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..',- .... , »'The catcli.: cur~~s- of' Nephröps caughtin Bay of Biscay 'äri'd" i\~'the
. ... .

Celtic Sea are analyzed into component molt groups. Total mortality coeffi-
, ..' .

'cients (Z)are estimated from tlie respective contrioutionin numoer of,the
.;" . .

different molt groups to the catch curve. Z would be equal tol.35 for males. . . .

and to 1.34 for females in Bay of Biscay. In the Celtic Sea the Z values
. . . .

would be equal to 1.01 for themales and to 0,91 for the females ..
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, , '

An estimate of the fishing mortali.ty F in the Bay of Biscay ,~

oDtai.n~d from availa5le data on fishing effort and frQ!O an esttmate cf the
" '

capturability coefficient c derived from a surplus producti,on model. F would
'. .' .,

o.e equal to·0.907. Tlie instantaneous mortality coeffi:ci.ent M would be equal
. . . . .

to 0.45 for tlie males and to 0.95 for the females.

Tlie adequacy of the mortality estimates is cfiecked by using a
. ..'

computer simulation'of tlie fishery which generates size frequency distribu-
. .'

tions for a simulated catchunder given conditions of mortality. Save for
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. . .
~inor ajustments the simulated distributions' compare well ~ith the'actual
ones. According to the simulation res~l~s~ Nephrops would recruit at 1.5
years in the Bay of Biseay and at 3 years in the. Celtic Sea.

RESUHE

...)
•
•..

•

. . . "

Les cour6es de eapture de langoustines pAch€es dans le Nord du
.. . ... '" . .

Golfe de Gascogne et en Mer Celtique ont ~t€ d€compos~es en groupes de mue.. . .
Des coefficients de mortalit~ totale (Z) ont €t~ estim§s ä partir des effec-
tifs appartenant aux differents groupes de mue. Z serait egal ä.~.35 pour 4t

. . . ... .. . .

les males' et a. 1.34 pour les femelles du Golfe de Gascogne. En Mer Celtique
. " .

Z serait egal ~ 1.01 pour les rnaJes et a 0.91 pour le~ femelles.
.,. .

La mortalite par"peche F des langous.tines· dans' le. Nord du Golfe
. ..

·de Gascogne a ete estimee ä-partir de donnees d'effort de peche et d'une
. .

,".. estimation du coefficient de capturabi.lite. obtenue. apres, ajustement~lun
, .•.• ----.,,<"

"modele de production. F serait egal ä.0.907. Le coefficient instantane de
;\.~,··";,,,,,,:,,,·\:.·;'·i' ..,.c.:~, ..'-,··,:,;:'_._·~.1'\_·;·~4~·';'·"'",',.. ',' :' -:. ., -- .._,.". . ,", . - , ",_. ..' , .. ,._.. '" ' .,'.. _ . .

" . Triorta1ite nature11 esera i t' de 0'.45 pour! eSITJd1es'"e t· d~'· O. 95 ~ pour ,·1 es ''"ferr.e';','·.~~c,-,.

lles·.
'. ' ...... {-~.~': " ":;";;-;>::":~'~>~:~'''' .:,~,~" r.,~;,">"·"~:<:;~ ::;;. ;",·t t ;-..~ "_'~~'."'::''''' :~::\ :..~~ -;, :.,..'":.:-':_ ':'i: :",,:..\,,; . <':, ': t,," , .' :.: .....<:"_~_,~ ~;~ .,;.' .... _:,~-~',~',':'::,<: ;~',.:;<~ ".;.-:. _,~,,~,' : .,;, "'" ,",' ,~,:.-,' :,' "',': ". ': """, "_L,' ,. '-'~~" ,", , ~

.. "" la"qua1He' des,:'es'timat i.6ns""de"iTIört'ali te e5:t' eVa1üee"'par"s iniul ä;:'~~"';" ",,' .
. , ". "

tiQn de la pecherie sur ordinateur. Les simulattons generent des distributions
.." ".. .

de frequence de taille qui sont fonetion des coeffi,ci.ents de mortalite e
.'••• '0', ... choi si s' et peuvent ~tre eomparees. avec 1es· distributions de frequence .... ".~,.,,;" .....

. . " , "

05seryees dans les captures. Apres de l€gers 'reajustements de valeurs
'.' .....

pour des coeffieients de mortalites par peche propres a cnaque age un assez.. ~ . .. ,

50n ajustement est obtenu. Les simulations' indiqueraient que les langous-
. . ~. . " "

tines sont recrut§es a l'äge de 1.5 ans dans le ~olfe de Gascogne et &
. " .

3 ans' en Mer Celtique.
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INTRODUCTION I.

•••

~: \ ... ~;jt.~t ,\<.:'; ~ ':;~..~

This paper was orAginally written 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 likely to be age dependent, and to
vary seasonally. Natural mortality may be correlated with fishing effort,

. . . .
either negatively for instance in a multispecies fishery when the predators

. .

are removed, or positively when the habitat is modified by the fishing gear
for instance in a tra~l fishery. In yield models however, it is generally
assumed for the ~urpöse of simplification that natural mortality is a par~-

. .
meter constant over time. Constant values ranging from .2 to .4 are tradi-

. .

tionally assumed for instantaneous mortality in harvested fish. stocks', there
is hm'Jever very l1ttle evidence in most cases that tne appropiate value \'/ill
ac~ually be limi~~d to tnat r~nge.of vari~tion. Natural mortality estimates
for crustacean populations are e~en scarcer than for fish. This is mainly

.. .
because crustaceans' cannot oe directly aged by counting rings on hard

. . . ,.. .
structures and because their growth pattern throug~molt~ng makes it

. .'

difficult to sort out .age groups from the size frequency distributfons .

. . . ,: .. : 0":.' :.- Total mortality Z can oe estimated by a~alysis of a catch·
~~l. ~'.~ .'~;"':~~&."Y'";"~~""J';.""'~':';'l::"l"'l',,''''''::'''N .:l ~'.~, \< :Q ~':""'-'I''''':''"~,,···:.:·,,,'~::': '." •. ,:.:.. ~''''',' ',." .,< .• ~~. J ••• ",' ~~ ••~'.' ".~", : , ','•• :'.. , • - • ,.- '._ •.•••~.' ~.<'.< .•.•..\ ;, ~.~ '•.::.,""" ",' ,,_,' .':"." .',;." ..:. 't' ~. --./-, ~.•. ~_:";, ~. ::. < : '.' ,". - ••

curve either in age (Ricker, 1975) or size (Van Sickle, 1977) of a population
in a steady state. Comb.ining the size or age distributions. in the catch

, ::-..:.,.·.·:·:··:over a s~ries of ~ears' will someho\'l s~ooth out tha .5.ias .introd~ced by·
. recruitment variatiility. rt i~ not usually' possible to estimate simulta-oe. neously fi~ning and natural mortalities (F and M) 5y.directanalysis of a
catch curve. Conort or virtual population analysis' methods (Pope, 1972). ... " .
will not providc simultaneous estimates of F~s. and MI S • Thc relative

. " .
contrioutions of Fis and Ws to the total. mortali.ty Z i.s however determi-
nant for Yield estimates, the predictions of losses or ~ains in the ~ase

of a change in -mesh siz~ or fishing effort can oe reversed for a constant Z
when varying the values' of M. •

....

For a given value of Z the ratio of the yield to the abundance
of the stock on the ground will yary·as a function of M. Therefore when some
direct censuses of abundance can complement estimates of Z obtained from

" : i:. ,,:.' ..' ~'.' :--
... ..-:', . . . '~" ... ; ..
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the catch curve and estimates of the overall catcht it will be possible to
make some inferences on the values of M.

In th~s'paper t used a different approach. First 1 analyzed
the catch curves of Nephrops caught in Bay of Biscay and in the Celtic Sea
and estimated Z. Later t I used independent information on capturability , .

,coefficients obtained from a surplus production model to estimates F as a
: function of the fishing ef~ort in the Bay of ßiscay. I assumed on a preli
: minary basis that F aod Mwere constant over the fishable life span.Subs-

tracting F from Z ga~e an estimate for Min the Bay of Biscay. I assumed
that Ws were equal in the Celtic Sea and in the Bay of Biscay and calcu-

. lated F in the Celtic Sea by sUbstracting Mfram Z. I later checked the
adequacy of .the estimates of MI S .and FiS and t~e assumption of their cons- tt

'tant value over the fishable life span by simulating the size frequency
distributions in the catch (Conan and Morizur t 1979). I finally mademinor

. . .
ajustments in the values of F at age in order to improve the fit of the
simulated to the 05served size frequency distributions .

• •. , "'. j. • '. ",.,

... r("'~'':- ~:..~'"

• ':"':·h .•• '••. ~.'"~.••~' ' .' , -- '1".,.••.,.~.t..~ ..-~;, t .• ; ,',.. ~"'••. :"''';'''~ ~ " • ". ", __ • \_., • '., .~., •

• I. ,:.::.~:: ," .' ,~: ~. :-... i.\~..·,.s,}·..: .•. ',' ~'.- ;~:'.!~:,~,:..:... '~:.,\..a. "'.. , ..--.•.c:" :" '.~~ ~':~(~~,' t.' ".:': .;~~;-.~:.';\.;~i'.:.· ~;:t.·~;~-~~~i~;'t:.$<~. ~:.~.;.:~:~,~.;~:~:;::~~:.::~ ~~~~~l~~~·~i~~~~;;::~\~i~~~i~~·~~~~~~~·~:~~~.;::t;:·.~. ,::~:: ~,_~,

. " " . ~1ATERIAL AND t1ETHODS·. . .

1) Estimation of total mortality 5y analrsis of the size frequency
distrioutions in the catch.

> • .'.i;' ., ,. ~. ~ •. .. .. ~, •
.e

.. .. ..
. Size frequency distributions of the caten of' Nephrops from

.. .. ...
the Bay of Biscay (Division Villa) have been sampled montly by Charuau

. . .. , ..

. (ISTPM t France) from 1971 to 1978. Measures were.made to the nearest mm
'. ..".

on board of commercial fishing ooats. The samples of the distributions. .... ... . .. .

were combined over the whole sampling period t in .order to smoQth out yaria-' •
b11ity in recruitment. The catcn curves' for malesand females were studied. .. . . . ..
separately because growth and availa6ility to the fishery are sex dependent.
(Conan,1978). Similar data sampled by Charuau from 1978 to 1979 in the

.. ." .... .. . ..

.. Celt;c Sea (areaVIIg) were processed in the same way.

.. "," ..... ' . ..
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t' .. In a seasonal;environment slowigrowing Crustacea such as
.10- , '.• ' .,' t . .. ~, . "...', :--

,Nephrops will tend to have molting events more orless synchronized within
a popula~ion. For adult Nephrops there are two periods of molt a year~ one
in' the spring, the other in the fall. Hast adult 'females Nill molt only
once ,in the spring. f-last adult males will molt both in the spring and in
the fall (Farmer~ 1973; Canan~ 1975).

. . , .

The size ,frequency distributions can be splitted in,molt groups
i . .

,:rather than in age groups. By combining distributions sampled all year round
'. ..'
,'an "average" picture of,the proportion of individuals in each molt group is

• • • I. • .

obtained. A predictive linear regression of natural logarithm of abundance
, in molt groups completely racruited to the fishery vs average age at which

, , .

, • '. individuals enter, a molt group will provide an estimate for a cons~ant total
mo.rta1i ty rate."

. .. .
I used the maximum likelihood technique~ described by Hasselblad,. .

(1966) and modified oy T~mlinson (1970)~ for sort;~g out the contrioution "
in number ofeach component molt groups to the s;ze frequency distributions

. . ..
combined by sex. The general growth pattern of'Nephrops caught in the Bay

.. . .
"'''of Biscay had been previously assessed (Chal~uau~ 1977; Conan~ 1978). I···

. . . . . .
. ,.. :.:',': ,':'>,'::':~'::~',therefore gave· narrm'/ bounds: for the est;mates o'f the means and standard ..

~ ',:", '~" ..'" :~.:-t",)~. J.:..'" ;.Il::-\,~.;~ ·l\.•.j I":> :",~ < ;:, ~••-, ,.... • ' .• ". , .•• '~ • , <•••,•. i • . " ', ' •. ,. ~. _ '. ':" , .•;, "~. '. ~:.. ,.' i. : •.• : ':'. .. ~ " : 1, ~ ,," '. .~_; : :~ .,I",...:,:;.\. ~ , ~. ,:,:.~_•• ,,' i':'~; ' .. .- .,.,;, : <>-,,,,,' .:,' :~ /.!,••\~ \ ..•.\ .'. ,:.:. ,.' ., ..~". ~:.•

deviations and used the iterative procedure mainly for estimati,ng the pro-
" portion of individuals in each.molt group.

;:::.:; :':.. :.
. .

. 2) Estimation of fishing mortalitY'in' the Bay of Biscay.
.. . . . .

': The fisning effort in the'Nephrops :fishery of northern Bay of
. Bi,scay has' Deen ~air~y statile fr~~ 1971 to 19.78~ tt averages' ~2.5 J03 boat
day at fishing per year. Conan~ Depois and Charuau (1977) have applied the

, . '

surpl~s' pr.oduction model of Fox (1975) to 17 years cf data on fi,shirig effort
- . - ~ . . .. . .. . . ~. ."

and capture per unit effort from nortnern Bay of B.iscay. They calculated by
the multiplicative errormethod of Fox an average capturabtlity coefficient

'5 . ,... , ' ..
c of 2.098 .10- for all age groups and sexes comEiined and for a time uni.t

'. • M • : •

of one year.
" . .' .

Data on capture per unit effort tendsto show that the captu-
.. . .. ... .

ralitli.ty coefflci,ent varies' seasonally and dlffers for 'ma1es and fema les.

.... ,.:.. '; '.. :.~ ~

.:', .'

\,.:. - .
. .,.' . "\

, ~ . ' ...
..' ,~ : ~.

.... ~ .; " ... ~.\.. ".t .

" '
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.' ·~·i~.. ~.'~' ~ .
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In the present paper 1: did not attempt to quantify seasonal variations of
. ..,

e for the males. Adult females are available during orily .43 of the year
in the Bay of Biseay fisnery (Conan and Morizur, 1979). 1. attempted to
estimate from e an instantaneous eapturability eoeffieient Cl assumed to

. ..
oe eonstant all year round for the males and either eonstant over .43 of
..' .... .

the year or equal to 0 over the rest of the year for adult females.
. .' .

In tne Bay of Biseay fishery the sex ratio in the eateh is
. ..,

a50ut 50% i~ April May.when males and females seem to oe equally available
to the fishery (Conan, 1975). The sex ratio in the population is likely to

. .

oe well 5alaneed .

. '. If NI iso ~he number of ind~viduals at the end of the year, No
at the beginning of the year, with f the fishing effort assumed eonstant

. .. . .
over the year, e the average capturability coeffieient over one year: •
for both sexes eombined:

NI = No exp (-(M +. cf)}

.- ,. ;., ..

. .
for the males:

~:.. :., ";.. ,,,, ..•.,, ...•. : . .;'..: ,,: .. v· Nl~ }.= No 1· 2 exp .(- (M.+ elf) }" ";.J .. ,.;.•.••; , ~.." •.."."., ,., ·, .•·~·.·'.·,···· .• ' h",.. ·.<o".. • ·:.'.•·e'>'·.·,.. ·,.O' .. <.'

. .
..;::.:,,~.:.~.i,:< ::;,:::< :fOr"the Jema1es :.:..~.:~.;;. ;..,.;;,.... ~.. :.::'~,:;..::~\ ..'~~~~:<,_

N1,2 = No 1 2 ~xp (-(M +0.43 Cl~)}

:. ·~.•:.~~:~:~::'(.?":;.~>::;{~·::.Si. ~ S;~:;~:~-l·; ..~: N1';: F::*;L.~r, 2~::··::.:V::~~·!;\,'··:H:i~:;:;·~.~~x:}n e.~:.~

No exp (-{M + cf)} = No/2 exp {-{M + elf}} + No/2 exp (-(M + 0.43 elf)}

.exp (-M) exp (-cf) = 1/2 exp (-M) (exp(-elf) +' exp (- 0.43 elf» .' e
(1/2 (exp(-e l ) + exp (0.43 Cl» - exp (_e»f = 0

exp Cl + exp (0.43 Cl) - 2 exp e = 0 (1)
.' .

(1) is solved for Cl by iteration
for the males:

Mj ;:: Z - elf

for the females:
M2 = Z - 0.43 elf

•

'.



.' ,
.'" .;: / ,"; 1" ••

7.-

~. .t .. ~.,:.~ .;',,: ,::::~",:.)" .. ;". '
3) Simulation of sizefrequency".distributio~sand estimates. of yield

per recruit and number of eggs produced per female •
.. , .

•

. All individuals in an age group donot molt 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 2to 4 months. Therefore
the technique of calculating total mortality'by regression of natural loga-

. . . " .,

rithms of abundances in the molt groups vs av~rage age.~t which the. indivi-
duals enter the molt ~roup is only approximate. In order tO,check how good
was this approximation, I ~an a computer simulation of the fishery. This

. .. . .'. .

'computer simulation provides' es·timates of the size frequency distribution of
the catch as well as Yield per recruit and num5er of eggs produced per. ... .
female (Conan and Morizur, 1979). I' used in input the same parameters as in

. . ., ..
1979, save for the natural and fishing mortalities'values wllich are.estima-

. " ..
ted in the present work. The program \'/as slightly modified, it nO\'1 takes in
account the discarding and par~ial survival of small'N~ph~op; in the catch.~

Slight modifications ~ere made in the input values of F in order
. . .. . ..

to maRe tne fishing mortality slightly age specific when t attempted to
. ' . ',' .... . ' ..... ". ~ .'" . .

;,;::~:.o.N!..;,t~i~'U:<"'h~~4l;)·improye'" the t fi t,· of·tl'e·· s irriul ated ··s i ze: frequency" d1.s tri6ut ions··;to <thei. observe d,;,-< .-fr

. . . '" '. .'
ones. In a11 cases' M was- kept cons tant for a1.1 haryes.ted .age groups.

,,:>« .Thesimulation. techni.qu~· al so pr~vide-d .means· of. defi,~ing an age·
. ".' . . . . ..'..,. '. ..'

,···.;·:···:'··atrecruitment ofNephrops···to the Bay of Biscay and Celti.c·Sea .fi,sheries.:=
. . . . . . ., '.

This .age at. recruitment is independent of the s.ele~tiyity of ·the fi.sning
. . ..

gear and originates from changes in 5ehavior of·Nephrops.

RESULTS

. .. .., ...
The 05served size frequency·distri5utions., together wtth the

. .. . . ....
ajusted ones. (after analysis 5y the Hassebladmethod) are presented in

. . . .., . .
figures 1 to 4. The estimated~eans, the standard deviations and the pro-

. . .

portions pertaining to each of the component'molt gro~ps in the size fre-

•

. .' '; "' .

. ".

.' ~. ~ .'...~ .,: .:'. . .. ".

~ '. -,

~•• ~•• ; <, >-

. ~ ':., ~ .

........ :.:.: ::.":.~ A listing or'this program in H.P. 9845'.B BASIC is äväila.b.le. \n appendix ..
"' .."

" -'.

" ,
...

"
"
• <

-."....' ........ _ ..... ".

" ':,"
..... ".'.

' ••. <!.... ~

:...; .
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queney distributions of tne eateh are presented in tables 1 to 4.
. .. .

The predietive regressions of natural logarithms of abundanee
tn eaeh molt group vs average age of the individuals entering the molt groups
are presented in figures 5 to 8. The instantaneous'rates of total mortality Z

. . . .

was' estimated in the, Bay of Biseay data as 1.35 and 1.34 respectively for
.. ..... '"

the males and the females~ The value of Z for the Celtie Sea data were esti-
-mated as LOI and 0.9.1.

· . . .
The value'of,the fishing mortality F= elf for the Bay of Biseay

was estimated as 0.901 (Cl = 2.79 10-5, f'= 32.5 J03~~ Substraetin~ F from Z,
, ,

I obtained Ml~ 1~35 ~ 0.907 ~ 0.45 for the male~ and M2= 1~34 -(0.907,x 0.43)
=,0.95 for,thefemales. Substraeting MI ~rom the Z estimate fo~ the Celtic
Sea, provides' 'a fishingmortality estimates of 0.56 for Uie males. The method •

. . .. . .
is ineonsistent for the females, M2 oeing larger than Z.

· .. .
The size frequeney distributions of the simulated eapture~ when

· .. .. .

Mand,F ~ere kept,cons~an~ for ~ll ~ge,groups arepresented i~ f.t~ur~~ 9 to
11 togetner witnthe o5served s;ze frequeney distributions. Size frequeney

. . . .
"",;",:".:;.,.:"'::.,,:,,,~,~distr:ibutions simulated using a constant Mand sl;ghtly ajus.ted age specifie

values. for F are presented 'in 'fi'gu~e;12' t·o'\6~·Ag'e··~:t·~~·~~~it~ent'·~S'"t~f~~'''··''L'''''

. '...,.,'. ".":~, rred ~ro~ th~ simulations wo~ld be 1.5' y~a~s 'i.n'the Bay, of aiscay' and :3 years
in the Celtie Sea.

"... '::

•'DISCUSSION
.. . . . ',.

The e~m~uter s~mulation of s;ze freque~ey"distr"loutions', ,in the
catch show that tne estimates of total mortali.ty a!"e.fairly accurate. Spl;tti.ng
the eateh curve into molt groups and ealeulating a predietive linear regression

- ., . ... .
of aoundance in the mol t group.s vs average age of the indtvi.dua,l sentering

." . . . . . ..
the mol t group seems' to oe a reasonably good way of esti,mati.ng a total mor-

. . " .
tality eoeff;e;ent averaged for all age groups. '

"

· . . .
The method I used for estimating the relative contributions of

fand Mto Z gives' preliminary ~stimates'~ The capturability eoefficient
'" "z'

'.:-: .." ",
" ',..

. , ... ,- _..";,. -;.,. .' ..
"; .

~ ..

: .'..:,.';,' ',,:., ." . " ~..' . ~ .. '.." . , . ~>:··:...··-.·..'.5:····:'·· :... ~ ..... :.:. ~ "<~ .. ' ••. :< .. ", ......
".:. .-
. \~:~. ~.~...~~:,:~.~~ . ~..~.. ::: :.~'.,.- :~:".. ::.. ..--;...,,' ~..-. -~ ,,,. .~"
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. . ..
obtained from a surplus, P!o~u~~i,on model.,is; a yearly averagc for all captu-
rable age groups of each sc~: Th~ te~hnique i used fo'r rcstitüting sex

specific instantaneous capturability coefficients; is. approximati.ye. Any

hO\'I. in'the lack of oetter information tfiis approacn snows that natur:al
. . .. .

mortality in tne B'ay of Biscay'Nephrops stock is likely to oe high.

.'

. .' ., . ....
Thc altcrnativemethod for estimating the relatiye contribution

. . . "

of Fand Mto Z, through direct censuses of population ~bundance also has i~s. . . .' .. .. '. "':. .. .
draw tiacks •. Thc distri,Dution of'Nephrops iso known to oe extremely patchy.

Sampl~n9 such ~ .distr16ut~on will .9ive very imprec~se results unles: the
patches have oeen accurately mapped and a stratified sa~pling strategy

. . ~ .. . . '. . ..

has' 5een used. Hhen confiden'ce 1imits are set on densi ty es.timates for such
• o,...o"...e " pa~ch~ distr~tiu~ions' tne limits are 0ften.as-large aso tne. estima~e itself.

further fishermen do not fisn blindly, tlieir ownJlsampl~ng strategyll is to

look for placeswhere the Nepnrops are tne most aoundant, The landi~gs giye

'tlierefore a very oiased pi'ctUrE~ ~f IIwhat snould oe the yield ll if the fisher-
. . ..'

men fished random1y tne stock~ Actually the spacial distriBution of'population
. . . . . ... .

aoundance sho~ld oe somchow 'weigh~ed 6y tne spacial .dist~i6ut~on ~ffishing

effort in order to compare wi,th the landi.ngs/predicted yi,eld per recruit

.,.:..:.;,':': ..:., ,ratio.; The .use of tfiis' ratio will always provide over esti.mates of thc - .
...... 4"~...i .~.J4..;.,...v..,. ...,.:..;.....:.~ ~""~ ~.."••:Ij, t ~... ,' .. 'l, .... 1 "0 ('I. t .-_I.\'~.~. '~T' ~': '='. ;,t': ':": . !... .; " ~_ <..\'....,.',;. *•• -::~l·.'''''.;'':''. t, .•. '~. ;....~~"-., '."\ ..:' .~,:: ' . ,:'~.~'-~ '.~ _~ ":.• -, '",;.'.: ~ :.~ ";,:~ .... :-::,' ,'.' ~.':' "1,,',. ~.;.:.. ~ ~\.;. , -; ~: ..;, .,~ _ • ';"

true population aoundance 1eading to under estimates' cf. the' näturalinor- ..... ~~, .... _,., ...

tality M.

. .:,., ~,:::.:.:.,-:;:,:~" ...,::.~. :, <;.: ;;, ,':.: .::~ ~: Direct .censusc.s of' popu hiti on atiundance cf N~phrops stocks are

complicated 5y the fact' that all in'divi'dli~ls' are ~eve~ capturaol.e ai'a time. ,."
. '. . .,. . . ,.... .e As.sessi.ng· Nepnrops' popul ati on density 5y counti ng' Nepnrops, hol es on under-

.. "wate~ pho~ogr~plis .or .~n .underwat~r T.v .. screen, im~1ies tha~ the ~verage .,.,

numoer of hQles per'Nepnrops be estimated by a diver. In the Bay of Biscay.. . '. .... . . . .

and in the Ce1ti c Sea' Nephrops' are caught 5etween JO and 130 meters 'depths,
. . . .

out of the rang~ of a regular scuba diver..

....." .. ,

I :

.Censuses of population aoundance drawn from esti.mates of larval
dens.ities in tlie plankton 0,: :require- a good kno~l~dge'of 'the 'number 'of

.. . ..... .. . ,." ~

hatchings' .eggs produced 5y an aver:age female present in tlie stock, Morizur

et al. (1980) Iiave shown'that this number depends on the size of the fema-
. . ... . . . .

. les (J.e, on the stze distritiuti.on of the.. females in the stock). Fema1es. with
. ~ :', ,.' > ~ ',,-I I . • . _ • • '••••

". • ,O' ". ..', ~'. .' '. '; • ., • # '_'., • , .' .' ...... • >

.. ·.·-':".:...I ...-, ... ~ "._ . •.... .. . ' .'. : _: ~. ;:.".: :~~. -.": '.":' . ;''''
.. ::. .', ,': " •. '. ot"~,'.':.~.";"•.: ...... '.::.':"" ..:'.: .~"':'~ .' ,:~ ".-;'..... ::.... "~,, ... \;, ~_~~.'. __ " .. ' ••.. ~:': .

• ' '.. 'I" '... . :'.' '••"'" .. • '." •• -: .. ' •• ' ~':,:.. ., .. _, "'" ' ":.: '.' ::."-'. " ",. ". ..o,. \. .... :~'. ". ~, • '. ~ . .. . •'. '. . .,':, .' _'"..... :. :.' ,.... " . "_.... . ' :',,:; ~~ ;" ' ~ ~'- '-~.

, 'f . . • • ,'.~

•

' ...
. "

' ..

. '~""':~',; .:.~.: .... :: ...... ~>'
. "'.:""

.....

.... :' '.
"' .. '.. ".~:. .'~ ..

. .~~. .... ".",: ~ .
• ..- #' • • : .'

... "-.:-.:.:~;;:~:~>::;.. :".::;:""" " .•.. :. _... '~'~:.;/~>_ ::i::;:.~:~< '
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" . .
.egg~ ready' to natch ara dtfftcult to capture; it is tempting 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 eggs varies from stock

• • 0' •

to stocks. This ratio should be assesses for the same stock as the larval
, .

densi ty estimates'.
. . . .

Adult femaleNephrops are availa5le to the Bay of Biscay fishery
.. . \. . l'

only during part of the year"however the sex. ratio does not seem to be :. .. ..

drastically unbalanced and total mortality estimates are similar for males
... .... ....

(1.35) and females (1~34). One would therefore expect that natural mortality
. . .... ... . .

be much higher for thefemales' than for the males. Ovigerous females appa-
rently have a r~duced pr~datory behavior, feed less frequently and sp~nd much
of.their activity inpr~serving their eggs, they may also have a higher . tt
natural mortality rate.

. ...
The 0.45 and 0.95 estimated ~alues for natural mortality of

. ... . . . .
males, and females,' i,n the.Bay of Biscay may se~m ~igh in regard to ,the .
fi,gures·.traditi~nall~ ~sed for fis~, stock~ (0.2 to 0..4). Such .valu~s are

, , ".c •••• not unreasonable however. For fishes,values of'M·as hig~ as 2.0 are found
-.•~.-.,l>"".""~\ ",,:,,.,,.,,,,"'':'''''''.~ !.••. _ ~.~~.,".~'\~'.. ~"'_".', "'-.',, ::\, . ", '. '._ ,"" ...•, ..•••::._ : _•. ~ .

in Beverton and Hol't;~' ·r~co·pila·don '(1959)": '''and ·vaiues.'ftigtl'er"lhan···1:0·are·''-'·'';''~·
,.' ll. . • • '...

,.. ~.v""',.'.c"·'··"··found in Ricker (1975). Crustaceans may tiave natural mortality yal.ues much'
. '" .

higher than fishes'. Tney are handicaped during molt~ng 'process' and subject
~.. . . , . . . . ~. .

·~~\\~~~.",~,:,,:,,~,~~·~·:.;.~.to; ~i gh .predati.on rates ....,rn: aquaria most, of .the mQrta1i.ty occurs' during .
~ ~.-: h~ \{-f-:•.. ::........ ~:~.~. ;-...:~.~ ~ ~:~.~ .;':::,'.: ':-:. ::.\.: ~.~::: :r·:;....... : .. \.... ~ '. ~;:. ~ t~.( .t• .. _ ... :.•• ~,. -:.~: .... :..~ ....:?< ......~ ; :~ ... ~:',:'. ~ t : ~ <'.. ;.. ',:.. ~''- -~ V._· .~:""'. ~"~,.~-i",: ~ ..... ~. ::;'.:;': ':~ ':.. <r... .,,~. _'. ~ >: :_\.-:~ ~l ~.,';,,,: :..... ~ .~... .~'~""~'''' < ·i .• '

- ,-:'.. ~.', .' una'chieved ecdys:i s. when .indi,Vi clua1's" do 'not 'sned 'we11' their' old: carapaCi~-i'''';' .:': .'
. j\bramson and Toml inson (1972) ~stimat~d Mas; 1.4 for ocean sh'rimps~ Blake' .

. .. . .
and.Menz (1980) found 12.to 31%.mortality per week. for peneid ~hr~~ps, 4It
Olsen and Koblic (1975) estimated'M as 0.413 to 0.651 for'Palinuru~argus. .. .
and Conan et al. (1976) estimated that Mranged from 0.4 to 3.8 in a popu-

...;. .
lation Of·Emerita·analoga.

. " . - .
';": :- :-The' resul ts,' of the si.mulations.: s,\ze frequency di.stribution. .. . . . ' . . ."

of catch, yield per recruit, average number of ,eggs' per famale show that
.' .. . . . - .'

~i.gh. natural mortali'ty values are coinpati5.le w.ith the characteri.sti,cs· of
- .. .. . . .

tne actual catcn~ Tne 1ife strategy of a Norway' louster i.s· different frof\). . . '.. ....
the life st~ate~y of an average fish of.~he species favor~d oy fisheries
dynamicists. The natural 'mortality may be high.. for adult 'Nephrops but the

. .

:- ,t -:' ~ ~..~. '" :..,...
. , .,

. . ." ..~.........'.:

~:_ ... .I.

~. '. ..
~~ .. '. .. . '::,

. ':.,... .:: ~.'" . .. .. .,."" ..
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survival of the eggs and.larvae is hiaher than for most fishes: the larvae
• ,.' l' J ;., , l h i -" ~ ,

hateh at an advaneed stagc' of'development fram ineubated eggs proteeted by
.. . . . .' .

the females, th'ey remain in the plankton only duri,ng a fe\'l weeks. Nephrops
'. ' .. . ... . .

mature and reproduee'a~ the age of 2, which is very early for a species
. . . ,

\'lith a potentially long 1ife span (possibly as: mucn'as...15 to 20 years ,. . .. . .. .
according the size of the largest individuals). The average number of e995

.' ... . .. . .
. produced by a fcmale recrutted to the fishery at 1.5 years ranges from ~oo
I.. • • .',

: to 200 in the s'imulati,ons; this is' at least oneor 2 orders' of magnitude
. "

: le~s than for most species of fishes.•

•

e·

. ....
Tfie natural mortalities estimated for the Bay of Bis.cay do

,not match v~ry \'1~1l tfi~,total 'mortalities' estimated ,for the Celtic Sea. Es- '... '. . ." . , .
timated total mortality for the females in tne'Celtie Sea is s·l.igh.tly s.ma-

.. I .. .. .. • •• •

ller than the estimated natural ~ortality' in the Bay of Biscay. However the
, ..

total 'mortality estimates' in the Celtic Sea are oased on only 2 years of
. .. . .. . . .

. data of: si'ze frequency distri,f>utions·. The recrui.tment vari.al)tli.ty cannot
, .. ... . . . .
5e smootned out over such asnort period and may 5ias tfle eS.timates of

. .... .. '"

total mortality. Neverthelcss the fishing intens·i.ty ( fisfling effort per
. . ..' .

. unit areal is 10\'ler in tfle CeHie Sea than in the Bay' of Bis.cay. Natural.
, :. ''''',:'~o'rt~iity may b~ p'osidvely eorrel~ted with fish.ing effort iJ th~trawls

;.~.;:,:::'::~.:,,-:'~~:::.::~~~~':~::,,~ffstu;b<th~' phy~ i c~'" h:lbi tu t~'~{.th~ rle~hr~;s.hy p1oughi ng .. the ,sediment -.-i.n _.~~ ..~;;,~" ... ,. . . . . .. . . . .
. whieh they dig tfie.ir holes. NaturalmortalitY could .therefore, oe lower i.n .

" .
. ,.:'. " .the CeHic Sea Uian in the ßay of Biseay. . . '.

: .; ." ..; > , ~.iOl.~giCa~·l~ 'the stock' f;O~'~h~'~e'l~ic ;~~ '~~'e~~' ~ö·:~~c;~~\'~e-',

dtfferent from tne stock.' of Bay of Biscay. lf the growth. parameters are the

'. . . ... same in both areas'~' Nephr~~s 'must reeruit at 3 to 4 years' in ·the Cel tie Sea
~'{"'''"'''''''~''''''''''''''''''''~''.''''~''''''~(''~'{~'' - .'. '. • • " • '. ~ .. " .:".. • • .' .'~~., 'p' ~ ..... , ...... ~

instead of 1~5 years in the Bay of ßiscay in order to explain the size

frequency 'distri5ution~ of the eatch observ~d in the Celtic Sea. The lack
. . .. ., ..

of ~mall..i.n~i,vidu~ls· 1.n ~he e~~tures c~nnot oe e~p1ained on1y.ny selectivtty

ef~eets.~A~e 'at recruitment ~eems to be eorrelated wit~.ehanges i.~ uehaytor
äue to sexual maturtty i.n the Bay of Biscay. It would 5eworth. efleeking .

. w~ether .~ge at 1st maturity 1S the same i.n tfie Bay of B'iscay and in the

Celti.c· Sea.

" .
• .,; ',.. • ~'''''''' '. .,. ',' A- ••

'.. ... '.' '~4:', ~ ,2' ...., ... ,,'

,.."~ .

. .,' ~:<.< '
. -,'.

, .. ~', ;'

•. ' .l , ..~

" .'
~ " . " ~ ; ..
~ '- .. ' - .

, . ' " ... ". ~ . - ... ' ..... ',:-- :': .... ~.. , .
'.', ,~ : '., ' :: ..'... " ,'. :- .

. :- '..~' '.. \.

"" ". . ,',.. ,." ..... " ..
• ~ I'.. .," *" " , " ~ .. " •.• " '.'
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As. a general conclusion high natural J1lortality values are not
unr~asonaol~ for t~~ N~~hrop~ ~tocks of Bay of Biscay and the Celtic Sea.

. . .

However it appea~s' tn~t the populati~n ?i~logy ,of the ,species in these two
areas may fairly differ. lt should oe taken great eare oefore extrapolating

. . .
results from other stocks to the Celtic Sea. Special assessments of the popu-

, . .
lation parameters', for tne Celtie Sea stock, should oe completed before

. .

justifying definit recommendation for a change in present international
. .

regulation measures concerning this stocR. Such detailed 5iological surveys
1" •

are undertaken in:tne Celti'c Sea on board of the fi.shing boats from southern
-.. . - .

Brittany, the results'will oe availaole for the .1981 lCES statutory meeting.

,

.,~ , . . .
• ~ ,.1.'. ~ "'~::' ",,-f.. .~...,;.~" ,•••~._••' <.; ~';' -~. H:":, '\T "'\": ,')..' ••' -;-..." .• \ -I- ...~. !"",-.; .: '~" •• ~' .';' "'-.'. ~_,. "~i .: ......~.. ,.:." ", 0 .• " ....~~,'.. _.~ ::.,•••'':'~.:.. ," .~ .. ~ • '~"'Ce; •• ~. ~ : • ",'.1; .... :'.":" '. ;'.'~_",":; .' ,,', -••/.<, I~ t;r. .. :....- ~'. > ''.~' .:: ,'. "c" ,',' :-.:;.•,..~ ..... , ....., •. , .....7 ,.;J.:.~_ ..,.:,}.:~:. ~'" _.•....
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TABlE 1

. ..
Analysis' of the catch, c~rve of male Nephrops from Bay of Biscay.

•

"Molt
group

;1

2

3
4

5

6

7

8

9

" ,10.,

Mean
size

19.97"
22.82
26.04
29.04
31.42
33.79
36.41
37.96
40.50
45.00.

Standard devia
: ti on for si zes

2.47
1.82
1.84
1.36
.1 •.19

J.4Q
J.32
1.16
1.9.1
3.00

," "."" -"''.,.'-'

Proportion of indivi
duals in the molt group

0.23
0.27
0.26
0.10
0.05
0.04
0.02
0.01
0.01
0.01

•• .. ,.··,'.,'··_.~:·'\.. i __-..:':..:.." ---'- _

TAßlE 2

'. '. ...., .
Analysis of the catcn_ curye Qf female 'Nephrops from Bay of Biscay.

" "..............' , .

Molt
group

Mean
size

Standard devia
tion for sizes

Proportion of indivi
dtials in the molt group

.......

I

I

I

1

2

3
4

-5

6'

7

19.36 2.36 0.21

22.48 1.95 0..37

25.67 .2.05 0..31
, .

'. 29..03 .," 2:29 0.09"

33.50 . 2.03 '0.02
36.99 1.57 0.00
41.00 "2.04 0.00
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TAßlE 3

Analysis of the catch curve of male Nephrops fram the Celtic Sea.

Molt
group

Mean
size

Standard devia7
tion for sizes'

Proportion of indivi
duals in the malt graup

/

1 23.0rr 1.43 0.01

2 25.55 1.12 0.02

3 28.80 1.45 0.16

4 30.54 1.05 0.10

5 32.50. 1.34 0-.33

6 35.02 1 ..19 0.15

7 37.43 ~ 1.01 0.06

8 39.43 1.42 0.06

9 42.75 2.25 0.07

10 ,.47. 16. . "''', 2. 61 0. 03
".-,,:~, '.', ~:. ~ .... ~,.., •.,,, .•.....• ,. ;. «. ' ...".~ ,." ,"'"'' ".,.' ,..' "-"":-; . ,':~ ~.' :';;';'- ~~: ...;. -~" ,.< c', .:':.-":.- ", ~~. ~-" ;-" $ .. ,,' .,;" <~ ~- '~.".,. c':~.,. "'"·r.~~." ':~ y;- "n ,,-:- "'~,': ~. '~. - ," ::-; .,~'::.~,~; • ,,".' ,,'ce, .. ,;. ";.... : ,··•.",-".,,;.,,},,,".I;iS .'" :.... ",. ;,., .~" _.\..'\ •'.".' _".. ';",__ ,'. .'. t ",," •.'._. ",,0., "ht', ;s;. -,' _,~ .," •

11 52.02 2.51 0.01
',; :.. ": ';,

- 12 57.00 3.21 0.01

TAßlE 4
. . .' .

Analysis of the catcfL curve .of.femal~·Nephrops. from the. Celtic Sea. •
Molt
group

1

2

3

4

5

6

7
8

9

. Mean
size

21.55

24.39

28.93

33.01

36.00
39.19

43.00
'47.33

51.30

Standard devia
tion for sizes'

1.40

1.21

2.15

.1.92

J.45

1.77

1.83

2.52

3.98

Proportion of indivi
dualsinthemolt group

0.01

0-.03

0.55

0.20

0.09

0.09

~ 0.03
0.00

. O-t OO

•

. -~ , - ~. ~ : ,. _ -_.,:--:."" : ~, : .

. .



Analysis of the size frequency
distributions of the catch:
O~served and ajusted distributions
after sorting out the component molt
groups and combining these component
groups . Results of the program
NORMSEP (Hasselblad~ 1966)
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r(.:.. ·. 10 ! POPULATION SIMULATOR FOR NEPHROPS,Programmed by Conan.
20 ! INTEGATE STARTING FROM AGE A OVER N YEARS
30 INPUT "LOWER AGE LIMIT FOR YIELD INTEGRATION?",A,"NUMBER OF INTERVALS PER
YEAR?",R26
40 tl=17
50 .! START ~HTH R25 RECRUITS
60 R25=1000
70 DIM A$[25J,Input_file$(S),Output_file$(5)
80 DIM P(1:24),Q(1:24) ,
~u COM C,D,E,F,I,J,K,L,M,N,R,T,Prop,X,RO,R1,R2,R3,R4,RS,R6,R7,R8,R9,R10,R11,R
12,R14,R15,R16,R20,R25,R27,Flag1,Flag2
100 COM A(lS:79),C(1:24),D(1:24),F(0:20),G(0:20),H(1:24)
110 COM I(1:24),J(1:24),K(0:20),M(1:24),Mnat(0:20),N(1:24),Normcum(0:2S),R(1:2
4),S(1:24),T(1:2),U(15:79),V(1:2),W(0:20),Y(1:2),X(15:79)
120 DATA .003,.0032,.006,.0106,.0173,.0267,.0388,.0531,.0679,.0819,.0928,.0987
,.~987,.0928,.0819,.0679,.OS31,.0388,.0267,.0173,.0106,.006,.0032,.003

130 MAT READ H
131 Normcum(0)=0
140 Normcum(l)=H(l)
150 ~orrocum(25)=1

160 FOR 1=2 TO 24
170 Normcum(I)=Normcum(I-l)+H(I)
180 NEXT I
190 INPUT"# OF PROBLEMS ?",R18,"NAME OF OUTPUT FILE (CHOOSE A 6 CHARACTER NAM
E STARTING WITH AN UPPER CASE)?",Output fileS,"NAME OF INPUT FILE ?", Input_fi le$

.• _191 ItlPUT" FIRST RECORD TO BE USED Otl-THE INPUT FILE", F i t'S t,_t'E'C
_200CREATE Output_fileS&":T1S",R18,2S+4+8*(21+21+6S+6S+21)+2*8
210 ASSIGN Input_fileS TO #1
220, ASSIGN Output fileS TO #2
230 ·FOR Rec number=First rec TO R18+First rec-1
400 Recruit=age=(A{=1)*1~S+A*(A>1)
A f 0 PRINTER IS 0
420 FIXED 1
430 PRINT'LIN(2),"************************************************************
*******************"
440 PRINT "START WITH";R2S;"RECRUITS ENTERING FISHERY AT A BIRTHDAY OF";Recrui
t age'"YEARS" . - - -_... .- ,
450 X=R25 .
460 READ #1,Rec_number;R4,R5,R11,R12,R14,R15,R16,K,L,T,C,D,E,F,H,R,T(*>,V<*),A
r,Mnat(*),F(*),X(*)
470 B=0

•
- .

490 IF R=l THEN 520
500 PRINT "FEMALES"
510 GOTO 530
520 PRINT "~IALES" ,
530 PRINT "NAME OF INPUT FILE :";Input_fileS;" NAME OF'OUTPUT FIL :
u; Outp'ut fi 1eS
540 PRItn "RECORD #"; Rec ntul\bet'-Fi rst rec+1, SPA(26), "RECOF:D #"; F:eC_ntlmber

- 550 ! SHIFT TIME ORIGIt~ TO BIRTHDA~) 
560 T(1)=T(1)-H
570 T(2)=T(2)-H
580 T(1)=T(1)+(T(1){0)
590 Tt2)=T(2)+(T(2){0)
600 IF T(2)}=T(1) THEN 670
610 S=T(2)
620 T(2)=T<1)
630 T(1)=S
640 S=V(2)
650 Y(2)=Y(1)
660 Y(1)=S
670 IF R=1 THEN 720 .
680 Rt'1=RI1-H
6":lO R12=R12-H
7 (1 0 R11 =( R11 <0 ) +.R 11 .
710· R12=(R12{(1)+R12
720 ! LOOP ON HARVE~TED AG ES
740 t'IAT G=ZER
741 MAT U=ZER
75üMFiT ~·j~ZER

480 PRINT LIN(l)," .......•.••..•..•.....................•.•.......••.•. : .....•
.(" •••••••••••••••••••• 11 , A$

•

, .
:::::=:=:=-.....:.::.=::.::::::::::::.::::::::::::==-..:::::::..~ ::::::::::::..:::::::..::.::;~:::~:::::::.::..::.;,:.::::::::.~:.:.: ..:- :..:: : , __ : u _ _ ••_ ••• _ _



=='=========== 11

! STORE. CATCH FOR FURTHER AtmL YS i S _ " •
PRINT #2,Rec_number-First_rec+l;A$,MnatC*>,F(*),U(*),A(*),G(*),Yield,Eggs
NEXT Rec number -. -- ,

END
! ·-------------------------EXTERNAL SUBROUTINES-------------------------

t'lAT K=ZER
tlAT A=ZER
FOR I=INTCRetruit_age) TO INT(Recruit_age)~N-l

Start=(Recruit_age-lNTCRecruit_age»*CI=INTCRecruit_ag 12»
IF X<1 THEN 1010
!. LOOP ON 1 ..... R26t. h::: OF YEAR
.F~20=O

R27= l/R26
FOR J=Start TO l-R27 STEP R27
FIXED 5
DISP "AGE=";I+J
CALL Grow_nephropsCJ+R27 ..... 2)
IF (R=O) AND (I+J)=2.75) THEN CALL Hatch_nephropseJ+R27 ..... 2)
CALL Lets fish
CALL Register_catch
NEXT J
! PRINT RESULTS FOR AGE GROUP I:
FIXED 0
PRINT LIN(l);"-------~----------------------II,LIN(l),"COHORTOF AGE";I;LIN

•
11 ; >~

'00

/
/

PRINT "# OF SURVIVORS AT END OF YEAR:
FIXED 3
PRINT "YIELD PER RECRUIT IN GRAMS: ";U(I) ..... R25
IF R=O THEN PRINT "GAIN IN # OF HATCHING EGGS PER RECRUIT =";K(I) ..... R25
NEXT I
'y'ield=O
Eggs=O
FOR U=INT(A) TO A+N-l
Yield=W(U)+Yield
Egg:s=K (U )+Eggs
NE>n U
! PRINT RESULTS FOR WHOLE POPULATION:
PRINT "================================"
~'i e 1d=~' i e 1d/R25
Eggs=Eggs/R25
PRINT LIN(l),"TOTAL YIELD PER RECRUIT IN GRAMS :",Yield
IF R=l THEN 1190
PRINT LIN(2),"TOTAL # OF EGGS PER RECRUIT :",Eggs
PRINT LIN(l)," AGE % OF EGGS",LIN(l)
FOR U=INT(A) TO A+N-l
KCU)=KCU)/R25
PRINT SPA(5),U,SPA(12)~K(U)*100""'Egg:s

NEXT U
PRINT "=================================================~=================

1200
1230
1240
1250
1260

751
760
770
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
(1)

950
960
970
980
990
1010
1020
1030
1040
1050
1051
1100
1110
1111
1112
1120
1130
1140
1150
1160
1161
'1170
1180
1190

•

•

•

1270 SUB Grow nephrops(Pl)
1280 COM C,D,~,F,I,J,K,L~M,N,R~T,Prop,X,RO,Rl,R2,R3,R4,R5,R6,R7,R8,R9,RI0,Rl1,R
12~R14,RI5;RI6,R20,R25,R27,Flagl,Flag2 .
1290 COM A(15:79),C(1:24),D(1:24),F«(1:20),G(0:2(1),H(1:24)

" .·13 0 0 CO t'l I ( 1 : 24) , J ( 1 : 24)', K( (1 : 2 (1 ) , t'1< 1 : 24) , Mn a t· e0 : 2 (1 ) , tH 1 : 24) , tl 0 t~ rll c '-Hfl ( 0 : 25) , R( 1 : 2
4),S(1:24),T~I:2),U(15:79),V<1:2),WeO:20),Y(1:2),X(15:79)

1310 D!t'l Z(2) .
1320 ! A)------Define molting state
1330 .. F 1ag 1=0
1340 IF <R=I) OR (1<2) THEN Two_molti
1350 One molt: Flaql=1
1360 I~-Pl>T(2}-3;SQRCVC2» THEN 1390
1370 Y(1)=I~1+r<2)

1380' GOlO Intermolt
1390 IF Pl>T(2)+3*SQR(VC2» THEN 1440
1400 Y(1)=I-l+TC2)
1410 Y(2)=I~Te2)

1420. W=SQR(V(2»
J430 GOTO Molting



•

•

VLisithe proportion of post. molts in coh

",
,tI'

/

~)( 1 )=1+T<2)
GOTO 1nt. e'rmo 1t.

Tl.JO fllOI t.s·: IF 'P1>T( l)-3*SOF:(V(l) )THEN 1490
Y(1)=I-l+T<2)
G.OTO 1nt ermc,l t .
IF Pl)T(I)+3*SQR(V(I» THEN 1540
·n 1 )=1-1 +T(2)
\'(2)=I+T( 1)
l~=SQR(V(1»
GOTO t'10 1t. i tlg
IF Pl>T(2)-3*SQRCV(2» THEN 1570
Y(I)=I+T<I)
GOTO Intermolt.
IF Pl)T(2)+3*SQR(V(2» THEN 1620
Y(I)=I+T(l)
V(2)=1+T<2)
l~=SQR(V(2))
GOTO MoHing
Y( 1 )=I+T<2)
GOTO Intermolt
! B)----------Compute relative S.F. distributions

t'lolt.ing: Flag2=0
Prop=FNOrm_integ~(Pl+I,YC2),W)

144(1
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
16013
1610
1620 .
1630
1640
1650
1660
ort
1670 ! Frequencies:

• 1680 t'lAT ~l=H
1690 MAT N=H
1700 B=X*(I-Prop)
1710 MAT M=M*CB)
1720 B=Pt'op*X
1730 MAT N=N*(B)
1740 ! Si z e c 1as ses· :
1750 Y(I)=L*(I-EXP(-K*(Y(I)+R27/2-T»)
1760 Z(I)=C*EXP(D*YC1»
1770 Z(I)=(Z(I»3.5)*3.5+«Z(I)<=3.5) AHD (2(1»=.75»*2(1)+(Z(I)<.75)*.75
1780 FOR U=-12 Ta 11
1790 R(U+13)=Y(1)+U*Z(1)/4+2(1)/8
1800 ~lEXT U

.1810 Y(2)=L*(I-EXP(-K*(Y(2)+R27/2-T»)
1820 Z(2)=C*EXP(D*Y(2)
)830 2(2)=(2(2»3.5)*3.5+«Z(2)(=3.5) AND (2(2»=.75»*2(2)+(Z(2)(.75)*.75
1840 FOR U=-12 TOll
1850 S(U+13)=Y(2)+U*Z(2)/4+ZC2)/8
18613 HEXT U
1870 SUBEXIT

~ 1880 Intermolt: Flag2=1
1890 ! Frequencies:
1900 MAT M=H*(X)
1910 t'lAT S=2ER
1920 t1AT t~=ZER

19313· ! Si ze. c l.as.ses:
1940 Y(1)=L*(I-EXP(-K*(Y(I)+R27/2-T»)

·1950 Z(I)=C*EXP(D*Y(l»"
1960 Z(I)~(Z(I»3.5)*3.5+«Z(I)<=3.5)AND (Z(I»=.75»*Z(I)+(Z(I)(.75)*.75
1970· FOR U=-12 Ta 11 .

. ,'1980 R(lI+13)=Y( 1 )+U*ZC 1 )/4+ZC 1 ),"'S

1990 I~E>::T U
21300 SUB END
2010 ! -------------------------------------------~----------------------------
2020·SUB Hatch_nephrops(Pl)
2030 COM C,D,E,F,I,J,K,L,M,N,R,T,Prop,X,RO,Rl,R2,R3,R4,R5,R6,R7,R8,R9,RI0,Rl1,R
12,RI4,RI5,RI6,R20,R25,R27,Flagl,Flag2
2040 COM A(15:f9),C(I:24),D(I:24),F(0:20),G(0:20),H(I:24) .
2050 COM I(1:24),J(1:24),K(0:20~,M(1:24),Mnat(0:20),N(1:24),NormcumCO:25),R(1:2

4),S(1:24),T(1:2),U(15:79),V(1:2),W(0:20),Y(1;2),X(15:79)
2060 IF (PI >:3*R14) Alm (Pl( 1-~:*RI4)' THEN SUE:D~IT

2070 ! ·XIS THE NUMBER OF INDIVIDUALS,R13 IS THE MEAN HATCHING TIME
2080 ! R14 18 THE.STANDARD DEVIATION,R15 AND R16 ARE FECUN~ITY PARAMETERS
2090· DIM P(I:24),Q(I:24)
2100 t:1AT' Q=ZER
211 0 t'lAT P=ZER

•



r

•
! hand selectiuity
Siie=IHTCR(U)+.5)
Size=(Size(15)*15+(Size)79)*79+«Size)=15) AND (Size(=79»*Size
Discards=X(Size)
X=I(U)*Discards*.4+X
CCU)=I(U)*(l-Discards)
IF Flag2=1 THEH 2600
Rl=FNSelectiuity(SCU),R4,R5)
X=X+NCU)*EXPCC-FCI)*Rl*R22-MnatCI»*R27) .
J <U) =:~(U)*F (I HR 1 H.:2.2* ( l-·E~:P (-F,,27H F(I ~ ·.~F,1*R~2+t-lnat( I ) ») / (r CI) *R1*F,,22 j ~1na2520

2(20 ! PROPORTION OF HATCHING BROODS IN CDHORT
2130 R23=(Pl)3*RI4)
2140 'R21=FNOrro_integr(J+R27,R23,RI4~
2150 P=R21-R20 .
2160 R20=F~21

2170 Q=X*P !NUMBER OF HATCHING EVENTS AT TIME J+R27/2
2180 ~AT P=H*CQ)
21 '~0 ! PIS THE VECTOF: OF HATCH I tlG FREOUEtlC I ES AT TI t'lE J+ R27/2
2200 ! 90% MATURE FEMALES REPRODUCE EACH YEAR
2210 FOR U=1 TO 24
2220 Q(U)=.9*PCU)*RI5*R(U)ARI6
2230 KCI)=QCU)+KCI)
2240 NEXT U
2250 SUB END
2260 ! ------------------------------------------------------------------------
2270 SUB Lets fish
2280 COM C,D,E,F,I,J,K,L,M,H,R,T,Prop,X,R0,Rl,R2,R3,R4,R5,R6,R7,R8,R9,RI0,Rll,R
12,R14,R15,RI6,R20,R25,R27,Flagl,Flag2
2290' COM A(15:79),C(1:24),D(I:24),F(0:20),G(0:20),H(1:24)
2300 COM I(I:24),JC1:24),KCO:20),M(I:24),MnatC0:20),HC1:24),Horrocuro(0:25),RC1:2
4),S(I:24),T(1:2),U(15:79),V(I:2),W(0:20),Y(I:2),X(15:79)
2310 X=0
2320 R22=1
2330 I F R= 1: THEN GOTO 2370
2340 ! FOR MATURE.FEMALES CUT OFF ACCESS!BILITY R22 DURIHG PART OF YEAR
2350 IF Flaql Atm CCRll<RI2) AHD (CHR1.!? OR CJ)RI2») THEH R22=0
2360 IF Flag1 AHD «Rl1)RI2) AHD CCJ)R12) AHD CJ(Rl1») THEH R22=0
2370 ! CALCÜLATE'X AT START OF J+l AHD CATCH OVER J
2380 FOR U=l TO 24
2390 RO=FHSelectiuity(RCU),R4,R5)
2400 X=X+MCU)*EXPCC-FCI)*RO*R22-MnatCI»*R27)
2410 ICU)=~lCU)*F(I)*RO*R22*CI-EXPC-R27*XFCI)*RO*R22+MnatCI»»/(FCI)*RO*R22+Mna

t (I)
2430
2440
2450
2460
2470
·2480
2490
2500
25io

•

•

•

t (l»
2540 ! hand selecti ..... ity •

• 2550 Size=INT(S(U)+.5)
2560 Size=(Size(15)*15+(Size)79)*79+(CSize}=15) AND (Size(=79»*Size
2570 Discards=X(Size)
2580 X=J(U)*Discards*.4+X
2590 D(U)=JCU)*(I-D~scards)

2600' HEXT U
2610 SUBEND
2620 ! --------------------------------------------------------------------~--7
2630 SUB Register catch

',2640 COM C,D,E,F,T,J,K,L,M,N,R,T,Prop,X,RO,Rl,R~,R3,R4,R5,R6,R7,R8,R9,RI0,Rl1,R
'12,R14,R15,R16,R20,R25,R27,Flagl,Flag2
2650 COM AC15:79),C(1:24),DC1:24),F(0:20),G(0:20),HC1:24)
2660 COM IC1:24),JC1:24),K(0:20),M(1:24),Mnat(ü:2ü),11(1:24),Norrocum(0:25),R(1:2
4),S(I:24),TC1:2),U(15:79),V(1:2),W(0:20),YC1:~),XCI5:79) .
2670 . FOR U=l TO 24 .
2~80 G=INTCRCU»
2~90 G=eG(15)*15+(G>79)*79+e(G)=15) AND (G(=79»*G
2700 ACG)=ACG)+CCU)
2710. WCI)=W~I)+E*RCU)AF*C(U)

2720 GCI)=GeI)+C(U)
2730 UCG)=UCG)+!(U)
2740 . I F F 1ag2< >1 TI:lEt~ 2770
2750 . t'lRT D=:EF~

2760' GOTp 2:::30
'2770 G=ItliCS(U»
2780 G=CG(15)*15+(G>79)*79+(CG)=15)AND CG(=79»*G



2790
2800
2810
2820
2830
2840
2850

AeG)=A(G)+D(U)
W(I)=weI)+E*SCU)AF*DeU)
GeI)=G(I)+D(U) .
UCG)=U(G)+J(lI) .
HEXT U
SUE:Et-lD
!

<"

•

•

2860 ! FUNCTIONS---------------------------------------------------------------
2870 DEF FHS~1~ctjvityCP1,R4,R5)

2880 RETURN I/Cl+EXPC-CR4*Pl+R5»)
2890 Ft-~Etm'

2900 DEF FNOrro_int~grCP1,P2,P3)

2910 COM C,D,E,F,I,J,K,L,M,N,R,T,Prop,X,R0,Rl,R2,R3,R4,R5,R6,R7,R8,R9,RI8,Rl1,R
12,RI4,RI5,RI6,R20,R25,R27,Flagl,Flag2
2920 COM A(15:79),CC1:24),Del:24),F(0:20),GC0:20),HC1:24)
2930 COM I(I:24),JC1:24),KC0:20),MC1:24),MnatC0:20),NC1:24),Normcum(0:25),RC1:2
4),S(I:24),T(I:2),U(15:79),VC1:2),WC0:20),Y(I:2),X(15:79)
2940 P4=(PI-P2)/P3
2950 P4=(P4<-3)*-3+(P4>3)*3+(CP4)=-3) AND ep4<=3»*P4
2960 P6=4*(P4+3)
2970 P5=INTCP6)+(P6<0)
29$0 P7=Normcum(P5)+(P6-P5)*CNormcum(P5+1)-Hormcumep5»
2990 RETURN P7
301313' FNE~lD

•

•
" ,
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10' PAF;titIETEF.: F:ECO~ I: I NG FOR tlE'PHF;o/s POF lILAT I C.:' :: 111ULRTOR
2~ INPUT "NLIMBER OF PROBLEMS ?",Nb_of_prcbs
30 OPTION BASE 1
4';1 I' I t'l F l' 1- . - . --.~ ( C' ' A·r' .... C' 'I T(' .-. ) ~ I ' .... 'I F' ~. 1) ",' .-, l' C' ( 1C' • -,.~ 'I

"- . i ,=·_tJ.:1nll:';':· ...f), ..J"'::' __I", . .::. .. , v .... .::..,., '\.::. ., ,.! ... .:... ... }, ..' __I. ( .... "

50 INPUT" NAME OF FIL~ <CHOOSE A 6 CHARACTER tIR~E STARTING WITH"AN UPPER CAS
E)?",FiJe_namet . '
60 CREATE Fi le_nameS&":TI5",llb_cf_prcbs, 16*;+16*2+8*<2*21)+8*<79-15+1)+25+4
70 ~SSIGN File nameS .TO #1
80 FOR J=1 TO Nb cf prcbs
90 INPUT "NAME O~ P~OBLEM IN LESS THAN 25 CHSRACTERS ?",At
100 PRItH .At
110 PRINT "SELECTIVITY"
120 INPUT"A OF 1?",R4,"B OF 1?",R5
130 PRINT "PROPORTIONS DISCARDED?"
140 PRINTER IS 16
150 PRINT LIN(l)
160 FOR 1=15 TO 79
170 PRINT LINC-l),"SIZE CLASS",I
180 INPUT S(I>
190 NEXT I
200 PRINTER IS 6
210 PRINT AS,LIN(E(1»,"SELECTIVITY:",R4,R5
220 PRINT "PROPORTIONS DISCARDED:"
230 MAT PRINT S
240 INPUT"K FOR VON BERTALANFFY?",K,"LINFINITY FOR V.B.?",Linfinity,"TZERO FO
R V.B.?",Tzero
250 PRIIH "K FOR VOI·j BERTALAIWFY";K;"L).flFIlHTY FOR V.B.";Linfinit~J;"TZERO •
V.B.";Tzero I

2613 INPUT "ELEVATION FOR STANDARD DEVIATION VS MEAN LENGTH?",C,"SLOPE FOR STAN
DARD DEVIATION VS MEAN LENGTH?",D
270 PRINT "ELEVATION FOR STRNDARD DEVIATION VB rlEAN LENGTH",C,LIN(I),"SLOPE FO
R STANDARD DEVIATION VS MEAN LENGTH",D

•

"

e

280
290 .
300
310
320
330
340
350
360
~70

380'
290
400
410
420
430
440
450
460
470
480
490

'500.
.510
520
530
540
550
.560
570
580
590
600
610
620
6~:(1

64(1
650

INPUT "ELEVATION FOR W/L?",E,"SLOPE FOR W/L?",F
PRINT "ELEVATION FOR W/L",E,"SLOPE FOR W/L",F
PRIIHER IS 16
PRINT "NATURAL MORTALITIES"
PRINT LIlI(!)
FOR 1=1 TO 21
PRINT LIN(-l),"NATURAL MORTALITY AT ClASS ",I
1I~PUT N( 1)
HEXT I
PRINTER IS 6
PRINT LIN(l),"NATURAL ~ORTAlITIES:"

~1A-; PRINT M
PRIlnER IS 16
PRINT "FISHING MORTALITIES"
PRINT LIN(l)
FOR 1=1 TO 21
PRINT LIN(~1),"F1SHING MORTALITY AT CLASS ",I
INPUT F(!)
HEXT I
PRItHER IS 6
PRINT "F1SHIHG MORTALITIES:"
t'lAT PR I In F
INPUT "AVERAGE SPRING MOlTING TIME ?",T(2)."VARIANCE ?",V(2)
PRIllT "AVERAGE SPRIllG t'10LTIllG TH1E ",T(2),"\'AF:IAtlCE ",V(2)
INPUT "AVERAGE FALL MOLTING ·TIME ?",T<I),LVARIANCE ?",V(I)

. PRIIH "AVEF:AGE FALL NOL TING TH1E ", T< 1), " ....'AF.:IAI;CE ", V( 1) .
It-lPUT "IF TiALES EIHEF~ : 1", F~, "AVERAGE :E:IRT~Dfjy ?", H
I F R< >1 THEtl 58~)

PF~ ItH "t'lALES"
GOTO 590
PRItH "FEflt3LES"
PRINT "AVERAGE BIRTHDAy~,H.

I F R< >0. THEII 670
IllPUT "ACCESSII:ILIT ....· STARTS ON ? .. ,Rl1,"RC::.~:,SEILITy EdIiS Oll ?",R12
PRIllt "ACCE~.SIBIL'IT'l STARTS Oll''', E1l, "Atm :::tH: Cit; .. , R12
IIIPUT "STAtCAF.:D DEVIATION FOR HATCHIt-1G TI::~?I:, F:14
F'RIIH "STRt;I:AF:II IiEVIAlIOtl FOF: HATCHH1G TI::=::', ::;;14
I IlPl~T "ELEVAT I Oll FOF; FEClItlD I TY V. s. LEI1GT·;":.? I: , F: 15, "SLOPE FOR FECUIHI I T~"

e

v.s

. .
'.:::::::::::::::::::::::::::::::::::::::.·e·:.·:.':.-.':_'::::.:-.::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::_._ ::..:::..:..:::::::::::::~::~:~::..::.- •...•..__.•..•..•......_..............•.•.., .-- --:-.•..-: "7
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• LEt-lGTH ?",R16
660 PRIHT "ELEVATIOt-l FOR FECUt-lDITY V.S. LENGTH I,R15,Llt-lCl),"SLOPE FOR FECUNDI
TY V.S. LEllGTH ",R16'
670 PRINT #1,J;R4,R5,Rll,Rl~,R14,R15,R16,K,Linfinity,Tzero,C,D,E,F,H,R,TC*),Ve

*),A$,MC*),FC*),S<*)
680 PR I IlT 11 STORED Hl F.:ECORD 11 , J, "OF FILE", F i 1E-_n.:l.Tfll:-$, LHl C3)
690 HDa.]
700 EllD

•

.. . ;

•
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Shcllfish Committce:
Communieation C.H. 1980/ K: 37

ERRATA 'AND FURTHER 'COHHENTS:

Prelim1nary estimates of mortality parameters for Norway lobsters
in Bay of Biseay and in the Celtie Sea. By Gerard Conan.

During the ]980 lCES Nephrops Working ~r,~>Up,' I 'was, asked why I belie\led

natural mortality eould bc high for Nephrops in the Bayof Biseay. My first

answer is why not ? I was told earlier that thc size frequeney distribution

of thc eateh eould not have thc,shape it affeets, if natural mortality was

high. The simulation model I dcsigned in ]979 (Conan and Horizur, ]979)

showed that the observed sizc frequeney distributions eould very,well bc

explained using thc high natural mortality values. Thc main problem in the

simulation approach, however, is that the shape of the size frequeney

distributions is not very sensitive to cllanges ~n Fand M values when the

total mortality is kept eonstant.

During the working group, I proeeeded slightly differently by estimating

Z,from a catcQ cur;e cumulated over 8 years of samp1ing * and byapp1ying

a capturability (catchability) coefficient derived from Fox PRODFIT surplus

production model applied to Bay of Biscay data and to relevant data on

fishing effort. This provides a provisional estimate of a fishi,ng mortality

averagcd for all sexes and ,age groups ~ar~ested.

In the present paper, to whieh this erratummaY'be taken as an appendix,

I attempted on page 6 to proceed a little further and obtain estimates of

an average capturability coefficient whieh would be different for eaeh sex •

ThiR would be usefull since it has been shown many times that adult female

. 'Nephröps are catchable only during part of the year. Unfortunately the methüd

I used for calculating sex speeific eoefficients, turns out to bc irrelevantXX

and the sex specific.estimates must be wrong. I sha11 therefore keep to my

earlier provisional average estimate of a common: capturaoility.:coefficient

for both sexes. I must therefore assume that the fishing mortality averaged

over the year is equal for males and females, the instantaneous fishing

mortality being therefore much higher for females than for males when both

sexes are available to the fishery. These assumptions were implieitely used

for my estimates of Fand M at the 'Ncphrops lCES mcet~ng. This erratum

thcrefore does not contradict my estimates at the meeting, it is only unfortu

nate that I did not suceed in improving them.

*. .:t:xI w~sh to thank A. Charuau from ISTPH for the data hc provided.
I \'1i8h to thank Dr Haren (Direction des Peches) for his constructive
criticisms.
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ERRATA LIST:

Sorry for"the corrections, which should be made as such:

Page I. second paragraph. 1ines 4-6:

F would be equal to .68. An instantancous morta1ity coefficient M

averaged over the year for all· age, groups wotild be, .67, 'for the males :and.66

for the fema1es.

P 2 h ' d h 4th l'age • t ~r paragrap , ~ne:

F serait egal a 0,68, 1e coeffieient instantane de mortalite naturelle

/. ·'

moyen sur l'annee pour tous les groupes d'ages de ehaque sexe serait de 0,67

pour les males et de a.66 pour les femelies.

Page 6. this ~age should be entirely rephrased as such:

In thc present paper, I did not attempt to quantify seasonal variations

of c for the males or the females. According to Ricker'(1975),. the value of

F obtained fr~m a ~urplus production medel may be taken as an average value

, of thc age specific mortality eoeffieient F, for all 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 catehable population biomass2:B(itj).

Thercfore:

F. ::
i j
~ZF(i)B(i.j)

j.. J, (' ')2-~...B ~,J

while amore conventiona1 average is F' _ ~ F(i)
- N

I did not proceed to make inferences on the possib1e age t size. or sex

specific variability of the fishing mortalities' F(i ,j). Nevertheless I uSCd~e
simulation model for cstimating F'by the nt~erical integration .presented

above as suggested by Ricker, I compared this F'estimate with the estimate

obtained by direetly·applying the eapturability (eatchability) coefficient

of the surplus production model to thc fishing effort.

Page 7, lines 15-16 :

After the 1979 Statutory Meeting of leES, and before the 1980 Nephrops

working group meeting, the simulation program was slight1y modified. it now

takes in account the discarding and partial survival of 5mal1 'Nephröps in

the cateh.
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Page 8, second paragraph:

The value of the fishing mortality F=cf for the Bay of Biscay was

estimated as .68. Substracting F from Z, I obtained }F.67 for the males
l.f,;t" '~,;!ftA!': J' .. ', .• ·;._iijj I~ ~i~ .':', t: ,. ;.:.I'J. r

and H=.66 for "the females •• ,SubSt1 tut1ng H'from the Z' estimate 1n the Celtic
, '. . . .

Sea provides a fishing mortality estimate of F=.34 for the males and F=.25 for

the females.

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

. Ricker'sapproach are F'=.92.andH'=.43 for both sexes\-lhen thevalue 'of- ".'

F=.68 drawn [rom Fox surplus production model is assumed to be equal to

F=LF(i)B(i,j)
2: B(i,j)

Page ]0, third paragraph:

The .67 and .66 values for mortality •••

......

Page I]. seeond paragraph: please delete lines
-----

FURTHER COMMENTS.

to 4.

e ..

The general meaning of the paper needs not to be rcviscd. I have produced

simulations with the present values of F.

However, I would wish to stress that the present estimat~s should be used

""ith great eare, due to ]) the imprecision of the estimates of fishing morta

lity by the surplus production approach, and 2) to the imperfect eoncordance

of 'lhnt is ealled 'a eapturability (eatchability) coeffieient in n yield.c:odel and

1n a surplus production model. In the absence of any better information, such

a preliminary cstimate is still usefull.

To my knowledge~ there is not such a thing as a good estimate of natural

mortali ty for Nephröps. T\'lO methods have been used at the ] 97] 'Nephrops

working group. If confidence limits eould be properly computed and if the bias·

in the eomputation·of the estimates eould be evnluated, it is likely that

these estimates would not be as different as they appear. A reasonable eonelusion

is that neither of these estimates should be used for an other purpose than

assessing a possible range for losses or gains whieh might arise in the ease

of aehange 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

figure is all I have got for the moment, and Ibelieve t~at in the present stage

of our knowledge. it is as good as any other one available in other countries.

A'great deal of. eooperative international research is needed before any realistic

recommendationsbased on yicld estimates be presented for management of Nephrops

stocks. Up to now I see no point for revising or considerably improving the

statements made by Conan and Morizur (1979) eoneerning these yield estimates.
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