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BIOLOGICAL CONCEPTS OF THE GROWTH PARAMETERS’

by l.ix Chang-an
(Ocean University of Qingdao)

Abstract

This paper consists of the four short treatises being independent on each
other, and the present abstract is divided correspondingly into the following four

main conclusions:

1. Thelﬁlﬁ'%i%igﬁxlt being called as growth index is a fallacy under cover

of mathematics used as a garb. It carn not be used as basis when people divide the
growth of one generation into several] stages and can indicate nothing. lis true
features have beea revealed very clearly by a series of self-contradictory calcula-
ted results in the article Yellowfin Sole. Hence we should suggest the fish ecology
field of all the countries in the world to abrogate the socalled growth index.

2. The relation expression w.=aga.l% which is used as a sort of mathematical
madel, depends on the assumption that the fish bodies grow evenly, i,e, body
shape and specific gravity remain unchanged. This assymption is an approximation
for the actual state and is irrelevant to the size of b.values. The fact is not
diametrically what the authors of the article Yellowfin Sole said. The former
assumption is a deduction reached by reasoning from the “If b=23",

The growth parameter b in the model w, =g.lf, which is named as constant
of allometry growth, is the specific value of two growing speeds coming from

the two kinds of biclogical quantities w, and |, of an organism, whickh increase

d(logw.)/dt
d(logl,/dt)’

3. The growth parameter t,, in Von. Bertalanffy's growth functions and the

according to their respective logarithmic values: b=

revision io w,, is an assumed age. It was born in the assumption that the growth
of average body length (and weight) of one generation during juvenile stage con-
forms also to the growth law of adult fishes. This assumption is irrelevant to any
theories such as biological theory and mathematical theory and so on, but it is

put out merely in order to simplify the expression forms of Vom, Bertalanffys’

* Received on Dec. 20. 1586.
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growth functions and the revision to w,. Especially, such simplification is indis.
pensable for Von. Bertalanffy's w, and the revised w,.

The so.called “theoretical age at which length and weight of fish body egual
zero” in the artical Yellowfin Sole, does not exist at all.

4, The growth parameter K, iz Von. Bertalanffy's growth {unctions and the
revision to w,, stands for uniform speed of catabelism in fish body with !5 unit
weight, or more generally, with 1/b unit weight, anrd so is called as coefficient of
catabolism. This ceaclusion has been stipulated by the inductive process based on

the physiological concept and the mathematical derivirg process, in which the

L |
former is foundation of ithe latter, for Voan. Bertalanffy’s growth functions and
the revision to w, '
The following statement is entirely different to the above contents. In research '

of differential caleulus about carves, K stands for crooked level of a curve at
every point within its definition field and so is called as curvature of a curve,
which is one of mathemalics ierms. The curvature K -curve of Von. Bertalanffy's
body length growth curve I, and the curvature K, ,-curve of the revised Von. Ber.
"talanffy's body weight growth curve w,, have been {ound and figured in this paper.

The previous two K are respectively in the different research fields. and
stand for the different connotations and have the different names. However, the
mathematics term “curvature of a curve? was indiscriminately imposed by the
authors of the article Yellowlin Sole to the K whose name is originally coefficient

of catabelism, so that it is fallaciously called as curvature of the growth curves.
The first order differential equation %é—= I,}‘i?——KL is a linea relation expre-
Oy -

ssion hetween :ﬂ‘ and 1. If the coefficient of |, which is growing, is called as

“crowth coelficient”, then this coefficient is not K but ( -K).

Some problems about biological concepts of the growth parameters will be
posed to discuss with the authors of the article entitled as Research In Age And
Growth Of Yellowfin Sole { Limanda aspera) From Eastern Bering Seaf43 (abbre-
viated as Yellowfin Sole* under below). Being a reader of the article Yellowfin
Sole, I do not ask the authors to agree necessarily with a series of clarifications
about these problems in this paper. But I have to clarify clearly the biological

concepts of the growth parameters and therefore to preseat these problems becau.

* The article Yellowfin Sale was publisbed in TRANSACTIONS OF OCEANOLOGY AND LIMNOLOGY. Mgz,

63—7T0p. 1880. The page numbers of tbe guatations moted in Chis psper were taken from the former B3—70p.
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se age and growth of fishes are one of the basic problems in fish population eco-
lozy, among which are questions regarding the so-called “growth index” and the
growth parameters b, t; and K in Von. Bertalanffy's growth functions and the
revision to w,. One of the references quated in the article Yellowfin Sole, “£2)
Chen Dageang, ete., 1584, Preliminary Research ln Age And Growth Of Paralichthys
Olivaceus(T& 5) From Yellow Sea And Bohai Sea, And Revising And Discussing
Von. Bertalanffy’'s Growth Functions, JOURNAL OF SHANDONG COLLEGE OF
OCEANOLOGY, vol. 14, No.17C11, was abbreviated as® (2) Chen Dagang, etc., Fara_
lickthys Olipacens”® in this paper, and | disdain to ask the authors of the article
Yellow{in Sole a question on the so-called “Chen Dagang, etc.”.
Now I am obliged to discuss with the authors the following problems:

I. The So-called“Growih Index® Being A Denial To the Relative Growth Rafe
Is Running In The Opposite Direction To The Ecological Concept Possessed By Grow-,
ing Fasi-Slow ltself

There was a conclusion in part 1II, Discussion And Conclusion of the article
Yellowfin Sale on page 69, excerpted as follows: “2. The stageship of growth of
vellowfin sole: the growth index is used for comparing with growing states in
different terrains and among different fish species, alsa for dividing growth stag-
es. The calculated results of the growth index in this article indicate that the
growth of this fish species can be divided into two stages generally. The period
before age 4 is juvenile stage in which growth is obviously faster, while the pe-
riad after 5 is adult stage in which growth is slower..-----” Here is a time vacancy
of one year between “before age 4”7 and “after age 57, so it is mecessary to revise
the last sentence of the previous quotation according to the measured data about
average body length and weight in the table 1 of the article Yellowfin Sole on
page 68, inta “The period before age 5 is juvenile stage in which growth is obvi-
ously faster, while that after age 5 1s adult stage in which growth is slower.”

The word “growth” in the previous quotation is a joint name of body lemgth
growth and body weight growth, therefore, both maust be taken simultaneously
when people divide the growth of one generation into several stages. For the for-
mer conclusion about dividing growth stages, I have to ask the following question:
whether was this conclusion based on the calculated results of growth indexes as
the quotation said, or based on the calculated results of relative growth rates
actually?

1t is needed to excerpt the calculated results of relative growth rates C,, C,,
and of growth indexes Dy, D, from table 1 in the article Yellowfin Sole on page

£8. For this, their definitions are firstly listed as follaws:
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beginning of one year at age t relative growth rate growth index
ll+1—1t 1-+1
average body length I, C“é:__lw_ D,,_f_\._l,lng1
{ t 1
|
| |
average body weight w. Cug A Fax1= We ‘ Do Aw, ot
- W | - W
|

h]
Here I need to explain that the notations of relative growth rates are C, and C,
in the article Yellowfin Sole. The subscript t is added to the notations C, and C.
in order to distinguish different age-groups. Besides, the nofation D), of body leng-
th growth index is introduced and the definition of body weight growth index D..
is replenished.
Table 1 (a) of female in the article Yellowfin Sole on page 68 is excerpted
and replenished as follows:
{17
age 2 average body length 2 average body weight
very close fo very close to
t li (mm) Cnx 100 DJ: Z ln—l._ lt wy (gD Cur 100 - T W1 W,
(mm/year) S (g/year)
2 135 50 | —
18.52 22.94 25 — 70 b 26.53 35
3 | 180 85 |
_— 20 29.17 32 — 57.65 ' 38.69 49
4 192 ; 134 -
10.42 ' 15.03 . 20 _ 38.086 43.22 51
) 212 : 185 -
6.13 12.52 . 13 ——— 8.11 14.42 15
6 225 | ! 200 .
7.56 16.39 17 —_— 25.5 45.43 51
7 242 251
- 5.37 12.66 13 B 19.12 43.92 48
8 255 ; 299
i 3.z 9.81 10 _— 19.086 52.17 b7
9 265 ‘ - 356 —
5.28 | 13.64 14 _ 156.85 55.45 60
10 279 ‘ 416 1
| 2.61 6.91 7 _ 12.5 45.00 52
11 286 ; 468
4.90 13-67 14 — 13.58 55.99 64
12 300 532 ‘
\ 3.33 9.84 10 _— 8.27 42.27 44
13 310 | - 576
i 0.32 0.9984 1 T 0.63 3.99 4
14 311 . \ ;
e 2.89 8.87 9 18.78 , 99.88 109
15| 320 ! 689 ‘
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In this table, the values of C,, and C,, when t=2,3,4 are obviously bigger
than the values of C, and C., when t=5 to 14. This is a very clear base on which
we can divide growth stages of yellowfin sole and draw the following conclusion:
the period before age 5 is juvenile stage im which growth is obviously faster, while
that after age 5 is adult stage in which growth is slower. | do not know why the
authors of the article Yellowfin Sole put aside the very clear basis which had
been calculated out by themselves, and did not mention it any lomger, but turned
to growth indexes, the function of which formed contrast to that of C, and C., ¢
There is not any reason for the failure to difine D,, according to the mathemati-
cal form to difine D,,. As compared with the function of C., used to divide growth
stages of yellowfin sole, is mot the contrast coming from that of D.. excessively
greaty

The above-mentioned facts indicate the necessity of clarifying what ecological
concepts the relative growth rates and the growth indexes express. Here only body
length will be takern for discussion, as for body weight, it is similar to body leng-
th.

The relative growth rate of body length, C;;_L"—’I"—l‘, is composed by biologi-

1
cal guantities 1, and 1.,, {(average body lengths at the beginning and the end of one
vear at age t). Such definition form expresses that C,, is specific value of 1,,,-1,
(growing quantity of average body length during one year at age t)to |, (average
body length at the begioping of one year at age t), in other words, it denotes how
many times the growing quantity l,,,-1, of average body length within one year
at age t is as large as the average body length 1, at the beginning of this year.
That is to say that the definition form of C,, (i. e. biological quamtity structure)
stipulates that C,, denotes annual growing quantity per unit average body length of
age t group. Here the ecological concept is very obvious. It is necessary to point
out that the “rate” im relative growth rate is neither speed nor coefficient, but
specific value or times (is non-dimensional and mot a percentage).

The following is to clarify how the body length growth index D, is composed.
From the definiticn form C.._ﬁl!-‘-"—‘l——l‘ we can get 1,,,=(1+C;;)l, Here 1+C, =1,,,/1,

1
expresses how many times 1., is as large as 1. If 1+C,, is equivalently transform-
ed into a power form whose base is e, then the former relation expression between
1, and l;,, can be written as:
l,.=e"sl,in which r,=10(1+C,) (2)
It is necessary to point out that the 1+C, can be equivalently transformed
into a power form, base of which is any positive real number noted as g, for ins-
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tance, g =10:
1, =@t t1+ %], {2y
Toyy = 10'5C1+ Cisde ], (2)5
The definition expression of body length growth index was written in the

article Yellowfin Sole as follows:

D algle=leby g 467 (17)

0.434%

Contrasting the equalities (2), and (2), and noticing lge=0,434294481......
20,4343, the following equality can be derived from the definition expression "
pbT, (1T) as:

D, a8 el g e Gy o acr s Coasli=rl (3 ,
- Ige Ige

Equality (3) exhibited such process: the relation expression lL.,=(1+ C,),
between I, and 1,,, was equivalently transformed into the equality (2) which is a
power form of 1+ C, whose base is e —first the base of the power form (2); was
10, then the base 10 was replaced by e—after that, the product rl. was made by
the use of r, and I, taken from the equality (2), and used as definition of length
growth index D). Here an unavoidable question is how to mutiply r, and 1,7 The
answer is to use the differential featuré of exponential function, there is no other
ways except this. '

To link the points (t, 1,) on coordinate plane by using following sectionized

exponential funection curve, as on figure 1.

At
40 *
14
i
11 1 tH
Fig- i
ot a t-_—l 2 sgs ses
Lozewl,  (2@27T @

The derivative function of the equality (4) is

dl,,._ F=1,2 0o
"E'—ft 1|+¢s 0<(;<,1 (4)[

Equality (4) is not differentiable at the momeats t=1,2, --which are the
year-end at ageé t-1 and also the year-beginning at age t, but its left-derivative
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and right-derivative are respectively as follows:

dl . dlicres 1. _
(H?)-S‘—E‘E“"“d?“ =Lm(rghos D =roal

At the right end of the second equality of (4); the product rl, appeared at
last, which was called as body length growth index by the anthors of the article
Yellowfin Sole. But very sorry to say, the formal logic exhibited in the equalities
from (4) to (4), has not any connection with actual growing process of body
length. Can the equality (4) be used as an approximate description of growing
process of average body length during one year at age t? Such approximate des-
cription is useless. Can the second equality of (4)s, i. e. the right-derivative be
adopted at t=1,2,-.c.t ¢ Then, what is the reason for not adopting the first equality
of (4)3, i. e. the left-derivativez What can Dy Arl, called as body length growth
index actually indicateg

The ecological concept possessed by fast-slow of body leagth grewth include
two aspects, one is the magnitude of annnal growing quantity of average body
length and amother is that of unit average body length, here one year is taken as
a time unit. The latter, i. e. relative growth rate of body length, is used to com-
pare with fast-slow of body length growth among different age-groups and is also
the base f{or dividing prowth stages. Especially, the comparison of pgrowing fast.
slow of body lengths amonpg different age-groups which haye the same arnual gro-
wing quantities of average body length can be only based upon the relative growth
rate of body lemgth. It is to say that an age-group is growing faster if its annual
growing quantity equaling others comes from a smaller average body leagth at the
yvear-beginning. In contrast to this, {he length growth index D, used to describe grow-
ing fast.slow is running in the opposite direction to the ecological concept pos-
sessed by above.mentioned growing fast-slow itself. | might as well excerpts ome
parts as follows from the previous table (1) and suggest the authors of the article

Yellowlin Sole to look into them with carefulness,

' !
TR I | 0 B B RO O oM I B A OV I
5 Tzlzl 3 | 265 —— 3 | 255
—— ——' 13 6.13212.617 | —— 14 [5.283/13.643; }— —| 10 |3.922/9.809
6 225, i 10(279 9 ]265 (1),
7 1242 11| 2386 12]300 ﬁ
— 13 5.372[12.663{ |[— 14 4.39513.ssai — 10 (3.333|9.837
8 |255 121300 13310
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t Wy “‘lt] Cus D,.
-— “L-—“‘l |
4 | 134 -
————| 51 138,060l43.217
5.185 - — - (1a
6 | 200——
—|——| 51 |25.5 |45.427
7 251

What can the readers read in the face of a series of self-contradictory caleu-
lated results that were put uwp there by the authors? Growth means body length
growth and body weight growth, why not calculate the values of the body weight
growth index D,,7 The cause is not only that D,, can not be used as base for i
dividing growth stages even more than JJ,, but is alsc that the table (1), reveals
more self-contradiction than the table (1);.

It is mecessary to research the following funmction because of the questions
exposed in the tables (1); and (1);. Assuming that annual growing quantity .., -
I, of 1. being average body length at the year-beginning is a constant noted asa>>
0. thus the following expression with the parameter @ of D, would be derived from
the equality (3):

D, ={ta(1+£)]1, a>0 3

[t is easy lo prove that I),, is a monotonous increasing function with an inde-

pendent variable 1, and tends rapidly to g with 1, increasing, explained by figure

2¢1y and the {ollowing appended table:

1, ‘ c/§ a3 \ af2 \ a

D, f 0.3243a | 0.4621a | 0.5493a | 0.6951a
|3 ‘ Za 10g 20a | 310a
D“i 0.9116e | 0.9531a | 0.9758a | 0.9084a

Fig. 2(1}

In the table (1), the D,.value of every age-group is very close to the corres-
ponding annual growing quantity of average body length. It results only from the

fact that the average body lengths 1, at these year.beginning are 5 to 310 times
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as large as the corresponding annual growing quantities, but not from that D,, can

1IA-I._ II
1

indicate nothing. The relative growth rate of body length,C. A , used as a

supplement for annual growing quantity 1,,,~1, of average body length, displays
especially its necessity when different age-groups have the same [,,,+ 1. That is
to say that an age-group is growing slower if its annual growing quantity equaling
others comes from a bigger 1. This is ecological concept possessed by growing fast-
slow itself. However, this bigger 1, while corresponding to a smaller C,,, on the
contrary, corresponds to a bigger D). It is inevitable to draw the conclusion that
this age-group is growing faster if based on I}, This fact has clearly indicated
that I}, is a denial to C,. With 1, increasing, C|, decreases monotonously and tends
to zero; while [}, increases monotonovsly and tends to g=1,.;-1, so went around
in a large circle, it goes back to annual growing quantity of average body length
at last. The differences in size among the calculated vwalues of I¥, listed in the
article Yellow{in Sole are only some confusing results, here the authors mix up [,
and l,,,— 1, for every age-group with the mathematical form going against the
ecological concept possessed by growing fast-slow itself. The true features of D,
at last are revealed amonpg the different age-groups which have the same l.,,— 1.
Is it possible that the authors of the article Yellowfin Sele have not found thisg
After all, these results were calculated by yourselves although some of them have

been wrong (refer to the table (1)/).

t ‘? 1!: 11#1_11; CI\ | D]I 8Wl‘ C!n
! i wWrong
2 | | 15 should bel
3 gg | 99-56 95.56
| wrong, .
4 ' 182 should be
— 1 28 20 | wrong
s | 212 should be
6.77 6.13 . (1)’
6 | 225 ' wrong,
| - should be
9 ; 267
_ | ' | 22,86 32.96
10 ‘ |355|
SN S . Wrong, S
13 | 310 should be
- ‘ 2 1
14 [311

Can the growth index be retrieved in some other ways? For example, we adopt

its reciprocal so that the 1/I}, decreases monotonously like C,, with 1, increasing
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for the same g=1i,.,-1. But it is really a pity that lim_l—lz‘l-. and in such lim-
14 Y1 i
iting processes for every value of 1, a bigger value of ¢ corresponds to a smaller

value of 1/D;, as shown in figure 2(2),

T

T e e LR E

- 2

2

Fig. 2(2>

I. W, =gui},“If b=3,Then It Denotes That The Fish Bodies Grow Evenly,i, ¢.
Body Shape And Specific Gravity Remain Unchanged,” In Former Proposition, The “If
b=3" And The “Then:.:-...” Between Which There Is Not Originally Any Lggical Con-
nection ,But They Were Dragged Stiffly To The Same Place To Fabricate A Causation.

In the article Yellowfin Sole on page 64 the ecological concept of b was stated
as follows: “The b.value in the relation expression w,=g.I® iz relation index be.
tween body length add weight. If b=3, then it denotes that the fish bodies grow
evenly, i. e. hody shape and specific gravity remain unchanged, The values of index
b of hardbone fishes are generally from 2.5 to 4,0, The b-value of yellowfir sole
is just in this range and is close to 3. It denotes that the growth of yellowfin sole .
is in accordance with the assumption about even growth.” Here 1 have to ask the
auythors the following two questions: '

1). “The fish bodies grow evenly, i, e. body shape and specific gravity remain
unchanged”. Whether is this statement actually based on b=3 as its sign, or is an
assumption irrelevant to the size of b-valxe, on which the power function model
v, =qal! was inddced and summerized baseds

2). What is ecological concept of the growth parameter by

Need to consult the exposition in the reference” [2) Chen Dagang, ete., Para-
lichthys Olivgoeus” on pages 105.107. This is about the relation expression w,=a.l}
between average boby leagth I, and weight w, at every moment t during adult
stage of all individuals of one generation of a fish population.

The relation expression “assumed that the individuals of single fish species
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about every kind of body shape (spindle, flat, stick, etc.) are the similar geomet.
ric solids and their growth is & similar enlargemeni. ‘In the sense taking average
for all individuals at the same moment t', the volume of the geometric solid is
b-th power of the body [ength (b>2, is an undetermined constant), and the bhody
weight equals the volume timed by a xl-evising coefficient g, which relates to
width, height, deasity of fish body (and selected units of body length and weight).”

b

3

e e —rana

Fig.- 3

“In this treatise, the exponent 3 in the assumed condition that was depended
on deriving Von, Bertalanffy's growth functions, was revised as an undetermined
constant b, Such revision is based on the power function model w,=a,l" which is
generally adopted to describe the relation between I, and w,, but the relation be-
tween the function expressions* (2) and (3)’ is in contradiction to this model
although there is only a little disparity between 3 and b-value of any one among
many fish species (18), For Deverton-Holt yield model, it is not necessary to use
uniformly 3 as approximate value of b..--:--”

“h, which is named as coastant of allometry growth, is the specific value of
two growing speeds coming from the two kinds of biological quantities w, and
1. of an organism, which increase according to their respective logarithmic values:

=%%5;j—f—d(?. The base of'log' in former expression can be aay positive real
number which is generally e or 10 for coavenience in research or calculation.”

Like any biomathematical models, w,=a.l} is an approximate description for
the mutual relation between objectively existent biolagical quantities aand their
changing laws. This model did not result from mathematical derivation, but is a

result that people get by inducing and summarizing lots of observed-measured data

L =Ll -e K@) {2y

Woll=e"KOmi )8 (2} 1. ¢. ¥Ypn. Bertslanffy's growth functions.
W= Well =€ a 4


http://www.cqvip.com

£ OO0 http://www.cqvip.com|

82 B OFE W 8 B R

19904F

of I, and w, for many sorts of fish species, and therefore it is a data-empirical

model. This model may be used to describe approximately the relation between 1,

and w, at every moment t during adull stage of one genmeration. In the course of

1, and w, increasing with age t, the relation between them remains unchanged, that

is, the power exponent b remains unchanged——the volume of the geometric solid

is b-th power of the body length and growth is a similar enlargement: the revising
coefficient g. remains unchanged-——the body weight equals the volume timed by

a revising coefficient g. which relates to the width, height and density of fish

body. Such two “remains unchanged” are just above-mentioned *The fish bodies N
grow evenly, i. e. body shape and specific gravity remain unchanged.” But in fact,
there are some differences in environment conditions among various years through-
out the gemeration’s life, and comnnecting with alterpation of four seasoms all
every year round, the fishes would still yndergo different living stages such as
generating, overwintering, migrating, etc. These causes will inevitably affect body
shape and specific gravity (density). The remark “The {ish hodies grow evenly,
i. e, body shape and specific gravity remain unchanged” is just a kind of appro.
x¥imation to actual body shape and specific gravity that are changing with continu-
ous ape t of fish increasinpg. Such approximation is indispensable in order to induce
and summarize the biomathematical model w,=g.l% It is all the same whether b
equals 3 or not. Moreover in practical work, 1t is difficult to collect data of body
lengths and weighis of one generalion at every year-beginning, so people use
generally daia of body lengths and weights of various age-groups taken from calch-
es. The {fishes of these age-groups were caught respectively from various genera-
tions which have different living experiences. For the actually measured values of
1, and w,. of a fish species, both the constants b and a. &re a sort of many years’
averaging results engendered by lipearizing step low, =lna, + blal, and using Least.
square method. This is the actual meaning of the assumption “The fish bodies
grow evenly, i. . body shape and specific gravity remain unchanged.”

The linear-relation expression logw, =logay + blogl, indicates that any growing
quantity of w, in its own logarithmic value is b times as big as the corresponding
growing quantity of 1, in its own logarithmic value, hence b is called as constant
of allometry growth. It is also allometry growth when b=3, while called as syn-
chronous growth only when b=1, For the sorts of hardbone fishes, there are mot
the synchronons growth and their biomathematical models w,=a,l} in which the
b-values ranging from 2.5 to 4.0 all depend on the assumption “The fish bodies
grow evenly, i, e. body shape and specific gravity remain unchanged” without
exception, Tt is not that omly yellowf{in sole whose b-value is close to 3 relies on

this assumption. Moreover, this assumption does not depend on b=3, There is not
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any logical connection between this assumption and the values of b, and the causa.-

ti on which is the so-called *“If b=3, then-..... * is a sheer fabrication.

I. “t,——Theoretical Age At Which Length And Weight Of Fish Body Equal
Zero ,"There Is Not Any Theory To Be The Base Of This Fabricated Proposition

What is the t, in Von. Bertalanffy’s growth functiocns and the revision to

w7 “tg theoretical age at which length and weight of fish body equal zero”.
The article Yellowfin Sole on page 65 declared by this proposition to the readers
that t, is an age which has been researched based on some theory, and at this
age length and weight of fish body equal zero, Do such theory and such theoretical
age exist really? It is general biological knowledge that development of a {fish
begins from an embryo of a fertile egg, Then, what kind of biological theory can
be used to research embryoes of fertile eggs in drawing the conclusion that embry-
oes have no size, i, e. 1o length and no weight when they begin to develop?
Von, Bertalanffy’s body length growth function

l,=L.Cl-e-kit- 1337, ty =<ttty (4d)

is the solution of the following first order differential equation with an initial

value condition:

dl

" =K(L.-1) (5)
dt ' {3
L =, =1, ty<st<<ty (32

The general sclution of the equation (5); is the following function family with
a positive parameter ¢’ and the corresponding curve family that are shown in equa.
lity ¢(4); and in figure 4.
li=L,~ce &, e>0 (4),

o1

Yig, 4
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The t; in the function expression (4) and in (35), is an age at which fishes
of one generation have developed into overall sex-mature basically for the first
time, It signs that this generation has developed into adult stage in which physio-
logical state of fishes is basically stable. Such stability is physiological base on
which people can make the previous assumption “The fish bedies grow evenly,i. e.
body shape and specific gravity remain unchanged.” Although, the environment
condition would vary continuously during the period after t; until t,, here the t
is an age at which fishes die as a result of senile decay, and moreover connectiong
with alternation of four seasons all every year round, the fishes would still undergo
different living stages such as generating, overwintering, migrating, ete.

Putting the initial value in (5), into the pgeneral solution [(4);, (the corres-
ponding ¢=(L.—1;)e* is found. From this, one special solution of the differential |
equation (5) is determined. This special solution is a section within I’s definition
field of the curve which Is one among the general solution curve family (4);. This
curve section is shown in equality (4); and passes initial value point (ty, [().

L=l (L.-1ye % 0-1), ¢ <t<t, (4)5

The definition field t;<<t<t, in (5); came from physioclogical concept. Within
this range of age the assumption “The fish bodies grow evenly, i. e. body shape
and specific gravity remain unchanged” is approximately suitable. So it can be
suggested by people under the many years' averaging meaning and is totally irrele-
vant to the “1f bh=23",

Studying on juvenile fishes and that on adult fishes helong separately to two
different research domains that are “juvenile ecology” and “reproductive stock
ecology”. Von. Bertalanffy's body length growth function, i. e. the special solutien
(4); of the differential equation (5), and the body weight growth function io be
derived from this with the aid of the relation expression w,=ag.l} have no ecologi-
cal meaning] on the left of t, om t-axis, {. e. juvenile stage. There is no t, origi-
na{ly in the expressions of the two funciions, and also the so.called “theoretical
age at which length and weight of fish body equal zero” and some ages accordiag
to such logic, at which length and weight of fish body equal negative numbers do
not exist at all.

“r2) Chen Dagang, etc., Paralichthys Olivacess” on page 106 says, “If the law
expressed by the equality (2); (i. e. the function expression (4); in tihis paper,
the same as below———noted by the writer of this paper) was prolonged from adult
stage outwards, i. e. if we assume that the growth of average body length of one
generalion during juvenile stage conforms also with such law, then we would extra-
polate out an assumed age f, which corresponds to zero lemgth, i. e. 1;;=0. The
ty is an intersection point at whick the curve described by the equality (2); was
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proloonged left up to crossing t.axis:

to= ty+gla -IL-L) p106, (4)

Obviously, ty<t;. Substituting the eguality (4} oum page 106 for t; im the equelity
(23, (i. e. the special solution (4}, in this paper, see the note above), in other
words, using 1,, =0 as assumed initial value condition in which the t, is determia-
ed by the above equality (43, then the following sirﬁplffied forn; of the equality
(2}, can be obtained: 1, =L_f1-e ¥('=t)], t; <t<t,,” which is the equality (4) in
this paper. It is a simplification of the function expression (4}; in mathematical
form, and is still the original section within the definition field t;<<t<ct, of the
original curve which is determined by the actual (measured) imitial value condi-
tion li, =1;. The origin of t, stipulates that t, has not any theoretical concept and
is only a result of assuming that the growth of average body length of one genera-
tion during juvenile stage conforms also with such law (of adult fishes}, so t,
should be called as assumed age. This assumgption is put out only in order to sim-
plify expression forms of Voo Beftalanffy’s growth functions which were used
as a sort of mathematical model, but it is irrelevant to mathematical theory. The
aythors of the article Yellowfin Scle while discussing so-called “theoretical age at
which length and weight of fish body egual zero”, can not have any theoretical
hasis, biological basis or mathematical basis. In fact, every curve amoag the gen.
eral solution curve family (4), of the differential equation (5); intersects with
t.axis and has also a part below t-axis where |'s values are nmegative. This {fact
is shown very clearly in figure 4

It is pecessary to emphasize that to determine t, according to the equality
(43 on page 106 in the refereace “(2) Chen Dagang, etc., Paralichthys Olivaceus”
is prerequisite of li, =0 being used as the assumed imitial value coadition. The
tg= —1.587 in the article Yellowfin Sole was calculated by using the imitial value
condition 1, )., =135mm according just to this equality (4). [t is a testimony for
this that body length growth curve 1, =35971 ~e~0-1315(+1-587)] (of female} passes
initial value point (2,135),here t; =2. (Please take notice to that the female fishes
of yellowfin sole do not develop into sex.mature at age 2 but the sex-mature
begins until age 5£23033). For the 1;=135mm and wz=D50g of yellowfin sale's
female individuals at the year-beginuing at age 2, the growimg time of these
individuals from birth to the year.-beginning at age 2 is actually two years, but
one would be 2—( ~1.587)=3.587 years if growth begins from the assumed age
to= —1.587. Thus, if growth of average body length (and weight) before age 2 is
assumed io accord with the eguality (43, or equivalent eguality (4} in this paper,
i, e. the growing law after age 2 expressed by Von. Bertalaaffy's growth {func.
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tions, then it is slower than actual growth. As a result, it can not be used that are
the parts within the interval {15, t;) into which these two growih carves proloag-
ed to the left. The t. in Beverton-Holt yield model, being an age at first capture
with given fishing-gear, is generally stipulated tc be not less than t;.

The t;=—1.587 in the article Yellowfin Sole has been calculated from — 11,5869

35 . o . .
=2 +D.Iﬁln(l _:%9)' This fact testifies obviously that this tg-value was found

by the authors according to the equality (4) in the reference “(2] Chen Dagang,

etc., Paralichthys Olipaceus” on page 106 and using the imitial value condition :
[, }i.a=135mm. But on the contrary, the article Yellowfin {Sole'on page 65 recom.

mended to the readers the following method that its authors themselves do not

know how to use:“the t, is evaluated according ito the equation of regression strai.

ght line: [a(L. —1)=¢lnL, +Kty) - Ktg:.-(d)". Obviously, there is actually no

t, to be evaluated in the equation (d) because Kit,—Kig=0. This is possibly the

authors’ a slip of the pen which appears at the situation ' of crucial importance. l
This equation should be written as: la(L.—1,) =¢laL_.+ Kity) = Ktoeeoo(d). It is an

equivalent iransform of Von. Bertalanify's body length growth function, and’ it

also can be transformed into the following form to be still noted as equation (d)

and the following equality (6);. The mathematical form of (6); is the same as

the equality (4) in the reference “(2] Chen Dagang, ete.,Paralichthys Olivaceus” on

page 106:
a1 L)
n 1——1-’— —-Kto—Kt p55, (d)
ty= t+TI{-ln(l—TfL) (62,

The above.mentioned equality (4) on page 106 uses only (t;, 1;) markiag the
beginning of adult stage as the initial value point, but the equality (d) on page
65 and its equivalent transform ¢(B6); use (t, l,), t=1t;, ty+1,.--, 1,—1 ome after
another as the initial value point. ln practical work, one certainly may use several
measyred (t, 1,) of younger adult fishes as iaitial value points, for example t=1t,,
t; +1, t;+2, ete. , which are respectively substituted into equelity (¢6); to eval-
uate the corresponding values of tgy, then the arithmetic mean of these ty-values is
adopted.

Note the maximym age in the specimens as t.. For age t from t, to t,, if the
measured (t, |,) are substituted one after another into the equality (6); to evaluate
the corresponding t,-values, thea final ty-value is adopted as:

to=mt§: [t+%1n(1—{'j)] (6)2

=1
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Then, we shall show how to realize *the t; is evaluated according .to the
equation of regression straight line..----(d)” which was recommended to the readers

by the authors of the article Yellow{in Sole.
The general mode] of linear regression with one independent variable in com-

mon mathematical statistics textbooks is y =g+ bx. Here let x=t, y =In(l - L,/L.),

slope b= -, intercept a =kt, according 1o the requirements of the model *pb5,
{(d»". Then use measured {(x;, ¥.}, i=1-n, that is, (t, la(l1-1/L.)», t=t;~-t, 1o
evalnate the Least-square estimated values of a and b. Finally obtain K= -h,
tg =a_/( - b)

Previous process estimating the values of K and t, according tc the model
“a63, (d3” is beginning when L. has been evaluated, here L. is called as limited
average body length. I must emphasize that L. in the model “p63, (d)” is known,
otherwise this model is useless. For this, the article Yellowfin Sole on page 63
1 recommends to the readers the following calculating steps: “First, using measured
values of average hohy lengths of various ape-groups, L. and K are evaluated
according to the ‘Ford-Walford plot of 1,,, against I. which is expressed by the
reiation expression of regression straight line: [, =L.(l—-e®)+e *]..-r..(c). Here
L. is ultimate asymptotic body length and K is curvature of the growth curves.
Then W., which is ultimate asymptotic body weight, is evaluated according to
the relation between body length and weight. Finally, the t, is evaluated accord-

------

ing to the equation of regression straight line: In(L.-1p=(laL_.+Kt,)- Kt
(d)". !t was written very clearly that before “Finally, the t; is evaluated accord-
ing to-- (d)” there is zlready “First,s.... L. and K are eyaluated according to
(c).” Here I excerpt the calculated results according to the model ¢(¢) from the

......

article Yellowfin Sole:

. . .lH- =Lm(l“e_k)+e_k1:s t=t;—t, pﬁ‘{—),(CJ
First step () : K;O.1315,L,=359mﬂ1 o (e)!

and write the calculated results according to the model (d), which was done by

the writer of this paper:

oy
Second step (g;;lﬂ(l‘ggg)—I\to—ht,t—tz——tn p65, (d)
K =0.1320,t, = — 1.5243 _ ()’

In the two calculated sieps. above-mentioned, the two values of K have ap.
peared. This is inevitable becausse the two kinds of models require the different
data: the model (¢) requires I, but the model ¢(d} requires (t, L), for t=t—i.. In
the first step the calculated K, =0. 1315 and L_.=359mm depend on each other,
and in the second step K. =0.1320 was aslo calculated with L. =359mm as known.
If Kg=0,1320 is chosen before K =0.1315, then ihe value of L., is changed simyl-
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‘taneously, so that the K4 =0,1320 and to= — [.5243 lose the premise on which they
‘can exist because they were evaluated with L. =359mm as known in original second
step. If K;=0,1315 is chosen before XK, =0,1320, then the ty;= —1,5243 depending
on the K, is changed at the same time. From this, what should be the value of
'ty? This problem may be stated as that the t, is evaluated by using following re-
vised Least-square method according to the model (d) with calculated L. and K as
knowns in “First,--.«- L.. and K are evaluated according toswm.—{c).”

In the y =a+bx which is a revised mode[ of linear regression with one indepes.

dent variable, the slope b is known., The intercept g is selected to make @ attain
minimym, here Q A = (y;-§.)2 which is the sum of squares of deviations between
— -1

measured value y, and its fitted valye §,=a+bx; for i=1-n. Based on this prin-
ciple, it has been derived that a=F - bk which is Least-square estimated value of
¢. From this, the previous formula (6),, which is used te compute t,, was got.
Using the (2) K=0.1315 and L. =35%mm in the article Yellowfin Scle, i, e. the
former (c)’, tg= - 1.5645 has been compuied according to the formula (6), for t =
2—-15.

For the previous second caleulating step which was recommended to the readers
by the article Yellowfin Sole on page 65, its authors themselves do not know how
to take instead. They had no altermative but to retyrn toconform with the equal-
ity (4) in the reference “(23 Chen Dagang, ete., Parafickifiys Olivaceus” on page
106 after the K =0. 1315 and L_.=359mm have been evaluated according to the

mode] “pb5, fc)” in the previous first calculating step, and psed the imitial value

condition 1z =135mm to calculate the value of t;, so ty;= - 1,5869 was found. As
for “the t, is evaluated according to-.--. (d )7
¥.“K Curvature Of The Growth Curves®, Are The Growih Curves Both Cireles

(Or Circular Arcs; Whose Radli Equal 1/K¢

Is the K in Von. Bertalanffy's growth functions the curvature ¢f the growth
curves expressed by themg In the advanced mathematics textbooks for first year
at science-engineering universities, the curvature ofsa curve y={(x) is generally
noted as K which is aslo a fuaction of the independent variable x, This function
takes only non-negative values and its definition field is the same as that of the
function y =f(x). The value of the fynction K at a point x stands for crooked
level of the curve y={(x) at the point (x. f(x)). According to the mathematical
formula about curvature, the curvature function K, of von. Bertalanffy's body
lepgth growth curve [,=L_.(1—e*¢t:3 and the K., of revised body weight growth

curve w,= W..[l—-e k3" are respectively shown as follows:
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_ !].al _ KZL_ e-kl-1,)
K, = (1+1,72)372 - I+ K2LZe- k0173372 (1)1
Ko = !Wt”| _ bK 2 W_e‘k“"'o )E]_ — a—ki=fy }jh;z_ Ibe—ku-t. }_Il 7
= (l+wtf2)3_,-'2 - {I'+ FERKIW Eg-T60—T, [ | — @-kdi- )y#b—F /% ()2

The K,-curve and K,,-curve of vellowfin sole { £}, which include the assymed
parts prolonged into juvenile stage, are shown in figure 5 and are explained auxil-
iarily by the following attached table. The figure 5 and the attached table were
drawn on the basis of the values of the five growth parameters (K,L., W_,b,t,),
which have been calculated in the article Yellowfin Sole.

K\ﬁ- ass 1,
204 .10
[1. -1
Lof Qo
28t 008 Kee Ko
132 0 3 38 55
Fig. 5
tg T
£ | e wee [—1.58F | wer wan 18§ eve wes 30.061 AB | eer v ,
! (T)I.
K ' ' | 1 b ¢
1o 0. 000053 0.008108 0.050614373 kO.DDBO?ﬁ 0
b prien T | ‘
to | t
t |-1.587 | —1.58 | e ave e -1.32 cre waa vas 0 o
|
Ka: ' 0 ’ 0.096994 ’ ! r 2.380866145 v 0.009084 b
: — ! (7):
t’ f to .
t 6.70G |« ous ...l| 34 C e an 45.5 Dver ove e 60
. ‘ | -
K. o ! | 0011241 ( 1 0.050408969 . d 0.013589
Notation: t——maximum point of the Ky.-curve.
E—maximum point of the K, -curve.
?; local maximum point of the K,,-curve,
t’ inflection point of the w,-curve at which the curve turns

from increasing [W] pattern to increasing (4 pattern.
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Tt is easy to find the K, <70.0l and the K..<<0.01 wilhin the ace interval
2<<t=<15 of the measured data. These calculated results indicate that the crooked
levels of the l,-curve and the w,-curve at each point ¢ are all very low and lower
than that of a circle {or circular arc) whose radius R =100mm. The maximum values
of the K -curve and the K,.-curve achieve separately at the point £=230.061 and
the point 2;=45.5 which are possibly much larger than the age t, at which the
fishes of one generation of yellowfin sole die as a result of senile decay. These
two maximum values equal approximately 0.05, so are equivalent to the crooked
level of a circle (or circular arc) whose radius R=20mm. The most crooked
piece of the w,-carve is the assumed part within the interval (i, t;) into which
this curve is prolonged 1o juvenile stage.

It is known that curvatures at all points of a straight line equal idemtically
zero, and these of a circle (or eireular are) equal identically reciprocal of this
circle’s radivs. Except these two cases, curvature at a point of a curve is generally
different from another of this curve, and curvature functions of differemt curves
are different from one another. Hence the idea is a sheer fabrication that the cur-
vature functions of the l,.curve and the w,-curve which are connecting to each other
by the relation expression w,=g.1% both egual identically ihe same constant K.

Von. Bertalanffy's growth functions and the revision {o w, belong to physio-
logical concept model. In the sense taking average for all individuals of one gen-
eration at every moment | and according to metabolism viewpoint, the increment
of weight (biomass) of an organism is comsidered as the difference subiracting

weight decrease as a result of catabolism from weight increase caused by anabo.

lism. The first order differential equation(}i—lé =K(L.-1,)> was deduced with the aid
of the relation expression between 1, and w,, w,=a.l} or w,=a.1%; and the initial .
value condition I, |i=, =1, and the defimition field t;=<ti=Ct, were suggested ac-
cording to the physiological concept. Then the growth functions were derived by
means of mathematical operations. The quotation being on page 65 of the refer-
ence “C2] Chen Dagang, etc.t, Paralichthys Olivaceus” reads “It is assumed that
the physiological state of ome generation is basically stable during the period from
t; until t,, here ty is an age at which fishes of ome generation have developed
into overall sex-mature basically for the first time and t, is an age at which
fishes die as a result of senile decay, and anabolism and catabolism of adult indi-
viduals are at a uniform speed. The ‘uniform speed’ means that assimilated quan.-
tity of nutritious substance on assimilating surface with a ecertain area of an ind:-
vidual and consumed{decomposed, excreted) quantity of nutritious substance by

this individual with a certain body weight are both in direct proportion o tiime.
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The uniform speeds, i. e. two coefficients of direcl proportionality, are noted as
the following two constants: H——coefficient of anabolism standing for the uyni.
coeflfi-

form speed of anabolism on assimilating surfaceywith a unit area; and K
cient of catabolism standing for the uniform speed of catabolism in [ish body with
1/b unit weight. In the sense taking average for all individuals of one generation
at every moment t, the notations I, w, and s, are used to stand respectively for
body length, body weight sand assimilating surface area of one fish. Within a brief
time interval Ct,t+dt] in which t standing for continuous age of adult fishkes, inc-
reases {rom t to t+dt, the differéntial dw, of increment of body weight w, can be
expressed as dw,=Hsdt - bKw.dt.” This expression contains the following concepts
in calculus: infinite dense cut, approximate replacement and taking linear principay
part. And in the right end of this expression the s, and w, correspond to any mo-
ment t in the brief time interval Ct,t+dt]. It is needed to list the following comn-

parison:
dw, = Hs. dt - kw.dt * dw,=Hs,dt - bKw.dt
| I
TS Bl et i sovssnnenein Wy =gy
B }_) ‘ * ! e{ s, =a,l%"*
' ¥
3g.%1d], & 1 ;3(Ha, - kawl)dt %  baul®tdl = 1% (Ha,-bKa,1,)dt |
L] ' l
1
t _lll.__:?;—( kaw I: ) . l
| H
lez K= k/3 * ; 1|
|I |
d].: : - HG, - * dll :. Ha' —
dt h( 3Ka, I‘) dt _1 K( bKa.. 1‘:] ‘
11111 ‘;]1-; =90 Jj ‘
‘ Il T Leo
a, W o
rﬁ——-K(Lw L)
1.]!=11=11 | tl‘-‘:ht‘s-:.t:
].;LE_(Lm_ll)a—K(t—m
by <<t<t,
| simplified | form
b ,
w, = thl_e—i{rl-tu)jﬂ-e——ﬁ—u—]: =1 [1-e~K{t—1517] —w, = W-El— og-K(t-t5)7
W

t=st=<t,
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As mentioned above, the inductive process based on the physiological concept
and the mathematical deriving process, in which the former is foundation of the
latter, for Von. Eertalanffy’s growth functions and the revision to w, ,indicate
very clearly that K is coefficient of catabolism standing for the uniform speed
of catabolism in fish body with 1/3 unit weight, or more generally, with 1/b unit
weight. The magnitude of K-value is a sign of exuberant level of metabolism of
an organism.

The K in Von. Bertalanffy’s growth functions is called generally as growth
coefficient in the research fie[ld of international fish ecology at the present time'

dl, Ha,

This name came perhaps from the former differential equation IS —B—-KL, in
Gu
which the term (- K), is added to the constant I:“' to get %IT‘——instantaneous
Gu
growth speed at moment t of average body lemgth 1,. It is necessary to indicate
that the slope ( —K) in linear relation expression %1?‘= I::’Ia, ~ Kl, can be called as
a"'

coefficient of 1, which is growing. Please take notice to that the former slope, i.
e. the so-called “growth coefficient”, is not the K, so a question is just revealed
kere. About the word “coefficient™, please consult THE ADVANCED LEARNER’S
DICTIONARY ENGLISH-ENGLISH -CHINESE OXFORD UNIVERSITY PRESS
Tenth impression 1978 on page 196, which reads Co-efficient n. 1. (maths.) number
or symbol placed before and multiplying another quantity, known or unknown. (In
3xy, 3 is the ~of xy.)

It is necessary to use some letters more or less as notations of numbers and

quantities or other objects to be studied in every research field of matura] science.

e ke

Especially in the research fields involving mathematical contents, English letters
are more indispensable. It is a very common and elementary knowledge that =a
same letter stands for different connotations and has corresponding terms to those
in different mathematical problems. Take an example for English letter K:

1y In research of differential calculus about curves, K stands for crooked
level of & curve at every point within its definition field and so is called as
curvature of a curve.

23y In Logistic reproduction model about populations, K stands for increasing
limit of a population’s number and quantity (or their densities), which the environ-
ment is able to accommodate, and 5o is called as environmental carrying capacity.

3> In reproduction model N, =N, 2% about binary fissiparous cell, K stands for
the number of times for cells dividing within per urit time and so is called as

fission frequency of cell.
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4y In Von. Bertalanffy's growth functions and the revision to w. about gen.
erations, K stands for aniform speed of catabolism in fish body with 1/3 unit
weight, or more gererally, with 1/b unit weight, and so is called as coefficient
of catabolism in the derived process of Bertalanffy’s growth functions and the
revision to w, And so forth and so on.

How can a name in one research field be indiscriminately imposed on another
only because these names have the same letter used as their notations?

In biomathematical research field we should forbid turning mathematical terms

upside-down.
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ol P ag 2 R AR b X B2 % K ¥ i (constant of allometry growth), #Fow, Heibaiic i
R F B RMAD R Ee |, e S AL R T (LI RBE M b f3, s tadsdsh L £ ,
FEAXEMT FAMRL 2B g€, RSB E(F AR L E— MBIt R Abhey &
DL BbERFFTILE AR LA e Rb=3" 1418, HAZ AN T H R LA — M,
3, YVon, Bertalanffy 2 B S s gt a b ity £ EHEN S Han assumed age},
AMEEEHAMBENAFINL LARLENTHem AL Ameit bt fath
SRR A HE R A RENE AT EF YR LA AEF T ROS R o RILZH T
Rt A Bsde h— s F XA AET X, AR AT LS F R F R, Lik g
BT e It A4 6T R AF T W9 FT TR e Ko R E ¥ TR # 22 3 £ & (theoretical
age 2t which length and weight of fish body equal zero),
4, % T Von, Bertalanffy 2 Kk F s X B2 2 8im Siamiai g o fa b 6
HFRPHAZ, HFERRIEWT A RIBT L REABRKZFLMAM A & (coefficient of

catabolism), 'E.'/ﬁ-i?—;—-#ﬁi‘f, HoA g, %"#‘ﬁi‘iﬁﬁ sHPRLERANG L 2 &,

AAEETOEANMSFALETFEKAFATOHAT O A GO RN Y. Nigg TRMAR
LS Bl iie iR A KL 2 ki A4 B A (curvature of the growth curves),
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