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Abstract:
A modification of the von BERTALANFFY Growth Formula is proposed
which has the form
(K ek ) 48 sah nin 3T 1t - £9)
- e o 2w = o)

L, = Jagg £3

and which can be used to fit seasonally oscillating length-age data.
The properties, positive and negative, of the models are discussed.
A program for use with the HP 67/97 is provided which estimates

K, €5, g
estimates of L, . Worked examples are given.

and C, and which also can be used to improve preliminary
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Introduction

Taking into account seasonal growth oscillations when computing

the growth parameters of fishes is not an esoteric game. It is, on
the contrary, a method for considerably increasing the accuracy of
growth parameter estimates, especially in the case of those temperate
fishes which are short-lived. In such cases, and when the length-
at—-age data at hand stem from different seasons, not considering
variations in growth rate can indeed lead to serious errors in

the estimation of growth parameters.

Several versions of the von BERTALANFFY Growth Formula (VBGF) have
been-published in recent years which may be used to describe the
seasonally oscillating growth pattern of fishes (URSIN 1963a, 1963b,
PITCHER and McDONALD 1973, LOCKWOOD 1974, DAGET and ECOUTIN 1976,
CLOERN and NICHOLS 1978), while JONES and JOHNSTON (1977), on the
other hand, attempted to relate seasonal variations of food intake

to variations of the growth parameters L, and K.

The main drawback of the modifications of the VBGF hitherto published
is that their parameters are very difficult to estimate. Thus, for
example, the model proposed by PITCHER and McDonald (1973) and that
of CLOERN and NICHOLS (1978) both need to be fitted by means of

computer programs.

Another drawback of these previous equations is that the parameter
which determines the amplitude of the growth oscillations remains
undefined, such that it can neither be visualized, nor used for
comparative purposes, e.g. for assessing the effects of winter
conditions on the growth of different stocks or species of fishes.

The version presented here has three advantages over its predecessors:

1) Its parameters can be estimated easily, e.g. by means of a
programmable pocket calculator.

2) It contains a parameter ("C") which was derived such as to express
the amplitude of the growth oscillations and to allow for the
comparative investigation of the effects of winter conditions
on species and for stocks widely differing in their growth
parameters.

3) The conditions which limit the applicability of the model are
defined.
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In order to fully demonstrate these points, a program for use with
a HP 97 or a HP 67 calculator is presented, together with worked
examples, each of which illustrate (a) different aspect(s) of the

model.

Derivation of the equation
The VBGF, for length, has the form

it amile, o wodt (F 12 bl 1)
where L, is the length at age t

Lo 1is the asymptotic length

K is a growth constant

and ts is the "age" a length zero.

It has been demonstrated by a great number of authors (e.g. by those
cited above) that the main abiotic and biotic factors which affect
growth (temperature and food availability) tend to fluctuate, in

the course of a year in a manner which can generally be well described
by a sine curve of wave length one year.

A sine wave can be incorporated into the VBGF such that

L, <533 (15 igEallistearitgh Al 2W o=t ) )y 2)

where A and t, are constants whose properties are discussed below.
Equation 2, it may be mentionned, is analogous to equation 6 of
PITCHER & McDONALD (1973) and to equation 6 of CLOERN and NICHOLS
(1978) .

Equation 2, in this form, has the major disadvantage that A is a
purely empirical constant which, when estimated does not yield any
insight into the magnitude of growth oscillations which it modulates.

This can be corrected by the following considerations: Length growth

rate may be completely halted in winter such that: %% =0 3)
The firstderivative of equation 2) is %% =P g *» T 4)
where P = Lo

g = K +A2% cos 2T (t-tg)

i = g- (B (b-tg) + AoRi8 2% (e-ty))
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For edﬁatibn 4 to have zero values, at least one of the values of
p, 9 or r must, at time, come to equal zero. It may be seen, however,

that p and r must always remain 0.

Hence growth ceases if, and only if

q K+ 2TA- cosiﬂ’(t*tsl =0 5)

If we now define A = E%%rﬁ { 6)

it is assured that equation 5) becomes zero exactly once per year,

whHen & = Gy ¥ 1/2 ("winter point").

The multiplier C may be interpreted such that there are no growth
oscillations when C = O, C = 1 when the oscillations produce once
per year exactly one zero value of g%, and.C:>1 when the fish actually

shrink during the winter period.

This latter case, it may be noted, is very unlikely to happen in
nature (as opposed to loss of weight). Only one paper was found in
which a significant length loss of 0.67% to 1.23% was reported,
after starvation periods of up to 7 weeks (NICKELSON and LARSON
1974) . In most cases, ﬂmmfﬁﬂ, C = 1 will have to be considered the
upper biologically interpretable limit for this parameter.

Equation 2) may thus be rewritten in its definitive form

R
L= Leo {1 - LK (Eet 3 + © ‘27 sin 22‘(t-ts})) 7)

where ts simply sets the start of the sinusoid growth oscillation

with regard to t = 0,
Estimation of the parameters

A well-known method for the estimation of K (and of ty) given length-
at-age dates and an independant estimate of asymptotic length was
proposed by von BERTALANFFY (1934). It consists of rearranging
Equation 1) such that
Lt
1 - = K -
b3 | (1 ﬁ;} tO Kt 8)

(which applies only if L. ) L¢). In this form, K and t, may be

estimated by means of a linear regression
where ¥y = 1Intl - %E )
o
a= Kt

and b = =K
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Equation 7), on the other hand may be rewritten as

K (i 3o 28
i - ) e (K (&£ - tg) + C-5p « 8in 27 (t-tg)) 9)
Loo
Since sin (X - B) = sin<{+ cos f- siaf - cos& 10)
; i h &
we have 1n (1-%%9) = -K (t-tgt %T sin 28" ¢ + voos 20 tgi- 7y

« 8in 2¥skg = cas 2WE) 11)

which has the structure of a multiple linear regression of the form:

Y. =.8+ by %1 Ry Xgehbyns 12)
where y = 1n § 1 = %E )
ce
Xi= t
X2= sin 2Tt
and X4= cos 2Wt

Equation 12) thus yields coefficient values which can be used to

estimate the growth parameters by means of the relationships

a = K-t0 12a)
b= =K 12b)
£ C ¥
bz'—- = ol § L oos 2 tE 12c)
6 ; :
b3= +K- 53 sin 2ty 124)
(- 22 )
with tg= 2LC LAD D2 12e)

The only parameter which cannot be estimated directly from the
seasonally oscillati-ng growth data is L, . An estimate of L. has
therefore to be computed preliminately, e.g. from a FORD-WALFORD Plot.

In order to distinguish between independant estimates, and such esti=-
mates of L, that are obtained directly from the length-at-age data,
the convention is used here of coding independant estimates of

asymptotic length: L(eo) (PAULY 1978, 1979), the brackets meaning
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that estimates of this type may be slightly more limited in their

accuracy.

A method for obtaining a preliminary value of L(co) 1s to use a good
value of L max (greatest length recorded from a given stock) in

connection with the relationship.

L max
0795

proposed by TAYLOR (1962) and BEVERTON (1963) and which demonstrably
produces good results as long as fishes not larger than about 50 cm
are considered (PAULY 1978, and PAULY 1979 for the reason for this

size limit).

When reasonable estimates of L max are not available (e.g. when large
fishes are not caught by the sampling gear), the following heuristic

formula may be used to obtain a preliminary estimate of L (wo):
2 — -
Il o T TR )

—
el T A

)
14)

where L., here, is a centrally located length value and i a time

J.I"
interval chosen as large as possible (In the case of seasonally
oscillating data, the value of i should be one year or a whole

multiple thereof).

The preliminary value of L obtained with either method may be,

(co)
in any case, subsequently improved by means of a quick trial tech-
nique analogous to that proposed by BEVERTON (1954, p. 57) and
RICKER (1958, p. 195 ff, or 1975, p. 225) for improving preliminary

estimates of L(oo} used in fitting equation 8) to length-at—-age data.

The calculator program proposed here has for this purpose a routine
for computing R? (multiple coefficient of determination), whose wvalue
may be maximized by means of a few plots with varying estimates of

L(ao)’ (See example 2)

Application examples follow which illustrate various properties of
the model.



S

Example 1: Fit improvement through use of a seasonally oscillating
growth curve (Fig. 1)

Data: Growth of Norway Pout, Trisopterus esmarkii in Scottish
waters, as read off flg. 6 in GORDON (1977)

age (y) " L (cm)?’ age L (cm)
0.250 7.3 1.167 13.8
0.333 8.8 1.250 14,7
0.417 9.4 1.333 14,5
0.500 10.6 1.417 15.2
0.583 10.4 1.500 15.1
0.667 11.2 1.583 15.2
0.750 11.1 1.667 15.3
0.917 11.3 1.750 15.5
1.000 11.4 1.917 15.5
1.083 11.8 - s

1} births setsinimid-April

2) mean of several year- —-classes

L(ap}-ls set at 20 cm (see URSIN 1963b and RAITT 1968)

3)

growth unseasonal seasonal

r? & R? 0.932 0.979
K 0.670 D5 T13
to = ho -0.380
ts o +0.184
& o oo +1.00

3) as estimated by flttlng equatlon 9)

Re31dual variance of "unseasonal" curve (Equation 8)
1.000 - 0.932 = 0.068 = 6.8%

Residual variance of seasonal curve (Equation 7)
1.000 - 0,979 = D.021 = 2,1%

Percentage of residual variance explained by the seasonalization

of the growth curve

= 0.691 = 69% 13)
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That the seasonalization of the growth curve significantly improves
" the fit may be demonstrated by testing the difference between the

two coefficients of determination by means of

: (R2, - R2,).(n - uq - 1
F = 1 2)C / 14)

aiail 5
it = Ry (u1 - u2) (SACHS 1974,p. 354)

where n is the number of observations, R21 is the coefficient of
(multiple) determination pertaining to equation 12), uq is the number
of independant variables in equation 12), while R22(= r22} the
coefficient of determination pertaining to equation 8), and up is

the number of independant variablesTequation 8). In the present case,
n =19, Ry = 0.979, uy = 3, R%, = 0.932, and up = 1, which provide
an estimate of F = 23,31. With vy = uy - uz = 2 and v = n - uq = 14,
we can reject (at the 99.9% level of confidence) the null-hypothesis

of no differences between the R2 values.

Thus, as far as this example is concerned, the demonstration was made
that the use of a seasonally oscillating growth equation removes a
highly significant amount of variance over the amount removed by

the normal growth equation, hence also increases the accuracy of
prediction of length for age and Of the 3rbvuﬁ4 parameter esti-
mates. The value of C = 1.00, in addition, suggests that T. esmarkii
is adapted to the temperature fluctuations of its habitats such

that its leqﬁﬂg growth is completely halted only during a brief

period of the coldest month of the year. (Fig. 1). Note also that

tg + 0.5 = 0.684, which was defined as "winter point" does indeed fall

in the winter time (Fig. 1).

Example 2: Demonstrating that tropical fishes may display a marked
seasonal growth pattern (Fig. 2)

Data: Growth of Halfbeak Hemiramphus brasilienses, off
Florida, read off Fig. 5 in BERKELEY and HOUDE (1978)

age (months) LF (cm) age (months) LF (cm)
3 16..08 8 21.0
4 18,9 9 20.8
5 19.4 10 215
6 20 1 21.5
? 908 12 222
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age (months) LF (cm) age (months) LF (cm)
13 225 18 2505
14 23.2 21 26.4
15 23.6 24 26.4

16 25.0 e aeae

As Lmax = 31, in (Fig. 2 in BERKELEY and HOUDE 1978), L(oo) is set

at 32.5250%%5, which provides the following parameter estimates
(with R2 = 0.988):

K = 0.587 tg = +0.253%)

to = -1.024 c = +0.686")

+) Note the conversion (see User Instruction, second part of program)

Example 3: TImproving a preliminary value of L(, and showing
limitations of the sine wave model (¥ig. 2)

Data: Notropis atheneroides (Emeral shiner), year class: 1967
length-at~-age data read off Fig. 4 in CAMPBELL &
MAC CRIMMON (1970)

age (z} LT (cm) age {z) LT (cm)
0.083 1.3 0q 750 5.1
0.167 S 0.833 5.3
0,250 ol 0.917 5.5
Q.333 4.9 1.000 6.4
0.417 5.0 1.083 T
0.500 5.0 T 167 1.8
&.583 5 ol T 250 8.3
0.667 S 1333 8.5
trial values 2
of L(oo) R K to tg €
10.0 0.993620 1.117 =0, 6013 0.088 1.49
12.0 0.995783..0.748 =0y 182 0.099 1.35
11.0 @.,996 393 . 915 ~-0,083 0.094 1.40
1.5 0.996280 0.820 =€l 11.0 0.096 T3
T2 ©C.296411T 0,871 -0.094 0.094 1 239

The method produces (after about 30 min. of calculations) an improved

estimate of L = 112 (Plg. 2.

(c0)
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The value of C = 1.39 reveals, however, a problematic property of
the sine wave model: When the period when g% = 0 lasts for several
months - as in the present case - the model generates a value of
C) 1, corresponding to g% { 0, although the length-at-age data
themselves do not suggest any shrinkage. In the present case, a correc-

tive can be suggested, which consists of setting C = 1 a posteriori,

and using this value of C in conjunction with the estimates of the

other parameters obtained together with the value of C) 1. (Fig. 1).

Alternative models, such as a "switched growth model"™, which can be
used whén the situation %% = O persists over many months have been
published by several authors (PITCHER and McDONALD 1973, DAGET and
ECOUTIN 1976) . However, our perusal of the seasonal growth hitherto
published suggested that conditions generating C3» 1 (prolonged period
of no growth) occur predominantly in fresh waters, while marine

conditions tend to generate values of C (1.
Another limitation of the sine wave model is that it can, in the

present form, in no case be applied to weight-at-age data. PITCHER and
McDONALD (1973) wrote:
"The main disadvantage of the since wave model is that it can
generate fish shrinkage during the winter (see above).
This is not realistic for fish length. However, it may be
of value when dealing with weights, which can easily

decrease."
Our attempts to fit the model to weight—at~age data failed miserably,

and grossly unrealistic growth curves and parameter values were

generated. We consider this a general property of the model when

applied to weight-at-age data.

Exaﬁéie 4: A fish with hatchiﬁg and growth periods that are out
of phase (Fig. 3)

Data: Macrorhamphosus scolopax (Snipefish), Great Meteor Sea
Mount, North Atlantic. EHRICH (1976, Table 3)

age (y) LT (cm) age (y) LT (cm)
Q.25 T, M 1,10 97
3 30) 6.0 1«25 10.6
G50 8. g e iS5
0,920 g.0 2,60 1.0

1. 00 T i e
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EHRICH (1976) gives for these data the following growth parameters:
Loo=16.5, K=0,745 and tg = -0.244; they were obtained by
non-linear regression (Fig. 3). The value of Ly, however, is conside-
rably lower than the value of Lpgx = 19.2 reported by EHRICH (1976,
Table 1) from the Great Meteor Bank stock.

The iteration process outlined in Example 2 yields, on the other

hand, an improved estimate of L = 20.0, which is quite c¢lose

(00)

to gﬂg% = 20.2, hence probably more realistic than Lg,= 16.5.

Along with L(oo) = 20 cm went the following other parameter estimates:
K = 0.462, to = -0.507, tg = 0.482 and C = 0.90, R2 = 0.938

(Fig. 3)

BRﬁTHES (1975) gives the following growth parameter estimates for a
Moroccan stock of M. scolopax : Lg#16.0, K=0.36. These values were
based on ageing by otoliths, which is unaffected by seasonal growth
oscillations. These values suggest that our estimate of K = 0,462

is closer to the true value than the previous, unseasonalized estimate
of K = 0,745, especially since there is, in all fish species an
inverse relationship between L.y and K values (PAULY 1979).

™

Hatching, in temperate fishes, occurs mainly
a) when food for the larvae becomes abundant (spring plankton bloom)
b) when temperature increases, which accelerates growth.

This pattern$ is examplified by our examples 1, 2 and 3. Clearly,

in the case of M. scolopax, these two phenomena are out of phase,

and the fishes are hatched during a period of reduced growth (Fig. 3).

Thus, in spite of the probably limited accuracy of EHRICH's data,
(EHRICH 1976, p. 260 - 262) an interesting feature of M. scolopax
could be brought to attention simply by seasonalizing the growth
curve. It remains to be demonstrated whether this feature is specific

to M. scolopax.

Example 5: Demonstrating the use of equation 14) for the estimation
(0% & L(oo)

The following length-at-age data were produced by means of the growth
parameters Lg = 100.0, K = 0,20 and tg = O,



age (y) 1 2 3 4 5 6 7 8 9
length (cm) O, 370 W21 "85 G0k 9. 9715,y ‘FIYB- <88.5
The most centrally located length value is 63.2 (with t = 5).

Thus, we have Lj = 63.2. We choose i as large as possible, i.e,

i = 4 and obtain:

Ls: + 4 = 83,5

J
and Ly - 4 = 18,1
These values, inserted into equation 14) produce a value of

which is almost equal to the value used to generate the length-at-

age data.

If the data for the ages 4 to 9 were not available, we would have,

on the other hand, only Lj = #3.0y & = 1, . wikh Lj+1 = 45,1 and
Lj_1 = 18.1. These values, used in conjunction with equation 14)
produce

Liw)y ~= 97.4
which is still very close to the real value of Lg,= 100.0.

Discussion

Several authors had preciously presented versions of the VBGF which

could be fitted to seasonal length-at-age data.

Growth in fishes is demonstrably a seasonally oscillating process,
and the non-consideration of this feature is likely to produce both
erroneous growth parameter estimates as well as misconception on the

character of the growth process itself.

Therefore, until an analytical model of fish growth can be proposed
which incorporates such seasonal variables as environmental tempera-
ture, food availability, migratiocns etc. a model should be used which
at least gives an adequate description of a growth curve. The model
proposed here do€s this job - within certain limits - and its para-

meters are ea%y to estimate.

An advantage of this model over its predecessor is - besides the fact
that is is easy to fit - that the constants which define the growth
oscillations (tg and C) can be defined in biological terms.
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Thus tg can be understood as an estimator of the amount of out-of-
phaseness of hatching in relation to the phase of accelerated growth

(see example 4).

The parameter C, on the other hand, is very probably correlated with
}

the magnitude of the temperature fluctuation of the fish habitat

= maximum minus minimum habitat temperature). This is illustrated by

our examples:

c B fluctuations+)
1 E; atheneroides 430 19
2 P esmarkii 1.00 7
3 M. scolopax 0.90 4
- H. brasiliensis 0.67 6
and, by definition: 0 0
¥}

in OC, based on data in the original papers and/or oceanographic

atlas.

More valuesof C, however, will have to be computed to obtain a reliable
quantitative relationship, which when established will allow for the
estimation of C for given temperature data. An understanding of the
relationship between C and temperature fluctuations, finally should
allow for a) improved growth curves, and

b) improved growth parameter estimation)qnd

c) an improved understanding of the relationship between

growth and temperature in general.
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Legends for the figures:

Pleg. 1z Growth of Trisopterus esmarkii, Scottish waters,
Empirical values: data of GORDON (1977)
Above: normal, unseasonalized Von BERTALANFFY curve
Below: seasonalized version of Von BERTALANFFY curve

Plg. 2% Seasonal growth of Hemiramphus brasiliensis (Florida)
and Notropis atheneroides (from a Canadian lake). Note that
the model, in the latter case does not fit well the pro-
longed period of no growth occuring between 0.4 and 0.8
years of age.

Fig. 3: Growth of Macrorhamphosus scolopax, Meteor Sea Mount, West
Africa.
Rbove: Growth data and curve as given in EHRICH (1977)
Below: Growth data fitted with seasonal growth curve.
Note that M. scolopax hatches in a period of reduced growth
(as opposed to the three previous cases)




- 16 —

Tig. ]

Trisopterus esmarkii

L(cm) Scottish waters o

L(=0)=200 cm
K o DRI
t =-0501
r2 = 0932

L(ee)-cm
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® L{ee)= 200 cm
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0 T 1 1
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Hemirhamphus brasiliensis

LF (cm) Florida

12- K = 0587
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L
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Notropis atheneroides

LT(cm) Lake Simcoe, Canada

114

10+

9- e

: /

7_

6- ' L{o0)=11.2

5 p . K = 0.871

4 - tg =-0.094

3_ : ts - 0094

2 Cset= 1.00

£ (actually= 1.39)

0 i i

0(End of June)05 1.0 15 20 years



e
Macrorhamphosus scolopax

LT, cm . e A
16+ Leo=16.5<< Lmax(=19.2¢m) Meteor Seamount, Atlantic

Fig. 3

14 - ' o
12-
10

8-

LT, cm

Loo =20.0—r20
21 Lmax=19.2 —>

b2

~10

N
o
o

0.462
-0.507

0.482

0.90

H N B, MmN N

0(=Jan-Feb) 05 1.0 1.5 20 years
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User Tnsiracdons

Inikial

41 Fitti ng S&nSonal\\{ osc,ll\(ihr\g %row’df\ dato. T ZP
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STEP

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

Reod.

side Land Bool tavdl L

and. in

vbialize

10

R R

Entex

datac

-

m?eai until ol data. are entered

b

Read side 1 and il of Card I Gid. 90

to User Lnstructions , Park L.

Notes:

1) In?u{_, coutine tokes about (5

Bl g ) 15 RS

seconds per data triplek. i
2) Note +hat Lo is enkeved. with
each set of \c_n%&h- a.t-a.ge. values.

i 0 - e

o o

_,___
ot |
O ]

i!-hm:
e
!
! i SR P

T b T e ot e S = e
|
| SRR R EENE o

i —
|

|
i. | i A | | |
11 1 1} By i || i 1 11 i | i ] | }

|
|
L

—i

I TN R S ) (|

it ey ey

IWist

|

|
|

—-i—-“-*-——“n—-—-—u
|
| |

(EE L
!i Rt adio ]

B
R

B
3|
I
|- el
i |
S
2 i, 58
T R

] i
’l i i
i

]

L
TR b |
i

|
E

|
i

10.00

100000.00
100000.00

t

Ly

117
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STEP KEY ENTRY KLY CODE COMMENTS STEP KEY ENTRY ﬁ'_ﬁivcomz COMMENTS
001 ¥BLla 21 16 11 ___ ey UAY N1 |
CLR¢  16-53 | WL AN - -
5700 35 00 __ | RCLS 36 05
ST04 35 04 __| 060 e e 42 .1
sT07 3wy X .
ST09 ny | . o
2s 16-51 | | Rctd 36 e
e 16-58 | RCLA 36 11
RAD— -$6~22~ ] x -35
010 RTN . PR " + =55
oo AT - RCLL 36 o1
sTOD 35 14 \ + -5 - 1
: -2¢ X iie) v e brap-n
CHS 22 o7 | & 5ce oia__ | ST0S 35 05
1 o1 ~5 &5 - RCLA 36 11
+ -59 o+ w N e e X .- -
LN - 33% g_ﬁ' A o S
STOD 3514 é”c & sTo¢ 35 04
Xy -41 | =k + -85
020 smg 35 ég ol 0 g 5 r_§ e = s;gn ?2 é; -
+ + e
x = REE, s RCLE 36 08
Pi 16-24 S8 =% # RCLC 36 13
X - it _3 _ggﬁ % 080 x -35
SIN 41 S od ¥ RCL7 3¢ o7
Kt %137 gL 3 o RCLB 36 27 |
P - e 2 KT % il st
QR L i S
2 02 d,:g & & RCLS 36 05
030 X -35 <4 8’& RCLA L S
Pi  16-24 AR x 35—
-35 ¥ 2 é + -55
e 3 e >
cos 42 eooae RcL2 36 02
RELD | 3 14 —1) 5% + = Seve
ST+8 35-55 08 — Iy N
A2 53 RCLC 36 13
ST+ 35-55 @9 x o8 T |
Ré -31 RCLE 36 08 —
6sBD 23 14 o1
040 - 45 X -35
S8 (BT + 55 ]
P N B BET
RCL3 36 03 | RCLA 3611
RCLC 36 13 100 X =35
X -35 —] ‘ 45—
e S8 . Se
ol e + g5 1
L 35— 28— 16-51
4 o S sT07 35 @7
050 RCL1 36 61— NiE B U
RCLA % - Biaunp X -35
X & S XY ~41
+ | SO 8106 35 06
RCLO 36 99 110 _RCLE 3612
- -55. X -35
RCL6 36 06 + -55
REGISTERS
o I B, IF il I'iby Tused TP used P usad | used P used |° used
S0 B S2 S3 sS4 S5 S6 S7 S8 S9
B
* {used | used. IC vsed. vsed. IE used |I counter




Progiam Listing 3%

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
RCLD N RCcL6 36 06 |
+ e S— 170 X ot (SN
1 o1 RCLE 3% 15
+ = RCL7 36 87 |
17X - - S X . TR |
STOD 35U o >3 16-51 1|
RCLE 3615 | ST-6 35-45 66 |
120 x 33 Ré e
STOE 5w 875354505
RCL7 36 o7 | Ré .. P
x -35 | : sT-4 35-45 04 |
ST+3 35-55 03 | 180 P2s 16-51
RCLE 36 15 RCLD 3 147 |
RCLG 36 96 | RCLE 36 06
X -35° | X =357 |
ST+2 35-55 @2 | STOE A5 45
RCLE 31N RCLG 36 06 |
130 RCLS R X -35 |
X -35 7] RCLE - (R
ST+1 35-55 81 — | ROL7 36 07 ]
RCLE 3% 155 X i =
RCL4 36 04 | 190 RCLD L T e
X 358 ] kL7 36 07 |
ST+D 35-55 68 N2 S855 4
RCLD 3644 5 A X =351
RCL4 36 04 P2 16-51 — |
X -3 6T-9 35-45 09— |
140 STOE TR Ré e
RCL4 36 64 | ST-8 35-45 88
X -35 7] Ré o | S
RCLE 6. 15 T ST-7 35-45 @7 —
RCL5 3T 500 PzS 16-51 — ]
X 387 1SZI 16 26 46 — ]
RCLE 36 35 RCLT 36 46 —
RCLG 36 86 RTN - sy
X 3BT ~%LBLD M ad4
RCL7 36 07— STOC . B r. e
150 s =51 R4 =31 =
R = STOB 3582
§T-2 35-45 027 | R+ ek |
R = Sa STOA T
ST-1 35-45 @1 | 210 RCLD 36 14—
Ré P S RCLO 36 99—
ST-8 35-45 @9 RCL1 36 61—
ki -31 RCLA B 7
RCLE .8 | x -35—]
X -35— - + -55
o 5T-3 35-45 93~ RCL2 e
pP2S 16-51 ] RCLB 2% 12
RCLD 36 14— X o s
RCLS 3% 05 | + -5 —
X =35 250 RCL3 36 05—
STOE g4 - e RCLC B
RS ' NeTT x e
X 38 + 58 ]
RCLE k8 1 RV 24
LABELS FLAGS SET STATUS
A B C D = 0
enter dota FLAGS TRIG DISP
a c d e 1 ON OFF : :
ini blalize o 0®B| DEG O | FX X
0 1 a 3 4 2 1 O R GRAD g Eﬁ' 8
RAD
5 6 7 8 ) 3 :25 g g ng,__
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Progranm Deseciplion

Program Title Ft t‘tt‘r\ 3%‘:‘:0\'\&“ OSQ'l.“Q.‘tiﬂg SY'OW‘U'\ data. I

name D. PAULY * Tand. G. GAsCHUTZ pate JULY |9T9
*addressInternakional, Center for Living Aq.u_ak.ic. Resource Management, €.0.Box 1501
ciy Makakl , Metro Manilo. state PHIL\PPINES  ZipCode N\

Program Description, Equations, Variables, etc. 1) Given a ?m‘.}m'mar value of Lo (af' Loa)
_and._length - at-aqe daka,the program (Port 1 i]},) estimates the valwes
of the garamaters” K t, tsand. C of the eﬁ\mabian

R - g 7 TR ST SR M B
L =ba(d-e 2 5 %
wlmdn e -uear;_éion_a? ot vine ’Ber‘:almnq\\( Growth Formula suwitable 4o
deseribe the seasenally oscillabing length qrowth of animals, eq. of fishes.

@ﬂew tor estimakion is based on multiple wgression analysis ; the
cadewlakion of the reqression coefficients is based o the ?ro rQum
“Multiple Regression Analysis™ No_ 50584, He 67/07" Users’
.L'xbrmw (.E_uro?e.-) b\{ Ta.?';o W&s’mmlund,, [?_by dde!rinvj shep 009, and. steps OIZ

034, the ff’!(&s?ot prodram can alﬁi be vsed Qa(r sa(lk)vina muﬁiite t)’f‘. resglazr:

__groblems involving 3 independent, variables (See cem Listina). ln such cases,
Ei\_e_._sawnd. «{mrt%f—this r?r'oitw\ a4 be. Useﬁr‘ ec%imr;r?nﬁ R*. (The

_reqression_coefficients (a, by, by and by) are staved 0 STO 0 to STO 53 |

3) T.h&..Loxge. nomser ((0°) used when inttiadizing mas ‘e replaced.
‘DLS any. W3¢ nhamber of steatlan ma%nlhxdﬂ.

@ne?r‘o%rm a-t‘-cepts oaly the year as time (aqa wnit, The appropriake
onversions way be. performed. whan entering the daka.

Operating Limits and Warnings‘D _L(a‘aj"'i"’c st almmjs be QL fleoﬁl'k'l\?ﬂ. number,

D The values of time (a,qe) must always e
expressed. In years of fractions theresf.

. DO NOT USE THIS SPACE _
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User Instructions

‘1 FLHDLT!.ﬂ Seasmally osc.tllu.’cms cjmw’ch data IL Z}

Kk, ,t.C
STEP INSTRUCTIONS DA?ES:,TS KEYS nﬂ‘ffﬁﬂﬁs
3 | You have already vesd in side 1 and 2 Cwi
of this Qragram card.. 1§ not, da it pow , then L_J | L, o)
press SRAD¥ Ve b R
4 | Colenlake R*. : el | R
Calealoke V.5 %5 2nd G o
S|
. OE ] be
. IS G
6 TO &Shma.be, the Lerta’dr\ Cormsoondsm to o :l ____]
given t. value w&rm ) [STOJ A I Lo
T |Then calonloke value, of Lt © ok R
Stﬁo T may be. repeabed Cﬁ» Wl“ e.q. in order {;’ ol
to CLV‘o.uJ o #mmollw osu“o.’c.mq ﬁmw’dﬂ CUrve . (b |
& |IF Ly values are to be colerdabed withot. e |
the mrmekc«rs \-no.vlno\ been e.-i’cimged. inkey- [ mie |
na.l\y pecform o) [STOI[ A ]
K STO| (4]
" £, [STOl.[ 5 ]
tg [STOl [ & |
C [STal [ T ]
and. go ko <kep 7, i AR
: ‘ -l
ES
Notes: e T sl e
) When C eubpot is neqod-we,, .
transform C and. Ce a.ccard.umq 3 ]
to instruckions in Progcam Descripbion 1. L S
@g&H‘(nQ Q-""O in SEQP % e%{';mq_tgs I . Sl
values of Lt Sor fne, onseasonalized. e )
von Bertalonfly Grovth formola.. AR L SR
- 3 (% [ <81t @ 1,
3
)
B




o Ol

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY LNTRY KEY CODLE COMMENTS
001 *xLBLA 2 11 RCLA 36 11
3 03 X =35
STO4 35 04 i SR b7 .
S 16-51 T TR - 36 G
RCL7 36 07 | X -35
RCL4 36 84 e e 36 15
X o o = -45
RCL5 05 | RCLB 36 12
RCLS 36 05 X “33
010 X 35 | - 45
- o RCLC %% 13
STOA - | RcLA 36 11
RCL8 3¢ 00 ¥ -35
RCL4 36 04 | 070 RCLB 36 12
X 35 ] RCLB 36 12
RCL6 3 06 | X -35
RCLS 36 05 | - -45
X " S + -24
- ~45 ] PES 16-51
020 STOB T 5705 35 05
RCL9 3% 09 | Pes 16-51
RCL4 36 04 | RCLD 36 14
X =35 | RCLS 36 05 |
RcLé 36 06 | 080 x -35
RCLS 36 06 | RCLE -~ § L -
x e Y. =45 =
- o o XY =4y -
sTOC 35 P RcL8 36 12
RCL4 3699 i} L =8y
030 gcL2 g2 || E Ty L ]
RCL1 A RcLA s
25 16-51 | A cagial =24 ]
RCLB L7 — e RS . - 16-510 — ]
X ~-35 090 5TP6 25 06 |
RCLL 36 ¢ RCLS 3% 05
- =Ah i Pzs 16-517—
STOD J549 BT R RC 36 06
R e syl X AT
RCL8 36 08~ | K2y s
040 x “JP7 1 1= T RCLS 36 05 |
RCL2 36 027 | X -35 |
+ o 45 | + e
% T A e 1 st . s
STOE 35 157157 P ot 85—
RcL3 by L ) A O iy ey TR R g oY N
RCLB 36 88— - =20
P25 16-51 — | e - it
RCL3 36 03 Z 28 16-51 —
X -85 sTe7 35097 —
050 s o - R RCLT 36 46 75
RCL4 3 04 | RCL4 36 0¢ |
X " Dt - ~45 7
RCLD - E - Heam 1 ' Sy
RCLE 36 06 110 - ~45
X -35 STOA 3511
+ -55 RCL® 36 00
REGISTERS
o [ by P by P by [used/K [used/t, [used /[t |used/C [°used |[° used
S0 51 S2 53 S4 55 S6 S7 S8 S9
o) Cq C'Z. Cg, Czq- (:’5 C,b C? (\Ja C’9
A veed vsed. © used . vsed |E used. II "




Program Listing
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STEP KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
| RCL8 Ny CHS -22
X L O 170 TAN- T on
RCLZ 36 a7 Pi 16-24
RL1 301 | + -24 |
X e 2 L |
+ 45 3 B 24
RCL6 36 06 | PRTX -14 |
120 RCLZ e e | ST06 35 86
X - i 16-24 |
+ ~5% 0 My x e
RCLS 36 05 | 2 .
RCL3Z 3603 180 x 5
X S SIN 41
RcLg 3 98 X =35
X2 53 RCL3 303 |
ROLI 3646 | Pi 16-24¢ |
130 = =24 X -35 |
STOE 2515 O 2 =T |
= ~45~ ] X e i
STOD -8 SESaE $ -24 — |
RCLI 3 09 | 190 17X w
RCLE % PRTX -
- -45 sTO? 35 @7
STOE 8 T RN SN
+ 24 | *L8Le 243 7}
sTo0B E 2 ST08 D12
140 RCLE . s RCLe 3% 06
RCLD 363514 =57 | r M5 T
- =45 el Pi 16-24 — ]
RCLA 3611 | X e
= =29 | 200 2 - SEmE
sToC 3543 N X a8 T |
RCLD 36 191 SIN e
RCL4 36 04~ | RCL7 w8
. =gy X —t U
RCLC 362574 Pi M-34 — 1
150 * -24 sy 3 = = e
STOD . . A 2 e
U L e 3 24
RTN 29— RCL4 36 04— |
¥LBLE 2115 210 X o 5 Lmans.
RCLL 36 01 RCLB Nz
CHS gl RCLS T
PRTH 494775 B TTY o 3 T
5704 35 0% i RCL4 L
CHS =g ¥ -
160 RCL@ v e | T 2 3 ‘55 EEEsar
2Y ~41 S CiHS =2
“ ~24 T e* - g
CHS v SR CHS =@ =
ST0S 3BaS 220 1 - et
PRTX st & .
RcL3 WwHT RCLA e of A
RCLZ 36 02 | X .
+ -29 RIN 4 '
LABELS FLAGS SET STATUS
ASRE PP R D EvK,bo.ts. op FLAGS TRIG DISP
a b c d e 1 ON OFF
o O W DEG 0O FiX R
0 1 2 3 4 2 11 N GRAD O Sﬁl g
2 O W RAD & E E’
g 6 7 8 9 3 a0 ®R n




....26_

Program Description

Program Title F&h“{b Seﬂ.ﬁdh(l“\l (JSCJ.“G:H(\% 8(‘0\;\1“& C!G;{:a.,. :[I_
Name D, PAauLY Cu’ld. G’_ GL[\SQHGTZ. DaleJULY 1975
#address Inkennatioval Center for Livins Aq‘uahc. Resoorce M&naﬁ—;mer\t , .0 Box. . 1901

City M(I.KG.{'.L " MQ&JI’O MQ_NL(L State PHILIPPINES Zip Code

Program Description, Equations, Variables, etc. (%e,e also ‘PY‘O%\“(}.M ‘Desc,r‘i?‘c'lun 1)

5) The. roukine for the estimation of R is kaken from “ Stotistics For
Multiple Kegression ano.lﬁsis* No. 50585 WP 6121 Users
Ll‘orarg) (E}M‘G?CD on( Tq_pio \J\‘e.sﬁer"und. .

@(Duﬁ._‘b-_‘:‘;{z_-{___\imljc.a)cim, the prograrm wmay nok always @roduce positive
values of C. Tf o neqakive value of G is encountered., the
{:ollowinﬁ transformakions shauld. be applied::

o) CJ«M%& -C & +C
and. b) add 05 4o the value of ts .

(This 1o e(l,siw verified. by l.ook.infl ok eq'uohons 12¢, 12d and 12¢.)
Albhough the fwo sebs of ¢ and ®s values Coriginal and bransformed)
e, eﬂLuivo.kent in their effecks on a growth cucve, the use of the trans-

_ dormed” values agrees bettor with the defintion of C gven in equabion ©.

70 _‘ngmm No. 50585 (see. 5 above) may be used subs ently to
“i&ti‘&..?r‘oﬂrm 1o obtajn addibiomal stokistics for the mu\{:u“b\{,

linear equessian (eg., T obtain stondavd deviokions and F-valugs
for the EQession ooeffickents ).

Operating Limits and Warnings‘l) Th@- values 0'? ‘tirnf_{ (G. gﬁ) must G_‘WOJ./‘S ‘bﬁ
e expressed. (n years or Hyactions theveof.

2) Do not %Yéei), whem applicable, the
transtormations recommended. in 6).

3) S{:&{JS G,_T oand. 8 rwst Lollow she\o S,

. PQ NOT USE THIS SPACE






