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reliable fisheries statistics, the working-up of trawl survey data and the
supply of scientists.

Examples were given of the problems involved in the routine collection of
data on catches and fishing effort, and the various causes of inaccurate and
incomplete information or even inflated figures. It was suggested that the
routine annual collection of these data should be replaced, in some cases, by
intensive studies of specific fisheries at longer intervals. However, it was
generally agreed that even with intensive studies, it is still necessary to have
annual information on the amount of fish removed by fishing from the
various fisheries. Also, in many fisheries, data on the fishing effort or the
catch per unit of fishing are extremely useful. It was stressed that it is
essential that data on effort are related to the catch generated by the effort
in question, and that effort data for which this requirement is not met are
useless for stock assessment purposes.

Concerning the use of catch and effort data, it was further pointed out
that changes in the size, power and efficiency of fishing units and changes in
the area of fishing and in fishing strategy are all capable of substantially

. changing the species composition and size of the catch. Therefore, a com-

prehensive knowledge of the practical aspects of the fisheries is extremely
important.

It was suggested that an important reason for poor statistics is that there is
often no direct user of the data collected. However, the more important
aspect of this problem is that there should be ready communication between
those using the data and those collecting it. It was suggested that, as the
fisheries laboratories are the main users of the data, the group responsible for
collecting catch and effort data and the research laboratory should be under
the direction of the same or closely associated Directors, thus facilitating
two-way communication. This is the case in India and in the USA.

With regard to the availability of survey data in the countries of Southeast
Asia, it was reported that a start has been made in the Philippines to locate
and analyze the large quantity of unused raw data obtained from past
research-vessel exploratory trawling. This work is being conducted by a
Philippine biologist working at ICLARM (as a part of a training program)
and it was agreed that where large amounts of raw data are necessary to
reach conclusions such work is much cheaper and more worthwhile than
organizing new research to get more data that again might not be used. It is
important to reduce these avoidable losses of data.

In Thailand and Indonesia, attempts are being made to computerize the
large quantity of hand-recorded survey data now available, but this is making
slow progress. While most countries want to work up their own data they
welcome assistance in doing this. In fact, a lot of joint working up of data
has been done through regional South China Sea Programme workshops and
there also are evaluations of the resources by visiting scientists.

Tuming to the supply of fisheries scientists in Southeast Asian countries
the participants agreed that the problem appears to be primarily one of
inadequate numbers of research leaders with adequate ability, training and
experience rather than a shortage of fisheries biologists per se. In some
countries, a major problem is the low salaries of government employees
which makes it impossible for the government laboratories to recruit and
retain qualified scientists, especially when competing against universities and
the private sector.
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Abstract

Some methods available for the study of the population dynamics of
tropical fish are reviewed; emphasis is given to questions of growth, mortality
and recruitment, and to relatively new approaches, such as ageing by means
of daily otolith structures, detailed analysis of length-frequency data and to
comparative studies.

A package of methods is discussed which is based on a set of 3 new, simple
computer programs written in BASIC for the analysis of length-frequency
data (ELEFAN L, II and III).

L

Introduction

This paper is a discussion of methods for the investigation of the major
aspects of the population dynamics of single-species tropical stocks, both
freshwater and marine. The reason for the presentation of this contribution
at a workshop devoted to the theory and management of tropical multi-
species stocks is compelling: fishery biologists modeling the dynamics of
multispecies systems will often work with single-species stocks as elements of
the multispecies system. They will want to know as much as possible of the
autecology and biology of single-species stocks.

On the other hand, the builders of tropical models have at their disposal
much less information on the various species—even on those of commercial
importance—than the model builders working in the temperate areas of the
world.

There are three major reasons for this:

e there are many more species—even species of commercial importance—
i in tropical than in temperate systems
i e much less has been published, in absolute terms and on a per-species
e basis on tropical than on temperate fishes
e much of the work done on tropical stocks is poorly documented and

often remains unpublished (see Pauly 1979a).
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This contribution is addressed to the use of simple and rapid methods,
and parameter estimates obtained from comparative methods.

Also, emphasis is given to methods which can be used to reduce and
interpret previously published, but underutilized data (such as length-
frequency data) and to methods in which certain biological features of
tropical fishes, such as their ehort life cycles or their prolonged spawning
seasons are tumed from a liability to an asset.

Russel’s axiom (Rusel 1931) is still the best method of identifying,
in qualitative terms, the elements that determine the yield of a fishery.
This axiom states that four factors determine the dynamics of a closed

population, namely:
— Recruitment of fishes into the usable stock (R)
— Growth of fishes that are part of the usable stock (G)
— Capture by fishing (C)
= Natural death (mainly by predation) M)
Thus, we have

B, =B, + (R+G) — (M+C) )

where B; and B, are the stock sizes at the beginning and the end, respec-
tively, of the time period to which the increments (R and G) and the decre-
ments (M and C) apply. (See also Fig. 1.)

The four explicit items of Russel’s axiom will be used to structure this
contribution, which also covers another, implicit term of this axiom, namely
t.hl;einhinsic rate of incresse (ry, ) of populations, corresponding to R (G —

)/B.

Fish Growth

Tue Generarizep vos BearaLanvry Growra Formura

The model most commonly used in fishery biology to express the growth
of fishes is the von Bertalanffy Growth Formula (VBGF) which has, for
growth in length the form

L = Ly, (1—e B¢ %)) vee 2)
and

W, = W, (1—e=C—ta)y ....9)

for growth in weight, where L, and W, are asymptotic sizes, or the mean
sizes the fish would reach if they were to grow indefinitely, where K is
a growth constant, and where t, is the “age” the fish would have at length
or weight zero if they had always grown according to the equation, while
L; and W, are the predicted sizes at age t. Both equations can be derived
from Piitter’s (1920) continuity relationship
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which states that the growth rate of fish may be conceived as the difference
between two processes with opposite tendencies, one building up body sub-
stances (anabolism), the other breaking down body substances (catabolism),
both processes being proportional to some power (d, m) of body weight (w).
Equation (4) can be integrated in two ways:

— either by setting @ = 2/3, m = 1 and by assuming that weight growth is
isometric. This leads to what will be called the “special VBGF” (equa-
tions 2 and 3) called here “‘special” because they refer to the special
caseofd=2/3andm = 1)

— or by allowing d and m to take a wide range of values. This leads to
what will be called here the “‘generalized VBGF".

® @

—— | Capture

Recruitment ~ Growth » Usabie stock

(N) (w) (N, W) I
Natura
A A . > mortality
: {feeding) :
L —— —{ reproduction }- —— — -

Fig. 1. Main factors investigated in stock-amsessment:recruitment, growth ( positive factors),
eapture and natural mortality (negative factors) and stock size. (N refers to oumbess, W
to weight). Peeding and reproduction, although slso contributing to stock dynamics, are
genenally not considered In singlo-species stock amesmnent. Modified from Ricker (1975).

The integration of the special VBGF is well-documented (von Bertalanffy
1934, 1938, 1951; Beverton and Holt 1957; Gulland 1969), while the
integration of the generalized VBGF was discussed in detail in Pauly (1979b).
Here, only the definitions used in the course of that integration are pre-
sented, together with those equations pertaining to important properties
of the generalized VBGF.

The substances needed for anabolicm have to enter into the body across
some surface (8) that increases with fish length (L) according to the relation-
ship

S=p-L* ....5a)

where a is a power that has a range of values discussed below and pisa
proportionality constant.

Catabolism, on the other hand, which occurs in all cells of the fish body,
may be considered directly proportional to weight (W), which is itself related
to length (L) by the relationship

W=gq-L® ....5b)

where q is a proportionality constant and b is a power whose runge of




poszible vahues lies between 2.6 and 3.5 (Carlander 1969) and b > a, Other
definitions used in the course of the integration are

K --:- ....8)
and
D=b—a veea )
with the integration of expression (4) resulting for weight growth in
WP = WPl (1—eEP W -t ....80)
which can be simplified, when b = 3 to
W, = W, (1 — e ED (t—tg))l/P ....8b)
For lengths, the generalized VBGF has the form
LY = LD (1 —¢ 8D (t—to)) ....92)
or
Ly = Ly, (1 —¢BP (t—to))1/D ....9b)

It will be noted that these versions of the generalized VBGF (expressions
(7) to (8) reduce to the corresponding form of the special VBGF (expression
(2) and (3)) whenD =1, ie,, whena=2and b = 3.

A major difference between the special and generalized VBGF for length
is that the latter has an inflexion point whose position on the time axis
(%) is given by

log,D
b=t - oy ... 10)

Thus, t, moves toward t, when D comes close to 1, with no inflexion point
left point when D =1,

Von Bertalanffy proposed his equations (expressions (2) and (3)) on the
assumption that d = 2/3 generally holds true (“2/3 law of metabolism’) and
that the anabolism of fishes ought to be proportional to their metabolic rate
(that is, to oxygen consumption). He also demonstrated that metabolism is
indeed proportional to 2/3 of the weight of his experimental guppies, then
assumed his “2/3 law of metabolism” applied to all fishes.

Actually, it can be demonstrated that the *2/3 law of metabolism” does
not apply to all fishes—in fact, it seems to strictly apply only in the case
of the very guppies which von Bertalanfty investigated. In other fishes
(in fishes capable of reaching larger sizes), the power linking weight and
metabolism (or that linking weight and gill surface aren, which is equivalent)
is generally close to 0.8, with values of up to 0.9 in tuna and presumably
other large, active fishes (Muir 1969; Pauly 1981 and see Fig. 2).
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Thus, to qualify as a “physiological’”* formula, the VBGPF has to be uged
in conjunction with values of “d” in equation (4) ranging between 0.5 (as
reported for small cyprinidontids by Winberg 1961) and 0.9 and higher (but
always < 1). .

The generalized VBGF has & number of properties which make it superior
to the special VBGF. Among those, two may be listed here:

— fitting the generalized VBGF to a set of size-at-age data generates
asymptotic size values that closely correspond to the largest fish re-
ported from a given stock (Pauly 1981; Gaschiitz et al. 1980), which
demonstrates that values of L., or W_,, can generally be used as
preliminary estimates of asymptotic size (Fig. 3).

— the values of K estimated from growth data on the basis of the general-
ized VBGF correspond more closely to the catabolism of fishes than
the values of K generated by fitting the special VBGF (Pauly 1981).

10010 Wenax

Fig. 2. Values of the power of weight (d) in proportion to which the oxygen consimp-
tion or the gill surface of fishes increase, plotted against the maximum weight commonly
reached in various species of fishes (in grams). Low values of d (= 2/3) to cyprinodoats,
high values (0.86 to 0.90) to tuna; intermediate values refer to various fishes such as sal-
monids, cyprinids, tilapiss, cods and others, Based on Table V in Panly (1981), The rels-
tionship between D and d is D = 8(1 — d). {The open square in the lower left comer
refers to the Philippine dwarf goby Mistichthys luzonensis, is based on data in Te Winkel
(1935) and was added subsequently to computing the regression line, which is based on
the dots only. ]

Fitting the generalized VBGF to a set of growth data is as easy as fitting
the special VBGF because reasonable estimates of D can be obtained inde-
pendently of growth data from the relationship (in Fig. 2):

D =~ 8-[1—(0.6742 + 0.03574 log W, )] .e..11)

which was established by Pauly (1981) on the basis of data on the metabolism
and/or the gill surface area and the maximum weight reached by a number of
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fishes, Thus, once D has been estimated, and K can be estimated by
mesns of a Ford-Walford Plot, ie.,aplot of L, ; onLP or

LD, ; =intercept + slope - L? .ee.12)
where L, = (;n_*tauld‘;w 1/o ....13)
and

K= b—“T"""i ...14)

A simple, versatile computer program written in BASIC was presented by
Gaschiitz et al (1980) which can be used to fit any type of size-at-ege
data with the generalizted VBGF, including seasonally oscillating length
growth data as discussed below. In the following, references to growth
curves pertain to the generalized VBGF unless otherwise noted.

> Lo {D=1)

» Lo {D=0.3)

300+

=0.057(1+18)
Ly *42{ke )

Fork Lg\gth {cm)
L]

~(0.43-0.3M1+ &5))

I.‘,u- 38 -e

° 1 1 1 ! 1 4 1 )
2 L 6 8, 0 12 4 L]

Relative age (years)

Fig. 3. Sella's (1929) length-at-age data on bluefln tuna (Thunnus thynnus) fitted with
both the special and the generalized VBGPF. Note that L, & Ly, when using the gea-
enlized VBGF. The Ly, value stems from Tiews (1063) and the vatus of d = 0,9 (hence
D = 0.8) stems from Mulr (1969) (sco taxt).
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SzasonaLLy OsciLLaTivg Growrs

While the various versions of the VBGF assume constant environmental
conditions, it has been demonstrated by many authors that fish live in an
environment with seasonally oscillating features (temperature, food awsl-
ability) and that, therefore their growth also oscillates seasonally (Ursin
1963; Pitcher and MacDonald 1973; Lockwood 1974; Daget and Ecoutin
1976; Cloem and Nichols 1978). A versatile model suited to expressing the
seasonally oscillating length growth of fishes was presented by Pauly and
Gaschiits (1979) which is based on the VBGP and becomes, in its generatized
form

L = Lo(1—e B G-t r cRuasm s )10 o)

where L, K, D, t,, L, and t are parameters as defined above, while the new
parameters C and t, refer to the intensity of the (sinusoid) growth oscil-
lations of the model and to the onset of the first oscillation with regard
to t = 0, respectively. It is a property of the parameter C that it takes a value
of 1 when the growth rate (dL/dt) has exactly one zero value per year
(generally in the coldest month of the year), a value of zero when the
fluctuations are nil, in which case equation (15) reduces to equation (9),
and intermediate values when the seasonal oscillations are sufficient to
reduce, but not to halt growth in length (Fig. 4).
In Table 1 growth parameters are presented for 10 fishes the length-at-
age data of which were fitted with equation (15) by means of the computer
program presented by Gaschiitz et al. (1980). Table 1 also contains estimates
of the temperature range AT (= difference between the highest and lowest
average mean monthly temperature to which the fish are exposed in the
course of a year) for the 10 fish (stocks) in question.
As may be seen from Fig. 5, the values of C for the various fish (stocks)
strongly correlate with AT, suggesting that
— seasonal length growth oscillations are caused by temperature fluctus-
tions or by another environmental parameter which itself correlstes
with temperature (e.g., food availability, or foraging behavior, or both).

~ slight seasonal fluctuations of temperature (or of correlated parameters)
such as occur in the tropics are sufficient to generate seasonally oscil-
lating growth curves, and a seasonally oscillating growth model should
be used to fit growth data pertaining to intervals of less than one yesr
(eg., when fitting growth data obtained by reading daily otolith stroe-
tures or when analyzing length-frequency data sampled at less than
yearly intervals, see below).

A model similar to the one used here to simulate the seasonally oscil-
lating length growth of fish was developed by Shul'man (1974) to depict
the seasonally oscillating growth in weight of Black Sea fishes. Shul’'man’s
approach seems particularly suitable for incorporation in seasonally oacil-
lating metabolic models of fish growth in the tropics.




Table 1. Parameters of sessonally oeciliating growth curves in 10 fish (stocks) arranged in order of increasing annual range of water temperature 3

|
|
!
'1 No.
%

(AT).
Growth parameters® o
Bpecies Ares Leo K to ts c Aaric® Bource of growth data

1 1 Pseudotolithus clongat Bierra Leone 52.0 0368 —0.008 —0.132 0.40 3¢ Longhurst (1963, Fig. 10)

s 8 Tilapia nigra (untagged) Kanyan ponds 282 196 —0.161 —0.010 0.20 4 Van Someren and Whitehesd
4 (1860, PFig. 1)

3 8  Tilapia nigra (tagged) Kenyan ponds 270 1.64 —0383 —0.006 0.45 4 Van Someren and Whitehead
3 (1960, Pig. 1)

i 4  Macrorhamph lopax Moteor Bank 200 0.462 —0.607 0482 0.80 a4 Ehrich (1976, Table 3)

3 6 Hemirhamphus brasiliensis  Florida 836 00687 —1.034 0.2683 0.6 e Berkeley and Houde

4 (1978, Fig. §)

! 6  Trisopterus esmarki North Bea 178 108 —0.170 0180 1.04 7e Gordon (1871, Fig. 6)

i 7  Saimo trutta Bcottish river 228 0411 —0.204 —0.006 1.24 10 Egglishaw (1970, Fig. 5)

& 8 Salmo salar Baltic Sea 14 0.324 —0.101 —0.2432 114 12¢ Thurow (1973, Table 1)
o ® Tilepianigrad ) open-airaguarium 168 194 —1.24 0427 13256 13 Cridland (1965, Fig. 1)

: 10  Tlapia nigra @ {Uganda) 186  0.856 —1.54 0440 1.43 18 Cridland (19865, Fig. 1)
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progresgion analysis”, see below), his review of aging by means of daily
otolith structures (rings) leads to the conclusions that:

— reading daily otolith rings in tropical fishes, at least in reiatively short-
lived ones, is a3 essy as reading annual rings in tempezate fishes, although
it may be mozre time consuming,

— the overwhelming majority of commercially important tropical fish
families display daily otolith rings, and

— there is no reason why aging by means of daily otolith rings should not
become a standard technique for use in the tropics, especially for the
validation of growth data obtained from analysis of length frequencies.

Authors reporting work conducted on daily growth rings in tropical and

other fish are, among others: Brothers (1980), Brothezs et al. (1976), Worth-
mann (1980), Gj¢saeter and Beck (1880), Methot and Kramer (1979), Le
Guen (1976), Panclls (1971, 1974), Steffensen (1980), Ralston (1978),
Struhsaker and Uchiyama (1976) and Taubest and Cable (1977).
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Fig. 5. Maﬁoqtbbmﬁeﬂnuor&omcmmnﬂy oscillating growth
curves, and the difference between the highest and lowest mean monthly temperatures to
whiehothe fishes were exposed (AT). Based on data in Table 1. Note that AT values of
2to 3 C.m&umhhhp&tﬁﬂmmm&mﬂhﬁoﬂmmmﬂ.

While there is a large body of literature relating to possible reasons why
annual growth checks are produced on scales, otolith and bones (and
in elasmobranchs) (see e.g., Chugonova 1959 or Bagenal 1974 and references
therein), few attempts have been made to explain the occurrence of marked
daily structures on fish otoliths. Panella (1974) writes for example, that
“whether rhythmic growth is related to diumal migmtory behavior, rhythmic
feeding, or activity and rest is difficult to say.”
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An explanation for thythmic growth may be provided by the hypothesis
proposed earlier (Pauly 1979b, 1981) that enaboliem in fishes is essentially
limited by oxygen availability to the tissues (see above derivation of the
generalized VBGF). This hypothesis would suggest that fish, which can store
little oxygen, can be either active (e.g., feeding, escaping predators, defending
territories, etc.) and diverting all available oxygen to these activities, or
resting, in which case they can only then divert oxygen to anabolism. The
diurnal changes in activity patterns would thus be sufficient to generate
“pulses” of anabolism, the latter activity being, it must be emphasized, quite
distinct from the incorporation of food into the metabolic pool (Iles 1974).

Growth as estimated from length-frequency data

The methods conventionally used for the analysis of length-frequency
data have been introduced by Petersen (1892) and can be reduced to two
basic techniques:

= the “Petersen Method" (sensu stricto), that is the attribution of relative
ages to the peaks a length-frequency sample, and

— the “Modal Class Progression Analysis” (George and Banezji 1964), that
is the linking up of the peaks of length-frequency samples sequentially
arranged in time by means of growth segmentas.

With the first method, the problem consists of identifying those peaks
representing broods spawned at known or assumed time intervels. The
method generally involves the separation of the length-frequency samples
into normally or otherwise distributed subsets by graphical methods, such as
those proposed by Harding (1949), Cassie (1954), Tanaka (1956), or by
means of computer programs such as NORMSEP (Abrahamson 1971) or
ENORMSEP (Yong and Skiliman 1971).

The “modal clam progression analysis”, on the other hand, has its major
problems in the identification of those peaks which should be connected (by
growth lines) with each other (Pauly 1978).

Both methods are highly subjective, and an attempt was made only
recently to combine them into one single, “‘integrated’’ method which to a
certain extent improves the reliability of growth estimates based on the
analysis of length-frequency data (Pauly 1980a).

However, the need for a rapid, yet reliable and objective method for the
analysis of length-frequency data led to a radically new approach in the
analysis of length-frequency dats, and such an approach was presented in
Pauly and David (1981).

Briefly, this new method (called Electronic Length-Frequency Analysis
or ELEFAN ]) is based on the following steps:

— objective identification (definition) of the peaks and the troughs

separating peaks of a (set of) length-frequency sample(s)
_— attribution to the peaks of a certain number of positive *‘points”

— attribution to troughs separating the peaks of a certain number of
negative “points”

— iterative identification of those growth parameters generating a growth
curve which, by passing through most peaks and avoiding most troughs,
accumulates the highest number of *‘pointa” and thus best explains the
specific structure of a (set of) length-frequency sample(s).

The procedure is illustrated in Fig. 6.
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Pig. 8'; Estimation of growth parameters by means of ELEFAN L. A) Showing a “restruc-
tured” length-frequency sample, where peaks have become positive points (black) and
troughs have become negative points (white). These “points” are computed and used
internally by ELEFVAN I to identify the growth curve which passes through the largest
number of positive points, and avoids negative points as mueh as possible. B) Showing
the original length-frequency data, with superimposed growth curve. The curve, which
was traced in a purely objective fashion “explaing™ 62% of the peaks in the length-fre-
quency data (as defined by ELEFANI).
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Given the assumptions that the sample(s) used represent{s) the population
investigated, and that the growth of the fish in question conforms to the
VBGF, (seasonalized or not), the method can be used to derive growth
parameters that are reproducible (i.e., any worker will get the same result
from the same set of data). Moreover, an estimator is given of the proportion
of the peaks in a (set of) sample(s) that are “‘explained” by the growth
parameters obtained at the end of the iteration process. This estimator is the
ratio of & sum called “Explained Sum of Peaks', or ESP, referring to the
number of “points” explained by a given growth curve, divided by another
sum called “Avanilable Sum of Peaks™, or ASP, which refers to the total
number of points “available” in a (set of) length-frequency samples). (See
Pauly et al. 1980 for details). The method which can be readily implemented
on microcomputers, is fast, reliable, and objective. Ideally, the results
(growth parameter estimates) should be checked agninst the results obtained
by reading daily structures of the otoliths of a few fishes, which would also
serve to obtain estimates of t, (which is not estimated by ELEFAN I), by
solving equation (9) or (15) for this parameter.

Mortality

TortaL MorTauTY

A basic equation used in fishery biology for expressing the mortality
of fish is

N, = Nje~2 ....16)

where N, and N, are fish numbers at time zero and t, respectively and where
Z is the total mortality affecting the stock. Also, we have

Z=F+M e 1)

which states that total mortality is the sum of fishing mortality (F) plus
netural mortality (M). A major task of fishery biologists working on a
specific stock is the splitting up of Z into its component parts, F and M;
this will be discussed further below, after methods for estimating Z have
been briefly reviewed.

One of the simplest methods to assess total mortality is to estimate Z from
the mean size is the catch, as suggested by Beverton and Holt (1966). The
method was discussed in Pauly (1980a) and Munro (this vol.).

Another method of estimating Z is to construct catch curves, i.e., plots of
the natural logarithm of fish numbers against their age, where Z is the slope,
with sign changed, of the “descending” part of the curve (Ricker 1975).

Where fishes both are relatively long-lived and can be aged by means of
annual rings on scales, otoliths or bones, catch curves can be constructed and
interpreted quite straightforwardly, e.g., as described by Robson and Chap-
man (1961), or Ricker (1975).

Presented here are the three steps of a method which allow for the deriva-
tion of catch curves from length-frequency data, as generally collected from
tropical fishes:
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. 3 Pooling of length-frequency data. Since the overall age structure of a
&l e | population in short-lived fishes is essentially determined by “pulses” of
S =5 80 e n i v 0o @ ot recruitment, a first step should be to attempt to smooth out the recruit-
o 4“678902357925955 N . . . o
5| E2| 353533333353533355 118 ment pulses by pooling data obtained at regular intervals during a period
M Mm & 1 of one year. Also, to prevent a larger sample from unduly affecting the
total sample, the various samples should be converted to percentage
m - .m. length-frequency samples prior to adding to obtain a single, overall sample
M -m - T T T T rrampeg -3 3-10ge H (see also Munro, this vol.).
§18Z| 533%58333325333335. & Construction of catch curve proper. Since the growth in length of fish is
] 2 I TTTT2 4 not linear, and generally slows down as length increases, there is a tendency
A T m for older size groups to contain more age groups than younger size groups.
2 - H As suggested by J. Gulland (pers. comm.), this can be compensated for by
m 3 S on noouB2IRRF ] gsmuﬁg&m&Fmganaﬁocu?.m..os.ag;w&cmﬂo
E| 8| ShiVdnsasacmacocoo|y 38 it takes the fish to grow through a size group (At). The catch curve
gl = Rk 3 g equation thus becomes
s 2 ﬂ“
E -
2 il ee YE m u log, (N/At) = a+bt ....18)
[ > 04.24788808“”&.%.7.1“0 ' o
§| %] ~~=88383383:2% £ E§ % Wwhere ¢ is the age comresponding to midlength of each length class, b = —Z,
m 4 23 = N = the number of fish in each length class and At = the time needed for
.m. 5 wmmmmmmmmmmmmmmmm ._...... m) the m“r_mvoo grow through a length o—n&.‘amaa Table 2 and Fig. 7 for an
m COOCO00PCCOO00O00O~ : 3 M E&:&ﬁnﬁ&ao\&g&gsg??.ﬂrooouﬁnaouo:é.gmﬂnw
) e KaSn%gmngonﬂogrvﬁBagﬁEﬁggg
B »OEE© sampes %o a cal ! !
£ ° . P DD O O H = gﬂ?a%—éo~i€35<§&oﬁsr in which cases
5l mmwmmmmuw%nmunm”w mm .._m. unrealistically high “‘ages” are generated. Hr:«.mnwmawﬁwnq@gu
.m. | SO60CCrmmmAmmNtctiang u..m - m scattergram be dmawn of the points to use for the computation of Z, in
5 & = y ¢ order to select non.. points really belonging to the descending part of
5 ne8gYsngIragenann m mw 2 m Emgm.nﬁ_gug&énggmg:Aﬂm.d.
Q 5 1 ]
g | 258853223333335323(8 3 & w A versatile program, called ELEFAN II and written in BASIC is available
2 mM L | mnoBn_mgﬁ%v&og?go:g&mbcsg.ﬁﬁﬁo’
2 &2 8 Emaqﬂaaonngorg&gﬂg.ggggﬁa.
3 . 2o sags 24 Smnr??t&&rg&miﬁoaa@ggg~§?§
4 il b o U i B B e -] sample(s) and a pair of growth parameters (L., and K) can be run with the
m SE2IgzEeaas i Mm e M&W.%aﬁaswﬂnF%EMW%»S%&:B&E&FE
® - g us wing gro and mo parameters to be estimated
2| s coooos |3 nm m from the same set of data. The construction of catch curves from length-
m 8| SRe33383333 a3 38 ¢ frequency data can also be done with “pencil and paper” methods, as out-
g o T vt e NN 3 M WM EacﬁgAHgv.
m g 3 M. F Another method of estimating Z from catch data akin to the use of a
. mmm ed catch curve is the construction of a “pseudo-catch curve” (Pauly 1980b).
8 »mm. wm This method is based on the interrelationships between body size and water
ERE: 1 mumm u3 depth on one hand, and catch rates and water depth on the other hand.
¥ .muw SRR PR RN R oA 1 23 5 J.m The method is particularly suited to the derivation of estimates of Z from
& m. m mwm. m data that were gathered for purposes other than straightforward estimation
| 8 a8 of Z.
M m.m crmag-umvsenaag S Faks mwa >Sggg:&oﬁ:ﬁso%_.ons.mo&BnmoaonN.m.nba!
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has been reviewed in Gulland (1969), Ricker (1976), Jones (1977) and else-
where which involves the tagging and recapture of fish. Tagging programs,
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2 3 S
Relative age (yrs)
Fig. 7. A length-converted catch curve, Based on length-frequency data in Fig. 6B and on
growth parameters (L, = 23.5,K = 0.7 and D = 1) as estimated by meens of ELEFAN L.
The term “relative age” refers to the fact that ty is set equal to zero when converting

length to ege. Note that for the computation of Z, one point, too far to the right was
omitted, along with the ascending part of the curve. See also Table 2 and text.

whichcanpmviiemomntyeeﬁmatuinaddiﬂontoesﬁmatuofmwty,
migrations, and data on stock size and identity have been conducted in
conjunction with many tropical stocks. Table 3 summarizes the results of
studies conducted in the tropics and subtropics. Tagging/recapture programs
are generally quite costly (e.g., because of the need to advertise the program
widely,inozdetoobtainamfﬂcimﬂylngembetofmhxms).ltneeds}o
be established whether tagging programs for more than a few key species
should be conducted in multispecies stock investigations.

Natorar MograLtry

Natural mortality (M) is a pameterthatingeneuﬂyexh'emalydi.tﬁ-
cult to estimate, and typically, natural mortality estimates of tropical
fish have been obtained from estimates of total mortality in stocks known,
or assumed to be unfished (e.g., Thompson and Munro 1978; Weber and
Jothy 1977; Pauly and Martosubroto 1980). In a few cases, however, it has
been pomible to obtain time series of values of Z from the same stock, and
to plot these against their corresponding values of effort, with M being
obtained from the intercept of the line fitted to these data. Ricker (1975)
gives the rationale of the method, which also provides an estimate of the
catchability coefficient (q) of the gear in question (see Fig. 8 for an example
from the tropics).
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Tropical multispecies stocks are often exploited, while time series of Z
and effort are generally unavailable, for which reasons M most often cannot
be estimated by any of the conventional methods.

Following an earlier attempt by Beverton and Holt (1959) and others
to identify predictors of M based on comparative studies, a compilation
was undertaken of 175 estimates of M, ranging from freshwater to marine
and from polar to tropical fishes. It was then shown (Pauly 1980c) that
M can bepmdi:tad&omaknowledgeofthemwthpammetmofnsim
stock, and of its. mean environmental temperature (e.g., as estimated from
an oceanographic atlas), the empirical relationship linking these being

log1oM = 0.0066 —0.279 log,, L, + 0.6543 log,oK + 0.4634 log“;'l' 19)

where M is the exponential rate of natural mortality, on a yearly basis, L,
the asymptotic length of the fish in the stock, in cm, K their growth coeffi-
cient (on a yearly basis) and T the mean environmental temperature for the
stock in question, in °C. The equation has a multiple correlation coefficient
of R = 0.847, which is significant (with 171 degrees of freedom, only 0.275
is needed for significance at P = 0.01), (L., and K of equation (19) refer
toD=1),

As discussed in Pauly (1980c), where the data used for the derivation
of this equation are documented, the equation produces reasonable estimates
of M in most stocks, the only exceptions as far as the tropics are concernad
being those values of M pertaining to Clupeidae and possibly to other strongly
schooling fishes, for which mortality is slightly over-estimated by the equa-
tion. Thus, in such cases, multiplying estimates of M obtained from equation
(19) by a factor of 0.8 or so might be appropriate.

The values of M obtained by means of equation (19) are “reasonable” in
the sense that they cannot be very different from the true values, as opposed
e.g.. to estimates based on a plot of Z on effort, which at times can produce
completely erronecus values of M, including negative ones (Ricker 1976 p.
174). On the other hand, it is known that the natural mortality of fishes
varies with age (Boiko 1964) and most probably also with predator abun-
dance (Psuly 1980d, 1982; Munro, this vol., Jones, this vol.). The estimates
of M provided by equation (19) should thus be considered as first approx-
imations pertaining to the exploited phase of a population, under average
conditions only.

Fisuing MozTaLreY

Of the various methods used to estimate fishing mortality, four may be
listed here:

— tagging/recapture studies

— subtraction of M from Z .

— swept-area method in the case of trawlable demersal stocks

— Virtual Population Analysis (VPA) or Cohort Analysis

Tagging/recapture studies are not discussed further in this paper, and
the reader is referred to the reviews mentioned above and to the references
listed in Table 3.
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This method allows for a quick assessment of whether a stock is over-
fished or not, based on the assumption that the value of F which optimizes
F
F+M

yield should be similar to M, or

methods” (Pauly 1980a) provides estimates of growth parameters and of 2,
while the growth parameters, combined with an estimated value of mean
environmental temperature can be used to provide an estimate of M from
equation (19), which is then subtracted from Z to obtain F.

where E., is the exploitation rate which optimizes the yield from a given

stock (Gulland 1971).

Another method of estimating fishing mortality in trawl fisheries is
F=

the “swept area method”, as treated in Gulland (1969). The method can be
X,
A

summarized in one equation, numely

SIRIRIN 0} 01T) AU UV 041 OF HUS ‘MeOAINA sag Y 20§ U0 P

where “a’ is the total area “swept” by the combined effects of all gears of

a fleet (of trawlers), A is the total area inhabited by the stock in question,
and X, is the escapement factor, i.e., the fraction of the fish in the path of

the gear that are actually retained by the net.

:} 9
nds closely with
from equation (19). {The values of Z and f stem

7

3 4

2

s
Effort (million of trawling hours)

Fig. 8. Example of a plot of total mortality on effort for a tropical stock (Selaroides lep-

tolepis, Gulf of Thalland), Note that estimated M (intercept) correspo

value of M estimsted independently,

from Paunly (1880d).]
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Valzes for the escapement factor ranging between 1 and 0.4 have been
proposed and used by various suthors working in tropical multispecies stocks
(Isarankura 1971; Saeger et al. 1976; SCSP 1978; Gulland 1979): these
estimates are commonly based on assumptions of various kinds. Pauly
(1980d) demonstrated that, for the Guif of Thailand trawl fishery, values of
F obtained independently ie., by estimating Z from mean sizes in the catch
in 6 species of fish, and M by means of an empirical equation similar to
equation (19) could, on the average, be made equal to values of F obtained
from equation (20) by setting X; = 0.5 (and X, = 0.5, see below).

The area “swept” by the gear during one unit of effort (a') is estimated
from

g = t-vhX, eer.22)

where t is the time spent trawling, v the velocity of the trawler over ground
when trawling, h is the length of the trawl’s head rope and X, a fraction
expressing the width of the area swept by the gesr divided by the head rope
length. Values of X; ranging between 0.4 and 0.66 are commonly used in
Southeast Asian waters, 0.5 probably being the best guess (Pauly 1980d; see
above for X, ).

Wheeler and Ommaney (19563) have attempted to adapt the swept-erea
method to handlining for large coral fishes. (See also Gulland 1979).

Virtual Population Analysis (VPA) and the related method of cohort
analysis which can be used to estimate F from catch-at-ege data have recently
been reviewed by Jones (1981), who also suggested a version of cohort
analysis suitable for use with catch-at-length data (Jones 1974, 1981).

More recently, Pauly (in prep.) suggested a simple version of VPA analysis
suitable for use with catch.at-length data. Table 4 puts in context the four
related methods that are available for the estimation of fishing mortality
from catch data,

As opposed to VPA and cohort anslysis run with caich-at-age data, the
methods developed to date for the analysis of catch-at-length data do not

Table 4. Showing some properties of 4 methods® for the analysis of sequential catch data.

Iterative, but Direet, but
precise® spproximate Remarks

catchat-agedata  Virtual Population Analysis  Pope’scobkort  single cohorts can
Murphy (1966) snalysis be followed
Gulland (19865) (1972)

catch-at-length Pauly (in prep.) Jones’ length single cohorts can-
data cohort not be followed;
analysis equilibrium condi-
(1974) tions muat be
assumed or
generated by
aversging

programa, implemented on HP 6797 o caleul bis from the
suthor for all four of thess methoda,
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allow for the fate of single cohorts to be investigated, ie., length “cohort
analysis provides estimates of the guerage number attaining each length
during a year, as well as the average numbers present in a length group at any
particulsr moment.” (Jones 1981) [emphasis added, DP].

With this problem in mind, Pope et al. (in prep.) have developed a BASIC
program (ELEFAN III) which allows for the use of catch-at-length data
in VPA. In this program, the growth parameters of the stock in question
(e.g., as obtained from ELEFAN I) are used in conjunction with the catch
data arranged sequentially in time to define, in a first step, series of cohorts
“sliced” from the catch-at-length data. Then VPA’s are run for each of these
(arbitrary) cohorts, which leads to the identification of recruitment peaks,
i.e.,, which allow for the definition of ‘“real” cohorts, composed of fish
recruited at approximately the same time. The program then allows, in a
final step, for running VPA's on whichever cohorts have been identified
as “real”, the crucial advantage of this approach over the two length-struc-
tured models in Table 4 being thet an equilibrium situation need not occur,
i.e., the decay of single cohorts can be followed over time. The program, it
may be mentioned, can accommodate seasonally oscillating growth in length,
and may thus be used also with temperate fishes.

Stock Sixe, Production and Intrinsic Rate of Increase

EstiMaTmvG STock S1ze

A plethora of methods are available to estimate the stock size of fish,
a partial list being:

— tagging/recapture methods (see above)

— acoustic methods

— egg and larval surveys

— swept-area method

= VPA and cohort analysis

— De Lury’s method

— interrelationship between catch, fishing mortality and standing stock

Acoustic methods are not reviewed here, and the reader is referred to
Forbes and Nakken (1972)

Egg and larval survey, in the tropiu,genemllycannotbeusedtowtmte
(spawning) stock size because of the extremely short development time of
most eggs (most often less than 10 hours, see Delsman 1972), which renders
quasi-synoptic surveys of the spawning grounds extremely difficult to con-
duct.

The swept area method, which was discussed above in connection with the
estimation of F can obviously also be used to estimate stock sizes (B), i.e.,

B {&f-A ....23)
a - x,
where ¢/f is the mean catch-per-effort obtained during a survey (or within
one stratum of a survey), and A, a’ and X, are defined as in equation 21
and 22).
VPA and cohort analysis (including the versions for use with catch-at-
length data) can be used to estimate absolute population sizes; in fact this
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Table 5. Succeszive szmple sizes of reof eels (Kaupichthys Ayoproroiies) from an isolated
Bahamian patch reef,*

Samples No. of fizh collected Effort®

A

B

C
D+B

'.’B'r:‘u: prrighre (8ld cumees of comiiiiod rotezcos pplisd from a plastic squecte bottle.™
is one of the reasons why the methods have become so popular. The reader
is thus referred to the discussion of these methods, presented sbove in
conjunction with the estimation of fishing mortality.

The two last methods for stock size estimation seem particularly suited
for use in coral reef fish populations. The first of these is De Lury’s method
of plotting catch-per-effort on cumulative effort in such cases where the
reduction of a population by fishing is 50 rapid that the effects of recruitment
or natural mortality can be neglected.

In such cases, eg., when sampling is done with repeated rotenone applica-
tions, the plot yields estimates of initial population generally higher than
those obtained by simply edding up all sampled individuals (i.e., by assuming
that all fish were removed). An example of this approach is given in Table §
and Fig. 9.
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4 i I 3 i It 1 Il 1 1

4 3 6 7T 8.9 WV N 2 B e 15 ©
Cumulative no of reef eels collected

Fig. 9. Example of & DeLury plot from tropical waters: successive catches and cumulstive
catehes of resf ocls in & Bahamian reef patch. Based on data in Table 5. Sce Ricker (1975)
for details on the method,

As documented by various authors (see reviews by Ehrlich 1975, Goldman
and Talbot 1976, Russel et al. 1978) coral reef fish communities are ex-
tremely difficult to sample quantitatively. Thus, in reef stock assessment,
emphasis should possibly be given to sampling catches and performing
detailed analyss of these data to obtain estimates of F by means of one of
the methods outlined above, and to estimate mean standing stock size (B)
from the relationship

B= oo, 24)

e

B i ot e S T

L b b R T i e

t e

e g4

T Y
e b gt

PP

55

where C is the annual cstch from the reef in question, and F the estimated
fish mortality. This equation, incidentally, was used by Sekharan (1974)
to mmmmammmmmumr_mmm)m»
dines (Sardinella longiceps) of the West Coast of India.

Probpucrion

Production (P) is defined 2s “the tota! elaboration of fish tissue during
any time interval At, including what is formed by individuals that do not
survive to the end of At” (Iviev 1968).

Allen (1971) has shown that production, in equilibrium situations, can be
estimated from

P=2Z-B ....26)

where B is the mean annual standing stock and Z is the total mortality, as
estimated by one of the methods outlined above. (Other, more sophisticated
methods are available to estimate production, see Chapman 1978 a, b).

Equation (26) shows that production can be also defined as the sum
of the catch plus the weight of all fish that died of natural causes or

P=(P-B)+(M-B) ....26)

Regrettably, little information is available on the production of tropical
marine fishes; what little data there are on tropical fish production stems
from freshwater systems (Durand 1978; Welcomme 1979). Thus, it re-
mains to demonstrate that production can be tumed into a concept useful
for tropical marine stock asseszment, eg., for comparative studies of various
systems (see Marten and Polovina, this vol.).

InTrNSIc RATE OF INCRRASE

The intrinsic rate of increase (z_, ) of a population or stock is a parameter
which only ecologists use explicitly (see e.g., Odum 1971, or Ricklefs 1973).
However, this parameter is tmplicit in the parabolic surplus-yield or Schaefer
model (Schaefer 1954, 1957) i.e.,

Mgy = f2 B ceel2)
where Maximal Sustainable Yield is defined as the product of the intrinsic
rate of increase of a population, times the carrying capacity of its habitat
(By,) divided by 4 (see also Ricker 1975, p. 315).

Thus, when an estimate is available of the virgin biomass of a given popula-
tion (B,, or B, in Gulland 1971) and when it is legitimate to set B_, = B, (it
is not always the case, see Pauly 1979a or May et al. 1979), all that is needed
to obtain a preliminary estimate of MSY is a value of the intrinsic rate of
increase (rp ) of the population.

Blueweisa et al. (1978) partly based on earlier data in Fenchel (1974)
and Smith (1954) haveshown thatr,, , in animals and various emall organisms
is closely related to “sdult” body size, and presented a log/log plot of
Iy against mean adult body weight (%) spanning 22 orders of magnitude (!)
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and ranging from virus (T-phage) to deers (Fig. 10). Blueweiss et al. (1978)
also suggest that the product of 1, and W “is an estimate of the maximum
possible rate of production” which seems to be a point worth investigating
further in future production studies.

As the data used by Blueweiss et al. (1978) contained only two fish
(Blueweiss pers. comm.) namely Gadus morhua and Sardinops caerula (No.
11 and 12 respectively on Fig. 10), 6 new fish stocks have been added or_xto
their graph as well as 4 estimates of r,, and W pertaining to whales, which
extends the graph to a span of 24 orders of magnitude (Fig. 10). The data
used and mode of computation of the r, and ¥ values are presented in
Table 8. Quite clearly, r, and W values are strongly correlated; this pertains
both to the data pairs of Blueweiss et al. (1978) as well as to the 10 new
pairs added here. In fact, there was no need to recompute the regression
equation presented by Blueweiss et al. (1978) which states, when ry, is
expressed on a daily basis, that

r =0026-w ¢ ....28)

(2 = 0.90). Combining equation (27) and (28) and converting to the year
as time unit we obtain

MSY ~ 23-w °.B,

Fig. 10. Relationship between the intrinsic rate of increase of various organisms (mainly
ankmals) and their adult body weight. Modified from Blueweis et al. (1978) and Blue-
welsm (pers. comm.). The open squares were added from Table 6, which is based on 1,
values that were readily avsilable, and not on values selected for their good fit to the line,
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Table 6. Estimstes of the intrinsic rate of increass (r,) obtained from fished stocks®, as -

compared with those obtained from mean adult weight (w)® and the empirical plot of 2,
on w given by Blueweiss et al. (1978).

MSY _
No. Species By, 0r Ny (per year) rg £

Lebistes reticulatus 32 g 63.3 7.91 7.62
Tilapic mossambica 10 kg 11.38 330
Saurida undosquami® - - 2.30 240
Gaodus morhuo 8,800 ¢ 85.0 0.500 0.88
Hippoglossus hippoglossus 166 million 1b 288 0723 0.47
Thunnus obesus 300 thousand tonnes 82.5 L10 0.47
Humpback whale 95 thousandindiv. 3.0 0.126 0.100
Sel whale 160 thousmand indiv. 50 0.133 0.091
Fin whale 375 thousand indiv. 10.0 0.107 0.083
Blue whale 150 thousandindiv. 36 0.098 1 0.076

(- -R- RO N- NN W NN

-

Wmmwnhmtﬂﬂ (MSY « 4 | By, oF Ny, ), and B, (03 Ny, ) and MSY
data given in Silliman and Gutsell (1558). SMimaen (1975), Garrod (1977, Fig- 39), Rothachfid end
Suda (1877, p. 823 and Fig. 68), Allsn and Chapman (1977, Table 58), for all stocks excapt oo, 2

buadult body size” (W) b 20t defined in Bluswelm st sl (1978), definition uzed here s W=
w,»wmmmw,h*ammnucnumotm
weight reachad by the oldest ¥3 of a stock, The Wp, and W, values computed
from dats in Nozman and Prasse (1963), Schubert (1962), und Olsen (1968, Gazrod (197T),
S{liman and Gutssll (1958), SZBman (1978) and Gostine and Brock (1965).

CThs valus of 1, in 8 uad {s was estimated from a logistic Dop srowth curve bamd
on Fig. 8D bn Ben-Yami and Glaser (1974).

which can be used to obtain first approximations of MSY when virgin stock
size and mean weight (W, in g) of the adult of that stock are known, W being
defined as the mean of the weight at first maturity (W, ) and the maximum
weight of the fich in the stock (Wgey ).

Theremltsobhinedbymmsofthisequaﬁongenmnyeompmwen
with those obtained using Gulland’s (1971) widely-used relationship

MSY = %-M- B, «...30)

An application of equation (29) follows:

Thompson and Munro (1978) gave the following data for the Caribbean
grouper Epinephelus guttatus: natural mortality = 0.68; TL_., in cm = 53.7
{corresponding to W, = 2,324 g); approximate weight at first maturity =
243 g From these data, “adult body weight” (W) as defined above was
estimated to be 1,284 g, which, when inserted into equation (29) and assum-
ing virgin stock (B, ) of one arbitrary unit, provides an MSY estimate of 0.36
per year. Equation (30), on the other hand, used in conjunction with M =
0.68 and the same virgin stock size of one arbitrary unit gives MSY = 0.34,
which is very close to the first estimate.

Obviously, the advantage of equation (29) over equation (30) is that no
estimate of natural mortality is required, which makes the application of
equation (29) to little-investigated stocks rather easy. In practice, however,
thebwpmeednmwmbewmbothequaﬁonswhmpodblebewm
two independent estimates are always better than one.
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Recruitment

EstanLisMxnt of Srocx-REcR urrMENT ReLATiONSHIPS

Alth recruitment is an extremely important parametez, its estimation
and &:n::abliahmmt of “stock-recruitment relationships” are extremely
difficult. This is true particuladly for pelagic stocks which are both more
difficult to sample quantitatively andwhﬁmaﬂydisphyyeﬂgyen-
to-year variability in abundance than demersal stocks (see contributions in
Parrish 1973).

Very little work hss been done on the Mck-reauitmen? relationdﬁpa
of tropical fizhes (but see Murphy, this vol. and contributions in Saville

Table 7. Data for the establishkment of & stocksecruiiment relstionship In the falss trevally Lectarius
loctarius trom the Gulf of Thalland (adapted froe Peuly 19304d).

Year sock 1963 1968 1967 1963 1969 1970 1971 1973
Piabing mortality [ 023 064 087 109 112 118 193 238
Yhuoo:cm' - 337 581 6x 6.39 638 6.7 ‘g.‘:o t.g

stockd 2087 1377 4313 e 191 20.8
Summm et 239 292 138 303 903 158 6885 6.90
*1n grape.
bin thousand toanes

Mitiions of Recruits (R)
300

- 0001067 P
1966 Re0.886 Pe
F =0.833, Py =937, Ry 306

200 |

150 -

AN

Virgin stock (P,)

%00 1000 1500 2000 2660 (1031
Spawning Stock (P)

Fig. 11 Stock-recruitment relationship in the false trevally Lactarius lactarius from the
Gulf of Thailand (from Pauly 1880d).
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1980, and Sharp 1980) one of the main reasons for this being the lack of
data that could be used for this purpose.
This has prompted several authors to use very indirect messures of recruit-
ment (see e.g., Munro, this vol., or Pauly 1980d, 1982). The method used by
the latter author involves the following steps:
a) estimation of growth and natursl mortality parameters, using one of
the methods above

b) computation of yield-persecruit for each level of fishing mortality
(i.e., for each year)

¢) division of the calculated yield-per-recruit into the catch to obtain
recruit numbers

d) plotting of estimated recruit numbers on parental stock or on predator
stock or both,

The main drawbacks of the methods are steps (b) and (¢) which violate
important assumptions of the yield-per-recruit model of Beverton and Holt
(1957), such as the asumption of an equilibrium situation in which a
certain level of F has been operating long enough for the multi-aged popu-
lation to have stabilized. Thus, when using this method to derive recruit-
ment estimates, a bias is introduced in computing the yield-per-recruit.
The magnitude of this bias increases with the inter-year changes in F, and
with the lifespan of the fish in question.

Many tropical fishes, however, have short life spans and high rates of
natural mortality (Qasim 1973b; Banerji and Krishnan 1973; Pauly 1980¢).
For these reasons, the biomass of a cohort generally peaks a few months
aﬁerhatchma,whichreaﬂta,whﬁahingiscomntovatbeym,in
a year's catch roughly comresponding to the actual yield-per-recruit for
that year multiplied by the number of recruits produced in that year, to
the exclusion of the remnants of older cohorts. This would then justify
the operation described above.

Table 7 and Fig. 11, adapted from Pauly (1980d) shows results obtained
by applying this approach to the false trevally, Lactarius lactarius from the
Gulf of Thailand.

Murphy (this vol.) discusses some of the problems associated with this
method and suggests an altemative explanation to some results obtained
by applying it.

Rzcrurrmerr Parreans

Inaddiﬁontnthennmbeuofmuitxproducedwi&hagivenﬁma
interval (e.g., a year) an important aspect of recruitment is its structure
within that interval, ie., whether recruitment is discrete or continuous.
Tropical fishes are reported by many authors to have very protracted spawn-
ing seasons (e.g., Qasim 1973a; Weber 1976; Nzioka 1979; Goldman 1980),
but the question has rarety been asked whether this protracted spawning
wnhhachaﬁtymaﬁchedbynoomq)ondinglybns“remﬁunmt
season” (see Sharp 1980 for the concept of recruitment “windows”, open
during only brief periods of the year).

Clearly, recruitment even tropical fishes must oscillate seasonally,
since year-round recruitment would generate size frequency distributions
lacking peaks and troughs. Conversely, by projecting a set of length-frequency




DA

NA )
X
\ e
=
AN
5 3

0O - ®w ¥ & 0 @ w ® e 8
T T
: A

% 0 J f ¥ A W 4 4 A 3 O N O J F M A M J I A 30O

Fig. 12. Recruitment pattern in Leiognathus bindus. Note that the time scale implies that
to = 0, which most certainly doemn’t apply. Thus, only the shape of the recruitment pat-
tern is conzidered, not its position on the time axis. The growth parameters used for pro-
jecting the length-frequency dataare Lo = 12.2 cm. K = 1.3 and D = 1 (ESP/ASP = 0.804°
as estimated by means of ELEFAN I from data in Balan (1967).

data backward onto the time axis (by means of growth parameters) down to
zero length, one can obtain a frequency distribution reflecting the “pattem
of recruitment” of a stock (see Fig. 12). A procedure generating such “pat-
temns of recruitment” has been incorporated into the ELEFAN II program.
One first result obtained with this new approach is that, although it seems
continuous (i.e., ocourring over the whole year), recruitment to the stocks
hitherto investigated is often distributed normally, with one or two peaks
per year. The position of the peak(s) when adjusted to real time by means of
a value of t, thus indicates the time(s) of the year when recruitment is most
intense, and this should generally correspond to the ‘‘peak” spawning
season(s).

A standard deviation can be calculated for recruitment pattems, which
is related to the width of the annual recruitment “‘window'’. Therefore, the
standard deviation of recruitment pattems can be used to classify these
according to the recruitment strategy they express (Fig. 13). Howewver,
the standard deviations of recruitment pattems are also related to the
longevity of the investigated fishes, i.e., to the degree of blurring that occurs
because the individual fishes, as they grow older, increasingly deviate from
their predicted length for age. This effect can be easily countered by plotting
the standard deviations of fishes with one single, very distinct spawning
season (open dots in Fig. 14) against their estimated longevity. The resulting
regression line (dotted in Fig. 14) is then shifted upwa:dandunedto separate
fishes with one recruitment season (fish nos. 1-6, 11 in Figs. 13 and 14) from
those with two recruitment seasons (fish nos. 8,10, 12-14 in Figs. 13 and 14),
leaving one fish (no. 9) with an undefined status. This analysis is very pre-
liminary and will be expanded and validated when more data on recruitment
patterns become available,
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Fig. 18. Recruitment pattoms in 14 stocks of fishes whose growth parameters were esti-
mated by means of ELEFAN L. Note incresse in standard deviation from Leiognathus
bindus (s.d. = 1.26) to Ambassis gymnocephalus (s.d. = 2.89), with corresponding shift
from 1 to 2 recruilment sessons. Source of length-frequency data: Balan 1967 (1),
Goeden 1978 (11), Tamurs and Houma 1977 (2), Marquez 1960 (4) and Zicgler 1979
(3,5,6,7,8,9, 10,12, 13, 14).
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strategies,

different recruitment

The study of recruitment pattems, such as briefly sketched here seems
very promising. Most probably, recruitment patterns will, among other
things, allow for a quantitative estimation of the relative impact of various
environmental factors affecting the recruitment of tropical fish. Particularly,
it will become possible, by comparing the relative intensity of recruitment of
major va. minor recruitment peaks (when two occur per yesr) to quantify
the effects of the two monsoons which for a long time have been suspected
to be major determinants of fish spawning and recruitment (Weber 1976).

Summary

— Methods used for investigating the population dynamics of tropical
stocks should concentrate on growth, mortality, stock size and recruit-
ment. They should be chesp and rapid, yet produce reliable resuits.

— Aging of fish by means of skeletal structures should concentrate on
“annuli” only when large (i.e., long-lived) fishes are investigated. In
fishes with short life span (ie. in fishes that remain small) aging
should be done by using daily otolith structures. As this method is very
tedious, it should be used mainly to validate and complement growth
estimates based on the analyeis of length-frequencies.

— The von Bertalanffy Growth Pormula may be used for modelling the
growth of tropical fish, but workers should be aware of the assumptions
involved in the derivation of the formula’s two versions, and of season-
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ally oscillating growth pattemns, which may occur even in the tropics.
— Length-frequency data can be used to reliably estimate the values of the
growth and mortality parameters of well-sampled populations. The
work can be considerably facilitated by using new computer programs
designed for these purposes (ELEFAN I and II). The second of these
programs can also be used to generate “pattemns of recruitment”.
— When combined with catch data, length-frequency data can be used to
generate catch-at-length data which can be used for Cohort or Virtual
Population Analysis, to which several new approaches are available.
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Discussion of Dr. Pauly’s Paper

The discussion concentrated around five points: clarification concerning
the generalized VBGF, the reliability of growth parameter estimates based
on ELEFAN I, the relationships relating r,, and body weight, recruitment
patiemns and the relationships between single-species and community dyna-
mics.

Concemning ELEFAN L, Mr. Jones pointed out that in fish which can grow
to an old age, theve is a real danger of peaks overlapping each other to the
point of being indistinguishable. Dr. Pauly fully agreed with this and pointed
out that the method in general should not be used in conjunction with fishes
known to reach ages beyond 4 to 6 years, unless the available length fre-
quency samples are extreordinarily well-etructured. Several participants
suggested statistical and mathematical techniques suitable for improving
ELEFANL

Concerning the relationship between r, and body weight (Table 5 and
Fig. 11 in Pauly’s paper), Dr. Sainsbury pointed out that the identity of
estimates of r, based on numbers and with that of estimates based on bio-
mass has never been demonstrated, and suggested that considering these
estimates to be equal is “at best sloppy and at worst completely wrong.”
Concemning this same relationship Dr. Gulland and Dr. Marten pointed out
that the scatter of the points is, for any range of body weights too large for
the relationship to be of much help. Pauly held to the usefulness of the rela-
tionship, despite its shortcomings.

The relationship between single-species and community dynamics was
discussed, especially by Dr. Marten, He suggested that there are systems (e.g.,
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vmm)hmwmmmvﬁmm@qw@mwnm
ll::tacouﬁuned when the dynamics of the overall stock is investigated. A case
in point is that emall fishes in hhvmﬁammmdhh:vghw
mmomnmthmhlzaﬁshes(andhencecmxldbeexpec?edt.owm
heavy fishing) yet collapsed rather rapidly when exploitation increased. It
was suggested, however, that this might have been due to the stock having
been maintained “fully exploited”’ prior to the onset of any fishery.
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Abstract

hepmumofpmmmnbmnlmfmhaiumdw
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Wole@ﬂﬁshlﬂhwﬂmmwﬂnmnhmﬂ
Mhmmaw&-ﬁqﬁmyda‘oﬂmt&obmom
tunities for producing usable estimates of fishery parameters. Daily growth
rhahoﬂﬂhnlmboﬂamﬂmtopmmwtordewmmum
o:mmmmmumawm
mmhmwﬁomm&ofmmwdcﬂnﬁﬁwm
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assestment of tropical maltispecies stocks.

Introduction

Our knowledge of the fishery biology of coral reef fishes stems primarily
&omﬂ:mmajorsbxdb:thouo(&:dsd:andeo—workmin&emnds
(1957, 1958), Randall in the U.S. Virgin Islands (1962 and 1963) and Munro
and co-workers (1973-1980) in Jamaica. Additionally, Negelkerken (1979)
has undatakenumnjorlhldyofthemallmuper.Eplmpheha(-Pean
topon) cruentatum around Curecao. For the Indo-Pacific region I am aware
of no large-scale studies which have yet been completed. The contributions
by Goeden (1978) and Lebeau and Cueff (1975) appear to be among the
few studies of any of the larger specics of Indo-Pacific reef fishes.
nembrthepadtyofdatammdydmple.%mlreeb
minhabitedbymenomomdiveﬁtyofhmhblaanhnﬂ:.pﬂncipaﬂy
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