articles

A Simple Spreadsheet Model to Incorporate
Seasonal Growth into Length-Based Stock
Assessment Methods

G.J.de Graaf and P.Dekker

Abstract

The paper describes a method by which seasonal growth can be incorporated into length-converted
catch curves and cohort analyses using a spreadsheet. The method is based on calculating the
length of fish using seasonal growth parameters on a daily basis. A LOOKUP function is then used to
find the age corresponding to the length.

Introduction

Over the last decade, fisheries
biologists working in tropical waters
became increasingly familiar with
’length-based fish stock assessment’,
thanks to the development of
easy-to-use software (such as

LFSA, ELEFAN, FISAT, and LFDA);
good training manuals (Sparre and
Venema 1992, 1998); the worldwide
FAO/DANIDA training course in
Tropical Fish Stock Assessment; and
the availability of relatively cheap
computers.

Most of the traditional stock
assessment methods work with age
composition data, whereby annuli (on
otoliths, scales and other bones) are
used to estimate growth. However,

in tropical waters this type of age
reading is almost impossible and
stock assessment became much
easier with the development of
length-based methods.

In principle, length-based fish

stock assessment is based on the
conversion of length into age, where
it is assumed that the fish is growing
according to the von Bertalanffy
Growth Function (VBGF). It is
generally accepted that in temperate
waters the growth of fish has strong
seasonal fluctuations, mainly due to

fluctuations of temperature and/or
food supply (Shul’man 1974). Strong
seasonal fluctuations in growth also
exist in tropical waters (Daget and
Ecoutin 1976; de Graaf and Ofori-
Danson 1997; de Graaf 2003).The
use of a seasonal version of the
VBGF has been discussed extensively
by several authors (Pauly and Ingles
1981; Pauly et al. 1992; Longhurst and
Pauly 1987; Sparre 1990) and seasonal
versions of standard analytical models,
such as the yield-per-recruit method
(Sparre 1991) and length-converted
catch curves (Pauly 1990), were
developed and incorporated in the
software packages. However, these
models are very basic methods of
stock assessment and provide only a
first approximation of the status of
fish stocks and the impact of fishing
mortality. More detailed information
is required for the formulation of
fisheries management strategies.

This is available through Virtual
Population Analysis (VPA) or length-
based cohort analysis and Thompson
and Bell models (Sparre and Venema
1992). Pauly et al. (1987) used the
seasonal version of the VBGF to slice
the cohorts in a time-based VPA for
Peruvian Anchoveta. This technique
has been incorporated into the DOS
version of FISAT, but the length-based
VPA in FISAT is still non-seasonal.
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Therefore, the analysis of data with
a spreadsheet is dependent on
non-seasonal models that will give
distorted results if the growth is
seasonal.

This paper presents an approach
in which seasonal growth can be
incorporated in some major fish
stock assessment methods using a
spreadsheet.

Non Seasonal and
Seasonal Growth

The basic tool for length-based
methods is the conversion of length-
based data into age-based data.
Traditionally the VBGF is used for
the conversion of length into age in
length-based fish stock assessments.
The non-seasonal version of VBGF
takes the form:

L-L[i-e )

- M

Where

L, Lengthat time t

L, Linfinitive or asymptotic length
K growth parameter

t T zero, or time when the fish are

born or entered in the system



The growth rate at any point in the
lifespan of the fish can be calculated
as:

dL

— KL, -L) @

Conversion of length into age is done
with the inverse VBGF:

3y
t(L):to—lIn 1L
K L, ®

In conclusion, the conversion of
length-based data into age-based

data for growth without seasonality

is rather straightforward. However,
this is not the case where there are
seasonal fluctuations in growth.The
seasonal version of the VBGF (Somers
1988) has the following form:

~K(t-t, }-(CK 12m)

L(t)=L, {1—9

{sin2rm(t-t, )-sin2m(t,~t,)] |

(4)

Where:

L Length at time t

L L infinitive

K growth rate parameter

T-zero

the onset of the first oscillation

relative tot = 0, or t = Winter

point + 0.5”

C theintensity of the (sinusoid)
growth oscillations

The parameter C is important

as it determines the intensity of

the seasonal growth.When C = 0,
seasonal growth is absent and the
equation equals the standard VBGF.
At C = |, growth is highly seasonal
and comes to a standstill once a year
at the winter-point. Intermediate
values of C indicate growth reduction
during the winter, but growth never
completely stops.

The differences in growth and growth
rate (dL/dt) for both versions of the
VBGF are illustrated in Figure |.

The growth rate (dL/dt) is the
differential of the VBGF and is solved
with mathematical software (Heck
2003) into the form:

aL

— =-L (-K-CKcos
dt

rle-t,)el

CK (sin(2m (t-t, ))-sin(2m(t, £, )"
2m (5)

However, an inverse seasonal VBGF
does not have a direct solution due
to the fact that on the right side of
the VBGF t is found two times in the
exponential factor and can only be
solved “numerically”.
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Estimating age when
length is known in a
seasonal VBGF

Converting length into age for the
seasonal VBGF using a numerical
mathematical approach can be done
using the Solver function in Excel
(Lleonart, pers. com). However, as
the Solver function cannot be used
in a multiple form, this does not lead
to a simple and practical solution.
Therefore, we looked at how we
could approach the value of t for a
given value of L as follows:

* Calculate the length of the fish
with daily intervals for a set of
given parameters of the seasonal
VBGF

* Search in this data set the length
to be converted into age.

* Take in this data set the
corresponding age value or t.

In a spreadsheet, this can be done
with a LOOKUP function, as
explained below.

Step . calculating length

Figure 2 presents the setup of a
spreadsheet used to calculate length
with seasonal growth.To facilitate
building, the VBGF has been separated
first into smaller blocks [K(t-t);
CK/2m; sin2m(t-t ); sin2r1(t-t )] that

Non Seasonal growth Seasonal growth
14 20 14 35
12 4 = 12 + 30
T 101 T g = 10 4 25 g
) | -+
= 9 Liwo € s 8 s E
g, 6- S £ 6 +15 S
c = ()] =
G 4 ls 3 g 4 +10 3
— 5 3 2 +5 =
0-i 0 0 0
0,5 1 1,5 2 2,5 0 0,5 1 1,5 2 2,5
Age (year) Age (year)
Length ——dL/dt Length dL/dt

Figure |. Example of non-seasonal and seasonal growth of Puntius sophore. Non-seasonal: Loo=13, K=1.3; Seasonal: Loo=13, K=1.3,

C=1,ts=0.5.
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are combined again in the column
cells 110 :116 to calculate L(t). In this
example from Bangladesh, the fish
are born on May 15" (t =0.37) and
have the highest growth in June and a
reduced growth in December/January.
In the column cells D10:D16 the age
of the fish is calculated and together
with the column cells 110:116 they
are the basic input for the conversion
of length into age. Figure 3 presents
the formulae for the different
spreadsheet cells. Only the first few
days’ growth is presented in the
example.With the Excel cell copying
feature, the formulae in each relevant
column can be copied down to row
1104 in order to cover a period of
three years.

Step 2. inserting the lookup
function

With the LOOKUP function in Excel,
the instruction is given to search for
an indicated value in a column or
row and, once the value is found, to
provide a corresponding value from
another column or row. In our case,
LOOKUP searches for a given length
in the column where the calculated
length data are stored and returns
the corresponding age for this length
from the column where the ages are
stored. The LOOKUP function has
three entries:

I. Lookup_value is a value that
LOOKUP searches for in
Lookup_vector and can be a
number, a text, or a logical value.
In our case it is the L(t).

2. Lookup_vector is a range that
contains only one row or one
column of numbers, text or logical
values, placed in ascending order.
In our case it is the column with
the ’length data’.

3. Result_vector is a range that
contains only one row or column
of numbers, text or logical values
and has the same size as the

Lookup_vector. In our case it is
the column with the ‘age data’.

An example of conversion of length
into age with the LOOKUP function
is presented in Figure 4. In cells M10:
M22 and N10:N22 the length classes
are entered with a | cm interval. The
mid-length of each length class is
calculated in the cells O10:022.With

A | B | c o] E [T F | 6 | H |1
|1 |Lt=Linf{T-exp{-K'{t-toH{ T K/ 2pi) {sin2pit-ts)-sin2pKito-is))
2 |Paramet
3 |Linf 13
4 K 13
[ 1
B |ts 0.5 =Winterpoint+0.5
7 |to 0.370 15 may
8 |
9 | [ Day [ sin[2pitt s
| 10 |start at "to™ 1] 0.370 0 0.000 0.207 0.729 0729 0.00
[ 11| 1 0.373 0 40,004 0.207 0.717 0729 0.08
12 | 2 0.375 0.01]| 0.007 | 0207 -0.705 0729 |0.16
[ 13| 3 0.378 0.01] 0.011 0.207 -0.693 0729 |0.23
[ 14 | 4 0.381 0.01] 0014 | 0207 -0.680 0729 0.3
15 5 0.384 0.01| 0018 | 0207 -0.668 0729 |0.39
16 =] 0.386 0.02] -0.01 0.207 -0.655 -0.729 0.47
Figure 2. Calculating length in a spreadsheet.'
AT ] [ L E | F G H [ 1
1 |Lt=Lint{ T-exp{-KYt-to){ CH/ 2pi{sin2pitis)-sinZpto-ts))
2 |Parameters
| 3 ILinf113_ |
4 K 3
ShlcC
Bl [05 interpoint+0.5
7 lte [D37 15 May
| 81
B t Age | -Kitto) CHiZpi | _sin|2pifto-ts)] Lity
| 10 0 87 SCAOET |1 TEIA (10687 | (iBnS B 5.14) |=SINGE .18 (E10-0886)) | NG .14 B 7-smuy) = -
1_1 SE10s 1 20 10s[11385) BCT14BET [ 21 BB4AYCT 1 4887) | o(iBSE EREAI2"3 14) [#SIN[2"3 14TC1 1-4B48)) | sIN[2%3 1474887 4B5E))
| 12] 8111 [sC11a(11068) SC124857 | 190340 12.4887) | isoastPnajiE0.18) | SN 147(C 120836 | oz 14vjpmsT-amme ) |
[ 13| B1241 [sC12(11365) S UIBET | BRI 4BET) | ssBeS sERANZ 1 14) SN2 (4SBT SB81)
| 14| 1341 |0 13+{11265) SC1A4BET | =1 SEIAIC 1-EBET) | s{1BUE IR IS 1 . SINGE34(BIT4BE)) |
| SC 14 11285) 159857 |1 5B TC154857) | spmssamsapiz-a 14) [ssingzea 1er(c15-0898)) | ssiniea 1apses7smse)
=C150( 14365) SCAG-3BET | =-1 034 {C16-3087) | (3833 3054)1( 23 14) | =SIN(E"3. 18 C16-8036]) | =SIN[E"3 149303 7-3054]) | =

Figure 3.The cell formulae to calculate length with seasonal growth.

the LOOKUP function entered in
cells P10:P22, the age of each mid-
length is estimated in the spreadsheet.
In cell O10, the mid-length of the
interval 0-1 cm is calculated (0.5 cm),
and with the LOOKUP function the
column L is searched for the first
value approaching 0.5. Once found, in
cell L16, it takes the corresponding
age value from column K and enters

1] -0 53¢ 0 29 0 BE
th into age with the

Al BJCIDIETF G H TTJ T ELCL M W] 1] P
|1 |Le=Linf{T-exp{-K [t-t0{C H/ 2pi) [sin2pii-isysin2pito-
2 |Parameters for Puntius sophore, Bangladesh
3 |Linf ] 130
4 K 13
sNC 10
6 s 050 |=Winterpoint+0 5 CONVERTING LENGTH INTO AGE
7 to 0.37_[15 may
8| [ | With LOOKUP
| 9 | | ey § 1 ] Ape | 1L | L] L2 ] Wd [ Age of mid lengtn |
| 10 |start | 0,000 [0.370 |0.000| 0,000 | 0207 | 0729 | 0729 [0.000 0000|0000 | 0.0 10 > 0076
1| 1,000 {0373 0.003 | -0004 [ 0207 | 0717 | 0729 Jo.o7s 0003|007 | 10 | 20 15 1 0052
12| 2000 [0.375|0.005 | -0.007 | 0.207 | -0705 | 0.729 [0.156 0005|0456 | 20 [ 30 | ~75 0.088
13] 3000 (03780008 [ -0011 [ 0207 | 0683 | 0728 Jo2 0008|0234 [ 30 35 0726
[ 14 4000 [0.381 [0.011 [ -0014 [ 0207 | 0680 | 0729 Jo.mrz o011 | 033 | _geT so 45 0370
15| 5000 (0384 |om4[-0ms |0207 | 0668 | 0728 [033 om4| o] s0 | 60 55 0.219
| 16| 6000 [0.386 (0016 | 0021 | 0207 | 0855 | 0729 |0.483 (O meYD4Es) 60 70 B5 0.205
i 7000 (0359 (009 0025 | 0207 | 0642 | 0729 |0.545 0M9| 0548 | 70 80 15 0386
18| 8000 [0392 (0022|0028 [ 0207 | 0628 | .0729 Jo62s 0022|0625 | 80 | a0 85 0.855
[ 19 9.000 |0.395 [0.025 | -0.032 | 0207 | 0615 | -0.729 [0.704 0025|0704 | 90 [ 100 95 1.005
20| 100000397 [0027 [ 0035 [ 0207 | .06 | 0720 Jo7es 0027|0783 [ 100 [ 110 105 1240

I - g 3 = 0 O=0 B I,

LOOKUP function.

! In the formula in the spreadsheet t_or the onset of the first oscillation relative to t = 0 is used. Users of FISAT are more familiar with the

Winterpoint WP =t +0.5
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this value in cell P10. In our example
the first value, approaching 0.5 cm,
is 0.469 cm on day 6, with an age of
0.016 years. It could be argued that
the method is rather inaccurate.
However, in the example, the fish
are growing with steps of one day.
Reducing this to steps of 0.25 day
improves the accuracy considerably
but also increases the size of the
spreadsheet.

The formulae for the different cells
are presented in Figure 5.

Length-based methods are often used
when length composition data for

the total fishery is available for a one
year period only.This is often the case
in fish stock assessment programs

in developing countries where the
funds for continuous monitoring of
the fishery are lacking. Catch curves
and cohort analysis can be applied
under these conditions as their basic
assumption is the constant parameter
system.The picture presented by all
length classes caught during one year
reflects that of a single cohort during
its entire life span (Sparre and Venema
1992).

Linearized Length-
converted Catch Curve

The construction of a catch curve

is the most common approach to
estimate the total mortality of a
cohort. Details of the method are
well presented by Sparre and Venema
(1992) and Gayanilo and Pauly (1997)
and are only briefly summarized
here. Assuming constant recruitment
and constant mortality the length
converted catch curves takes the
form:

In

=a+Zt

Where

C  catch number of length class i

dt.  time needed for the fish to grow
through length class i

Z  total mortality

t’  age of the mid-length of length
class i

a constant

For non-seasonal growth dt is
estimated from:

- (% 7L[;__LL’:1_

K| LIM| N | 0 | P

| 6 |CONVERTING LENGTH INTO AGE

7
| 5 | With LOOKUP

9 =D |=19 L1 L2 |Mid length Age of mid length
| 10 [-p10 [=10 |0 1 =(M10+N10)/2 =L QOKUP(O10,L $70:£$T104KST0: K37 104
11 (D11 [=M1 (W0 [=na+ =1+ 2 =1 DOKUP(O11,L $70:£ STIOLHST0:KSTT00)
|12 [=D12 [=12  [sh11 |=m1241 |12+ 202 =1 QOKUP{OT2,L $70:1 $T104KST0:K31104)
|13 =013 [=13  |=N12 [=M13+1  [=(M13+N13)2 =1 DOKUP(O13,L $70:L $TI04 KT KSTT0
|14 |=D14  [=14  |=M13 [=M14+1 |=M14+1 )2 =L QOKUP(OT4L ST0:LSTTO4KST0:KSTTI
| 15 |=D15 [=15 |=N14 [=M15+1  |=(M15+U5)2 =L QOKUP (015 $10:£ ST104KST0: K57 104)
16 |=D16 [=NE |=M15 |=h16+1  |=(M16+N16)2 =L QOKUP{OT16,L $T0:L $TT10LKST0:KSTT04)
|17 =017 [=N7 |=M16  [=M17+1  |=(M17+N17)i2 =1 QOKUP{OT7,L $70:L $TT04KST0:KSTT00
|18 |=D18 [=ng |17 [=M18+1  |=(M18+1E)R2 =L QOKUP{OT8,L $T0:L$T104KST0:K37T04)
119 |=019 [=19 [=M18  |=M19+1  |=(M19+N19)2 =L OOKUP(OT9,L $70: L $TI0LHKET0: KSTT00)
1 20 |=D20 [=20 [=M19 |=M20+1  |=(M20+N20)i2 =L DOKUP(020,L $70:L $TI04KSTO:KSTTOH
| 21 |=D21 [=21  |=N20  [=M21+1  |=(h21+N21)02 =L QOKUP{O21,L $T0:L $TI04 KT KSTTOH
| 22 |=D22 |=22 |=M21  [=M22+1  |=(M22+122)72 =L QOKUP{022,L $T0:LST104KST0:KSTTI

23 |-p23 [=I23

Figure 5. The cell formulae for the conversion of length into age with a

function.

LOOKUP
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and t’ is estimated from:

=O-(L ) o

Sparre (1990) and Pauly (1990) clearly
demonstrated that the total mortality
is overestimated by the traditional
catch curve if seasonal growth is not
accounted for.The reason is that dt,
and t’ depend not only on length but
also on the time of the year if growth
is seasonal. Pauly (1990) developed a
method using the parameters of the
seasonal VBGF to identify a number
of pseudo cohorts to resolve this
problem.This method is incorporated
into FISAT. As it is rather complicated
to apply this method in a spreadsheet,
we explain how a catch curve can be
made with the LOOKUP function to
provide results comparable to those
with Pauly’s method.We illustrate this
with an example of Puntius sophore
from Bangladesh.

The number of Puntius sophore caught
in a one-year stock assessment
program for the different length
classes is presented in Table |.

Table I. Length frequency distribution
and estimated growth parameters of

Puntius sophore as obtained through a
one-year stock assessment program.

00| 1.0 0.5 10 | Linf| 13
10| 20 15 250 K| 13
20| 3.0 2.5 590 | to| 037

3.0 40 35 70 ts| 0.5

40| 5.0 4.5 520 C 1
50| 6.0 5.5 2160
60| 7.0 6.5 3830
70| 80 7.5 1970
80| 9.0 85 1150
9.0| 10.0 9.5 490
10.0 11.0 10.5 270
11.0| 120 11.5 50
12.0 | 13.0 12.5 30
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The distribution is believed to

be representative for the overall
population structure as the fish were
caught with non-selective gears.

We have to calculate dt, the time
needed for the fish to grow through
length class | in order to construct
the catch curve. For each length
class this is done with the LOOKUP

function as follows:

dt=age L2 -age L1

(8)

Conversion of the mid-length into

age has been demonstrated in the
previous paragraph and construction
of the catch curve then becomes
straightforward (Figures 6 and 7).

In column §, delta t (dt) is calculated
and In(C/dt) is calculated in column

Pauly (I

Figure 6. Constructing a seasonalized catch curve.

T. Plotting Ln(C/dt) against the age of
the mid-length (column P) gives the
catch curve (Figure 8) indicating a
total mortality of 4.57 year', which

is similar to the results of analysing
the data in FISAT with the method of

990).

Cohort or Virtual
Population Analysis?

K | L M N | 5] [ P Q R [ S T | U | ¥
[ LENGTH CONVERTED CATCH CURVE
| 7 | I_I_I__I
8 lookup lookup lookup
9 | Loy | L4 L2 | Midlength |Age of mid h L1|Agel2| dt |Cstch numbers | Ln(Cidt) | Used
| 10 (@ GE0D 00 4 - G016 000 [.0033 |0033 10 57
| 11 0003|0078 | 10 | 20 15 0.052 0pad | 0oss | 0036 250 89
| 12| 0005 | 0456 | 20 | 30 25 0.088 0068 | 0407 0038 530 96
| 13 {0008 | 0234 | 30 | 40 35 [RF 0107 | 0148 | 0041 0 74
14 oo |03 | 40 | 50 45 AT 0148 | 0195 | 0047 520 93
15 0014 (03w | 50 | &0 55 0.219 0195 | 09 |0055 2160 06 | 108
|16 {0.016 | 0469 | 60 | 7.0 65~ 1.285 0248 | 0326 0077 3630 08 | 108
17|omg|oses| 70 | 80 [ _~75 1.386 03% | 0507 |oag1 1570 93 9.3
| 18 {0022 | 0626 | 80 | 90 85 0.855 0507 | 0937 |0430 1150 78 7.9
iu.oz& 0.704 a0 /ﬁ.o a5 1.005 0937 1088 (D132 490 82 82
120 |0.027 | 0703 [_40% | 110 105 1440 1068 | 1230 |0462 270 74 74
| 21 {0030 /0_591’ 10 | 120 115 1.384 1230 | 1984 0753 50 42 4.2
n 0.939 | 120 | 130 125 2.268 1984 | 2997 |1.014 30 34
23 | 0036 | 107

estimate historic fishing mortality

Cohort or Virtual Population Analysis
use the number of fish caught during
commercial fishing operations to

Figure

7.The cell formulae for the seasonalized length-converted catch curve.

K LM N | | P Q | R s | T u v

| 6 | LENGTH CONVERTED CATCH CURVE

7

Gl lookup lookup lookup

9 by [0 [ 12 [ Midiength of mid ] Age L Age L2 | Cateh numbers Used

|10 =010 |=H0 |o 1 =(MI0+N1 0072 | *LOOKUP(OA0L$10:LS1104K$10:KE1104  =LOOHKLP(MIDLFIDLET 104 K1 0KF11 041 [=LOOKURNTOLS10LE 1 04 K10 KI1104) [=R10-G10 |10 =LNT10/E10)

1 [=011 w1 [=hHO Jsht o] [s(hH11+81102 [=LOOKUP(OI1LS10LS1104KE10:KE1104) =L OOKLP(MI 1 LEIOLE1104 KI10HKF1104) | «LOOKUPNT 1 LEIDLE104KEIDKI104)  |«R11-G11 |250 =LMN(T11/511)

12 [aD12  [sh12  [shi11 [sh1201 [s(M120012)2 [-L (012, L$10:L81 104) | =LOOKLP(MI 2 LE10:L§1104 K310 KFI104) [=LOOKUPINI 2 L$10.L5104 KE10KI1104) _[»R12-212 [500 =LNT12/512)

13 =013 |=N3  [=N12 |=Mi3e1 [=s(MI3+H13)2 [=LOOKUP(O13LS10LS1104KE0KS1104)  =LOOKLP(MIS LFIOLET104 KF10KS1104)  [=LOCKUPNISLFIOLITI04KIIOKI104) |=R13-013 |70 =LN(T13/513)

| 14 =014 =114 [=N13 [=Mide1 [s(M14+N1 402 |~LOOKUP(OTALSI0LSI04KIKRE1104)  =LOOKUPMIS LFIOLEN 104 KH10KIT104)  |=LOOKUPNT4 LF10LS1 104 KFI0KI1104) |=R14-G14 |520 =LN(T14/514)

| 15 (<015 [H5  [<htd |sM1Se1 |s(MIS+NI5)2 [-LOOKUP(OASLE10LS1104ME0NET104) | =L OOKLPIMISLE1 D-LETI04 KEIDKE104) | -LOOKUP SLEIELE1104KEI0KI1104) |=R15-G15 |2160 =LMT15/515) |15

16 =016 |=HE  |=N1S |sMiBe] |=(M1S+N1512 |=LOOKUP(CABLE10L $1104K$10KE1104) =L COKLPIMIG LS DLE1 104 K31 0HF1104) | =LOOKUPMELI1TLE1104 KEI0KI1104)  |=R16-@15 |3830 =LN(T1E/S1E) |sLHE

A7 (=017 |=07 |=N16 |=M17+1 |=M174M1 702 |=LOOKUPOT,LE1B:LE1104KE10:KE1104)  =LOOKUP(MI7 LEIDELET104 KE100F1104) |=LOOKUBM 7 LI CLEN 04 KEI0KI104) |=R17-Q17 |1970 =LNT17/817) =17

18 =018 |=NE  [=N1T7 |=Mi8+1 |=(MIS+N1512 |=LOOKUROABLS10:LS1104K$10:KS1104)  =LOOHUP(MIE LS OLET 104 KE10KEN104) | =LOOKURMNIBLHICLET 104 KE10KTT104) |=R18-G15 [1150 =LNT18/518) |=U18

| 19 (=019 |=H3  |=bi@ [sM1S+1 [=(M1S+N1 902 |~LOOKURP(OIILSIRLSII04KII0NE1104)  =LOOKUPIMISLFIDLII04 KIIDHIT04)  |=LOOKURNISLFIDLS1 104 KD 104) |=R19-019 |490 =LNT19/519) |=L19
<2001 |(M20+HNZ0N72 | "L QOKUP(O20,L $10:L $1104K$10KE1104) =L OOMUP(M20LF1 0011104 K31 0HCFT1104) | sLOOKUPNZOL$10LF1 104 HEIDHI104) | =F20-Q20 =LN(T20/520) |=UZ0
=M21 1 |=(M21+M2112 [=LOOKUP(O2M L E10:L$1104REA0:KE1104) =L OOKUP(M21 LE1OLE1104 KEIOKE1104) | =LOOKUPNZY LI CLE104 KEIOKE104) |=R21-G21 =LMT21/521)
=22e1 |=(M22+H22002 [=LOOKUP(O22,L $10:L $1104K$10:K81104) =L COMLP(M22 LI 0LS1104 K310KF1104)  [=LOOKURNZ2 L1 0LS1104 KE10.KS1104) =LN(T22E22)

Figure 8. Results of le

-CO

14 |
12 e .
= 10 |, " y=-4.57x+11.79 |
E B g
= 4 - a
2 -
0
0 1 2 3
Relative age (year-to)
o Ln{Cidt)
* LUsed
Linear (Used)

nverted catc

CATCH

wption from ri

urve of Puntius sophore made in a spreadsheet (A) and with FISAT (B).

2 Adapted from Gayanilo and Pauly (1997) and King (1995).
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and stock numbers in a cohort of fish
and is again based on the constant
parameter system.

The number of fish surviving from
one year (N) to the next year (N,,,)
is given by:

_ (Fem)
Nr+1 - Nr*e[ ( ' )
The number of dying fish is therefore:

%(1_ ~Z
N.*(1-e7)
The catch (C) is the proportion
dying owing to fishing, and may be
estimated from the catch or the
Baranov (1926) equation;

C. =[Fﬂ]*N,*(l—e[ (F'MJ]] )

Combining the different equations will
give the Gulland (1965) equation for
Virtual Population Analysis:

%“. ) (F/Z,) 6”1

Given values of the catch (C), and

an estimate of the natural mortality
M, the equation can be used to
estimate retroactively the size of
the past cohorts, if an estimate of
N,,, is available from which to start
the computation. Estimates of N,
(expressing the last population size a
cohort had before it became extinct)
are called 'terminal population’ (N,).
Values of N, can be obtained from:

N-2CF

Where C is the terminal catch (i.e.,
the last catch taken from a cohort
before it went extinct) and F is the
terminal fishing mortality (i.e., the
fishing pressure that generated C).
AVPA starts with an initial guess

of F, and then calculates backwards
with the known catches and natural
mortality rate (Figure 9).

9

(10)

articles

F(—Z
-~
-«
Number of Fish - F
. )
(survivors) - <—Input M
Ntk2 Nt . N, <« Input F,
<__/
Input Input Input
C(-Z Cl-| C(
t-2 t-l t
Year

Figure 9.The principle of backward calculation in aVPA (King 1995).

The major aim of cohort analysis is to
estimate the fishing mortality (F) over
the different length classes. The basics
on how to do it are well explained by
Sparre and Venema (1992, 1998) and
only summarized here.

The basic formulae for a length based
cohort analysis are:

N(L1) =

[N(Lz)e[%] + C(L1,L2)}e($‘
and

c(LL2)= N(L1)g[1 - e‘”‘]

(14)

Where

C(L1,L2) the number of fish caught of
length between LI and [2

N(LT)  the number of fish that
attain length LI

dt time needed for the fish to
grow through length LI to
length [2

M natural mortality during time
dt

F fishing mortality during time
dt

V4 total mortality during time dt

In a cohort analyses with non-
seasonal growth M.dr],

0"

the fraction of N(LI) that survives
natural death during the time
period from t(L1) to t(L2) and & is
calculated as:

(M) Loo—L1 |
e /==
Loo—L2

and

Loo—L1
— (1 =
o (/K)In[Loo—Lz} (15)

Again with seasonal growth the last
formulae will give incorrect results.
However, dt can be calculated as: dt
= age [2 - age L] and can be solved
with the LOOKUP function.Then we
can use the basic formulae (ﬁ]
directly. e ?

In Figure 10 an example of a cohort
analysis in a spreadsheet for Puntius
sophore with a natural mortality of

M = 1.168 year' (all other parameters
being the same as those in the
previous examples) is presented.The
cell formulae are presented in Figure
I
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In Figure 12 the fishing mortality

£ .
= | | o = o (F) for the different length classes,
= E E E 33 g ﬁlﬁ = SIE = calculated with non-seasonal and

seasonal growth, is presented.

The comparison indicates that the
traditional non-seasonal method
underestimates F during the period
of slow growth, which in our example
is occurring at a length of 8-9 cm.
The main reason is that the fish
stay for a long period in this length
class, while fishing continues.The
difference seems to be subtle, but
the practical consequences can be
large. For example, in Bangladesh,
growth slows during the dry season
(December-January). During this
period the floodplains are small as

[ %3]
mE3
[T
058
AT
089
[ =]
0AT
an
a0

Fiz=Catch

o §§ gﬁgﬁ%%ﬁﬁ'ﬁ'y they are drying up and the fishing
R D el

effort is high. Underestimating the
fishing mortality during this period
will have serious consequences if the
estimates are used in the Thompson
and Bell models for the comparison

II:W"I}H‘] SR TE = [ TEE
sEEdivEE

eypmraizyz) |-tz
Ty | quisT s
PR | T TS

3 ¥ of fisheries management options.
k== ol = EP In this respect, it is important to
E HEEREEEEREEEE | {EEEER notice that the LOOKUP function
§ AH 3 i; ;’-E f can be used in a similar way to
i &l a4 HEL sﬂ calculate dt for seasonal growth in
o o|<|<3 § d % §|E HHEEN ¢ EE HEEEE the Thompson an'd Bell mode'ls and in
i EEECE 2 : HEEE the seasonal version of the Yield per
g 33 EEEEE] Recruit Analyses (Sparre 1991).
2 HEEEEEEEEER 2 E EEEE
3 "gggﬂﬁgggg—' 2 s HEEEE : o e .
SRR o 22427 B4 Limitation of the
s £ BEE N Proposed Method
SR rEEEEEREEERREEN © e >
3 beo EEE g The proposed method provides
= = i|Z 2| M| convenient results but has some
o I g g § % z g 3 2 § E gl §l§ 2 35 Bl limitations. First of all, the time of
3 ,I a 55 Bl recruitment has to be known. This is
g = EE ‘_‘% a minor limitation as, in most cases,
o R R EEIEER PR o : E | B the major spawning month is known.
i = EEN 5
§ '§ Secondly, the used seasonal version
£ N S % ™ of the VBGF of Somers (1988) has
=§! Aol ol ol el |l B g E exactly one zero growth rate per
bl 117 B ég =N year when C = |, which means that
=l ] .
£ |dgeezers8s2esl et g for each length there will always be
Ji ] CEEE E 33 § 2253533 g §3 Bl one value for age. Using this version
i Susrzeeuun R o o 5§35 4| of the VBGF will do for most tropical
e ; ,|§ BENa3as s g $3 > — | fisheries, where prolonged periods
o i e e -8 845 =8| of zero growth are an exception.
Wif'- @ m - - n:llﬂ, ; uE_O = ug_o

The method cannot be applied if the
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Figure 12.Results of a cohort analysis with seasonal growth and the fishing mortality as estimated by using the seasonal or non-

seasonal VBGF.

seasonal version of the VBGF of Pauly
et al. (1992) is used, as this version
allows for longer periods of ‘no
growth’, which means that a length
can have several values for age and
we cannot convert length into age.

A similar problem arises if there

are two cohorts per year, which is
often the case in penaeid shrimps.
There again, there is no one-to-one
correspondence between age and
length (Sparre 1990). In this case, the
only solution is to slice the cohorts
(Sparre and Venema 1998) and apply a
VPA with pseudo cohorts (Pauly et al.
1987; Gayanilo and Pauly 1997).

The Spreadsheets

The different spreadsheets can be
downloaded from our website www.
nefisco.org/Training.htm
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