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1. Introduction 

Fish population research is concerned with, and is aimed at, 

the development of mcdel notions regarding the dynamics Cf fish stocke. 

The results of studies in this field represent the basis for both opti -ffl) 

fishing and predictions with respect to future catches, and they. also 

• reveal the efficiency of regulatory measures. 

. 4 . 

The immediate subject of 'this particular branch of fisheries 

biology is the fish stock. According to various authors, the unit stock 

can be defined as follows: 

The stock (unit stock) is a unit of individuals of one tribe 

or one species, which interbreeds and maintains itself within a defined 
is 

area during a certain period (season) andtsubjected continuously to 

isolated exploitation by fishing (Backnann, 1963; Cushing, 1968; Hempel 

and Sarhage, 1961; the Lowestoft saper, 1962; and -the  IMF Paper, 1958)4 

The following methods are employed to distinguish between indi-

vidual stocks: 	• 

Evaluation of neristic characters; 

Biochemical studies; and 

Mark and recapture experiments.. ; 

Deve1opment of  fish population research 

The first paper dealing with fish population dynamics was pub- 

liehed in 1877 by V. Hensen, who estimated the number of•nature cod and ' 

plaice individuale present in both the Kiel fjord and in the Eckernerde 

Bay by sampling pelagic eggs.  Population dynamics research received a 
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fresh impetus after fishermen came.to'realize that stocks fluotàted in 

numbers.  For  instance, the landings of herring from fishing off Bohus 

ln  amounted to  200,000 tons in 1896, but decreased to 20,000 tons al-

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

International Council for the Exploration of the Sea (-ICES). 

Since the publication of Heinckets (1913) general review paper, 

ICES has been concerned chiefly with the survey of fish populations. 

A number of theories have been discussed in the course of the yeare 

proposing concepts regarding - the factors causing those particular fluctu-

ations. The value of model concepts of thie type can be tested by either 

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

approach is difficult for financial reaSons. Due to these reasons, we 

know only the example of Pacific halibut fishing asi. large-scale experi-

ment (Thompson, 1960) 1  which le carried out off the shores of the USA 

and Canada with the aid of long lines. During the years 1913 to 1915, 

the maximum yields obtained there amounted to.around  30,000  tons. After 

the catches decreased, commissioners were appointed, who determined that 

40 per cent of the stock present was taken by the fishermen. Exploitation 

of halibut on these fishing grounds was thereupon limited by the intro-

duction of quotas, which, at first, were filled within a period of eight 

months; then, within  one  of four months; and during the years between 

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

• had already been increasedduring the later years. This halibut experi-

ment has demonstrated that deliberate and meaningful regulations -will . 

result in changes in the stock with respect to the number of individuals 

presente 
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Fipure 1 - Scheme illustrating factors affecting stocks of fish 

Population (stock) changes are due to: 	 • 5 • 

Increase in stock weight due to growth; 

Increaseinetock2weight due to'recruitment; 

Decrease in stock weight due to natural mortality; and 

Decrease  in stock  weight due to mortality due to capture. 

1.1.1. The theory  of overfisMAL(seII : 1942)  

A given stock of fish is affected  by both-natural mortality . and 

mortality due to capture. Exploitation of a stock previously not exploited 

• by fishing wili lead to changes in stock  structure. 

Increasing exploitation by'fiehing 

a) changez both the age composition'and the growth of the stock 
(we know that large individuals are le ss.  frequently captured); 
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h) decreases the catch per unit of effort (i.e. the density 
of the stock); and 

c) results - -after initial increases --in decreasing yields. 

Th._2 thjmninput the.017 

. The following experiments have been carried out with respect 

to the question of correlations possibly existing between stock density 

and growth of individuals: 

1, Henking (1922) released slow-growing Baltic Sea plaice in -- 

the North'Sea and -found that the rate of growth did not change. 

, 2, On the other band, fast-growing North Sea plaice continued 

to grow at a fast rate also in the Baltic Sea, _ 

In 1916, Heincke outlined the bypothesiS that the different 

growth rates exhibited by individual stooks were determined by genetic 

factors. 

In  his experiments conceiened with transporting plaice from the 	• 6 • 

meuth of the Limfjord to the interior of that fjord, Petersen (1909) 1  on 

the other hand t  found that the rate of growth increased . after release 

at the latter site, Strodtmann (1935) repeated corresponding plaice 

release experiments in Kiel and he . arrived at the following conclusions: 

1, The Baltic Sea plaice exists under conditions of severe food 

competition and realizes only a certain fraction of its growth potential. 

2. Transportation'of young plaice fram the Baltic Sea to the 

North Sea resulted in considerably improved growth« (In his experiments, - 

Heedng had used very old plaice individuals.) 
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The results reported by Strodtmann agree with those obtained 

by Hempel (1958), who demonstrated that density-dependent growth can be 

observed only ihOne- to three-year-old plaice. 

During tàestwenties, the discussions :on the effects exerted 

on growth were concerned chiefly with the theory of "thinning out" 

supportedby -Petersen •(1909)„'Garstang and, - initially, also by Eyle (1928). 

According to that theory, the catch per nnit of effort will be greater 

if the juvenile year classes are decimated in numbers to such an extent 

that the individual rate of growth will increasemoticeably resulting 

in increased total weight Of the stock in question. 

Russell (1552) and Blic1elkann,(1932) have subjeeted that theory 

to critical reviews, since their respective.calculationa showed: • 

The individuals of the thinned-out stock mist live within the 

thinned stock for two years without being subjected to exploitation by 

fiShing before their higher individual weight Wtotal weight of the • 

Stock) will be greater than the total of the more numerous but smaller 

plaice of the original e  • ot thinned stock. Thinning of a given stock 

two. years before elploitation, however, cannot be realized, since it 	• 

is not profitable. 

1.1.5. The theory of reproduction.(stock+rec.ppent relationahip) 

In 1857, Holt found that the maintenance of stock size is 

ensured only if each individual belonging to that stook has e - 2. the 

chance to particinate in spawning. According to:Holt, there would then 

°list a direct correlation between  the  number of parents and :the number 
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R (Number of recruits) 

Nm (Number of parents) 

Predominating regulatory mechanisMs 

Parents 	Density 

FAme2 - Mechanisms controlling the number recruits. 

this 
of offspring,. In 1968, Garrod was able to demonstrate that‘correlation 

exists -  in the case of the Arcto-Norwegian cod«, However, it appears 

that no such correlation between the number of parents and the number 

of 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 minimum. 

1.1.4. Natural fluctuations 	 • 7 • 

• Fluctuations are changes in population or stock size. The large 

fluctuations known from the'past must have had natural causes. In many 

cases correlatione have been found to exit between the number  of one-

year-old individuals and the number of recruits e  but not between the 

number of eggs and the number of recruits,. and it would therefore 
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appear that these natural factors must have exerted their effects dur-

ing• the first year of life and, probably, during the first weeks of life. 

Only in c4 of extreme decimation of stocks can fishindacti-

vities aIone:beheld responsible-forchanges in the •number•of individuals 

ina giVen population Or stock. 

In order to obtain the greatest possible long-term yield in 
- 

fishing, we must institute optimal exploitation of the stock. The hypo- 

thesis of optimal fishing has been established on the basis of the follow- 

ing experimental results and the  .following model concepts. 

1.2a. The guppy experiment (Silliman and Gutsell, 1958) 

The weight of the catch does not increase in a linear manner 

with increasing îishing effort; instead, there exists a maximum yield 

at a certain fishing effort, and the yield will decrease with further , 

 increase in fishihg effort. The results obtained in the guppy  experiment 

support that hypothesis: In four aquaria, guppies (Iebistes reticulatus 14.) - • 

were maintained for 174 weeks, which period of time corresponds to 58 

guppy gehérations. Both temperature  and 	supply were kept constant 

during the entire duration of the experiment,  and. possible  cannibalism 

was kept at a low level.by,making available protected grounds for the 

young within the aquaria. The biomass was determined once a week by weigh- 

iug. The stock  not subjected to exploitation by fisbing grew up to•week 

60 . (corresponding to 20 generations). At that point, this particular 



• 11. 

Weight of the stock 

4 

• • 

Weight of the stock 

Figure 3 - Steady state  of guppy stoCkafter twenty generations 

stock had reached a steady state, i.e. constant recruit levels and con-

stant loss rates ensured the maintenance of both the age structure and 

biomass at a constant level. 

Sierting during week: 40 1  two of the four aquaria were subjected 

to "exploitation by fishing" at intervals of three weeks; the juvenile 

individuals—as is done in the case of deep-sea fishing—were spared 

during these "actions". The fishing intensities, in that order, were 

10 9  25 1  50 9  and 75 per cent, respectively; each higher fishing intensity 

was instituted always aftepthe stock had rega:Ined its steady state. . 

The following results were obtained in that experiment: 
4- 

2,0Individual growth was greater in the exploited 'stocks than 

in the unexploited ones. 
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2. The average age of the stocks was greatly lowered by the 

inereased mortality.due to capture (always involving the older indi-

viduals) and, perhaps, also due to the decrease of cannibalism. * 

1L The  sizecof the stocks:decreased with increasing -fishing. 

At exploitation by fishing of 10 per cent, -the stock decreased by about 

one •  third; at 25 per cent, by more than one half; and at 50 per cent, 

the stock eXhibited only 20 per cent of its initial  sise.  Fishing at 

the 75 per cent level led to the extermination of the stock  within 21 

weeks (corresponding to seven generations). 

4. The following aspect is of particular importance in cone:. 

leurt7kon with aureonsiderations regarding optimal flailing. Dueto the 

* above mentioned growth.increase and the rejuvenation of-the stock, pro-

ductivity of that stock:reached a maximum value with exploitation, which 

was situated at a fishing intensity somewhere between 25 and 50 per cent. 

The weight of the stock (its biomass) at that point amounted to only 

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

These results permit preliminary definition ofioptimal fish-

ing: The yield curve reaches a maximum at a point between exploitation 

at a . level too low and exploitation at a level too high -in intensity. 

Continued mainte4e of maximal yields requires that recruit number, 

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

The following possibilities are given for influeneing thew- ./ 

sition of the steady state'and, thus, for obtaining the optimal yield: . 

 Changing the minimumage of the individuals at the time of capture by 

modifying the Mesh size,. and changing fishing intensity. 
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Figure 44  - Dependence of biomass and of yield upon fishing 

1.2.2. The sigmoid curve  (Robertson,  after Bückmann„ 1963; Schaefer, 

19541_1957 

• The growth of a humai populationwas demonstaated by Verhulst 

(1845) in the form of a sigmoid or S-àhapeà curve. Hjort and Ottestadt 

(1933) have adapted that model for use in fiàh population dynamics. 

When an empty biotope is populated, we find that the population 

(or the stock) first grows in a logarithmic manner..Howeverl  -starting 

at  a certain point, the weight of the population mdll approximate a final 
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value (Pa)) in en agrmptotic manner. The sigmoid curve is shown in Figure 5. 

The growth curve indicates the weight of a givan population-- 

excluding the effects of exploitation by fishing--at any point in time. 

dP The first derivation d  of that function gives us the rate of growth 

of the population in questionPopulation (or stock) growth is at maxi-

mum when the weight of that population amounts to one half of the maxi-

mum weight. It then follows that  an optimal situation exists for  exploi-

tation by fishing when (1) exploitation,is started at the point of  "in-

flection" of the sigmoid curve (where exponential growth  turne  into 

logistic growth), (2) the stock is maintained at one half of its maxi-

mum weight e  and (3) the exbess stock is captured by fishing. 

G-rowth d 
1=- G • P is approximately constant during the log 

phase. G is the measure for the rate of. growth. 
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According to the Robertàon medel, optimal fishing is 'given when 	• 11 • 

the increase in growth at shelf maximal stock weight is continuously, being 

removed by .hing. 

:Despite -the extensions 'undertaken .by-  Séhe.iefer (19544 .1957) I  

who added •fishing intensity as a term to the Robertson model, 'we find 

that -this model 	-not -ful4- .refleat --the -growth . of a -given -stock, since 

changes in  the minima age of the fish at the time of capture as well as 

changes due to agé composition (due, for instance, to changes in re-

cruitment) are not incorporated into that formulation. 

'-1.(;2;50 .The yield i1ei;1).:..*#aer.am. 

Beverton and nolt (1957) have derived a yield equation, into 

which they have incorporated the parameters missing from the model con- 

, st-ructed by Robertson end :modified .by Schaefer. 

The correlations existing between fishing intensity, minimum 

age at the time of capture (t e ) and yield. in unit of weight (Y) can be 

represented in graphit .foria :in the isopleth diagram, in 'which the lines 

of equal yield are plotted for the two variables f and tc . The isopleth 

diagram is constructed on the basis of calculations performed using the 

yield. equation. (Equation 10, further below). The curve AA t (the cacometric 

curve) in the isopleth diagram indicates the fishing intensity the.t must 

be ..qpplie,c1.5,n .order to obtain a certain yield .at low.est .t e  (correspond:- 

ing to the mesh size of th
:
e nets employed). 

The -eumetriC -Curve BB' indicates the .mesh .size ,(correspondisag, 

in 'turn, to the minimunage tit the time of «capture, t e ) tÉat must be 
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employed in order to obtain a certain  yield at  minimal  effort* This 

means that at this point the yield is obtained at the lowest financial 

expenditure* 

Point P indicates the pee-mar (i.e. 'pre-World Warn.) values 

for the North Sea plaice population for f and b.  We will obtain the c 

highest yield at this f if we enlarge the mesh size in a manner bringing 

about that the minimum age at the time of capture will be 10.5 Years* 

The yield obtained decreases again with further increase of mesh size. 

We l  then, realize that underfishing is indicated above the eumetric 

and overfishing, below that curve. This particular diagram (Figure 6) 

thus demonstrates that pee.:mat. fishing in that particular ,plaice stock 

was  situated far in the region of overfishing. When we go ahead and pro-

ceed on along the eumetric curve in order to increase the yield, we *must 

adjust both fishing effort and mesh size in a correlated manner. 

The theoretically maximal yield along the eumetric curve is 

reached at an infinitely high fishing effort. Since the eunetric curve 

•does not exhibit'a maximum, we must, when defining optimal fishing, also 

take into consideration economical aspects in addition to minimum age 

at the time of capture and fishing intensity* 

• Optimal fishing then is given.when mesh size and fishing effort 

are combined in a nanner bringing about that the resulting yield is 

situated on the eunetric curve at the point where that yield is associated 

with the maximum economic frcofit. 

In order to arrive at a table containing the values indicated 

in the yield isopleth diagram, Beverton and Holt (1957) have derived the 

• 13 • 



• 	• 
• 18 

yield equation, which reflects the yield  in  units of weight of one year 

class in the enloited phase. The following parameters are incorporated 

into that equation: • 

the  exponential coefficient of overall mortality; 
•11 	=the e,.Ponential coefficient of mortality.due to dapture; 

•K 

	

	= the metabolic constant of the growth equation (Bertalanffy e 
 19341 1938), K = k/3; 

Woo  = the  maximum  mean weight of the fish; 

	

w 	= the weight of one individual; 
- 

to = the the  oretical  value for the start of growth; 
te = the minimum aàe at the time of capture; 
tm = the maximum age; and . 
RI = the number of recruits present at time te . 

In addition '  the dependent variables N = the number of indivi- 

duals in the population, and = weight of the yield, and the Inde-

pendent  variable t are incorporated into the growth equation. 

The following parameters are regarded as being constant in that 

equation: Zy F e  Me  Ke  17a5, to , to , tine  and RI. 

The biomass of a given stock is estimated using the following 

equation: 

Equation.11 

where n and IT are parameters that have -been - incorporated because of the 

summation formula;* they possess no analyticallmportance..The yield 

is  that eare of the biomasà that is removed by fiehing. 

The  yield in units of weight of a given year class during the 

time interval between t and tm is given by the yield equation: 
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Equation 12 

The yield isopleth diagram is constructed with the.aid.of that 

growth equation, and optimal fishing is indicated When the plots are 

situated on the eumetric curve of that diagram. 

,24,Determination,pf :paremeters 

. 	The parameters required for the yield equation can be 'assigned 

to'thepriMary fad:tots 1(o. 'Figure  1) reerete„ groWth l and losses. 

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

within:the concept of "life opann .. 

2 01. Material 

In order to assign numerical values to our parameters, we must 

bee 

Population (or stock or tribe) densityl 

Fishing effort; 

Age structure of the population in question; 

length distribution; and 	; 	. 
Weight distribution. 

2.14. Sampline,  

The-material required for :studies canlffie ,obtained bY taking 

samples frum landings or by capturing individuals for the  purpose of 

• research. 

• 14 • 
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A t_laqIinun In general, we are unable to earoLine the entire 

naterial landed, i.e. we are forced to take randam samples, The follow-

ing aspects must be taken into consideration during sampling: 

All individuals of the Stock investigated should have the same 

chance to appear in the sample.  Subjective selection during sampling 

must be avoided. 

That  cari  be done either by taking numerous samples or by using 

the method of random sampling; in,the latter case, subjective selection 

is excluded with the aid of statistical methods(randam tables, Fischer, 

1948). Inhomogeneities in the stock with respect to both space and time 

:must betaken into consideration. 

Two possible sources of syStenatic error (bias) must be consi:- 

dered: 

le During the study of landed fish, we must inquire whether 

these fish have been caught at a single or at several fishing sites. 

Samples caught at a single site are not representative for a given stock. 

2 . The fishing method employed in each case involves selection. 

Due to processing ou board of the fishing vessel, it is possible that 

certain groups are lost for scientific study. Observations on board 

regarding processing measures will yield an estimated value for that 

error, which, in consequence of that observation, is greatly reduced. 

B.  Research q.utures: Voyages to the fishing grounds for the 

purpose of capturing fish for study permit adequate sampling and avoid 

nany sources of error, - but they only rarely yield adequate bedies of 

data. Use of fine-mesh nets abolishes the greater selection of commercial 
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fishing. Furthermore, fishing grounds.cali be worked during suCh voyages, 

which are not used by commercial fishermen. 

201.2. Measurement series 

• Measurement'series provide indicatiOns  on  stack structure With 

respect 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 standard measureiLog_lene.p. employed in fisheries-are: 

Standard length, fork length, and totallength. 

	 àtandard length 
Fork length 
Total length 

heme 7 - Schematic representation of measures of length employed 
in fisheries biology 

. More detailed outlines on length measurements may be found, 

among-others, in Backmann (1929), in the FAO Manual prepared by leevastu 

(1965), and in EUndler (1968). 
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memeille,surements can be performed only with difficulty on 

board of fishing vessels at sea,  sine  scales do not work in a reliable 

nanner auring rough seas.  Vie  distinguish between the following weights: 

'W fresh weight (f 

l 	

fresh)1 f e  
'w gutted weight (g'=  gutted), 

g 
Wh  e head-off weight (11 m head off), and 

w fillet weight (fi = fillet). fî 

In this connection, we again refer the reader to the literature 

mentioned above. 

Ae ceM2A1.1Pn 

Theage composition  of 'a  given population or a given stock can 

he  determined, in some species, on the basis of length distribution with-

in a given catch and, otherwise, on the basis of the structure of the 

solid tissues (otoliths, scales, and bones). These solid tissues are 

formed in the course of different growth stages during the summer and 

min-ter, respectivoly. This method, however, is difficult to use , 

• in tropical and subtropical areas. The Peterson method of 

analysing length distribution is more promising in the latter areas, and 

this, in particular >  in species having sharply delimited spawning periods. 

In the latter case, we find that the extreme values will appear at re-

gular time intervals. According  tø  recent convention, the first day of 

january is regarded as the day of birth in the case of many species, 

since growth is either arrésted or inhibited during the winter months, 

-Die.% • 
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s statistical' pinne 8 - Eyample for age determination after Petersen 
method...After 3.3iichlanri e  :1929 

2,1„4•Mlelds 

In cases where  we  wish to draw conclusions regarding the nature 

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

on board of the  vessels during both sorting and packing. 

The following sharee of the catch are not included in the 

statistics kept at the deep-sea fish markets: 

a) Undersized fish thrown back*into thesea; 

b) Firih sold directly by the fisherman to buyers; 

c) Fish caught by sports-fisherMen; 

d) Fish processed into fish-meal, and fish used as bait; and 

e) Slaughtering offall.- 	: 

The data appearing in the landing statistics under "processed 

fish" must«be recalculated for fresh weight. That is  the case,  for in-
./ 

stance, with fillet, head-off, and gutted fish. We, furthermore, must 

analyse the statistical categories, likeherring 	 'etc o when 

considering yields. The yields obtained in different  stocke  (or tribes) 
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must be considered individually. It is fUrthermore possible  • hat age 

group divisions differ from one landing site to the next one. 

2.1,5. Fishing:activities and the catch  per unit of effort 

The complex'"fishingactiVities" encompasses three concepts 

requiring definition: Fishing effort, fishing intensity, and the catch 

per unit of effort. 	 • 

Fieling effort_ 

Fishingeffort • ( g) is the effective  duration of use of fishing 

gear and tackle. The level of fishing effort, g, depends on the number, 

the kind, and the time of operation during the year. We, therefore, have 

available different poSsibilities for measuring fishing effort. We can 

use as the unit of measure, for instance, standard trawling hours per 

year. Proceeding in that way, we ruAt compute the effort of each vessel 

in order to arrive at comparable efforts put forward by different vessels; 

the effort of the individual vessel is measured against the effort put 

forward by an arbitrarily selected "standard ship". Individual compu-

tation is required because the catch capacity of individual ships can 

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

Fishing intensity 

Fishing intensity,*) is the fishing effort expended per given 

area 

17-1 



by the following formulation: 

Catch per unit o' effort  = 

• 23 

In connection with that formulation we aàsume uniform distribution of 

the individuals. It then follows that fishing intensity is proportional 

to the mortality due to capture: 

17-2 

The coefficient of catchable fish, q, has been introduced as 0. 

proportionality factor: 

- 3- 

The coefficient q is determined an the basis of mark and recap-

ture experiments  •(Section  , 206.2.). 

However, since fish are distributed in a non-uniform menner 

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

intensity is calculated on the basis of the weighted total of individual 

intensities applied over the various sub-areas: 

The catch per  unit of effort e 18 , • _ 

.The  catch per unit of fishing effort (0.P.U.E.), g, is expressed 

The catch per  unit of effort represents a relative reflection 

of stock density. In the determination of catches per unit of effort, we 
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must take into consideration, above all, the power factor, àinee the 

catch capacity of individual vessels differs to a great extent. The 

catches per unit_ of effort are affected also by the differeat distri-

bution of the fish during the different seasans of the year, These 

differenees in distribution are caused, among others, by: Migration to 

'7Wae spawrtng grounds, -food supply, oxffln content of the water, tempe-

rature differences, and currents. These factors together affect the 

overall behavior of the fidh. 

The power factor (PF) has been introduced in order to enable 

workers to compare the different catch capacities of individual fishing 

'Vessels. We assign the PFu  •= 1 to the fishing vessel u, which has caught 

100 fishes per unit of , effort. The fishing vessel v has caught 80 fishes 

under the same conditions: 

ED 
Prv = 	=  048 Pru 

The power factor PF = J.  is assigned to the fishing vessel, 

- which  bas  yielded the greatest number of values capable of comparison 

with other fishing vessels. This means that this particular vessel. must 

have fished together with as many other fiàhiag vessels as possible on 

a given fishing ground. The power factor is valid always only for the 

stock for whidh it has been determined.: 

Once the power factor hgà been determined far à series of -vessels, 

we cnn go ahead and corre3e.te that value with known vessel characteristics, 

like G.R.T. and H.P. In ,  t1is way, we are then able to read the PF for 

any-vessel. One examee would be the linear dependence between power 

factor and tonnage derived by Beverton  and  Holt (1957) and shown in Figure 9. 
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Fiellre2 9 - Power factor in dependence upon tonnage. After Beverton 
and Holt, 1957 

.2 ,TflT.  
Figure 10 - Example for interactive fishing. After Beverton and Holt, 

1957. Sketches  J. and 2g Interactive setting of nets. 
Sketch 3: Non-interactive setting of nets. ->The direction 
preferred by fish for migrating. 
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We speak of heterogenaus fishing in cases where a given stock 

is subjected to fishing using different fishing methods. In practice, 

we must'start on the basis of yields obtained with the aid of different 

types of fishing gear when determining stock densitien. When we then 

Obtain the catches per Unit Of effort us:ing different gear, we are given 

the possibility to test our respective results. The terms g and f are 

- calculated only for one type of fishing gear* 

Total  yield 	 fTrawling •= 	 = g 

	

Catch per unit of efeort of trawling 	,ntandard haul] 

The standard trawling hour represents the hours that are required 

to make a ,certain , catéh'ine giva area while,fishing only with the 

•standard trawling net. In the determination of both  the, catch  Per unit 

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

interactive fishing, and density dependence of effort play important roles* 

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

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

• same quantity of fish.  This type of  fishing is seen, for instancep,when 

nets are arranged along a coast in a direction paralleling the preferred 

Migration route of a given fish species, and the last nets, therefore, 

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

2.2, Estimating_meEuerecrult numbers after Beverton  and  Halt 

In order to estimate average-recruit numbers, we must know-coy-

-Lain parameters (to , 4».W., to , lyand h ),14ing equatian(12)-(cf. Section 

3*3*) we are able to calculate Y by means of Rt. On the other hand, we 

• 20 • 
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on  obtain RI by dividing Y (determined on the basis of fish landing 

data) by Y/1/ 1 . The error in that method is due to inaccuracies in the 

landing statistics, .Additional possibilities for estimating recruitment 

axe given by deteredning egg numbers andIy catching larve. 

• 21 • 2.. Life span 

The life span of indi.Vidual fish can be subdivided as shown  in  

the following diagram: . 

-Mecruitment 	Minimume.gezt 	Maximal  age 
'age 

t = 0 
[ 0:enatal 
phase 

Postrecruit phase 

Fielre 14 - Ilfe,spanef individual -fish . 

The symbols used in this-diagram stand for: 

t to t = 0 	the prenatal (embryonal) phase 
9 

to 	 the prenatal age;.the theoretical value for L = 0 and 
• W = 01  representing the probable time of egg fertili-. • 

zation 	 , • 

Prerecruit • Pre-exploited 	Exploited phase 
phase 	phase 

t = 0 

t = 0 to tr 
t to t 

t 
tm 

the time of hatching 

- the prerecruit phase 

the -pre-explofed phase; the recruits are already pre-
sent in the exploited area,but, because of their amall 
size î  are as yet not sejected to fishing 

-- 
the mean minimum age at the time of capture 

the mean maximumage; the end of the exploited phase 
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The exploited phase only is considered when we make use of 

the variable t, i.e ,  t is s5tuated somewhere between to  and  

te .11tÉt 

It represents the number of recruits having reached age s.tr  

lit represents the number of recruits having reachec3. age t0 . 

Transition from the pro-recruit phase to the pre-exploited phase 

and from the latter on to the exploited phase, of course, does not take 

place at the same moment in all individuals. However, in mathematical 

determinations we maàe,  calculations:using  mean • or average values: 

The moment tr has been reached when 50 per cent of the recruits 

-him immigrated into the exploited area; the moment  tc has 
 been reaehed 

when 50 per cent of the recrUits have reached the minimum age for capture. 

uRnife-edge selection" can occur in nature when the recruits immigrate 

into the exploited  area  only after they-have reached age tc 

203.1. Reeruitinne 

DeterminatimPf  the  recruiting age iscnecessary In Cases Where 

tr end t0 are situated close togetherl so that selection has started 

already before recruitment. Estimation of the recruiting  tige  can be carried 

out in the course of great numbers of investigational catches at great 

numbers of stations when close-meshed nets are used. Commercial nets 

are not suited for that purpose because of their large -mesh size. 

Determination of recruiting age gi..ven recruitment from several age groups  

In cases where recruitment of a given year class encompasses 

several years, it is evident that the individuals belonging to the 

• 22 , 



100 J____ 0/0 

0 44444 

te  ) 

• 31  * 

XlEure 15 - Recruitment eurVe showing both immigration of recruits tato 
the,exploited,areaand ,reachingof -themintmumage:for 
capture 

different age 'croups  will exhibit intervals of natural mortality that 

differ in length. We can construct a recruitment curve for each recruit-

ment year of that year class. Following conclusion  'of recruitment invol-

ving several years, me determine the frequency percentage curves for 

the , age groups from the recruitment curves. Once we then have cal-

culated—separately for each age group--the number Of recruits present 

after conclusion of recruitment, we are in a position to ,determine the 

50-per-cent value of overall  •recruitment with the aid of these values 

and using the weighted-average method. 

The mean recruiting age for oVerall recruitment . is calculated-

on  the  basis of the mean recruting age of the individual years and the 

corresponding recruit numbers, again using the method of the weighted 

average. 

The number of recruits surviving following conclusion of re-

cruitment can be determined with the aid of the.following equation 

involving the parameters: 
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eete 

• • - ,mean year class strength to be determined 
as density from unit catch 

(), : age group 0 of a given year class 
U 

0 gge group 1 c)e-that.year Class recruit-
ing one , year , latèr 

o l g  recruiting age of age group 0 

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 particular fieing gear 

used. It is assumed in this connection that the stock in the selection 

area is fully recruited, since the selection curve otherwise reflects 

only a part of the recruits excluding the part still existing 'outside 

of the exploited area. In cases of incomplete recruitment, we therefore 

require both the recruitment and the selection curves, which then give 

us the resulting selection with the average minimum age at the time of 

capture. 

Selection represents the percentage of,length groups of fish 

captured ammg.the length groups present in the area subjected tà ex- 

ploitation by fishing.'Sèlection covers only the individuals already 

recruited, 
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Figure 16 —,Selectionearve. Theretruitmeint ,ourvel r; theseIection 
curve, s; and the resulting selection, p. After Gulland, 
1969. 

Both recruitment and selection curves represent summation curves, 

which indicate the shares of individuals recruited or captured, respecti-

vely, up to moment t (= body length). The position  of the selection curves,,. 

of course, is determined by net mesh size. In cases where the foot of the 

curve is situated to the right of the point indicating 100 per cent:re-

cruitment, we are:dealing with a situation Where'fishing is performed 

in a fully recruited stock; in cases where the foot of that curve is 

situated still within the range of the regruitment curve, we are dealing 

with a situation mhere fishing is carried out only in the part of the 

stock already recruited (which is as yet not fully recruited). 

In cases where recruitment and selection 'overlap, me calculate 

the resulting selection using the equation 

P = r e  8. 
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Tablel E2emple fer P r e 

Length 	Frequency 
distribution of 
recruitment 

cm 	 r . 

0,0 
01  

0,c,  
n  

Selection 

0,0 
0,5  
0,R 
0„9 ,-; 
1.00  

Resulting 
selection 

P .r 	s 
_ 

0,0 
0,05 
0,40 

1,00 . 

■•■•■■■•••••••■ 

The value of tc is determined with the aid of P. The selection 

curve, s e  must  be constructed for each type of,fiebirg gear and tackle. 

Gear selection has been studied chiefly in the case of trawling 

nets: The ,upper side of the cod - end has a predominantly selective action . 

 Three methods are used: • 

• 1,4 Two fishing vessels of equal catch capacity trawl the commer-

cial net to be tested,and the quantitatively catching close-mesh test net 

over the same fishing ground at the  same time. . 

2. One fishing trawler moves the nets to be compared in turn. 

In this instance, top e  the conditions are: The same are must be covered, 

and this at approximately the same time. 

3.A close-mesh net is permitted to float behind and around 

the cod end being tested. 

• • In all three nethods, the worker must measure the mesh size 

after each catch and evalua'ce the catch in a 'quantitative manner. The 

values obtained during the individual catches are presented as weighted 

mean, The selection factor of a givennet is calculated as follows: • 

50% retention length Selection factor = 
mesh size 
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2,3.3, Maximum age 

Determination of the maximum age, tm on the basis of the age 

of the oldest specimens present in. a given catch is:not permitted, because 

we know that these specimens are better.able to escape and, therefore, 

are under-represented in the catch. Bevertin and Holt (1957), for that 

reason, have recommended to insert a preliminary--assumed--value into 

the yield equation. In cases where the yield curves for different assumed 

t values are situated closely_ together, we fix t m arbitrarily  in 5.  marner 

ensuring that theyield'icurve is . not , affectedwithin'the 'determinant * 

- regions. 

• 2,4, Growth 

Increase of stock .biomass is due to increases in both length 

.and -weight of the individual stock members.:This growth has been deter-

mined by mathematical means by Bertalanffy (1934), Ford (1934), and 

ealford (19334 1946), ,amengetherauthorselecording -to BertaIaney, 

'length lt at -bite t represents a.fraction-of the final•maximum-lengthIo. 
• 

Since inerease in weight takeé Place approximately with the . 

cube of length (i o  V6), growth •with  respect  to weight can be expressed 

by the following formulation: 

- 	( 1 	e 	t, 1 
00 	 n • j  
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Pie 17 - Longitudinal growth after Bertalanffyls fUnction 

Increase in growth is represented by a curve corresponding to 

that plotted in Figure 17. K is the so-called metabolic constant (cf. 

Section 2.4.1.). • 

• 	The Ford-Walford equation has been developed in an empirical 

manner following studies in the herring. 

1 	• — 	
t -+ 

That equationrepresents a straight line-having its.origin-at 

"a" for t = 0,  and the slOpe "b"; however, that equation describes growth 

in an inadequate manner at the beginning and at the end of the life span*  

2.4.10 The metabolic coefficient K 

K characterizes iàle extent - of energy utilization during main-
, 

tenance metabolism, that utilization being related to the final state. 

In population-dyeamic calculations, K is assumed to be bOth species-specific 

10 
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Mere 18 - Graphical determtnation of constants K and t o of Bertalanffyls function. After BUckmann. 

and -constant during the'entire life. In the 'case of intermediate age 

groups, Beverton and Holt have demonstrated agreement between the actual 

and the calculated values in halibut, sole, and haddock; agreement, how- 
. 

ever, does not exist in the cases of JuNenile and old groups. Kt  further- 

more, is affected by ecologica1 conditions like temperature, for instances 

In cases of food deficiencfr, we find however that only W're  is changed, 

while K remains constant. That fact has been demonstrated by Bertalanffy 

(1934)- 
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Determination of K after Beverton and .Holl 

K can.be  determined ,at t-as '411e slope of'the . curve.TbedLaagram .(Figure 

101 ,at the Same time, preides'a'Valufôr -td . 

If we claim that the equations derived by Bertalanffy and by 

Ford-Walford, respectiveIy, are identical (as auggested by Hohendorf, 

1966), we are able to calculated the metabolic coefficient K in the 

following manner: 

jai  

.The constaet 	 'with  the  ,âia - ..'of the ,regresslon 

technique using the Pord-Waldorf equation (cf. Section 3.2.). 

2.42.  Mean  mayimum Ieneth 

The point where the course of the growth curve becomes asymil-

totic in character indicates the fact that the fish has reached its final 

length. Since the'rate-of growth decreasesin a steady manner, we find 

with increasing t that the *values  1.  and 1t +1 approyinate the value 

o'f 10. 

27-1 

The length 40 

 section of the straight 

a b. 1t after Ford and  

is obtained by projection of the point of inter- 

line 1t = 1t + 1 with the straight 'line 1t + 1 
= 

• 

Walford, dine° we should also be able to obtain 

Imusing the general growth equation. When we regard the growth eanotions 



• 
.39. 

of Pord and Walford and that of Bertalanffy as being identical (cf. 

Section 2.4.1.), it follows that 

27-2 

. Prenatal age t 	. 

The "prenatal age" repreSents a theoretical value for 1 = 0 

and w = 0. Since the fish at - the moment of hatching, t = 0, eXhibits 

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

; ehoUld 'have .a negatile sien 

The method for determining to 
by graphic means has already been 

Kesented further above in Section 2.4.1. That diagram corresponds to 

the representation'ln 	lt) at t. We ere aleo.able to calculate to 

on .the 'basis of the-assumed identity of the different growth equations 

of the aforementioned authors, since we can rearrange the Bertalaney 

equation in the following manner: 

27-3 

What equationeorresponds to the foray = c - d x. The two 

conetants c and d can be calculated with the aid of the regression 

technique ueing the series for the value pairs In C40 lt ) and t. Since 

d = K, it follows: 

27 - 4 

2 0 4 0 

f 
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2.5. Total losses 

Fish population science must develop models for both the rate 

of increase of a given stock and the rate of substraction due to - death 

and :Capture. The-sUbstracting processes are characterized by losses due 

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

ether.one; together, .these.losses axe definedas the "total lose. We 

In order to recognize fluctuations, we must attempt to observe the age 

groups of a. given year class in an individual manner. Determination of 

the parameters involved must - be carried out using different and, if 

possible, independent methods in order to obtain indications regarding 

the -accuracy of estimations. 

The following methods can be used for determining total losses: 	• 28 

a) Calculations involving year class sizes; 

b) Calculations involving both average age and average 
length; • 

c) Calculations involving the relative age composition; and 

d) Calculations involving the virtual population. 

2.5.1. Calculation-of total losses according to year class sizes  

The catches per unit of effort (weight) are used as the measure 

of stock size determined at yearly intervals. The shares of the year . 

classes are obtained on the basii of age determinations. In cases where 

the catch per unit of effoi*t is available as weight, we are forced to 

perform recalculations.' 



0 	A 	B 

100 

210 

71 ,5 
5 
3 

• • 
• 4.1 

Table 2 An example, where cat ch per unit of effort.(c/g) x  170 kg,  
-- and (c/g)x 	= 150 kg. 

Age class 

.Year.x 

Numbers e  in% 	-20 	,7Q 	10 

Meul weight, in kg 	3 	2 .1 

Weight, in kg 	60 	140 	10 

E numbers 	1 16,2 	56,7 	8,1 

Year x 1 

.Numbers e  in % 	 15 	80 

Mean'weight, in kg 	 .ja 

Weight, in kg 	 45 	160 

,Z;Int-tribers 	 10,7 	57, 2  

100 

210 

81,0  

.The values underlined in Table 2 are known from sampling. On the basis 
of these weight data on the catches (per unit of effort) we arrive at 
the total number of individuals in the catch being assessed: 

210 kg t1.- 100 individuals 
170 kg A 81 individuals 
150 kg n 71.5 individuals 

If these values are reuresentatiVefor the year 'class sizes, me 

are able to use the following equation: 

N r‘  
3a 

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

obtained at an interval of,exactly one year. For Year ClassA, we then 

obtain: 

Z ln
56 7 =  1,67  • 29 • 
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In cases where.  the catches per unit of .effort and age  com-

position  data, respectively, are available as average values for one 

.year, the 'equation is written in a.general manner,as fellows: 

A Z t = in 	 • 

AMt+1 

This equation can be solved by -using either iterative or 

seroigraphical means. 

Assuming that p is eqUal in all age grouPs,total loss can be 

determïnedby graphicalmeans.:.The .,equation: 

in 	ln N0  -*Z.t 
• -  

cf. Equation (3) 

corresponds to the equation: 

y = a b • 

ii!or,the value  pairs Nt  and -4 we calculate thecanstaats.a  and 

 b of the regresaion line-and .cibtain for lb the slope of the straight-line 

corresponding to Z. 

• 
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-Age group 

4 
5 
6 
7 
8 

9 

1.0 

11 

• 

.Table 3 - An example. We obtain b = Z = 0.700 for the following values: 

(.07 

e 

,550 

1 

3 

1,842  

1,2+ 
• 

21, 423 	 63 

.We consider only age groups 6 to 12+, since the younger groups 

.are as yet mot completely Tetained  in the-nets.-Recalculation into 

percentage values gives for Z: 	 • 

Z 

 

0,700  
z  ) 	100  ( 1  ) = 100 (1 - e 0 ' 7 ) 	100 • 0,503 

Z(%) = 50,3 % 

The annual losses, thus, amounted to 50.5% in each age group. 

2 e5.2. Calculation of total losses according to average age or length 

Gulland (1969)  ha a presented the following equation for Z using 

the average age :(t)1  the average length (1),, the final length (le(), the 

meta'oolic constant Kt  as well as the minimum age at time of capture (t0): 

■ibe 



.44. 

30-1 

The'folloWing:example mgy serve'àsillustration .(:ced'frem the 

western Baltic Sea; average values for 1956 - 1962): 

30-2 

2.5.3, Determination of overall mortality an the basis of  relative age 

• 	composition after Lea 

lea (1929) based his calculations of overall mortality on the 

relative composition of spawning stocks of Norwegian spring herring, 

"which he studied during several successive years. In theee calculations, 

lea compared the relative numbers of a ,certain year-class during tWo 

consecutive years and, thus, obtained the survival rate of that parti-

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

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

which year class was seven years'old àuring year."a u l .and eight years 

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

cal year class sizes in the years "au and "bu ; the survival rate then is: 

30-3 
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The relation 

exists hetveen survival rate S and overall mortality Z..- 

!,MeixnknoWn eantities ii.and-ii ,are'eliminated, - when ,we relate 

the survival rate of a givenage greup to the Survival rates of a certain 

age grOupl for_instancel 

30-4 

In  this wanner, we obtain the terme amendable to calculation: 

30-5a 	and .j:  30-5b 	 • 

• In oases where the survival rates.within a stock change only 

to a small.extentmithin the exploited age groups,we.findthat these 

quotients will yield values close.to 1. 

2.5,4. The virtua1.22pu1ation  

Determination of overall mortality ean'alsole performed by 

using the method of the virtual population. The virtual population re- , 

presents the share of a given stook made visible by fishing activities. 

The virtual population t .thus, yields only values for the exponential 

coefficient of capture (i.e. mortality due to fishing activity). in 

cases where the exponential coefficient of natural mortality is known 

following employment of other methods, we-are-abIe to calculated Z by 

adding the values for F and M. Determination of P and Mis made with 

the aid of a table on the.basis of the virtual population. 
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. Table 4 - Working table (M . 0.20). 'Excerpt.from Sehnhmacher, 1970. 

F 	Z 
, • 

r., - 
'7 

7i-11 (1 	
• ) 

	r 
(1- e ) 

0,01 1 0;21 	0, 811 1 	0009 	, 
90,1. , 

o e lo 1 0,30 i 0, 7L1 	0,086 	î 	' 	8,62 

0,20 1 0,40 	, 70 i 
a 	 J 	

0,165 	 4,06  
0,30 1 0,50 î 0,607 i 	0,25 .6 	1 , 

1

2 1 57 
0,40 	0,60 	0,5L:.9 	0,301 	 1,82 

0,50 	0,70 ; 0 7 i!97 Ç 	0,350 	 1,381 

1,00 1 1,20 	0,301 	0,582 	1 	0,517 
1,301.50 	0, 9 2'3 

• > 	
-__ 	0,6714 	1 	0,331 

'Schumacher .(1970)11as-arranged ,a.vorking table of that type 

enabling us to determine mortality due to capture (Table 4). Sch4nacher 1 s 

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

connection): 

—z 

. In this equation, rn represents the population at the end of 

the year expressed as a share of the annual  catch;  however, rn an also 

be expressed as afunction of the survival rate during the year "n",and 

the exploitation .rate E n 

"P" can be read from the table if. 	is known. 
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2,6, Determination  of P  and M 

In order to establish effective and economically suitable 

mechanisms of regulation, we must be able to divide overall rertality 

of a given stock into natural mortality, an the one  'hand,  and mortality 

due to capture, on the other one. The following methods can be used for 

determining the exponential-coefficients of mortality: Direct enumeration 

methods, mark and recapture techniques, and determination with the aid 

of fishing intensity and year claSs size data. 

• 32 • 

2.6,1.  Direct enumeration 

-Inbaseit'wherelneathe landings-0 :(expressed aS4xaMbers of 

* individuals) and the average population size 	are known, we are able 

to calculate mortality due to capture using the following equation 

(direct census or enumeration); 

c = eemmego 

..When determiningthe'landings 'C I  the workermudt:take into 

'consideration also the losses «marring dUring processing of catehes 

6n board of the fishing vessels. 

. The population size ri e  can be estimated using several different 	• 33 

methods (cf. Equation 20). • 

The number of females present can be ealculated ,an the basis 

of both the egg numbers (integration of catches made using egg nets) and 

fecundity, and the total population (or stock) •umber can be ,estimatod 

on the basis of the sex ratio (Hensen, 1887). In the case  of anadromous 
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migrating fishes we can make counts along passes leading to the spawning 

sites. The catch per unit of effort, too, permits estimation of stock 

density. 

2,6.2 . Mark and recapture techniques 

Mark and recapture experiments are performed in order to. deter-

mine the exponential coefficient of capture (mortality due to fishing), P. 

These techniques, furthermore, permit determination of both fishing 

intensity,f, and the coefficient of catchable fish, q .  Natural mortality 

must remain constant during the entire experiment. The exponential co-

'effieientof.everall mertality, Z.  de ,composed•of theisum , of the expon-

ential coefficients of natural mortality and of capture (mortality due 

• to fishing): 

-Z 	M 

Bewever, since marking experiments lead.to  a certain increase 

inmatural lossés due to markine‘caused death, Iosses ,ofmarks or tags, 

andnnreporteUrecaptures, we mustilse  in  Otwicalculations a corrected, 

i.e, increased alue for overall mortality, Zi: 

Z 1 

 

M.  P 

where 	Mt M + 4 the exponential coefficient of natural mortality 
in the marked stock; 

the loss due to markingmanipulations; 

N = 	the number ef.marked specimens . ; 
-o 

111  = 	the number of specimens recaptured and reported 
back during,  time interval T1 ; and 

the number of specimens recaptured and reported 
back during time interval  T.  

The recapture periods Should be of equal duration: 
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z 

33-1 

,The following equations can be used for estimating F  and M' 

 in .cases where the fiehing intensity, f, is both constant=and•equal 

:during thsebursescif -the tworéCapture periods: 

Equation 29 

Since No ni , n2 , and T are measured in the experiment, we 

are able to determine in a relatively simple manner mortality due to 

capture, Fl  apart from natural mortality. Following determination of F, 

,we 	..abead . and ‘tialculate :'the ,eorreeted ,:natnràl Imorte.Iity, 

Equation 30 

In cases where fishing intensity, f e  differed during the caurses 

of the two recapture periods, F and MI can be estimated using the follow-

ing:equation: 

Equation 32 

[Several words appear to.be  missing in the original; Translator] 

The coefficient of catchable fish, q e  can be estimated using the following 
2 

equation in cases where we 'are dealing with two fishing periods with 

constant  -f covering at least one year: 	 - 
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Equation 34 

. We  obtain M by inserting the value for q into the following 

mathenatical formulation: 

Equation 35 

Eark and 'recapture ,eXporinents .are tainted by 'the following . 

sources of error: 

Type .o±  error 	 Error 
afterllicker 

1. Influences exerted 	a) Incomplete  reports ou recaptured individuals 
on F 	 at constant rate • 

• b) 'Marlring-caused mortality immediately after 
merhing hasbeen carried .out 

- 
ga Influences exerted 	c) Marking-caused steady cenàtant death rate 

d) Steady constant loss of nark or tag 

Influences exerted 	e) The recaptures are not representative since 
on Z and F 

	

	 the ayailability of marked and that of un- 
marked individuals differ 

f) The narked und the unmarked individuals are 
not distributed in an uniform  marner  

111, .., 



0 

N  
qf 	+ m _1 n  A x  

x 	-, 
A +1 

-(qf i +M) 
(qf 	) (1 -e 	x+ ' x  

-( qf x  +  M) 
( +1  +M) (1-e . 

23 

• 	•  
.51 . 

2.6.3. Determination of F and M with the %lid of year class sizes and f 	• 35 e 

According to the established equatic2,  Z= 111-1- qf.  Z is pro-

portional to f in cases where Mand.a are constant* M and q can be 

estiMatedusing,regression techniques once a sertes of value pairs :of 

Z and fshas been deterbined. 

Figure 19  - Overall mortality in dependence upon f.  Z = M when f = O. 
After Deverton and Holt, 1957, 

The following linear equation is employed for determining Z and M: 

In that Equation, both f (the fishing intensity) and x or 

4.ri(x 4. 1 ) 5, respectively (the  catch per unit of effort, cfg) are known; 

Sections 2.1.5. and 2.6.2. 



A
N

x In 

A x+1 

if 4. f  m 
X 	x+1 
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not known are q and M. Solution of the equation is obtained by iterative 

approximation after Beverton and Holt.  The-  right additive term is not 

considering during first approximation. The constants M and q are 

determiaed using regression techniques .  The values obtained in this 

manner are inserted into Equation (23), and this manipilation then yields 

more exact values for Zo With the aid of -the latter, we next repeat 

determination of both M and q, with M and q finally remaining constant 

after these steps have been repeated several times. 

Using the original equation of Beverton and Holt . , Paloheimo, 

in 1961 e  developed a linear equation permitting determination of both 

'P.rand ,M .,Withou.t elaborate d.terative"approxitations. 

The regression constants Mand q can be directly determined. 

The standard deviations ceM and q are reduced by 27  to 69 per cent 

compared  with  the iterative approximation method. Eb improvement is bb-

tained only in cases where q is strictly constant. 

The natural mortality M can also;be determined in cases where 
. 	. 

fishing has not been carried out over's. relatively long .period of time. 

That situation may arise, for instance, following discontinuation of 

fishing because of war act:ivities or severe ice conditions during the 

winter. The relative sizes of at least one year class before and after 

the period'of . discontinued fishing must be known. The overailmortality Z 
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--which can be readily estimated in cases like these--equals M I 

 since P = O. 

A similar procedure permits estimation of F. Consideration of 

the overall mortality of one year class during the course of the  years 

of discontinued fishing gives us Z1  . M. Vhen this year class then 

enters the exploited phase, we  'are  able to.determine the increased over- 

all mortality Z2  = M P. The difference between Z2 and Z1  equals P. These 

results, howeer„ cannot be used without certain criticism, i.e we must 

take into consideration the possibility that the juvenile individuals 

probably are subjected to increased natural mortality  and  perhaps, also 

to 	undeterminable iner6aseemortalitydue to,capture, , so that P is 

probably underestimated in calculations of this type. • 
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0,100 	+1 

1 	0,195 	-3 

2 . 	0,290 Y 	+3 
7 0,385 

+1,0000 . (T0 ) 

-1,9500 = (T1 ) 

+1,2675 . (T2 ) 

-0,2746 . (T3 ) 

. 	c 	o M + nK 
•

Un 	
U
n
e. • 
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2.7. The yield isopleth diagram (Application of the yield equation) 

Once the individual parameters have been determined, me are in 

the position to use the yield isopleth diagram for. calculation. 

Using anequation as'complexlus theyield equation (12), it is 

always best to compile first a working sheet in the form of tables. 

Beverton and Holt (1957) have prepared a working sheet containing values 

for British plaice fishing (North Sea plaice). 

The following parameters have been given by the latter authors: 

• 37 • 

' 

M = 0.10 

tr = 3.72 years 

tt = 3..72 .years 

15 years 

to 	-0 0 815 years 

W 2867.0 g 

K • = 0.095 

q -..0.D0892 	• 

The Tables presented on the following pages .are eondensed after 

- Beverton andiaolt -(1957).. 



6,7620 

2,4725 

1,6648 

0,9091 

0,6250 

0,0000 

0,7418 

• 0,8324 

0,9091 

/ 0,9375 

n=1 .  (A) 	(B 1 ) 	(C i ) 	(D 1 ) (E 

0,00 

0,30 

0,50 

1,00 

1,50 

0 ,195 

0,495 

0,695 

1,195 

, 695 

' 0,00 

0,30 
0,50 
1,00 
1,50 

	

0,290 	3,2712 

	

0,590 	6,6552 

	

0,790 	8,9112 

	

1,290 	>10  
1,790 . >10  

n=2, (A) I 	(B 2 ) 	(C 2 ) 

•••••eerser-ampeorremilasweeernwe 

(1)2 ) 	- 	(E 2 ) 

0,9620- 	4,2046 

	

0,9987 	2,1455 

	

0,9999 	1,6043 

	

1,0000 	0,9826 

	

.1-,0000 	0,7081 

0,00 

0,30 

0,50 

1,00 
.1 5.  50  

• 55 • 

Table 6 

(7.), 
	

( c0 ) 	 ( Do ) o 	, (E,,) (F_ ) 

n=0 F 	(A)+M.-4-nr! , 	( T- o ) A 	1-e • (T0 )(D0. ) 

• 1 	 o' 

( A ) _J o  , 

	

0,00-.(-07. 	: 1,1280 I 0,6762 

	

10,30 : 0,40 	' 4,5120 I 0,9890 

	

0,50 ' 0,60 	67680 	0,9989 
i 

	

11,00 	1,10 	, 	>10 	. 	1,0000 

	

11,50 .  I 1,60 	> -i, 9 	1 , 0000 
._ 

i 

• ' 

	

**re 	 m...bc.■-,*■•■.■... 

	

? , 1 996  - 0,8893 	-8,8930 

5,5836 	0,9962 	-3,9244 

7,8396 	0,9996 	-2,8046 

>10 	1,0000 	-1,6318 

>10 	1,,0000 	-1,1504 
•■••••••■•■•■•••••101.11111 00■11.1.9eleffl« 

n=3 	(A) 	. (B 3 ) 

0,385 , '4,3428 

	

0,685 	7,7268 

	

0,885 	9,9828 

	

1,385 	>10  

	

1,885 	> 10 

( c 3  ) (E 3 ) 

	

0, .870 	-0,7040 

	

0,9995 	70,4007 

	

0,9999 	-0,3103 

	

. 1,0000 	-0,1983 

	

1,0000 . 	-0,1457 
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0,00 

251 ,,92 

221,05 

176,61 

159,12 

0,00 

01,30' 

1.450` 

'1  00' I  P 

19.5& 

1,3696 

0,2929 

0,1542 

0,0616 

0370 

.56. 

Table 7 

(10 	 (p) 	I  k 	 • •-•,,,,,, 

	

	 Y--.1 ,,. , + 1 y ' ‘,. 1-7-,-," errrF -7 71 i.' 	- 	• ..-2, ,, ,--1-. ,, j-.• : ,. 	--3-7=- --.... 1 . 	, 0 	, 1 , 	\ .2 	- .3 	 b f 

	

/ 	 : : 
• 

The  values siven :column ej -are iplotte•-egainst:fishing 

intensity: 

2.D0 

/ 
200i- / 

I 	 I 	I 	 I  0 
0 	(F. ) 1110% 	 0.5 	073 	10 	15 

. 	F 

• 

FlguntA - Yield per recruit in dependence uPon capture (mortality due 
to fishing). North Sea plaice: 	3.72 years; mesh sizej 70 mm. 
After Beverton and bit,  1957. - 

With beginning metality  due  to capture, F l  the curve at first 

rises steeply in order- to tend gradually toward an asymptotià value with 

increasing F. This curve exhibits a yield maximum (yield on a weight basis 

per recruit), which, in Shorthand, is  P,. In this connection, Fmax  is ma 

100 
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3-72 	 loCtè ,ntr, 
15 

t 	 é" 	 t 

Figure 22 - Yield per recruit as a function of the'maan minimum age at 
the time of capture, tce  at constant P = 0.73 

the coefficient of mortality due to capture, at which the maximal yield 

per recruit is attained. The asymptotic value reached wnuld correspond 

to the weight exhibited by the fieh  at the moment that individual enters 

the exploited area, since the infinitely high fishing,intensity  bas as 

a result that all recruits are immediately captured after reaching the 

exploited area. 	 . 

When mortality due to fishing is kept constant at P = 0.73 and 

t0  «varies, we will obtain the picture shown in Figure 22. 

That curve, too, éxhibits a maximum, (tC )maX Its origin is situ-

eted at 1.;,, the recruitment age,  and  it ends, with the value of zero, at 
2 

the maximally possible minimum age at the time of capture . of to  = tm. 
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11› 	 In our autlines presented.furtheis above, we have considered yield 

per recruit always in dependence on only one parameter. When we now go 

ahead and consider all three parameters (i.e. Y/É, F, and to ) together 

as  variables within one 'diagram, we ,obtain the 'yield isopaeth diagram 

introduced by'Bevertan and Holt (1957). During the construction of dia- 

grams of that type, P and te  are plotted an the X and Y axes, the Y/R 

values are a ssied  to the respective value pairs, and the values of equal 

yield are connected by lines (Figure 6). 

The yield isopleth diagram  thon  gives us the annual yield per 	. 42 0 

recruit (in units of weight) as a function of F and to . The curves 

presented in Figures 21 ,andare. incorporatento the isopleth diagram. 

The horizontal line, t = 3072, appearing in Figure 6 represents the 

corresponding part of the curve plotted in Figure 21, and the vertical 

line, F =  0.73 5  represents the ourve plotted in Figure 22. The Point P - 

values in Figure -6 appeared, in correspondence,  in Pigea 21 and 22 as 

Points PI and Pu e  respectively. Point P represents the pre-war values 

for British plaice fishing given by Bevertan and Holt with F 0.73 and 

t = 3.72. 

The line AA' connects  the  maxima of curves of the type shown 

in 'Figure 21, and it'gives different values for  P ,  i.e.  the P values max 
. at which the highest yields are obtained at constant te. Pmax  increases 

in each case with  increasing  t0 . 

The line BB' connects the maxima pf the curves corresponding . 

to the Figure 22 eurvel that line gives us the different-values for 

(t0  ) e  i.e. the t at which the highest.yield iG obtained at constant max 	 0 

F. The (t c )max value, too e  increases with increasing P. 	. 
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Ligmtl - Yield isopleth diagram of plaice. Yield in unit of weight 

per recruit as a function of fishing intensity and minimum 
age at time of capture 

The curve BB , ' represents the eumetrio fiahing curve. Using that 

curve, we are able to obtain the t
c 
value at which we will obtain the 

greatest yield at a certain fishing intensity. 



• 60 • 

We will obtain optimal yielde in cases  where mesh size and mini-

mum age at time of capture are combined in a manner ensuriug that the 

yield is situated on the eumetric curve at maximal profitability. 

3. The theory of fishing. Derivation of mathematical models  

3.10 Losses 

Following the modele proposed by certain other authors, Beverton 

and Holt (1957) developed a population or stock model based on infini-
., 

tesimal calculations. At a lo-ss rate assumed to be constant, there arises 

a curve, on which the nUmber of individuals, N I  represents a function of 

time, t: 

43-1 . 

This curve exhibits a, tangential slope, which is ,defined by the 

first derivation: 

432 

In this equation, Z is a constant requiring further definition. 

We pbtain the function by integration of the first derivation, for which 

purpose we must perform the following mathematical manipulation: 

43-3 

; 

dà Since we are able to integrate ----, we divide by N: r. 

43-4 • 



or: 

or: 
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Constant factors are preferred: • 

43-5 

Solution  of the integral gives: 

43-6 

43,7 - 

Sq-aatilon ..(3) 	ttible.eeed -to iael6g "pteeedures: 

43-8 

43-9 

where .Nt is the number of :survivors, and • 

e .Zt is the survival rate •= 5. 

• 	The slope of the curve is changed with changes in Z; Z represents 	.44 

the exponéntial coefficient of overall mortality, which is composed of 

natural mortality (exponential coefficient), M I  and mortality due to 

capture (exponential coefficient), F. 

Z y m 

We are able .to calculate Z using Equation (3a). For that parti-

cular purpose, we not require the absolute number of individuals, but 

o33y their relative values at the beginning and at the end of the time 
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...mregmbasemai 

,Pie 2O - Exponential decline of a stock (number of individuals) et 
constant ,annual total loss rate. 

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

'No 

71; 

Equation (5) gives us the numbelof individuals still present- 
. 	. 

,after passage of the time interval  t. The  following is valid in the  - 

cane of Equation (5): 

-1 

'" 2 t 	1 N < N Nt 	—o 	since 
• e 



O. . 	• 
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The number of individuals meeting death during the interval 

-t is obtained by substracting Nt  from. No. We insert the value of 

Equation (5) for. Nt : 

:N 	N= N 	wr L,-7t 
t 	0 "0 

No is then removed from the brackets: 

45.-1 

where 

45-1A 	 = the .nuMberOf•dead individuals, and 

= the mortality rate. 

Separate consideration of the parameters reducing the stock 

involves the following term for the unexploited stock: 

45-2 

and the following term for the loss due to capture: 

45-3 

In the case of very small intervals of -time (with dt being 

infinitesimally small): 

O'N = F N.  dt„ and. 

d.N = M N cit. 
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Since, furthermore, dN = Z N dt e  it follows that the coefficients 

of mortality 1' and M must act in an additive nanner: 

M = Z 

3,2._Greth 

Bertalanffy's growth equation, which ,  is based on infinitesimal 

calculations, permits us to obtain quantitative data on growth of popu-

lations. In connection with thé growth equation we use the changes in indi-

vidual weight as our point of departure: The increase in size (increases 

inlengthl  voIume e  rand %weight e  respectively) icheing theial 	of time 

employed. The change in body mass (W) is given by the difference between 

the anabolic metabolic processes-and the catabolic metabolic processes: 

,dw =  He  - kw e  
. et 

where H is the coefficient of anabolism and k is the coefficient of the 

substances utilized for maintenance metabolism; both coefficients are 

species-specific. H is proportional  tu the absorbing surface s e  and k is 

proportional to the weight W of the individual. The following statements 	• 46 

are  valid during proportional growth (cf:Bertalanffy e  1951, page 277): 

, 	and 

The term now reads: 

46-2 
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We obtain the following ezpressibn with the aid of the 

nathematical chain rule: 

46-5 

dl Vie  solve that equation for the differetial dt 

46-4 

SUnCe the quotiCnts- 	 contain 'onlybonstant'values e  
—3(1 	—3—  

we set 

46-5 

We than obtain 

466 

and 

• 	This linear differential equation contains only two integrable 

variables; For the purpose of integration; we separate.these variables 

1 and t: 

46-7 

We form the integral: 

46-8 
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We solve this iategral with the aid of substitution. We set 

Z = E K1 and then obtain the first derivation: 

46-9 

dZ Since 	cannot be inteeated we substitute dl as follows: ol 	 , 

46-10 

We now insert these values for Z and dl into the integral: 	 . 47 

47 -1 

We add the term - 1 setting it in front of the integral: 

47-2 

The integral is solved within the limits of Zo  to Zt: 

47-5 

We again insert Z = E K1 into that equation: 

or: 	 47-4 

and multiply with - Kt 

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

47-.6 

We divide in order to eliminate the first fraction: 

47-7 

-Kt 
If t in that expression tends toward infinite, e 	and, thus, 	• 48 

also the first addend equal  zero..  The final lsngth of the individual fish 

is given by the expression: 

48-3. 

We insert that value into the equation: 

48-2 

. This equation represents the original form of Bertalanffy i s func-

tion of longitudinal growth. 1m is the (at  an average)  greatest possible 

firal  length of the individual fish, and It, is the length at age t = 0; 
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K = -5- is the species-specific constant of maintenance metabolism, i. e . 

the catabolic coefficient. In order to eliminate Tic , we perform a 

calculation step related to the initial conditions, where 

-and 

48-3 

and multiply 

48-4 

We dissolve for ID:.  

48-5 

with eKto:  We multiply 

48-6 

Continding our multiplication, we obtain: 

48-7 



. 69. 

We then return to  or  initial equation and insert the value 

obtained for 140 : 

49-1 

We remove limfrom the brackets: 

• 
49-2 

Powers havigg the same base are multiplied by addition of the 

sxponents: 

49-3 

This equation represents Bertalanffyls equation of longitudinal 

growth. Length at time t, ilt , is a fraction of the maximum final length, 400 . 

In order to'Obtain growth expressed .  as weight on the basis of 

that equation, we solve the -relLition between weight and length introduced 

further above in this Section for 1: 
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• 	 49-4 	 or 

• 

For tine  t  eel  thus,  • btain: 

49-5 

and for the final length of the individual fish: 

s 	49-6 

At lec the individual fish hae reached its final weight,  W.  

We insert these valiles into Equation (7): 	 • 50 0 

50-1 

We power•with 5, and obtain: 

50-2 

Multiplication with q leads us to Bertalanffyis equation of growth 

expressed as weight: 
I 

CO 7 



Beverton and Holt (1957) have px:esented that equation in a 

modified form: 

50-4 

In the binomial of Equation (8) 9  we substitue--for the sake of 

- K (t - to ) = m9  and we then obtain: 

50-5 

Following introduction of the binomial .coeffioient U 9  we o.btain: 

50-6 

Each n in that equation corresponds to a certain U: 	 • 51 

When n = o 9  U = 1; 
• 

when n = lp U = -3; 	.• • 
- 

when n = 2 9  = 3; and . 

-when n = 3, U 	.1.  

When we now reverse the eubstituion performed further above: 

, 

51-1 
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we  obtain the form of the binomial.usèd 	Beverton and Holt: 

51-2 

Following insertion  -of that-binomial into Equation'(8), we 

obtain the growth equation: 

51-3 

The Equations (8) and (9) indicate: 

Increase in weight takes place with the thrid power of body length. 

That increase is influence by the metabolic constant K and is limited by 

the final weight Woe) . Once we know the • species-specific parameters 11/601  to 
and K, we are able to determine the weight at any point in time, t. 

Following studies on herring, Ford (1932) and Walford (1946), 

using empirical means, have constructed the following growth equation: 

514Y- 	. . 

This equation represents a straight line with slope b and ordinate 

segment ao The growth equations presented by Ford and %afore, on;the.one 

hand, and by Bertalanffy, on the other one, correspond as has  been 

demonstrated, among Others, by Hohendorf (1966) in a simple manner. 

The following table of numerical values has been arranged for 

these two sets of equations: 
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Time 	 Ford-Walford 	 Bertalanffy 	 . 52 . 
interval 	Equatien (10) 	 Equation (7) 

52 - 1 

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

52-2 

According to Equation (7)A: 

Equatione (i0)B and (7)0 eve.: 

52-4 

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

the value obtained using Equation (7)B for1to + 1 : 

52.-5 

j 	/ ? In analogy 60 a2  7  b = (a + b) (a - b), we can factorize 

- 
-2K e 	)• 

52 6 
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By dividing with 40  (1 - e-X), We obtain 

52-7 

We have thus demonstrated that the constants a and b of the 

Ford-Walford Equation (10) can be expressed -as follows: 

52-8 

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

we  -Obtain: 

52-9 

We replace l t  by Equation (7),: 

53-1 

That expression is to be indentical with Equation (7) 

• 

We, thus, are permitted to  regard the Pord-Walford equation as 

a linear recursive formula of Bertalanffyls function, and it may be used 

for the determination of the constants required in our calculations° 
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11. Recruitment and recruits 	• 

The stock is an interbreeding unit that maintains itself. 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 models do not operate with absolute numbers of offspring, but are 

based on relative values. Fluctuations become evident in the equations 

for yield and selection, resPectively. 

Recruits after Ricker (dame-shaped curve) 

The relations between adult stock and recruitment have been 

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

other fish species. He obtained a pattern ofagyffimetric reproduction curv-

es. Maximum reproduction occurred approximately at intermediate frequency 

of parents and the branch of the curve rising to the maximum was steeper 

than the branch dropping beyond the maximum. Ricker (1958) has described 

these curves in an approximate manner using the following equation: 

.54. 

54-1 

where 	 • 

R is the number of offspring having almost . reached spawning maturity; 
N1 is the number of spawners (parents); 

Nr is the "parameter of self-reproduction" of the parent generation e  that 
is the number of individuals - produced in the next generation by the 
individuals of the Present generation (replacement number of spawners); 

Rr is the average number of individuals  of the next generation produced by' 
a parent generation having the size Nr ; and 

m is the size of the parent stock producing the maximum:number of off-
spring (spawners needed for maximum recruitment). 
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Picrure 11 - Schematic representation of stock reproduction under different 
conditions, After Ricker, 1958 

If we operate with / equal units—Ricker employed as measure the egg . 

egg nùmbers of  the parents and the egg numbers of the next generation-,-then 

Er = N e  and the equation presented above can be simplified: •r 
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54-2 

Introducingafor or 17-; and W for L ,  we obtain 
. r 

54-3 

The diagram shown as Figure 11 has been plotted using different 	• 55 . 

values for a e  the stock-specific constant. This diagram illustrats re-

prOdUction:of stOcks underdifferent conditiOn“family-ofdome-Shaped 

curves), and demonstrates that the reproduction curve varies with different 

values for the constant a s  

mhe N =Ne z= 1 e(1 - 1) 
• 	=.e 

.All curves pass thvough the point  z  = 1;1Y . 1. That point is 

the one at which the parent generation  bas  reached the replacement level, 

themumber of offspring produced in the next generation Is equal to 

the number:Of individuals in the present generation: 

R  =N  r - 	r 

Ricker has explained the freduent-deviations in reproduction 	• 56 . 

.curves in the following manner: 

a) The dome-shaped curve is relatively flat. - 	- - - 	- 

That situation can be attributed to a limited supply of food. 

Furthermore, dispersed distribution of the stock has as a result that 

the density effects are not.unieormly felt within the entire stock. In 
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the case of species exhibiting territorial behavior, we nay find that 

the right_branch of the curve proceeds horizontally due to occupancy of 

a limited area. 

b) The right branch is relatively steep. 
(j.0 4UN /CI [FP 	 0.■ 	 .o 	 oy. 	 • 	 • 

That situation'arises In cases where the food or the oxygen supply 

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

velopment. In extreme caéee, the entire next generation may perieh. 

c) The dome-shaped curve is relatively steep.  

That situation reflects a reduced rate of reproduction at low 

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

difficulties in meeting, and predators affect smell stocks relatively 

more markedly. That fact has been demonstrated by Naeve (1954) in the 

case of'recruits of pink  salon  (.9.nOrelEthps gorbushe:). 

Recruits after Beverton and Holt 

• In principle, one weuld assume the following relations to exist . 

 between egg number and recruit number: 

The recruit number = egg number tines sUrvival rate: 

-Mt / R = Egg . e 	Oeverton and Holt, 1957) 

The egg 'number is an expression  for the number  of  parents. Thé 

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

In reality there furthermore exists a density-dependent.regula- 	. 57 • 

tion of the number of offspring. 

These two factors have been taken into consideration by Bever- 

ton and  Hait in the following equation: 

- 	1 R =  ----------- 

egg 
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Egg- production 

. :FIgme 12 --Relation between egg number and recruitmentet density-
:dependent 'growth of the larvae. After Severton and Holt, 1957 . 

where cy is the density-dependent loss rate, and 

5 is the density-independent loss rate. 

Discussion of that equation reveals: When the egg number tends 

toward infinite e .we find that the quotient 5/egg tends toward zero and 

the recruit number R tends toward 1/a. In the case-of large egg numbers, 

we'find that the recruit number is density-dependent; in that of small 

egg numbers, the recruit number is determined by the factor 5/egg. The 

density-dependent mortality of pelagic -stages has been demonstrated in 

the cases of mackerel '  whitefish, pikeperch e  and herring. Garrod (1968) 

has shown that the stock of/ the Arcto-Norwegian cod had been decimated 

to such an extent by fishin'g that recruitment . was shifted into the region 

of low density dependenCe. 
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1 

Dependent 
on egg no. 

Dependent . 
on density 

Egg no. A parent ne. 

dN
• 

 d 	
( N)N 

.  

,E1,1je.we.15 ,-Denety-independent We  and 'denSity-dspendent (2) 
'redruitment 

Beverton and Holt have studied sizteen year classes of North-Sea plaice 

without finding.correlations to exit between recruit ,and egg numbers. 

In the most simple cases -(in agreement with'numerous population 

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

tion density: 

Me 

dN  
d t 

( r 11 1  

1.11 2 	the density-dependent rate of larval loss 

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

This function represents a special case of the equation: 

dN  -a- -Z N 
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504. The yield equation 	 • 58 . 

5.4.1. One year class during its  entire life according to weight and number 

The parameters required for calculating the yield of a given 

'Wr class during the - exploited phase are given further-above in Section 

1.2.5.' 

• e -define the -number  of  -recruits .R immigrated into the exploited 

area to time tr as N, . 

58-1 

'Thek-,e reeruits .cd 	 . coum t   are  sUbject to ,naturtil -mortality M. 

At time t there are still RI individuals present: 

,ef. Eq. (5) 

The exploited phase star- s at time t.. The following equation 

is valid at any point in time s, t (to  e t 

58-3 

The biomass is given by the product cf the number cf individuals 

and their average weight: 

58 - 4 

58-2 



•  82 

The yield obtained represents a part of the biomass taken by 	• 59 . 

fishing from the stock. 

Since the rate of removal by fidhing is 

59-1 	 the capture.rateds: 

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

valid for yield on a weight basis: 

59-2 

We substitute Equation (11) for Net : 

59-3 

In order to perform integration :, we must summarize the terms 

containing the variable t; the remaining part of the. equation remains 

- constant: 

59-4 
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We solve the integral after the 'formula: 

59-5 

We l  thusp obtain 	 • 60 . 

.60-a 

Following inèertion of the constants, the equation reads: 

• 60-2 

The first exponent between the'braokets is removed by multipli- 

cation, and we e  furthermore, reduce with 	60-3A 

60-3B 

We shift expression 	60-11,A 	- appearing in that equation 

before the summation sign between the brackets: 

60-4B 
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and are now able to remove 	60-5A 	from the brackets: 

60-5B 

We summarize that expression to oÈtain Equation (12): 

60-6 

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

. of one year class during the time'interval between to  and tm. In this 

connection it is assumed that Kt  P, 111 	RI, toe  to , and tm  are constant. 

Management of the yield equation in the form given. by Beverton 

end  Bolt is a very complex matter, since the parameters F e  Me  W e  tre  and 

t all appear separately* For that reason, the afore-mentioned authors 

have rearranged their equation '  and the modified equation contains only 

three separate parameters, which are derived from the parameters mentioned 

above. The values of these three parameters have been presented in tabular 

- forai.  

For the purpose of their rearrangement, Beverton and Holt (1966) 

have employed Yield Equation '(12) with the'assumption that the life span 

of the individuals has no Unper ]mit (t
m 4eo ); that manipulation has as 

- a result that the bracketed expression equals 1: 
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The following relations are employed: 

61-2 

-is 'the  rate  of elploitation. Using -that relation, 

61-3 

The yield equation expression 

61-4 	can be rearranged as follows: 

615 

The following expression can then be derived from Bertalanffy l s 

growth equation: 

61-6 

. 62-1 
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• Following potentiation with n, we obtain for time t c : 

62-2 

In that equation, 1c represents the length of the individual 

fiSh at time t0 (the  minimum  age at the time of capture). 

Beverton and Holt have introduced the parameter o to replace 
lc  

the quotient 
"cc 	 . 

62-3 

The parameter o corresponds to the average selection length, 

exprosSed as a fraction of the asymptotic length L. In analogy, the 

following statement is valid for the following  relation  

62-4 

In that equation, M/K represents tao ratio of the coefficients 

giving the relative rate of changes in number and length with age. 

The expression representing the individuals still surviving at 

time to can be rearranged as follows: 

62-5 
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A new parameter, Ra e  is introduced in that equation. Pile, repre- 

seats the number of recruits present at time to . 

62-6 

We nbtain the following yield equation after inserting the 

relations (13), (14) 1  (15), and (16) just derived: 

(17) : 

63-1 

Mathematical earrangement of that equation gives Yield Equation 

63-2 

We then find thet only three parameters remain: E l  e t  and MAC, 

an'd E  and e can vary only between 0  and 1. The values tabulated for-that 

equation provide a dimension-less value Yl. In order to obtain  aga-ln a 

auited dimensien, me must mffltiply Y 1  with appropriate factors. In the 

case where we, for instance, wish to know the yield per recruit in grams, 

we will multiply that-equation with: 

63-3 	; following insertion of the relations (15) and (16): 
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63-4 

The absolute amount is calculated by multiplying Y/È with the 

absolute number of recruits present at time tr . 

The numerical yield (C) of a given year class is derived in ana-

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

63-5 

We integrate: 

• 

63-6 

64-1 

Following multiplication, we obtain: 

64 

eft 

64-2 

• " 
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Following reduetion e  we obtain 7èquat1on (18) for the numerical 

yield: 

64$3  

That equation is valid during the . entire exploited  phase of a 

given year class. 

Solution of that equation for --- giVes: 

64-4 

• Coefficient of 
mortality due to capture 

Coefficient  of 
overall mortality 

Pumber of 
individuals captured 

Nuiuber 	all 
individuals killed 

•3.4.2. One stock during one year according to weight and numbers 

• The Equations (12) and (18) are valid also for the yield of the 

entire st6ok within one year if the number of reeruits-is the saine  during 

each year under consideration. 

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

The yield of a given stock during the course of one year is 

exactly as high ao the yield of a year class during the exploited phase, 

an is demonstrated in that Table using - the year 1965 nnd,the year class 

1959 as example. 
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Table 8 - An example. The fishing rate amounts to 50%e  and recruitment 
is constant. 

Year class , 	 Fi„shing year 
"euenkel...eorre 

1e1 	262 	3 	1964_ 1965 . 	
Total 

1959 	1000 	500 	250 	125 	63 	1938 
1960 	 1000 	500 	250 	125 
1961 	 1000 	500 	250 
1962 	 1 -000 	500 

1000 

Total 	 1938 

3050 Annual mean 'population Sizes 

Both natural mortality and mortality due to capture decrease 

the weight of a given stock after recruitment. Frequently it is ueeful 

to determine the size of a stock at an annual average. 

The mathematical formulation constructed for that purpose 

follows the theoretical picture of.stock•composition. The recruit year. 

classes in this approach are equalin sise:  

- 	65-1 

- I) Year classes are preSent during year m (Table 9) 

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

RI 	 individuals. 

At time y (0 ey É> 1) of the first year, the number of year class 

0 members present during the exploited phase amounts to 

D p 
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e -21 

Z- 
R e indivfduals. 

Table 9  

Yearn ' 	 1 	2 	3 	4 	5 	 m 
• 

Year .classes 
•preeent 	 '0 	0 	0 	0 	0 	 b 

• 

1 	-.1 	1 	1 	 1 
2 	2 	2 	 2 

3 	3 	 3 
4 	 4 

. 	
. 

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

•e1;111) 
At that moment, year class 1 joins the stock.  At the beginning 

of the second year, the stocks consist of 

At time y of the second year: 

9  -Z (a - e 	 e -ZLP 
- 

At the end of the second year: 

(

r., f ) „ a"«. Z = - 2Z . " _ e -Z 
no • e 'n." . no e  "1  

At time y of the third year, the stock consists of: 

-2Z 	 Z (ID 
(R e 	+ R e-z + R ' ) e.-   

1 	2 ' 7  eed■ 
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At time y of the m-th year, the stock consists of 

(R , e -(na-1)Z 	R , e -(m-2)Z 
0 	 1 	 n t  2

e-z 	
1 )e-Z1) m- 

individuals., Since the entire  stock  is covered during  the m-th year, it 	• '67 • 

follows—according to definition--that the entire number of .indivi- 

duals is IT at time y: 

67-1 

Rt can be removed from the brackets in that equation: 

2 

• 
Ey way of the total number of the [wordS missing in the original; 

Translatcr] . • * 	in;year ± (integers between 0.and  ml),  we are able 

to develop Equation (19)4 

That equation gives us the number of individuals present during 

year m at time y. 	 • 

IV is the number of individualdpresent at the annual average 

in the exploited stock: 

Total of the individuals 
e t  determined in the random samples 
** »new.. exicel.a.v*.easareeeern•Lemuvazzaane....• 

67-5 
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We insert into that equation the value found for N using 

Equation (19): 

:67-6 

Cf. the derivation of the yield equation for the solution 

of this integral. 

67-7 

• 

• - 	 Following multiplication: • 

670-8 

The solution of this equation reads: 	 • 68 de 

68-1 

Following multiplication: 

1, 

68-2 
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Most of the addends between the brackets cancel one another out, 

and there remains as the result: 

-68-3 

We can substitute (tm tc ) for m, since the duration of the 

• exploited phase (tm  te) covers the interval of ,m years. 

m = t 	t m 

Furthermore: 

Z P M 

Wb now obtain Equation (20), which gives  us the annual.mean mm- 

ber of . individuals during the exploited phase, i.e. it gives us a value 

for the size of a given stock during a given year: 

68-6 

Division  of Equation (18) by Equatien -(20) yields the follewing 

value for F: 

68-7 

In cases where both the landings 0 (number of individuals) and 

the mean population size ift are known, we are able, with the aid of that 

equation, to calculate directly the coefficient of mortality due to capture. 

Sources of error using that method are found in the inaccuracies in 

estimating stock size and catch size, respectively. 

1 
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3.6. Total  losses.  Extension of the first. formulations. 

Since the formulations so far preeented are overly specific in . 

nature, we are forced to extend them in order to be able to determine 

the deaired'parameters. 

. • AcCording toSqUation (20), the annual mean year class size of 

year class A is: 

• 69 . 

69-1 

In that equation,  IL 	the number of individuals present at 

thestart of yearx„ 

Since mortality is not necessarily equal during each year, it 

follows for year x 1 that 

69-2 

The relation of year class sizes then is: 

69-3 

We solve for 69-44 
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69-4E 

and.saject that oquation to delogprocedures: .  

69..5 

70-41 

Equation ..(21) yields the ooeficient of overall mortality. 

In cases where (P + M) 	(P +.1.1) x + 1 are,approximatey equal, 

ie find that the second addend of that equation tends toward zero, end 

Equation (21) becomes identical with Equation  (3).  .in  these cases, Z can 

be calculatedly inserting x and x 1 into the equation. 

70-2 

'‘..; 

) 

; 
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3.7. Determination of the recruiting age during recruitment from 
several age groups 

In cases where recruiting of a given year class encompasses 

several years, individuals of the different age groups will exhibit 

interVals ce natural Mortality that differ in length. Let us next can-

eider the process of recruitment. 

The following symbols are used in connection with these deter-

' minations: 

the age group of a year class proving the recruits 
• 

the age group of that same year class reCruited one year 
-70- 3 later 

the  age eroup 'of 'that Same -yearclass.providing recruits 
r 'years later 

These groups exhibit the following mean . recruiting ages, that 

ii the following mean arrival times at the exploited area: 

the recruiting age of age group 
tf  the recruiting age of age group 	• 

the recruiting age of age group 

and the following numbers of individuals: 

the number of recruits of age group 

7o--;" the number of recruits of age group 

the number of recruits of age group 

Therefore: 	 . 71 . 

"n - ( 

the number of recruits of age group 	present on the average 
during year x. That number is  simuler  than 0 11, since the re-
cruits are present in the exploited area already for a certain 
period of time. 

the number of recruits of age group 	present  on the  av- 
erage during year x 1. The individuals still present of the 
original number oR as well as the since recruited 1 R indivi-
duals are included in that term. 
the number of recruits of age graup 7t - 5'  present on the aver-
age during year x + r. 

is employed to represent the catch, c/g. 
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The year class in question appears for the first time in the 

catch during the course of year x as age group 0 in the number oR. In 

cases where allrecruits are immediately subjected t000mmlete mortality, 

weebtain the number of individuals present ,at ,an average during year x 

by using Equation (20): 

71-5 

The individuals present are subjected.to complete fishing bet- 

ween the moment ,cifzecruitment t and the :Eeld;of the -year .0 op 	 T 

:t e  thus ,  represents the difference between the'age at the end of the 

first year and the recruitment age: 

71-6 

The number of individuals surviving at the end of the first year, 

thus, amounts to: 

710-7 

At the average of" the second year, x l e  we obtain  for that 

recruit group: 

71-8 
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At the average of the third yea/:, x 2, we obtain: 	 • 72 

• 	• 

72-1 

During the course of the second year; x 1, the new recruit 

-g,rup, 1R, joins  the  first one. The average-nutber of recruits  flow 

 amounts to: 

72-2 

the new recruit group last year's recruit group 

'At an average of year x 2, there remaimthe following number 

of  individuals belonging to the new-recruit-group ill: 

72-3 

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

thàn amoulits to: 	- 

72-4 
,/ 



We solve for 11: 2 

• 10C) re 

el3 -la 

• • 

72-5 

We divide that equation by the loft bracketed expression and 	• 73 . 

multiply with (F ±M): 

In the.numerator we remove 	73—lb 	and 	73—le  

from the brackets: 

73-2 

The bracketed expression in the numerator can be reduced with 

_ 	 the aid of a summation formulae 
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(P) 

Ile 

73-3 

That expression then yields Equation.(22) for the year r: 

73-4 

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

given year class after conclusion of recruitment. 

In cases where we are.dealing .with only  one  age igroum 9  the sub-

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

then obtain: 

73-5 

That equation again corresponds to the equation present initially 	74 e 

in this Section. 

The following, parameters are required: 

• , • 	 • 	 '" 	 ", • - ' 	
• - • 
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= representing the mean unit catch per age 
'group 

F-1-14 r-- - - the coefficient of mortality 

= "the youngest age group determined by reans of age 
determination; in the following-example, it is 2. 

= reamiting age; in the example, it is 2•45 o' 	1 	• 
1 	= recruiting age; in the example, it is 5.35 

- recruiting age; in the example, it is 4•33 2 

As an example for recruitbant from several age  groupe,  we present 

here the values determined by the British trawler fleet between 1946 and 

1948, These studies showed that, in essence, only the age  groupe  II, 

and IV were Involved in recruitment (Figure 25). FoIlowing`immigration 

into the exploited area, the.recruits of all age  groupe are subjected, in 

addition to natural mortality, also to mortality due to capture. In order 

to elininate that difficulty, the juvenile individuals are given as frac-

tions of the adult ones: 

No. of II 

No. of VI - 
during january, February, etc. 

No. of III 

• No. of VII - XI+ 

No. of IV 

No. of VIII - XI+ 

during january, February, etc. 

during .ainuary, Februaxy, etc. 

In this connection, it is aseamed that overall mortality is 

equally high in all age groupe. After smoothing of the values we obtain 

the density relationship shown in Figure 23. 

The curve in Figure 23 illustrates the increase in the number 	• 75 • 

of individuals due to recruitment during the course of the summer. The 
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Pure  23 - Density relations between age groups  II, III, and IV 
and age groups VI+, VII+, and VIII+, for each month, in 
the case of plaice. Modified after Beverton and Holt, 
1957 

declining branch of the curve (in evidence during the winter months) re-

flects the fact that during that seasonspawning stocks are chiefly 

exploited. In the case that-no spawning concentrations muld occur, we 

would find instead that the curve of the recruited individuals (age group II) 

remained at the 0.5 level until the arrival of age group III. Recruitment 
• 

by age group  III ,  thus, starts only at- the . asymptotic point at 0.5 and 

is concluded at the asymptotic pOint at 1.5. That process is repeated 

once more with age group IV. Figure 23, thus, makes evident the relative 

quantities of the recruitment groups: 

Age group  il  
Age group III 
Age group IV 

0 .4 0.5 
0,5 -5  1,5 
45-4.2.3 
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Fieure  24 — Seasonal frequency percentage curve of recruitment of 
plaice for age groups  II, III, and IV. After Beverton 

• and Holt, 1957 

• These data yield the frequency percentage curves plotted in 

Figure 24, where the regions mentioned above have in each case been set 

to equal 1,0 (1.5 -› 2.3 0.8 o 1.0). 

Figure 24 shows the number of recraited -individuills in the 

different age groups at each point in time as the proportion of the 

total number of individuals recruited uring the season: 

1. The individuel earves probeed in an almost parallel manner. 

The mean recruitment age, t e  of the year class can be regarded as the 

weighted mean of the mean recruitment ages of the individual age groups. 	• 76 e 

For that purpose we must know the relative shares of the different age 

groups; these àhares are determined with the aid of Equation (22). 
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C,5 r  

11 	I IV 
Age-  groups 

U.e..re 25 - Relative :age 'zdistribution mof recruits  (plaie e).  After 
-BeVerton and 'Helt., 1957. 

2. The.recruitmenteeason eoincides with the period of growth. 

In other words: The growth period is.also the period of greatest ,activity. 

3. The three age groups appear, with .respect to chronology, in 

reversed-order-of age. Thatmeans that,recruitTroceeds in a:manner 

similar to that seen in the case of the spawning migrations, where the 

Older individuals, too, arrive at the spawning sites before the younger ones. 

The relative age distribution oftherecruits.is illustrated in 

Figure 25. 

Taking into consideration also age group V, which provides a 

small number of recruits, we find by means of calculation that the mean 

recruitment age, tr , is 3.73 years. 

Br  adding the valuep presented  in  Figure 25, we obtain the fre-

quency percentage curve for recruitment plotted in Figure 26 on the .basis 

of individual length. 

o! 
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3.8. Separation of Fend M‘ 

Iteratilm approximation 

The coefficients of natural mortality and of mortality due to 

capture, litand 11 9 respectively, can be separated with the aid of iterative 

approw.imation using Equation (21). By inserting the relation F q'f (cf. 

Section 2 01.5.) into Equation (21), we obtain Equation (23) for the inter-

val of one year; the solution of that equation has been described already 

in Section 2.6.3. 

Ail x 	') ( cif x + tvi) (1_ e
•--(cifx+ ' 

cq 	4- Pi :-... I n  ........._,._ + In  
•x 

A xi-i 	(cif 	+1\1 \ (i 	,--(c!f
x + M  ) 

. 	x+1 
N 	• 

. . 	 .1 , TL 
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J.8.2. The Paloheimo method 

In 1961 Paloheimo, on the basis of the Beverton-Holt formulation, 

developed a linear equation, which can be solved without complex itera-

tive -approximation procedures° 

Paloheimo writes Equation (21) in the following form: 

78-1 • 

That equation can be solved in an appro=imate manner through 

one matLematical step, in which the second addend 

78-2 

is transformed into a simple relation° For Z (coefficient of overall 

mortality). one frequently obtains values of* 
• 

• 

78-3 

Paloheimo developéd the series 

78-4 

.78. 

and obtained 
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78-5 

-One seess 

78-6 	 or in a general form: 

For 0,2  Z 1,0. we find that the mean value of a is situated 

at 0.47; that value decreases mith increasing Z 

	

The value of 0. 15 is . adequate for practical purposes4  since K is 	• 79 . 

---uietal toward  i.  L'y Inserting Equation •(24) .lanto .Equation 	v,Te obtain: 

' 79-1 

We again substituteZ.cif+MforZand obtain: 

79-2 

. 	. 
Following multiplication and rearrangment of the notations bet- 

ween the brackets, we obtain: 

A 

-R/1-7` 
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.9,  

1 

In this linear relation s  79-4 	 is plotted against 

79-5 

The 'regression , constants qand ,M can be directly determined, 

and iterative approximation is no longer required. Using hypothetic 

examples, Paloheimo was able to demonstrate that the linear formulation 

yielde better values ,for both q..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 where q is strictly constant. 

2.18.3. Mark and recmture techniques 
3.8.3.1. Constant fishing intensity during  the recapture period 

Taking into consideration  the  'parameters introduced in connection 

with marking and recapture (cf. Section 2.6.2.), the following statements 

are valid: 

80-1 
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and 

80-2 

In the case of constant fishing intensity and equal recapture- 

reporting intervals, we use 

80-3 . 

We can form the quotient using n2  and ni : 

80-4 or: 

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

80-5 

and solve for P: 

rr•-2) 
80-6' 
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Equation (29) is inserted into Equation (28) 

81-1 

-end zolved for W4 

81-2 

That equation is applicable only in cases where both F and MI 

are constant during the recapture period. 

3.8.3.2. Varying fishing intensities eith time 

In mark *and recapture experiments, n/f is to N
o 

as c/g is to ff: 

81-3 

so that we are able to ààbstitute. the expression 	81-4 	in Equa- 

tion by . 

Q.;44nar "81-5 
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We obtain Equation (32) for the interval covmred by the recapture 

period  T1 :  

In analogy to Equation (23) e  q and Mi are known and can be 

determined rith the aid of iterative approximation or regression proce-

dures, respectively '  using the known value pairs of f and :n. That proce-

dure also gives us F, e  since Fr = q f 3? 

The advantages of this:method: 

No does not apnear (is not known in the case of narking-caused 

losses) and an additional loss-rate does not become effective, since the 

.ratio'numbers n1/n2  appear in the ,calculations (cf.  Section  ,2.6.2. regard-

ing the - error after Bicker). 

fit 82 .• 

5.8.40 Fishing intensities during two periods with different constant values 

Let us consider two-..year perieds u and 0 1  respectivmly e  with 

f x  and fe e  in which case fx  = f 	The second addend of Equation (23) x l e  

then equals zero. 

82-1. 

Substraction 
• r,  

. 	r 
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82-4 

• 	• 

82-2 

We eolVe for-ql 

82-3 

Following rea.rrangement of ,Equation (33.) .fo-r .M, we obtain 

and are able to calculate the coefficient of natural mertality 	• 83 • 

by inserting the value fromlquation (34) for q. Taking 'into coneideration 

the relation (31) 1  we obtain the equations alreadyp..resented above in 

Section 2.6.2e 

3.9.  The  virtual population  

Vrc  the virtual population of year nl is the number of individuals 

of a given year class captUred since the beginning of the year n up to 

the disappearance of the year class (tm  .). V can be determined by analysis n. 

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

demonstrate fUrther below how /  at knewn constant M I  P and M can be determined 
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for each age group of the year class without that knowledge of either 

fishdmg intensity, fl  or catch per unit of effort, ofg, is required. Due 

to the continuous changing of the power factor (PF) of the fishing vessels, 

determinations of both .f and c/g are associated with ever increasing 

Ufficulties. The mathoddescribed  hère  is 'Valuable for just that reason0 

O 
 n 

is the number of individuals of the year class captured 
during the year,n; 

n is the number of the individuals of the year class present at the beginning of the year n; 

Vn'is the virtual population of the year class at 
the beginning 

of the year n; • 
Yn E is  the 	fraction of individuals captured.amang Nn 

Following-Fey (1949) and Jones (1964)1  Gulland (1960 has deve-

loped the following method.: 

The survival rate S  of 'the  year class during year n is: 

83-1-2-3- 

replaces 

The ratio of the number of surviving individuels of the year 

class in question (at the end of year n) / Nn -4- 1 to the number of indi-

viduals captured during year n is rn MN:is constant, rn  is a function 

of P.  When M isknown, we are able to calculate r values for'each P value n 

and arrange a table, 
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In cases where  r11  can be calculated by other means, we will be 

able to obtain from that table the values of both 

84-1 	 and 

For that reason we will search for an additional expression 

'for r : 

84-2 

84-3 	. 	 We extend with 

84-4 

since en =V n -V  1 . 

That expression enables  us  to determine r114 In this connection 

we must know the value af E 	• to obtain thatvaluevie must construct n 

an additional equatiOn: 

84-6 

,/ 
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since 

84-7 

These three expressions can•be used for the determination of 

F  and 'Z in each individual age group of the year class in question, if 

the virtual  population and  Ilere known.and'w% fuxthermore l  -are able to 

. estimate an approximate value for E-during the last year of life. We 

tben proceed as follows: 

a) We insert into-Equation (37) both 'Vn end V 	1 for the year 

before last and the last,yeer (tm - 	t) as well AS the approximate  le  
value of En + 1 for the last year of life. _ 

b) Using the.rn  value determined:in this,manner e  we obtain from 

the table 

85-1 	 and 

0) The t vo  last values' together with the approximate value of 

E
n 	are inserted into Equation .(38),  and  we obtain En  + 1 

d) Using that E value and 'the  known V
n 

value as well as Vn le 

we obtain r 	with the aid of Equation (37). n - 1 
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e) Using that rn 1  value and the table t  we obtain 

85-2 	and 

err-6r  1n. the *estitasted 'firdt Value of B 

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

e7410 
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4 4  Symbols and definitions 

O Catch;  capture measured in number of individuals caught 

0/g  catch per unit of fishing effort 

P' *exponential ;coefficient ofeapturé .(mortelity due to fishing) 

f . fishing intensity; effort related to area and stock  densitàr 

-g 	fishing effort (unit ef) 

K metabolic constant in Von Bertalanffyls growth equation 

1 	length in cm 

1c length at age te 

1r length at the time Of recruitment' 

keej final'length of,fiàh:In*Win BertalenffeseeatiOn 

M 	exponential coefficient of natural mortality 

N number of individuals in a given stock (population) or in parts 
of a stock 

PF power factor 

• .c1 	coefficient of catchable fish; q = 

R 	recruitment; the muMberef individuals presentat time t r  

RI number of recruits present at time t0 ; RI =Re 	r 

O absorbirg surface of a fish in Von Bertalanffyls equation 

-Z 
S , survival rate; .S = e 

1-S death rate; 1 - S 1 - e 

• time, measured in years; a variable 

tc minimum age at time Of capture, nean 

M 
maximum age, mean 

to prenatal age in Von BertalanffyIs equation 



tr mean recruitment age 
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✓ virtual population; the number of individuals captured in a given 
year class 

weight of an individual, in grams 

w
te 

weight of an individual at age t 

W 	final weight of a fish in Von Bertalanffy's equation ce 

Y 	weight of yield; catch in unit of weight 

• exponential coefficient of overall mortality; Z = F M 

Catch perynit of effort: A relative term for stock density. 

The percentage of  deaths  per  unit of time ( D to t) 
compared with the number ofindividuals alive at  tiras  O. 

Eumetric fiShina Mean mininum age of fish at time of capture and fish-
ing intensity are related in a manner ensuring that the 

• catch is produced as cheaply as possible under the 
• conditions existing. 

E ploited_phase:  The interval during which a given year class is subjected 
to fishing. This interval encompasses the period between 
tc the minimum age at time of capture, and tu, maximum age. 

Pishine 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. 

Fishinnensity: The fishing effort expended per given area, measured 
in relation to population density per sub-area. 

fiéhingi The point on the eumetric fishing curve indicating yield 
at maximum profit. 

Death rate.  

Overfinhillu 

Power factor: 

Prenatal ae; 

A state indicated when the yield in the isopleth diagram 
lies beloye the eumetric fiàhing curve. 

The factôr used to compare the fish-catching capacity 
of different vessels. 

A theoretical value for t = to corresponding biologi-
cally to the tine 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. 

Stock  (unit stock) A unit of individuals who interbreed within a given 
area. This unit is,subjected to uniform fishing. Dis-
persion, due to - either immigration or emigration, is 
insignificant. 

The percentace of _survivors:presentet time t-compared 
with theinumber of individuals alive at tdme 0. 

Thinnitl.AmtL 	A theory, according to which greater catches per unit 
of effort will be obtained if the juvenile year classes 
are decimated in numbers to such an extent that the 
individual growth rate will increase noticeably result-
ing in increased productivitr of the stock. 

,Underf,ishirlu 	state indicated when the yield lies above the eumetric 
fishing curVe. 

Virtual populationt The share of a given year class captured in the course 
(:)7 fishing operations. 

Yield: The weight or the number ef captured fieh. 
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Translation of German-language titles  •

1. Theoretical biology. 

2. Vademecum of mathemattes. 

3. Metheds of fisheries-biological studies on deep sea fishes. Handbook 
of biological wcrking methods, Part 9, Section 6, 1 - 194. 

4. The question after the suitability of protecting undersized fiàhes 
and the conditions for resolving it. 

5. The problem of optimal.fishing. 

7. Studies on plaice. 

8. Recent research on age and growth of plaice. 

9. Relationship between stock density and growth in the plaice population 
of the Heligoland Bight. 

10. Experimental work in marine ,fisheries biology. 

21. New model concepts on the dynamics of bottom fishes. 

12. The plaice stock "in the'North.;Sea area féllowing the end of World 
War 1, 1914 - 1918. 

13. Determination of plankton and of plant and animal  natter  suspended 
in sea-water. 

14. A discussion of Bertalanffy!s functions and their application. 

15. Methods e marine research. • 
16. Statistics of deep-sea fiàhing in northern Europe. Appendix: The 
• problem of oyerfishing. 

17. The problem of overfishing. 	 • 
le. The biodynamic fundaments of fishing and the international control 

of deep-sea fishing. 

19. Biology of populations. 

20.Determination of mortality due to capture in the cod stock off 
' western Greenland. 

21.Growth of plaice in the Baltic Sea.' - 

22. Outline of biological statistics. 
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