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Dynamic Equilibrium and Interrelationship Between
Some Biological Parameters in a Fish Stock*

Saibin CHEN**, Nobuo HIRAYAMA***
and Makoto ISHINO**

Abstract

One of the basic problems in population dynamics based on adaptation strategy of fishes
is the dynamic equilibrium of a fish stock. The equilibrium level and the population biological
parameters changes with stock status are analysed according to the relation between the stock
size and its age structure. Thus the interrelationship between some biological parameters can

be obtained as follows:
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where Xp is age at first maturity, Xq is life span, and M is natural mortality coefficient after
Xm. The given equation is a biological condition for the- dynamic equilibrium- of a stock.
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index, respectively), it is reduced to
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};;d and 0y =MXa (so called rate of age at first maturity and natural mortality

The zm, 0x and M of 48 species of marine fishes are estimated from the data of Xw and
Xa. The species of high reproductive efficiency have a small value of zm, and the species of
good survival effect from Xn to Xg have a small value of 0x.
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Fig. 1. An age structure = (X, #) of .a fish stock

in the population at time z.
Xm, age at first maturity;
Xe, age at first capture;
X¢, maximum age (life span) ;

" (I)+(H)+ (M), total population size in nu-

mber;

(I)4+(I), stock size in number;

(), catchable stock size in number.
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" Table 1. Natural mortality coefficient M corresponding to the age at first maturity Xm and the life

span Xa by equation (24).

Xa

Xm 1 2 3 4 5 6 7 8

10 11 12 13 ‘14 15 20 25 30

WO U A WN O
%]

I I e
SO0 WN=O

1.39 0.92 0.72 0.59 0.51 0.45 0.41 0.37 0.34 0.32 0.29 0.28 0.26 0.25 0.23 0.19 0.16 0.14
1.00*0.69 0.55 0.46 0.40 0.36 0.32 0.30 0.27 0.26 0.24 0.23 0.21 0.20 0.19 0.16 0.13 0.12
0.50%0.41 0.35 0.31 0.27 0.25 0.23 0.21 0.20 0.19 0.18 0.17 0.16 0.15 0.13 0.11 0.10
0.33%0.29 0.26 0.23 0.21 0.20 0.18 0.17 0.16 0.15 0.15 0.14 0.13 0.12 0.10 0.09

0.25%0.22 0.20 0.19 0.17 0.16 0.15 0.14 0.14 0.13 0.13 0.12 0.10 0.09 0.08

0.20%0.18 0.17 0.16 0.15 0.14 0.13 0.13 0.12 0.11 0.11 0.09 0.08 0.07

0.17%0.15 0.14 0.14 0.13 0.12 0.12 0.11 0.11 0.10 0.09 0.08 0.07

0.14*0.13 0.13 0.12 0.11 0.11 0.10 0.10 0.10 0.08 0.07 0.06

0.13%0.12 0.11 0.11 0.10 0.10 0.09 0.09 0.08 0.07 0.06

0.11%0.11 0.10 0.10 0.09 0.09 0.09 0.07 0.06 0.06

0.10*0.10 0.09 0.09 0.08 0.08 0.07 0.06 0.05
0.09%0.09 0.08 0.08 0.08 0.07 0.06 0.05
0.08%0.08 0.08 0.07 0.06 0.06 0.05
0.08%0.07 0.07 0.06 0.05 0.05

0.07%0.07 0.06 0.05 0.05

0.07%0.06 0.05 0.05

0.05%0.04 0.04

* The value is given by M=—Xl— or Xch (see equation (28)).
m
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Fig. 2. Relationship between the rate of age at
first maturity zm and the natural mortality index
0y, where zm=Xm/Xa, 0 =MXa.
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number of species: 48).
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Fig. 4. Frequency of fish species in relation to
the natural mortality index 6. (Total number
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Table 2. Estimation results of the rate of age at first maturity zm, the natural mortality coefficient
M and the natural mortality index 6 from the age at first maturity Xm and the life span Xg in
various species of fishes. (zm=Xm/Xa, 6 =MXa, and M is given by equation (24)).

No. Species Xm Xa Zm M Ou
1 Sardinops coerulea 1.5 13 0.12 0.19 2.44
2 Konosirus punctatus 1 7 0.14 0.32 2.27
3 Auxis tapeinosoma 1 6 0.17 0.36 2.15
4 Sardinia pilchardus 1.5 8 0.19 0.26 2.06
5 Neothunnus albacares 2 10 0.20 0.20 2.01 .
6 Thunnus thynnus 3 15 0.20 0.13 2.01
7 Pneumatophorus diego 2 9 0.22 0.21 1.93
8 Clupa pallasi 4 18 0.22 0.11 1.93 |
9 Sebastes alutus 6.5 29 0.22 0.07 1.93

10 Sardinella aurita 1.5 6.5 0.23 0.29 1.91
11 Ablennes anastomella 1 4 0.25 0.46 1.85
12 Scomber tapeinocephalus 1 4 0.26 0.46 1.85
13 Sardinops neopilchardus 1.5 6 0.25 0.31 1.85
14 Hz'ppoglbssus stenolepis 9 35. . 0.26 0.05 1.83
15 Sardinops ocellata 2 7.5 0.27 0.24 1.80
16 Sebastiscus marmoratus 2 7 0.29 0.25 1.75
17 Paralichthys olivaceus 3 10 0.30 0.17 1.72
18 Ammodytes personatus 1 3 0.33 0.55 1.65
19 Glossanodon semifasciatus 1 3 0.33 0.55 1.65
20 Scomber japonicus 2 6 0.33 0.27 1.65
21 Cleisthenes herzensteini 3 9 0.33 0.18 1.65
22 Katsuwonus pelamis 3 8.5 0.35 0.19 1.61
23 Eleginus gracilis 2.5 7 0.36 0.23 1.60
24 Lateolabrax japonicus 2.5 7 0.36 0.23 1.60
25 Pleurogrammus azonus 3 8 0.38 0.20 1.57
26 Engraulis japonica 1 2.5 0.40 0.61 1.53
27 Hezxagrammos otakii 2 5 0.40 0.31 1.53
28 Pseudosciaena manchurica 2 5 0.40 0.31 1.53
29 Gadus macrocephalus 4 10 0.40 0.16 1.53
30 Argyrosomus argentatus 3 7 0.43 0.21 1.48
31 Argyrosomus nibe 3 7 0.43 0.21 1.48
32 Seriola guinqueradiata 3 7 0.43 0.21 1.48
33 Thunnus obesus 3 7 0.43 0.21 1.48
34 Theragra chalcogramma 4.5 10 0.45 0.15 1.45
35 Limanda aspera 6 13 0.46 0.11 1.44
36 Hippoglassoides robustus 9.5 20 0.48 0.07 1.42
37 Sardinops melanosticta 3 6 0.50 0.23 1.39
38 Sebastes inermis 3 6 0.50 0.23 1.39
39 Clidoderma asperrimum 4 7.5 0.53 0.18 1.35
40 Gadus aeglefinus 3.5 6 0.58 0.22 1.29
41 Athresthes evermanni 7.5 13 0.58 0.10 1.30
42 Pleuronectes platessa 12.5 20 0.63 0.06 1.25
43 Hippoglossoides matsuurae 13 20 0.65 0.06 1.23
44 Acanthogobius flavimanus 1 1.5 0.67 0.81 1.22
45 Mugil cephalus 4 6 0.67 0.20 1.22
46 Thunnus alalunga 6 9 0.67 0.14 1.22
47 Cololabis saira 3 4 0.75 0.29 1.15
48 Hemiramphus sajori 2 2.5 0.80 0.45 1.12
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