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1. Introduetion

Fish population resesrch is concerned with, and is aimed at,
the development of model noticnstregarding the dynamics of fisﬁ stocks.
The aesults of studies in thisg field represent the basis Tor bobth opbimal
fishing énd predictiong with respect to future catches, and they also

reveal ithe efficiency of regulatory measures.

The immediate subject of this particular branch of fisheries
blology is the fish stock. Aczording to various authors, the unit stock :
can be defined as follows:

| The stock (unit stock) is & unit of individuals of one tribe
- or one species, which interbreeds and maintaing iteelf within a defined
area during & certain period (season) ané?:ubjeeted continuously to
isoclated explbitation by fishing (Blickmamn, 1963; Cushing, 1968; Hempel
ana Sarhage, 1961; the Lowestofl Paper, 1962; and the ICNAF Paper, 1958).

The f£ollowing methods are employed to distinguish between indi-
vidval stocks:

Bvalustion of meristic characters;
Biochemical studies; snd

Mark and recapture experiments..

l.1l. Development of fish population research

s

The first paper dealing with fish population dynemics was pub-
lished in 1877 by V. Hensen, who estimated the number of mature ceod and
blaice individuale present in both the Kiel £jord and in the Fekernforde

Bay by sampling pelagic eggs. Population dynamles research received a
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freshh impetus after fishermen came. to realize that stocks fluc-liated in
numbers, For instance, the landings of herring from fishing off Bohus

1lén amounted Yo 200,000 tons in 1896, but decreased ‘o 20,000 tons al-

- pesdy during 1897. That finding gave rise to ‘the establishment of the

Intemationsl Council for the Exploration of the Sea (ICES).

Since the publieation of Heincke's (1913) general review paper,

'ICES hes been concerned chiefly with the survey of fish populations.

A numbexr of theories have been discusged in the course of the years

proposing concepts rega&ding'{:he factors causing these psrticuler fluctu-

ationz. The value of model concepts of this type can be tested by either

long-term surveys of populations or large-scale experiments. The latter

approach ds difficult for fi_nancial'reasons. Due to thege reasons, we
imow oply the exsmple of Pacifie halibut fishing a—learge-—scale experi-
meat (Thompson, 1960), which is cavried out off the shores of the USA
end Canada with the aid of long lines., During the years 1913 to 1915,

;l:he maximm yields obtained there amounted to- around %0,000 toﬁs. A:ftér
the catches decreased, commissioners were é.ppointéd, who deterﬁained that
40 per cent of the stock present was taken by the fishermen. Exploitation
(:;f halibut .on these fishing grounds was thereupon limited by the intro-
dué:*l;ion o;i; quotas, vihieh, at first, &'{g-:xé éﬂled within & period of eight
months; then, within one of four months; and during the years between

1945 and 1950, within a period of one to Tour months, although the quota

" had already been incremsed during the later years. Thig halibut experi-

nent has dgmons‘twatea’ that deliberate and meaningful regulations will

result in changes in the stock wrl:h xeépee‘t: to the number of individuals

present.
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Figure 1 - Scheme illustrating Pactors affecting stocks of fish

Population (stock) changes are due to:

Increage in stock welght due to grow%h;
Increasetinvstock?weight-due to ‘recruitments

‘Decreage in stock weight due to matural mortality; and
Decreage in stock welght due to mortality due Yo cepture.

1.l.lo The theory of overfishing (Bussel,;19§2)
| A given stock of fish is affected by both natural mortality and
nortality dve to capture. Exploitation of & stock previocusiy not exploited
" by fishing will lead to eh&n/ges in stock structure.
Inereasing exﬁlgitation by Ffishing

&) changes both the age composition and the growth of the stock
(we know trhat large individuals are less frequently captured);
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b) decreases the catch per unit of effort (i.e. the density
of the stock); and ‘ '

¢) results--after initial increases-~in decreasing yields.

Lesls2. The thiming coud theory

The following experimen'ts have been carried out with respect
t0 the question of correlations possibly existing between stock dénsity
and growth of individuals: ) |

;L;._ Henking (1922) re?ieased glow-growing Baltic Sea plaice in
the Noxrth "Sea and found that the wate of growth did not change.

+ 24 On the other hand, fast-growing North Sea plaice .contiaued

o Q?ow at a fagt vate also in the Baltic Ses, ‘

In 1916, Heincke outlined the hypothesis that the different
gi'ow'hh'tra;besfé;fnibited by individual stocks were determined by genetie
factors. - | |

" In his experiments concerned with transporting plaice from the « 6.

mouth of the Linﬁ?jord to the interdor of that fjord, Petersen (1909), on
the other hend, found that the rate of growth increased -after release ‘
&t the latter site. Strodtumsmm (1935) repeated corresponding plaice
releage experiments in Kiel and heiarriv.e& at the £ollowing conclusions:

1. The Baltic Sea plaice exisfé uﬁder conditions of severe food
competition and realizes only a certain fraction of its growth potential.

2. Transpor't;ation’,’of young pleice from the Baltic Sea to the
North Sea resulied in conmiderebly improveé growth. (Iﬁ hig experiments,

Henking had used very old plaice individuvals.)
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The results reported by Strodtwmenn agree with those obtained
by Hempel (1958), who demonstrated that demsity-dependent growth can be
observed only in ona- %o Fhree~year-old pléice.

During the twenties, the discussions on the effects exerted

on growth were concerned chi€fly with the theory of "thinning out"

supported by Petersen (1909), CGarstang and, inltially, also by Kyle (2928).

According to that theory, the catch per uﬁit of effort will be greater
if the juvenlile year classes are décﬁmated in numbers to such sn extent
that the individual rate of growth will increase noticeably resulting
in increased total weight of the stock in question.

Russell (1932) and Blickmam (1932) heve subjected that theory
;i:o critical reviews, since their respective. ealculatlons showed:

The individuals of the thinned~out stock mumst live within the
thinned stock for iwo years without being subjected to exploitation by
fishing before thei‘r higher individuval weigﬁt (= total weight o:;? the -
stock) will be greater theaan the total of the more numerous but smaller
plaice of the o:c-a".ginal, not thinued stock. Thinning of a given stock

two. years before exploitation, however, cannot be realized, since it

is not profitable.

l:le3e The thaory of rep:coduc'ti'.on' (s‘bock»rejc%.'tment relafionship)

In 1897, Holt found that the malntenance of stock size is
ensured only if each indivﬂ:lual belonging 4o that stock hes - wx: the
chance 1o participate :Ln spawﬁiz:g. According to Holt, there would then

exish a dlvect correlation between the number of parents and the number




R (Number of recruits)

l - ""rim' (Number of parents)
Predominating regulatory mechanisms
‘Parents ‘ Density
Figure 2 - Mechanisms controlling the musber recruits.
this
of offspring:. In 1968, Garrod was able o demonstrate that|correlation
exists- in the case of the.Arcto~NorWegian cod. However, it appears
that no such correlation between the mumber of pﬁrents and the number.
Sf offspring exists in populations of other fish species. Other factors

then must play a limiting role as long as the number of eggs does not

fall below a certain minimm.

leled. Natural fluctuationg

Fluctuations are changes.in populafion or stock size. The large
Tluetnations known from the:past migt have had natural causes. In many
cases correlations havgcﬁeen Tound té_exisﬁ between the number of one- '
year-old individuals end the number of recruits, buﬁ.not betwaen the

number of eggs snd the number of recruits,»énd it would therefore
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appesr that these patural factors mast have exerted their effects dur-

ing the first year of life and, probably, during the first weeks of life.
.Only in‘cazes of extreme decimation of stocks can f:i.shing'acti-..

vities dlone be bheld responsible for «changes in the pumber of individuals

in a givéen popwlation or stock.

le2e Optiml fishiﬂg

In order to obtain the greatest possible long-term yield in
Tishing, we must institute Vo?fimal' exploitation of the stock. The hypo-
thegis of optimal i‘i.shing has ~b_een~eétab1ished on the basis of the follow~

ing exp‘ei‘imen‘tal results and the following model -concepls.

1l.2.1l. The guppy experiment (Sillimen and CGutsell, 1958)

The weight of the catch does not increase in & linear manner
with inereasing ?ishing effort; instead, there exists & maximm yield
at a certain fishing effort, and the yield will decrease with further

 increase in fishing effort. The wresults obtained in the guppy experiment

support that hypothesis: In four aciuaria, guppi'es‘ (Tebistes reticulatus L. )"

wére maintained for 174 weeks, which perioc} of time corresponds to 58
guppy generetions. Both temperature and-i-"ood supply were kepé constant '
during the entire duration of the -experimen'l;, and _,possibie cannibalism
was kept at a low level by mgling available protected grounds for the
young within the aquaris.. .T}!ie biomass was determined once a week by weigh-~
inge ‘i‘he-'s’cqck not sub‘,ﬁécted “i';o exploi"i:ati'ou by fishing grew up to week

60 (corresponding o 20 generstlons). At that point; this particular
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Fisuce 3 - Steady state of guppy stock after twenty generations

stock had reached a steady staté, i.e. constant reeruit levels and con-
stant loss rates ensucred the maintenance of both 'ﬁhe age structure aad
l.oiomesss at & constant level. ,
‘Sterting during week 40, two of tﬁe four‘aquaria were subjected
to "exploitation by fishing" at intervals of three weeks; the juvenile
i;ndj.'viduals«-maS is done in the case of deep-sea fishing—were spared
dur‘:ing these "&e‘ﬁj‘oné"o The fishing intehéities, in that order, Werev
10, 25, 50, and 75 ver cent, respectively; each higher f;ehing intensitvy
was lustituted é,lways afbery the stock had regaiﬁed its steady state.
The following results weres iob‘l;ained in that experiment: ‘
3, .Ind'iv‘iauai ‘érowth was greater in the explolted stocky than

in the wnexploited ones.
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2. The average age of the stocke wag greatly lowered by the
increased mor‘t.alityzdue +o capture (always involving the older indi-
vidlmls)' and, perhaps, also due to the decrease of camibalism,

3e The size of the stocks.decreaged with :Lﬁcrea'sxing "i‘iSil‘:’tﬂg.
At gxploi“cation by fishing of 10 pér ben‘b, _the stock decreased by about
one third; at 25 per cent, by more than one half; end at 50 per cent,
the stock exhibited only 20 pexr cent of ite initisl size, Fishing at
the 75 per cent level led {¢ the extermination of the stock within 21
weeks (corresponding to severi ‘generations).

4. The Tollowing aspect is of particular imporitance in con-

neevion with our congiderations regarding optimsl fishivigs Pue to the

" above menlioned growth increase and the rejuvenation of the stock, pro-

ductivity of that stock reached a maximum value with exploitation, which
wes situated at a fishing intensity somevwhere between 25 and 50 per cent.

The welght of the étock (its piomass) at that point amounted to only

-about one third of the initisl weight (biomass) as is shown in Figure 4.

These results permit a preliminary definition of optinal fish-
ing: The yield curve reaches a maxinum &t a point between exploltation
at a level too low and exploitation at & level too high in intensity.

Continued maintena\[:%e of maximal yields requires that recruit number,

growth and losses are maintained at fairly: constant levels (steady state).

The following posgibilitias are given for influencing the po-
sition of the steady state and, thug, for obtaining the optimal yield:
Changing ‘l:}}e minimmage of the individuals at the time of capture by

wodifying the mesh size, and changing fishing intensity. ~

« 10 o
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75
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Figure 4 - Dependence of biomass and of yield upon fishing

1.,2.2. The sigmoid curve (Robertson, after Bickmamn, 1963; Schaefer,
19545 1957

- The growith of & human populatj.qn:r'zas demonstrated by Verhulst:
(1845) in the form of & sigmoid or S-éhapec‘_l curve. Hjort and Ot'testédt'
(1933) have adapted that mo,del for uge in fish po.pulation dynamics.
When an empty b_io:i;;ope is populated, we find that the populatign
(or dhe stock) first grows in a logarithmic menner.. However, starting

at a cextain point, the welght of the population will approximate & Tinsl
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dp N
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dPidP
t ldt
5480+

0440
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Figore 5 - Sigmold curve. Representation -of Robertson's function of”
Snoek weight. After Buckmmm, 186%.

value ( ) in &n asymphotic manmer. The sigmoid curve is shown in Fgure 5.

The growth' curve indicates the weight of & given population-—
excluding the effects of exploitation by fishing—at eny point in time.
The Ffirst dexdvation -«g%« of that function gives us the rate of growth
of the pcptﬂé-‘t’ion in Guestion. Populstion (or stock) growth is at maxi-
mm when the ‘weilght of tﬁat population amounts $o0 one hé.li’ of the maxi-
mom weighte It then follows that an op*tlmal situation ex:i.s't;s for exploi-
tation by :E‘J.sh:mg when (1) explon.tatlon is star'l.ed at the point of "in-
flection" of the sigmoid curve (where exponential growth turns into
logistic growth), (2) the .Er‘uock. is maintained at one half of its maxi-
mom weight, snd (3) the excoss stock is captured by fishing. '

Growih -»gjlm ='6¢ o P is spproximately constent during the log

t
. phase. G is the neasure for the rate of growih.

-

- {{“"
-
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. According to the Robertson mbdel‘, optinal fishing is given when
the increase la growth at half maximal stock weight is continuously being
rewoved by fishing.

Degpite “the extersions undertaken by Schaefer (19543 1957),
who- dded Fishing intensity as a term to the Robertsom model, we find
“taat this moedel duves nov Lully reflect ~the growth of a given stock, since
changes in the minimm age of the fish at the time of capture as well as
changes due to agé composition (due, for instance, to chenges in re-

-

crultment) are not incorporated into that formulation.

12030 The yield dgopleth -didgran

Beverton and Holt (.1957) hé.ve derived a yield equation, into
which they have incorpovated the parameters missing from the model con-
siructed by Robertson end modified by Schaefer.

The corrvelations existing between fishing inbensity, minimm
age &t the time of capture (t,) and yield in wnit of weight (¥) can be
repragented in .-gr‘?.phi‘c Form Ain The j..soplé‘rt;h diagren, inwhich the lines
of equal yield are plotted for the two variables £ and tc. The isopleth
él:i,ag:ram is comstructed on the basis of calcvlations performed using the
yi;ald equation (Equétion 10, further beio{;f_). The cvrve-AA' (the cacometric
curve) in the isopleth diagram indicates the Lfishing intensity that mst
be applied in ‘c-).rder o eb*tigxin a ce:ytain yield .at lowest 'b c (.corresp.ondf
" ing %o the mech size of the nets employed).

The eum'et:vr‘ié curve BB' indicates the mesh size (corvesponding,

i turn, to the minimmage at the time of capiure, ‘bc) that mst be

.11, |
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Figure 6 - Yield isopleth disgram of plaice. Yield in unit of weight
' per recrult as & function of fishing intensity and wminimum
" age at time of capture.

Abgeissns E:Lponen'ﬁi"ai coefficient of capture (mortelity dﬁe 4o fishing),
F. That coefficient containg fishing intensity in the follow-

: ing form: ¥ = q « f» »

Ordinate: IMinimm age at time of capture, % c* The recrultment age of
plaice, t ., is 3.72 years, ‘at a mesh size of 70 mm.

The numbers on the individual isopleths indicate the yield per recruit

in gram$ P represenis the value palr for the decade 1929 -~ 19%8. The

u%er and the left borders of the diagrame represent the zero line of
Y/Re . . :
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empléyed. in order to obtain a certain yield at minimal effort. This
means that at this point the yield is obtained at the lowest financial
expendi‘c:m‘.e.
Point P indicates the pre=war (Jse. pre-World War II) values
for the North Sea plaice population "fof T end t,. Ve will obtain the
highest yield et this £ if we enlarge the mesh gize in a manner bringing
.ahou*b that the minimm age at the time of capture will be 10.5 years.
The yield obtained decresses again with further increase of mesh size.
We, then, realize that underfa.shlng is indicated above the eumetric curve,
snd overfishing, below that curve. This particuiar diagran (Figure 6)
Thns demonstrates that prnesvay fis:nipg in that particulax .plaice stock
‘wag situated faxr 1n the region of o%erfishing. When we go a.head and pro- -
ceed on along the eumetric curve in order to increasge the yield, we must
adjust both fishing effort .and.mesh_ sige in a covrelsted mammer.
 he theoretically maximal yield along the eumetric curve is
reached at an infinitely high fishing effort. Since the eumetric curve
-does not exhibit ‘a waximum, we tust, when defining optimel fishing, also
tal_:e into consideration economical aspects in additioﬁ to minimum age A
at the time of cgptﬁre end fishing intensity.

- Optimal fishing then is given_whé’n mesh size and fishing ei’fo.x‘t
are combined in & mammer bringing abowt that the resulting yield is‘ |
situated on the eumefrie curve at the point where' that yield is associated
with the maximm economic profit.

In order to arrive at a tdble containing the values indicated .13,

in the yield isopleth diagrem, Beverton and Holt (1957) have derived the
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yield equation, which reflects the yield in voits of weight of one year
clags in the exploited phase. The following parsmeters are incorporated

into that equations

v = the exponential coefficlent of overall mortality;
= ‘the ‘exponential coefficient of mortality ‘due %o capbure;
. X = the metabolic constant of the growth equation (Bertelanffy,
19343 1978), K = k/3;
Voo = the maximum mean weight of the fish;
W = the weight of one individual;
ty = the theqre‘tica_ﬂ‘;‘vdiue for the start of growth;
te = the minimm age at the time of capture;
tm = the maximm age; and
‘R' = the number of recruits present at time B

In addition, the éependent variables N = the number of indivi-
duals in the population, and Y = weight c_;f the yield, and the inde-
pendent variable t are 'jnéor-pﬁ;g;ized into the growtﬁ equation.

The following pw:ameter's are regarded ag I_)eing constant in that
equation: Z, F, M, K, Vg Ty tc’ T, Bnd Rt.

The biomass of a given stock is est:hn;':ﬁ;ec’g using the following

equation:

~ Equation. 1l

Y

where » and U are parameiers that havé‘ 'béen' incorporated because of the
summation formlas they possess no analytical importance.. The yield
s that shere of the biowssh that is vemoved by fishing.

The jield in ‘u}'li'ﬁs of weight of a'given year class during thé ‘

tine interval between tc and tm is given by the yield equation:
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’ Bouadion 12

The yield isopleth disgram is constructed with the .aid of that
growth equation, and optinal fishing is indicated when the plots are

situated on the eumetric curve of that diagram.

FRENEN

2. Determinatlon of paremeters o« 14 .
- The parameters required for the yield equation can be assigned
“to the primery factors (ef. Tigure 1) recruite, growth, and losses.

The minimum age at the time of capture and the maximm age are summarized

ot
R
R

within the concept of "life span’.

2,1, Material

In order to assign numerical values to -our parameters, we mist

Xaows:
Population (or stock or tribe) densitys
Fishing effort;
Age structure of the popuiation in questions
Yength disteibution; and -

Veight distribution.

7

2.lele Sampling d

The material Fequired for studies cen be obtained by taking

semples fron landings or by capituring individuals for the purpose of

research.
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1 .
. A. Jandings: In general, we are unable to examine the entire

‘ma'he:.ciai landed, i.e. We are forced to take random samples. The follow-
ing aspects must be taken into consideration during sanmplings

A1l ingividusls of ihe sbock investigeted should have the same
changce "66 appear in the sample, Subjective selection during sampling
mist be avoided. |

That can be done elither by taking numerous ssmples or by using
the method of random sempling; in-the latter case; subjective selection
is excluded with the aid of é"c\a;tistical nethods (random tables, Fischer,
1948). Inhomogeneities in the stock with respeet o both gpace and time
amst be talken iwbo conztderation. |

Two posgible sources of syéfem*bic error (vias) must be consi-

dereds . .

1. During the study of landed fish, we must inquire whethexr
these fish have been caught at a gingle or at meveral Ffiching sites.
Ssuples caught at. & single site are not represen'i;a'bive for a given stock.

2¢ The Tishing method employed in each case involves -selection.
Due to processing on board of the fishing vessel, it is -possible that
qertain groups are lost for scientific study. Observations on board
regarding proceséing measures will yleld an egtimated value for ‘L;ha'h

errory vhich, in consequence of that observation, is greatly reduced.

B. Research captureg: Voyages to the fishing grounds for the « 15 .
L7
purpose of capturing fish for study permit adequate sampling and avoid
meny sources of error, - but they only rarely yield adequate bodies of

- drta. Use of fine-mesh nets abolishes the greater selection of commercial
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fishing. Furthermore, fishing grounds. can be worked during such voyages,

which are not used by commercisl fishermen.

 2e1l.2. Measuremend geries

Messurement ‘series provide indications ‘dn stock structure with
réspeet to particular characters. Arrangement of data from such series,
however, requires that one definite method is used and described in de-
tail, so that the values obtained will be reproducible and comparable.

The stendard measures of lensth employed in fisheries are:

Standard length, fork length, snd total ‘length.

o Standard length
- Potrk length
- Total length

;I“i,gurme_‘_l - Schematic represenmtation of ;neaéui'eé of length employed
P " din fisheries biology y . »

More detailed outlines on lengih measurements may be found,
among -others, in Bickmaon (1929), in the FAQ Manwal prepared by Iaevasta

(1955), end in Kdndler (1968).
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Weight measurements can be performed only with difficulty on

board of fishing vessels at sea, sinde scales do not work in a reliable
mepney during wough seas. Ve distingulsh between the following weights:
Wy fresh weight (£ = fresn),
W gutted weight (go= gutbed),
W, » head~off weight (h = head off), =nd
Wy Tillet weight (fi = fillet).
In this comnection, we again refer the reader to the literature

mentioned aboves -

2el.:3, Age composition

The @ge composition of & ,»gsi:ven population or a given stock cen
"be de'i:ernﬁ:c_léd, in some species, Qn_fhe basgis of length distribution With-
in & given catch and, otherwise, on the ;basi.s of the structure of the
solid tissues (otolirhhs., séales,, and bones). Thege solid tissues are
forme;l in the course Vo:f‘ different growth stages during the sumer aﬁd
winter, respectively. This method, however, . is difiicult to use .

in tropical and subtropical areas. The Peterson method of

enalysing length distribution is more promising in the latter areas, -aﬁd
this, in particulsr, in species having sharply delimited spawning periods.
In the latter csse, we £ind that the gxti’c;me values will appear a-b.r_e-
'gular +time intervals, According to receni 'c;on'ven‘qi.on, the first dgy of
January is regarded as the ’/da_.y of birth in the case of many species,

gince growth is either arrésted or inhibited during the winter months. .

e Aa e

e 16 .




¢ 23 o

75.‘1

2N,

I‘J ioure 8 8 - E:ﬂmple for ago determination after Petersen's statistical
method. After Blickwann, 1929,

G5

Leotndo Yhelds

In cases where we wish o draw conclusiong regarding the nature

- of catches on the basis of landings, we mugt remember that losses occur

on board of the vesgels during both sorting and psclking.

The following sheres of the catch are not included in the
statistics kept at the deep-seé fish marketss

a) Undemsized £igh thrown back dinto the sess;

b) Figh sold directly by the fishermen to buyers;

¢) Fish caught by sports~fishermen;

d) Fish processed into fish»meal, and Tish used as bait; and
e) Slaughtering offalls .
The data appeafing in the lending statistics under “proceased
Fish" maat be recalolated for fresh weight. Thet is the case, for in-
o

stance, with fillebt, head-off, and guitted fish. We, furthermore, must

snalyse the statlstical categories, like herwing I, II, III, etc. wWhen

considering yl eldg. The yields obtained in different stocks (ox uribes).

o 17 o
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must be considered inmdividvally. It is furthexmore possible that age

group divisions differx from cne landing site to the next one.

2015, __Fishixig aetivities and the cateh per wnit of efford

The eomplex "fishing activities" encompssses three concepts
requiring definition: Pishing effort, fishing intensity, and the catch

per vait of effort.

Fighing effort .

Fishing ~ef«3'_’01*b_'(‘g) is the e:t‘fgc“b’iﬂre duration of uge of fishing
gear and tackle. The level of fishing effort, g, depends .on the number,
the kind, and the time of .opera'bion during the year. We, therefore, have -
available different possibilities for measuring fishing effort. We can
uge &s the unit of measure, for instance, standard‘ 'b"rawling hours per
year. Proceeding in that way, Wé mst compute the effort of each vessel
in order to arrive ai comparable efforts put forward by different vessels;
the effort of the individual vessel is measured against the effort p@t
forward by aﬁ arbitrorily selected "standard ship". Individusl compu~
tation is required because the catch capacity of individual ships can

vary to & great extent (depending on the,sizie of the nets, engine power, etc.)

Fishing intensity (f) is the fishing effort expended per given
. rd
areg

17-1
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'In cormection with that formulation we assume uniform distribution of

the individuals. It then follows that fishing intensity ie proportional

to the mortality »due to capture:
172

The coefficient of caichable fish, g, has been introduced as o.

proportionality factor:

AT - 3

The coefficient q is de_termixied on the basis of mark and recap-
ture ‘experinents -(Section 2:6.2.)
However, since fish are distributed in a non-uniform menuer

over the large ares, A, we subdivide A into sub-areas, Overall fishing

intensity is celculated on the basis of the weighted total of individual '

intensities applied over the various sub-areas:

Qb wn e E® me e am mv ®D e AW ew e W e

The cateh per wnit of efi’ori. e

The catch per unit of fishing effort (C.P.U.E.), g, is expressed
by the following formulations |

e

s ) c -—
Catch per unit of effort = - =TI

The catch peic-“unj.t of effort represents a relative reflection

of stock density. In the determination of catches per unit of effort, we
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mst take into consideration, above all, the power factor, since the
catch capacity of individual vessels différs to a great extent. The
catches 'per unit of effort are affected also by the different distri-
bution of the Fish during the different seasons of the year. These
differences in disiribution are caused, among others, by: Migration to
“the spawning grounds, Tood -supply, "oxygen content -of the water, tempe-
rature dii’ferences, and currents. These factors together affect the
overall behavior of the fish,  °

- The power factor (PF) has been introduced in order to enable
workerg 1o compare ‘%he different catch capacit:';es of individual fiéh.ing
veguels. :W’e-.Ja‘SS-igx1 the -??E?l'*?u =.1 %o --t;}}e ‘fighing vessel u, which ‘bas caught
~?LOQ fishes per unit of effort. The %ishing vegsel v has caugh‘b- 80 fishes
~ under the same conditions:

,PFV = 'T%%" = 0.8 PE
The power. factor PF = 1 is assigneid {0 the fishing veésiel,

‘which has yielded .the greatest number of values capable of comparison
with other fishing vesgels. This means that this particuler vessel mst
have fished together with as many other fishing vessels as possible on
é. given fishing ground. The power factor is valid always only for the
gtock for which it has been determined.’ : |
| Once the power factor has been debermined for a series of *veésels,
we can go shead and correi?.g:be that value with known vessel characleristics,
like G.R.T. and H.P. In this way, we are then able to read the FPF for
any vessel. One example would be the Yinear dependence between power

factor and tonnage derived by Beverton and Holt (1957) and shown in Figure 9.
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Steam
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Figure 9 9 - Power factor in dependence upon tonnage. After Beverton
and Holt, 1957
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__&ure 10 - Example for interactive fish:m . After Beverton and Holt,
1957. Sketches ) and 2: Interac L'\ve getting of nets.
Sketch 3: Non-interactive setting of ne’(s. = The direction
preferred by fish for mlgra'bm
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We speak of heterogencus fishing in cases where & given stock
is subjected to fishing using different fishing methodes. In practieé,"
we mast start on the basis of yields obtained with the aid of different
types of Lishing gear when Getermining stock densities. When we ‘then

obiain the catches per vnit ‘of effort using di:ti’erem; gear, We are given

the possibility to test our respective resulis. The terms g and £ are

- caleulated ouly for one type of fishing gear.

Total yield - _ {rrewiing - e
Catch per wnit of effort of trawling {standard houx ‘

The gtandard trawling hour represents the hours that are required

1o make a -certain catéh din -a given area while FTishing only with the

- ghandard tré.wling net., In the determination of both the. catch i)er und G

of effort and fishing intensity, we find that fachors like gear saturation,

interactive fishing, and density dependence of -effort play importent roles.

e’

Interactive fishing is given in cases, where, because of their

particular arrangement, not all nets have the same chance to retain the

‘same -quantity oft fishe. This type of fishing i seen, for instance, when

netg are arrenged along a coast in a direction paralleling the prefen?ed
migration route of a gilven fish species, and the last netg, therefore,

will in the end contain less fish then the ones set up in front (Figure 10).

2,2, Estimatine average recruit numbers after Beverton and Hold e 20 .
In order to estimate average recruit numbers, we must know cer~
tain parameters (to, Ky Wy t,s Fy ond M). Using equation(12) (cf. Section

3¢3e) We ars able {o calculate Y by means of R'. On the other hand, we
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cen obtain R' by dividing Y (determined on the basis of fish landing

data) by Y/R'. The error in thet method is due to inaccuracies in the
1 ’ Jdanding statisticm. -Additional posgibilities for estimaling recrultment

are glven by determining egg numbers and by cabching larvée.

2.%. JiTe span . ‘ R B S .21 .

~

The life span of individual f£ish can be subdivided as shown in

the following diagrams

“Recruitment MHninun age ab Maximal age
‘age . “bime of ‘capture
o t=0 b, : Be o
Prepatnl | Prerecruit - (Pre-exploited BExploited phase
phase phase phase .
R oow
———om———— Pogtrecrult phase

Figore 14 -~ Tife .span of individval 2ish
The symbols used in thie diegrem stand for:
t, b0t =0 the prenatal (embryonal) phase

to : the prenatal age; . the theoretical value for L = 0 and
. ) = 0, representing the probable time of egg fertili-
zatian ‘ - )
t=0 the time of hatching
t =0 %o tr -the prerecruit phese
'%r {o tc the pre-exploied phase; the recruits are dlready pre-

sent in the exploited area but, becsuse of their small
size; are as yet not subjected to fishing

tc ' _the mesn minimom ege at the time of capture
ﬁm the mean maximum ageo the end of the exploited phase

YIS AN TV s 98 e WY B T Py et At FTAL e e At . A ot Be e b A% kL %Pt b ANAS T Yoty
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. ' . The exploited rhase only is considered when we make use of
the variable %, i.e. t is situated somewhere between t, and i 1

o 4ot -
t(‘- + %

R represents the number .of recruils having reached age 'LI_ o 22 .

R? vepresents the muber of recruits having reached age T

Trangition from the pre-recruit phase to the pre-exploited phase
and from the latter on to the e.;*cploi“bed phase, of course, does not take
place at the same moment in a'l‘l iﬂdiﬁdduals. However, in wathemetical
detexminations we make .c&leui&:z?tions Asing mesn oT &verpég&-fmﬂ_ues:

. The moment + » has been reached when 50 per cent of the recruits
‘heve dammigrated into the exploited ‘arce; ‘the moment 'hc heg been reached

vaen 50 per cent of the recruits have reached thé minimm age for capture.

“Kni:fen%adge selection" céw. occur in nature when the recruits immigrate

into ‘the -exploited areﬂ -only after they have reached age “;bc" Uy .

26341 Recruiting age

Determination -of the recruiting age 1s necessary in cases whére 3
ta.; end t are situated close together, so ihat séle‘etion has started
already before recruitment. Estimation of the recruiting age can be cerried
out in the coursge of.grea‘b nuoers of ,in;s'es‘biga'bional catches a't' great
mmbers of stations when close-meshed nets are used., Commerclel nets

are not suited for thst puprpose berause-of their large mesh gize.
Vs

._—-.-.—-u--—...-a-.-.-————um———— - wm wn e o oae e T & e S e

In casen where recruitm.en‘b of 8 given year class encompasses

 peyeral yeans, it is evident that the individuals belonging to the
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Rigure 15 - Recruitment cﬁ;:‘xié'éhov}ing bb-bh immigfé'tﬁibﬁ“of" recruits into
the exploited .area.and reaching.of thewirmimm age for
capture :

different age groups will exhibi% ini;erval’s- of natural mortality that
differ in length. We can construct a recrudlitment curiye for each recruit-
nment year of that year class. Following conclusion of recruitment invol-
ving several yearg, we deltermine the frequency pé;:'centage curves for
the xlage groups from the recruitment curves.: bnee we ‘then have cal~
éula'ted«-separa‘bgly for each age group—the number df_'recrui"i;s present
Hfter conclusion of recruitwent, we are in a po’sifcibn to determine .the
B0~per-cent value of overall '"-recmitmen'b with the 8id of these va;ues
and using the weighted-average method. |

| The mean recrulting age for oversll recmi'bmeﬁ‘t'_is calculated -
on the basis of the mean recruting ege of the individual years and the
coryesponding recruiil nunibe,i's, again using the method of the weighted '
average . ‘ |

The number of recruits surviving i’ollowing Eonclgsion of re-

erudtment cen be determined with the aid of‘the‘ following equation

involving the parvameters:

e 23 &
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!

" . ! mean year class strength to be determined
&g density from wvnit catch
E)O - age group 0 of & given yéar clags
e " age group 1 of that . year clasz recruit~

g1 ingvone year latbér

otQ ' recruiting age of age group O

‘ | n-1 .
S -faM}-é‘F*M’@er.(x:‘e“F*M’) Y Rl

R X+r | ‘
- (F+M)‘§90+7 R Q)

f.e

2¢3.2, Minimum age at the time of capture, and selection

. The minimum age at the time of capture is determined with the
aid of the selection curve applicable to +the parfieular fighing gear
uséd. It is assumed in this connection tha+t the stock in the selection
area is fully recrulted, since the selection curve otherwise reflecis
only & paxt of the reervits excluding the part still existing outside
of the exploited area. In cases of incomplete recyuitment, we therefore
reguire both the recrultment and the selecﬁion curves, which_#hen give i
us the resulting éelecticn with the'avgragé minimm age at the time of
capture. .

Selection represenﬁg the percentage of length groups of fish
captured among the length groups present in the ares subjected o ex-
ploitation by fishing. ‘Selection covers only the individuals aiready

recrulbted.

R e F T S PIACAAY U B
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ly ‘Length
N - (£) .
Figuxe 16 ~ Belection -ourves The-recruliwent curve, »; the solection
curve, s3 and the resulting selection, p. After Gulland,

1969. :

Both recruitment and selection curves represent suumstlon curves, « 24 &

whilch indicate the shares of individuals reecruited or eaptured, respecti-
valyy np to moment t (= body -l-eﬁgth). The_ position of the ‘selection curves,. -
of éowmseS is determined by net mesh size. In casés where the foot of the
curve dg situated to the right of the point indicating 100 per cent re-
crudtment, we are dealing with & situation where Tfishiﬁg is pevformed
in & fully wecruited stock; in cages where the foot of that curve is
s:i."t:ua'bed stlll within the range of the regrﬁi'bmen'b cuxve, we are dealing .
with a situdtlon where fishing is ca:‘cxfiéd- out only in the paxt of 'thé
stock already recruited (which is as yet net fully xecrulted). |

In cagses where reerultment and selection overlap, we .calculate
the resuliing selection uslzng the equation |

P=r580 '
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Taple 1 -~ Exemple for ¥ =T « 8
Length Frequency Selection " Resulting
distrdibution of selection
recrultment : -
cm . r _ s Pzl os
14 0.0 0,0 0,0
g N 0,5 0,05
1% N, 5 0,8 0,40
e 0, n,Q0n 0,8A
P 1,0 1,00 1,00

The value of % o is dte‘termined with the aid of P. The selection
curve, o, must be cons-t-.rucfbed‘f,or each type of fishing gear and tackle.

Gear selection has been studied chiefly in the case of trawling f
qetes The wupper side of the .cod -end has & predominantly selectlve action.
Three methods are used:

'_ Je Two fishing vessels of equal catch capacity trawl the commer-
clal net to be tested and the quantitatively catching close-mesh test net
ox;er the zame fishing ground at the same time. |

2. One fishing trawler moves the .neis Ho be compared in tuwn.

In this instance, too, “the conditions are: The same are must be covered,

#

and this at approximately the same time,

3e A close-mesh net is permitted to Lloat behind and around
the cod end being %ésted.

In all three methods, the worker must wmeasure the mesh size
after each catch and evaluate the eatch in & -quantitative manner. The
values obtained duxing the Jindiv*j,dual catchey are presented as weighted
mean. The selection factor of a glven net is calculated as :foiloms: :

50% retention length
nesh size

®

Selection factor =

e e ATTA S € v TR et rar At o N A e P R A S a b sW N N Shet h I AN 0 o, T K B P temRe B werd NN S
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2.%e36 Maximum age

. Determination of the maximum age, t,e on the basis of the age

of the 'oldest specimens present in & given -cabch ig.not permitted, because
we Jmow thet these specimensg are .b'efcis_er»able o ~escai3‘e -and, therefore, - |
are under-revresented im the catch. Beverton and Holt (1957), for thet .« 25 4 |
- reason, have recommended to insert a preliminary--assuned--value into

the yield equation. In cases where_: the yield curves for diffe:v,;en'b assumed

t, values arc situated closely. toéether, we fix ¢ arbitrarily in & menner
ensuring that the yield ccurve is not affected within the determinany

reglionsg.

2eh, Growth

Increase of stock blomags is due 1o increases in both length
and-'u.ve:hgh't of the in‘diviAdual stock members. This growth has. peen deter- .
wined by mathematical meens by Bertalanffy (1934), Pord (1934), end ‘
F‘Tal:t‘-ar.d (1933 1946), -among other :@uthors. According to Bertalanfly, |
length 1t at timé % repregents a fraction of the Linal maxiuum length Tege

’

Sinee increase in weight takes place appronmateﬂy with the
cube of length (1§, & Vig), growth with respeet to weight can be expressed

by the following formulations



t ‘ t

Figure 17 ~ DTongitudinel growth after Bertalsnffy's function

Increase in growth is repregented by & curve corresponding to
thet plotted in Figure 17. X is the so-called metabolic constent (of.
Section 2e4.1.).

The Ford~VWalford equation hes been developed in an empirical

manner following situdies in the herring.

Do 7 | 10

That equation represents s straight line having its origin at o

"a for t = O, and the slope "b"; however, that equation describes growth

in an inadequate mammer at the beginning and at the end of the life span,

2s4.1¢ The metabolic cae:f’i_‘ieient K

X characterizes the extent of energy utilization during main~
tensnce metabolism, that utilization being related “to the Finel state.

In popu.la’cion#—dynamic calculations, X is assumed 1o be béth'species-specific

e 206 o
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Tigure 18 ~ Graphical determination of constants X and t of Bertalauffy's
funct:.on. After Blckmamm,

and constent during the *en‘fire life., In the case of iﬁtermediate -a‘ge‘
groups, Beverton and Holt haxfe demonstrated agreement between the actual i
and the caleulated values in halibut, sole, and hacidock; agreement, how-
ever, does not exist in the céses of jﬁ';renile end old groups. K, further-
more, is affected by ecological conditions like temperature, Ffor instence.
- In cages of food deficienqﬁr, we find however that only W, is chenged, -
while K remains constant. That fact has béén demonstrated by Bertalantfy

(1934).
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Determination of X after Beverton and Holt

W E am G WY W e GE SR e SN m GE R ae We & as e ST e e

) ) 3 3 .
Using a graphical representation of In ‘/;; - l/: >

K can be determined-at t as the slope of the curve, That diagram (Figare
18),-&t e same time, providies s value Tor . .

. If£f we claim that 1_;h_e equations deriveﬁ by Bertalanffy and by
Pord-Walford, respectively, are identical (as suggested by Hohendorf,
1966'), we axe able to calcﬂ.a'i;ed the metabolic coefficient K in the
following manners ‘ i

A .

' The comstant 'b e determined with the ald of the Jegression

technique using the Ford-Waldort eqﬁé'tion (cf. Section 3¢2.).

2eho2¢ Mean maximin Llength

The point where the course of the 'grovi*‘bh' curve becomes asymp-
fotic in character indicates the fact that the ish has reached its final
Iength. Since the rate of growth decreases in & gieady msuner, we find

and 1

" T approximate the value

with increasing that the values 1
of Tppe |

' ' : 27-1

The length Ipy is obiained by projection of the point of inter-

gection of the sbraight l:m.e 1, =1 with the straight line 1

77+ 1 t4+ 1"

& + Db 1, sfter Ford and Wal:tord, since we should also be able 'bo obtain

Iy using the general growth equation. W};eﬁ we regard the growth eavations -

« 27 .
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of Pord and Vielford and that of Bertalanffy as being identical (cf.

Section 2.4.1.), it follows that

272

2040%, Prenatel age ta

'mo.shouxd‘havm'aynega%iv@;3ign,

The "prenatal age" represents a theoreticel velue for 1 = 0
and w = O. Since the fish at the moment of hatching, © = 0, exhiblis

already a certain length as well as & ceriain weight, it follows that

The method for determiming'to by graphic means has already been
presented furither above in Section 2.4.l1. That diagram corresponds to

the representation ln (Lm:” lt) at t. We are also ahle to calculate to

onithe’basis of the assumed identity of the different growih equations

of ‘the aforementioned authors, since we can rearrange the Bertalanffy

equation in the following menners:
27-3

That equation corresponds to the form y = ¢ -~ d x., The wo
constants ¢ and d can be calevlated with the ald of the regression
technigue vsing the series Tor the value pairs 1ln (Lw - lt) and 4. Since

; ‘

d = K; it follows: d

2T ~ 4 : : ’



e °
'40'

2.5. Total losses

Fish population science must develop models for both the rate
of incréase of a given stock and the rate of substrection due to death

and capture. The sibsiracting processes are characterized by losses due

to fishing activities, on the one hend, and to natural causes, on the

other. one; together, these losses are defined as the "total loss". We

In order to recognize fluctuations, we muet attempt to observe the age
groups of a given yeér class in an individual menner. Determination of
the parameters involved must:ge carried out using different and, if
possible, independent methuds'in order %o obtain indications regarding‘
the aeouracy of estinations.
Thé following methods can ﬁe used for determining totél losses:
a) Calculations involving year class sizes;

b) Calowlations involving both average age and average
length;s-

q) Calculations involving the relative age compositions anﬁ

d) Calcnlations involving #he virtual population.

_of stock size determined at yearly intéfvals. The shares of the year

2.5.1. Calculation .of total losses according to year class sizes
The catches per unit of effort (weight) are used as the measure
classes sre obtained on the basis of age determinations. In cases where
the catch per unit of effort is available as weight, we are forced to
7 .

perform recalculstions.

'0280
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Table 2 - An example, where catch per unit of effort'(e/g)x = 170 kg,

and (c/g)x L1 = 150 ke.
- Age class .
‘Year x 0 oA - B C e
Nuubews, “in % | 20 720 10 100
Mean weight, in kg | 3 2 1 | |
Weight, in kg L 60 14O 10 1 210
Y. numbers 16,2 56,7 8,1 81,0
Year x -+ 1 <
Numbers, in % | 15 80 5 100
Mean weight, in kg 3 2 1
Weight, in kg 45 160 5 210
A-«Zj:numb‘ers : 10,7 57,2 2,6 71,5
s The values underlined in Table 2 are known from sampling. On the basis

of these weight data on the catches (per wnit of effort) we arrive at
the total number of individuals in the caich being assessed:

210 kg £ 100 individuals
170 kg & 8L individuals
~ 150 kg & 715 individuals

If these values are representative for the year class sizes, we

ave able to use the following equation:

St | I

In the case of our example, t = 1, since the two samples were

l‘) ’
obtained at an interval of,exactly one year. For Year Classd, we then
obtains

o

@ =1n “%56“’“7 = 1,67 _— . 29 .

N » .
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. In cages where the catches pér.unit of effort end age com-
position dats, respectively, are available as average values for one
yeaw, the'equatinn is writien in 8 general manmer .ag L£ollows:

Igﬂt
Z +t = In s~
‘ ANt

This equation can be solved by using either iterative or
gsemigraphical mesns. - L

Agsuming that 2 is equal in all age groups, total loss cén be

determined by graphical means. The eguation:

¥y = dn Ny -'Z.% ef. Equetion (3)
corresponds 4o the equation:
y = 8. -r b [ ) X.

Ror.the yalue pairs N, and t,Awe calculate the.constents .a and

t
b of the regresgion line -&nd obtain for b the stope of the straight line
corresponding to Z.



e g Age group
<007 »4
G, hAE 5
» 550 6
4,507 7
3,509 8
PRI ~ ]
Zariad 4.
1,842 11
' 0,820 1oy
21,423 , # 63

‘We consider only age groups 6 to '12+, gince the younger groups
are 8s yet not completely retained dn the nets. Recalenlation into
percentage values gives for Zis

Z = 0,700

7(%) = 100 (1 - ¢4y = 100 (1 - 7Ty = 100 * 0,503
Z(%) = 50,3 % '

The annual losses, thus, aniountefi %0 50.3% in each age group.

2:5.2, Caloulation of total losses according to average age or length

7

Guliand (1969) has presented the following equation for Z using

the average age (t), the average length (1), the final length (Ind, the

netapolie constant K, ag well as the minimum age at time of capture (tc):

’Z‘Oo
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Z0w1.

The ‘following ‘example mey mexve @s illustration (evd from the

western Baltic Sea; averags values for 1956 -~ 1962):

30=2

25,3, Determination of overall mortality on the basis of velative age

composition after Tes

TLea (1929) baged his calculations of oversll mortality on the .

reletive composition of spawning stocks of Norwégian spring hexring,

which he studied during several successive yesrs. In these oalculations;

liea compared the .relative nwnbers of & ceritain year class during two
corsacutive year's and, thus, obtained the survival rate of that parti-

cular age group during the period of time considered by him. Tet a7 and

b8 represent shares within the total catch of one and the same year class,

which year class was seven years old during year ."a', and elght years

old during year "b" (the following year). A and B represent the numeri

7

cal year class sizes in the yesrs "a¥ and "b'; the survival rate then is:

o
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. The relation
o | §=1 -3
exists between survival rate S and overall mortality Z.. .

Mhe unknon quantlities A and A-’B are eliminated, when 'we relate
“the survival rate of & given age group to the survivel rates of a certain

age group; for instences

30-4

-

In this mamer, we obtain the terms amendable to caloulations

30-52  and” 30~5b

- In cases where the survival rates within a stock change only
to & swall extent within the exploitsd age groups, we find that these

quotients will yileld values close-to 1.

2e5c4de The virtual  pvopulation

Determination of overall mortality cemn alsa be performed by -
using the method of the virtual populatiort. The virtual population re-
presents the share of & given stock made' vigihle by fishing acti;iri'bies.
The virtual populsation, _“bhus, yields only values for the exponential
coefficient of capture (i.¢. mortality due to fishing activity). In
cases where the exponehtiai coefficient of natural mortality is known

following employment of other methods, wWe.ars able to caleulated Z by

o gt
¥ vy

o

ya. - adding the values for F and M. Determination of P and M i:cs made with

the @id of & table on the basis of the virtual population.




|
|
|
|
|
!
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. Meble 4 - Working table (M = 0.20). Excerpt. from Schuhmacher, 1970.

-
:1 -4 X (- r‘rm:” ! n e *
13 Z : & Lo (1 - = )§ " o= = . e-z)
E | i
e | R ok —
0,01 1 0,21 §{ ¢, | G, 000 0.1,
0,10 | 0,30 ¢ O,7h% & 0,080 8,62
0,20 1 0,40 { 0,670 { 0,165 L, 06
0,30 1 0,50 § 0,607 0. 256 257
0,50 | 0,70 ; G,37 { 0,380 1,381
1,00 | 1,2C 1 0,301 ! 0, 582 01517
1,30 ¢ 1,50 6,223 1 0, €74 01331

‘ \Schug\‘meher {2.970) Jas-arrenged ‘a-working table of dhat type

f

enabling us to determine mortality due to capture (Teble 4). Sch\.}\hﬁcher‘s

table is based on the following equations (cf. also Section 3.9, in this

connection):

E?-
; ’rn 2 ] -
4} { ‘ -7 N

In this eguation, Th represents the vopulation at the end of

[y

the year expressed as a share of the a:;mial catch; however, T can also

be expressed &s a function of the survival rate during the year "n" and

the exploitation raie .En "

-
l *
: ‘.
: } K o1
3
r . v‘: oo B e e tim e e s e
4 - . vV AT S
Ty i Nl

"R can be read from the ta’ble if "yt ig Iaowm.

i

37
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' ' 2.6, Determination of P and M : _ e 32 o |

In order to establish effective and economically suitable
mechanisms of regulation, we met be able to divide overall mortality

of a given stock into natural morﬁ%li:&y‘, on e -one hand, end mortality

due ‘to capture, on the other one. The following methods can be used for
determining the exponential -coefficients -of mortality: Direet enumeraiion
methods, mark and recapture techniques, and determination with the aid ‘

of fishing intensity and year cless size data.

RN

2.0.1, Diveeh enumeration
‘In.¢ases ‘where ‘both the lendings € (empressed ss wunbers of

Cindividuals) and the average population size i are knovm, we are avble

to caleoulate mortality due to capiture using the followiug equation

(direct census or enumeration):

c
W

Pe=

- When determining “the landings ‘C; ‘the wox‘ke¥ gt take into

"c@nside:ﬁation also the losgses occurring during pro.cessing of catches
on board of the fiéhing vessels,

The popﬁlation size N' cen be ..es:t.;imated usiug -sever.al differént . 33
‘methods (ef. Equation 20). .

The nuber of females ﬁresen-t can he 'caicula-ted on the basis

y

of both the egg numbers ‘(:i.’n‘beg;‘a*i;ion of catches made using egg nets) and

fecvndity, and the totel population (or stock) mumber can be -estimated

on the basis of the sex ratio (Hensen, 1887). In the case of anadromous
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migrating firhes we can make counts along passes leading to the spawning
sites. The catch per unit of effort, too,' permlis estimation of stock

dengitye

2.6.2, Mark and recaplhure techniques

Mark and recapture experiments are performéd in ordexr to. deter-
mine the exponential coefficlient of capture (mortali’i,y due to fishing), F.
These techniques, furthermore, pe:r::mi*'s determination of both fishing
intensity, f; and the coefficiéﬁ’t of catchable fish, q, Natural moritality
mast remain constaut during the entire experiment. The exponential co-
efldcient w0l overall moritdlity, Z_g.:'-:i,:s ‘composed of the ‘sum-of the expon-~
ential coefficients of natural mortélity and of capiure (mortality due.
to fishing) 2

b =M+ T H

However, sincé marking experiments lead.to a certain increase
in matural J;o»s&;ésA due do marking~caused death, losses -of wavks or tags,
-and vdreported Tecapiures, we must vse in our waleulations & corrected,
i;e. increaged value for overall wortality, Z7: l

2V = MY 4B

where M' = M + 3 the exponential coéfficient of natural. mortality
in the marked stocks )

T the loss due to marking manipulations;
No = the nymber of warked specimenss
n = the number of specimens recapiured and reported

back during time interval T, ; and

n, = ‘the number of specimens recapiured snd reported
back during time interval T,.

Ihe recapture periods should be of equal duration:
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33=-1

. The following equations can be used for estimating F and M!
in cases where the fishing ivtensity, ¥, is both constant and equal

during the .cowrseyg of the two recapbure periocds:

Bouation 29

Since Ny 1y, my, &nd T are measured in the experiment, we
are able to deltermine in a reiatively simple manper mortality due to
capture, Py apart from natural mortalify. Following determination of F,

we go atiead Jaad waloulate tthe corrected naturdl mortelity, MY,

Equation 30

In cases where fishing intensity, £, differed during the courses
of the two recapture periocds, F and M! can be estimated using the follow-

ing -equations

Bauation 32

[Several words appesr to be missing in the original; Trenslator]
The coefificient of ca'i;chablgz fish, q, can be estimated using the following
equation in cages where we are dealing with two fishing periods with

constant £ covering at least one year:

o 34 .
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Bquation 34

Ve obtain M by iunserting the value for ¢ into the Following

mathenatical formuletion:

Equation 35

¥Yark and Pesapiture experiments are tainted by the following
J

; /P. sources of error:
Type .of exrror Exrvop
after Ricker ‘
1o Influences exerted ' a) Incomplete reports -on recaptured individuals

on F » A at constant rate

b) Merking-ceused moritality immediately after
marking has ‘been carried -out

2. InlTluences exerted ¢) Marking~-caused steady constent death rate
d) Steady constant loss of mark or tag

3. Tnfluences exerted e) The recaptures are not representative since

on 2 and P the availability of marked and that of un-

marked individu_a_ls differ

£) The marked and the vnrerked individuals are
not distrivuted in an vwniform mamer
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‘ 2.64%, Determination of F and M with the 8id of year class sizes and f e« 35 .
According to the established equa‘tionl 9 Z =M+ af, 2 is pro-

portional to £ in cases where Mand .g are constant. M and ¢ can be

egtimated using .regression dechnigues once a ‘geries of valve pairs of

Z and T ‘has been determined.

. A . _ f'

Figure 19 - Overall wortality in dependence upon f. % = M when £ = O.
After Beverton and Holt, 1.957. :

The following linear egquation is employed Ffor determining 2 and M:

| | | .—(qx1+M)) 3
quf),\ + M :!.n_/él__‘}-l.n (qfx'*M)(] e + | 23

N - qf ., + M)
A x+] . " X )
| _(qf(xu ) iff?_,(’ e

In that Bquetion, both T (the fishing intensity) end ANx or

Aﬁ(x . l)?. respectively (the catch per unit of effort, c/g) ere known;

{ ‘ *ef. Sections 2.1.5. end 2.6.2,




not known are q and M. Solution of the equation is obtained by iterative
approximation after Beverton end Holt. The right additive term is nof
consirler.irk_g during f£irsi approximation. The coﬁstanta M and g are
determined using regresgivn technigues. The values obtained in this
nanner are inserted into Equation (234)', and ‘this manipilation then yields
more exact values Tor L. With “the aid of ~the Jatter, we next repeat
determination of both M and q, with M and q finally remsining constant »
after these  steps have been repeafed several times.
Uging the original éil‘uation of Beverton and Holt, Paloheimo,

in 1961, developed é. linear equatioﬁ pemxitting: determination of both
T and Mowithout elaborate dterative approximations.
(n *-A:———— = q-—L {fxn‘ o1 }+M

a7 X

The regression constaﬁ‘bs M and g éan bé directly determined.
The standard deviatlons of M and g are reduced by 27 o 69 per cent
compared ‘with the iterative approximation method. No improvement :.s ‘ob-
tained only in cases where g is strietly constant.

The natural mortality M can also'be determined in cases where
- Tishing has not been carried out over"'a.rela'tivel;; 1chg period of time.
That situation may arise, for inétance, :foilowing discontinuvation of
Ffishing becauge of war ae‘ﬁ’;ivi*t;ies or severe ice conditions during the
winter. The relative _s;i.ées of at 1eé.st one year class before and after

the period' of discontinued fishing must be kuown. The overall moritality 2

™




e 53 .

. ' | -~-which can be readily estimated in cases like these-—equals M,
since I = O.

A similar procedurc permits estimation of ¥. Consideration of
the overall mortality of one year cclass during the course of “the years
of discon%imued fishing gives us %,  ‘= M. When this year class then
enta:;:s the exploited phase, we awxe able Lo .determine the increased over—
all mortality Z, = M+ F. The difference between Z, and 7, equals F. These
results, hovwerer, cannot bé used without certain criticiem, i.e. we musi
take into consideration the péésibilii:y that the Jjuvenile individuals
probably are subjecﬁed t0 dincreaged natural mori':ali“hy' and, perheps, also
%o f'afxz.“unﬂ'ete*mi;xia))le Anereeged movtality Wdue to .capture, ‘so that P is

probably underestimated in calcula’isibns of this type.
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‘ 2.7. The yield isopleth diagram (Application of the yield equation) . 37 W

Once the individval parameters have been determined, we are in

the position to use the yleld isopleth diagram for celculation.

|

Using an fequ_e.‘t:i:on'as compex ‘as the yield equation (12), it is
always b‘eét 1o compile first & working sh‘ée"i: in the Torm of f,a‘ble_s.
Bevertoh énd Holt (1957) have pvepared a Wor}x:ing éhee"c containing values
Por British plaice i’ishiz;g (North Sea plaics).

The following paremeters have been given by the latter authors::

M = 0,10

t. = 3.72 years : bty = bty = L.535 years -
’t‘c = 3.72 years ' t, - "t'r o 0.0 years

t, = 15 years to- b, o= 11.28 years
b, = ~0,815 years — '

W = 28067.0 g ' -M(t, - t.)

K = 0.095 : W e = 2867.0 g

=.0.,00892 : . = (83)

The Tables presented on the following pages avre condensed after

Beverton end Holt -(1957)~o

Table 5 . e 38 .
T T ety
S I N
0 0,100 | +1 | 41,0000 = (1)
1 0,195 | =3 [ -1,9500 = (1)
2 0,290 ° +3 +1,2675 = (T,)
> : 0, 385 -1 -0, 2746 = (TB)
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Table 6 _
('-«.\.!- ey b (- . -\- '
_W_ML_EiWWi (3} | ) | (o) (E,) - (F,)
i i | (Co ' '
n=0:. ¥ g(A)+M+nK§ (BO) A 1~e (TO)(DO) 3(Eo)(A)m‘:;
2 T
10,00 | 0,7 P 1,1280 0,6762 6,7620 0, 0000
0,70 ; C,k0 | &,3120 0,59890 22,4725 0,7418
0,50 © 0,60 ! G,7530 | 0,9989 1,6648 0,8324
1,00 1 1,70 .1 >4 ¢ 1,0000 0,9091 0,9091
1,50 | 1,60 | >10Q ' 11,0000 { 0,6250 0,9375
0,00 . 0,185 = 2,1996 -1 0,8893 ~-8,8930
0,30 | 0,495 | 5,5836 1 0,9962 ~ [-3,9244
0,50 | 0,695 ! 7,8396 | 0,9996 [-2,8046
1,00 { 1,195 | >10 1,0000  |-1,6318
1,50 | 1,695 | >10 41,0000  |=1,1504
n=2} (A) (BZ)-§ (c,) (D,) (E,)
A .
(0,00 1 0,290 1 3,2712 | 0,9620 L, 2046
0,30 | 0,590 i 6,6552 0,9987 2,1455
0,50 ! 0,790 { 8,9112 : 0,9999 1,6043
1,00 | 1,290 . > 10 1, 0000 0,9826
i1,50 § 1,790 { > 10 ' 4.,0000 0,708
0,00 | 0,385 U, 3428 0, 870 -0, 7040
0,30 | 0,685.] 7,7268 0,9995 -0, 4007
0,50 0,885 9,9828 0,9999 —0,3193
1,00 | 1,285 - > 10 11,0000 -0,1983
4,50 1 1,885 > 10 1,0000 § ~0,1457

IR 4 e o
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Table T

(a) ! S ~(R) !
N S O ) TRTTETTEY = &7

0,00; 1, 3696 0,00 |
0,320 0,2929 251,92 |
0,50¢ 0,542 221,05 |
1,00 0,0616 176, 61 g
1, 50° 0, 0370 159,12 |
H - {

‘The values glven in coluwm (R) are plotied -against fishing

‘:i:n'bensi%y:

290 T ===

200 | / ! P
' t
! ! —
M ' H ™~
R | I ! \‘s—-
,‘ i i
! |
100 : ! 1
’ i !
! |
! |
! |
0 ] 1 L. — e e
6 (F)max 05 073 10 15 -
F .

Figure 21 - Yield per recruit in dependence upon capture (mortality due
to Tishing). North Sea plaice: 1t o7 3472 years; mesh size, 70 wo,
. After Beverton and Holt, 1957.

K4

With begimming mofi2lity due to capture, F, the curve at first

rises steeply in order o tend graduslly toward an asympboti¢ value with

_ increasing F. This curve exhibits a yield meximum (yield on & welght basis

per recruit), which, in shorthend, is F nax® In this connection, F is

WAX

« 40 .
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__ﬂlr 22 - Yield per recrult as a function of the mean minimm age at
the time of capture, t ¢’ at constant F = 0.73

ﬁﬁe coefficient of mortality due to capiture, at which the maximel yield
per recruit ls attained. The asymptotic value reached would correspond |
to the we‘:i.ght.e}da‘ibited by the fish at the woment that individual enters
'th‘e eijgloiri;ed area, since the infinitely high fishing j.n.'l;ensity hag as
& result that all reerults are iumediately capiured after reaching the
exploitad area. | .—

When mortality due to Fishing is kept constant at F = 0,73 and
%, varies, we will obtain the picture showa in Figure 22,

That curve, too, éxhibits a waximm, (%) , . Its origin is situ~
ated at .b:c" the recruitment sge, and it endy, with the value of zero, at

the maximally possible minimum age at the time of capture of “I:c = tm.
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_In our outlines ;;resen‘t;ed__mtheir above, we have considered yield
per recrult always in dépendence on only one parameter., Vhen we now go
ahesd and c;onsider all three parameters (i_.e. Y/R, F, and tc) together
‘as variables within one J'diagmm, we - obtain the yield isopleth diagnam'
introduced by Beverton and Holt (1957). Du:vi_z'xg “the ‘construction of dia-
grams of that type, F and % . 8Te plotted on the X ond Y axes, the Y/R
velues are assigned to the respective value pairg,; and the values of equal
yield are comnected by lines (Figure 6). -
The yield isopleth d.i‘agram then gives us the annual yield per . 42 o
recruit (in units of weighi) &s & funciion of F and + o The curves
present‘éd in Figures 2L -and 22 fafe' dncoxporated lnto the lsopleth diagram.
The horizontal line, t c = 30724 appé;aming in Figure 6 represents the
corresponding part of the cu.rve.plo"si:ed in Figure 21, and ii;he vertical
line; P = 0,73, represents the -curve plotted in Figuve 22, The Point P
values in Figure 6 appeared, iu correspondénee, din Pigures 21 and 22 as
Points P' and P", respectively. Point P represents the pre«war”values ‘
for British plaice fishing glven by Beverton and Holt with ¥ = 0,73 and i |
b, = 3.72. | : ‘
The line AA' comnects the maxima of curveg of the type shown |

s fee. the F values

in Tigore .'21, and it gives different vgl_uéé for Foax

~at vhich the highest yieldsh are obtai-ﬁed a’i; constant :l;c.. Fn Bx increasesg
in each case with increasing t ot 4

The line BB! connéc'ts the maxima ©of the curves corresponding.
to the Figure 22 eurvey that line gives us the different “fv"alue\.s for
(-t:c) - 1.0 'timc—' %y &% which the highest.yield is obtained at constent

P, The (%)

o’ max value, too, increases with increasing P.
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F=qf

Pipure 6 ~ Yield isopleth diagram of plaice. Yield in unit of wz.eig‘ht
per recruit as a function of fishing intensity and minimum
age at time of c/apture

The cuxve BB' represents the eumetric Tishing curve. Using that
curve, we are able to obitain the tc value at which we will obtain the

greatest yield at a certain fishing intensity.
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‘We will obtain optimal yields in cases where mesh size and mini~
mun age at time of capture are combined in a manner ensuriug that the

yield ies situated on the euwmetric curve at maximal profitability.

3. The theory of fishing. Derivation of mathematical models

3.1, Tosses

Following the models proposed by ceriain other authors, Beverton
and Holt (1957) developed & population er siock model baged on infini-
tegimal calcwlations. A-é & J.o';é; rate assumed to be constent, there arises
a curve, on which the minber of individuals, W, represents & function of
“biwe, &b :I

43-1

This curve exhibits & teangential slope, which is defined by the

firat derivations

432

In this equation, 72 is a constant requiring further definition.
We pbtain the function by iﬁtegration of the first derivation, for which

purpose we must perform the following 'xﬁalthematical manipulations

433

-

e
Since we are able to integrate —i, we divide by N:

43-4 - o

o 43 .
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Constant factors are preferred:
435

Solution of the ivtegral gives:

436
or:
43T . .
Baustdon (3) Lo next silbjeted "to ‘delog Proceduress
438
or:
43~9

where,Nt is the number of survivors, aad
;e»Ztiis the survival rate = S

The slope of the curve is changed with changes in %; % represents

the eiponéntial coefficient of overall mortality, which is composed of
natural mortelity (exponential coeffi;iént), M, snd mortality due to
capiture (exponential coefficient), PF.
Z==£‘+ it ,
We aro able to calculste Z using Equation (3a). For that pértiw
cular purpose, we not require the absolute number of individuels, but

only their relative velues at the begluning and at the end of the time

odd .




« 62 .
| N
|
No == i <
:
!
i
Ny b= = mlm o e =2 ,
‘ LTy T
i ' Nge M R
10
! 1 .
L A} -

Figure 20 ~ Exponential Geckine of & stock (mumber of individuals) at
. constant -annual total loss rate. -

interval, t; using these values we then form the relation

N
R

N,
Equation (5) gives us the muber of individusls still present
after pagsage of the time interval +. "i‘he following 1s V_alid in the-

case of Equation (5):

' ~ L -Et 1
Ny < No since € TR

o FRIENEL A TR e




The number of individuals meeting death during the interval

-t is obtained by substracting N, from N _. Ve insert the value of

Baquation (5) for N,:
v . ~Zt
No f,Nt = N, ﬁo e
N is then removed from the brackets: o W45 .
- 451~
where
45-2A = ‘the numbeyr 'of .dead individuals, and
= the mortality rate.
Separate consideration of the parameters weducing the stock
involves the following term for the unexploited stock: : -
45-2
and the following term for the loss due to capture: . ' s
45=3

In the case of very small intervals of time (with at being
infinitesimally small):
av = F N at, and

aN =M N dbe
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_ Since, furthexrmore, A = 2 N dt, it follows that the coefficients

of mortality ¥ and M must act in an additive manmer:

F+M=2

322, Growth

Bertalenlfy's growth equation, Whi_ch, is baged on infini'tésimal
calevlations, permits us to obtain quantitative data on growth of popu~
lations. In commection with thé growth equation we use the changes in indl~
vidual weight as our point of departure: The increage in size (increases
in .-léng:th-, ¥yolwone, ‘and welght, -nespéc‘r'éivéiyi) diring the whld of toae

employed. The chenge in body uwass (\.:;') is given by the difference between

the anabolic meiebelic processes -and the catabolic melsboelie proecesses:

-aw
4%

where H is the coefficient of enabolism and k is- the coefficient of the
substances wtilized for maintengnce metaboliom; both coefficients are
‘gpecies~gpecific. H is proportional to the absorbing surface s, and k is

propor'tional to the weight w of the individual. The following statements . 46 .
are valid during proportlional growth ;(cf.-" Bertalanffy, 1951, page 277):
46-1 and
/

The ‘term now readsg:

462
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‘We obtain the following expression with the aid of the

nethematiecal chain rule:

465

a
3

Ve solve that equation for the differetisl -3

RS

46=4

A g oo, Hp ok g . e e
‘Bince the'quoilentsA~§3mjand»u§~ contain only ‘constant values,
we set

46=5 and

‘We ~then obtain

466

This linesr differential egquation contains only two integrable
veriables. For the purpose of integration, we separate.these variables
1 and 13

46~T
L

.

We form the integral:

46-8 . ' ' -




&

t{.'!‘f*?:\
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S
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We solve this integral with the aid of substitution. We set

% = B - K1 and then obtain the first derivation:

46-9

‘Binee 3z camot be jntegrafed, we substitute dl as follows:

dl

4610

We now insert these values for Z and dl into the integral:

47 -1

We add the term = -%{- setting it in front of the integral:

47-2
The integral is solved within the limits of ZO to 2 £

47-3

VWe again insert 2 = E - KL iato that equation:

474

s

and inultiply with - K:

47-5
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. ‘ Sunjecting that equation to delog procedures, we obiain

476

AR

Ve divide in order {40 eliminate the f£iwst fractionm:
47_-»"/

If + in that expression tends toward infinite, e'"KJr' end, thus,

also the Tirst addend equal zero. The final length of the individual fish

is given by the expression:

48~1

Ve inserti that value into the equations

482

This equétion rep’lx'*esents the original form of Bertalanffy's func~

tion of longitudinal ‘g‘zjciwth, Tss is the (at an average) greatest possible

final length of the individual fish, and I, is the length at age t = 03
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K = -%;—»— is the species~specific constant of maintenoance metabolism, i.e.

the catabolic coefficient. In order to eliminate Iy s we perform &

calculation sbtep related to the initisl conditions,; where

-and

48«3

and mltiply <

484

We dissolve for In :

48~5

We multiply with eKtoz

486

Contimiing our nultiplication, we obtain:

48-7
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. Ve then return to our inltial equation and insert the valus

obtained for Iy:
« 49 .

49-1.

Ve remove Iy from the brackets:
49-2

Powers having ‘the same base are maliiplied by sddition of rEhe

-exponentss

C 493

This équ&w‘:ion reg;e,sents Bertalanffy's egwa'tion. of longitudinal
grovith. Length at time t,’lt, is aifraction of the maximum final length, Ips.
Iln order “to obtain growih expressed &s weight on the basis of
thet equation, we solve the 'rej.&ition_ between weight and length introduced

further ebove in this Section for 1:
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49~4 , or

For %ime t, we, thus, obtains:
49-5
and for the final length of ‘the individual fish:

49-6

A% Tyg 5 the individual fish hes reached 4ts Linal weight, Wooe

We insert these valies into Equation (7): « 50 &

501

We power with 3, and obtain:

50~2

Multiplication with q leads us to Bertalanffy's equation of growth

s
expressed as weight:
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Beverton and Holt (1957) have presented that equation in a

modified Lfoxrms

504

In the binomial of Equation (8), we substitue—Lor the sake of

simplicitye- = K (t ~ to) = m, and we then obtain:

=

50-5

Following introduciion of the binomial coefficient U, we obltain:

50-6

Bach n in that equation corresponds to & certain U: . 51 .

When n = 05 U = 13

‘waen n o= 39 U = -1,

when n

)

vhen n

il

:‘I . ' ) -
Vhen we now reverse the substituion performed further above:

51~1
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we obtain the Lorm of the binomial used by Beverton and Holt:

51~2

Pollowing insertion -of that binomisl into Equation (8), we

obtain the growth equations

51.~3

The Equations (8) and (9) indioate:

Increase In weight teakes place with the thrid power of body lengih.
That increase is influenced by the metabolic constant X and j¢ linlted by
the Pinal weight Wen o Once we know thevspecies~spécific~parame#ers W&” By
and X, we are able Yo determine the weight at any point in time, .
| Following studies on herring, Ford (1932) and Walford (1946),

using empirical means, have constructed the following growth equation:

5134
This equation represents & straight line with slope b and ordinate
geguent a. Thelgrowth equgyions presented by Ford end Waiford, on the one
hend, and by Bertalanffy, ‘on the other one, correspond &s has been
demonstrated, smong dthers, by Hohendor? (1966) in a simple manner.
The F£ollowing table of ﬁumepieal values ﬁas been arranged for

these two sets of equationss
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Time Ford-Walford Bertalanffy
interval Equation (10) Equation (7)

52 = 1

Equations (10)A and (7)B give:

~

52-2
KAecording to Bauetion (7)As

A
52-3 that is

Equations (10)B and (7)¢ give:

52~4

We dinsert into that equation the value for a just obtained, and

the value obtained using Equation (7)B for 1 41’
- Q

525

In anmalogy %o & -;/ b° = (& + b) (8 ~ b), we can factorize

Q- emEK)

-
-

52‘-6 ' . -

« 52 .
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By dividing with Inp (1 - %), we obtain

52~T

We have thus dsmonstrated that the constents & and b of the

Ford-Walford Bquation (10) can he expressed as follows:

52--8

-

On insertion of these expressions into the Ford-Walford equation,

we obtain:

529

We replace 1, by Eauation (7):

t

531

That expression is to be indentical with Equation (7

552 or:

7
V4 ) - o
Wey thus, are permitied to xregard the Ford-Walford equation as
& linear recursive formule of Bertalanffy's funetion, and it may be used

for the determination of the constante regulred in our caleulations.

. e 53 .



393. Recruituent and reerults

The stock is an interbreeding unit thet maintains itself.A The
relation between adult individuals and recruits has been treated in the
‘models proposed by Ricker (1954) and by ‘Beverton ‘and Holt (1957). These
two modelsg do not operate with absolute mumbers of offepring, but are
baged on relative values. Fluctuations become evident in the equati_ons

for yleld and selection, respectively.

M MO D W @ ew M em We A® M CT M) wes e e Ae e e mw e aes

The :relationg between adult stock and recruiiment have been

investigated by Ricker (1954) in the cases of several anadromous and a few

other Fish species. He cbtained a pattern of agyimetric reproduction curv-

es. Maximum reproduction occurred approximately at intermediate Ffrequency
of parents, and the brench of the curve rising 4o the maximm was steeper
then the branch -dropping beyond the maximum, Ricker (1958) has described

these curves in an approximate menner using the following equation:

541

wheére
R iz the nuuber of offspring bav:mg almosi: reached spawning matur:.ty,
N is the numbe'c of spawners (parents)

N - is the "parameter of self-reproduction" of the paren*b genemtton, that
ig the number of jndlv:Ldua'ls rroduced in the next generation by the

'054‘0

individuals of the presen't generation (replacement number of spawners),

R, is the average number of individuals of the next generation produced by

a parent generation hav:mo* the gize N i and

M is the size of the psrent si-oc;c producmg the maximm number of off-
spring (spevners needed Tor maximum recruitment).
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Figure 11 - Schematic represeniation of stock reproduction under different
conditions. After Ricker, 1958

Ry )
If we operate with,equal unite-—~Ricker employed as measure the egg

egg numbers of the parents and the egg numbers of the next generation-~then

Rr = Nr’ end the equation presented above can be simplified:




3 ;;&

e 1T o

542

. N
. T R ; 1 .
Introducing & for Nm ;s 2 for aﬁ;-; and W for -ﬁ;—, we obtain

54 - 3

The disgram shown as‘Figure 11l has been plotted using differen‘t .. 55 o
valves for a, the stock-specific constant. This diagram illustrats re-
production of gbocks under td’i‘."ﬁ‘f@lrént cﬁnd"i‘rbi‘ons (family .of dome-shaped
curves), and demonstrates that the ;eproductlon curve varles with different

values for the constent &,

When Ny =N , = =1 Tl me = 1.

AL curves pass through the poin‘b. Zz =13 W = 1., That point is
‘the one &t which ihe parent generation has reached the :t'eplaceiﬁent level,
ice. the number of offspring produced in 'l:he next generation is egual to

‘the nuwber of individusls in %the present generations

RI' = NI‘
Ricker has explained the frequent- deviations in reproduction "« 56 .

-curves in the following manmer:

T e we e @0 0o s A we we TR e g A T we e S0 G RO s A

s

That situation can be atﬁribu'bed’to a limited supply of food.
Furthermore, disperséri distribution of the s%ock has ag & result that

the density effects are not wniformly felt within the entire stock. In
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the cage of species exhibiting territorial behavior, we may find that

the right branch of the curve proceeds horizontally due to occupancy of

& limited area,

mmmnl”‘u‘vﬂ-hm)‘nﬂ!ﬂo-ﬁquaumm

Mhat situsation -arises in cases where the food or the oxygen supply

is not adequate for a great number of indilviduals to undergo proper de-

velopment. In extreme cases, the entire next generation may perish.

o e aw M o o e @

That situvation reflects

c--,-.--...s--u—--.-_-

a reduced rate of reproduction at low

density. In the case of widely distributed populations, the sexes have

difficulties in meeting, and predators affect small stocks relatively
more warkedly. That fact has been demonsirated by Naeve (1954) in the

cage of recruits of pink salwon (Oncvhimchus gorbusha),.

Recruits after Beverton and Holt

S e T mr A0 W G e av O O we e Em e e o

In principle, one would asgune ﬁhe following

between egg number and recruilt number:

relations to exist -

The recruit number = egg number times survival rates:

R = Egg . e

(Bevevton and Holt, 1957)

The egg'number is en expression Ffor the nunber of parents. The

equation presented is valid only in cases of low stock density (egg number ) .

In reality there furthermore exists a density-dependent regula-

tion of the number of offspring.

These {wo factors have been taken into consideration by Bever-

ton and Holt in the followiﬁg equations

o 57 o
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Racruitment

]

0 Egg- production

Fgore 12 - Relation between egg number and recruiinent :at density-

dependent growth of the larvae, Affter Beverion and Holt, 1957

where wiié the density-dependent loss rate, and
B dsg the density-independent loss rate.

Discussion of that equation reveals: When the egg number tends
toward infinite, we find that the quotient f/egg tends toward zero and
the vecruit number R tends toward 1/w. In the case -of 1arge egg numbers,
we £ind that the reerult number is density-dependent; in that of small
egg numbers, the recruit numbe: is determiped by the factor B/egg. The
density-~dependent mortality of pelagic;sfages has been demonstrated in
the cases of mackerel, whitefish, pikeperch, and herring. Garrod (1968)
has shown that the stock o@/the Arcto-Norweglan cod had been decimated
$0 such an extents by fishiﬁé that recruitment was shified into the regiog

of low denslty dependénée.
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il

Dependent Egg no. & parent no.
on density

|
i
.
|

Dependent
on ege no.

dN

Mt

) -
- O
oo Ec,o‘@

Pipure 13 - Density~independent ), end densi’ty-Aependent (2)
“redyudimens .

Bevertoh and Holt heave studied sizteen year clagses of North-Sea plaice

without finding .correlations to exist between recruit -and egg numbers.
In the~mostfsimple cases- (in agreement with numerous popwlation

studies), we find that the mortality coefficient depends:on the popula-

tion density:

o
Tar P e NI

rFLQ the densitV*dependent rate of larval loss

i, : the density-independent rate of larval loss.
1

I

This funcﬁion.repiesents e special case of the equation::

PN ,
@ =t
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Je4o The yield equation

3e4ele One year class during its entire life according to weight and nuuber

The parameters required for calcuvlating the yield of a given
year class during the exploited phase are given Purther sbove in Section
le2o3%0

‘ Ye define the mumber of reerults R immigrated into the exploited

area to time tr a9 Ntrf
58~1

These recruits, ¢f counse, are wsubject B0 natural moibality M.

At time tc’ there are still R! indiﬁiduals present:
58—2 ei’o qu (5)

The exploited phase staris at tinme té. The following equation

1s valld at any point in vime, (te = % é‘tm):
58~3%

The biomasse is given by the product of the number of individuals

and their average welght:

s
.

7

' 58 - 4

. 58 .
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‘ ' The yleld obtained represents a part of the blomass taken by e 59 .
Pishing from the stock.
" Since the rate of removal by fishing is
591 - the capture xate is:

In correspondence with Equation (2), the following equation is

valid for yield on & weight basis:
592

w

We substitute Equation (21) for N,

_i;ﬁ

59-3
In order to perform integration, we must summarize the terms

containing the variable %; the remaining part of the equation remsins

constant:

59-4
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We solve the integral after the formula:
59<5
We, thus, obtain ' . 60 o

£0=1

Following insertion of the constants, the equation reads:

60-2

The first exponent between the brackets is removed by muliipli-

cation; and we, furthermore, reduce with 60-3A
60~3B
We shift expression - 60-4A . appearing in that equation

before the summation sign between the bracketss

2
v

60~-4B
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and are now abls o remove 60-5A from the brackets:

60--5B

Ve sumnmarize that expression to obtain Equation (12):

60«6

The yield equation (12) gives us the yield on a basis of weight

_of «one year class during the time intervel between ‘”cc- and ‘J‘“’m" In this

connection it is assumed that X, F, My, Way 4 R', ‘cc_, to,.and t oy BT constant,

Nemagement of the. yileld equation in the form given by Beverton » 61
and Holt is & very complex matter, since the parametexrs ¥, M, V, “br, and
*tc all appear separately. For that reason, the éfore—men’qioned authors
V'have redrvariged “thelr eguatlion, and the modified equation c.on-“cainé only
three separsabe parameters, which -are "de'r.ived Trom the paramelers mentioned
above. The values of thege three paramebers have been presented in ﬁbular
form.

For the purpose of theilr :oes,r;.r'éngement, Beverton and Holt. (1966)
have empleyed Yield Eguation ‘(12) with the assumption that the life spsn

of the individuels hes no Upper limit (tm <+ o ); that menipulation has as

a result that the bracketed expx_'ession equals 1:

611
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The following relatlons ave employeds:

61-2

E Ls ‘the rate of exploitetion. Using that relation; we ‘can derive:

61~3

The yield equation expression

61m4‘ can be resrranged as Ffollows:

6L

The following expression can then be derived from Bertalanffy's

growth equation:

616

. 62 &

‘o1
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" Following potentiation with n, we obtain for time td=

«62«2. )

In that equation, 1c represents the length of the individual
fish &t time t (the minimam age at the time of capture),
Beverton and Holt have introduced the parameter ¢ o replace

le
the quotient ~—s
I .

62=3

The parameter ¢ corresponds to the average gelection 1éngth,

expressed as & fraciion of the asymptotic length L. In anslogy, the -

fellowing statement is velid for the following relation

In that equation, M/K represenits the ratio of the coefficients
giving the relstive rate of changes in nuﬁber and denglth with age.
The expression representing the individuals still surviving at

{ime tc can be reaxvanged as follows:
e

7

62-5
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A new paraneter; Ry, is introduced in that eguation. Ry repre-.

gents -the nmumber of recrulis present at time Ty e
62~6

We obtain the following yield equation after inserting the

relations (13), (14), (15), and (16) just derived:

-

63-1

NMathematical rearrangement of that equation gives Yield Equation

(a7):

63-2

We then find that only three parameters rewain: E, ¢, and M/K,
and B and ¢ can vary only between O and- 1. The values tebulated Tor that
eguation provide a dimsnsiémrless vaiue Y'; In oxrder to obtain again e
sulted dimensibn; we must mdtiply Y' with appropriate factors. In the

s

cage where we, for ingtance, wish +0 know the yield per recruit in gréms,

we will mlitiply that equation withs

63~3 s following insertion of the relstions (15) and (16):

« 63 .
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63-4

The absolute amount is caleulated by maltiplying Y/R with the
absolute number of recruits present at time 'br.
The numerical yield (C) of a given year class is derived in anf-

logy to Equation (12). The weight is not considered in that calculation.

655

Ve integrate:

63-6

- : : 64-1

Following multiplication, we oblain:

/

642

. 64 .
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. Tollowing reduction, we obtain ?équation (18) for the numericel
yield:
| 64 3
Thet equation is velld during the entire exploited phase of &
given year class, ~

o

Solution of ‘thia't equation for -}-;-- gives:

644
Coefficient of ‘ Number of
mortality due to capture _ dindividuals captured |
Coefficlent of  Number ‘of all
overall mortality individuals killed

C3ede 20 On2 gthock durdng -one year decording to weight and numbers

The Equetions (12) and (18) asre valid also for the yield of the
en‘biré stock within one yesr if the number of recruits is the same during
each year under consideration. |

That fect is made evident by the data presented in Table 8.

The yield of & gi:verx stock during the course of one yesax is

exnctly as high as the yield of a year clasg during the exploitéd phase,

as is demonstreted in that Table using the year 1965 and.the year class

1959 as example.

. 65 o
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Table 8 ~ An example. The fishing rate amounts to 50%, and recruitment
is constant. :

Yeor class | ~ N - Pishing year

| 19631962, 1963 . 1964 , 1965 Total
0

1959 1000 500 250 125 63 1938
1960 1000 500 250 125
1967 1000 500 250
1962 1000 500
1C53 1000
Total . 1938

——

%e%e Annual mean population sises

’ Both natural mortality and mortality due to cairtmre decreasge

the weight of & given stock after recruitment. Frequently it is useful
to determine the size of & stock at an anonal average.

The mathematical formulation construetéd for thai purpose
‘follows the theoretical pieture of .stoclc-eompesi‘tion.. fhe recrult year

clagses in this spproach ere egqual in size:
65-~1

(m « 1) Year classes are present during yesr m (Table 9)

stert of the first year (to), thé stock consists. of

N
~

R! individuals.
o s
At tine ¢ (0 € £ 1) of the Tivst year, the number of year class

0 members present during the exploited phase amounts %o

*'f” .
fE
Q:ﬁr‘ . P-_

-7

¢
Q
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Table 9
Years ' 1 . . 2 5 ) L" 5 LI I B I m
> olass ) - . ‘.4
T crenes o o o o o :
1 1 1 1 1
2 2 2 2
3 3 3
4 4
m-1

At the end of the first year, when © = 1, that number is

~Z
ot g7
5 e

At that moment, year class 1 joins the stocke At the beginning

of ‘the second year, the stocks consist of

-‘g'(,)wel-—zw + RI individuale.
At time o of the second year:
[ P
At the en(i of the s.eo.o:adt yeazl’:
(Ré,ewz + R,!!) e”Z - Rg 6—2.2 + R.'i e"z

At time ¢ of the third year, the stock consists ofs

~2Z : ’
(Rg e 7%+ 75

e“z + Ré) e."zkp' individuals.
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At time @ of the m~th year, the stock coasists of

p - (m-1)2 o= (0-2)Z  ceio oy omZ 4 o -2
(Rle + Rie + FRY_ e T+ RY 4 e
individvals. Since the entire stock is covered during the m~th year, it e 67 &«
follows-according to definition-~that the entire number of indivi~

duals is 'Nq) at tiume @ |

67~

~

R' can be removed from the brackets .in that equations

67 -~ 2

£

By way of ihe total number of the [words wmissing in the originalj;

Translator] « « » « din yesr i (integers between 0.sud m-1), we ave able

to develop Equation (19):
673

That equation glves ug the number of individuals present during
yeaxr m at time .
fit is the number of individuals present at the emmual average

in the exploifed gtock:

Total of the individusls

T o= determined in the yandom samples

= 67~4 .

675




We insert into that equation the value found‘for N¢ vsing

Equation (19):
076
¢f. the derivation of the yield equation for the solutbion
of this integral. '

67-7

Pollowing mltiplication:

678-8

The -solution of thls equation reads:
68~1

/

-

Vs
Following multiplications

682
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Most of the addends between the brackets cancel one another out,

and fhe:be renains &s the result:

683

We can substitute ('bm - to) for m, since the duration of the

exploited phase ('bm -~ 1‘;0) covers the intervel of m yesrs.

Parthermore:

2. =P 4+ M

We now obtain Equation (20’5 » Which gives us the annusl nean num-

ber of dndividuals during the exploited phasey i.e. 11, glves ug a value

for the size of a given stock during & given years
68-6

Division of BEguaticn (18) by Bauation (20) yields the following

value for F:

v

63"

In cases where both the landings ¢ (rumber of individuals) and
r} ’
the mean population size H' are known, we are able, with the aid of that
equation, to caleulate dirvectly the coeflficient of moritality due to caplure.

Sources of ervor using that method are fowmd in the inaccuracies in

egtimating sinck size and catch siwne; respectively,
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%,6. Total losses. Extension of the first formlstions.

Since the formulations so far presented are overly specific in .

nature, we are forced to extend them in order to be able to determine
the degired parameters.
According “to Bquation (20), the annual mean year class size of
yé&r class A is:
69~1
In that equation, Nx is the number of individuals present &t
the start of yearix,
Since mortality is not necéssarily equal during each year, it
follows for year x + 1 that
692

The relation of year class sizes then is:

69~3

We solve for 69~44

« 69 ..




69-4B
and. subject that equation %o delog procedures:

69~5

TO-1

Equation (21) yilelds the coefficient of overall mortality.

In cases where (¥ + M‘)x and (F + ‘M)x , 7 &re.approximately equel,

1
we find that the second addend of that equation tends toward zero, and
Equation (21) becomes identical with Equation (3). In these cases, Z can

be calculated by inserting i\Tx and I'\fx . 1 into the equation.

702
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3e7e Deterwination of the recruiting age during recrultment from

several age groups

In cases where recruiting of a given year class encoumpasses

several yearg, individudls of the different age groups will exhibit

Antervals of natural mortality ‘that differ in length. Tiet us next con=

sider the process of recrultment,

minationss

793

is the following mean arrivel times at the exploited area:

TJeo Y
Jo~¥
70—

The following symbols are used in connection with these deter-~

the age group of a year class proving the recruiis

Jdater

ke age grovp ‘of that Same year ‘tlagy providing recruits

r ‘years later

the age group of that same year class recruited one year _
|
|
These groups exhibit the Ffollowing mean recruiting ages, that

the recruiting age of age group
the recruiting age of age group
the recrulting age of age group

and the following numbers of individusla:

the nuumber of recruits of age group

the number of recruits of age group

the number of recruits of age group

Therefore: - S ' « TL .

the number of recruits of age group -+ present on the average
during year x. That number is smaller than 4R, since the re-
cruits are present in the exploited area already for a cerdiain
period of +time.

the number of recruits of age group '~ > present on the av-
erage during year x + l. The individvals still preseat of the

original number oR &is well as the since vrecrmited ;R indivi-
duals are included in that term.

the number of recrults of age group 7i- Y present on the aver=
age during year x + Y. .

is employed to represent the catch, ¢/g.
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‘ ' The year class in question appears for the first tiwe in the
calch during the course of year x as age group ep in the numbexr o.R. In

cages where all recruits are immediately subjected to .complete moriality,

we obtain the mumber of individuals present-at an average during year x

by using Equation (20):

-5

~

The individuals present are subjected.to complete fishing bed-
ween the moment of .recruiiment 01;_0 and the -end :of the year -Qp + 1t
b, “thus, represents the difference between the age at the end of the

first yesr and the recruitment ages

T-6

" The number of individuals surviving at the end of ‘the firsgt year,

thusg, amounts to:

T8~7

At the average of the second yeary; x + 1, we obtain for that

recruit group:

'Zl f’8
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At the average of the third year, x + 2, we obtain: _ ' e 72 o

72«1

During the course of the second year, x + 1, the new recrultd
ErOoup, lR’ Jjoins the first one. The average ywmber of recruits now
amounts {03

722

{ ' . L ‘ ]
the new recruit group lagt year's recruit group

A% an average of yeaxr x + 2, there remsirs the following number

of individuals belonging to the new recruit group R:

72-3

The total recruit number of year x + 2 is increased by 2R and

then amowts to:

72-4

s~£§§|"
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We solve fox 2R:

T2=5

Ve divide that equation by the left bracketed expression and

wiltiply with (F + M)s

‘13-)a
In the numerator we remove T3=1b and T3-1¢
Ffrom tﬁe brackets:
T3-2

The bracketed expression in the nmumerator can be reduced with

' the aid of & summation formlas

« 73 .
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“ A
£

Bquation (22) gives us the number of surviving recruits of a

‘® |
given year clags after conclusion of recruitment.
In casea where we are dealing with only one age group, the sub-

trahend in the numerator becomes zero, since the sum becomes zero. We

then obtain:

735 g

That equation egain corresponds to the equation present initially .+ 74 .
/ ' ' .

in this Section. ,

.

The following parameters are required:

AL AN TR Y T P Tt TN 2 AN . Y el s ST s
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N = representing the mean vnit eateh per age.
F+M =7 the ccefficient of mortality
- ©, = - the youngest age group determined by means of age
L ‘determination; in the following -example, it is 2.
Ot% = érecruiting age; in the exampley it is 2445
139 = ‘yecrvlting age; in ‘the exemple, it is 3.35
5%e = wecruiting age; in the example, it is 4.33

As an exsmple for recrulitment from several age groups, We present

here the values determined by the British trawler fleet between 1946 end
1948, These studies showed thet, in essence, only the age groups II, III,
‘and IV were “involved in recruitment (Figure 25). Pollowing immigration
into the exploited area, the-recruif; of all sge groups are subjected, in
addition to natural mortality, also to morﬁality due to capture., In order
to eliminate that difficulty, the juvenile individuals are given as frac-
tions of the adult ones:

No. of I1
No. of VI -~ XI+

dvring January, PFebruary, etc.

No. of III
- No. of VII ~ XX+

during January, Febrvary, etc.

No. of TV
Noe. OFf VIII - XI+

during Jenuary, Pebruary, etc. -

In this connection, it is assumed that overall mortality is
equally high in &ll age groyps. After smoothing of the values we oﬁtain
the density relationship shgwn in Fgure 23.

The cuxrve in Figwre 23 illustrates the increase in tﬁe nunber

of dndividuals due to recrultment during the course of the summer. The

075‘
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Flgure 2% - Densitv relations betv*een age groups II, IIT, and IV
and age groups VI+, VII+, and VITI+, for each month, in
the case of plaice. Modified after Beverton and Holt,
1957

declining brench of the curve (:'Ln evidence during the winter months) TOm

-flects the fact that during that season spawning stocks are chiefly

exploited., In the case that no spawning eoncemrations would occm:‘, we

would find instead -that the curve of the recruited individuals (age group II)
remained at the 0.5 level V\m'bil the arrival of age group III. Recruituent

by age group III, thus, starts only at ihe asymplotic point at 0.5 and

ig concluded at the asymptotic point &t 1.5. That process is repeated

once more with age group I-V. Figure 23, thus, makes evident the relative

quantities of the recrun tment groups.

Age g;roup IX 0 4 0.5
Age group IIX 0,5 ~ 1,5
Age group IV 1:5 % 2,3
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Figure 24 -~ Seasonal frequeney pereéntage curve of recruitment of

plaice for age groups IX, III, and IV. After Beverton

These data yield the frequency percenmtage curves plobled in
Figure 24, where the regions men'ti;)ned above have ':i.n each cage been set
Yo equal 1.0 (Lé > 263 = 0e8 = 1.0).

Pigure 24 shows “he mumber of recruited individuals in the
different age groups at each point in time as the proportion of the
total mumber of individuals recruited durmg the seasons

Je The individual curves pro'céed in an almost pé.rallel manner.
The mean recrultment age, ‘Br, of the yean cla.ss can be regarded as the
weighted mean of the mean réerui“ment ages of the individual age groupse

Por that purpose we must know the relative shareg of the different age

groups; these shares are determined with the aid of Equation (22)«

« 76 o
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Relative shsres

S S

l Il Vi v y
S ~ Age groups

Plgure 25 - Relative :age distribubion «of rocruits (plaice). After

‘Beverton and ‘Holt, 1957.

2e The recruitment season coincides with the period of growth.
In other wordg: The growth pericd is also ‘the period of greatest .activitye.

3¢ The three age groups appear, wlith respect to chronology, in
reversed -order -of age. Thaf; means that recrultment proceeds in & manner
similar to that seen in the case of the Spam:'mg wigrations, where the .
older individuals, tco, errive at the spawning sites before the younger ones.

' The relative age distribution of “the recruits is illustrated in

Figure 25.

Taking into consideration also age group V, which provides a

o , .
swall nunber of recruits, we find by means of calculation that the mean

recrultment age, 1., is 3.75 years.
By adding the values presented in Figure 25, we obtain the fre-

quency percentage curve for recruliment plotted in Figure 26 on the basis

of individual length.
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Figure 26 ~ Plaice recruliiment. Frequenty percentage cuirve, Modified
after Beverton and Holt, 1957.

3.8, Separation of F eand M-

%48s10 Iterative approximation

The coefficieats of natural mortality and of mortallty due to

‘capture, i and ¥, respectively, can be separated with the aid of iterative

approzimation using Bquation (21). By inserting ﬁhe relation F = q'f (ef.
Section 2.1.5.) into Bquatjon (1), we obt tein Equation (23) for the inter~
val of one year; the solution of that equafﬁon.has been described already

in Sectlon 2e6e%0

= R —A(qu M) ) .
N 7 ( B K+
of  +M=ln MA.:.).(__-.H.H (qfx *M) I-e !

/ﬁ‘N:‘:iﬁ‘i ./qfxﬂ.p.\;q)‘ﬁ _;e—(qfx .

1

PO AT ot otk et Ao e

e TT »
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o 348.2, The Paloheimo method o ‘ | . T8 .
' In 1961 Palohéimo, on the basis of the Beverton-Holt forumlation,
‘developed & linear equation, which can be solved without complex itera~
“tive wpprioximation procedures.

Paloheimo writes Equation (21) in the following form:

78-1

That equation can be solved in an approxmate manner throuvgh

one methematical step, in which the second addend

782

ig transformed into a gimple relation. For Z (coefficient of overall

mortality). one frequently obtains values of:
T8-3
Paloheimo developéd the series

784

and obﬁainéd




L 108 *

T8~5
One seess

78~6 or in a genersl form:

For 0.2 = % = 1,0, we £ind that the mean value of a is situated
at 0.47; that value deoreases wiih increasing 2
The value of 05 is adequate for practical purposes, since K is « 79 o

small toward T. By inserting Equation (24) dnto BEquation (21), we oblain:
(@ -

We again svbstitute 2 = q £ + M for Z and obtains

79~2

Following multiplication and"réar:r-angmen'b of the notations bet~

ween the brackets; we obtain:

4

l 4% {”m!' ' .Q;{ wﬁd "'
| . w’b-\‘vl —
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'7 7 - S 2‘4:{’{
+ 3l 2, (28 )
In this linear relation, 7T79~4 is plotted against

79"5 .
The “regression -constants g ‘and M can be dirvectly delermined,

and iterative approximation is no longer required. Using hypothetic

examplas, Paloheimo was able to dgmonstx*ate that the linear formulation
yields better values for both g.@and M than the one proposed by Beverton
and Holt following four to five iterative steps. The standard deviations
‘were reduced by 27 to 69 per cent. No improvement could be obtained only

in cases vhere q is strictly constant.

3.8.3, Mark snd 1’ecapme"i;echniques o : | e 80 .
3.8.3.Le Constant Pishing intensity during the recapbure period

Taking into consideration the ‘pax'ga.me'hers introduced in comection
with merldng and recapture (cf. Section 2.6.2.), the following statements
are valid: 7

T 80-1




and

80-2

In the case of constent fishing in‘texisity and equal recapiure-

reporting inlervals, we use
80~3

We can form the guotient using n, and n,s

80--4 ox

..

We insert Equations (27) and (28) into Equation (26):

end solve for ¥ d

80-6
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Equation (29) is inserted into Bquation (28)

81~1

-end solved for Ml

81~2

That equa'tion is applicable only in caées where both F and M!

‘are constant during the recapbure period,

Fe8e3.2. Varying fishing intensities with time

£
AR

In mark and recapture experiments, n/f is o No as ¢/g is to N:

81l«%
/
, -
so that we are able to substitute the expression 81-4 in Equa-
tlon by
815

« 8L .
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' " We obtain Bauation (32) for the interval covered by ‘the recapture
period T,
8l-6
In analogy to Equation (23), ¢ end M' are known and cen be . 82,

determined with the aid of iterative spproximation or regression proce-
dures, respectively, using the knewn value pairs of £ and n. That proce-

dure also gives ug Fr, since Fr = q i‘T‘

- s e @ e o ma w e ae mn s o

No does not appear (is not known in the cage of marking-caused

lo_sses) and an additional loes xate does not become effective, since the
ratlo nuubers :nJ/n2 appear in the -caloulatlions (-.c:ﬁ'. Section 2.6.2. regard~ -

ing the -exrror after Ricker).

3e8ods ,Eisbing‘ intengities duming two periods with different constant valueé
Let us consider {wo-year pericds « and B, respectively, with
fq #nd f5, in which case f:x = %, , 1 The second addend of Equation (23)

then squals zZeroc.

Substraction
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822
We solive for-qs
T 82«3

. Following rearrangement of Eguation (33) for M, we oblain

82-4

3
o

and are able to calcuvlate the coefficient of natural mortality .« 8% ,

by inserting the value from Equation (34) for g. Teking into consideration
the relation (%L), we obtain the eguations already presented above in
Section 2.6.2.

_3,9‘ The virftual population

Vn, e virtual population of year ny,is the number of individuals
of a given yeal"élafss captj;.:c*ed since the beginning of the year n up to
the disappearance of the yeasr class ('tm)o Vn can be de'términed by analysis.

of the landings. Using the method of the virtwal population, we will

demonstrate further below how, at lméx-m constant M, P and M can be determined

A T T ks e iy %) ot o 3% oL r et s e ap e o e ek e e e e e e e e -~ s+ ——— o $ ot et oo o A oA A cte o 1« <t < e af .
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for each age group of the year clasg without thaet knowledge of either
fishing intensity, £, or catch per unit of effort, ¢/g, is required. Due
to the continuous changing of the power factor (PP) of the fishing vessels,

determinations of both £ and c/g-are associated with ever increasing

- adfficuliies. The method ‘described here is valuable for just that reasocn.

Cn is the number of individuals of the year clags captured
' during the year .nj

Nn is the number of the individuals of the year class present
at the beginning of the yesr nj;

Vn‘ is the virtual population of the year class at the beginning
of the year nj ~

En is the Mﬁi}-« Ifraction of individuels eaptured. among Nn‘
n
. Following Pry (1949) and Jones (1964), Gulland (1965) has deéve-
loped the following method:

The survival rate S5 of the year class during year n is:

s 00 -

replaces

The ratio of the number of surviving individusls of the year
class in question (at the end of year n), N, 1 to the number of indi-
viduals captured during year n is Ty, If N is constant, r, is a funetion

of ¥. When M is kuown, we are able to calculate r, values Ffor each I value

and arrange a tabhle.

084 L
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’ In cases where x, can be calevlated by other meens, we will be

able ‘o obtain from that table the vslues of both

. o 841 and

Poxr that reason we will search for an additional expression

Tor »r ¢
n

84~2

84~3 . W § extend with

since Cn 2 Vn - Vn+ 1
That expression enables us to determine r e In thig connection
we rust know the value of En + 17 to obtain that value we must construet

an additional equation:

84-6
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since

. B4

Thése three expressions can be used for the determination of . 85
P and 'Z in each individual age group of the yeér class in guestion, if
the viritval populstion and M @re known and we, 'mthemﬁgre, are able to
estimate an approximate value for B-during the last year of life. We

then proceed ag follows:

a) Ve insert into Equation (37) both V, end V, for the year
before last and the last year ('tm Y tm) as wgll as the approximate
value of En 1 for the last year of life. |
| b) Using the x, value determined in fhis yemer, We obtain from

the table

851 and

c) The two last values together with the approximate value of

En 4 o Bare inserted into Equation (38), and we obtain En'

d) Using tbatb E  value and “the kuovmn v, value as well as LAY
we obbedn ¥, with the 8id of Equation (37).




o« 117 »

e) Using that T, _q

85-2 and

Any erwor An the estimated Fivst value of "En +

out up to the second or third age group before last.

value and the table, we obtain

1 is suoothed
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. _ 4. Symbols end definitlons
¢ Catchy capture méasured in number of Individuals caught
C/g catch per unit of Pishing effort
P exponential woefficlent of capture (mortality j‘dﬁe to f:‘;shi_.n:’g)_

£ . fishing intensity; effort related to ares and stock density

£  Tishing effort (wait of)

X metabolic constant in Von Bertalanffy's growth equation
1 length in cm

.Lc length at age tc

1

» length at the time of mecruitment -

&

£inel Llength of 2ish in Won Bertalanffy's -equation

M exponential coefficient of natural mortality

N pumber of individuals in & given stock (population) or in pants
of a stock

PF  power factor

q coefficient of catchable fishy q = P/

R recrultment; the muber wof individusls present at time tr
_é--M('l; c-tr)

R'"  pumber of recruits present at time “cc; R' = R

<) absorbing surface of a fish in Von Bertalanffy's equation
~Z

| S . survival ratey; S = e
\ 1-S death rate; 1 - 8 = 1 ~ emZ
_ + time, meagured in years; & variable
. tc minlom age st time qf capture, mean'.
I t, maximwm age, wean | )
‘ ] prevatal age in Von Bertalenffyls equation
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t mean recrultment age

v virtual population; the number of individuals captured in & given
year class

W weight of an individval, in grems

welght of an individual at age tc

Weo final weight of a fish in Von Bertalanffy's equation
Y welght of yleld; caich in uwnit of welghid

Z exponential coefficient of overall mortality; 2 =F + M

Catch per unit of effort: A relative term for stock densily.

Death rates . The percentage of deathg per unit of tine (0 to t)
compared with the<numberchzindiviauals alive at time O.

Fumetric fishing: Mean minimum age of fish at time of capture and fish-
ing intensity are related in a menmer ensuring that the
catch is produced as cheaply as possible under the
conditions existing.

Exploited phage: The interval during which a given year class is subjected
to fishing. This interval encompasses the period between
to, the minimum age at time of capture; and tm’ naximum &ge.

Pishing effort: A measure for the use of fishing gear and tackle reflect-
ing the number of fishing voyages per year; the trawling
hours per year; the number of net castings per year; etc.

Flshing intengity: The fishing effort expended per given area, measured
in vrelation to population density per sub~area,

Qptimal fishing: The point on the eumetfic fishing curve indioafing yield
at maximum profith.

Overfishings A state indicated when the yield in the isopleth diagram
lies below the eumetrie fiching curve,

Power Pfactor: The factor used t0 compare the fishmoatching capacity
of different vessels.

Prenatal ages A theoretical value for + = to, corregponding biologi~
' cally to the time of egg fertilization.
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' ‘ Selection: A factor reflecting the selective properties of the
fishing gear used. This factor represents the percentage
of length groups of fish captured among the length
groups present in the area being fished.

Stoek (it stock): A wnit of individuals ‘who interbreed within a .given
ares. This vnit is .subjected to wniform fishing. Dis-
persion, due bo -either jmmigration or emigration, is
insignificant.

Survival rate: The percentage of .survivors present &% time 't -compared
- wilth the number of individuals alive at “time 0.

Thinning out: A theory, according to which greater catches per unit
of effort will be obtained if the juvenile yeaxr classes
are decimated in nwnbers to such an extent that the
individual growth rate will inerease noticeably result-
ing in increaged productiviity of the stock.

Underfishing: A state indicated when the yield lies above the eumetric
fishing curve.

- Virbuel populations The share of a'given year clasg captured in the course -
of Tishing operations.

Yields The weight or the number of captured fish.
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