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Abstract

Comparative methods are presented which allow for quick and relatively
reliable growth parameter estimates when growth data are not at hand. One of
these methods involves the use of a newly developed "au ximetric grid.".

An empirical equation for the estimation of natural mortality of any fish
stock, given a set of growth parameters, is briefly reviewed. . .

The methods are applied to data from the Gulf of Thailand trawl fishery,
and the mortality caused by this fishery is estimated. '. '.

The equations and data needed to derive stock recruitment relationships
given catch, effort, and fishing mortality data are stated, and stock recruitment.
relationships are given as examples which pertain to the false trey.allv Lactarius
Jactarius and to the Indian halibut Psettodes erumei. In the lat~r fish, the
demonstration is made that both recruitment and prerecruitment mortality, from
1960 to 1972, have been closely related to the size of the total demersal standing
stock in the Gulf of Thailand.

These various exercises are presented in order to demonstrate that an ex-
haustive analysis of the data available to date from tropical stocks and fisheries
would contribute greatly to our understanding of the dynamics of tropical
multispecies stocks. .

Introduction

The fishery biologist working in the tropics, except when working on pelagic
fishes, such as the scombroids and some clupeoids, will generally be faced with
several, if not all, of the following problems:

1. The fishery under investigation catches and lands a large number of
species, and relatively few specimens of one single species.

2. There are no reliable catch, landing, and effort data available to assess
the fishery, and especially no time series of such data.

3. There exists no suitable theoretical model into which these data could be
plugged, even if primary data are available.

4. There are no funds, no scientists, no time available even to apply stand-
ard methods and to use standard models of stock assessment.

The irony is that whoever is facing these problems is still expected to
generate figures for the various departments of fisheries. (See Marr, 1976, or
Pauly, 1979c, for a review of problems occurring in tropical multispecies
fisheries.)
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The following are two temporary solutions to some of these problems:
1. Better use can be made of the available data on the biology of tropical

and other fishes.
2. There is a need to use the data on the biology of tropical fishes (especially

growth and mortality rates, as described herein) and the available catch per ef-
fort data generated by the fisheries in conjunction with the most sophisticated
concepts now available for the investigation of temperate fisheries.

Both of these points have been conspicuously ignored in the literature, with
the result that the analysis of stock recruitment relationships in the tropics is still
in its infancy, although data are available which can be used for this purpose
(Pauly, 1979b). Only when such concepts are routinely applied will it become
possible to develop and successfully apply the sophisticated multispecies in-
teraction models which are actually required and which have been, possibly
prematurely, proposed (e.g., Pope, 1979) for the management of tropical
multispecies stocks.

The present contribution, therefore, has two aims: 1) to describe "short-cut"
methods by which certain important parameter values can be generated, even
when the commonly used primary data are lacking (this should illustrate Solu-
tion 1, above); and 2) to use the parameter values generated in (1) to
demonstrate the existence of stock recruitment relationships in selected tropical
stocks (this is meant to illustrate Solution 2, above).

The Analysis of Growth

For stock assessment purposes, growth is best expressed in terms of the von
Bertalanffy growth formula (VBGF), which has the following form for length:

-K (Ho)
Lt=Loo(1-e ) (1)

and for weight:

-K (Ho) 3
Wt = Woo(1-e ). (2)

Actually, Equation (2) is the one that is most useful, since it expresses
weight growth, and it is the weight of the catch we are interested in. Therefore,
we need values of

. Woo' the asymptotic weight,

., K, the stress factor,

and tOrthe origin of the growth curve, for each species of fish that we want to in-
clude in our stock assessments.

'; " .: :"," Values for the parameters can be obtained as follows:
i/::,:;-~."\,:,1. Growth parameter values may have been published which pertain to the
.::<-:.';";stock .in question, or to a closely related one. Sources for such values are scien-
" ,tifie: journals, textbooks, and review papers, or lists of growth parameters that

. ,. have been compiled especially for the purpose of assisting fishery biologists
working in the field (e.g., Pauly, 1978a, which covers more than 1,500 different

'"~l;"..stocks distributed over 500~pecies, over 100 of which occur in the tropics).
. 2. Another source of growth parameters is obviously the fishery biologist's

\
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own work with length frequencies, scales, otoliths, and the like. This method. is
most often time-consuming, and will have its limits when a multispecies stock
composed of several dozens or even hundreds of species is investigated.

3. Another method is to use what is presently known of the growth of fish in
general to make reasonable estimates (or educated gu.esses) of the grg~h
parameters of little-investigated stocks. ,:'

It is the last method which will be discussed here. Two approaches, adapted
from Pauly (1979a), are:

1. to use the relationship between K and asymptotic size, and
2. to use an auximetric grid.

It has been noted by many authors that in a given fish species K increases as
asymptotic size decreases, and vice versa; there has been, however, no attempt
to quantify this effect. Using data from 126 species. distributed over 978 stocks, I
have shown that, on the average,

log K = a - % log Weo (3)
or

log K = a' -% log L3eo' (4)

The data used for th~ derivation of these relationships are given in Pauly (1979a),
together with an interpretation of this result. While the interpretation need not
concern us here, an example may be presented as to how this relationship may be
used.

Chomjurai and Bunag (1970) presented tagging data on Sco/opis cancellatus
from which, using the method o~ Gulland and Holt (1959), I have extracted the
following growth parameters:

Leo = 2(1cm and K = 1.33.

This provides us with an estimate of the intercept in Equation (4) of a' = 2.725.
As will be seen below, an estimate of Leoand K in Scolopis taeniopterus is re-
quired. As the latter species in the Gulf of Thailand reaches a size of about 2~ cm
(Boonyubol and Hongskul, 1978), an estimate of the asymptotic length may be
obtained by means of the relationship "

L =Lmax
(eo) 0.95 (5)

which applies to fishes which reach a length of about 50 cm (see Pauly, 1979a,
for reasons). Note also the coding of L (eo), to distinguish it from an estimate of
Leo as obtained from growth data;' e.g., by means of a Ford-Walford plot. The .

use of Equation (5) and Lmax = 28 cm provides us with an estimate of L (co) :;:Z.)
29.5 crn, which, when used in conjunction with a' = 2.725 and Equation (4), gives.
an estimate of K = 0.6, if it can be assumed that Scolopis cancellatus 'and
Scolopis taeniopterus have similar growth patterns. This technique, which stric-
tly speaking can be applied only within species, may be applied between species; ,

if they are congeneric and ecologically similar, as is probably the case in ~ eX"~. .,.;I
ample here. " . :;..:

. The second method- i.e., the auximetric grid- is related to the first method
in that the relationship between K and asymptotic size is used, although in a.

slightly different manner. When the VBGF describes the weight growth of ~ fi5~. .

. .1
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'. (stock) adequately, the growth rate( dw ) at the point of inflexionof the growth
, . curve is given by dt

, dwi _ 4.K.Woo (6)
dt - 9

,(Hohendorf, 1966; Pauly, 1979a).

I have defined

P * log10(K.Woo) (7)

and shown that, if Woo is expressed in grams, and K in years, the value of P
ranges in marine fishes between about -0.70 for small Myctophidae to 5.79 for
the basking shark Cetorh;nus max;mus and about 6.20 in the largest of all fishes,
the whale shark Rhincodon typus (Table 1). The interesting point is, however,
that the value of P is within species relatively constant, with values, for instance,
of 3.4 to 3.5 in the cod Gadus morhua, 2.2 to 2.3 in the croaker Pseudoto/ithus
elongatus, or 4.0 to 4.2 in the skipjack Katsuwonus pelam;s. The character of P,
which is in fact an index of growth performance, is best demonstrated by
transposition of the concept into a special grid called the "auximetric grid" (from
the Greek auxein, "to grow," and metron, "to measure"). The absissa scale of an
auximetric grid consists of values of log K (on a yearly basis), with the range
covered by both scales chosen in such a way that normal-sized commercial fishes
appear near the center of the grid (Fig, 1).

ttlble 1. Growth parameters and values of P in representative marine fishes (from Pauly,
1979a).

hmily

,. Myctophidae
i Gasterosteidae

. 3. Cyprinodontidae
4 ."

, S. Myctophidae Myctophum punctatum
6. Cyprinodontidae Cyprinodon macutarius
7..Myctophidae Benthosoma gtaciate
8. Syngnathidae Siphonosoma typhte
9. Gasterosteidae Gasterosteus acuteatus

) 10. Myctophidae Myctophium affine
. 11.$yninathidae Nerophrisophidion
'. 12:Myctophidae Scopetopsismuttipunctatus
, ,]~. Macrorhamphosidae Macrorhamphosus scotopax

., '4. Blennidae Btenniusphotis::i!t'Cotiidae . , Tauru/usbubatis
";:~6;:: ; ';, ,.:. Cottuskessteri
"':\-Gr:~ci~~}c'lae'. ': Maenasmaris
~\:m.tallyorilmldae Caltyonymuslyra
:.:111.'Ca(Jlda~'" Ttisopterusesmarkii
:,.20.Pomadasydae Rhonciscusstriatus
.' 21.Cynoglossidae Cynog/ossusmacrotepidus
~;.22:EI:lgrat.illdae ,Engrautisanchoita; . "

:,t33iLabridae:.." ".' Svmnhodusmetops
~; ~ ~ .;

Species

Nototychnus vatdiviae

Apettes quadracus
Cyprinodon macutarius

r"o;

W

0.14
1.23
0.538
0.703
6.56
0.710
5.72
6.2
1.97
9.0
5.46
5.4

21.7
54

102
118
117
52.5
47.7

142
170
212
190

K

1.411
1.174
3.391
2.995
0.323
3.223
0.45
0.558
1.788
0.42
1.052
1.118
0.36
0.30
0.230
0.197
0.218
0.49
0.59
0.229
0.239
0.230
0.359

P

-0.70
0.16
0.26
0.32
0.33
0.36
0.41
0.54
0.55
0.58
0.76
0.78
0.89
1.21
1.37
1.37
1.41
1.41
1.45
1.51
1.61
1.69
1.83
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24. Notothenidae
25. Carangidae
26. Polynemidae
27. Sparidae
28. Scorpaenidae
29. Zoarcidae
30. Sciaenidae
31. Scyliorhinidae
32. leiognathidae
33. labridae
34.
35. Scombridae
36. Serranidae

37. Mugilidae
38. Pomatomidae
39. Trichiuridae
40. Gadidae
41. Scombridae
42. Gadidae
43. Acipenseridae
44. lophiidae
45. Serranidae
46. Scombridae
47. Acipenseridae
48. Scombridae
49.
SO.Acipenseridae
51. Scombridae
52.lstiophoridae
53. Scombridae
54.
55. Istiophoridae
56. Carcharhinidae
57.
58.
59.
60. Scombridae
61.
62. lamnidae
63. Rhineodontidae

Trematomus bernach;;

Se/aro;des leptolep;s

Polynemus heptadactylus

Dentex macrophtalmus
Scorpaena porcus

Zoarces v;v;parus

Pseudotolithus elongatus
Scyliorh;nus can;cula

Le;ognathus equulus

Labrus berggylta
Tautoga on;t;s

Rastrelliger kanagurta

Ep;nephelus guttatus

Mugil cephalus
Pomatomus saltatr;x

Tr;ch;urus lepturus
Pollachius v;rens

Sarda sarda

Gadus morhua

Ac;penser stellatus

Loph;us p;scator;us
Roccus lineatus
Aux;s thazard

Ac;penser guldenstadt;

Euthynnus alliteratus

Katsuwonus' pelam;s
Huso huso

Katsuwonus pelam;s

Tetrapterus alb;dus
Thunnus obesus

Ist;ophorus platypterus

Pr;onace glauca

Eulem;a m;lbert;

Thunnus thynnus

Cetorh;nus max;mus

Rh;ncodon typus

309
85
718
941
869
965
715
550
197
3830
2845
117
2089
2078
5808
4663
11331
3434
16350
15675
53952
17543
4394
97200
44869
55200
149100

;'16000

861500
234961
165108
36740
447750
738000
89190
99740
987388
504835

13820000

600000OO

0.29

1.155

0.157

0.162

0.177

0.203

0.274

0.53

1.884

0.107

0.165

5.16

0.243

0.435

0.197

0.296

0.141

0.693

0.181

0.192

0.060

0.186

0.829

0.045

0.164

0.179

0.097

0.949

0.026

0.114

0.167

0.754

0.091

0.072

0.610

0.580

0.067

0.308

0.045

0.025

1.95

1.99

2.05

2.18

2.19

2.29

2.29

2.46

2.57

2.61

2.67

2.78

2.71

2.96

3.06

3.14

3.20

3.38

3.47

3.48

3.51

3.51

3.56

3.64

3.87

3.99

4.16

4.18

4.35

4.43

4.44

4.44

4.61

4.73

4.74

4.76

4.82

5.19

5.75

6.20

Also, linesconnecting same P values are drawn at regular intervals of P, and
a base line selected (at P = 0). On such a grid, the distance from a point
representing a pair of growth parameters (Wco , K) to the base line thus directly
expresses P (see Fig. 1). Figure 2 gives a representation of the range of P (and Wco
and K) values occurring in marine fishes (see Table 1). The grid may now be used
to define taxa, such as families. Figure 3 gives an example of the definition in
terms of growth parameters of the families Scombridae (= Thunninae and Scom-
brinae) and Cyprinidontidae.

Figure 4, finally, shows the best use to which the auximetric grid can be put;
namely, the definition of species by means of their growth parameters. As may
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Flpre 1. An auximetric grid. Plotted are the following parameter values: Woo = 55,200 (g)

and K =0.179 for Katsuwonuspelamis, and Woo =6.56 and K = 0.323 for Myctophum
punctatum. (From Table 1.)
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~i '~inltlon of the area of the auximetric grid that is covered by a representative

'; selectloriof marine fishes.(Basedon data of Table 1.)
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Figure3.Definition of two families of fishes (Cyprinidontidae and Scombridae) by means of
the auximetric grid. Each dot represents one species. (Based on data in Pauly, 1978a.)

be seen from this figure, there is only a limited range of values that P can take in
a given species. This results in an equally limited range of possible Woo and"
combinations. Thus, given the growth parameters of a series of fishes more or
less closely related to those one is investigating, it is possible to select a most
likely value of K from a reasonable estimate of asymptotic weight.

There are other uses to which the auximetric grid can be put (Pauly, 1979a),
but its property of allowing for reasonable estimates of K given Woo is certainly
the most interesting one as far as stock assessment in the tropics is concerned.

The methods outlined above to "guesstimate" the asymptotic size and the
value of K in fish.stock do not generate estimates of to; that is, of the "age" at
the origin of the growth curves. There are cases, however, where an estimate of
to. even a rough one, may be needed. In such cases, it may be helpful to use the
empirical relationship

"

log =(-t~ = 0.3922-0.2752 .log Loo-1.038 .log K (8)

which yields rough estimates of to. for any fish, given a value of Loo (in cm) and a
value of " (on a yearly basis), and which was derived by Pauly (1979a) on the
basis of 153 triplets of to: Loo, and K values selected from a compilation of
growth parameters (Pauly, 1978a).

.~.
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Figure 4. Definition of some species of fishes by means of the au ximetric grid. Note that the

Woo' K combinations fit into ellipses, whose main axis should have a slope equal to
-%.(Crowth parameters from Pauly. 1978a.)

Natural Mortality

Estimating the natural mortality of a given fish stock is generally extremely
difficult (unless the stock is unexploited), and the lack of reliable estimates of
this all-important parameter is one of the major stumbling blocks for fishery
biologists attempting to perform stock assessments. This applies especially to the
situation in the tropics where statistical data generated by the fishery cannot be
used to estimate this parameter. Luckily, it appears that M, the exponential rate
of natural mortality, closely correlates with the growth parameters and to the
mean habitat temperature of a given stock, to the extent that a knowledge of the
asymptotic size of a stock, of its stress factor K, and of its mean habitat
temperature is sufficient to obtain reliable estimates of M for any species of fish.
The empirical relationship linking all these variables is, for length:

log M = 0.1228-0.1912. log Loo + 0.7485. log K + 0.2391. log T (9)

and for weight:

log M = 0.1091-0.1017. log Weo + 0.5912. log K + 0.3598. log T (10)

where T is the mean environmental temperature, in o( (e.g., as read from an
oceanographic atlas), while Leo is expressed in cm (Lt) and Woo in g (live
weight). These relationships were derived from 122 independent sets of Leo
(Woo), K, T, and M values which had been compiled and/or calculated from
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literature data. Both relationships have coefficients of multiple correlation of R
= 0.8, and slopes all significantly ~ 0 (Pauly, 1978b). The relatively high value
of the coefficients of multiple correlation (with 118 dF and p = 0.01, a value of R
= 0.303 would still be significant) suggests, in fact, that the estimates of M ob-
tained by means of Equation (9) or (10) should be very reliable, especially since
values of M completely off the mark are virtually impossible (as opposed to the
situations, often arising, when Z is plotted on f, where impossible values of M, in-
cluding negative ones, can easily occur, as shown by Ricker [1975, pp. 172-174)).
A biological interpretation of the empirically established relationships betWeen
M and the growth parameters and the habitat temperature is attempted in Pauly
(1978b) and Pauly (in press).

An important feature of the fact that reliable values of M can be obtained
independently of estimates of Z is that it becomes possible to estimate F by sub-
traction (from Z) and/or to estimate the catchability coefficient q of a gear from
a single value of Z with contemporary value of effort. Say, for example, we know
in 1978 the fleet of artisanal crafts of country A consists of 520 units (similar
canoes, all operating similarly)totaling 520 x220fishingdays per year = 114,400
fishing days in that year. Say, also, that the mean value of Z for the stock ex-
ploited by this fleet in 1978 was 0.80. Say, finally, that we know the growth
parameter of the fish of this stock, and that they produce, when combined with
the mean annual temperature at the fishing grounds, a value of M = 0.35, then F
= 0.80 -0.35. With F = 0.45, it follows that

q =0.45 =0000004 .. (11)
114,400 . .

This method for estimating q is not new. Ricker (1975) discussed its application
to the arcto-Norwegian cod (pp. 172-174). The point is that it can now be used as
a routine method, since it is easier to estimate M than to estimate q.

An application of this method may be demonstrated here. Table 2 gives
values of LCI:), K, and M for six species of fishes occurring in the Gulf of Thailand,
M being calculated from the LCI:)al1d K values, a value of T = 280e and Equation
(9). Also given is the selection factor (SF) of these six fishes, as given in Sinoda et
at. (1979), and the mean length at first capture (Ldresulting from a 4 cm mesh
size.

. Boonyubol and Hongskul(1978,Table.8) give for these six species of fishes

Table 2. Values of constants used for computing values of F. (Based on data from Pauly,

1978a and 1978~.) Lc ref.ers to the 4.0 cm meshes used by R/V Pramong 2.

~. From Ta~les 1 and 2 in Sinoda et al. (:1979).

b. .~~~ t~x~ for ~rowth par~",eter estimates.

Species LCI:) K M SFa 'Le

Nemipterus perno;; 28.9 0.46 0.87 3.0 12

Nemipters japonicus 28.9 0.47 0.88 2.4 9.6

Seolops;s taen;opterusb 29.5 0.6 1.05 2.4 9.6

Selaro;des leptolepis 20.0 1.16 1.85 2.5 10
Saur;da undosquamis 40.0 1.00 1.45 3.6 14.4

Pr;aeanthus.tayeus 29.0 1.2 1.77 1.9 7.6



the mean length (I) in the catch of R/V Pramong2 (which uses 4 cm meshes) in
the years 1966 to 1976 (see Table 3). From the data in Tables 2 and 3, values of F,
by year and species, can be obtained through the relationship

F=K (lex>-l)
(l-lc)

based on Beverton and Holt (1956). The resulting fishing mortality values are
given in Table 4. Since we have fairly accurate effort data (SCS, 1978)for the
Gulf of Thailand demersal trawl fishery,we may also estimate the value of q, by
species, and a mean value of q pertaining to the whole fishery. We obtain in this
manner a mean value of q = 0.31, when effort is expressed in millions of trawling
hours (Table 4).

-M (12)

Table 3. Mean length of fishes (I) caught by R/V Pramong 2 in the Gulf of Thailand (from
8oonyubol and Hongskul, 1978, Table 8).

Table 4. Fishing mortality, by year arid species: with estimation of a mean value for the
catchability coefficient (q).

.' '.That this estimate of q is not unreasonable may be briefly assessed. SCS
(1978)reportsthat a surfaceareaof 0.0667krrlisswept during one trawlinghour.
fience, one million trawlinghours sweep66,700km~or 62% of the 106,800km20f
inSh(jte waters «50 m depth) in the Gulf of Thailand. If there were no escape-

. ~nt, the value of 0.62 would correspond to our value of q. The value of

q.106,8oo _ 0.31 = 0.50 or 50% (13)
66,700 0.62

Is thus an estimate of escapement. It will be noted that this value happens to be
exactly the one commonly assumed for this kind of gear (SCS, 1978; Isarankura,
1971; Pauly, 1919c).
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Species 1966 1967 1968 1969 1970 1972 1973 1974 1976

Nem;pterus peron;; 16.4 16.9 15.9 16.9 16.1 10.2 14.1 13.4

Nem;pterus japon;cus 14.8 14.9 14.2 13.2 12.6 - 12.1 11.5 12.1

Scolops;s laen;oplerus 14.6 15.8 15.1 14.2 15.5 12.8 11.0 11.0 12.4

Se/aroides leptolep;s 13.2 13.0 13.0 13.1 12.4 12.3 120 12.6 10.9

s.ur;(u undosquam;s 21.3 20.2 20.0 21.4 21.4 14.6 18.7 17.5 17.2
Pr;acanlhus layenus 15.7 15.5 16.1 14.9 14.4 16.6 128 12.8 14.2

Species 1966 1967 1968 1969 1970 1972 1973 1974 1976 q

Nemiptenss peron;; 0.44 0.26 0.68 0.27 0.58 - 2.32 4.30 - 0.28
Nemipterus japon;cus 0.39 0.36 0.62 1.17 1.67 - 2.28 3.42 2.28 0.29
$colopsistun;Op/erus 0.74 0.28 0.52 0.95 0.37 2.08 6.88 - 2.61 0.34
Sel.roides lepto/epis 0.62 0.86 0.86 0.73 1.112 2.03 2.79 1.45 - 0.29
S.uric/aundosquamis 0.86 1.56 1.72 0.111 0.111 - 3.10 5.41 6.29 0.50

Prcanthus tayenus 0.20 0.28 0.05 0.55 0.111 - 1.97 1.57 0.92 0.17

Toul Effort If), million hours 2.011 2.80 3.50 3.60 3.80 7.19 9.94 6.06 (9)a

FIshinI Mortalltyb 0.64 0.87 1.09 1.12 1.18 2.23 3.08 1.88 2.79

.. EHort for 1976 is an estimate, other values from SCS (1978).
b. F = C{.f, with if = 0.31.
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Stock Recruitment Relationships and Stock Interactions in Tropical
Fishes ..

The estimation of q given above, hence the availability of a set of fishing
mortality data, in combination with the excellent catch per effort data given by
the R/V Pramong 2 from the same area, make it possible to derive stock recruit-
ment curves and to obtain.evidence of species interactions of a very interesting
kind. Pending a more comprehensive account (Pauly, in preparation), the
method by which such relationships may be made visible is outlined here, in the
hope that it may encourage colleagues to have a second look at what may at first
sight appear to be inappropriate data. I have selected for this exercise the catch
per effort data of R/V Pramong 2 given in Ritragsa (1976) for the total demersal
stock, for the false trevally Lactarius lactarius, and the Indian halibut Psettodes
erumei (Tables 5-7).

Table S. Estimation of the total demersal standing stock size, per year, Gulf of Thailand,
Thai inshore waters.

Vir.in
Slock 1963 1966 1967 1968 1969 1970 1971 1972

Catch per Effort (kg/h)a

Effon (in million hours)b

Total Catch (in thousand tons)c

Fishing !lAonality d

249 131 11S 106

o 0.&98 2.078 2.800 3.500

o 178 43& 515 594

o 0.22 0.&4 0.87 1.09

Standinl Stock (in thousand tons) (1978)e 1,2&4 b111 592 545

a. As liven in Ritralsa (1976, Table 4).
b. As liven in SCS (1978).
c. =(c/I) . I . (1.6), the latter factor correcting lor the different mesh sizes used by the commercial

fleet (2.5 em) and R/V Pramong 2 (4.0 em) (Irom Boonyubol and Honlskul, 1978).
d. With q =0.31, as estimated in Table 4.
e. Estimated by extrapolating to I =0 the natural logarithms 01 the 1963 and 19&6stand inI stock values

plotted on effon.

The catch per effort (c/f) values were first converted to estimates of annual
catch (Y) by means of the relationship

Y = (c/f) .1.(1.6) (14)

where f is the effort as given in Table 5, and 1.6 is a factor correcting for the fact
that the commercial fleet, by using smaller meshes than R/V Pramong 2, catches
more per unit of effort (the area swept, however, is equal). The 1.6 correction
factor is taken from Boonyubol and Hongskul (1978).

These estimates of annual catch were then used to estimate stock (B) for
any given year by

Y
B=- F.

The results are given in Tables 5 through 7. However, stock recruitment analysis
relates recruit numbers to parent stock size, not to overall stock size. It is thus
necessary to reduce, in the cases of Lactariuslactariusand Psettodes erumei, the

(15)
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103 97.4 &6.3 &3.1

3.&00 3800 &.200 7.188

593 592 &58 72&

112 118 1.92 2.23

530 502 343 325



overall stock size to the size of the standing stock of those fishes that have
reached or are above the age at first maturity (tm). The relationship between the
total standing stock and the standing stock of (potential) parents is, for any fish
species,

B = B.mp (16)

where Bp is the parent stock, B the total stock, and m a correction factor which
is, among other things, a function of fishing mortality. The value of m for any
value of F may be computed from

-Zr 1 3eKr 2 3e -2Kr2 e -3Kr2
e 3. (- - - + - )Z Z + K Z + 2K Z + 3K

1 3eKr1 3e-2Kq e -3Kq(---+ - )Z Z + K _. -.. _._u

(17)
m=

where r1 = (tc - to),
r2= (tm-to)'

and r3 = (tm- tc)'
The values of m computed by means of Equation (17) are given in Table 6 for
Lactarius lactarius and Table 7 for Psettodes erumei. Both tables also give the
parent stock size obtained by means of these values of m.

Finally, the number of recruits is computed by estimating the yield per
recruit for each year and its corresponding level of F, and by dividing the yield
per recruit into the catch, or

R = annual catch (18)
yield per recruit.

Table 6. Data for the derivation of stock recruitment curve in Lactarius lactarius in the Gulf

of Thailand, Thai inshore waters.

Virain
Stock 1963 1966 1967 1968 1969 1970 1971 1972

Catch ~r Effort (kalh)a

Catch (V) (in tons)b

VIR (in I)e

0.700 0.510 0.191 0.227 0.099 0.016 0.031 0.004

782

3.27

R (in millions) - 239

Standinl Stock (in thousand tons) 4,125d 3,5S5

me 0.645 0.587

SpaWninl Stock (in thousand tons) 2.660 2.087 1,277 422 ""4 191 29.8 37.8 4.0

a. Ree~lculated from Tables 5 through 13 in Ritragsa (1976), which give catch rates of R/V Pramong 2.
b. == (c/f) . f . (1.6), the latter factor correctingfor the different mesh sizes used by the commercial

fleet (2.5 em) and R/V Pramong 2 (4.0 em) (from Boonyubol and Hongskul. 1978).

e. Using the following parameter values: Woo = 193 g; K = 1.0; to = -0.1; t c = 0.2; and M = 1.59.
Values based on Apparao, 1971, and Pauly, 1978a and 19798.

d. Estimated by extrapolating to f =0 the natural logarithms 01 the 1963 and 1966 standing stock values
plotted on effort. .

e. With t m = 1year.
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1,696 855 1,271 570 97 308 46

5.81 6.21 6.29 6.28 6.27 5.55 5.17

292 138 202 90.8 15.5 55.5 8.90

2,650 983 1,166 509 82.2 160 20.6

0.482 0.429 0.381 0.375 0.363 0.236 0.194



.0

T~ble 7. Data for the derivation of stock and recruitment data in Psettodes erurnei, in the
Gulf of Thailand, Thai inshore waters.

a. Recalculated from Tables 5 throullh 13 in Ritragsa (1976), which give catch rates of R/V Pramong 2.
b. = (c/f) 0 f 0 (1.6), the latter factor correcting for the different mesh sizes used by the commercial

fleet (2.5 cm) and RJV Pramong 2 (4.0 cm) (from Boonyubol and Hongskul, 1978).

c. Using the following parameter values: Woo = 1100 g; K = 0.3; to = -0.4; t c = 0.2; and M = 0.58
(based on Kuhlmorgen-Hille, 1976, and Pauly, 1978a, 1979a).

d. Estimated by extrapolating to f =0 the natural logarithms of the 1963 and 1966 standing stock values
plotted on effort.

e. Based on Equation (20) and the virgin stock estimate of 485 mt.
f. Withtm= 2 years.

The yield per recruit itself being estimated from

-Kr1 -2Kr 1
y 1 3e 3e-=FoWooo(---+ -R Z Z + K Z + 2K

-3Kr 1
e ) (19)

with r1 defined as above, the model being a simplified version (Jones, 1957) of
the equation presented by Beverton and Holt (1957). The parameter values used
for these computations are given in Tables 6 and 7, which also give the number of
recruits estimated in this manner.

In the case of Lactar;us lactar;us, plotting R on parent stock size results in a
typical "Ricker curve" (Ricker, 1975); the freehand version seems slightly more
realistic than the calculated curve (Fig. 5). (The curves differ somewhat from the
one previously published [Pauly, 1979b], mainly because different catch data
were used to estimate the numbers bf recruits.) Quite clearly, the dramatic de-
cline of Lactar;us lactar;us in the Gulf of Thailand, to a virtual disappearance
from the catch (Hongskul, personal communication), is due to recruitment over-
fishing. .

In the case of Psettodes erume;, on the other hand, there is obviously no
relationship between R and parent stock size (Fig. 6). Thi5 fish is one of the. few
whose catch did not decrease as fishing pressure increased. (See Pauly, 1979c,
for a preliminary discussion of this feature.) However, plotting the natural
logarithm of the number of recruits produced each year by P. erume; against the
size of the total demersal standing ~tock (that is, all fishes and invertebrates with
which P. erume; potentially interacts) provides a surprisingly linear relationship
(Fig. 7), which may be described by the regression
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Virlin
Stock 1963 1966 1967 1968 1969 1970 1971 197:1

Catch per Effort(kg/h)a
. - 0.2110.992 0.594 0.580 0.653 0.558 0.711 0.504

Catch (V)(intons)b - 236 3298 2661 3248 3761 3392 7053 5796

V/R(in g)c - 30.1 32.6 29.5 26.5 26.1 25.4 18.7 16.8

R (in millions) (1.10)e 7.84 101 90.2 123 144 134 377 345

10geR 0.09 2.06 4.62 4.50 4.81 4.97 4.90 5.93 5.84

Standing Stock (in tons) 485d 1073 5153 3059 2980 3358 2846 3673 2599
f

0.808 0.691 0.469 0.365 0.282 0.271 0.252 0.093 0.059m

Spawning Stock (in tons) 392 741 2147 1117 840 910 717 342 153
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Figure S. Stock recruitment relationships in Lactarius lactarius from the Gulf of Thailand.
(Based on data of Table 6.)

loge R = 7.10- 4.01BT'r = 0.990 (20)

where R is the number of P. erumei and BT is the biomass of the total demersal
standing ,tock in millions of metric tons. Equation (20), in fact, expresses a
"stock recruitment relationship," except that the stock in question is not the
parent stock but the overall stock of potential competitors and predators. We
may therefore call this type of relationship an interspecific stock recruitment
relationship, as opposed to the normal intraspecific stock' recruitment curve
where the interactions occur within a single-species stock.

The interspecific stock recruitment relationship in Figure 7 suggests that the
extraordinary resilience of this flatfish against a strong fishing pressure is due to
the fact that P. erumei is an r-selected species, whose biomass was being kept at
low levels in the virgin stock. As its predator diminished, however, recruitment to
the stock of P. erumei increased rapidly, which allowed this fish to sustain the
heavy fishing pressure. This confirms the pattern of stock interactions suggested
In Pauly (1979c). The actual decrease in mortality of the prerecruits of P. erumei
as the total demersal stock declined can even be demonstrated directly.

For the age t = 0 (at which the eggs are shed) and the age tc= 0.2 years (=

.'
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figure 6. Demonstration of the lack of a stock recruitment relationship in Psettodes erumei
from the Gulf of Thailand. (Based on data of Table 7.)

73 days, the mean age at first capture and recruitment), the natural mortality can
be estimated for each year through

recru its
loge (eggs produced)

Md = _~ (21)

which provides the mortality estimates of Table 8. These estimates can be
transformed to estimates of the percentage of prerecruit dying per day through
the relationship

-Md
% dying per day = 1-e (22)

(see Table 8). The values of M d that were obtained range from 0.144 in the
virgin stock to 0.052 in the exploited 1972 stock (Fig. 8). These values, incidental-
ly, compare quite well with those given by Cushing (1976) for plaice (0.05) and
haddock (0.10).

What is most striking, however, is the relationship of these computed mor-
tality values to the biomass of the total demersal standing stock (Fig. 8). The
points for eight different years (plus the point derived indirectly for the virgin
stock) suggest a continuously decreasing prerecruit mortality as the total stock
decreased, with the intriguing possibility that the prerecruit mortality of P.
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figure 7. The relationship between recruitment in Psettodes erume; and the size of the total
demersal stock. (Based on data of Tables 5 and 7.)

Table8. Data for the estimation of prerecruit mortality in Psettodes erumei.

t. From Table 7.

b. 50" of parent stock size In Table 7.

c. With 200ellS per . of adult female, an assumed value based on plaice data (based on Table 59of
Bqenal, 1973).

. d, From Equation (21).

:...~. ,n;." Equation (22).

::';~.;(1"':.

ert1mei may be reduced to a negligible amount when all other fishes are removed
. . (Fig.8). Indeed, what may be occurring here is one of the first demonstrations of
-:'.-"den'sity-dependent" mortality in the prerecruits of any tropical stock, along

, with one of the first demonst~ations of stock interactions of this type.
.,'..
..

;h:.; .
":-_: W,',
~\.{J:: '
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Virs1n
Stock 196] 1966 1967 1968 1969 1970 1971 1972

Numberof Recruits(.106)a 1.10 7.84 101 90.2 123 144 134 377 345

99 Spawnin. Stock (intons)b 196 370.5 1,073.5558.5 420 455 358.5 171 76.5

E815 Produced(.108)C 392 741 2,147 1,117 840 910 717 342 153

EXp.RateofMortality (per day)d 0.144 0.125 0.105 0.098 0.089 0.088 0.086 0.062 0.052

. ..rcent Dyln. (per day) e 13.4 11.8 10.0 0.3 8.5 8.4 8.2 6.0 5.1



Mortality in pre-recruit stages of Psettodes erumei
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Figure 8. The relationship between prerecruit mortality in Psettodes erumei and the biomass
of its potential predators. (Based on data of Tables 5 and 8.)

Conclusions

In the introduction, mention was made of the need for more thorough use of
the data on the biology of tropical fish presently available. Also, it was con-
tended that the combination of such biological data with the data generated by
the fisheries themselves would allow, at very little cost, for a greatly improved
understanding of the dynamics of tropical multispecies stocks. The present exer-
cise may be seen as an illustration of these two points.
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