops in the catch.®

Slight modifications were made in the input yalues of Fin order
to maLe the fishing morta11ty s11ght1y age spec1f1c when T attempted to

ones. In all cases M was kept constant for all haryested age groups.

g T The simulation techn1que also prov1ded means of def1n1ng an age
%’at recru1tment of Nephrops to the Bay of Biscay and Ce1t1c ‘Sea flsher1es..
Th1s age at.recruitment is 1ndependent of the se]ect1v1ty of ‘the f1sh1ng

- gear and or1gxnates from changes in behavior of’ Nephrops. ;

RESULTS - . T

" The observed size frequency dlstr15ut1ons, together with the

- aJusted ones (after analys1s by the Hasseblad: method) are presented in

f1gures 1 to 4. The est1mated-means, the standard deviations and the pro-
portions perta1n1ng to each of the component molt groups in the size fre-

''''''' 2. Tme
AN S .
s PR

"7721::¥'Ah1istfn§'of;this.program-in H.P. 9845ﬂBhBA$IC‘ié‘eﬁéiTQb]é!%ﬁ appendix.
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i Aﬂ“~“ «*1mprove the' fits of the: simulated -size* ’requency d1strlbut10ns ‘o - the obs serye e o



quency distributions of the catch are presented in tab]es 1 to 4.

The predlctlve regress1ons of natural 1ogar1thms of abundance
in each molt group vs average age of the individuals enterlng the molt groups
are presented in f1gures 5 to 8. The instantaneous rates of total mortality Z
was estimated in the Bay of B1scay data as 1.35 and 1.34 respect1ve]y for
the males and the females. The value of Z for the Celtic Sea data were esti-
mated as 1.01 and 0,91,

The value:of- the fishing morta11ty F= c 'f for the Bay of Biscay
was estimated as 0,907 (¢! =2.79 107° » £ =32.5 JO ) Substracting F from Z,
I obtained M;= 1. 35 - 0.907 = 0.45 for the males and My= 1.34 -(0.907 x 0.43)
= 0.95 for the females. Substract1ng Ml from the Z estimate for the Celtic
Sea. prowdes a fishing mortahty estimates of 0.56 for the ma]es The method .
is inconsistent for the fema]es M2 be1ng 1arger than Z,

The size frequency d1str1but10ns of the s1mu1ated captures when
M and F were kept constant for al] age groups are presented 1n flgureg 9 to
11 together withthe observed size frequency distributions. Size frequency
nidistributions s1mu]ated us1ng a constant M and s]1ght]y aJusted age spec1f1c
. .values, for F are presented in f1gures 12 to 16 Age at recru1tment as 1nfe- B
 pred from the s1mu1at1ons would be 1.5 years in " the Bay of B1scay and 3 years
in the Celtic Sea. o -

@
' DISCUSSION |
The computer simulation of gize frequency'distriputioné in the
catch show that the estimates of total mortality are fa1r1y accurate. Sp11tt1ng
the catch curve into molt groups and calcu]at1ng a pred1ct1Ve linear regre551on
of abundance in the molt groups vs average age of the individuals enter1ng
the molt group seems to be a reasonab]y good way of est1mat1ng a total mor-
tality coefficient averaged for all age groups. )

The method I used for est1mat1ng the relative contributions of
- F and M to Z gives preliminary estimates. The capturability coefficient

-



-obtained from a surplus; product1on model s a year]y average for all captu-
- rable age groups of each sex. The techn1que 1 used for rest1tut1ng sex
_ specific instantaneous capturab111ty coeff1c1ents is approx1mat1ye Any
how. in the lack of Better information tRis approach shows that natural
‘mortality in the Bay of Biscay'Nephrop -stock is‘like]y to be high,

The a]ternatlve method for estlmat1ng the relat1ye contr1but1on
of F and M to Z, through direct censuses of population abundance also has its
draw backs. The d1str1but1on of’ Nephrops is known to ke extreme]y patchy
Sampllng such a dtstr15ut1on will give very 1mpreC1se results unless the
patches have been accurate]y mapped and a strat1f1ed sampllng strategy

B has been used. When confldence limits are set on den51ty estimates for such
' e patchy distributions the limits are often as large as the estlmate 1tse1f
| Further fishermen do not fish b11nd]y, their own samp]lng strategy is to
look for p]aces where the Nephrops are the most abundant, The ]andlngs 91Ve
. therefore a very biased p1cture of "what should be the y1e1d" if the fisher-
~men fished random]y the stock. Actually the spac1a1 distribution of: popu]at1on
abundance should be somehow we1ghted by the spac1a1 d1str15ut1on of - fishing
~effort in order to compare with the 1and1ngs/pred1cted y1e]d per recruit
rat1o The use of this rat1o w111 a]ways prOV1de over estlmates of the {.,w.c.bf

BRSNS 74 «:f«w SAad B ¢

true populat{on aBundance 1ead1ng to under estimatés of. the natural mor="

tality M. .
“;;:i;;ﬁf:?*k*35“~5: DIrect censuses of - popu]at1on abundance of Nephrops stocks are
4 comp11cated by the fact that all individuals are never capturable at a time.
‘ Assessmg Nephrop popu]atmn dens1ty By countmg ephrop holes on under—

water photographs or an underwater T.V. screen, 1mp11es that the average
number of holes per Nephrops be est1mated by\a d1ver. In the Bay of B1scay
and in the Ce1t1c Sea’ Nephrops are caught Between 70 and 130.meters depths,
out of the range of a regular scuba d1ver : )

: Censuses of popu]atlon abundance drawn From est1mates of larval
S dens1t1es 1n the p1ankton i requ1re a good know]edge of the number of
hatch1ngs eggs produced by an average female present in the stock Morizur
et al, (1980) have shown that this number depends on the size of the fema-

. 1es (J e, on the s12e d1str1but1on of the fema]es1n the stock). Females with

R T R
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eggs ready to Ratch are d1ff1cu1t to capture, it is temptlng to use fecundity
estimates based on the number of eggs extruded per female. But, the ratio of
the number of hatching eggs to the number of extruded eqys varies from stock
to stocks. This ratio should be assesses for the same stock as the larval
dens1ty estimates.

Adult female Nephrop are ava11ab1e to the Bay of B1scay fishery .

only during part of the year,. however the sex ratio does not seem to be .
drast1ca11y unbalanced and total morta11ty estimates are similar for males
(1 35) and females (1. 34) One would therefore expect that natural mortality
be much h1gher for the females than for the males. OV1gerous females appa-

rently have a reduced predatory behav1or, feed less frequent]y and spend much -

of their activity in preserv1ng their eggs, they may also have a hlgher
natural mortality rate.

The 0.45 and 0,95 est1mated'va1ues for natural morta11ty of

‘males and females in the Bay of Biscay may seem high in regard to the

f1gures trad1t1ona11y used for fish. stocks (0.2 to 0.4). Such va]ues are

i O L unreasonab]e however For f1shes,va1ues of ‘M-as high as 2.0 are found

in Beverton and Holt's recop11at1on (1959), ‘and ‘values' h1gher than 1707are™

- found in Ricker (1975) Crustaceans may have natural morta11ty va]ues much -

hlgher than fishes., They are hand1caped during molting process and subject
to\h1gh predat1on rates,-rn aquar1a most of the morta11ty occurs dur1ng

““unachieved ‘ecdysis when 1nd1v1duals do not shed well’ thelr old carapace.

Abramson and Tomlinson (1972) estimated M as 1.4 for ocean shrimps, Blake

her L\.,x«- R

and Menz (1980) found 12 to 31% mortality per week for pene1d shr1mps, ' ‘

Olsen and Koblic (1975) estimated M as 0.413 to 0,651 for’ Palinurus argus
and Conan et al. (1976) est1mated that M ranged from 0.4 to 3,8 in a popu-
lation of" Emerxta ana]oga.

' ~The resu]ts of the simulations: 51ze frequency distribution
of catch, y1e1d per recrult average number of. eggs per female show that
hxgh natural mortallty yalues are compat151e with the characterxst1cs of
the actual catch. The 11fe strategy of a Norway Ioﬁster is different from
the Tife strategy of an average fish of the spec1es favored by fisheries

' dynam1c1sts The natural morta11ty may be h1gh.for adult’ NephrOp but the

-
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survival of the eggs and 1arvae is higher than for most fishes: the larvae

hatch at an advanced stage of deve]opment from incubated eggs protected by

the fema]es, they remain in the plankton only dur1ng a few weeks. Nephrops
mature and reproduce at the age of 2, which is very ear]y for a speC1es

with a potent1a11y long life span (poss1b]y as much’ as.ls to 20 years .

_ accord1ng the size of the 1argest 1nd1v1duals) The average number of eggs
‘(produced by a female recru1ted to the f1shery~at 1.5 years ranges from 100
‘§to 200 -in the s1mu1at1ons, this is at least one or 2 orders of'magnltude
: less than for most spec1es of fishes,

: The natural morta11t1es estimated for the Bay of Biscay do ,
. not match very well the. total morta]1t1es estlmated for the Celtic Sea. Es-
. t1mated total morta11ty for the fema]es in the' Ce1t1c Sea is sl1ght1y sma-

" 1ler than the estimated natura]-morta11ty in the Bay of Biscay. However the

frtotal mortal1ty estimates in the Celtic Sea are based on on]y 2 years of
~data of size frequency d1str15ut10ns The recru1tment varlablllty cannot
Be smoothed out over such a short perlod and may Bias the estimates of
total morta11ty Neyertheless the fishing 1ntenslty\( fishing effort per
unit area) is Tower in the Ce1t1c Sea than in the Bay- of Biscay. Natural

o morta]1ty may be pos1t1ve1y corre]ated w1th flshlng effort 1f the ‘trawls
s disturbthe physical habitat.of.the Nephrens. by ploughing. the sediment in i yo....

which they d1g their holes. Natural mortallty could .therefore be Tlower in-

";xf;the Ce1t1c Sea than 1n the Bav of B1scay

, B1o]og1ca1]y the stock from the Ce1t1c Sea seems to be qu1te ,
d1fferent from the stock. of Bay of B1scay If the growth parameters are the

,1W05ame in both areas, ﬂgghrggg must recru1t at 3 to 4 years ine the Ce1t1c Sea” L

instead of 1. 5 years in the Bay of B1scay in order to exo]a1n the size

frequency d1str16ut1ons of the catch observed in the Celtic Sea. The lack

of small indiyiduals in the captures cannot be exp1a1ned only by se]ect1v1ty

effects, Age at recruitment seems to be correlated w1th changes in behayior

- due to sexua] maturity in the Bay of B1scay‘ It would e worth check1ng

, whether age at 15t matur1ty is the_same in the Bay of Biscay and in the
‘Celtic: Sea.
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As a general conclusion high natural mortality values are not
unreasonable for the Nephrops stocks of Bay of B1scay and the Celtic Sea.
However it appears that the popu]at1on b1o]ogy of the spec1es in these two
areas may fairly differ. It should be taken great care before extrapolating
results from other stocks to the Ce1t1c Sea. Spec1a1 assessments of the popu-
lation parameters, for the Celtic Sea stock, should be completed before
Just1fy1ng def1n1t recommendat1on for a change in present international
regu]at1on measures concern1ng this stock. Such detailed biological surveys
are undertaken 1n;the Celtic Sea on board of the fishing boats from southern
Brittany, the results-will be available for the 1981 ICES statutory meetinb.
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- TABLE ‘1

1 Analysis of the catch‘curvé of malé'Néphrops from Bay of Biscay.

- Molt "~ Mean ~Standard devia- Propoktion of indivi-
group size - tion for sizes duals in the molt group

19.97 - 2.47 0.23

22.82 18 0.27

26.04 1.8 . 0.26
29.04 .. . 1.3 0.10
3 R | C 0,05

03379 1400 . 0.04

36.41 . 132 0.02

37.96 - 11 0,01
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- "Analysis of thé’cétch~¢ufyé of female ‘NéhhroQé from Bay of Biscay..

Molt ) Mean ~ Standard devia- Proportion of indivi-
group _ size - tion for sizes dpa]; in the molt group

19,36 2.36 | 0.21

22,48 S 195 | 0.37

S 2867 . 220080 0,31
CN729,03 . Uie2i200 M 0,09
3350 - 2,03 L 0,02
36,99 R 1 0.00
4100 - 2.0 ” £ 0.00
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TABLE 3

Analysis of the catch curvé_ of male Nephrops from the Celtic Sea.

Molt Mean Standard devia-  Proportion of indivi-
group size ~ tion for sizes duals in the molt group

23.00 1.43 0.01
25.55 1.12 | 0.02
28.80 o 1.45 0.16
30.54 | 1.05 0.10
1.34 i ~0.33 o
35,02 1.19 0.15
37.43 " 1.01 3 0.06
39.43 . 1.42 | 0,06
42.75 2.25 0,07
... 261 .00
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TABLE 4
Analys1s of the catch curve of fema]e Nephrops from the Celtlc Sea ‘ ‘

Molt " Mean Standard dév1a- Pr‘oportwn of indivi- |
~group size B t1on for sues duals -in -the mo]t group

21,55 1.40 0.01
2439 1,21 . . 0,03
28,93 - 2.15 ~0.55
33,01 192 - 0,20
‘ | 1.45 0.09
39.19 I % A 0.09
- 43,00 ~ 1.8 . .0.03
47,33 22 - 0.00
osLs oo 398 000
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1a ! FPOPULATION SIMULARTOR FOR HEFHROFS,Frogrammed by Conan.

24 I INTEGARTE STARTING FROM AGE A QOWER H YEARS : :

38 IHPUT "LOMWER RGE LIMIT FOR YIELD IMTEGRATIOH?".A,"HUMEER UF INTERYALS FER
YEAR?",RZ25 . ' '
48 H=17

5o I START WITH R25 RECRUITS

€9 R25=10686

‘e DIM AFL[251, Input 111=$(q,.0utput _filexcod

g6 . oI P<1:24),G(1:24) ) o

9B con C,D,E,F,I,J,K,L,H,H,R,T,Prop,E,R-,RI,RE,RS,R4,R5,R5,R?,R8,R9,RIB,R11,R

12,R14,R15,R1&,R26,R25,R27,Fl1agl ,Flagd

168 COM H(lS:?N) CC1:34>,D(1:240,FCBI20,GC01282, H(1:29)

11@ con I(1:24),J(1::4),V(G.28) N(1.24>,Hnatkﬁ‘“ﬁ>,t(1:2 3y, Hormcum{@:253,RC1:2
42,5C1:24), TC1:2d, U137, VL1120, HCBIZ2B, Y112, BU1SIT79 ;

128 DATA .BBS,.UBa-,.GUo,.GlBo,.Blro,.B_br..HJSS,.BSSI..Bﬁ?e..ﬁglﬂ..8*28,.898?
s« 8987, . 0928,.0819,.0579,.8531,.083588,.0267,.0173,.0105,.008,,08032,.083 :

138 MAT RERD H

131 Hormcum<{B8)=0

148 Normcumd{1>=H(1>

156 Hormcumd(23>=1

160 FOR I=2 TO 24

179 Hormcum<CI>=Normcum{I-13+H{I>

128 NEXT 1

198 . IHFUT "# QF PROEBLEMS ?",R18,"HAME OQF QUTFUT FILE (CHOOSE R & CHARACTER HANM

E STARTING HWITH AN UFFER CRSE)?",0utput_+ile$, "HAME OF INPUT FILE ?",Input_file¥
191 IHPUT "FIRST RECORD TO BE USED OH THE INPUT FILE",First_rec -,

268 CREATE Output_filesdk"iTIS",R18,25+4+8=(21+21+65+65+212+2=8 - ) : "

- 216 ASSIGH Input_files TO #1 )

228, ASSIGH Output filed TO #2

238 - FOR Rcc_number-Flrbt rec TO R1H+F1P:t _rec=1

‘408 Recruit_age=(A{=1)#1,.53+A*(A>1) ) . Dane et
418 FRINTER IS 8 : »
420 FIXED 1

436 PRIHT LINC2), " i s iy A E AR R XX R AR R RN X R R X RN SRR HRRRHER
FEEFEEFEFLFXEFT TR R XY :

448 PRINT "STHRT NITH"‘R:S;"PELRUITQ ENTERING FISHERY RT A BIRTHDRY OF";Recrui .
t_age; "YEARS" - ' R
450 #=R29S ) '

468 READ #1,Rec_number;R4,R3,R11,R12,R14,R15,R16,K,L,T,C,D,E,F,H,R, TC*%),¥{x>,R
F,Mnat (), F(*),X{*) .
478a B=06 .
40 PRINT LIMCI ), ™t uueenesoanaaasssanenassassannasassssaneanssssnncnansnsnsanasss
ceesssssassessnssssas g HE .
490 IF R=1 THEH Sz@8

Sbe FRINT "FEMARLES"

l

R v 4

516 GOTO 538 , _ .
526  PRINT "MALES" : ? 3
536 PRINT "HAME OF INPUT FILE :";Input_files;" - HAME OF OUTFUT FILE :

“;0utput_files
549 PRIMT “RECORD #“'R:c _nunber-First_rec+1,5PACEEY, "RECORD #“'Eec _number
. 558 ! SHIFT TIME ORIGIHN TU EIRTHDRY
560 TC1>=T¢1Y-H
© 578 . T(2>=TC(2>-H
T 580 0 TC1x=TC10+(TCL2<B)
5908 Te2d)=TC2)+CTC224E

. 680 IF TC23>=T<{1> THEN &7U©

618 8=T(2)
€20 . T(2r=T(1>
€38  T(1)>=§
€48 . S=V(2>
658 V(2X=¥IL
660  V(1>=S
670 IF R=1 THEHW 72@ ,
666  R11=R11-H o : . .
%G R12=R12-H :
700 RI11=(R11<GI+RI11,
710-  R12=(R12<B)+R12
726} LOOP OH HARVESTED RAGES
748  MAT G=ZER
741 ° MAT U=ZER . , : .
7S5 MAT WSZER ! . o,




Va1

MAT K=ZER

rg=1s) MAT RA=ZER

77 FOR I=IHT(Recruit_z3e) TO IHT{(Rscruit_aged rH-1

]S Start=(Recruit_age-IHT( (Recruit_agedd*(I=INT(Recruit_aged>

c6o IF ¥<1 THEN 1819

glg 1" LOOP 0N 1#R28ths OF YEAR

sza FR28=0

228 R27=1-R28&

240 FOR J=Start TO 1-R27 ZTEFP RZ27

850 FIXED S :

gga DISP "AGE=";I+J

&v8 CRLL Grou_tephrops{(J+R27~2)

sga IF (R=8) AND (I+J>=2.75>» THEHN CALL Hatch_nephrops{J+R27-2>

83508 CALL Lets_fiszh

Qaa CALL Register_catch

9106 NEXT J

928 ! PRINT RESULTS FOR RGE GROUP I:

38 FIXED 8 )

S48 PRINT LIH(l)j " ———mmm e "oLIHC1),"COHORT OQF RAGE";I;LIH

<12

s5a FRINT "“# OF SURVIVORS AT EHD OF YERR: R

S&B FIXED 3 '

97 PRINT "Y¥IELD FER RECRUIT IH GPHM°:",N\I)fR£

saa IF R=8 THEN PRINT "GAIHN IH # OF HATCHIHNG EGGS PER RECRUIT =":K(I)ZRES

928  HEXT I i : .

1818 VYield=0 ) . Y

1828 Egg:s=0 : ' / ‘

1836 FOR U=IHT(A> TQ A+H-1 .

1848 Yield=Hd{U>+Yield

1958 Eqgs=K(U>+Eqggs

1851 HEXT U )

1168 ! PRIHT RESULTS FOR WHOLE POPULATIOHN:

1119 PRINT "==z==szs==sscscoosscssm=ssommss=s=x=sx=?

1111 Yield=Y¥ield-R25

1112 Eggs=Eggs/R295

1128 PRINT LINC1>,"TOTAL YIELD PER RECRUIT IH GRAMS :",Visld

11380 IF R=1 THEH 11i%8 ‘

1148 PRIHT LIH(2>,"TOTAL # OF EGGS FER RECRUIT :"“,Eqgs

1138 PRINT LINC1M," AGE % OF EGGS",LIHNCL)

116@ FOR U=IHT{(R) TO A+H-1 . .

1161 K{Ur=K<{UX~/R25

1178  PRINT SPACSY U, SPACI2Y K(U*16808~Eqgs

1188 HEXT U . . :

1198 PRINT "=============================:===================£=================

1268 ! STORE.CATCH FUOR FURTHER ANALYSIS

123 FRINT #2,Rec_nhumber-First_rec+l; A%, Mnat(*:,F(*) UCE),ACH), G(*),Ylu]d Eggs

1248 HNEXT Rec numher _ .

125a END .

izég ! ~————————————— EXTERNHAL SUEBROUTIHES------==mommmmm e e e

12¥@ SUBR Grow_nesphrops(Fl>

1286 CoM C, 6L, E Foly J, KLy M, HR T, Frop,®,F8,R1,R2,R2, R4, Eq Et,F? RE2R9,R18, Rll
12,R14, Piq,th P“U,P_J,F_r,Fldqi Fldqb
©12%8 COM ACL3IPe, 0124, D112, FORI 28,6828, H0LI24D :
SA1388 0 COM O IC1i340,J1024), V(U:CB\ N(1:24),I1at(B:EB),N(1:Z'e,HormLum( 2‘ JROL1E

43, 5C11243, Tl 20, U(15 uﬁ ?(1.3).N(U:DG>,\kl:Eb,N(IS:?E)

1318 DIM Z2(2> ,

1328 | AY=m———- Detine molting state

1338 .. Flagl=9

1348 IF (R=1) QR (I<2) TH:H Tuwo_ molt-

1358 One_molt: Flagl=l

136 IF FI>TC2Y-S%SRREVCEY) THEH 1Z QE

1378 VC(1O0=I=1+4TC(22

GOTO Intcrmolt : -
IF FI1>TCE2)+323%SQRCYCEZ) ) THEH 1440 ) :
VC1YSI-1+T(E)

TRC2I=THTCED

H=SQR V(2D

GOTG Melting



Bl 1448 Y¥<1o=I+4TC(2?
1458 GOTO Intermolt
1458 Tuwo_moltsd IF Pl;T(ll—o*-ﬁra?'l +y THEN 1430
1478 ¥(10=I-14T¢2)

. 1486 GOTO Intermolt-
- 1498 IF P1>T(1>+‘*HDF(V(1\) THEH 1540
1588 ¥(1X2=1-1+4T(2?
15190 Y(2i=I+T(12
1528 HW=SQR{YI1)>2
1530 GOTO Molting
1548 IF FI>T(2X-3*SERCY(2))Y THEH 1Sva
1553 ¥YC12=1+TC1D
156@ GOTO Intermolt
1S78 IF PLI>TC20+3*SORCNC2)) THEH 1628
1588 N{1>»=1+T(1>
159 VW (2)=I1+T<(2>
1668 W=S@R(VY(2»>
1618 GOTO Molting

. 1628. Y(1>=I+T(2)
1638 GOTO Intermolt
1648 | Bl————m—w—~ Compute relative S.F. distributions

1658 Molting: Flag2=8 ..
1660 Prop=FHOrm_integr{P1+I,%(23, N> I Vis the proportion of post molts in coh
ort : ’
1ev@8 ! Frequencies: ' ) .
@ :1cc0 AT n=H . . .
L 1698 MAT H=H : /
T 1768 EB=X*(1-Frop?
1718 MAT M=M=(BY .
1728 E=Prop#*X . ' o e

1738 MAT H=H*(B> o
1748 ! Size_classes: .
1756 YC(1)=Lx(1-EXP{~K*(Y(1)+R27,2=T> )
1760 2¢1)=C*EXPC(D*Y{1)) , .
1770 Z2C1)=C(2C1)33.52%2.5+(2¢1)2<=2.5) AHD (ZC1)X>=.FSM %21 2+(2C1IX<. FS5)%. 7S
1788 FOR U=-12 TO 11 ' .
1798 RCU+13)>= Y(1)+U*’k1)f4+’(1>/8
1898 HNEXT U
1818 YC¢2)=L%(1-EXP(~K*{Y(2)+RAT~2-TH)>3

- 1828 Z(2)=C*EXF(D*Y(2)) L
1838 Z¢2)=¢2C2Y>3.502%2,5+C(2(I<=3.5) AMD (Z(22>=. TS50 T2 +(TCR){.TEY%.75
1248 FOR u-—12 TO 11 .o : '
1956 SCU+13)=Y(2)+UxT(2I~4+2C¢20r8 : e
1860 HEXT u ‘

‘ 1878 SUBEXIT - ) ) _

, 1886 Intermolt: FlagzZ=l . . . -

1898 | Frequencies: ; .
1588 HMAT M=H={X) |
1918 HMAT &=ZER
1928 HMAT H=ZER-
1928. ! Size classes
1948 NY(ly=L*®(1~EXF(- }*k\(13+ °?/2-T>}>
1958 21 x=CxEXPCD*Y (102 i :
1960 ZC10=C2C1X 03 B0 <=3.5 AHD (2C133= T8 223010+ (2{13{.T52*.75
1878 - FOR U=-12 TO 11 . )
11288 REUH13=YWCL12+USECL 0448 (1\
19968 HNEXT U
2808 SUEEHND . .
2010 ) mmmmm e e e e — e e
2020 - SUE Hatch ncphr ps(P12 ’ ) - .
2838 COM C,D,E,F, I JK, L M, N, R, T ,FPro apsR,R8,R1,R2,R3,R4,RS,RE, RV, RE,RY,R10,R11,R
2.F14, qu.Plb. CU,PCS,P_|,FIdg ,F]:g: - ‘
2e46  COM ACLSIFRY, 011240, D¢1:24),FCEI20),G(0: 208, H(L 1242

2853 CoM I{i:24>, Tki""4>_.}\l.1::i3) n-\1-’ ...H 13t CAI2BY,,HO1I24), H rmcumia SD,F:.'LI:E
4),8¢1124), TC118), UCISITS0,¥C1i20 HOBI2A), ¥ O(132), HC15I79) -

25En  IF CP1>3*R14> RHD CP1{1-3#R14)- THEM SUBEXIT N :
267 1 -$IS THE HUMEER OF INDIYIDUALS,R13 IS THE MEAH HATCHING TIME i
znz@ ! R14 IS THE STRHDARD DEVIATIOH,R1S AHD R1& ARE FECUNIITY FPARAMETERS -
@@ . DIM PC124),RC11E4) o . '

2196 MAT Q=ZER . ‘ o - o -
2116

MAT F=ZER S . ' } o - v



[T

2128 | FROFPORTION OF HATCHIMG EROODS IN COKORT

2128 R23=C(P1>3+R14D .

2148 -R21=FHOrm_integr(J+R2F,R23,R14)

215@ P=R21-R28 3 ‘

2168 R20=R21 N . . i .
2170 G=ks IHUMEER OF HATCHIHG EVEHTS AT TIME J+R2T7-2

. 2188 MAT P=H=d@

21%3 | P IS THE VECTOR OF HATCHIHG FRERGUEHCIES AT TIME J+Rav-2
33 1 50X MATURE FEMARLES REPROTMUCE ERCH YERR

@ FOR U=1 TO 24

228 QU =, 9xF(UI*R1IS*R{UI~R1E

2230 KLIX=QCMUX+KC(I)

2248  HERKRT U

22506 SUBEND

= B Bt T —

2288 COM C,D,E,F,I,J,K,L,H,H,R,T,Prop,X,R8,R1,R2,R3,R4,RS,RE6,R?,R8,R9,R18,R11,R
12,R14,R15,R15,R20,R25,R27,Flagl,Flag?

2298 COM AC15:79),0¢1:24),D¢1124),F(@:28),G{0:28),H(1124) .

2308 COM I¢1:24),J¢1:24),KC@:120),MC1:24),Mnat¢0:2@),HC(1124), Horncun{@:25),RC1:
4),8¢1:24),TC112),UC15:79),¥C1:2), H(@:120),Y(1222,%C15:79)

2318 ¥=0 .

2320 R22=1 :

2338 IF R=1° THEN GOTO 237@

(g4

s 4

2340 . ' FOR MATURE .FEMALES CUT OFF ACCESSIBILITY R22 DURING PART OF YEAR .

2350 IF Flazol AND <({(R11<R12> AHD ((J(R%}ﬁ OFR ¢J>R12>>> THEHN R22=@

2368 IF Flagl RHD ((R11>R12> AHD ({(JI>RY2> AHD (J<R11»>> THEH R22=a

2378 | CALCULATE ¥ AT START OF J+1 AHD CATCH OVER J

2388 FOR U=1 TO 24 : .

2399 RB=FHSelectivity(R{U),R4,RS) o R
2488 H=X+M(UI*ERP((-F{(I>*ROB*R22-Mnat (I32%R27> ) E o
2415 I(U)=M(U)*F(I)*RB*R22*(1—EXPF-R2?§(F(I)*RG*R22+Mnat(I))))JCF(I)*RB*R22+Nna
t{I2>

2438 ! hand selectivity
2448 Size=INT(R{L+.5

oy

1+¢(Size>=15) AMD (Size<=7ad)s

2450 Size=(Sizedi1S)%1S+{SizedTI3x73 ize

2468 Dizcards=X({(Size>

2478 H=I<{UlXxDiscards*.d+¥

2488 CdCU>=ICUX*(1-Discards)

2498 IF Flag2=1 THEH 28804 ' » TR gy

2508 R1=FHSelectivity(SCUY,R4,RS)

2518 H=M+HWEXPC(-FCIM»*R1#REE-Mnat (IXX*RET .

2520 JU =KW RF (IR 1 #R2Ex (I -ERNP(-RET#(FCI <RI+RI2+Mnat CId 222 <FCID#R1%R22 1 Mha
(I3 ‘ . ‘ _
2548 | hand selectivity . '
2558 Size=INT(SU+.5) . .

2560 Size=(Size18)#15+{(Sized7f3 %73+ ({(Size>=10) AHD (Sizel{=732)x
2578 Discard==X(Size’ :

2588 X=JCUX*Discards*.4+¥

2598 DCWH=J(W)*{1-Discards?

2686 HEXT U )

2618 SUEREND

we

ize

ZE2A ) mmmemmmmm e e e e e
2638 SUE Register catch

=te
' 2648 coOM C,D,E,F,I1,J,K,L,M,H,R,T,Prop,¥,R0,R1,R2,R3,R4,RS,RE,R7,RE,R9,R1G,R11,R
“12,R14,R15,R15,R20,R25,R27,Flagl,Flaa?
2658 COM AC15:79),0¢1:243,D¢1124), FCOI20),GCAIZ0), HC1:24) ‘
68 COM IC1:243,JC1:24),KCB120),MC1i24),Mnat co128),H1:24) Horncun@:25) Re1:2

: C1:240, TCLe2a, UCISIFRIL VAL 20, HABIZ28), Y1120, {157
CFOR U=1 TO 24 ’ T

G=IHT(RCUD .
G={GL1ISr# 18+ (G757 +{{G>=15) AND (GL{=7212x06
ACGI=ACGI+C U o ;
WCId=WEI2+E®*RCUIFOCUD

GCIX=GC{IX+CCUD

UCGa=UCG2+I U

JIF Flag2{*1 THEH 2¥v@

“MAT I=ZER .

GATO 2838

G=IHT

PRSPPI P 0D R PRI PRI PO R So [ T
B B BN B Bt BN N T Y e v 1 RN s ¢

Q3 =4 T O da GO P s D Q) e
DR O oD 0000000



2798 ACGI=A(GY+D(LD

2208 HCI)=HCI»+E£S(UI~F=D{LD
2818 GAIX=GCIM+DAUD T

28 UCGH)=UCG+TCUS -

2838 HEXT U

2248 SUEEND

2858 !

DEF FNSslectivituwl{Pl,Rg,RDD ‘ e
RETURNH 1/ C1+ESPC-(RI*F1I+RT2 2D

FHEND -

LEF FHOrm_ 1nt=urkP1 P2, P33

DH H(IS:-"-n C(1:24) Dk1:24).FkB:EB) b(L:E
4

H

(1:247, T(l ),U(IS:T?) %(1::3 HkH.ZG) Yfl 2) (15:*
FPd= (Pl P2)/P3

2958 F4=C{P4<-23)%-3+(P4>32%3+((F3>==-32) AND (P4<=222xP¢
2968 FPE=4x(P4+3)
2978 PS=INT(PE)+(PELBA>
2926 Pr=Hormcum(PSy+(PE-PS)*(HormocuntPS+1d-Horncum{P322
2998 RETURN P7 .
3g8@° FHNEHND

[T OO LR I (5 I oo O8I O T O L I (V]
'I R TN (O % BRSO s B Ul s RO )

a
8
@
@
&
R14, 915,R1b P”H REJ,R_r,Flaql Flaa_
)
5
5
@

2868 | FUNCTIOHS=m = o= = o= oo oo o e e e e e oo oo

24, Hormcum(G:25) ,RC1:

COM C,D,E,F,1,J,K,L,M,H,R, T,Prap,H,RE,R1,R2,R3,R4,RS, RS, R7,RE,R%,R16,R11,R



EE 19 | PARANETER EBECOFIIHG FOR HEFPHROFS FOFULATIGCH S INULATOR
2 INPUT “"HUMEER OF PROBLEME ?",Hb_of_probs
3G QPTIOH EARSZE 1
44 EBIM File nan:i(s},ﬁi(esﬂ T2y, W 20, F{210, {213,815 7™
gsa INFUT " HAME 0OF FILE ¢CHOQSE A & ?HHRHCT:: HENRE STARTIHG WITH' AH UPPEP CAS
EX?",File_namcs oo . . . ) .

. &0 CREATE File_namei&":TiS“ HE af _hrobz, 1823+ 1S+ 2+85 (221 043 (TH-15+1)+25+3

va HESIGN File_named TO #1 .
s FOrR J=1 TO Nb of _probs ; : s
Q@ IHFUT "HAME OF FROELEM IH LESS THAH 25 CHARSCTERS 2" A%

160 PRINT A%
118  PRINT "SELECTIVITY"®
126 INPUT "R OF 12?“,R4,"FE OF 17" RS
128 PRINT "PROPORTIOMS DISCRRDED?"
148 PRINTER 1S 16
15a PRINT LINC1D
168 FOR I=15 TO 79
178 PRINT LIH¢(-1),"SIZE CLRSS",I
138 INPUT SCI)
. 198 . NEXT I
208 PRINTER IS &
210 FRINT RA$,LIHNCEC1D>),"SELECTIVITY:",R4,RS
2268 PRIHT “PROPORTIOHS DISCARDED:"
228 MAT PRINT S . .
248 INPUT "K FOR YOH BERTALANFFY?",K, "LINFINITY FOR ¥.E.?",Linfinity,"TZERO FO
R M B.?",Tzero . :
. 258 PRINT vK FOR YOHN PERTFILHHFF']’";K'"L/I/FIFINITY FOR V.B.";Linfinitw;"TZERO .>
. V.B.";Tzero /
250 INPUT "ELEVATION FOR STANDARD DEVIATIOH ¥3 MEGN LENGTH?",C, "SLOFPE FOR STAHN
DARD. DEVIATION ¥S MEAHM LEHGTH?",D .
2re FRINT "ELEYATIOH FOR STANDARD DEVIATIOHM ¥3 MEAH LEMGTH",C,LINC1),"SLOFE FO
R STANDARD DEVIATIOH ¥S MEAN LEHGTH",D " -
258 INFUT "ELEVATION FOR W-/L?",E,"SLOPE FOR WsL2?",F
25@° PRINT “ELEVATION FOR H~sL",E,"SLOPE FOR WsL",F
300 FRIHNTER 1S 16 : .
o 231n PRINT "NATURAL WMORTALITIES™
. 328 PRINT LINC1D
33e FOR I=1 TO 21
240 PRINT LIH¢-1),"HATURAL MORTALITY AT CLASS ",1I
350 INPUT MCI)
. 358 HEXT I
370 PRIMTER IS &
388" PRINT LINC1),"NATURAL MORTALITIES:"
-1 KAT PRINT M
400 PRIHTER IS 186 ‘ ‘
418 PRINT "FISHING HORTALITIES" . :
. 4298 FRINT LINC1) .
4360 FOR I=1 TO 21 _
448 FRINT LIMC=1>,"FISHING MORTALITY AT CLASS *,1
458 INPUT FCID
460 NEXT 1
47@ . PRIMTER IS 6 :
420 PRINT "FISHING MORTRLITIES:"
490 MART FRINT F : -
'S@8.  INPUT “AVERAGE SPRING MOLTING TIME ?",T(2,"VARIAHCE 2",v(2)
. 510 PRINT "RVERAGE SFRING MOLTING TIME ",T(2),"VSRIANCE ", %<2
28 INPUT "RVERAGE FALL MOLTIHNG TIME 2",T¢1), *¥ARIAHCE 7", ¥(1)
538 PRIMT "AYERAGE FALL MOLTIHMG TIME ", T¢1),"VARIAHCE ",V 1 -
548 INPUT "IF MALES ENTER :1",R,"AYERAGE EBIRTHIAY ?".H
550 1F R<>1 THEH 5859 .
558 PRINT "MALES"
570 GOTO 598
S84 FRINT “FEMALESY
598 FRINT "AYERAGE EIRTHIDAY",H
006 IF R<>3.THEN €76 . .
£18  IHPUT “ACCESSIEBILITY STARTS OM %",R11,"ARCCSSSIZILITY ENIDS OH ?",R12
. E28  PRINT “"RCCESSIEILITY STRRTS OH ",R11,"AMD SHIZ OH",R1Z . .
335} IMPUT "STARNDARD DEMIRTION FORE HATCHIHG TIn=S? !
40 FRIHT “STANDARD DEYIATIOH FOR HATCHIHG TI. .
So INFUT "ELEVATIOH FOR FECUMDITY ¥.S. LEHGTH 3,

%

S, "SLOFE FOR FECUNDITY ¥.S




ENGTH ?",R16 : o

FRINT "ELEVATION FOR FECUNDITY %.5. LENGTH ",R1S,LIHC1),"SLOPE FOR FECUHDI
V.S, LEHGTH ",R1&° . .

FRINT £1,J:R4,RS,R11,R12,R14,R15,R16,E,Linfinity, Tzera, 0,0, E,F,H, R, TC#), W<
FMCHY, FCHDY, SCHD

FRINT "STORED IM RECORD",J,"OF FILE“,File_name$,LINC3)

HERT J

EHD

o

[va)

X

=) T ok Ty~ Ty
ol 03 s =] =L T

o




Shellfish Committee:
Communication C.M. 1980/ K:37

ERRATA 'AND FURTHER COMMENTS:

Preliminary estimates of mortality parameters for Norway lobsters
in Bay of Biscay and in the Celtic Sea. By Gérard Conan.

During the 1980 ICES Nephrops WOrking-Grppp,‘I~wasiasked why I believed
_ natural mortality could be high for Nephrops in the Bay of Biscay. My first
answer is why not ? I was told earlier that the size frequency distribution
of the catch could not have the shape i; affects, if natural mortality was ~
high. The simulation model I designed in 1979 (Conan and Morizur, 1979)
showed that the observed size frequency distributions could very .well be
explained using the high natural mortalityAvalues. The main problem in the
simulation approach, however, is that the shape of the size frequency
distributions is not very sensitive to changes in F and M values when the
total mortality is kept constant. A

During the working group, I proceeded slightly differently by estimating
Z from a catch.curvz cumulated over 8 years of sampling x and by applying
a capturability (catchability) coefficient derived from Fox PRODFIT surplus
production model applied to Bay of Biscay data and to relévant'data on
fishing effort. This brovidcs a prévisional estimaté of a fishipg mortality
averaged for all sexes and age groups harvésted.

In the present paper, to which this érratum:mﬁy'be taken as an appendizx,
I attempted on page 6 to proceed a littlé furthér.and oBtain estimatés of
an average capturability coefficient which would bé different for each sex.
This would be usefull since it has beén shown many tiﬁés that adult fémalc
"NeﬁhrOps are catchable only during part of the year. Unfortunately the method
I used for calculating sex specific coefficients, turns out to be irrelevant**
and the sex specific estimates must be wrong. I shall therefore keép to my
earlier provisionai‘ave:ége estimate of a cbmmonféapturaﬁility:coéfficient
_for both sexes. I must therefore assumé that the fishing mortality averaged
over the year is equal for malés and fémalés, the instantaneous fishing
mortality being thérefore much higher for females than for males when both
sexes are available to the fishery. These.assumbtions wére implicitely used
for my estimates of F and M at the Neéphrops ICES meeting. This erratum
therefore aoes~not contradict my éstimates at the meeting, it is iny unfortu-

nate that I did not suceed in improving them.

r

b . . .
I wish to thank A. Charuau from ISTPM for the data he provided.
I wish to thank Dr Haren (Direction des Péches) for his constructive
criticisms.



ERRATA LIST:

Sorry for the corrections, which should be made as such:
Page 1, second paragraph, lines 4-6:
F would be equal to .68, An instantancous mortality coefficient M

averaged over the year for all. age. groups would be. .67 for the males:and.66 -

for the females.

Page 2, third paragraph, 4th line:
F serait egal a 0,68, le coefficient instantané de mortalité naturelle
moyen sur l'année pour tous les groupes d'8ges de chaque sexe serait de 0,67

pour les madles et de a,66 pour les femelles. .

Page 6, this page should be entireiy rephrased as such:
In the present paper, I did not attempt to quantify seasonal variations
of ¢ for the midles or the females. According to Ricker (1975), the value of

F obtained from a surplus production mcdel may be taken as an averape value
. ! P P ‘ ag

~of the age specific mortality coefficient Fi for ail groups and sexes, weighted

for each size class j by the ratio of the biomass B(i,j) of these component
groups (i,j) over the catchable poﬁulation biomasssz(i,j).

Thercfore:

F. = %E%F(i)B(iaj) while a more conventional average is F' _XZF@E)
$#81.9) |
I did not proceed to make inferences on the possible age, size, or sex
specifiec variability of the fishing mortalities F(i,j). Nevertheless I used the
simulation model for estimating F'by the numerical integration :presented'
above as suggested by Ricker. I compared this F'estimate with the estimate
obtained by directly -applying the capturability (catchability) coefficient

of the surplus production model to the fishing effort.

Page 7, lines 15-16 :

After the 1979 Statutory Meeting of ICES, and before the 1980 Nephrops
working group meeting, the simulation program was slightly modified, it now
takes in account the discarding and partial survival of small Nephrops in

the catch.



' Page 8, second paragraph:

The value of the fishing mortality F=cf for the Bay of Biscay was
estlmated as .68. Substractlng F from Z, I obtalned M=.67 for the miles
and M=.66 for the fenales.$Subst1tut1ng M’ from the Z-estimate in the Celtic
Sea provides a flshlng mortallty estimate of F=.34 for the miles and F=.25 for
the females. '

The ."improved" F' and M' estimates for the Bay of Biscay in terms of

i Ricker's -approach are F'=,92 and M'=.43 for both sexes when the value of -~ -

¥=,68 drawn from Fox surplus production model is assumed to be equal to

F=3F(i)B(i,J)
Y. B(i,3)

Page 10, third paragraph:
The .67 and .66 values for mortality...

Page 11, second paragraph: please delete lingf 1 to 4.

FURTHER COMMENTS.

3

‘The éenefal meaning of the paper needs not to pg revised. I have produced
| simulations with the present values of F. ‘

However, 1 would wish to stress that the prcsent eStlmatCS should be used
with great care, due to 1) the imprecision of the estlmates of flshlng morta-
lity by the surplus production approach, and 2) to the 1mperfect concordance
of what is called a capturability (catchability)coefficient in a yield rodel and
in a surplus production model. In the absence of any better information, such
a preliminary estimate is still usefull. )

To my knowledge, there is not such a thing as a good estimate of natural
mortality for Nephrops. Two methods have been used at the 1971 Nephrops
working group. If confidence limits could be properly computed and if the bias
in fhe‘computationlof the estimates could be cvgluated, it is likely that
these estimates would not bé as different as they appear. A reasonable conclusion
is that néithcr of thése estimatés should be used for an other purpose than
assessing a possible range for losses or gains which might arise in the case
of a change in mesh size or fishing effort in the Nephrops fishery.I am not
an unconditional of the .6 figure for natural mortality of Nephrops.‘This
: figufe is all I have got for the moment, and I believe that in the present stage
of our knowledge, it is as good as any other one available in otﬁer countries.
A’ great deal of. cooperative international research is needed béfore any realistic
recommendations based on yield estimates be presented for management of Nephrops
stocks. Up to now I see mno point for revising or considerably improving the

statements made by Conan and Morizur (1979) concerning these yield estimates.
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" Figure '10.
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5 = constant mortality coefficients
..... (M=.67, F=.88) 40 mm mesh size.
B .. ®
20 25 S 53
Figure 9.
LOMGUEUR
FEMALES BISCRAY M.B6 F.B83 5489
............... QBESERVE ¢
—_ CALCULE _
EFFECTIF DES CHPTURES SIMULEES: 343
! °
18 r — [ b Size frequency distributions of
......... observed- and simulated catch for
1 . a recruitment. at 1.5 years and a
— i constant mortality coefficient
"""" ] s (M=.66, F= .68) 40 mm mesh size.
5 -l N
..... | "} Fishing mortality at age 1 is either
""" | ~: too high or recruitment takes place
14 16 18 28 22 24 26 28 3@ 32 24 35 38 an 42 44

' Y



