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i

The ELEFAN software, short for Electronic Length-Frequency Analysis, was created from 1979 to 1981 by Daniel 
Pauly working at the international Center for Living Aquatic Resources Management (ICLARM), Manila, Philippines. 
I was one of those lucky enough to access and use it in the early 1980s, applying it to many populations of fish 
and shrimp while I was working for the Kuwait Institute for Scientific Research (KISR). Our Kuwaiti team tested 
ELEFAN extensively and compared assessments based on fish aged from otoliths structures with the results of the 
new length-based assessment methodology incarnated by ELEFAN. We concluded that ELEFAN and traditional 
age-based assessments gave closely matching estimates of growth and mortality parameters for ten commercially 
important species of Arabian Gulf fish. Moreover, the estimates of growth and mortality provided by ELEFAN for 
three species of commercially important Gulf shrimp were more reliable than with alternative length-based methods, 
notably because these alternative methods did not consider seasonal growth oscillations, which are, off Kuwait, as 
strong as in Senegalese waters. Finally, the assessments performed with ELEFAN over a period of 6-7 years were 
temporally more consistent than those obtained by traditional methods, and thus our Kuwaiti team concluded that 
ELEFAN was the most useful, flexible and robust size-based stock assessment tool then available. 

ELEFAN was the first fisheries assessment tool developed entirely in a tropical developing country environment, 
to meet specifically the biological and economic challenges in these countries (nowadays called the “South”). In 
particular ELEFAN was designed to be a stand-alone application, not requiring an IT person for implementation 
— as was then the case for most other software. In the early 1980s, spreadsheets were still being developed, and 
thus the early versions of ELEFAN included many subroutines for data manipulations which are now commonly 
performed using spreadsheets. The present version omits most of these subroutines, the remaining one being tricky 
to implement on spreadsheets.  

ELEFAN and all other size- and age-based computer applications were reviewed at the Symposium on “Length-
Based Methods in Fisheries Research” in Mazzaro del Vallo, in Sicily, Italy, whose proceedings were later published 
by ICLARM and KISR. This then led to the joint production by ICLARM and FAO of a DOS-based package of very 
widely used fisheries assessment programs building on ELEFAN and called FAO-ICLARM Stock Assessment Tools 
(FiSAT). Later, FiSAT II was developed to operate in the Windows environment, but it never achieved the widespread 
success of the original FiSAT software, because it excluded many routines which users of earlier versions had 
found very useful, and perhaps more importantly, because it had ceased to be user-friendly. 

Soon after the USAID/COMFISH project was started in February 2011, it became clear to us all that there was 
a critical lack of a cost-effective, timely and robust assessment tool to assist in implementing the bottom-up 
‘Participatory Fishery Management Plans’ (PFMPs) that are currently being set up in Senegal by the Département 
des Pêches Maritimes. Each PFMP requires periodic updating and this will have to be done at the local level. 
Clearly, this will not be possible using traditional stock assessment methods.  

Thus, we contracted Daniel Pauly, the creator of ELEFAN, now at University of British Columbia, to update ELEFAN. 
The results is ELEFAN in R, a new stand-alone size- based stock assessment tool, with all the advantages of the 
old ELEFAN and FiSAT, and none of the superfluous add-ons, that would regain the flexibility, robustness and 
user friendliness of the original.  Like the original it is based on, ELEFAN in R was developed for use in 
developing countries, but can be used in all countries. 

An early version of ELEFAN in R was tested at a workshop held in June 2013 at the Institut Universitaire de 
Pêche et Aquaculture (IUPA) of the Université Cheikh Anta Diop, Dakar, Senegal, by Dr. Alassan Sarre and his 
team of young graduate students and staff. Each of them led one of the stock assessment groups which applied 
ELEFAN in R to the size-frequency data of key Senegalese species which IUPA and COMFISH had gathered during 
the previous year. It can be hoped that ELEFAN in R as presented in this volume will help revive the flagging 
cause of size-based stock assessments. 

Users of the first version of ELEFAN will remember the opening screen which showed three elephants 
trotting across from left to right, trunks holding onto tails: symbolic of the sense of fun, and of the hardworking 
and highly focused ethos of ICLARM in its best years. ELEFAN in R is an extension into the here and now of 
this friendly, creative, highly professional and always constructive spirit.

Chris Mathews
Technical Leader 
USAID/COMFISH,
February 2011 to June 2013.

Foreword





iii

The new release of the ELEFAN (Electronic LEngth Frequency ANalysis) system presented here is written as a self-
contained software in R, a popular open-source programming language.  This version of ELEFAN allows limited 
manipulation of length-frequency (L/F) data, its main input, then use these L/F data to estimate the parameters of 
the von Bertalanffy Growth Function (VBGF), with or without accounting for seasonal growth oscillations. ELEFAN 
in R also allows for estimating total mortality (Z) from a catch curve, the drawing of annual recruitment patterns 
and the output of yield-per-recruit (Y/R) and biomass per recruit (B/R) vs. fishing mortality.  The graphic user 
interface that was developed for navigating between the different routines required for estimation of the VBGF’s 
parameters, and for analyses requiring these estimates, is presented in form of screenshots, along with the basic 
principe behind each of each of these routines, and their input and output. 

To facilitate the use of this new version of ELEFAN, a historic review of methods for the analysis of L/F data for 
estimation of growth and related life-history parameters of fish and aquatic invertebrates is presented along with the 
ELEFAN approach and software system. Emphasis is given to methods for the estimation of asymptotic length 
and K of the VBGF, including the frequent cases where growth oscillates seasonally, and on the ELEFAN tools 
with which such curve can be fitted to L/F data. Length-converted catch curves are also discussed, again with 
emphasis on the effect of seasonal growth, and of their use for estimating probabilities of capture, and hence, for 
the (partial) correction of L/F samples for the effect of gear selection and incomplete recruitment. Application 
examples are provided highlighting various aspects of the ELEFAN system.

It is hoped that this new release will lead to a renewal of work on length-frequency analyses in support of fisheries 
management, which declined in recent years, even though the need for such analysis has increased.  We also hope 
that the existence of a version of ELEFAN in R will encourage the development of related tools for L/F analyses.

executive Summary
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The eLeFAN SySTem For ANALySiS oF LeNgTh-FrequeNcy DATA From 
FiSh PoPuLATioNS

Daniel Pauly

AbSTrAcT

A review is presented of methods for the analysis of length frequency (L/F) data for estimation of growth and related 
life-history parameters of fish populations (including aquatic invertebrates), with emphasis on the ELEFAN software 
system. Details are provided on methods for the estimation of asymptotic length and K (of the von Bertalanffy 
growth function), including the frequent cases where growth oscillates seasonally, and on the ELEFAN software 
system, with which such curve can be fitted to L/F data. Length-converted catch curves are also discussed, again 
with emphasis on the effect of seasonal growth, and of their use for estimating probabilities of capture, and hence, 
for the (partial) correction of L/F samples for the effect of gear selection and incomplete recruitment. The method 
for construction of annual recruitment patterns are provided, as are equations for yield-and biomass-per-recruit 
analyses. Application examples are provided which highlight various aspects of the ELEFAN system.

iNTroDucTioN

The growth of fish and aquatic invertebrates is crucial for estimating their productivity, and thus their response 
to fishing, as for example in yield-per-recruit (Y/R) analyses. Fishes in subtropical, temperate and polar areas of 
the world can be straightforwardly aged and hence growth curves drawn, mainly because their hard parts, notably 
otoliths, have annual markings (growth rings), just like trees in temperate forests.

Such annual rings are not evident in tropical fish where the winter summer difference is less than about three 
degrees Celsius (Longhurst and Pauly 1987), and neither are such annual rings laid in shrimp, other crustaceans and 
a number of other commercially exploited invertebrates, whether tropical or not. For these, length-based methods 
are often used for estimating growth and deriving growth parameters, in particular those of the von Bertalanffy 
Growth Function (VBGF; see Appendix I for symbols and acronyms).

An additional reason for this is that length-frequency data are relatively cheap and easy to acquire, with vast numbers 
of them, published and unpublished, available both for tropical fish and commercial invertebrates the world over. 
Initially, the derivation of growth parameters from length frequency data was done by ‘eyeballing’ (see, e.g. Munro 
1982). However, with the advent of personal computers in the late 1970s, computer-based methods were quickly 
developed for fitting growth curves onto length frequency data (see contributions in Pauly and Morgan 1987, and 
Munro 2011). One of the most successful developments in this regard was the ELEFAN (Electronic LEngth Frequency 
ANalysis) software, originally presented by Pauly and David (1980). The robust, non-parametric ELEFAN approach 
(see below) had numerous incarnations, notably a version for Apple II computers (Brey and Pauly 1986) and one 
for mainframes operating in FORTRAN (Thiam 1986, correcting Sims 1985), the Compleat ELEFAN (Gayanilo et al. 
1988; Gayanilo and Pauly 1989), the FAO- ICLARM Stock Assessment Tools (FiSAT; Gayanilo et al. 1996; Gayanilo 
and Pauly 1997), and FiSAT II (Gayanilo et al. 2005).

Like many other software, the packages incorporating ELEFAN, which originally were rather lean, became bloated 
over time and saddled with an apparatus of routines, some useful, many not, which made their use increasingly 
cumbersome, not to mention the maintenance issues.

Here, we present a new version of ELEFAN reduced to its essential routines, and re-issued in a modern programming 
language (R). Given appropriate length-frequency data, the routines herein allow the estimation of a set of growth 
parameters, i.e., asymptotic length (L∞) and the curvature parameter (K) of the VBGF, which may or may not consider 
seasonal growth oscillations. This then allows for the derivation of length-converted catch curves (see below) from 
which total mortality (Z) can be derived and fishing mortality (F) obtained by subtraction of a reasonable estimate 
of natural mortality (M). Catch curves also often allow inferences on size-related recruitment to fishing grounds and 
on selection by the gear which generated the length-frequency data at hand, which therefore can often be at least 

1 Cite as: Pauly, D. (2013) The ELEFAN system for analysis of length-frequency data from fish and aquatic invertebrate populations. pp. 1-25. 
In: D. Pauly and A. Greenberg (eds.) ELEFAN in R: a new tool for length-frequency analysis. Fisheries Centre Research Reports 21(3). 
Fisheries Centre, University of British Columbia, Canada.
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partly corrected for incomplete recruitment and/or incomplete gear selection. Also, annual patterns of recruitment 
can be inferred from L/F data and growth parameters. Finally, plot of yield per recruit (Y/R) and biomass per recruit 
(B/R) can be plotted against fishing mortality (F) or exploitation rate (E=F/Z).

This minimalist version of ELEFAN is actually what most people use, while the more complex routines of the 
Compleat ELEFAN and FiSAT have hardly ever been used, though they yielded nice results when they were (e.g., 
Pauly and Navaluna 1983; Pauly and Palomares 1989; Del Norte and Pauly 1990). Thus, we encourage readers who 
are conversant in R programming to recreate these routines in versions compatible with the package presented here.

In the following, the logic is emphasized that ELEFAN uses for identifying peaks and troughs in samples of length 
frequency data and fitting growth curves to ‘restructured’ length-frequency data.

hiSToricAL bAckgrouND

Dedicated fisheries research emerged about 130 years ago, mainly in countries bordering the North Atlantic 
(predominantly the North Sea area), following the introduction of the first steam trawlers in 1880, and the decimation of 
coastal fish populations (especially around the British Isles) caused by their deployment (Went 1972; Pauly et al. 2002; 
Roberts 2007). This had the effect, among other things, that research on cod and other relatively long-lived fish became 
paradigmatic for the field as a whole (Cushing 1983; Gulland 1983; see also Ricker 1975; Hilborn and Walters 1992).
When fisheries research — on the heels of the fisheries themselves (Swartz et al. 2010) — expanded after World War 
II to the developing countries of the ‘Third World’, many of the basic methods of temperate fisheries biology turned 
out to be inapplicable to tropical fishes (Menon 1953; Qasim 1973a), or at least appeared so (Longhurst and Pauly 
1987). This is especially true of methods for aging individual fish, 
which, being based predominantly on ‘annuli’ on scales, otoliths and 
other bony structures of fish, proved difficult to apply to tropical fish 
in which seasonal fluctuations of their environment are usually less 
marked than in temperate waters (Longhurst and Pauly 1987). Thus, 
fisheries biologists working on tropical fish prior to Pannella’s (1971) 
discovery of daily rings as ubiquitous features of tropical fish had to 
rely predominantly on tagging, or on length-frequency analyses to 
draw inferences on the growth of fish.

Methods using length-frequency data to infer the growth patterns of 
fish can be traced to the work of Petersen (1891), who developed two 
basic techniques (Fig. 1). The first of these, the ‘Petersen method’ 
(sensu stricto), consists of the analysis of one sample at a time, with 
different (relative) ages being attributed to the fish comprising the 
prominent modes of a sample (Fig. 1A). Graphical, semi-graphical 
(Harding 1949; Cassie 1954; Tanaka 1956; Bhattacharya 1967) and 
computer-based methods (Abramson 1971; Yong and Skillman 
1971) for the separation of single samples into size groups were 
used for this, often with mixed results (Mathews 1974). All of these 
methods assumed the components of the distributions investigated 
to be normally distributed, an assumption which has been shown 
not to apply in a number of cases where it has been put to test (see, 
e.g., Morgan 1987). The separation of length groups (even when
computer-aided, e.g., Hasselblad 1966; Macdonald and Pitcher 1979;
Pauly 1987) and the attribution of ages to these length groups are
two distinct steps; the latter is purely arbitrary when no additional
information on recruitment periodicity is available and can be very
misleading when two recruitment pulses occur per year while only 
one is assumed (or vice versa) as is common in the tropics (Pauly and
Navaluna 1983; Longhurst and Pauly 1987).

The second of the techniques pioneered by Petersen (1891), later 
called ‘modal class progression analysis’, involves the use of several 
samples collected at different times, whose modes or the means of 

Figure 1.  Basic principles involved in traditional 
methods for length-frequency analysis (from Pauly 
et al. 1984): A) Application of the Petersen Method 
(sensu stricto) to a length frequency sample. Note 
that the time separating peaks must be assumed, a 
difficult task in animals which may or may not spawn 
and recruit several times a year; B) Application 
of modal class progression analysis to a set of two 
samples obtained at known times (B=t1; C=t2). Note 
that the problem here is the proper identification 
of peaks to be interconnected, not that of time 
separating modes (as was the case in A).
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their component distributions are linked in a fashion thought to 
represent growth (Fig. 1B-C). Various eyeballing methods exist for 
combining the two techniques. One, called the ‘integrated method’ 
was proposed by Pauly (1978, 1980a, 1983a; also see Fig. 2).

The Petersen method sensu stricto and modal class progression 
analysis were used rather extensively in the beginning of the 
century in the North Atlantic area, notably by Fulton (1901) and 
other authors cited in Thompson (1942). Indeed, the latter was 
so convinced of the superiority of length-frequency analyses in 
growth studies that he rejected the results of E. Lea (e.g., Lea 
1911, 1913) who, based on annual rings on scales, was able to 
elucidate major aspects of the life history of North Sea herring. 
The conflict between D’Arcy Thompson (who was quite wrong) 
and Lea delayed major advances in European fisheries research 
for at least a decade (Went 1972) and may be one reason why 
many fisheries biologists working in temperate waters became 
reluctant to rely predominantly on length-frequency data when 
conducting growth studies.

In this, the pendulum swung too far, considering that most 
growth studies published in major journals omit the validation of 
aging using independent methods or cross-validations (Beamish 
and McFarlane 1983), an observation still valid today.

While well-conducted growth studies based on otoliths, scales or 
other hard parts should generally lead to more precise inferences 
on growth than studies based only on length-frequency data, 
length-based methods will remain extremely important, in the 
tropics at least, for the following reasons:

• A number of important aquatic organisms, such as
shrimp, cannot be aged individually, leaving one no
choice but the use of lengths, or the more expensive
tagging-recapture data;

• Length-frequency sampling in fish markets is generally
far cheaper than sampling say, otoliths, because — among
other things — fish that are only measured need not be
purchased; this is often a factor limiting the work of
fishery biologists in the tropics and subtropics (see, e.g.,
Morgan 1983; and Mathews 1987);

• Estimating growth from length-frequency data is far less work-intensive than using hard parts; when
the resource under study consists of small, short-lived fish that can be aged only by counting daily rings,
routine assessments based exclusively on age-structured models seem quite impractical, especially in
multispecies situations;

• Large amounts of non-analyzed length-frequency data are available in most fisheries laboratories, and
often, they are the only historical data available. Thus, for example, Ingles and Pauly (1982, 1984) were able
to retrieve, from the files of various research institutions in the Philippines, length-frequency data covering
more than one million measurements, from which inferences were drawn on the growth, mortality and
recruitment of 56 species of Philippine fishes. Colleagues from various countries have had similar experiences
and suggested that length-frequency data are probably the most underutilized type of information available
on fish and other aquatic resources;

• The ‘ages’ used in many models are contrived because the process that is modeled is actually size-related. A
number of biological and fishery-related processes involve sizes rather than ages such as predation (Ursin
1973), food conversion efficiency (Pauly 1981, 2010), gear (mesh) selection, target strength (in acoustic
surveys), recruitment to fishing grounds and, quite importantly, marketability and price.

Figure 2.  An application of the ‘integrated method’ 
to a hypothetical set of length-frequency samples. 
Note that the attribution of a relative age to the third 
peak of sample t1 is confirmed by the modal class 
progression, which suggests a growth curve passing 
through the major peaks of samples t1, t2, t3 and 
through the third peak of sample t1 repeated after one 
year (i.e., placed at the appropriate place on the time 
scale, after sample t3). Thus a smooth growth curve 
can be traced which explains most of the peaks of a 
set of length-frequency samples, including those of 
earlier samples repeated once, twice or more along 
the time axis. A degree of reliability is achieved which 
could not be realized by applying separately either of 
the two earlier methods (from Pauly et al. 1984).
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The eLeFAN SySTem

The ELEFAN system was developed in response to the need for 
robust methods for analysis of length-frequency data and the 
availability of personal computers. These two points provide 
some of the reasons why the system has found wide acceptance 
in tropical developing countries, as was intended.

While the Compleat ELEFAN of Gayanilo and Pauly (1989) consisted 
of five modules (ELEFAN O-IV), the present version consists only of 
routines that were parts of ELEFAN O, I, and II (Fig. 3).

The most important of those routines are those used to estimate 
the growth parameters of fish or invertebrates. The growth 
equation implemented here is a seasonally oscillating version 
of the VBGF. ELEFAN can thus be used to provide quantitative 
information on growth oscillations of fish and invertebrates, 
which can be correlated with oscillations of selected 
environmental parameters.

Additionally, routines are provided for:

• Estimation of total mortality (Z) from the straight,
descending arm of a length-converted catch curve;

• Estimation of probabilities of capture, by length, from
the ascending left arm of a length-converted catch curve.

As might be seen from Fig. 3, the overall system depends 
critically on the availability of length-frequency (L/F) data from 
which the parameters L∞ and K of the VBGF can be estimated. 
These L/F data, however, while having to be representative of 
the populations from which they were sampled, need not have 
been corrected for the effects of gear selection or incomplete recruitment. This is so because it is possible, at least 
in some cases, to first obtain preliminary growth parameter estimates from length-frequency data not corrected for 
selection effects, to correct the available L/F data for such effects, then to re-estimate the growth parameters from 
the corrected L/F data (see Fig. 3, and below for an example).

The coNcePTuAL bASiS oF eLeFAN

Principles of fitting growth curve

The heart of the ELEFAN system is its original approach for the estimation of growth parameters from length-frequency data. 
A first version I developed in 1978 with the assistance of H. Timmermann of Kiel University, consisted of two basic steps:

• Separation of a number of samples into their normally distributed components using the NORMSEP
program of Abramson (1971; Pauly et al. 1986);

• Identification of the growth parameters generating the growth curve which minimized the sum of the
squared deviations from the means of the component distributions.

The program, conceptually a predecessor of MULTIFAN (Otter Software 1988) and similar approaches ‘worked’ 
when provided with well-behaved data. However, it required as input the number of cohorts (or age groups) in 
each sample, or in other words, it required as input the very information which was wanted as an output (see, e.g., 
Sparre 1987). Methods did exist to get around this problem, e.g., one could use the ENORMSEP program of Yong 
and Skillman (1971) or the method of Bhattacharya (1967) as interpreted by Pauly and Caddy (1985) to provide 
preliminary estimates of the number of presumed cohorts in each sample. However, the approach ultimately chosen 
(see below) was conceived such that it bypassed this problem altogether, and to fit growth curves to peaks defined 
independently of any assumed number of cohorts.

Figure 3.  Flowchart of the ELEFAN system as 
implemented here, showing inputs, outputs and their 
subsequent analysis when appropriate. Definitions 
of parameters (Z, F, K, etc.) are given in the text. 
Recruitment patterns and yield-per-recruit analyses 
(presented below) are among the “other models” using 
the outputs produced by ELEFAN. 
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The ELEFAN approach to identify peaks and troughs 
in length-frequency data plotted at suitable intervals 
(c.f. Fig. 4A and 4B) is a simple high-pass filter, i.e., 
a running average which leads to definition of peaks 
as those parts of a length-frequency distribution that 
are above the corresponding running average and 
conversely for the troughs separating peaks (Fig. 4B). 
The running average used in ELEFAN is taken over 
five classes. Analyses of the effect of the number of 
classes included in the running average on the results 
of ELEFAN have been conducted only once, by Keith 
Sainsbury (formerly CSIRO; pers. comm.), who 
reported that the results are sensitive, but not strongly 
so, to changes in the number of classes included in 
the running average. The conversion of L/F data to 
positive ‘points’ replacing peaks and negative ‘points’ 
replacing troughs is completed by dividing each 
frequency by the corresponding running average, 
and subtracting 1 (one), followed then a few minor 
adjustments to account for zero frequencies (Fig. 4C).

Fitting a standard (non-seasonal) growth curves is then 
performed by ELEFAN through the following steps:

• Calculate the maximum sum of points ‘available’
in a (set of) length-frequency sample(s) (see
Fig. 4C). ‘Available points’ refers here to points
which can possibly be ‘accumulated’ by one
single growth curve; see below. This sum is
called ‘available sum of peaks’ (ASP);

• Trace through the (set of) length-frequency
sample(s) sequentially arranged in time, for
any arbitrary seed input of L∞ and K, a series
of growth curves started from the base of
each of the peaks, and projected backward
and forward in time to meet all other samples 
of the sample set and/or the same sample
repeated again and again;

• Accumulate the ‘points’ obtained by each growth curve when passing through peaks (positive points) or
through the troughs separating peaks (negative points) (see Fig. 4B and 4C);

• Select the curve which, by passing through most peaks and avoiding most troughs best ‘explains’ the position
of peaks in the (set of) sample(s) and therefore accumulates the largest number of points.1 This new sum is
called ‘explained sum of peaks’ (ESP);

• Define a goodness-of-fit index (Rn) such that Rn = 10(ESP/ASP);
• Decrement or increment seeded values of L∞ and K until Rn reaches a maximum, and output the corresponding

growth parameters.

The fitting of seasonally oscillating growth curves is similar, except that two additional parameters are involved (see 
below). Concerning the penultimate point, on the redefinition of the goodness of fit indicator from the ratio ESP/ASP 
to Rn = 10(ESP/ASP)/10; this was done to create an indicator of goodness of fit that would be constrained between 0 and 1.

The growth model in ELEFAN

Although the ELEFAN system could in principle be used to fit any type of growth curve, e.g., those proposed by 
Gompertz (1825), Richard (1959) or Krüger (1964), the version used here is a seasonally oscillating version of the 

2  Note that there was a flaw in the original version of ELEFAN, which counted peaks every time they were ‘hit’ by a growth curve, although a 
peak, representing one age group, ought to be hit only once by a well-fitting growth curve. This flaw was corrected (see Pauly 1985b) and the 
points in a given run of positive values are counted once only when they are hit, which completely eliminates the ‘drifting’ of seeded K values 
towards unrealistically low values, as discussed in Pauly (1985b).

Figure 4.  Length-frequency data on coral trout (Plectropomus 
leopardus) caught near Heron Island (Great Barrier Reef, Australia) 
in October 1971; from Goeden, 1978): A) Original data: originally 
suggested ‘ages’, with question marks added; N = 319. Note 
inappropriately small class interval of 5 mm; B) Same data, replotted 
in 2-cm class intervals to smooth out small irregularities, showing 
running average frequencies (over 5 length classes) to emphasize 
peaks (shaded bars above running average) and intervening through; 
C) Same data as in B, after division of each frequency value by the
corresponding running average frequency, subtraction of 1 from
each of the resulting quotients and subsequent minor adjustments
to remove potential sources of bias (see Pauly et al. 1980; Gayanilo
and Pauly 1987, p. 61-64). Note that well-structured peaks have been
allotted similar numbers of points, irrespective of the number of fish
they represent. Arrows show the points used in the computation of ASP, 
or ‘Available Sum of Peaks’; see also text (from Pauly and David 1981).
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standard (or ‘special’) VBGF (see von Bertalanffy 1938), rather than the ‘generalized VBGF (sensu Pauly 1981, 
1984a). However, the non-seasonal version of the VBGF must be presented first; it has the form:

Lt = L∞ (1 – e-K(t – t0)) ...1)

where Lt is the predicted length at age t; L∞ is the asymptotic length, or the mean length the fish of a given population 
would reach if they were to grow forever; K is the curvature parameter of the VBGF (“stress factor” in Pauly 1981; see 
also Pauly 2010), and t0 is the ‘age’ the fish would have had at zero length if they had always grown in the manner 
predicted by the equation (which they don’t!).

Given its definition, asymptotic size (L∞) is relatively easy to estimate, notably from the largest fish of a given species 
reported in the literature (Pauly 1998), or the largest fish in catch samples, or perhaps more rigorously, from a Wetherall 
plot, presented further below, and which is part of this software package.3 The parameter K is somewhat difficult to 
apprehend; it has the dimension of the inverse of time (here, always year-1), and thus it is not a growth rate (which would 
be length·time-1). One way to view K is as the ‘rate at which asymptotic size is approached’. Another useful aspect of K is 
that it is, in fishes, roughly related to longevity through the empirical relationship ‘longevity ≈ 3/K’ (Pauly 1984a).

The significance of third parameter of Equation (1), t0, is often misunderstood. Here, it may be described simply as 
a factor used to adjust to a growth curve to an absolute time scale. Length-frequency data, by themselves, never 
allow the estimation of t0 and ELEFAN is no exception. Within ELEFAN a parameter called ‘TØ ’ is used internally 
which fulfils the usual role of t0 (that is positioning the growth curve along the time axis). In early versions of 
ELEFAN, this TØ was output, such as to enable users to draw their growth curves (e.g., White 1982). Some users 
have misunderstood this output for a real t0, however, which resulted in their growth equation generating erroneous 
length-at-age data. Thus, to prevent further misunderstandings, the output of TØ is now suppressed, and a routine 
has been built instead into ELEFAN which computes instead each growth curve by projecting backward and forward 
from a given starting point (SP), defined by the sequence number of a starting sample (SS) and a starting length 
(SL), taken as the length class midrange (‘midlength’) of a length class that is part of a peak (as defined in Fig. 4C).

The seasonally oscillating version of the VBGF used here (there are several) is that of Somers (1988), modified 
from Pauly and Gaschütz (1979), which has the form:

 Lt = L∞ (1 – e-K(t – t0)+Sts–St0) …2)

where L∞, K and t0 are as defined above, where Sts = (CK/2π)·sin(2 
π(t-ts)), St0 = (CK/2π)·sin(2 π(t0-ts)), and C and ts are the only new 
parameters. Herein, C is a factor which expresses the amplitude of 
the growth oscillations (Fig. 5) and ts sets the beginning of sinusoidal 
growth oscillation with respect to t = 0.

Within ELEFAN, this equation is used with ts replaced by the Winter 
Point (WP), which designates the period of the year (expressed 
as a fraction of the year) when growth is slowest. In the northern 
hemisphere, WP is often found in the neighbourhood of 0.1-0.2, i.e., 
in February, while WP often has a value of 0.7-0.8 in the southern 
hemisphere. The Winter Point is related to ts through ts + 0.5 = WP.

The parameter C in Equation (1) is dimensionless and usually ranges 
between 0 and 1. When it has a value of zero, Equation (2) simplifies to 
the standard VBGF (Equation 1), and when C = 1, that growth ceases 
(at WP) only briefly, once a year. When 0<C<1, growth oscillates 
seasonally, but is never completely halted. When C>1, growth oscillates 
so strongly that the model predicts, in winter, a reduction of length. 
This, however, should rarely happen in reality (as opposed to loss of 
weight). One paper referring to bony fishes was thus found in which 
a significant decrease in length of 0.67 to 1.23 % was reported after starvation (in captivity) for up to seven weeks 
(Nickelson and Larson 1974), which is unlikely to happen in nature. In most cases, therefore, values of C>1 simply 
suggest sustained periods of non-growth, such as may occur in cold freshwater habitats (see Pauly et al. 1992).
3  Note that while earlier versions of ELEFAN required estimated asymptotic length to be larger than the largest animal in the set of samples 
analyzed, or L∞> Lmax, this requirement has been removed from later versions of the program. Be cautious, however, as L∞< Lmax often hints at an L/F 
sample biased against large fish. 

Figure 5.  Relationship between the amplitude 
of seasonal growth oscillations, as expressed 
by the parameter C of Equation (2) and the 
difference between highest and lowest mean 
monthly temperature in the watery habitat of 
fish and aquatic invertebrates (∆T, in 0C). (From 
Pauly et al. 1984a, with additions).
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Extensive work with ELEFAN and with other programs incorporating Equation (2) has shown that C is generally 
correlated with the difference between mean monthly summer and winter water temperature, that is, with the range 
of temperature to which the fish of a given population are exposed (Fig. 5). This rule may help in providing good 
seed values of C for use in ELEFAN. Also, while C as well as WP are outputs of and not inputs for ELEFAN (as are 
the parameter L∞ and K), it may be appropriate to set (i.e., hold constant) externally estimated input values of C, WP 
and L∞, and to use ELEFAN to estimate (i.e., vary) K only, as this is the parameter that is most difficult to estimate 
reliably (see below).

The problem of multiple cohorts

One question which seems to have caused a great deal of confusion among users of ELEFAN, and indeed among 
fishery biologists generally, is the allegedly ‘continuous’ spawning and recruitment of tropical fish and invertebrates. 
In fact, several colleagues suspect that it is impossible for any algorithm — including that built into ELEFAN — to 
trace a single reliable growth curve through the jumble of modes generated by ‘continuous spawning’. However, 
consider the following:

• Continuous spawning in the sense of spawning with constant intensity throughout the year has never been
demonstrated for any fish or aquatic invertebrate, i.e., cases of ‘continuous’ spawning are actually cases
where some females are reported in ripe conditions throughout the year, or some eggs can be sampled
throughout the year. The bulk of the females, however, do spawn within identifiable seasons, even in the
tropics (Qasim 1973; Weber 1976; Johannes 1978; Longhurst and Pauly 1987);

• Recruitment can oscillate seasonally even if spawning is continuous. The oscillating transfer function
between these two processes is also known as a ‘recruitment window’, which opens only during certain parts
of the year (Sharp 1980; Bakun et al. 1981; Cury and Roy, 1989); and, most importantly

• If recruitment into a population of fish or invertebrates were continuous (i.e., did not oscillate seasonally),
length-frequency samples would simply not contain peaks and troughs.

For these reasons, length-frequency data obtained from fish or invertebrate populations (unless they are collected 
with a highly selective gear) usually contain modes pertaining to one or two major cohorts per year, even when they 
are sampled from populations in which some females spawn throughout the year, such as by following a lunar/
tidal periodicity (Johannes 1978). When two cohorts occur per year, ELEFAN will, if left to itself, fit a growth curve 
to the more prominent of these two cohorts. The parameters of a second growth curve can be fitted by selecting a 
prominent mode belonging to the second cohort, then letting ELEFAN identify the best set of growth parameters for 
a curve forced through a prominent peak (of a minor cohort) selected as starting point (SP, see above). Recruitment 
patterns (see below) can also be used to characterize secondary cohorts.

Dealing with gear selection

In simulation experiments constructed with perfect data, ELEFAN recovers the growth parameters used to generate 
the length-frequency data (see Hampton and Majkowski 1987; Rosenberg and Beddington 1987; Isaac 1990). Real 
length-frequency data, however, are obtained from populations with unknown growth parameters by means of 
gears that often select for certain sizes, a feature which is often aggravated by the migrations and/or schooling 
habits of the fish themselves.

There are three approaches by which gear selection problems can be addressed in the context of the ELEFAN system, 
and each of them pertains to a different combination of gear type and structure of the length-frequency data, as follows:

• Length-frequency data collected with gill nets with single mesh size (or hooks of a single gap size), whose
selection curve is not known and consisting essentially of the same size group of fish, with few or no shifts of
modes through time. Solution: growth cannot be estimated using ELEFAN;

• Length-frequency data obtained from catches of fleet of gill nets of different mesh size or from trawl or
purse seines or other similar gears whose selection curve is not known and showing a wide variability in
the position of modes. Solution: preliminary estimates of growth parameters are obtained using ELEFAN;
then a catch curve is constructed, yielding approximate probabilities of capture, which are used to correct
the available length-frequency data for selection effect. Finally, ELEFAN is used to re-estimate improved
estimates of the growth parameters from the corrected L/F data (see Pauly 1986b, Fig. 3 and fourth
application example below);
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• Length-frequency data and gear as above, and selection curves of gears available, as obtained from a selection
experiment. Solution: correct the available L/F data for selection and proceed with the estimation of growth
parameters using the ELEFAN system.

Certain behavioural and/or life-history features of fish and invertebrates can also prevent length-frequency data 
sets from being truly representative of the population sampled. One of those, incomplete recruitment by juveniles 
onto the fishing ground (or other areas when the L/F data were sampled) can often be corrected for by ELEFAN, as 
this affects a catch curve in the same fashion as incomplete selection, which is due to small sizes not being retained 
by the gear (see below).

Other features affecting the representativeness of L/F data are emigration of larger (older) adults from fishing 
grounds or strong growth sexual dimorphism, the former leading to overestimation of total mortality (because of 
fish, though not dead, are not represented in catch samples), and the latter to biased growth parameter estimates, 
among other things. It is necessary, when interpreting results obtained through ELEFAN to consider all known 
aspects of a fishery and of the resources upon which it rests, and to realize that this all-important step cannot be 
replaced by the user’s guide, however detailed, of a computer program.

Recruitment patterns

In addition to the numbers of recruits produced within a given time interval (e.g., a year) an important aspect 
of recruitment is its structure within that interval, i.e., whether recruitment is discrete or continuous. Tropical 
fishes are reported by many authors to have very protracted spawning seasons (e.g., Qasim 1973b; Weber 1976; 
Nzioka 1979; Goldman 1980), but the question has rarely been asked whether this protracted spawning season is 
in actuality matched by a corresponding long ‘recruitment season’ (see Sharp 1980 and Cury and Roy 1989, for the 
concept of recruitment, ‘windows’, open during only brief periods of the year).

Clearly, recruitment even in 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 
data backward onto the time axis (by 
mean of growth parameters) down to 
zero length, one can obtain a frequency 
distribution reflecting the ‘patterns of 
recruitment’ of a stock (see Fig. 6). A 
procedure generating such “patterns 
of recruitment” has been incorporated 
into the ELEFAN in R software. One 
first result obtained with this approach 
is that, although it seems continuous 
(i.e., occurring 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 t0 thus indicating the time(s) of the year when recruitment is most intense, and 
this should generally correspond to the ‘peak’ spawning season(s).

Yield and biomass per recruit

The previous section described some of the methodologies and models used to estimate the basic parameters of a 
stock. However, these estimates by themselves are an insufficient basis for deriving the technical advice needed to 
manage a fishery. To do this, predictions must be made and evaluated, and presented to managers in the form of 
achievable options (see e.g., Fig. 7).

Beverton and Holt (1957) developed a yield-per-recruit model describing the state of the stock and the expected 
yield in a situation where a given fishing pattern has been operating for a long time, i.e., under steady-state 

Figure 6.  Recruitment pattern in the slipmouth Leiognathus bindus. Note that 
the time scale implies that t0 = 0, which most certainly doesn’t apply. Thus, only the 
shape of the recruitment pattern is considered, not its position on the time axis. The 
growth parameters used for projecting the length-frequency data are L∞= 12.2 cm, 
K= 1.3 year-1 as estimated by applying ELEFAN to the data in Balan (1967).
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conditions. This model can be used to evaluate such 
options, especially when used with a complementary 
biomass-per-recruit model.

The definition of recruits may vary between 
authors; here we may visualize recruits as (i) fully 
metamorphosed young fish, (ii) whose growth is 
described adequately by the VBGF, (iii) whose 
instantaneous rate of natural mortality is similar to 
that of the adults, and (iv) which occur at (or swim 
into) the fishing ground(s).

Since the Beverton and Holt model expresses yields 
on a per recruit basis, the yields are relative, i.e., 
relative to the recruitment. If, say, a recruitment of 1 million fish gives a yield of 100 tonnes, then 200 million 
recruits would yield 20,000 tonnes, i.e., it is assumed that density–dependent effects can be neglected.

Note, however, with regard to fishery management, that fishers are not interested in an imaginary “yield-per-
recruit”, relative or not. They are interested in a physical yield of fish, i.e., in the product of yield per recruit times 
the absolute number of recruits produced in the stock. This yield is directly proportional to yield per recruit over a 
wide range of fishing mortalities only if it can e assumed that there is no relationship, over a wide range of F values, 
between the size of the parental stock of fish and its progeny.

When the value of F goes beyond that range, ‘maximum yield per recruit’ may be associated with an abysmally low 
yield, because the ‘best’ value of F (the one maximizing yield per recruit) could also reduce the parental stock to a 
level at which virtually no recruits are produced.

Moreover, it must be realized that the results of yield-per-recruit analyses apply to long-term or equilibrium situations 
only. In the short term, an increase of fishing mortality or a decrease in size at first capture always results in higher 
yields, even when yield-per-recruit analysis predicts lower yields (conversely, a decrease of fishing mortality will 
lead to an increase in the short term, although in the long term higher yields may be attained). The duration of the 
transition period can be of several years in fish which have a high longevity and are subjected to exploitation over 
a number of years, as in a number of temperate stocks such as cod or halibut. In short-lived animals the transition 
period will be much shorter; in the case of very short-lived animals, such as most penaeid shrimps, the distinction 
between ‘immediate’ and ‘long-term’ effect does not even apply, because the stocks are never in equilibrium.

uSiNg eLeFAN For STock ASSeSSmeNTS

This software contains a set of routines (mostly adapted from the program formerly known as ‘ELEFAN II’) which 
can be used to obtain preliminary estimates of L∞. Once L∞ is available, K can be estimated via the ‘scanning for K’ 
routine, and a length-converted catch curve constructed. This then enables the estimation of total mortality and 
probabilities of capture by length without catch data being available or selection experiments having been conducted.

Estimation of asymptotic length

Because the first versions of ELEFAN were implementations on very slow microcomputers (TRS-80 Model I, Apple 
II, etc.), tables of ESP/ASP or Rn values for ranges of L∞, K values could not computed rapidly, and thus be used 
for identification of the ‘best pair’ of L∞– K values. Rather a direct search routine was emphasized which, however, 
often failed to converge to a single set of estimates (see below for reasons). Hence, the suggestion was made by 
various colleagues with experience with the ELEFAN approach to return to response ‘surfaces’ as the main route 
to identifying ‘the best fitting’ L∞– K data pair for a given length-frequency data set.  This advice was followed in 
that several detailed response surfaces, each derived from a set of length-frequency data and corresponding to a 
3-dimensional object, were generated by a supercomputer, so that their structures could be examined, and generic
lessons learnt to guide searches ‘best fitting’ L∞– K data pairs (Kleiber and Pauly, 1991).

Figure 7.  Yield per recruit as a function of fishing mortality for 
the slipmouth (Leiognathus splendens) for two values of age at first 
capture, and hence Lc values and mes sizes (from Pauly 1984a).
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Fig. 8 illustrates one of the response surfaces so obtained: instead of 
the hoped-for single peak, which would identify ‘the best fitting’ L∞– K 
data pair, the response surface was found to exhibit a banana-shaped 
plateau with negatively correlated L∞ and K values, surrounded by an 
undulating plain of low ESP/ASP ratios, with the waves representing 
low power ‘harmonics’ of the ‘plateau’ shape.

This pattern, also exhibited by the other examples in Kleiber and 
Pauly (1991), means that it is not L∞ and/or K which are estimated 
by ELEFAN, but the property, for any set of L∞ and K values, to 
jointly generate a growth curve. Moreover, the plateau itself is not 
flat, but consists of a vast number of small peaks, none of which is 
markedly higher than the other. This means that a direct search 
routine for L∞ and/or K in ELEFAN, however sophisticated, is 
likely to end up stuck on a local optimum. Therefore, there is a 
distinct need, when using ELEFAN, to somehow ‘fix’ one of these 
two growth parameters (i.e., to select which part of the ‘plateau’ is 
going to be used to describe the data at hand).

Given the nature of L∞ and K, it is the former which is least difficult to 
estimate independently. ‘fixing’ L∞ can be done by using the largest fish 
as reference point, e.g., Lmax/0.95 ≈ L∞ as suggested by Beverton (1963), 
or better through the method of Wetherall (1986; see also Wetherall et 
al. 1987). The latter’s properties have been well investigated (see Isaac 1990; Somerton and Kobayashi, 1991), and it still 
appears to be the method of choice to overcome the above-mentioned problems, thus warranting its inclusion here.

The Wetherall method for estimation of L∞ (and Z/K) from length-
frequency data representative of a steady-state population (i.e., the type 
of data used to construct length-converted catch curves; see below) does 
not require ‘growth’ data, or estimates of K to be available. It consist of 
plotting the successive mean lengths (Li) against the lengths from which 
the means are computed (Li’), i.e.,

 Li = a + b·Li’ …3a) 

where, for the straight segment of the plot (i.e., including only fully 
recruited and selected length classes),

 L∞ = a/(1-b) and Z/K = b/(1-b) ...3b)

Two examples are provided here (Fig. 9) to illustrate the method.4 Note 
that the points used in the regressions, in this implementation, are 
weighted by the frequencies of the corresponding lengths in the original 
data set (Also note that Wetherall plots do not account for seasonally 
oscillating growth, although it is a ubiquitous biasing factor). 
Fortunately, catch curves, introduced in the following section, allow a better 
visualization of the nature (and hence choice) of the length associated with P1 
(the first fully recruited and selected length class), and thus the procedure to 
use here is to first generate a rough estimate of L∞ using an initial value of P1, 
use this to infer a preliminary estimate of K, then use L∞ and K to construct a 
catch curve (see below) from which P1 and Z can be re-estimated, etc.

Scanning for K

Given that L∞ is known or can be assumed (see above), and given 
that C and WP can be set at likely values (given a time series of mean 
monthly temperature in the habitat of the population under study), 

4 The ‘modified version’ of the Wetherall Plot presented in Pauly (1986a) is not used here.

Figure 9.  Examples of Wetherall plots for 
estimation of L∞ in female (above) and male 
(below) pronghorn spiny lobster (Panulirus 
penicillatus) from the Philippines (from 
Arellano 1989). 

Figure 8.  ELEFAN response surface obtained by 
fitting L/F data for Peruvian anchoveta (Engraulis 
ringens) sampled in 1976 (Tsukayama and Palomares 
1987, their Table 24). Note numerous small peaks 
on a plateau of goodness-of-fit values, along with the 
waves or harmonics at lower values (from Kleiber 
and Pauly, 1991). The existence of this plateau (which 
occurred in all cases examined) is the reason why a 
direct search for best estimates of L∞ and K are not 
offered in this version of ELEFAN (see text).
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the only parameter of the VBGF (Equation 1 or 2) that require estimations is K. Thus, a routine can be conceived 
which scans all possible values of K (between 0.1 and 10 year-1), and fit growth curves with that K, and L∞, C and 
WP as fixed parameters and which either:

• Outputs an estimated goodness-of-fit (Rn) associated with the best K estimate, given a starting point (SP),
consisting of a starting sample (SS) and a starting length (SL); or

• Outputs the estimated goodness-of-fit (Rn) associated with the best K estimate, and the corresponding best
starting point (SP), again consisting of a starting sample and a starting length (SL).

The first of these options will be used more rarely, i.e., only to force a growth curve through a given peak, typically in the 
case of a second, minor cohort. The second of these options (and the default) will be the most commonly used, as this, 
in effect, searches for the best value of K and the best starting point. Note that because this routine generally produces a 
jagged series of Rn values, each associated with a K value, the scanning for K routine also features a smoothing function 
which can be useful in identifying the value of K to be retained (see Fig. 10; based on the data in Table 1). 

This smoothing function can also be used to assess the 
uncertainty of the K estimate, and/or generate a prior 
distribution for K, for a subsequent Bayesian analysis. 
This hypothesis is corroborated by the analysis by Pauly 
and Ingles (1981) of a second L/F sample of 179 coral 
trout from in March 1971 also presented in Goeden 
(1978), and by the study of Ferreira and Russ (1984) of 
the otoliths of coral trout.

Length-converted catch curves

Total mortality, in the ELEFAN system, is obtained via length-converted catch curves, as described in Pauly (1980a, 
1982, 1983b, 1984a, 1984b, etc.). Conceptually, catch curves based on length data are actually older than catch curves 
based on age composition data, with crude first estimates of mortality being obtained by Edser (1908), Heincke 
(1913) and Baranov (1918). Subsequent work has shown, however, that these early length-based catch curves were 
often strongly biased and since then, estimation of Z from catch curves has been based almost exclusively on age-
structured catch curves (reviews in Robson and Chapman 1961; Ricker 1975).
Only recently have length-based catch curves been proposed which provide unbiased estimates of Z (Pauly 1980a; 
Gulland 1983; Isaac 1990). These ‘length-converted catch curves’ have been shown to be far more versatile than age-
structured catch curves, allowing, for example, inferences to be drawn on the selection process of the gear used for 
sampling (Pauly 1984a, 1984b and see below) or, when used in conjunction with selection curves, the estimation of 
M from length samples (Munro 1984; Moreau 1988; Gayanilo and Pauly 1987).

It is emphasized that the data used for catch curve estimates of Z must be representative of an ‘equilibrium’, or 
stable-age distribution. This problem, which was reviewed in great detail by Ricker (1975) in conjunction with 
age-structured catch curves, also occurs with length-converted catch curves, i.e., the samples used to construct the 
catch curve must reflect average conditions during which recruitment has varied little or randomly, such that total 
mortality can be considered constant (see Hampton and Majkowski 1987).

Table 1.   Length-frequency of 318 coral trout 
(Plectropomus leopardus) collected from the 
Great Barrier Reef, Australia, in October 1971; 
note 0 at 57 cm (see also Fig. 4).

Midlength 
(cm)

Number 
of fish

Midlength 
(cm)

Number
of fish

23 3 41 41
25 10 43 38
27 14 45 21
29 5 47 12
31 11 49 19
33 23 51 21
35 42 53 9
37 23 55 6
39 17 59 3

Figure 10.  Scanning for K routine, here illustrated 
for coral trout (Plectropomus leopardus) near Heron 
Island (Great Barrier Reef, Australia). Grey line: original 
values of Rn; black line: running average, emphasizing 
location of a clear peak. Given the L/F data in Table 1 
and value of L∞ set at 65 cm, the scan leads to K = 0.29 
year-1, which is in line with estimates based on a larger 
L/F sample (Pauly and Ingles 1981) and otolith readings 
(Ferreira and Russ (1994). 
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One obvious way to simulate average conditions for construction of a length-converted catch curve is to pool L/F 
data from a longer period of time to smooth out recruitment pulses. Unfortunately, guidelines on the size of L/F 
samples suitable for the estimation of vital statistics are still not available, although some rules of thumb have been 
suggested (see Munro 1982; Hoenig et al. 1987). One of these rules of thumb, i.e., to weigh L/F samples by the 
square root of their size prior to combining them in a single sample for construction of the catch curve was included 
into the version of ELEFAN presented here. This is based on (a) the need to use all the information incorporated 
in a given set of L/F samples (very small samples are not discarded as must be done for the estimation of growth 
parameters) and (b) the fact that the standard error of means (i.e., of the mean lengths of fish of various sizes) is 
usually proportional to the square root of the number of fish used in the computation.

Obviously, schemes of sample weighting other than the dynamic range compression used here are feasible; two 
other approaches may be considered:

• When catch-at-length data are available (rather than length-frequency data), a single ‘sample’ can be
obtained by simply adding up the catches by length class;

• When sampling in certain periods is less intensive than in others, an adjustment can be conceived such
that those samples representing a longer period are given a larger weight than those obtained from periods
represented by many samples. Such an adjustment can be made via a spreadsheet, with the ‘temporal
weighting factors’ proportional to the distance (in time units) between a given sample and the nearest
sample that precedes or succeeds it.

The ramifications of these various schemes to simulate equilibrium conditions have not been studied fully. Users of the 
ELEFAN system are invited to perform comparative studies of these and any other methods that might seem appropriate.

Essentially a length-converted catch curve is a linear regression of:

ln(N/∆t) = a + b·t   …4)

where N is the number of fishes in a given length class, ∆t the  time 
needed for the fish to grow through that length class, a the  intercept, 
t’ the mean (relative) age of the fishes in that length class and b is, 
with sign changed, an estimate of Z (Fig. 11).4 The N values used in 
catch curves must refer to steady-state (or equilibrium) situation (see 
above). In practice, this amounts to summing up length-frequency 
data over a longer period (Munro 1982; Hoenig et al. 1987), during 
which recruitment can be assumed to have been constant, or varied 
randomly (Ricker 1975). Estimating the required values of ∆t is, in 
case of the standard VGBF, quite straightforward; it is done using:

∆t1 = (-1/K)·ln(L∞–Li2/(L∞–Li1)   …5)

where L∞ and K are as defined previously, and Li1, Li2 are the lower and 
upper limits of length class i, respectively. Note that t0 is not used in 
Equation (4), for which reason the mean ‘age’ (ti) of the fish in length 
class i is only a relative age. Values of ti for use in length-converted 
catch curves can be obtained, finally, from the inverse of the VBGF:

 ti = (-1/K)·ln(1-Lti/L∞)   …6)

where Lti is the mean of Li1, Li2, the lower and upper limits of length class i. Note that the estimation of relative age 
may be biased upward for the largest length class(es), due to the inverse of the VBGF becoming imprecise at length 
close to L∞ (see, e.g., Fig. 11, rightmost dot).

The features of Equation (1) most important to us here are: 

• There is only one value of ti for any length class, i.e., Li1, Li2, L∞ and K completely determine ti;
• Hence class-specific N values can be added across samples (i.e., time) without effect on the values of ∆t and ti.

These features do not apply in the case of seasonal growth such as expressed by Equation (2). Seasonal growth 

4  Appendix I suggest rules about the choice of points to be included in the regression through which Z is estimated.

Figure 11.  Example of a length-converted catch curve 
for silver sillago (Sillago sihama) from Manila Bay (from 
Pauly 1982). Note open dots on the left, ascending side 
of the curve, representing fish not fully recruited and/or 
selected, and the dot on the lower right, representing a 
length class too close to L∞ for its mean (relative) age to 
be estimated without bias (see text). 
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variations imply that in a given sample, ∆t 
depends not only on Li1, Li2, L∞ and K, but also 
on C and, more importantly, on the difference 
between the winter point (WP) and the date 
the sample in question was obtained. Hence, N 
values pertaining to different samples cannot 
be added across time, because there is no single 
value of ∆t that corresponds to their sum, and 
the ordinate of the length-converted catch 
curve would be distorted. Similarly, there is no 
one-on-one correspondence between Lti and ti 
(as implied by Equation 6), because, e.g., one 
year old fishes will have very different sizes 
depending on whether they hatched before 
or after the winter period of reduced growth. 
Thus, the abscissa of the length-converted 
catch curve would also be distorted. However, 
it is often easy to turn liabilities into assets. 
In this case, the availability of seasonal growth 
curves can be used to compute the numbers 
and (relative) ages of the fishes of various 
‘pseudo-cohorts’ (as opposed to the numbers 
and ages in various length classes), and to plot 
the logarithms of their numbers against their 
ages Fig. 12).

This can be done in five steps (Pauly 1990; and 
see Fig. 12A and 12B):

1. Pool the available length-frequency
data into an ‘artificial year’, within
which all fish are assumed to have been
caught, while retaining the month and
date of each sample;5

2. Estimate, by solving Equation (2)
iteratively for the smallest and largest
fish in the new L/F file, the (relative)
age of the youngest and oldest
fish in that file in the file (t’min and
t’max respectively);

3. Divide the time difference t’max– t’min
by the number of length classes in the
file, such as to obtain a number of time intervals (n) equal to the number of data points that would have been 
obtained from the corresponding regular length-converted catch curve;6

4. For each interval, starting from t’min and moving backward along the time axis, draw successive growth curves
at regular (time) intervals, and add up across samples all fishes (N) between the two growth curves defining an
interval. This step is equivalent to adding up, across samples, the fish within defined length class limits;

5. Plot the ln(N) values thus obtained vs. the midpoint of the relative age intervals (t’), and estimate Z from the
slope of the right, descending arm of the curve.

It should be noted that this method for constructing catch curves from length-frequency data gives exactly the same 
results as the standard method when C= 0, i.e., when growth is not seasonal, and can handle any number of cohorts 
per year. When seasonality occurs, and even when it is very strong, as is the case in temperate areas, this method for 
constructing length-converted catch curves gives essentially the same results as age-structured catch curves (Pauly et 
al. 1995; Fig. 13). This would make this type of catch curve universally applicable were it not for the small disadvantage 
that its left, ascending arm cannot be readily used to assess the impact of size specific gear selection or recruitment. 
This is small price to pay, especially since standard length-converted catch curves can still be used for this see below).
5  This assumes, as elsewhere in ELEFAN, that growth and mortality do not change between years. 
6  Some value of n has to be used, and the proposed value facilitates comparisons between the two types of length-converted catch curves, as in Fig. 12 and 13.

Figure 12.  Schematic representation of the method for the construction of 
length-converted catch curves accounting for seasonal growth oscillations. 
A) First, as seasonal growth curve is fitted to the data at hand (here: for the
gobiid Chasmichthys dolichognatus, from Tamura and Honma 1977), with
the parameters L∞ = 6 cm; K = 1 year-1; C = 1 and WP = 0. B) The growth
parameters are used to identify the number of (pseudo) cohorts in the L/F data
at hand, i.e., fish between two successive growth curves; the next step is to add
the fish belonging to different samples, but to the same (pseudo-) cohorts to
obtain successive values of Ni. C) The catch curve is then constructed, as a plot
of ln(Ni) vs. relative ages, and Z is estimated from its right, descending arm. D)
The estimate of Z obtained in C is markedly lower that the (wrong) estimate 
that would be obtained from a non-seasonal length-converted catch curve.
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Selection estimates from catch curves

The estimation of probabilities of capture from the ascending, left 
arm of length-converted catch curves goes back to an approach 
developed in 1981 (see Pauly et al. 1984) and to a contribution 
by Munro (1984), in which this approach was put on a more 
rigorous footing. Essentially, the method (see Fig. 14) consists 
of extrapolating the right, descending left side of a catch curve 
such that fish that ‘ought’ to have been caught (had it not been for 
the effect of incomplete selection and/or recruitment) are added 
to the curve, with the ratio of those ‘expected’ numbers to those 
that are actually caught being used to estimate probabilities of 
capture. This approach, which is related to work done by Jensen 
(1982) and Hoydal et al. (1982), has been found (by Anon. 1982) 
to provide reasonable estimates of mean size at first capture (Lc, 
see below).

Earlier versions of ELEFAN allowed for a non-linear backward 
extension of the catch curve, and thus took account of a lesser impact 
of fishing mortality on smaller size classes, but this is probably more 
than compensated for by their higher natural mortality (M is higher 
in smaller organisms, see Beverton and Holt 1959; Pauly 1980b), and 
thus can be ignored here.

Note that the identification of the first point of a catch curve included in 
the estimation of total mortality (P1) corresponds, by definition, to the 
first length class for which the probability of capture is 100 %, and that 
the ‘mean length at first capture’ (Lc, or L50), where fish have only a 50 
% probability of being retained by the gear, must therefore be a smaller 
length class.

Figure 14.   Schematic representation of method to 
derive probabilities of capture from the left, ascending 
arm of a length-converted catch curve: P1 identifies the 
first point from which on the probability of capture 
is 1 (or 100%), and hence the points to its right hand 
side which can be used for computation of Z. Point ‘Po’ 
represents the first point (when going from right to 
left) where the probability of capture is 0; the mortality 
corresponding to this point is M, by definition. If we can 
assume that M is larger at P0 than at P1, such that the 
decreasing impact of fishing with size is compensated 
for, then we can extrapolate backward, toward the left, 
the regression line fitted to the right, descending arm of 
the catch curve, starting from point P1. The probabilities 
of capture are then computed as the ratios between 
numbers caught and numbers expected. 

Figure 13.  Estimates of total mortality (Z; year-1) of trout (Salmo trutta) in the Viau (above) and Vèbre (below) rivers, 
France, as obtained from three different types of catch curves. The full dots cover the same range of sizes for each river. 
Note match of Z estimates between age-structured and length-converted catch curve incorporating seasonality, and 
overestimation of Z by length-converted catch curves not considering seasonality (from Pauly et al. 1995). 
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Interpreting recruitment patterns 

Since it is the pulsed nature of (seasonal) recruitment into a population that determines the structure of a set 
of length-frequency data, the converse also applies that one should be able to recover some information on the 
seasonality of recruitment from length frequencies (Pauly 1982). This inverse approach is implemented here in the 
form of ‘recruitment patterns’, which allow identifying the number of recruitment pulses per year and evaluating the 

relative importance of these pulses when compared to each other. However, recruitment patterns are based on two 
assumptions usually not met in reality: 

• All fish in a given data set grow as described by a single set of growth parameters; and
• One month out of twelve always has zero recruitment.

The first of these two assumptions is common to other models described earlier; its validity and overall impacts 

are discussed in Hampton and Majkowski (1987), Rosenberg and Beddington (1987), and Isaac (1990). As far as 
recruitment patterns are concerned, this assumption has limited impact on the results because the computation of 
recruitment patterns assigns very strong weight to smaller fish, whose deviations from the growth curve typical of the 
whole population are much smaller than in larger, older fish. 

The second of the above two assumptions  will  probably 
never be strictly met, because (i) there may be more than one 
month per year in which no recruits enter a stock (especially 

in temperate fishes and invertebrates) or because (11) some 
recruits may be entering a stock every month (especially in 
tropical fishes and  invertebrates). 
Recruitment patterns (see e.g., Fig. 15) are obtained by 
backward projection, onto the length axis, of a set of length- 

frequency data (Fig. 14). The steps involved  are: 

1. Projection onto the time axis of the frequencies after
they have been divided by Δt, the time needed to grow

through the length class. (Alternatively, the routine
allows the use of ‘restructured frequencies’); this leads
to recruitment patterns with peaks much narrower than
when untransformed L/F data are used;

2. Summation for each month (an irrespective of year) of
the adjusted  frequencies projected onto each month;

3. Subtraction, from each monthly sum, of the lowest
monthly sum to obtain a zero value where apparent

recruitment is lowest; and

4. Output of monthly relative recruitment as a percentage
of annual recruitment.

Concerning  points  (3)  and  (4),  it  must  be  noted  that    the 
monthly  values  pertain  to  months  of  the  year  only  when a 

Figure 15. Above: seasonal pattern of spawning condition 
in gonads for six-banded grouper (Epinephelussexfasciatus) 

from the Visayan   Sea,   Philippines   (data   normalized 

by expressing as zero the month with the lowest mean 

gonadial stage). Below: recruitment pattern in the same 

stock of fish. Note overall agreement of shape, suggestive 

of two spawning seasons and two recruitment pulses per 

year. Note that absolute time scale of recruitment  pattern 

is unknown because the value of t cannot be inferred from 

the L/F data alone (adapted from Pauly and Ingles 1981). 

precise  estimate  of t is available. Conversely, the time lag between peak spawning and peak(s) of a recruitment 
pattern can be used to estimate t  , but this is not explored   here. 

Fig. 15 shows the match between a recruitment pattern and  the  seasonal  pattern  of  gonad  maturity  in  a 
stock of Philippine groupers. This and a number of other  application  examples  (see  Pauly  and  Navaluna 
1983, Moreau and Cuende 1991, Moreau  et  al.  1995)  suggest  that  recruitment  patterns  obtained  through 
the process outlined above do contain useful information, from which useful inferences on the seasonal 
dynamics  of  fish  and  invertebrate  recruitment  can  be  drawn,  notably  on  the   relationships   between  the 

timing  and  intensity  of  the  main  annual  recruitment  pulse  relative  to  the  second,  minor  recruitment      pulse. 

Interpreting Y/R and B/R plots 

As mentioned above, yield-per-recruit (Y/R) and biomass-per-recruit (B/R) analyses generally consist of a plot of 
Y/R or B/R against fishing mortality (F), e.g., in order to examine the effect of different mesh sizes of a fishing gear, 
which determine the size and hence age at first capture (Fig.   7). 
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However, given the fact, also mentioned above, that in most cases, the absolute values of Y/R or B/R (expressed, e.g., 
in grams) have no direct use in fisheries management, Beverton and Holt (1964) developed the concept of relative 
yield per recruit (and B/R), ideally suited for L/F-based analyses, e.g. to assess the effort of mesh size regulations.

Let Lc be the 50 percent retention length (L50), i.e., the length at which 50% of the fish are retained by the gear if they 
enter it, and define the auxiliary variables:

U = l - (Lc/L∞) ...7)
and

m = (1-E) / (M/K) - K/Z ...8)

where E (= F/Z) is the exploitation rate, or the fraction of deaths caused by fishing, M the natural mortality and K 
the VBGF curvature parameter. Then we have:

                ...9)

for computation of “relative” yield-per-recruit (Y’/R).

The corresponding equation for B/R is:

B’/R = (1-E) . A . B ...10)
    
       ...10a)

       ...10b)

and where m’ = 1/(m/K) = m/(1-E)   ...10c)

This presentation of Y/R and B/R concepts and computations would end here if it were not for a seemingly small, 
but actually important correction to Beverton and Holt’s equations, whose rationale follows.

In large, long-lived fish, the selection process usually takes place over a relatively narrow range of sizes, such that 
the assumption of “knife-edge” selection, presented above, is acceptable. In some small animals such as shrimps 
caught by trawls, the selection range (L25 to L75) may cover most size classes represented in the population. In such 
cases, yield-per-recruit computations involving the assumption of knife-edge selection will involve a large bias. A 
simple method is used here to show the extent of and to help overcome this bias.

Selection curves provide a probability of capture (Pi) for catch-length class i between Lmin (the smallest) and Lmax (the 
maximum length) represented in the available catch samples. In Equation 9, it is assumed that Pi = 0 when L < Lc 
and Pi = 1 when L > Lc (hence also, L’ = Lc ). The implicit assumption here is that, if selection is not knife-edged, the 
yield loss due to the fact that not all fish larger than Lc are caught, is compensated for by the yield due to the few fish 
caught at sizes smaller than Lc.

However, although some compensation may occur, the assumption of knife-edge selection does generate a large 
bias, especially for high values of E, as can be shown by reformulating Beverton and Holt’s method for computation 
of yield per recruit for different E values over the life span of a fish (Beverton and Holt 1964) such that E is assumed 
constant, but P variable. This gives:

Y’/R = Σ Pi ((Y’/R)i ∙ Gi-1) – ((Y’/R)i+1Gi))   ...11)

in which (Y’/R) i and (Y’/R)i+1 refer to relative yield per recruit as computed from the lower limit of length class i, 
and Pi refers to the probability of capture between Li and Li+1. Finally, Gi is defined by:

 Gi = ∏rj ...12)

where rj is a factor expressing the proportion of recruits of length Li which survive, grow and reach length Li+1. 
The value of rj is computed, for 0 < E < 1, from:

 rj = (1-ci)
Si/(1-ci-1)

Si   ...12a)

where Si = (M/K) ∙ (E/(1-E)Pi   …12b)

Y'/R = EUM/K    [1 − ( 3U
1+m) + ( 3U 2

1+2m ) − ( U3

1+3m ) ]

              A = [1 − ( 3U
1+m) + ( 3U 2

1+2m ) − ( U3

1+3m ) ]
B =    [1 − ( 3U ) + ( 3U 2

1+m' 1+2m') − ( U3

1+3m') ]
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Note that using E (= F/Z) as abscissa scale for Y’/R and B’/R plots can be misleading, because F is infinitely high when 
E = 1, and very high values of E, e.g., in Fig. 16 are unrealistic. To convert E to F, use the relationship: F =  (E·M)/(1-E).

Table 2 gives probabilities of capture for 
selection ogives with increasingly large 
ranges, from knife-edge selection in Case 
1 to a selection range spanning most of the 
range between 0 and L∞ in case 3. In Fig. 
16A departure from knife-edge selection 
has profound impact on yield-per-recruit 
estimation, particularly at high values 
of E; similar results are obtained for 
relative biomass per recruit (Fig. 16B).

The implications are obvious: one 
should assume knife-edge selection 
only for references purposes, while 
the routine of ELEFAN incorporating 
realistic selection ogives should be 
used for actual assessments.

Another, better way of presenting the 
results of yield-per-recruit analyses 
is through a yield-isopleth diagram 
(Beverton and Holt 1957), i.e., a plot 
of  Y’/R vs. mean size at first capture 
(in the Y-axis) and fishing mortality or 
exploitation rate (in the X-axis). The resulting graph will allow identification of the best value of F or E, given a 
set value of mean length at first capture (cacometric fishing). Alternatively, a yield-isopleth diagram can be used 
to identify the best mesh size, given a certain level of F or E (eumetric fishing).

Fig. 17 presents a yield-isopleth diagram for the splendid 
slipmouth (Leiognathus splendens) using the parameters 
presented in Fig. 7. This yield-isopleth diagram does not 
consider that selection is not knife-edge, but still illustrates 
that yield-per-recruit varies sharply with mean size or age at 
first capture.

APPLicATioNS oF The eLeFAN SySTem

The ELEFAN programs have been rather widely disseminated 
since they were first released, in the early 1980s, and a large 
number of papers and reports have been published which relied 
predominantly, or at least partly, on these programs, covering 
a wide range of habitats and organisms, ranging from cold 
temperate to tropical, and from invertebrates to teleost fishes. 
With a few exceptions, these applications have not involved 
fatal misinterpretation of the program’s features and output, 
and have helped their authors extract more out of their data 
than if they had used classical paper-and-pencil methods. This 
is illustrated in the brief review below of typical applications of the ELEFAN program as used by this author.

Example I: Coral trout (Plectropomus leopardus)

The first example is based on the single L/F sample of 318 coral trout from October 1971 in Table 2, corresponding to 
the data in Fig. 4B). As might be seen in Fig. 10, a scan of K, given a previous estimate of L∞ = 65 cm, yields K = 0.29 

Table 2.    Probabilities of capture for a simulation of effects on relative 
yield per recruit of increasing the selection range (for L∞ = 10, M/K = 2).

Length 1.0-1.9 2.0-2.9 3.0-3.9 4.0-4.9 5.0-5.9 6.0-6.9 7.0-7.9 8.0-8.9
Case 1a 0 0 0 0 1 1 1 1
Case 2 0 0 0.1 0.3 0.7 0.9 1 0
Case 3 0 0.1 0.2 0.4 0.6 0.8 0.9 1
a Knife-edge selection

Figure 17.  Yield-isopleth diagram for the slipmouth 
Leiognathus splendens (see Fig. 7 for the parameters). The ‘line 
of optimum yield’ is also known as ‘line of eumetric fishing’.

Figure 16.   Effect of an increasingly wide selection range on relative yield per 
recruit (A) and relative biomass per recruit (B) as assessed through application of 
Equation (11) to the data in Table 1. Note that the knife-edge assumption leads to 
overestimates of yields and of optimum effort; based on Table 2.
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year-1 as best estimate. The resulting non-seasonal growth curve (the only 
possible curve since only one L/F sample is available), with L∞ = 65 cm and 
K= 0.29 year-1, superimposed on the original L/F sample (Fig. 4A) repeated 
several years, generally hits the peaks and avoid the through between them 
(Fig. 13B), except that peak labeled ‘5 years?’ in Fig. 4B is missed at first, 
probably because it did not represent fish one year older than those in the 
peak labeled ‘4 years?’ (see also Fig. 18).

Example ii: longfin inshore squid Dorytheutis pealeii)

The second example presented here, pertaining to the longfin inshore squid 
Dorytheutis pealeii (formely: Loligo pealei), features ELEFAN (Fig. 19B-C) 
as an alternative to subjective paper-and-pencil methods, illustrated in Fig. 
19A. This demonstrates how the latter methods can (and often must) lead to 
erroneous interpretations:  

• The peaks linked by growth increments were selected in subjective
fashion (also they were not linked by their bases, as should have
been be done);

• Seasonal growth oscillations were not considered;
• No attempt was done to determine whether the putative growth

increments that were identified led to an acceptable growth curve.

Fig. 19B-C show an alternative interpretation of the same data through 
ELEFAN. The resulting growth curves have parameters consistent with 
those of other loliginid squids and the seasonal growth oscillations have 
amplitudes consistent with that of the oscillations of temperature in the 
Western Gulf of Mexico (see Pauly 1985a, and Fig. 5).

Figure 18.  Growth of coral trout 
(Plectropomus leopardus) near Heron 
Island (Great Barrier Reef, Australia). 
Given the L/F data in Table 1 and value of 
L∞ set at 65 cm, the scan for K in Fig. 10 
estimated K= 0.29 year-1 as best estimate. 
The curve thereby fitted by ELEFAN to 
the restructured L/F in Fig. 4C is here 
repeated annually, under the assumption 
that growth patterns are the same for year 
to year; the years past 1977 are only for 
visualization (see text).

Figure 19.  Two interpretations of length-frequency data for Dorytheutis pealeii from the Western Gulf of Mexico (original 
length-frequency data from Hixon et al. 1981): A) Original interpretation (see text for comments); B) Restructured sample as 
created and used by ELEFAN, with superimposed growth curves (note that original length-frequency data were regrouped 
into larger size classes for the ELEFAN analysis); C) Regrouped length-frequency samples of Hixon et al. (1981), with 
superimposed growth curves as estimated using ELEFAN.
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Example iii: checkered puffer (Sphoeroides testudineus)

The third example, pertaining to the checkered puffer (Sphoeroides testudineus) is based on L/F data reported by 
Targett (1979) from Biscayne Bay, Florida, but not analyzed in terms of growth.
As might be seen (Fig. 20), the seasonally oscillating growth curve fitted by ELEFAN to the data at hand provides 
an excellent fit. In fact, it appears necessary to re-emphasize here that such a curve is derived by ELEFAN without 
external input as to the age structure in the available length-frequency data.

Example iv: Peruvian anchoveta (Engraulis ringens)

The fourth example pertains to the Peruvian anchoveta Engraulis ringens (Northern/Central stock) and 
demonstrates the impact of correcting length-frequency data for the effects of gear selection on growth parameter 
estimates (Fig. 21), using an iterative approach first applied to Rastrelliger brachysoma in Myanmar (see Pauly and 
Sann Aung 1984).
Therein, in a first pass, initial estimates of L∞ and K (Fig. 21A) obtained from the analysis of several sets of length-
frequency data were averaged and used, along with length-frequency data from the two months of each year from 
1953 to 1982 with the smallest fishes (i.e., the month at which recruits enter the exploited population) to derive a 
length-converted catch curve (Fig. 21B). A selection curve was then derived (Fig. 21C) using the approach described 
above, and which provided the probabilities of capture by means of which the original length-frequency data 
(here October 1963 to September 1964 were corrected). Fig. 21A and 20D show the restructured samples for the 
uncorrected and corrected data, respectively. As might be seen from Fig. 21D, the peaks related to the smaller fish 
here shifted downward, suggesting a more rapid growth (i.e., higher K) than would have been inferred from Fig. 21A. 

Other applications of the ELEFAN program, to jellyfishes (Palomares and Pauly 2009), to penaeid shrimps and to 
Philippine, Indonesian and African teleosts are presented in Pauly et al. (1984), Ingles and Pauly (1984), Dwiponggo 
et al. (1987), Venema et al. (1988) and Moreau et al. (1995). Many more, by a variety of authors can be found, e.g., 
via Google Scholar.

Figure 20.  Seasonal growth of the checkered puffer Sphoeroides testudineus (Tetraodontidae) from Biscayne Bay, 
Florida, based on L/F data from Targett (1979; upper panel). Note ‘doubling up’ of the data set, and sample sizes (n = 65, 
55, etc.). The lower panel shows the ‘restructured’ L/F data, as used internally by ELEFAN (adapted from Pauly and Ingles, 
1981).
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DiScuSSioN

What is the ELEFAN program still good for, more than three and a half decades after its conceptualization and 
initial release? I see three potential groups of users for this new release of ELEFAN:

• The first group would be the field-based fisheries scientists who need tools to straightforwardly estimate growth and
related parameters of exploited fish and invertebrate populations from length-frequency data, in the tropics and
elsewhere. In other words, this update is addressed primarily to the same ‘clients’ as the earlier versions;

• The second group would be fish population modelers (i.e., stock assessment experts) in need of a tool for
estimating the prior distributions of the growth and related parameters they incorporate into Bayesian
models of exploited fish and invertebrate populations;

• The third group is composed of the many marine biologists who continue to collect from the field length-
frequency data for the organisms they study, which they then fail to analyze thoroughly, thus publishing, in
the same papers remarks to the effect that “nothing is known on the growth of X” and L/F data from which
such growth and related parameters could be estimated.

I conclude with some further remarks on the challenges faced by these three groups:

Once Z has been estimated from a catch curve and M from the L∞, K and mean environmental temperature (Pauly, 
1980b), or using another empirical model, F can be obtained from F = Z–M, while the exploitation rate (E) can be 
estimated from E = F/Z. This information is sufficient, given an estimate of mean size at first capture (Lc, see above) to 
perform a yield-per-recruit analysis using the method of Beverton and Holt (1966), as shown above. Alternatively, if it is 
accepted that the optimum value of F in an exploited population (Fopt) is about equal to M (Gulland 1971), we also have:

 Eopt = 0.5 = Fopt/(Fopt + M)   ...13)

Thus, using ELEFAN, it is in principle possible to assess whether or not a population is overfished, based solely on 
length-frequency data obtained from that population (Pauly 1998).
It must be emphasized that this is so only in principle. In reality, the estimates of Z will be biased one way or the 

A BC

D

Figure 21.  Steps used to correct first estimates of growth parameters in Peruvian anchoveta using a length-converted 
catch curve: A) Estimation of a preliminary set of growth parameters for each cohort from 1954 to 1982 and averaging of the 
same; B) Derivation of a length-converted catch curve based on growth parameters estimated in (A) and an accumulated 
length-frequency file composed of data from the two months of each year containing the smallest fish (such as to obtain a 
correction for gear selection covering a size range as wide as possible and backward projection of catch curve to estimate 
number of fish that would have been caught, had it not been for gear selection and/or incomplete recruitment; C) Estimation 
of probabilities of capture from the ratio of fish caught to virtual fish, by length, and division of all original length-frequency 
data by the appropriate probabilities of capture, and D) Re-estimation of growth parameters.  The correction leads to much 
improved (higher) estimates of the von Bertalanffy parameter K (Palomares et al. 1987 and see text).
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other by the sampling gear and by the behavior of the animals sampled, and so will the growth parameters. Also, the 
value of M will be an overestimate or underestimate of the real rate of natural mortality prevailing in the population 
under investigation (see Gulland 1984). Finally, Fopt generally has a value lower than M (Francis 1974; Caddy and 
Csirke 1983; Beddington and Cooke 1983), especially, as we have seen, when it accounts for selection ogives. Still, 
the principle holds, and may serve as a rationale for attempts to improve the quality of length-based systems, 
including data collection.

Several, highly sophisticated alternatives to the ELEFAN package exist (e.g., Sparre, 1987; Pope and Yang, 1987) 
which are more elaborate than the ELEFAN programs (see, e.g., Rosenberg and Beddington 1987). However, at least 
in the USA and Canada, and in some Regional Fisheries Management Organizations, notably those devoted to tuna 
fisheries, there has been more recently a tendency to base stock assessments on the simultaneous estimation of a 
vast number of parameters (covering growth, fishing and natural mortalities, recruitment, gear selection and even 
migration) from the simultaneous analysis of times series of catch at length-data. Here, in some cases at least, the 
ELEFAN system may be used to the informative prior distribution upon which Bayesian models crucially depend.

Turning finally to marine biologists, I may mention that several of the growth curves presented previously (e.g., in 
examples ii and iii above), and a large number of the growth curves in my other publications (from Pauly and Ingles 
1981 to Palomares and Pauly 2009) were based on previously published length-frequency data, i.e., on data that 
were available to their authors, but not analyzed thoroughly. Considering the cost of the logistic required to generate 
and publish length-frequency data sets, it seems a real pity not to estimate from them parameters such as growth 
and mortality, which by providing a chronological backbone to population studies, improve their ability to integrate 
a vast amount of otherwise disconnected data.

I hope that this new release of ELEFAN will help toward this goal.
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Using the new eLeFAn in R system

Aaron Greenberg and Daniel Pauly

AbstRAct

The new release of the ELEFAN system presented here is written as a self-contained software in R featuring an easy-
to-use Graphic User Interface (GUI). It allows limited manipulation of length-frequency (L/F) data, its main input, 
then use these L/F data to estimate the parameters of the von Bertalanffy Growth Function (VBGF), with or without 
accounting for seasonal growth oscillations, total mortality (Z) from a catch curve (again, with or without accounting 
for seasonal growth oscillations) and for drawing ‘recruitment patterns’. Also, yield-per-recruit and biomass-per-
recruit analyses can be performed, and yield isopleth diagrams can be plotted, none requiring knife-edge selection 
to be assumed. The GUI that was developed for navigating between these different routines is presented in form of 
screenshots, along with the basic principle behind each of each of these routines, and their input and output.

intRodUction

The historical development of length-frequency (L/F) analysis for the purpose of estimating growth and related 
vital statistics of fish and aquatic invertebrates have been recalled by Pauly (2013). His Fig. 3, here modified and 
presented as our Fig. 1, provides the structure to this account.

Start ELEFAN in R (e.g., from USB key) by clicking on “click_here_to_start_ELEFAN.bat”, which will run the software. 

There are different panels that make up the new version of ELEFAN’s  graphic user interface (GUI).  The left side of 
each panel contains a combination of sliders, dropdown menus, and/or buttons that allow the user to interact with 
ELEFAN, while the right side of the ELEFAN GUI contains a window that displays all the output. These panels allow 
the user to complete the workflow shown in Fig. 1. The panels correspond to the tabs in Fig. 2 (in brackets), which 
are arranged from left to right as in the following list:  

1. Tabular data (Tab. data): Reads in and displays data from Microsoft Excel and displays the L/F data to
be analyzed;

2. L/F data (L/F): Displays (i) the original L/F data, or (ii) the restructured data used internally by ELEFAN,
with or without superimposed growth curve;

3. Wetherall plot (W. plot): Estimates asymptotic length from L/F data;
4. K-scan (K-scan): Scans wide range of K-values (0.1-10 year-1) to find the best value;
5. Catch curve I (C.C. I): Draws a catch curve (not accounting for seasonal growth), used mainly to infer

probabilities of capture;
6. Corrected L/F (Corr. L/F): Displays the corrected L/F data obtained by dividing the original L/F by the

probabilities of capture;
7. Catch curve II (C.C. II): Draws a catch curve for estimation of Z, while accounting for seasonal

growth oscillations;
8. Recruitment patterns (Recr.): Draws a figure displaying the seasonality of recruitment; and
9. Y/R and B/R (Y/R): Performs relative yield-per-recruit and biomass-per-recruit analyses accounting for

gradual selection ogives;
10. L/F manipulations (L/F manip.): Enables changing the class intervals of L/F data.

In the remainder of this document, screenshots (Fig. 2-16) are shown of this new version of ELEFAN, illustrating 
its various aspects. 

1 Cite as: Greenberg, A. and D. Pauly. 2013. Using ELEFAN in R system, p.27-46. In: D. Pauly and A. Greenberg (eds.) ELEFAN in R: A new 
tool for length-frequency analysis. Fisheries Centre Research Reports 21(3) Fisheries Centre, University of British Columbia, Canada.
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Figure 1.  Flowchart of the ELEFAN system as implemented here, showing inputs, outputs and their 
subsequent analysis when appropriate. The definitions of the different parameters in this figure (Z, 
F, K, etc.) are given in Pauly (2013, this volume), which also features a version of this figure. The 
10th tab (in Figure 2) is not illustrated here (but see Figure 16). 
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The GUI (graphic user interface) of ELEFAN in R has two dimensions:

1. Horizontal, with 10 tabs;
2. Vertical, to present various information and input data.

The tabs correspond to the numbers in the Introduction and in Fig. 1. 

Along the vertical axis, we have:

i) The ELEFAN in R logo and the version number (currently: 1.0);
ii) Sliders to select a value to be inputed so that a given routine can be run, or a dropdown

list of numbers (e.g., to select a starting point) and ‘action’ buttons, to run a routine.

At the bottom, we have the logo of the US Agency for International Development (USAID), which 
funded the creation of this software, of the Coastal Resources Center of the University of Rhode 
Island (Narraganset RI, USA) which managed its production, and of the University of British 
Columbia (Vancouver BC,  Canada), where this software was developed.

Three windows will open when ELEFAN in R is started: the command window, the R window, and 
finally, the ELEFAN in R window. Do not close any of the first two windows, as this would close 
the ELEFAN in R software.

Note that you should not maximize the ELEFAN in R window. Before loading any file, resize the 
ELEFAN in R window to the desired size instead.

Figure 2.  Graphic user interface of ELEFAN in R, a) before a file has been selected; b) when choosing a file; and c) after a file has 
been selected (see text below).
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The files to be used by ELEFAN in R (.csv files; comma separated values) can be generated 
using Microsoft Excel by pressing ‘Save as’, then ‘Save as type’ and choosing ‘csv (comma 
delimited)(*.csv)’ from the drop-down menu. Note that the .csv file should not have ‘hanging’ 
commas (or other symbols) at the end of a row.

The first column must consist of the midlength (ML, as in the upper left corner of the files) of 
the length classes, while the headers of the subsequent columns are the dates of the 
various L/F samples, in the format dd/mm/yyyy, with zeros where needed.

The GUI is optimized for files of up to 24 columns and rows. Larger files may cause display 
and/or computation problems.

The last row (of the first column) must consist of either ‘mm’ or ‘cm’, which allow ELEFAN in R 
to accommodate these two length units.

Once you have saved the .csv file from Excel, open it with Notepad and check that the dates 
have the right format (dd/mm/yyyy). If they do not, modify them manually. This includes 
deleting any commas on the last line, after mm or cm. Then save the file as a text file (.txt) 
using the ‘File’ tab, and then the ‘Save as’ command.

Note that the midlength of class 12.00 to 12.99... is 12.5 and not, as some think, 12.49. Similarly, 
the midlength of the class 12.5 to 12.99... is 12.75 and not 12.749. 

Figure 3.  Illustration of the file format used by ELEFAN in R, as can be generated, e.g., with Microsoft Excel (as 
.csv file; see also Appendix III). 
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Once the length-frequency data have been read, the next step is to examine both the resulting 
histograms and the restructured data. Here, the original and restructured size-frequency  are 
presented in Figures 4 and 5, respectively. These plots are made by clicking on the L/F tab and 
pressing the button marked ‘Make plot’.  This panel also allows the display of a growth curve if 
the required growth parameters are entered (using the sliders).

To create this plot, the original samples were re-expressed as % samples, whatever their initial 
sizes, which has the effect of making the samples more similar to each other. 

Note that a slider which allows the scale to be changed is also provided, such that the histograms 
can be enlarged or reduced to enhance visibility, while avoiding overlaps.

Figure 4.  Size-frequency data by date for Abra alba (Brey et al. 1987), as displayed by ELEFAN in R.
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Restructured L/F data in terms of positive peaks and negative troughs is at the heart of the 
ELEFAN procedure (see Pauly, this volume), and hence visualizing the restructured data under 
the L/F tab is quite important. Moreover, it allows preliminary fiddling with growth curves, as 
shown on the next panel.

Note that what were ‘peaks’ in the length-frequency data of the previous screenshot are now 
positive ‘points’ (black), while the troughs between peaks are now negative ‘points’ (grey).

Also note that the scale of the histograms can be modified (by using the slider), such that 
they will not overlap when the samples are close to each other.

Figure 5.  Restructured size-frequency data for Abra alba. Note that here, the peaks of the distributions in Fig. 3 
have become positive ‘points’ (black), while the troughs between peaks have become negative ‘points’ (grey).
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As illustrated here, a growth curve (which may be seasonally oscillating or not) can be 
superimposed on the size-frequency data — whether original or reconstructed — by setting the 
sliders on the right to the required parameter values. 

The available range for the asymptotic length (L∞) is 0.8∙Lmax to 1.5∙Lmax, with Lmax being the 
maximum length in the samples. The available range of K value is 0.1 to 10 year-1. The parameters 
defining seasonal growth (WP and C) can range from 0 to 1, and 0 to 1.2, respectively (in the 
Northern hemisphere, WP is usually 0.1-0.2).

Note also that a starting sample (SS) and a starting length (SL) must be selected (see Pauly, this 
volume). These define a point (starting point, or SP) through which the intended growth curve 
must pass (usually, this should be a prominent peak); once selected, it will show as a red dot. A 
‘ruler’ (blue horizontal line) is provided which moves up and down and outputs its position such 
as to facilitate the selection of the starting point. 

The growth curves can be plotted, and the goodness of fit (Rn) of the growth curves that will be 
generated are given near the top of the length axis. 

Note that this approach to estimating growth parameters is extremely time-consuming and hence 
far less than optimal; the next two routines should be used instead.

Figure 6.  Overlay of a seasonal growth curve on the restructured size-frequency data for Abra alba.
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The Wetherall plot allows for the asymptotic length (L∞ ) to be estimated without information on 
growth proper being available. However, the available L/F data must not have been 
generated using a gear which selects against large specimens or sampled at a site where 
large specimens do not occur.

The Wetherall plot has various biases, notably due to the assumption of equilibrium being rarely 
met, but this is likely to affect more its estimation of Z/K (= b/(1-b)), where b is the slope of 
the equation.

The selection of point to use in the plot is done by selecting (using the slider in the right panel) the first 
point (P1) to be included in the regression; all subsequent points are then automatically included.

Given the equation of the top of the Y-axis, of the form Y = a+b·X; L∞ is estimated from a/(1-b). 

Figure 7.  A Wetherall plot of the data for Abra alba. Note that the line fitted to the straight segment of the plot 
crosses the 1:1, which estimates asymptotic length (see Pauly, this volume).
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The K-scan routine is at the heart of the ELEFAN in R, and comes in two flavours: with a fixed 
starting point, and without.

With a fixed starting point (SS and SL, selected via the panel on the left) a multitude of growth 
curves, each with a different value of K, will be fitted to your L/F data, while L∞, C and WP are 
fixed. The routine will output a plot as shown above, whose peaks can be better interpreted by 
smoothing (i.e., moving the slider in the ‘Moving average strength’). The best K values will be 
given on top of the two peaks (original and smoothed).

With a variable starting point, it is not necessary to input SS and SL, but the scan will take longer 
as it will try each peak in the restructured data as a potential starting point. The result, however, 
will be a curve that fits better, as can be evaluated with reference to the Y-axis of the plot, i.e., 
the goodness of fit (Rn; see Pauly, this volume).

Once the taskbar shows that the scanning is done, press the ‘Make plot’ button to see the results. (Note 
that you can work with another routine of ELEFAN in R with ‘Scanning for K’ running in the background).

Figure 8.  K-scan routine for the size-frequency data for Abra alba.
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The first catch curve routine offered by this version of ELEFAN in R (C.C. I) is not used to 
estimate total mortality, but to draw inferences on the process of gear selection (and recruitment 
on the sampling grounds), which has generated the L/F data at hand. 

Here, the selection of data points thought to belong to the descending, fully selected part of the 
curve is very important (see also Appendix II); the slider on the left is used for this.

Once these points are selected  and the curve drawn, probabilities of capture are computed from 
the ratios of the observed relative abundances (N/Δt) to the relative abundance that would have 
been present, had it not been for the effect of selection and incomplete recruitment.

The Catch Curve I (non-seasonal) routine generates a .csv file that is saved in the same folder 
as the original length-frequency file, with ‘_corrected’ added to the filename as suffix. 

Figure 9.  Use of a length-converted catch curve to infer probabilities of selection for Abra alba (see Pauly, this volume).
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The probabilities of capture that are generated by a catch curve such as Figure 9 are shown here; 
also shown is the files of probability by length, which is called by pressing ‘Show prob.’ These 
probabilities can be overwritten and saved, but these (new) probabilities will be overwritten when 
the catch curve routine is run again.

Figure 10.  Displaying the probabilities of capture generated by a length-converted catch curve.
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The corrected file generated by dividing the L/F data by the corresponding probabilities of 
capture (see above) will be stored under a new name (with the word ‘corrected’ added). This 
file can then be used to run the K-scan routine again. Usually, this will lead to the best K values 
being slightly higher, as some of the peaks associated with small size will be shifted toward 
even smaller size (which can be verified by visualizing the data), thus increasing the growth 
rate needed to connect the small to the larger fish.

Figure 11.  The size-frequency file for Abra alba, (partly) corrected for the effect of selection and incomplete recruitment.
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Once the estimate of growth parameters has been finalized, the analysis of the L/F data at 
hand can proceed to a catch curve routine which can handle seasonal growth, and which is 
described in detail in Pauly (this volume).

Although entirely length-structured, catch curves allowing for seasonal growth have the 
same appearance and axis labels as age-based catch curves, i.e., they are plots of ln(N) vs. 
(relative) age. The main issue with such curves is the selection of points to be included in the 
estimation of Z (see also Appendix II). Another issue is the representativeness of the L/F data 
used, but this cannot be resolved here (see Pauly, this volume).

The sliders on the right allow entering the growth parameters (including C and WP), and thus 
assessing the effect of seasonal growth oscillations on the estimation of Z (see top of Y-axis). 

Note that the slider for Linf changes only for increments of 1 mm or 0.1 cm. Also note that the 
abscissa scale of the catch curve (relative age in year) has negative ages, with zero year at the 
right. They should be rescaled with the smallest number corresponding to age I, the next to age 
II, etc. 

Note, finally, that the 'catch curve' will be flat if the Linf estimate used is too small.

Figure 12.  Length-converted catch curve for Abra alba, accounting for seasonal growth and leading to an estimate of Z.
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The recruitment pattern routine which generated the graph above (and which has an abscissa 
of one year) is, in a sense, the inverse of the previous routine, which constructed catch 
curves. Here, however, the L/F data at hand are projected against the time axis, which leads 
to their peaks and troughs being reflected in  an annual pattern roughly reflecting the 
seasonality of recruitment. Thus, if seasonal recruitment occurred in one short pulse, this will 
be reflected by the monthly recruitment pattern having one peak. If seasonal recruitment 
occurred in the form of two cohorts, this will also show either in the form of two peaks, 
or through the single recruitment peak being strongly asymmetric.

Because the shape of recruitment patterns is strongly dependant on the correct growth parameters 
being used to derive them, this routine can be run only following the K-scan routine, using the 
best value of K and the associated values of L∞, C and WP.

Figure 13.  Recruitment pattern for Abra alba.
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Without probabilities of capture, this graph would show only the yield-per-recruit (Y/R) and 
biomass-per-recruit (B/R) that are obtained under the assumption of knife-edge selection (dotted 
line). When the catch curve routine (C.C.I) has been run, however, and thus probabilities of 
capture (by length) are available (internally), ELEFAN in R will plot a second set of Y/R and B/R 
curves (solid line).

Note, when interpreting the above graph, which has E (= F/Z) as its X-axis, that the right side of 
the graph is severely compacted, with F=∞ when E=1. Thus, you may wish to convert from E to 
F using F = E·M/(1-E).

Note also the large difference between the curves assuming knife-edge selection and those 
assuming a smooth selection ogive, which stem from the arrow of time not being reversible, i.e., 
from small fish that have been caught before they could contribute to the overall yield not being 
compensated for by larger fish not being caught (see Pauly, this volume).

Figure 14.  Yield-per-recruit and biomass-per-recruit for a population of Abra alba, based on the parameters entered on 
the left panel (L∞, K, and M/K), and the probabilities of capture derived from Catch Curve I (with Lc for the knife-edge case)
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The yield-isopleth diagram in Figure 15 is generated from the parameters on the left, estimated 
by the other routines of ELEFAN in R.

The yield-isopleth diagram represents a complete stock assessment in that it allows the user 
to identify the combination of fishing mortality (F) or exploitation rate (E) and mean size at first 
capture (or selection ogive) which generates the highest yield-per-recruit. Also, one can identify 
how far one is from this optimum by using the rulers provided on the left. The user can toggle 
between F and E as abscissa scale.

Note that this routine requires the selection ogive used in the Y’/R routine to be shifted toward 
lower lengths when ‘Lc’ is reduced, and conversely when ‘Lc’ is increased; this is here done 
internally.

Figure 15.  Yield-isopleth diagram for a population of Abra alba; based on the parameters and the probabilities of 
capture shown in Fig. 10. 
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The examination of the L/F data through the various routines discussed previously may highlight 
that the data at hand were not grouped in appropriate intervals. Ideally, there should be 12-
15 classes for analyses with ELEFAN in R. Thus, L/F data at finer intervals can be either (i) 
regrouped in MS Excel before being read in ELEFAN in R, or (ii) regrouped by the ‘L/F manip’ 
routine, which will be useful when the class interval required to generate 12-15 classes is not an 
entire multiple of the original class size.

The ‘L/F manip’ routine can also be used to reduce a class interval, e.g., to make the class 
interval of a L/F file equal to that of another, so that they can be merged.

Figure 16.  The class interval of a file can be modified, e.g., from 1 cm to 2 cm (see Appendix III, p.46).
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Appendix I.  Symbols and Acronyms
a Intercept of a linear regression;
ASP Available Sum of Peaks in a set of restructured L/F samples; equivalent to ‘total variance’ in parametric methods 

(see ESP);
b Slope of a linear regression (see ‘a’);
C Expresses the amplitude of seasonal growth oscillations and can take values ranging from 0 to 1;
∆t A time interval; here, the time required to grow from the length corresponding to the lower (Li1) to the upper (Li2) limit 

of a length class. Generally expressed in years;
E Exploitation rate, computed from F/Z;
ELEFAN Electronic Length Frequency Analysis;
ESP Explained Sum of Peaks in a set of restructured L/F samples; equivalent to ‘explained variance’ in parametric methods;
ESP/ASP Goodness–of-fit indicator in initial versions on ELEFAN, later replaced by Rn;
F
FiSAT             

Fopt

K

L/F
L∞

Li; Li’
Li1; Li2

Lmax 
M 

KL

Fishing mortality (instantaneous rate of…). Here expressed in year-1;
FAO-ICLARM Stock Assessment Tools; a software package implementing the ELEFAN approach (see Gayanilo et 
al. 1996, 2005; Gayanilo and Pauly 1997);
Optimum fishing mortality, e.g., that which maximizes yield per recruit and/or generates maximum sustainable yield;
Curvature parameter of the VBGF, or ‘stress factor’; K is NOT a growth rate, but the ‘rate’ at which L∞ is approached. 
Here expressed in year-1;
Length-frequencies, as in ‘length-frequency data’;
Asymptotic length: the mean length the fish of a given population would reach if they were to live and grow 
indefinitely (i.e., a very long time);
Successive mean lengths (Li), computed from successive cutoff lengths (Li’), as used in Wetherall plots;
Lower and upper limits of a length class;
Largest fish in a population;
Natural mortality (instantaneous rate of…), as caused by predation, diseases, etc.. Here expressed in year-1;
Midlength (see below);

Midlength In L/F data, the midrange between the lower (Li1) and upper limit (Li2) of a length class. The midlength of a class 

P1

π
Rn
SL 

SP

SS

t0

T0

ti

t’max’

t’min 

ts

VBGF

WP

Z 

represents all lengths in that class;
The first data point used to estimate total mortality (Z) from the slope of a regression line fitted to the data points on 
the right, descending arm of a catch curve. This point, corresponds to the midlength of the first length class included 
in the estimation of Z, and is thus the first length for which the probability of capture is 100 %. The points P2, P3, ..., 
obtained by moving leftward from P1, express descending probabilities, with P0 = 0 %. P1 is also used, with the same 
interpretation, in the Wetherall plot;
3.14159…
Goodness–of-fit indicator in later versions of ELEFAN and replacing ESP/ASP; computed from Rn = 10ESP/ASP/10;
Starting length; the length class through which a growth curve must pass (see SP and SS); in ELEFAN, this must be 
the midlength of a class belonging to a peak;
Starting point of a growth curve defined by a sequential sample number (the starting sample, or SS) and a starting length 
(SL), from which a growth is projected both forward and backward. The SP substitutes for ‘t0’ in the standard VBGF;
Starting sample; the L/F sample with a starting point (SP), defined by its sequence number (sequence numbers 
usually correspond to their sampling dates);
The parameter in the VBGF expressing the theoretical ‘age’ the fish or invertebrates of a given population would 
have at length zero if they had, from the onset, grown as predicted by the VBGF (which is never true, see T0). Use 
of the VBGF without t0 implies that ages are ‘relative’, i.e., not defined with reference to calendar time;
A variable name used within ELEFAN to replace t0, but which is not visible to the users, who are asked instead to 
specify a starting point (SP), defined by a starting sample (SS) and starting length (SL) when they want to ‘fix’ a 
growth curve relative calendar time;
The relative age corresponding to the midlength of class i;
Relative age corresponding to the largest midlength in a length-frequency sample (note that when seasonal growth 
occurs, the smallest length does not necessarily correspond to the highest age; however, given the context, this 
does not matter here);
Relative age corresponding to the smallest midlength in a length-frequency sample (note that when seasonal growth 
occurs, the smallest length does not necessarily correspond to the smallest age; however, given the context, this 
does not matter here);
A parameter of the VBGF modified to express seasonal growth, and expressing, as a fraction of a year, the time 
difference between t=0 and the start of a growth oscillation; replaced by WP for practical purposes, with WP = ts +0.5;
von Bertalanffy Growth Function, here used in standard form (Equation 1 in Pauly 2013), and in a form suitable for 
expressing seasonally oscillating growth (Equation 2 in Pauly 2013);
Winter Point; the time of the year (expressed as fraction of a year) where growth is slowest, given seasonal growth 
oscillations. When C=1, this is the one time of the years where dl/dt = 0;
Total mortality (instantaneous rate of…); note that Z = M + F. Here expressed in year-1.
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Appendix II.  Selection of points in catch curves.

One problem which regularly appears when using the catch curve routine of ELEFAN for the first time is the choice 
of points (P1, P2, ...Pn) to be included in the linear regression from which Z is estimated.  The following paragraphs 
present a set of rules which jointly may solve this problem:

(i) One obvious first rule is that only the points pertaining to the right, descending side of the curve must be
used, because the location of the points on the left side of the curve are affected by gear-selection and/or
incomplete recruitment;

(ii) A second rule is to use as first point (P1) that immediately to the right of the highest point (Pmax), because
the latter is likely to be contaminated by incomplete selection and/or recruitment;

(iii) The rule is (ii) does not apply if Pmax is above the leftward projection of an initial regression line that did
not include Pmax, since its position, in this cases, does not suggest  incomplete selection and/or recruitment;

(iv) Generally, because it included few fishes, the rightmost point (Plast) of a catch curve is less reliable than
the others.  Also, in length-converted catch curves, Plast tends to be shifted to the right, toward high ages,
because of the non-linearity of the length-to-age conversion (i.e., the inverse of the VBGF).  Therefore Plast
should be included in the regression only if it lies below the rightward projection of an initial regression line
that did not include the last point;

(v) A necessary (though not sufficient) condition for a catch curve estimate of Z to be reasonable is that it
should have been derived from a succession of points (P1, P2, ...Pn) forming a straight line  (implying a
constant value of Z), and including as many age groups as possible (such as to dampen fluctuations of
mortality and/or recruitment);

(vi) In statistical terms, item (v) suggests (a) that a large fraction of the variance of the points P1,
P2, ..Pn should be explained by a fitted regression line and (b) that the value of n should be as
large as possible. These two requirements can be simultaneously taken into account by

basing the
regression used for estimating Z on the sequence of points P1, P2, ...Pn which maximizes:

Fmin = Σ(Ŷ1-Y)2 /(( Σу1
2((Σу1)

2/n))/(n-2))

where x, y are the coordinates of the points included.  This can be straightforwardly implemented as a
computer routine, by scanning all possible sequences of points leading to a negative slope and for which the
criteria in (iii) and (iv) apply;

(vii) The rule in (vi) may still fail in case of catch curves with a wide, flat plateau, or two (or more) descending
sequences of point separated by an ascending sequence, or other pathological cases. These can be generally
identified by eye, however, and/or incorporated into the routine described in (vi), e.g., in the form of a
series of ‘IF statements’ which identify such pathological sequences of points, and set their F-ratio at zero.

LM 17/04/1976 02/07/1976 19/09/1976 15/12/1976 18/02/1977 30/04/1977 24/06/1977
1.5 0 0 0 2 0 2 0
2.5 0 1 9 1 1 1 0
3.5 0 1 34 3 0 1 0
4.5 1 0 96 3 0 1 0
5.5 1 1 68 4 2 1 0
6.5 1 0 50 21 4 5 0
7.5 3 0 16 33 9 7 1
8.5 9 3 2 47 26 12 5
9.5 5 3 1 34 30 14 10

10.5 0 6 1 16 14 3 3
11.5 3 1 0 9 11 0 0
12.5 1 0 0 4 4 0 0
13.5 1 0 0 3 2 2 0
14.5 0 1 0 2 2 1 0

Appendix III.  Length-frequency (L/F) data file for the bivalve Abra alba sampled in 
Kiel Bay, Germany, from April 17, 1976 to June 24, 1977 (from Brey and Pauly 1986). 
Suggested parameters: L∞ = 15 mm; C= 1; WP = 0.2; K = ?
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