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This is one of a series of reports prepared during the course of the UNDP!FAO project

identified on the title page. The conclusions and recommendations given in the report are
those considered appropriate at the time of its preparation. They may be modified in the

light of further knowledge gained at subsequent stages of the project.

The designations employed and the presentat'ion of the material in this document do

not imply the expression of any opinion whatsoever on the part of the United Nations or

the Food and Agriculture Organization of the United Nations concerning the legal or constitu-

tional status of any country, territory or sea area, or concerning the delimitation of
frontiers.
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ABSTRACT

. A selection of methods for stock assessment is presented which appear appropriate
for use in Burma. Foremost among these methods are those by which total and single-species
biomasses and their confidence intervals can be estimated.

This report also reviews the methods for obtaining representative length-frequency
samples from stratified random surveys, as well as the methods commonly used to obtain
catch at length data from an ongoing multigear fishery.

The uses of length-composition data are discussed with special reference to growth
parameter and mortality estimation.

Various methods to obtain biological information on fish reproduction and feeding

are discussed. It is suggested that the integration of information derived from length-
frequency data with biological information and biomass estimates should be in the form

of a trophic "box-model", such as the ECOPATH model, which is appropriate for implementation
in Burma.



1. INTRODUCTION

1.1 TERMS OF REFERENCE

The Government of Burma, assisted by the United Nations Development Pro~ramme and the

Food and Agriculture Organization of the United Nations, have been engaged in tile Marine

Fisheries Resources survey and exploratory fishing project (BUR/77/003), whose main purpose

is to make an estimate of the marine fish biomass within Burma's EEZ, identify and map

presently non-exploited fishing grounds, assist the Government in setting up a visit to

survey the marine fishery resources, and train counterparts.

As part of the project operations, FAO assigned Mr D. Pauly as consultant (fish popu-

lation dynamics) for 2 brief periods in August and December 1983 with the following terms
of reference:

Under the supervision of the Team Leader and in close cooperation with the project
staff and with Burmese counterparts, the consultant will:

- advise on the appropriate methodology to estimate the fish resources and their

potential catches on the basis of data collected during the appraisal surveys. conducted

by the project. and from the fisheries statistics;

train Burmese counterparts in the methods of fish population dynamics studies. with

emphasis on those which can be implemented in tropical waters.

1.2 BACKGROUNDINFORMATION

This report was written at the request of the staff of the Sea Fisheries Research

and Survey Unit of the People's Pearl and Fishery Corporation in Rangoon, Burma (SFRSU) to

provide an account of the basic methods for use in'assessing the ~rine fishes of Burma.
with emphasis on the demersal species.

The methods presented here have thus been selected for their perceived usefulness under

conditions now prevailing in Burma. at the SFRSU. and are not intended to be generally appli-

cable throughout the tropics where local conditions may require a different mix of methods.

All papers and books cited here are or will soon be available at the SFRSU.

2. USING REPRESENTATIVE LENGTH-FREQUENCY SAMPLES FROM SURVEYS

As the author established during his stays in Rangoon, none of the sets of length-

frequency data presently available from Burmese marine waters have been obtained on the

basis of a pre-established. rigorous sampling scheme. For this reason, results of analyses

based on these data will remain tentative until confirmed by analyses based on samples known

to be representative of the population studied.

Detailed schemes for obtaining representative length-frequency data have been suggested

in various fisheries"manuals (e.g., Gulland. 1966) but have not been used widely in the
tropics. probably because the need for such representative length-frequency samples was not

obvious, given the earlier. and still widespread. perception of a limited usefulness of such

samples. This is illustrated by the following citation from Mackett (1973). who presents

a very useful sampling scheme but who. at the same time. suggests very few uses for the

samples obtained, as evidenced by the following quotation:

"The length frequency samples taken from the catches within each stratum (of a stratified

random survey) should be combined to produce the average length composition of the

standing stock during the time period. Both the absolute len~th-frequency (number of fish

at each length) and the relative frequency (percentage present at each length) should be

given. This length-frequency will be useful for showing in a general sense the likely
size of fish to be encountered in the area with the gear used. It can be compared to

other size compositions from adjacent areas to help form hypotheses on migration.

In most cases ... it will suffice to combine length-frequency samples from catches

taken in the same strata without statistically weighting them by the numbers of fish

in individual hauls. A simple addition of the numbers of each length in the individual
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length samples within a stratum and then computing the percen~age at each length will
represent the average length composition within the stratum. However, to obtain the

overall L/F, it will be necessary to statistically weight these length compositions

by the estimated number of fish in the stratum to obtain the average length composi-

tion over all strata. This can be done by computing the number of fish at each length
within each stratum and then sumnling the number at each length over all strata. The

overall relative frequency can then be computed and plotted in the space provided .

(on the FAO Fishery Resource Survey Form). It should be noted that when it is desired

to investigate the differences in length compositions between strata for different

gears or methods of fishing, etc., it may be necessary to-calculate appropriate

raising factors for the samples within a stratum in order to arrive at a more precise
estimate of the size composition within each stratum".

However, much more can be extracted from length frequency data than "the likely size of

fish to be encountered" and inferences on migration (Pauly and David. 1981; Pauly and
Navaluna. 1983; Pauly 1982. 1984). However. for a maximum of information to be extracted

from length-frequency data. the sche~e proposed by Hackett (1973). which is fairly typical
of the approaches proposed by a number of authors. must be examined in detail.

The first problem to consider in this context is that two conflicting time-scales

will prevent weighting. of all samples used by the biomass of the species in question, i.e.:

- the most suitable time

the growth and seasonality of

Burma is the month, while

- the stratification in the time domain of the demersal surveys off Burma has been to

date, and will continue to be the 6-month intervals - April to September, October to March

characteristic of the "premonsoon" and "postmonsoon" respectively (this scheme is structured

around the strong southwest monsoon, and ignores the much weaker northeast monsoon).

unit for aggregating length-frequency samples for studying
recruitment of the small short-lived fish predominant off

Thus, it will generally be impossible to weight the samples pertaining to a given

month say during the premonsoon period, by the biomass pertaining to that specific month.

Depending on the intended use of the length frequency data at hand, two alternative

strategies can be proposed which account for this problem:

(1) When the length-frequency data are to be used for the estimation of growth para-
meters using the ELEFAN I program of Pauly and David (1981) and of the seasonality of
recruitment (using the ELEFAN II program (see Pauly,1982; Pauly and Navaluna, 1983),
the available length-frequency samples will have to be raised to the catch per hour (see
below), and pooled within and between strata (see below) for each month; then, all monthly
(combined) samples will have to be rendered equal by expressing them as percentages. That
is, no weighting will be necessary to account for the different biomasses during the pre-
and postmonsoon periods, because, when using the ELEFAN programs growth and recruitment
patterns are inferred from the position and relative importance of the modes, not from the
absolute frequencies.

(2) When the length frequency data are to be used for the estimation of mortality

through length-converted catch curves (see below for definition), the procedure for
obtaining monthly samples will be the same as in (I) for the samples within each six-

month period. However, when pooling the data from the two periods into a mean ~~nual sample,
the mean monthly samples (in percentages of both 6-month periods will have to be raised

to their respective biomass estimates before being combined into a single sample. This
will account for the fact that the length-converted catch curve provides unbiased estimates

of Z and related parameters only when the length-frequency data used for its construction

are weighted by the stock abundance.

Another problematic aspect of the scheme proposed by Mackett (1973) (see citation

above) is that pooling of length frequency data from different strata (after weighting) is
proposed without any qualification. When detailed analyses of the sort proposed here are
to be conducted, the different state of exploitation of the fish in the different strata

must be considered, however, especially when estimating mortalities.
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Thus, for example, it can be expected that the total mortality estimated from length-

frequency data obtained in the Delta area should reflect a higher exploitation - due to
the proximity to Rangoon - than in more outlying areas off the Rakhine or southern
Tenasserim coasts. The aggregation of length-frequency data should be such that areas

with different fishing intensities are kept separate. In the case of the Burmese coast,

this suggests the continued use, for the purpose of aggregating L/F data, of the following
areas:

Northern Rakhine coast

Southern Rakhine coast

Western Delta area

Eastern Delta area

Northern Tenasserim coast

Southern Tenasserim coast (Mergui Archipelago)

These areas correspond to those also used for the overall biomass surveys by UNDP/FAO/

PPFC in 1981-1982. Similarly, the depth ranges 0-50 and 51-100 (and when possible 101-200 m)
may be used for the depth stratification, although attempts should be made, for each species

of importance, to also record and use the actual sampling depth whenever possible.

Aggregation of. length-frequency data between strata should proceed as follows, and be
based on the following criteria:

(1) Aggregation of data from the whole depth range of a given area (e.g.,

a-50, 51-100, 101-200 m off the northern Rakhine coast) should always
be performed, as inshore-offshore movements are the rule in most South-

east Asian fish stocks with the larger, older fish occurring offshore.
The available monthly samples should thus be raised to the biomass in

each depth range.

(2) Aggregation of data from adjacent areas (e.g., north and south
Tenasserim, or north Tenasserim and eastern Delta area) will be
appropriate:

when not enough data are available from either (or both) of the

subareas to be pooled, and the combined sample appears more

representative than the samples kept separate, or

when there is evidence (e.g., from morphometric studies, or from

local oceanographic conditions) that the two subareas are parts
of the habitat of one and the same stock.

In such cases, aggregation .of length-frequency data should be done without weighting

the subarea summary samples by the subarea biomasses, but rather by adding all length-
frequency samples (after raising them to catch per effort) taken in a given month in the
combined area.

(3) Aggregation of data for the whole Burma coast: this operation implies
the assumptions of (a) a unit stock, which is (b) exploited by a unit
fisherv.

While the first of these assumptions will probably not hold (since there is no reason

why fish should respect international borders), the second will be true in the sense that

the Burmese marine waters are exploited by Burmese vessels only (or almost) - rather than

by Bangladesh, Thai or other vessels, which will expose the fishes off Burma to the degree
of exploitation corresponding to the overall amount of fishing mortality that the Burmese

fleet can exert. Thus, poolingall data from all areas off the Burmesecoast canalsoprovide_



by means of length converted catch curve - a useful index of the degree of exploitation

experienced by a stock in a given year. Obviously, such an ipdex will become more useful

as time goes by, since it should be possible to relate it to the aggregated demersal

effective effort (e.g., expressed as total horsepower-days. per year).

Combining of length-frequency data from the whole Burmese coast should be done after

prior weighting by the biomasses of the various areas when the length-frequency data were
obtained from a stratified random survey. In the case of the demersal component of the

surveys conducted in 1979/80 by R/V DR FRIDTJOF NANSEN, which were neither stratified nor

random, aggregation of data may also involve pooling data from different areas that are

given the same weight because approximately the same sampling effort went into each of

the major areas surveyed (see Str~mme!! al., 1981).

3. RAISING SAMPLES TO CATCHPER EFFORT AND TO BIOMASS

When samples of fish are measured which represent only a part of the catch (for that

species) of a given trawl haul, the length frequencies obtained must always be raised to

the standard unit of catch per effort (e.g., to catch per hour) before any pooling with

the length frequencies of other hauls. The procedure of raising length-frequency samples
to the catch involves the following three steps:

Step t. Estimate weight of sample (W )s

Step 2. Divide total catch per hour of the species concerned (W ) by the

weight of sample (W ); the result of this division will~e a

raising factor, defrned as W /W sR.F.c s ..

Step 3. Multiply each of the frequencies of the sample by the raising
factor obtained in Step 2.

The procedure is illustrated in Table 1. Estimating the sample weight should be
done at sea only when unbiased and relatively precise weighing can be done, which, for

lack of adequate balances cannot presently be performed in Burma (spring balances must

not be used at sea). When samples cannot be weighed at sea, a length-weight (L/W) relation-

ship, based on fresh fish measured on land can be used to compute the weight of a sample.
This procedure involves the following five steps:

Step 1. Estimate the value of the parameters "a" and "b" of a length weight
relationship of the form

bW .. aL

Step 2. Use the L/W relationship to estimate the weight. corresponding to the

lower limit of each length class, and the weight corresponding to

the upper limit of the highest length class for which length-

frequency data are available

Step 3. Use the weight corresponding to the limits (upper, lower) of

each length class to compute the mean weight or the fish within each

length class (i.e., W=(WI +WZ)/Z, where Wt and Wz are the weights
corresponding to the lower and upper limit of a length class

respectively)

Step 4. Multiply each of the mean weights by its corresponding frequency
in the sample at hand

Step 5. Add products obtained in Step 4; the final sum is the weight of

the sample (W ); dividing W by the number of fish in the sample,

will provide,sincidentally,Sthe overall mean weight of the fish
in the sample.
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This procedure is illustrated in Table 1.
.

As mentioned above, length-frequency samples that have been raised to a standard

catch per effort can be simply added up (by length class) within any stratum and month,

thus resulting in overall length frequency samples representative of a given stratum and

which, for comparison and/or graphical representation, may be expressed as percentages.

Such samples, representative of a given stratum and month and which will be called here.
Within-Stratum Summary Samples" (WSSS), can be pooled with the WSSS of other strata only

after weighting by the different biomass and accounting for the different size composition

in the different strata. The procedure used here, which will be illustrated for an

example involving tWo strata (S1' S2) can be extended to any number of strata; it involves
the following five steps:

Step 1. Calculate the weight of the WSSSJ expressed as a percentage and
using Steps 1-5 above. (Obviously, the mean weight per length
class will not have to be recalculated.)

Step 2. Divide the estimated biomass of fish (B1) of the species in question
in Stratum \ by the weight of WSSSt

Step 3. Multiply each of the percentage frequencies of the percentage WSSS1
by the raising factor (quotient)obtainedin Step 2. The resulting

frequencies will be absolute number of fish in 5" by length class

Step 4. Repeat Steps 1-3 for stratum 2 (or any number of strata)

Step 5. Add absolute frequencies obtained in Step 3 to those obtained in
Step 4, by length class. The results will be absolute number of

fish in S, and S2 (or more), by length class.

This procedure is illustrated in Table 2.

4. ESTIMATING BIOMASS AND ITS CONFIDENCE INTERVAL, BY SPECIES

Many methods are available for estimating the biomass of the fish of a given species

(reviewed in Pauly, 1982, 1984). For demersal fish and in the absence of catch data, the
most straightforward is the swept-area method, i.e., the method also used for estimating
overall demersal biomass. Therefore, the results of trawl surveys can be used to estimate

both overall biomass and biomass by species. This seems straightforward enough, yet three

problems are linked with this approach:

Problem 1. The sampling design (i.e., number of stations per stratum) that
is optimal for the overall biomass will generally not be optimal
for the various species making up that overall biomass.

Problem 2. Zero catches, which are almost impossible when sampling overall
demersal biomass, may occur, and may be very frequent with
single species that are not very abundant.

Problem 3. Different methods might be used to estimate overall biomass and
biomass per species which will in some cases lead to the single
species biomasses not adding up to the overall biomass. Methods
which will cause problems in this context are those involving
geometric means (see below).

Problem \ cannot be overcome - a least not off Burma - because none of the various

species making up the total overall biomass is valuable enough to justify conducting a

survey for it alone. Thus, one should be aware that usually the standard errors of

single species biomass estimates will be proportionately larger than those of the overall
biomass estimates.
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Problem 2 can be overcome in a variety of ways, of which three are discussed below:

Solution 1. Use arithmetic means to compute the mean catch/h in the various

strata; in this case, simply add up all non-zero catches

(previously converted to standard hauls, e.g., of 1 hour), then

divide by the number of hauls including the haul with zero catches).

This solution, although it "works" is not a really good one, because
trawl catches are generally not normally distributed and hence their

arithmetic mean is not a good measure of "central tendency", i.e.,

of the most likely catch (see below).

Solution 2. Use geometric means to compute the mean catch/h after adding 1 to
each of the standard haul catches (see Table 3). This will allow

for taking logs (preferably loge or In) throughout, even when zero

catches occurred; 1 is then subtracted from the antilog of the

mean 10ge(c/h)+1; a correction should then be made to account for
the fact that the geometric mean is biased downward (see below).

Solution 3. Use methods such as those suggested in Smith (1981) or Pennington
(1983). The former of these papers suggests that a modified

arithmetic mean (in which E c/h is divided by n-1 instead of n)

gives optimum results, while the second shows a method to deal

separately with the non-zero and zero catch values, then to

integrate the information derived from the two groups of catch
data.

Solution 2 is probably the most appropriate for use in Burma, at least for the next

years, and is therefore briefly reviewed and illustrated with a constructed example.

Throughout this paper, the method is presented in the following eleven steps:

Step 1. Adjust all hauls to the same trawling time; this procedure will be

necessary only if some hauls differ from the standard. If the standard

(i.e., most common trawling time) is 1/2 hour, the hauls must not be

transformed to hourly hauls, because this changes the estimateS-Of

standard errors; in the following catch per hour is assumed only for

simplicity's sake).

Step 2. If hauls with zero catch occur, add 1 to all catch data (i.e., including

the non-zero catches; see Table 3; if no zeros occur, adding 1 is not

necessary.

(In the following, it will be assumed that 1 has been added to all hauls.)

Step 3. Take the loge of each of the c/h+1 values, which will be called Xi
values.

Step 4. Compute for each stratum separately the following quantities:

a) E Xi . sum of the logs of the c/h+1 values

b) E Xi2. sum of the Xi squared (that is, X12 + X22 +... Xn2)

c) E Xi/n . X - mean of the Xi values

d) E X2 -«Xi)2/n)=E X2 = sum of square of the Xi values

e) E X2/(n-1) = variance of the Xi values (= Var (Xi»

Step 5. The uncorrected mean catch (geometric mean) will then be the antilog
of X, that is, uncorrected mean c/h = exp X
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The uncorrected mean is then corrected in two steps:

Step 6. Subtract the value of 1 added previously and obtain the

partially corrected mean catch per effort (= i/h).

Step 7. then perform
* -
c/h.(exp(Var(Xi»/2) = c/h

where Var(Xi) = E X2/(n-1)

Step8. Estimate the approximate variance of the corrected mean catch

per effort from
- - 2

Vade/h) -:;;: (c/h) .exp(Var(Xi». «exp(Var(Xi> »-I)/n;

This equation must be used for each stratum separately (see Tables 4 and 6).

Step 9. The biomass per stratum is tQen computed by multiplying the
corrected geometric mean catch per effort by a weighting factor
(Q) equal to the number of times the unit of catch per effort
used is contained in the stratum considered. In the case of
one-hour hauls. the value Q is computed from

Q . 2A/ a

where A is the area of the stratum (say in km2). "a" the mean
area "swept" in one hour by the trawl. and 2 is a factor correcting
for an assumed vulnerability of 0.5 of the fish in the path of the
trawl. This latter value is often the object of heated discussion,
and is suggested here mainly to assure comparability of data from
Burma with data obtained elsewhere in Southeast Asia; also, it may
not even be too far off the mark (see Pauly. 1980). The mean area
swept per hour by a given trawl will depend on its design and the
trawling speed over ground. (For the trawl used during the surveys
conducted off Burma in IJ81-82, the area swept was estimated as
0.135 km2/h; when 1/2 h hauls are routinelymade, the area swept
must be reduced accordingly (see above). The biomass (B) in a

given stratum will then be obtained from

B . Q.c/h

The procedure is then repeated for all strata (Table 5).

Step 10. Overall biomass is then obtained by adding the biomasses of the
various strata (i.e.. 5 11

= 5
1
+ 5

2...+ 5 )
oveu n

Step 11. The confidence interval of the overall biomass estimate is then
obtained by performing for each stratum (i)

~lI:ci/h) . Qi2 .. Var(i)

and by adding the combined variances (Var(.) over all strata
The square root of the sum of the combinedlvariances is an
estimate of the sta~dard error (s.e.) of the over~ll biomass
estimate (see Table 6). If the total number of hauls in the
survey is equal or above 30. the 95% confidcncl!interval of the
overall biomass estimate will be 5 11 * 2 s.e. (5) (Table 6).overa



[Tables of the t-statistic should be consulted for cases where the total number
of hauls is less than 30. The degrees of freedom to use ~~ such cases are
equal to the total number of hauls across all strata minus the number of strata;
the confidence intervals will be B

11 Z t . s.e.(B).l .overa

The precision of trawl surveys
usually rather low and one has good
2 s.e./B 11

< 0.5.
overa

- even in the case of stratified random surveys - is
reasons to be satisfied with the results when

When this is not the case, attempts should be made to increase sampling intensity
(more hauls) and/or better allocate the limited number of hauls that can be made (this
is not discussed further here, because single species surveys are in the case of Burmese
demersal resources simply not feasible; see above).

5. COMPUTING CATCH AT LENGTH AND EFFORT DATA, BY SPECIES

5.1 INTRODUCTION

Besides using data obtained from trawling surveys to estimate standing stock and its

length composition, attempts should be made to estimate, in the context of studies conducted

on a given single species, the annual catch by length class of that species by all gears
combined, and to ootain an idea of the effort extended toward that catch.

The catch of a given species should preferably be expressed in numbers of fish caught
by length class (ratherthan as wet weight landed); such data are called "catch at length".
To estimate the annual catch by size groups of a given species,caught in a givenmultigear
fishery, the following five steps are necessary for each gear type and month:

Step 1.
Step 2.
Step 3.
Step 4.
Step 5.

Measuring samplesof the fish caught

Estimatingcatch per effort (in weight)

Estimating total effort

Estimating total catch (as catch per effort times total effort)

Raising the aggregated fish samples to the total catch ("aggregated"
means here: added up, by length class).

This procedurewill produceabsolutenumbersof fish caught,by gearand month. Thus,
computingthe monthly total catch consistsof simply addingup the absolute numbers of
fish caught,by length class, over all gears;while computingthe annualcatch consistsof
adding up, by length class, the monthly totalcatches.

Followingare some points to bear in mind (i.e., rules of thumb) when performing
Steps 1-5 above.

5.2 ~~ASURING FISH

Choose the width of length classes such that there are 10 to 20 classes
between the smallest and largest fish measured, or

use maximum reported length (e.g., as obtained from a taxonomic book)

to select length classes, as follows:

Length class

2 em

cm

1/2 em

I mm

then regroup as needed

L
-rnax

over 100 em

30-100 cm

5-30 cm

less than 5 cm
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also measure a weighed sample of at least 100 fish per ~ode if possible
(i.e., stop at 100 fish if, upon measuringthe fish and recordingthe
result, the data appear unimodal, but 'continue if several modes appear).

5.3 ESTIMATING CATCH PER EFFORT (c/f) BY GEAR TYPE

Define catch per effort with
operation of the gear, e.g.,
swept" for trawls, or "catch
etc.

units that are related to the mode of

"m2 of gillnet set", or "catch per area

per unit searching time" for pelagics,

Monitor a few typical units (gillnetters, trawlers, beach seines, etc.)

and record their clf on the assumption that the clf of the units monitored
is the same as that of the units not monitored.

5.4 ESTIMATINGTOTALEFFORTBY GEARTYPE

Conceptually, this step can be split into 3 different smaller steps:

estimating the effort (by month) extended by the monitored units

estimating the number of units of the type that is monitored, and

multiplying the first by the second item to obtain total monthly effort,
for each month.

5.5 ESTIMATING TOTAL ANNUAL CATCH AND RAISING LENGTH-FREQUENCY SAMPLES

As discussed previously, aggregation of length-frequency data in tropical countries

such as Burma should proceed on a monthly basis (or bimonthly basis, at worst, if this

cannot be avoided). Thus, the steps outlined above should be performed every month, and

total multigear catch at length esti~ted every month. Once monthly catch at length has

been estimated, total annual catch at length is obtained by simply adding up the monthly

catches, by length class.

Every time this is possible, attempts should also be made to estimate the number of

fish caught, but not landed (i.e., thrown overboard) wherever discarding occurs (as in

some shrimping operations). The methods used to estimate the numbers of fish discarded

at sea are in principle the same as those used to estimate total landing, except that

the sampling of discards must be done on board the discarding vessel.

Raising of length-frequency samples to the catch involves the same methods as those
discussed above in conjunction with the compilation and analysis of length-frequency
samples obtained from trawl surveys.

6. ANALYSIS OF CATCH AT LENGTH AND EFFORT DATA

A number of methods exist which can be used to analyse catch at length data, and
catch and effort data. As such data at present do not exist in Burma, these methods are
only briefly summarized, and the relevant references given, in the hope that original
papers will be consulted when pertinent data become available:

one method to interpret catch at length data directly (without using

effort) is length cohort analysis (Jones, 1981; Jones and van Z~linge,
1981); the method requires estimates of Loo and of the ratio M/K for
the species investigated. The results of length cohort analysis are:

average population at sea (in numbers per length class), fishing

mortality (per length class) and average numbers of recruits (of the
smallest length in the catch).
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another method to interpret catch at length data is length-structured

Virtual Population Analysis, as implemented on the ELEFAN III program
(Pauly, 1982; Pauly and Tsukayama, 1984); The method has the same data
requirements as length cohort analysis, but outputs, in addition to the

items listed above, also fishing mortality, population size and recruit-

ment by month (i.e., not only by length class). The program is best

implemented following implementation of the ELEFAN I and II programs.

another approach to the analysis of catch at length data is to use the

length structure of the catch to estimate Z for each year, taking, e.g.,
a length-converted catch curve (see below) then to plot annual catch

(in weight) as a parabolic function of Z, the intercept on the Z axis

providing an estimate of M, and the position of the maximum on the para-

bola providing estimates of MSY and Z t' and also F once M is
subtracted (Csirke and Caddy, 1983). op opt

obviously, it is also possible to use catch and effort data without

reference to catch composition and for example to plot catch per effort

on effort, or log catch per effort on effort, which leads to an esti-
mation of the par~meters (MSY, F ) of the Schaefer and the Fox

models respectively (see Ricker ~V§75) for a detailed presentation
of these two models).

In the case of Burma. the relatively low and rather constant level of effort by

the trawler fleet~ combined with a total lack of knowledge on the artisanal catch, may

preclude, for the next 5-6 years at least, the use of time-structured surplus yield

models, such as those of Schaefer, Fox or Csirke and Caddy (see above) which all require

time series of catch and effort (or Z) data in which fishing effort has changed. The

.use of Munro's space-structured model (in which different sections of the coastlines,

exposed to different fishing intensities, replace different years) should therefore be

considered for stretches of the Burma coast offering sufficient replicates (see Munro,

1983; and Caddy and Garcia, 1983).

7. MORTALITIES AND BIOLOGICAL INFORMATION

Information which can be extracted from length-frequency data consists of:

growth parameters, including information on seasonal growth oscillations
(see Pauly and David, 1981; and Pauly, 1982)

total mortality via length-converted catch curves; the method, which

provides estimates of M in unexploited stocks is discussed in more
detail below

probability of capture, by length (Pauly, f984), and

recruitment patterns (Pauly, 1982; Pauly and Navaluna, 1983)

Of these, total mortality (Z) is the most useful for fishery management purposes

as it reflects the impact of the fishery on the Stock.

Pauly (1984) presented a detailed discussion of methods to estimate Z from length-

frequency data. Here, the method of computation of Z f~om the slope of a length-converted

catch curve is briefly recalled; the version of a length-converted catch curve presented

here is the simplest, i.e., computationally most convenient available to date. It

involves the following four steps:

Step 1. Obtain a sample representative of the average size composition
at sea, or of the mean annual catch composition, using one of
the methods given above
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Step 3.

Obtain parameter Land K for the species at hand (if growth
parameters cannot ~ obtained, estimate an approximate value
of asymptotic length through L /0.95 = L ,where L is
the largest fish recorded fromm~e stock, g'ndestimatWaZ/K
instead of Z)

Compute for each length class with frequency N.1

a) the value log N.e 1

Step 2.

b) the relative age t. = log (1-(L./L »,where L. is the
median of class (tfiatis,ethe meln ~ngth in clAss i)

Step 4. Plot the log N. values against the t. values (see Fig. 1).ell

The slope estimated via regrssion analysis of the right, descending, straight limb
of this plot will be equal to (Z-K)/K, that is, (Z/K)-1, which can be turned into an

estimate of Z/K, and given K, can be converted further into an estimate of Z. An

estimate of M obtained from the empirical equation in Pauly (1980a), can then be subtracted

from the value of Z to obtain an approximate value of F, the fishing mortality. For other

inferences obtained from catch curves (e.g., on selection and recruitment) see Pauly (1984).

Although a large amount of data of different types can be collected in addition to

the length-frequency data discussed above, the following information should be collected
for each species considered important.

food and feeding habits

reproductive biology

There is a vast literature on the food and feeding habits of fish, inclusive of

tropical fishes, and the methods for such studies are quite straightforward (see Pauly,
1982a for a bibliography on the food and feeding habits of tropical fish). Which of the

many methods is used to assess the importance of given food items will depend on the

specific purpose of the study; to obtain a general impression of the diet of a given fish,

almost any method is suitable, incidentally, because the results obtained using different

methods are heavily correlated (Macdonald and Green, 1983). When investigating species

interactions, it is useful, however,not only to record the species and numbers of prey
organisms, but also their size (Ursin, 1973; Cushing, 1978).

Information on the reproductive biology of fish involves the following items:

sex of fish in samples, sex ratio, changes of sex ratio with length

(generally indicative of sexual dimorphism in growth and mortality and/or

of, hermaphroditism)

gonadal stage, using a suitable scale (e.g., that of Nikolskii, 1963),
which can easily be modified to fit tropical fish

gonadosomatic index and condition factor, 'i.e., measures of the fraction

of gonad weight to eviscerated body weight, and of the relationship

between length and weight (assuming isometric L/W relationship) respectively

absolute and relative fecundity (Bagenal, 1973; Hunter and Goldberg, 1980)

Combining this information on preproduction is simple and may involve comparing
plots of maturity stages or gonadosomatic indices with recruitment pattern (Pauly, 1982)

to confirm inferences on the seasonality, spawning and recruitment of the species inves-

tigated (see Pauly and Ingles (1981) for an example involving the serranid, Epincphelus
sexfasciatus).
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8. INTEGRATION OF DATA IN A MULTISPECIES CONTEXT

Multispecies trophic models, which can serve to integrate ~he results of studies

on the feeding habits of different fishes and marine invertebrates, can also be used

to estimate biomasses of fish in the sea; this can be achieved"using a simple "box" model

of the type discussed in Pauly (1982a), or the more elaborate, but still straightforward
ECOPATH model of Polovina and Ow (1983). In the following, a brief review of this latter

model is given highlighting its usefulness in data integration and for fishery management
purposes.

The ECOPATH model (which is available in the form of a microcomputer program written

in BASIC, see Polovina and Ow, 1983) computes, for a number of n species (or species groups)

in an ecosystem, the mean annual biomass and the (wet) weight of food consumed, given that,
for each of the species (groups), the following information is available:

type of food eaten, expressed as fraction of total food (the food eaten

cannot consist of species - or species groups - not included among

the n species - or species groups - mentioned above. Moreover, for all

species, the total food fraction must add up to 1)

annual catch by fishery (if any)

production/biomass ratio (the P/B ratio is equal to M in an unexploited
stock, and to Z in an exploited stock)

fraction of natural deaths not due to predation (can be set to zero for

most purposes) -
percentage body weight taken per unit time (e.g., 3 to 6% daily, which
covers a likely range for fishes off Burma).

Because of the type of data needed, ECOPATH tends to force one to review all data

available on the major species of a given system, which thus leads quickly to the identi-

fication of gaps in one's coverage of a system. More importantly, the feature that

ECOPATH computes biomasses should allow, given some fine tuning of the inputs, to actually

check the estimate of biomass obtained by other methods, and thus possibly to help cali-
brating the constants used in estimating biomasses, e.g., with the swept-area methods or
acoustic methods.

Another use of ECOPATH is the identification of the likely effects of different

harvesting strategies (e.g., the selective removal of apex predators).

ECOPATH is extremely easy to implement and it is recommended that the collection of

data which can be used as input for an implementation in Burma of the ECOPATH model, be
given emphasis (it will be noted that this recommendation does not detract from the

collection of catch, effort, or length frequency data, but rather has the ongoing collection
of such data as a prerequisite).

9. SUMMARY AND CONCLUSIONS

(1) Length-frequency samples obtained during demersal surveys or by sampling
the catch, when taken as typical of the population they represent and

suitably structured in time can be used to obtain information on the

following:

growth (including seasonal oscillation of growth)

mortality (and production/biomass ratio)

gear selection

seasonality of recruitment

fish distribution and migration

Methods used in this context were briefly reviewed.
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(2) Obtaining representative length-frequency samples requlres, in the
case of samples from trawl surveys, that the samples be weighted by
strata biomass. The procedures involved here were reviewed, including
the methods involved in computing total biomass and its standard error
from stratified random surveys.

(3) The method for the computation of catch (in numbers) of fish (of a

given species) by length groups (i.e., catch-at-length data) in a
multigear fishery was reviewed. The method involves monitoring the
monthly catch per effort of each gear, on a monthly basis, and the
estimation of total multigear catch by month and length class.

(4) The computation of total mortality by means of a length-converted catch
curve was briefly reviewed. Toe major biological information (beyond
biomass and length composition) that can be collected on any given
species of fish are food and feeding habits and information on repro-
ductive biology.

(5) It is suggested that the results of studies on the reproductive biology
of a given fish species can be used to interpret recruitment patterns
obtained through the analysis of length-frequency data.

(6) The best. potential for the integration into a multispecies system of

the various information on the biology of the various species of

commercially important fish and invertebrates off Burma is seen in the

ECOPATH model, which uses information on food and feeding habits and

production/biomass ratios (i.e., mortality estimates), together with
a little ancillary information) to estimate biomasses of fish.

(7) It is suggested that this model, which is conceptually straightforward,
and which has been formulated for use with microcomputers (such as the

one soon to be available at the SFRSU) could serve for the next years ~s

a focal point for fishery research conducted by the.SFRSU, not only

because it "forces" its users to collect essential data on the major

species of fish in the system studied (catch, length-frequency data,
distribution, biomasses, information on food consumed), but also
because the model allows for the assessment of the effects of alter-

native harvesting strategies on a multispecies stock.
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Table 1

METHOD FOR RAISING A LENGTH-FREQUENCY SAMPLE TO THE CATCH WHEN

THE WEIGHT OF THE SAMPLE IS NOT AVAILABLE (HYPOTHETICAL EXAMPLE)~/

0'

a/ when the weight of the sample is available, only the computation of the Raising Factor (RF), and the

- multiplication of the N values by the RF need to be performed

b/ implied length class limi~are 14.0, 15.0, ...23; the length weight relationship used here is W .. 0.0082 L3.15

c/ if the catch (per hour) \~ was say 26750 the RF is W /W . 26750/2433.5 . 10.99, rounded to 11
;.. c c s

W . h 1 l" b/ . h c/
N.RF

Median of length N elg t at c ass lmlt- mean welg t- N.W sample raised
class cm lower upper (W) in lenth class to the ca tch

14.5 1 33.43 41.54 37.5 37.5 11

15.5 5 41.54 50.91 46.2 231.a 55

16.5 7 50.91 61.62 56.3 394.1 77

17.5 9 61.62 73.78 67.7 609.3 99

18.5 4 73.78 87.48 80.6 322.4 44

19.5 2 87.48 102.82 95.2 190.4 22

20.5 1 102.8 119.9 111.4 111.4 11
I

21.5 3 119.9 138.8 129.4 388.2 33

22.5 1 138.8 159.7 149.2 149.2 11

Weight of sample (Ws) 2433./
.

r N .. 33
i

363
I



Table 2

METHOD FOR POOLING LENGTH-FREQUENCY DATA FROM TWO

DIFFERENT STRATA (S, and S2)~1

'-I

a/ the method is illustrated here for two strata, but may be extended to any number of strata

bl taken from Table 1 (hypothetical ~xample)

c/ number of fish in 51 and S2~ respectively

~I products are used to compute weight of sample, as in Table I

e/ obtained by first dividing weight of sample into stratum biomass (here taken as 500 and 150 t, respectively),

then using the quotients as raising factors (for raising NI and N2 to the absolute numbers of fish in
strata 1 and 2, respectively)

Absolute No. Absolute No. Total No.

Median t:../ e/ e/ d/ !!/ of fish in of fish in of fish in

length
w(g) N, N2 W.N, W.N2

S 5 both strata
(em) (in mi 1f ions )!:./ (in milhons)!:./ (in millions)

14.5 37.5 11 13 412.5 487.5 0.205 0.077 0.282

15.5 46.2 55 69 2 54 1. 0 3 187.8 1.027 0.409 1.436

16.5 56.3 77 93 4 335.1 5 235.9 1.438 0.552 1.990

17.5 67.7 99 115 6 702.3 7 785.5 1.849 O.682 2.531

18.5 80.6 44 81 3 546.4 6 S 28 . 6 0.822 0.481 1.303

19.5 95.2 22 11 2 094.4 1 047.2 0.411 0.065 0.476

20.5 111.4 11 5 1 225.4 557.0 0.205 0.035 0.240

21.5 129.4 33 0 4 270.2 0 0.616 0 0.616

22.5 149.2 11 3 1 64 1 .2 447.6 0.205 0.018 0.223

Totals 363 390 26 768. 1 25 277.1 6.778 2.319 9.097
.



Table3

EXAMPLE OF DATA USED TO ESTIMATE SINGLE-SPECIES BIOMASS:

CATCH PER EFFORT OF NEMIPTERUS PERONII OBTAINED DURING A DEMERSAL

SURVEY IN THE SOUTHERN SOUTH CHINA sEA!/

CD

al from Sudrajat and Beck (1976); the survey area ranges from 2 N to 3 Sand 104 to 111 E

cpue cpue cpue cpue

Haul No.. cpue adjusted Haul No. cpue adjusted cpue adjusted Haul No. cpue adjusted
kg/h kg/h kg/h kg/h

Haul No.
kg/h kg/h kg/h kg/h

1 0.1 1.1 14 0 1 27 2.0 3.0 40 0.9 1.9

2 1.5 2.5 15 0 1 28 8.3 9.3 41 0 1

3 1.9 2.9 16 6.4 7.4 29 0 1 42 0 1

4 0 1 17 6.5 7.5 30 0.4 1.4 43 0 1

5 2.5 3.5 18 1.2 2.2 1 0 1 44 0 1

6 3.1 4.1 19 0 1 32 3.1 4.1 45 0 1

7 2.8 3.8 20 0.7 1.7 33 0.5 1.5 46 0.5 1.5

.8 0.5 1.5 21 0.5 1.5 34 0.4 1.4 47 3.2 4.2

9 0.5 1.5 2.2 0.4 1.4 35 0 1 48 0.2 1.2

10 5.4 6.4 23 3.0 4.0 36 0 1 49 11 2.7

11 6.2 7.2 24 2.2 3.2 37 0.4 1.4 50 0 1

12 0.3 1.3 25 0 1 38 0.8 1.8 51 0 1 .
I 13 0 1 26 0.3 . 1.3 39 0.9 1.9 52 0 1
I



Table 4

COHPUTATJ0N OF BASIC STATISTICS IN A STR.:\TJ!t,~1
OF A DEHER$ALSUttVEY (bASED OH DA1AIN TAbl i:. j)

~

a/ II. Lassen, Denmark Insc. Fish. Res., Charlottenlund (1984, pers. COOIrn.)

I

I

I
I

Ql;ant 1 t '/
!

Symbol Units Estimate Remarks
i

, I

i

I

number of hauls n d It!!(:;}Sionl ess 52 note la)-ge number of zero values
in Ta) le 3

IlJg (c/h)+1 X, log kg/h no I: appllcab 1 e s.::e Tahle 3 for c/h+1 valuese 1 e
I

sum of X. L X. lCb kg/h 30.659 simple additon; X obtained from1 1 e
L X./n,1

sum of X. squared i !: X.2 (log kg/h)2 40.307 squaring the X.. then adding1 1 e 1

sum of squares L X2 log kg/h 22.231 computed from r X.2 - 0: X02
e 1 n

g.::ometric mean
I

c/h (panially
I *

clJrreclcd)

I

c/h kg/h 0.803 cou:pulc:d from (exp X}-1

i
V.i:- ,ml:e of X.,

I V:..r(Y.i)
i

values
1

(l(jZ kgih)2 0.436 comj>utf d from r X2/n-1
I -e .

geometric mean I
I

.
c/i. (corrected) e/h kg/h 0.995 computd from (c/h).xp(Var(Xi)/2)

! I Iaijprox. "\.r.
I \'i;ir(c/h)

') i
ci Z/h (l(g/h) 0.0161 comuut ,.d from

I
(c/i.)2 .exp(Var(Xi»' (exp(Var(Xi)}-l)/nI

I
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Table 5

COMPUTATION OF OVERALL STANDING STOCK

(BIOMASS) FROM A STRATIFED RANDOM DEMERSAL SURVEY~/

a/ Example assumes two strata, but can be extended to any number of strata;
area swept per hour (nail) is here assumed equal to 0.135 km2. All values
used are hypothetical

~/ Computed .from Q = 2A/a (see text)

,

Mean c/f Surface area
cJ:-/

Biomass
(c/h, in (A, in km2) (B, in t)
kg/h)

Stratum 1 0.999 6 000 88 889 88.8

Stratum 2 1.53 5 500 81 481 124.7

Total - 11 500 - 213.5



. Table 6

COMPUTATIONOF THE STANDARDtRROR (s.e.) AND CONFIDENCE

INTERVAL OF AN OVERALL BIOMASS ESTIMATED /FROM A STRATIFIED RANDOMDEMERSALSURVEY~

Var(c/h) Q2 E./ combined variance

Stratum 0.0161 97.90.10 81.27.10

Stratum 2 0.0302 96.64. 10 82.00.10

83. 28. 10Total Variance

s.e.(B) (in kg)
41.81.10

s.e.(B) (in tons)
18.1

,-.)

95% conf. interv. of (B) 213.5 ! 36.2

a/ example assumes two strata. but can be extended to any number of strata

E./ the Q values used here stem from Table 5
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Relative age =(-Ioge (J -Lj /Lex>))

Fig. 1 Simplified length converted catch curve for Nemipterus japonicus.
based on length-frequency data obtained during the 1979-1980

surveys of R/V DR FRIDTJOF NANSEN(on file at the SFRSU. in Rangoon).

With Lao ~ 35 and K & 0.32. the curve yields estimates of Z/K a 394
and Z a 1.26
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