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the various classes. One example Is
the computation of the welght of a
sample In order to be able to ralse
lsngth frequency samp les *to total

cateche
+he mean

length class

computation of
in each

The
welght of the fish
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ON LENGTH-WEIGHT RELATIONSHIPS.
PART |: COMPUTING THE MEAN WEIGHT OF THE FISH IN A GIVEN LENGTH CLASS
Jan E. Beyer
Danlsh institute for Flshery and Marine Research, Chariottenlund Castle,
Dk=2920, Charlottenlund, Denmark
When worklng wifTh tength ysually will be done based on a fength=
frequency data, we often need to com- welght relationship of the form
puts t+he mean welghts of the $ish in
W o= a*L? (1

The mean welght of the fish with
jength between Ly and L, 1Is +hen some-
+imes estimated as +he welght of a flsh
having the mean length In the class,
feos @S a*EIZ where
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L=y, = (L + Ly)/2
fs the midpoint of the length class.
However, thls produces an underestimate
of the mean welght because the blgger
fish In the length class (l.e. the 50%
of the class population with lengths
from L12 to L2) contribute relatively
more to the mean weight than the smal-
ler fish In the length class (l.e. the
508 of +he class population with
fengths fromrLi to le)e 1f, Instead,
we use the midpolnt of the welght
class, l.e.

W]z = (WI+W2)/2

then an overestimate of the mean weight
i{s obtalned because there will be more

fish In the flrst half of the welight
class (l.e. from W1 to W‘z) than In the
second half (f.e. from w12 +o Wz) due

to the non-=linear transformation by Eg»
(1) of lengths into welghtse.

The correct mean welght of the
fish in the length class s located in
between these two estimates, l.e-

b

*
a L12

<W o<Wy,

The mean weight Is obtalned by In-
tegration over the unliform distribution
In the length-class and the result Is

w =1/(L2—L1)*a/(b+1)*[L2b+‘-L1b+'1 (2)

or by using Eg. (1),

W =1/(L2—L1)*1/(b+1)*[L2W2 - L1W1) (3)

Example 1
¥ W= 0.0090L>°193 (4)

then the length class from, say Ll = 10
em to L, = 10.5 ecm will have a mid=
length of L,.,=10-25 cm correspondin
J 12 ’ $iR%s "¢
0.009(10.25) or

to a welght of
15,187 g The class limit+s In welght
become
W= 0.009010)2° 193 = 14,036 g
and
W.= 0.009(10.5)°>°193 = 16.402g.

2

12

Hotetiom:

LI,L2 = Lower and upper
length class.

L = Midpoint of the length class,

Pimits of +j,

~12

L = Mean length of the fish In +p,
length class (E=L12).

wu,wz = Lower and upper welght llimis,

of the class.

W = Midpoint of the welght class.
= Mean welght of the flsh In +he
length class (Note that WaW,,).

a = Constant of proportlonallty Iy
the léngth-welight relationshipe.

b = Power In the length=welght
relatlionship where

Wy = o*L,® and w, = a*L,°
which glves a midpolnt of
Wy, = (14.036 + 16.402)/2 = 15.219 g

The correct mean Is to be found
somewhere In between these two es-
timates, l.e.

15,187 < W < 15.219

and from Egq. (2) we obtain

#1(10.5)% 193 (10,004 197

0.5 4.193

= 15,198 g

Example 2

The difference between the cor-
rect estimate of the mean welght and
the blased estimate Increases with In-
creasing class interval. As an example
we may agaln consider the length~welight
relation In Eg. (4), but with a one cm
class length.

Ly=10cm, L,=t1cm, L12=E=1o,5cm°

W, =14.036g, W,=19.029g, W,,=16.532g.

i

10.5 cm cor-
16.402 g and

The mean length of
responds to a welght of

the correct mean welght Is obtsained
from Egq. (3):
i
I *I(11%19.0287)=(10%14.0360!1
4.193
= 16.446 Ge

FISHBYTE




We could illustrate +his computa-
jon by considering, say 10 fish,
atformly distributed in the class in-
terval from 10 to 11 em (Table 1).
' The mean welight based on these 10
fjsh is 16.445 g With a large number
 of fish an estimated value of 16.446 ¢
Jould be obtained from Eq.(2) or
Eq: (37 It is clear thet +he dif-
terences between the various estimates
are, In general, exiremely small com-
pared to the other uncertainties in-
volveds However, computation of mean
welghts are done over and over again so
we may as well use the correct basis.

'able 1. Hypothetical example of a
ean welght calculation based on - 10
fish, uniformly distributed in +he
lass interval from 10 to 11 cm.

ish Length : Welight 5
L (em)  W=0.009 L>°193 (4

- 10.05 14,2613
2 10415 14,7194

s 10.25 15.1874
4 10.35 156656
5 10.45 16.1540
6 10.55 16.6528
7 10.65 17.1621
8 10.75 17.6819
9 10.85 18.2125
0

10.95 18.7539
(10 fish) 105.00 164, 4509
10.50 16+ 445

In order to indicate one of the
other uncertainties involved in +he
Computation of weights Eg.(4) can be
Used as a good example. The power
b=3.193 is here given with a four~digi+
Precision but +he coefficient a = 0.009
s only given with one digit precision.
The zeroes in front do not count! I+
Witl be much more important in any
Weight computation that the estimates
of 2 is also gliven with a 4~-digit
Precision (such as, say, a=0.009274),
than introducing the correct computa-
tion of the mean weight which usually
only shows up on the third or four+th
decimal.
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In connection with *hese comments
on precision i+ may be noted that i+ is
always recommended +o use maximum
precision in carrying out various com-
putations on your calculator or PC's.
However, final results shouild of course
be given by roundin g off to a
reasonable number of significant digits
(such as one digit more that the preci-
sion obtained by measuring the quantity
in real life).

Another aspect of precision In the
present context, pertains +o the power
b in the length-weight refationship
(Eg-1). In +the example used here, b
= 3.193, f.e. less +than 10% greater
the power 3 of fsometric growth. I'n
estimating b (as +the slope of the
regression line in the plot of

= X =L L
Y1 lOger an 1 oge 1

using a number of individual (L1, Wl)
observations) i+ is worthwhile +o test
the hypothesis of b = 3, If the data
available do not permi+ us to consider
b significantly different from 3 (esge
the value of 3 is within a 959 con~-
fidence interval of the estimated value
of b) then I+ is sensible +o choose b=3
because *this value is based on +he
biological reasoning of Isometric
growthe This means that a new estimate
of a, the constant of proportionality
must be obtalined. This Is
azexp (Y - 3X).
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