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Preface

Th i s  t ex tbook  r . as  i n i t i a l l y  conp i l ed  as  l ec tu re
no tes  oD a  pa r t  o f  t he  b ios ta t i s t i cs  fo r  The  Reg iona l

T ra in i nq  Cou rse  on  F i sh  Popu la t i on  Dynamic6  he ld  a t
SEAFDEC/TD ih  1990 ;  i t  was  then  rev i sed .  The  tex tbook
was  comp i l ed  t o  denons t ra t€  t he  bas i c  p r l nc i p l es  o f
b i os ta t i s t i c s  and  p rocedu res  f o r  ca l cuLa t i ng  t he

fundanen ta l s

is composed

f rom gec t i on

sec t  i . on  5 .

o f

o f

I

f i she ry  b io log i ca l  ro rk .  The  tex tbook
two  ma jo r  pa r t s .  i . e . ,  bas i c  sub jec t s
to  sec t i on  4 ,  and  advanced  gub jec ts  i n

The  bas j c  sub jec tg  i nc lude  tab les  and  cha r t s .  t he
ealculat- j .on procedures for the fundamental f€atures of
t he  g roups ,  s t a t i s t i ca l  t es t s  o f  bypo thes i6 ,  t he

co r re l a t i on  coe f f i c i en t  and  a  l i nea r  r eg ress ion
ana ly616 .  The  advanced  sub jec ts  l nc lude  t , he  p rocedures

fo r  t he  adop t ion  o f  t ypes  us lng  th ree  g rowth  equa t ions ,
l,ogist ic, compertz and von Eertalanffy, and shows the
calculation proeedure for each growth equation.

fn  th i s  t ex tbook ,  nany  examp les  and  the l r  so lu t i on6
a re  9 i ven .  l l owever ,  t hes€  exanp les  a re  hypo the t i ca l
f o r  easy  unders tand ing  o f  s ta t i s t l ca l  equa t i ons  and  the
p rocedu res  o f  ca l cu la t i on .  As  mos t  o f  t he  examp le
re . ru l t s  a re  ca l cu la ted  on  a  10  d i g i t  ca l cu la to r .
s l i gh t  numer i ca l  d j f f e rences  r { i l l  be  no t l ced  when
ca lcu la ted  on  ano the r  d ig i t  ca l cu la to r  o r  t {hen  us ing  a
compu te r .  A  sho r t  sec t i on  on  b los ta t i s t i cs ,  f ocus ing
on  f i she ry  b io log i ca l  s tudy  i s  a l6o  i nc luded ,  however .
I  adv i ce  t ha t  f o r  a  more  de ta i f ed  s tudy  on
b i .os ta t i s t i cs ,  f u r the r  i n fo rna t i on  shou ld  be  ob ta ined
f rom o the r  sou rces .

&fu*
June  1991 Hi royuki YANAGAWA
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1. Data ArrangteDent

Th i s  sec t i on  shows  sone  exanp les  o f  s t a t i s t i ca l
table6 and chart6, index nunbers and the moving averaqe
ne thod  fo r  da  ta  a r rangemen t .

l . l  statieticaf TabTes and charta

There  a re  two  ma jo r  k inds  o f  s ta t i s t i ca l  tab les
de f ined  by  marks .  a t t r i bu te6  and  var ia tes ,  The
at t r ibu te  s ta t i s t i ca l  tab le ,  tab le  1 ,  expresses  incone
by sec tor ,  and show6 the  qua l i t y  s t ruc tu re  o f  the  da ta .
Tab fe  2  shows var i .a te  s ta t i s t i ca f  tab les ,  wh ich  a re
expressed in body length by nunber of f ish, and thereby
show the  quant i t y  s t ruc tu re  o f  the  da ta .

Table 1. Income by 6ector. (USS)

sector 1987 1988 1989

l l a r ine  capture  f i sher ieg  1 ,000 1 ,150 1 ,250
Freshrater f isheries 500 650 ?80
Aquaculture 300 450 520
Freshvater culture 100 120 150

llll:-1-==l:lr=lr11li=iI1 r!M=__ _
Bodv lenoth in htn Number of f ish

10-20
20-30
30-40
40-50
50-60
60-?0

35
98

140
108

72
25



Fron var ious  s ta t l .a t i ca l  tab les ,  Iany  k inds  o f

charts (diagralrs, can be constructed i,e., bar qraphs

(co lumn char tE) ,  p ie  char ts ,  l i ne  char ts  e tc .  Four

d i f fe ren t  in te rp re ta t ions  o f  s ta t la t i ca l  char ts

obtained fron Table 3 are shown ln Flg8. 1to 4.

Table 3. larile fisbery production i! l8Elf, coartriea fror
1981 to  1985.

0tf)

o€|mtry

Dr@t
Itrr€la
lhlaysla
I,hiliFire€
si4aDore
nlailad

3.455
L,M,N6

685,4U
LnA,151

15,6n
1,755,939

3,62
1,{90,3q)

521,6L
r,234,89

18,8s)
1,9{9,581

4,gil
1,682,019

586,{61
1,290,3{X

19,ot9
2,0'tS,2ZS

5,156
Ln2,W

600,413
1,303,310

6,U2
1,911,t85

5,{g)

L8n,16
574,354

t,an,119
n,761

1.99?,155
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L.Z lqarithrl.c Charts

There  a re  two  k inds  o f  l oqar i thmic  char ts :  the
f l r s t  i 6  the  who le  togar l thn lc  char t ,  wh lch  l s
dg€cribed by logarithnic neaEurgnentg on both vertical
and horizontal ax6si the second is a geui-logarlthrlc

chart xhich deacrlbos logarithllc aea€urelEnta on the
vertical axls only.

F igs .  5  and 6  shor  the  re la t ionsh lp  be t$een the
body lenqth and body Helght of cortaln fi6h sp€clea on
an ordlnary [eagurenent chart and a logarlthrlc chart.
Th ls  length-we lgh t  re la t ionsh ip  l s  expres6ed as  a
parabola in Fig 5. doHever, thls curved lln€ can be
t rana la ted  in to  a  s t ra igh t  l lne  us ing  logar l thn ic
ealculations (FiE. 61 . This Is the preferred nothod
for obtaining a detailed examinatlon fron thE polnt of
vlex of f ishery blology.

1 .?515080

F ig ,5 .

BI]

Re la t i onsh lD  be t t . e€n
body length and r.eight
l n

r ig .6 .

I|8IJ

R€la t  ionsh i  p  be tveen
boily length and Yeight
1n loga r l t hn i c

n€a9uremonIs.
ord inary

neasuretents.
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Figs .7  and I  show t rends  o f  to ta l  ca tch  and index
nunbers of the catch both by ordinary neagurement chart
and a  semi . -  loqar i thmic  char t .  The da ta  app l ied  was
obta ined f rom Tab1e 4 .  In  F ig .? ,  the  t rends  ehown o f
ca tch  quan t i t y  by  met r i c  ton  and  ca tcb  quan t i t y  by
index  number  va ry ;  the  degree  o f  i nc rease  in  ca tch
quantity by {eigbt appears to be higher than that by
index number. However, this phenomenon never occurg
in  the  semi - Iogar l thn ic  char t  (F ig .  81 .  There fore ,  the
s  e  m i  -  1  o  g  a  r  i  t  h  m i  c  char t  i s  no re  conven ien t  fo r  a
compar i l ron  o f  d l f fe ren t  un i t  da ta .

Table 4, Total catch anal index nuhbers of catch fro!| 1982 to 1989.

Year 1982 19 83 1984 1985 1986 1987 1988  1989

Catch (l|T) 345 232 44'l 568 950 960 1 ,060 1 ,240

6',1 .2 129.6 164,6 275.4 2',18.3 30't.2 359,4

ob ta ined  f rom Tab le  5 . F ig .  9  c lea r l y  sho rs  the

F ig .  9  and  10  show t rends  o f  ca tch ,  ope ra t i ng  daya
and  CPUE (ca tch  pe r  un i t  e f f o r t )  ove r  e igh t  yea rs ,  f rom
1982  to  1989 .  exp ressed  by  o rd ina ry  measuremen t  cha r t
and  sem i - I oqa r i t hn i c  cha r t .  The  da ta  app l i ed  l { as

Index (t) 100 .0

overa f l  i nc reas€  and  dec rease  i n  ca tch  quan t i t y ,  wh i l e
F ig .  10  c lea r f y  shows  the  i nc reage  and  dec reage  ra tes .

Table 5. l , lunber of days of operation, catch quantity
and CPUf, of certain f isheries froo 1982 to
r989 .

Variable 1982 1983 1984 1985 1986 198? 1988 1989

tlo, of days 1,160
catch (|lr) 170
rI / day 0.15

1,1?0 1,250 1,2m l,t$ 1,40 t,2N t,570
230 450 1,300 2.400 1,800 2,3m 3,100

0.20  0 .J1  1 .07  2 .03  1 .22  1 .85  1 .86
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1.3 fndex Nurbets

Aggregate index nunbers and relative index nuuberB
are d€monstrated.

B<arple 1. The next tablE ahowa catch quantltiea of
three .ajor fLah specieg caught in cortain area6.
froa 1982 to 1989. aDd calculates the aggreqate
lndex nuiber of the total catch.

species 1982 1983 1984 1985 1906 198? 1988 1989

- 9 -

[ 58 39 41 il8 {50 300 370 420
D 17 23 46 130 zto 180 220 310
c 2't0 l?0 360 390 250 t80 {70 510

Total 145 232 441 558 950 960 1,050 1,240

A9gr€gate
lndex tro. 100.0 57.2 729.6 164.6 215.4 218.J l0?.2 359.4

soiution.

1983; Agg1gg1ls lndex nunber = (232 / 345) * 100
= 5'1.246-----
= 5'.1 .2

1984; Aggregate index nunber = (4{7 / 3{5} * 100
= 129 '565- - ' ' - -
= 129,6

I

I
1989 .
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Exarple 2. Fror the data obtained in BxaDple 1,
caLculate the relative ind6x nurber in this table.

species l9A2 1983 1981 1985 1986 1987 1988 1989

A 100.0 51 ,2 70.1 82,8 "t ',ts,g 5t7.2 63',t.9 724,L
B 100 .0  135 .3  2?0 .6  764 .?  1411 .8  1058 ,8  1294 .1  1823 .5
c  100 .0  63 .0  133 ,3  144 .4  95 .3  1?? .8  17{ .1  188 ,9

Relative
index o 100.0 88.5 158.2 330.5 751.3 581.5 102.0 912.2

soiution.

1983, A = (39 / 58) i 100 = 67,241----- = 61.2

B=123/  1?)  *  100  =  135 ,29{ - - - - -  =  135 .3

c= (110 / 270) * 100 = 52.962----- = 63.o

Relative index ru[ber (qrlthtetic rean]

=  167.2  +  135.3  +  53 ,0)  /  3  =  88 .5

1989
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1.4 lroving Averaqe

The moving average method and an exanple chart are
demons t ra ted .

Exatrple 3. The following table show6 a tiDe geries data
of catches during a 20 year perj"od. Calculate the
three-years and flve-years noving averageB.

catch
3-years
novlng
average

5-yeara
moving
average

I
2
3

5
6'I
I
9

10
11
L2
13
t4
15
16
I7
18
19
20

1,000
1,500
1,800
1 ,600
1.500
2,000
3.000
2,500
3 ,500
5,000
4,000
2,500
3 ,500
5 ,500
6,800
? .500
?,000
8.000
9,000
9,500

1 .433
1 ,633
1 ,633
1 ,?00
2,16',t
2,500
3,000
3,667
4,167
3 ,833
3 ,333
3 ,833
5 ,267
6,600
? ,100
7,500
8,000
8 .83  3

1 .480
1 ,680
1 ,980
2,L20
2.500
3 ,200
3,600
3 ,500
3 ,?00
4 ,100
4 ,460
5 ,160
6,060
6 ,960
7 ,660
8,200

so fu t i on I

3-years n|ovinq average

t  =  2 ;  ( 1 ,000  +  1 ,500
t  =  3 ;  ( 1 ,500  +  1 ,800

1,800)
1 ,600)+

1,433 .333- - - - -  =  1 ,433
1 ,633 .333- - - - -  =  1 ,633

t  =  19
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5-years movinq average

t  =  3 ;  (1 ,000  +  1 ,500+1,800+1.500+1,500)  /5=1 ,480
t=  4 ;  (1 ,500+1,800+1,600+1,500+2,0001  /  5  =  1 ,680

t  =  18

Annual catch, three-years noving average anil  f ive-years noving
average in t ine series frott 1to 20 are shofl i  in f ig. 11.

T]ME sER]ES

,^^^_ (r1T.r
1I JUUU --

7500

5U00

2500

0

'-Rnnual Rv,
- '--3 Year M.F
-5 Year M.F

1357911 13 15 17 19
? 4 5 B 10 12 14 16 18?O

F r 9, 1 1 " flnrrua l r- a lr-fr, 
-l geat mov rng

average and 5 tlear moving averaqe.



2. Peatureg of croups

Th ls  sec t lon  show6 th€  a lnp le  equa t ions  fo r
ca lcu la t lng  the  fea tu res  o f  the  g foups ,  1 .e . ,  nean .
variance, standard deyiation and confidqnqe interval.
Sone exanplea of the nethods used are shoun.

th ree

2.L t ean

Es t ina t lona
denon6trated,

o f t ypea of  nsan are

Sltrple arithretic uean

x=

Slmple  ar l thm€t ic  nean

(ca lcu la tLong  baaed  on  the
at t r lbu tE s ta t l s t i ca l  tab l€1 .

Itelghted arLthmetl.c m€an.

ir
T  X ;

i=1  '
- ; ----

t f ; x1
i=7  "-x = ---,*------

i =7 '

E-A
A-.  = - - - r - - -

(  1 .1 t

( ca lcu la t lona  basod  on  the
var lab le  e ta t i s t i ca l  tab le l .

t r .2 l

(1 .3 '



Exarple 4. The folloxlng table shoxs nurbera of
ovarian eggs fron fish species A. Calculate tho
aean ovarian 699 nuaber.

SDec ioen l2 l 45

,-ll:-ll,llli---1:199---i:!i9---i:1!9---3{11.--l:1il--

so lu t ion i
_  1 ,800  {  1 ,650  +  1 ,960  +  2 ,050  +  1 ,?60

f ron  (1 .1 ) :  x=  - - - - - - - - - - - - - -

5

= ._'-=110-__ = r."on

I ' lean ovarlat! egg nuober ir estimated as 1,844,

Exanp le  5 .  The fo l low ing  tab le  shoxa to ta l  leng th
rabgq of figt in specieg A. Calculatg the r€an
total length.

Total length No. of specineng

10  -  15
15-20
20-25
25-30

10
t2
18
14

8
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So l .u t i on l

Ca lcu la te  i t ems  jn  the  tab le  as  fo l l o rs ;

Ihterlediate
Total leugth of interval l{o. of specimens tX

(.{) ( f)

10 -  r5  12 .5
15  20  17 .5
20  ,  25  22 ,5
25 -  30  2 ' t .5
30  -  35  32 .5

l0 t25
12  2 rO
18  405
14  385
I 260

l o t a l 62 1 ,38s

-_  1  ,385
t rom (1 .2 ) :  X=  - - - - - - - - -

52

= 22.338- - -

=  22 .3

l lean to ta l  leng tb  o f  juven i les  i s  es t iha ted  as  20 .?  mm,
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Exanple 6. The follorinq table sholrs total and rean
nunbers of cultured prawna harvested iu fishing
vil lages A, B, C and D. Calculate the reighted
nean of cultured pranna harvested in all fishing
v i l l ages .

Fishing vi l lage Total nunber ot l i tean of cultured
cultureal pravns pratns

B
c
D

2,200
7 ,800
5 ,120
3 ,360

110
520
320
420

Sofu t ion ,

(2 ,200/110)  *110 +  (? ,800/520)*520 +
_ 15,1201320)*320 + (3,360/ 4201*420

f rom ( l  ,3 ) :  X ,  -  - - - - - - - -
12,200/710') + l '1 ,800/5201 +

(5,120/3201 + (3,360/420,

= __1111!__ = 3r3.220___
59

=  313 .2

The  ve iqh ted  mean  o f  cu l t u red  p ravDs  f rom a I I  t i sh ing
vil lages is estimated a6 313.2 prayns.

T t  ca l cu la ted  as  a  s imp le  a r j t hme t i c  mean  i t  i s  as  fo l l oys :

_  110  +  520  +  320  +  420
x -  - - - - - - - -

4

1 ,3?0
=  342 .5  (p ra rns )

4

but, this is not a reagonable outcome because
there is no consideration of case nuobers.



2.2 Varianc-e and Standard Deviation

I l s t ima t ions  o f  va r i ance  and  s tandard  dev ia t i on  bo tn
in  popu la t i on  and  i n  samp le  a re  demons t ra ted .

Var iance :
(  Popu  1a  t  i on  )

S tandard  dev i  a t  i on :
(  Popu l  a t i on  )

Var iance:
(  sanp le  )

Standard  dev i  a  t  i on :
{  sanp le  )

- t 7  -

. E (X i -7)2
L f  =  - - - - - =  - - - -

" - 

"'--t-l!'--l'1-
{ N

t  (x  j - , )2

( 1 .4 )

(1 .5 )

(1 .6 )

" = r'l,"llr--?-:--
{  N ,7

( , 7 .7  )
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Bxarple ?. Calculate rean, varianco atrd standard
deviation fror tbe folloxing table. Varlablo A it
a Populatlon.

Var l ab leabc i l

r  2025  18  2 l

Soiutionr

t ron  (1 .1 )  :  t  =
20+25+18+21

4
84

= ------ = 21

tror (1.4) | variance (PoDulatlon)

120-2Ll "+ 125-2rt '+ (18-2Ll '+ (2l-2rt '

I

1+15+9+0 25
- -= - - - - - -=5 .5

fror (1.5): Standard i leylation (Population)

= {-6:5 = 2.s49----- = 2.5
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ExaDpIe 8. The fol loxing table shors tbe nunber of
cultured prawns obtained fron randon sanplinq at A
and  B  f i sh i ng  v i 11age5 .  Ca l cu la te  t he  l ean ,
variance and gtandard deviatlon.

Fishi l lg vi l laq€ Farm 1 farm 2 larm 3 Faro 4 far[ 5

B
1,880 2 ,200 1 ,900 1 ,650 2 ,L50
I ,620 1 ,850 L ,920 r ,720 1 ,950

sofution,

Fishing vl l1age A

-llean-

,  1 ,880  +  2 ,200  +  1 ,900  +  1 ,550  +  2 ,150
f rom (1 .1 ) :  ) (  =  - - - - -

9 .  ?80
1 ,956

-Variarce-

f  ro rn  (1 .5 ) :  . l

(1 ,880-1 ,956)  2+  (2 ,200-1 ,956)  2+  (1 ,900-1 .956)  2

+  (1 ,650-1 ,956)  2+  (2 ,150-1 ,956)  2

5 - 1

5 ,7?6  +  59 ,536  +  3 ,136  +  93 ,636  +  3? ,636

199,',t20
= - - - - - - - - - -  =  49 .930

4



Fishing vi l lage 8

-llean-

f roh  (1 .1 )  :  . r  =

-Standard deviation-

f ron  (1 .7 )  :

t = r'-{91930- = 223.450----- - 223.5

- 20  -

5 - l

36 ,864  +  1 . {44  +  11 ,664  +  8 ,464  +  19 ,0 {4

-variance-

f rom (1 ,6 )  :  ,C

1,650 +  1 ,850 +  1 ,920 +  1 ,?20 +  1 ,950

9,060
1,8L2

(1. 620-1. 812) 2+ (1, 850-1, 8121 2 + (L, g2O-L, 812)2
+ 11 ,  ?20-1 ,812)  2+  (1 ,950-1 ,812)  2

.t,t 
.480
,_____ =  19 ,3?0
4

Standard deviation-

f ro l |  ( 1 .7 )  :

s.  /  l f ; '3 id  = rJ9. r?6-- -  =  r39.2



2.3 Confidence Inteivaj

An  e6 t imat lon  o f  con f idence  in t€ rva l  by  t
dldtribution is denonstrated

g

* - to - - - - -sp<7+td

t-T
(1 .8 )

/n

Exarple 9. Estirate to a 951 confldence i.nterval the
populatlon rean uslng t distributlon-

Tb€ sarple reaD rf = tL.9756, 6tandard devlatlon r =
1.083? and N = 1L lart = rt1 - 1 = 40) are glven.

sol.ut ionr

t0.05(40) = 2.021 --- oDtalned froD the lollovlng table.

lt i l ist! lbuttotr tablol

d f  \  d  .2  .L  .05  .02  .01

29 1 .311 1 .599 2 .045 2 .462 2 . ' , t55
30 1.310 L.691 2,042 2.45't 2.750
40 1.303 1.68{ 2.021 2,123 2.'t04
60 1 .296 1 .6?1 2 .000 2 ,390 2 .550

t20 1.289 1,658 r.980 2.358 2.517

f ro r  (1 .8 )  :
1 .063? 1 .063?

41 ,9756  -  2 ,021  ( - - - - - - )< !<41 .9756+2,021  (  - - - - - -  '

TE

41.9?56 -  0 .3120 I  p  <  41 ,9756 +  0 .3420

41.6136 <  , r<  42 .3 ! '16

41.6336 <  41 .9?56 <  42 .31?6

JIT
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Exarple 10. Estirate to a 95* confidence interval the
Dean a t  f i sh ing  v i l lage  A f ro r  the  resu l ts  o f
Exalple 8, using t distribution.

soTut ion,

Fishing vi l lage A

a=o ,05 ,d f=5 *1=4
tO.05(4) = 2,7'16 --- obtained fron the fol lovlng table.

l t  distr ibution tablel

. 1 .05 ,02 .01. 2

5
6'|

8

1.533
t .4 ' t6
1 ,440
1 .415
1 .39?

2.132 z,fu 3,14',1 1.504
2.015 2,s ' , t r  3 .365 4,032
1.943 2.44 ' , t  3 .143 3,70?
r .895 2.355 2.998 3,499
1.860 2.306 2.896 3.355

223 .5  223 .5
1,956 - 2, ' l '16 ( ----- ) < tt  < 1,956 + 2,7'16 ( -----

J5- 15-

1,956  -  2?? .5  <  u  <  1 ,956  +  211 .5

1 ,6?8 .5  <  p  <  2 ,233 ,5

1 .578 .5  <  1 ,956 .0  J  2 ,233 .5



3. Difference betreen croups

Th is  6ec t ion  shows a  hypothe t lca l  tes t  bs txeen
groups .  S ta t iE t i ca l  hypo thes ls  x i l l  use  t - tes t  fo r
nean ,  F - tes t  fo r  va r iance  and  Ch l  squar€  tes t  fo r
frequency in this section.

3 .1  t - tes t

The procedure for t-test and exanples of the test
are demonstra ted.

Tbe procedure for testing the difference between
two popu la t ion  m€ana,  us ing  the  t  d is t r lbu t ion ,  i s  as
fo l lows (Equa l  var iance;  re fe r  3 .2 :  F- tes t ) t

(1 )  I to  . '  u j  =  p2  ( there  i6  no  d l f fe rence be tween
the nean6 of tr{o populations.l

(2 )  Ca lcu la te  to  va lue .

/ '  (nr -7)  s  12 + (nZ-7)Sz2

n7 + n2 - 2
r -!{!a-

n7n2

where

n 1
t ' ( x1 -7 , )z

"72 
=

n1-1
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n^
f , ' ( x .1 )4

^  i = l  J  '

s , z  =  - . - - . . --  z  
n2 -7

(3 )  ca l cu la te  deg ree  o f  f reedon

d f=n l  +n2 -2

(4 )  Dec ide  the  s iqn i f i cance  l eve l

( 5 )  Re fe r  t he  c r i t i ca l  r eg lon  (  t d  va lue )  f r om t

d i s t r i bu t i on  tab le .

(6 )  Compare  to  va lue  { i t h  t 4  va tue .

.  t o  2  to  -  Ro jec t  hypo thes l s
uec l s ton  I

to I to --- Accept hypotheais

Exanple 11. The next table shois the crop of cultured
prawns frolr each farn at A and B tiEhlng vilLages.
Test the hypothesls that the two cropa are equal
using t-t6st at a 0.05 Figniflcance level. (Equal
variance - refer to Exarple 13 - F-testt

Fishing vi l lage Farn I FarD 2 Farn 3 FarD 4 Faro 5

A (.Y,) 836 1,092 998 889 951
B (x i l  860  980  1 ,010  888
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Egl&lsl

fg: Populatior reaD A (trt) = PopulatioD LeaD B (rrrl

Fishing vil lage A

l f ean  X j=  4 , l tA  /  5  =  951 .2

variance s12 = (s36-g53 ,2r2 t 4+ ll , og2-g1,f .2t2 | 4
+ (998-953.2) 2/4+ (8 Sg.953.2' '2/ 4
+ (95t-953 .212 t 4

=  3 ,433 .96+4 .816 .36+501.76+1 ,030 .41+1 .21
=  9 ,783 .7

standard deviation 5' = JJ,783.-7 = 98.912-----

=  98 ,9

Fishing village B

l {ean  XZ= 3 ,738 /  4  =  934,5

variance g22 = (s6O-934.5) 2,/3+ (9SO-934.5) 2/3

+(1 ,OlO-934.  5 )  2 /3+  (888-934.5)  2 /3

=  1 .E50.1+690r1+1,900.1+?20.8
=  5 ,161 .1

Standard doviatlon tZ = r'-ElT6T.T = ?1.040-----

= ?1 .8

|  953.2  -  93{ .5  |
[o = ------------

/  (5  -  1 )  9 ,?83 .?  +  (4  -  1 t  5 ;151 .1  t+ l

5+4-2 5*4
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18 .7

, /--3e;lJ,i:T +-T5,1&.-t---t
/  _ ' -------------

20

18 .7 18 .  ?

r'-7;3o2.6--!-;i5-

0.31534- - - - -
0 .315

59 .3

dt=5+4-2= ' l
t0.05(7) = 2.365 --- obtalned froa the folloring tabte.

It distribution tablel

d f  \ a  . 2 .  r  .05  ,02  .01

5
6
7
8

1 .533
1 ,476
1 .440
1 ,415
1 .397

2.1X4 2 , ' t76
2 .015  2 .571
1.943 2 ,44 ' l
1 .895 2 .365
1 .860  2 .306

3.74 ' , t  4 .504
3 .365  4 ,032
3,143 3 , ' t07
2 .998 3 .499
2.895 3 .355

Accept hypothesis ; there is no
betfieen tt o

signif icant di l f  ereDce
tneans at the 5t l€vet,



Exarple 12- The follorinq table 6hor.6 the nutber of
vertebrae of clupeoial fish captured in dlfferent
locallties. Test the hlDotheais that the vertebral
nurber  o f  the  tno  groups  la  Equa l  us ing  a  0 .O5
gignificance 16v61. (Unequal varianc€ - refer to
ExaDple 14 - F-t6stt

*  Unequa l  var lance:  ca lcu la te  a  to  va lue  and a
degree of freodon by using the following fornulae.

t7 ,  -  U- l
t o  =  - - - - - - - 1  - - - ! - - - - -

/ -

-'-!1- * -"-a"--

l
l

t
i t t= I

t

51
63

69 70 72
54 63 55

A (.{r)
B (r2)

where

e12  /  n1
-  

t12  /n1  +s"27n"

n7

c2-";-l-

n2

_!1_"!_1_
nz-1

(1 .10)

(  1 .11 )

(1 .12)

Loca l i t y  a  b  c  d  e  f  g  h

66
63

12
62

68
63 62



2U -

Sc,l  D t  ionr

L o c a l  i  t y  A

L o c a  l i  t y  B

ean  lY l  =  59 .  l 4

va r i ance  q2  =  5 .46

s tandard  dev ia t i on  s t  =  Z . l q

f i ean  x?  =  63 .13

Var iance  t2 '  =  0 ,98

S tandard  dev ia t i on  SZ  =  0 .gg

i  69 .14  61 .11  i
f  r om (1 .10 ) :  r o

f r o m  ( 1 . 1 1 ) i  c  =

/ t.4{ T.ta
|  -  - - -

{ 18

6 .01
=  6 .3261  - -  -  =  6 ,31

0 .  95

5 .48  /  1

t , : . 4s / j ) + (0 .98 /B )

0 .  ?8
=  - - - - -  =  0 .8656  =  0 ,87

0 .?8  +  0 ,12

t  (o .s? )2  (1  -  0 .8?)2  I  1
d f  = [  +  - - - - - - - -

t71  81



(0 .1262 +  O.OO24)  
- r

(0 .1206)  -1

7.'17604----- = 7.8

ro .05(8)

r0.05 t 7 )

= 2 .3O6

= 2 .365

df \ a

obtained froo

the follo{ing table.

It dlstribution tablel

. 1 ,05 .02 . 01

4

6
7
8

1 .533
1 ,47  6
1 :440
1 .415
1 .39?

2.132 2.',t ' ,t6
2 .015 2 , ' ' , tL
1.943 2,44',1
1 .895 2 .J65
1.850 2 .306

3.'t4',t 4.604
3.355 4 .0J2
3 .143  3 .?07
2,998 3 .499
2.895 3 .355

f ,eject hypothesis; there ls a slgnil lcart i l i ffererce
betreen neans o[ vertebral DurDer
at localit le8 I and B at the 5t
level.



3.2  F- teBt

The procedure for F-test and oxanples of th€ test
are denonstrated.

The procedure for the test of equal variance is as
f o l l ow6 :

l1l f lo t o12 = o22
between the variance

(2 )  ca l cu la te  Fo  va1ue .

-  30 -

(Th€re i6 no difference
of two populations. )

(1 .12)

where

(3 )  Ca lcu la te  deg ree  o f  f reedom

d f :  v7=n7 -7 ,

(41 Decide the siqnif icance level

.E (x i -xdz

n^  -  1

v2 = n2 - 7

reqion ( ff,12 (d, value) fron

"22 
=

(51  Re fe r  t o  the  c r i t i ca l

f  d i s t r i bu t i on  tab le .



(6) compare Fo

Dec ie ion  (

- 51  _

value with FvZ fu.) va7ue.

"o 
, FYL (d., --- Reject hypothesls

Fo . FYI /d, --- Accept hypoth€sio

Exarp le  13 .  Tes t  the  hypothes ls  tha t ,  be tween tno
groups ,  the  var iance o f  the  c rops  o f  cu l tu red
praxns froD ExaDpIo 11 at t-test, is equal to a
0 .05  E ign i f i cance leve l .

Sofutiont

Eo:

fron the results ot f,xampte 11; s t2  =  g , l t l  ' l

sz2 = 5,fir.t
"2 9 ,?83 .?

(0.05) = 9.12 --- obtalned froD the fol lovinq table.
[,P distr ibution tablel a = ,05

v2 \  v j  2

9.28  2 ,U .  9 .01  8 ,94
6 .59  6 ,39  5 .26  6 .16
5 .41  5 .19  5 .05  4 .95
4 .75  4 .53  4 .39  4 .28
4 .35  4 . t2  3 ,97  3 .8?

oj2 = o22

fl{

3  9 .55
4  6 .94
5  5 .79
6  5 .14' t 4,'t4

Accept hypothesis; there is no 6ignlf icant difference
of variance ratlo betreen tvo
fishinq vi l lages at 5* level.
(EquaI varlance)



Exa.ple 14. Test tbe hypoth€ala that. betxeen tuo
groups ,  the  var lance o f  ver tebra l  nu lber  f ro r
Exa[p le  12  a t  t - tes t ,  a re  equa l .  us ing  a  0 .05
significance level.

So]utTonr

Ho: or2 = or2
tror the results of Exanple l2t stz = 5,4g

"1

sz'

&6 (0.05)

8z' = o '98
5, {8

= 5 .59183- - -  =  5 .59
0 .98

= 1.8? --- obt.ined tror the lollorlDq table.

v2 \  v l  2

lf distribution tableJ d = .05

3
4
5
5'l

5,94
5 .?9
5 .11
4 .14

9 ,28
6 .59
5 .41
4.',t6
4 ,35

9 . t2
6 .39
5  ,19
{ .53
4 . t2

9 ,01

5 .05
4 .39
3 .97

8 .9 {

4 .95
4.2E
t ,87

R€Ject hyDothesis; there 16 a signil icant difference
ot varialce ratio betreel tto
locallt ies at 5t l;vel
(Uneqlal variance)



3.3 chi Equare TeBt

Procedure for chl aquare test and exalrples of the

te6t aro demonstrated '

ProcedurE fo r  the  tes t  o f  adopt ion  o f  observed

f requency  to  expec ted  f requency  (nu l t i non lna l

Probabil ity) is as follous !

l l l  f lo  t  f  fnP7,  tZ=nF2,  - - - -  t kan !k  (obs€rved

frequency i9 adopted with expected trequency'

(2 )  ca lcu la te  f i  (expec ted  f requency)  aga lns t  f i

(observed frequency)

(3 )  ca lcu la ts  ,Yo '  va lue '

"  
\  ( t i -F l2

X^o = t
"  i = t  F i

(4 )  Ca lcu la te  d69 ree  o f  f reedom

n=k -  1

(5 )  Dec ide  the  e iqn i f i cance  Leve l

(1 .13)

(6) Refer the crit ical tegTon lXo2 valuE) from x2

d ls t r ibu t ion  tab le .

(?) conpare xo2 value wlth xa' value'

x^2 > x-2 --- Roject hlpothesis
Decision , 

it , i t 
-__ Accept hypothegts



Exarple 15- The folloning table shors the s€x ratio ot
sp€cies A by age. Test the hiTothosis that the
nutrber of tra16s and feral6s are equal ualng,f teat
at an 0.05 6lqmifl.cance level.

*  d f  =  1or  t i  <  5 :  ca lcu la te  a  , fo  va lue  by
uElng  the  fo l low ing  fo rnu la  (Yate '6  cor req t ion) .

-3 t -

-  n  l l t t -F ; l  -O .5 )2
x^o = E - - - -: - ---: --- -- - ---

a = l  r :7

(1 ,141

lge liale Ferals

2 462 484

3925

€sl!!j-e!:

Age 2i Eo; Itale : Fenale = I : 1

Calculate it€os in the taDle aa follorai

Observ€d Expected
t requency frequency t f-ft-0.5 ( t f-f l-0 .512 (l t-Fl-l.5r2 | F

I f l  ( f l

Iale 462 471 10.5 110.25 0.233
Ferale 484 4'13 10.5 f10.25 0.233
Tota l  946 945 0 ,466



xo2  =o .466 ,  6 t=2-  l= l

,rO,05(1) = 3.841 --- obtalned fron the follorlng taDle.

[,1 dt6triDutior tablel

d f \  a  . 2 .05  .02  .01. l

1

4

1.642 2 .106 3 .8 t1  5 .4L2 6 .535
3.2r9  4 .505 5 .991 1 .824 9 .210
4.642 5 ,257 7 .815 9 .83? 11 .345
5.989 7 .7 ' t9  9 . {88  11 .658 13 .27?' t .289 9 .236 11 ,0?0 13 .308 15 .086

AcceDt hyDotheslsi 6ex ratlo is equal at age 2.

Age 3t o; Ilale : Fenale = 1 : 1

Calculate i tems ln the table as tol lors;

Observed ExDected
f requency  f requency  t f - f t -0 .5  ( l t - f l -0 .512 ( l  t -F l -0 ,512/  F

(o (I)

llale
FeoaIe
TotaI

977
25 t l 7 .5

56.25
56.25

3.309
3 .309
5 .51834 34

42 = s.s t t ,  t t t -2-r=r

,rq,95 (11 = 3.841

ReJect hypothesls; sex ratio is not equal at age 3,



Exarp le  16 .  The  nex t  tab le  shows charac te r l s t i c
variations in hybrid specles. TeEt hlDothesis that
tbese variatlona follor Itendel's laxs.

B c D TotalCharacter

observed frequency 45 2958 284

soiution.

I Io ;  A :B

calculate iteos in table as fol lors;

Character f-F (t-F)2 /F

B
c
D

Total

152
45
58
29

284

9/16
3 / t6
3 l  16
|  /16
1

159 .75
53 .25

17 .  ?5
284.00

-7 .75
-8 .25

4 . ' t 5
r1.25

0.1?6
t .27a
0.424
? .130
9,208

xo2 = g .2oa,  d t=4-  t=3

x6.65(3) = 7.815 --- obtaineil  from the fol lo$ing table.

r"'d11:::l:l::-:119--
. l .05 .02 .01d f  \ a  . 2

1
2
l

5

L.642
3 .219
4.642
5 .989't .289

2 .706  3 .841
4 .605  5 .991
6 .251  7 .815  .
7 . ' , t 79  9 .488
9 .236  11 .070

5 .412  6 .635
7 .824  9 .2L0
9 .83?  11 .345

11 .668  13 .27?
13 .388  15 .086

Reject hypothesis; Uendel 's lar
the6e hybrld

cannot be applied
eahples.

f,o



4. Relationship between Characters

Th is  sec t ion  sho i {s  examples  o f  the  cor re la t ion
coefficient betraeen characters, and linear regression
ana lys ls .

4.7 Correfation Coeft icient

An  es t ima t i on  o f  t he  co r re l a t i on  coe f f i c i en t  i s
a lenons t ra ted .

The fornula for estination of simple (Pearson's)
cor re la t ion  coef f i c ien t  i . s  as  fo l low6:

tva luear  0  (  r  (  +  1  - - - - -  Pos i t i ve  cor re la t ion

/ ^ - / - -
{ txiz Eyi' / Exo tf

-  1 (  r (  0

r=  0

llegative correlation

Zero correlation

(ref€r rig. 12)
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PosITtvE cof lnE!t \1IoI

r0

5

3
2

l 0
9
3

5

0

1  2  J  4  5  5  7  3  9 1 0

NEOATIVE CORRELATION

1  2  3 1 5  6  /  €  9 1 0  1 1

ZTJRO CORRII,ATION

0

0 0 0 0 0
O I J D

I  2  3  1  5  6  /  €  9 l o 1 l

t 0

3

5

J
?
1

F i q .  1 2 .  [ x d n p l e s  o f  p o s i t i v e ,
n e q a t r v e  a n d  z e r o
c o r r e l a t i o n s .



Exarpls 17. The next table

and body xeight of fi6h

co r re la t i on  coe f  f  l c i en t

body relght of this fish.

shoia data on My length

apecies A. Estinate the

bet reen body  length  and

Dody length in mm Body reight in gran

150.0
115  .  3
93 .8

128.2
1 t5 .?

108
l9
21
62
'10

Sofu t ionr

Calculate the table as follorsl

DL(, Bv(n x=X-X y=Y-Y -2
t xt,

150 .0
116 .3
93 .8

128.2
135 .  ?

108
39
21
62
?0

25.2
-8 .5

-31 .0

3 .4
10 .9

48
-21
-39

2
10

535.04  2 ,304
't2.25 441

961,00  1 ,  521
11,56  4

118.81  100

1,209.6
1?8 .5

L ,209.0
6 .8

109.0

E
Iteal|

624.0
124.8

300
60

-  1 ,?98.66  4 ,3 ' , t0  2 ,1L2.9
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f r om (1 .15 )  i

2 , 7 t2 .9

r lT,_ga- 65_i _ IrJroI

2 , ' , | 12 .9
' t  ,860 , r44 .2

.-  __ ?'1!?:2
2 ,803 .6

0 .96754 -

0 .968

The correlation coeff icient betieen bodY lelgth and body

i {e igh t  i s  es t ima ted  as  0 .968 .



1.2 Linear Reqreasion

An estlmation of tbe l inear regregnion equation ia
demon6 trated.

The fornula for estination of b value (slopel in a
l inear  regress ion  l ine  is  aE fo l lowe:

- 41  -

b=S*" /5 " *

lrhere
n  _ .

S** = 
it=l(xt 

- xt '

(1 .16 t

D
S*y =.E_,ki - xt (yi - ,)

A l inear regresaion Llne ls expressed aa follows:

y=t+b(x-r )  (1.17)

'&aarple 18. The next table sho|fs data on body length
and body weiEht of fleh ap€cles A (sare data aa
Exanple 171. EstlDate a llnear regressLon equation
for th6 relationrhlp betreen body length ard Hy
weiEht of this fish.

Dody length in oE Dody rolglt in grar

150,0
115 .3
93 .8

124.2
135 .?

108
39

52
70



So] u tl on:

EstiDate , value (8lope).

calculate the lol loYing table,

xv

150.0 108 22,500.00 15,200.0
116.3  39  13 ,525.59  { ,5 t5 .  ?
e3.8  21  8 ,?98. t1  1 ,959,8

128.2 62 16,435.24 ?,918.,1
135.7  70  l8 , l l l . l 9  9 ,  {99 .0

t  624.0  300 ?9 ,5?3.86  {0 ,152.9
xean 124.8  60

txy - (tx) (ty) /
f r oD  (1 .16 ) :  b  =  - - - - - - ; -  - - - - - - ; - - - - - -

t r - ( t t ' /N

40,152.9  -  (524, (300)  /  5

?9 ,5?3 .85-624 ' t2 t5

40 ,152 .9  -  3? ,440 .0

Dr,(x) Bf( v) f

79 .6? r .85  -  77 ,875 .20

2 ,1 t2 .9

1 ,?98 .56

=  1 .50828- - - - -

=  1 .508

The , value ls estlbated as 1.508.



Estimate the Iinear regresalon equatlon.

f ro r  (1 .17)  :

y lb (x -x )
60  +  1 .508 (x  -  121.8)
60+1 .598x-188 .1984
-  128,1984 +  1 .508 x
-  128.198 +  1 .508 x

The llnear reqreEsion equation adopted for Dody length and body
teight i8 eoti iated aa tt = - 128.198 + 1.508 xr the,l lnear
tegression l ine is shovn in Ftg. 13.

F ig .  13 . nelatlorshlp betteer
body length ard body
relght.

B
I

DtJ

PIOf OT DT rITf, DI.



5. Grorth Bquatlong by crapbical Uethod

Th is  sec t  ion  shor .a  how to  app ly  the  da ta  fo r
su i tab le  g roHth  equa t lons  and  hoB to  ca lcu la te  the
growth equations which are adopted.

5-l Adoption of Ttpea ot Crouth Equationa

Procedurea for the adoption of grorth equations,
l,ogistic, conpertz and von Bertalanffy, by graphlcal
methods  fo r  g ror th  in  body  we lgh t  a6  in  R ick le fg
(1957), are denonstrated. In the case of gro{th in
body length, however, the tro equatlons of Loglstlc and
compertz are uEed. Thls is because, the cube equation
used  in  Ber ta lan f fy ' s  equa t ion  i s  o f  the  g raph ica l
method, thus thia equation is unguitable for growth in
body lenqth.

5 .1 .1  Ca lcu la t i on  and  P lo t t l ng  o f  Conyerg ion  Fac to rs

The procedure for t€sting equatigns on the growth
curve according to the graphical nethod ls as fol lous:

Estinating the a6ymptote, or f inal t{eight, of the
g roF th  cu rve .

Recalculate the growth data as percentages of the
es t ima ted  agympto te .

(3) Plot the conversion factors uhlch correspond to the
percentage growth data as a function of t lne.

(11

t2l



(41 If the re6ulting relationship folloHs a 6traight
l lne through at least its Lower half, the equation
1s  appropr la te ;  con t lnue  w l th  s tep  (5 ) .  I f  th€
relationship is curved through the whole range of
the  va luea the  equat ion  x i l l  no t  f i t  the  groHth
data closely and step (3, nust be repeated using a
different equatlon.

(5) If the graph of the conversion factoDs either rises
gharply or falls off in ite upper portion, refine
the  es t i rna te  o f  the  asympto te ,  reca lcu la te  the
grosth data as a percentage of the nex aEynptote,
and graph the new conversion factors.

(6 )  Measure  the  6 Iope o f  the  r€Bu l t ing  s t ra lgh t  L ine
wh ich  i s  d i rec t l y  p ropor t lona l  to  the  ra te
constant, ,(, of the gro{th equation.

Formulae  o f  th ree  types  o f  convers ion  fac to r  a re  as
fo l lows;

Logistic conversion factor:
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t w
c. .  =  - - -  los^  ( . - - - - )' 4  l -H

Gompertz converslon factor !

Bor ta lan f fy  convers ion  fac to r
ln body r,{el ght ) :

(adopted only for growth

17
c, = -Z- t"s. (- -i--;)

( 1 .18 )

(1 .19)

(1 .20 '
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ExaDple 19. The follo!.ing table shoxs the nonthly age

and {eight of juvenile f i6h specles A. Test rhlch

of the equations fits best frotr the three tl4)eg

o f  g ro ra th  cu rves ,  Log i s t i c '  Co rpe r t z  o r  von

Ber ta lan f  IY .

1g r . rn ,

MonLhly age Body we ight

o . '12
| , r7
1 .83
2 .6L
3  . 87
5 .25
6 .75
8 .25
9 .35

t0 .26
10 .96
11 .41

1

7
8
9

10
11
t2

6g.Lutionl

(1) Estimate an asymptote.

12 .0  g rams.

(2) calculate the percentage of asynptote at each nonth of age.

Monthly age 1;
1 , .

I
t2

0 .12 l12 .0=0 .060
1 .1? /12 .0=0 .098
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(3) Calculate the conversion iactor for a lrogist ic curve.

f roo  (1 .18)  |

on th ly  age 1 ;  Cr -  11147 *  IoSe ( I / { l - f ) )
=  { r /41  *  Iose  (0 .050/ (1 -0 .060) )
=  0 .25  *  Iose  (0 .06{ }
=  0 .25  *  (2 .1491
= -0 .687

t lon th ly  age 2 t  ce= ( l /4 )  *  loge  (0 .098/ (1 -0 .098) )
=  0-25  r  lose  (0 .109)
=  0 .25  '  l -2 ,21)
=  -0 .554

I
L2

(4) calculate the converslou tactor on the Conpertz curve.

From (1 .19)  |

i l on th ly  age I t  c r=  0 /d  *  lose  ( - ( l / lose  f ) )
= (112.' l l8l * Iose(-(1/lose 0.060))
=  0 .368 '  lose  ( - (1 / ( -2 .813) )
=  0 .358 *  lose  ( - ( -0 .355) )
=  0 .368 *  ( -1 .036)
=  -0 .381

I ton th ly  age 2 i  c r  =  l | le l  *  Iose  ( - ( l / loge  0 .098) )
= 0.368 * lose C|JI G2.3231't
=  0 .368 *  lose  (0 .430)
=  -0 .311

I
12
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(5) Calculate the converaion factor on the von Bertalanffy
curve.

Fron  (1 .20)  :

flonthll age 1;

lonthly age 2;

rose (r /  (3 (1-u1/3)  l l .
l ose  (1 /  (3  ( l -0  '  060" ' , } )  )
lose  ( l /  (3  (1 -0 .391)  )  )
log e Q/1,827\
lose (0.51?)
( -0 .503)

lose  (1 /  (3  (1 -0 .0981/3)  )  )
lose (1/ (3 (1-0.461) ) )
loge (0.518)
( -0 .481)

cj = (4191 *
= ({/e) *
= 0 . {44  *
=  0 .444 *
=  0 .444 *
=  0 . 4 { 4  i
= -0 .268

%= tntet  t '
= 0 . {44  *
=  0 .444 *
=  0 .444 *
=  -0 .214

I
t2

Conversio! factolE vere
the fol lorlng table.

calculated on a l0 diglt calculator in

ilonthly leight
Age ln qr.

Percentage Logistlc
of asyoptote coDverslor

(12 .0  g r . )  tac to r

Conpertz
coDveraton
factor

Bertalanffy
co|lve!alon
factor

1
2
3
4
5

'l

8
9

10
11
t2

0 .72
r.7'l
1 .83
2 .61
3 .8?
5 .25
6 .?5
8 .25
9 .15

t0 .26
10 .96
11 .41

0.060
0.098
0 .153
0 ,218
0 .323
0 .4J8
0.561
0.688
0.7't9
0 .855
0.913
0.951

-0 .688
-0 .555
-0 .428
-0 .319
-0 .185
-0 .052
+0,053
+0.198
+0.315
+0.444
+0.588
+0. ?41

-0  .3  81
-0 .310
-0.232
-0 .155
-0 .045
+0.071
+0.20{
+0.362
+0.510
+0.582
+0,882
+1.100

-0 .250
-0,2L4
-0 .148
-0 .0?9
+0.021
+0.1{5
+0.288
+0. {55
+0,535
+0.  83  5
+L.072
+1.333



( 6 )  P lo t  t he  conve rs i on  f ac to r s  (F i g '  14 )  f r om the
p rev i  ous  tab l  e .
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12345528910 11 12

t " : l

1.0

0.5

-0" 0

-0.5

-1"0

"  Bertalan{ {y
* Conpertz
'Logistrc

Fis.  14. Plots o{ conversion {aclors
lrom three lqpes ot grouth equat ions.

From F ig .  14 ,  the  resu l t i ng  re la t lonsh ip  o f
L,oglstic conversion factors follows a straight I lne.
and therefore can be considered the nost f itt ing grouth

equat ion  fo r  th is  exanp le .



5.1.2 Bstimation of Aq)lm_p!-S!-e

The Logist ic conversj.on factors pLotted from the
es t ima ted  a6ympto te  (12 .0  g rans )  f o l l o red  a  s t ra lgh t
I ine not only on the lower half of the chart but also
upper  ha l f  (Exanp le  19 ) .  The re fo re ,  t h i - s  es t i na t i on  o f
asymptote can be considered as rea6onable.

Thi6 subsection shons the variat long in plot l in€s
rhen asymptote t{as overestlmated, and underestimated.

Exanp le  20 .  The  nex t  t ab le  sho ras  an  exa t rp le  o f  an
overestinated asynptote. Calculate the percentage
o f  asynp to te  and  conve rs ion  fac to rE  by  l , og la t l c
curvesr and then plot the conversion factors.

so fu t i on r
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Esti[ate the asyDptote as 13.0 graes, ahd then calculate the
percen tages  o f  asynp to te  and  each  conve rs ion  fac to r  as
fo l  I  o [ s ;

Percentage Logist ic
onthly Teight of asymptote conversion
Age  i n  g r .  ( 13 .0  9 r . )  f ac to r

-0 .  711
-0 .5 t8
-0 .452
-0 .345
-o.2t4
-0 .09?
+0.019
+0.138
+0,235
+0.330
+0. {20
+0.491

' fhe Logist ic conversion factorg obtained from the results are
sho rn  i n  F ig .  l 5  (ove res t i t | | a t i on )  .

1
2
3
4
5 .
6,|

8
9

10
11
l2

0. ' t2
1 . r7
1 .83
2 .61
3 .8?
5  . 25

8 .25

10 .26
10 .96
11 .41

0.05  5
0 .090
0 .  141
0 .201
0.298
0 .404
0 ,  519
0 .535
0 .?19
0 .789
0.843
0 .878
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Exarple 21. The next table shora an exarpl-e of aE
urderestirated asyrptote. Calculate p€rc€ntag€ of
asyiptote and converalotr factora by Logiatic curv€,
and then plot tha converslon factora.

soTutiona
Estiuatb tbe asyDDtote as 11.0 graro, and the! calculate

Dercentaqes of asyrptote atrd each conyersioD factor as
tollorst

Percentage logistic
tlotrthly lelght of aeyrDtote colyersion

Age in  g r ,  (11 .0  g r . )  fac to r

|  0 .12  0 .065 -0 .56?
2 t .L1  0 .105 -0 .533
r  1 .83  0 .165 -0 .  !04
| 2.61 0.231 -0.292
5 3 .8?  0 .352 -0 .153

.  6  5 .25  0 .411 :0 .023
7 5 . '15  0 .514 +0.115
8 8 .25  0 .750 +0,2?5
9 9 .35  0 .850 +0.434

10 10 .25  0 .933 +0.658
l l  10 .95  0 .995 +1.379
12  11  ,41

The togistic corverslon facto.s obtalned fron the results are
thonn in fig. 16 (underestiration) .
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1.5i1
1 .25
1.00

0.50
0.25
0.00

-0.25
-0.50
-0" 75
- 1.0u

1" s0
1.25
1.00
0. i5
0.50
o.25
0.00

-0.25
-0.50
- u .aJ

-  1.00

121l10

' Logisl rc

" Logist ic

F19" 15.  Plo ls
{ac tors a l

o{ Logistic conversron
overes l lma 110n.

1110

Fre. 15. Plots
'l ac lors at

{-l { Lo.Jl5 tlc convLrr!; l0n
underegl rmal ron.



5-z Fdndanentaf Method fot calcufating ctovth Equations

calculation procedures for three types of groi.rth
equa t i on  as  exp ressed  i n  t he  p rev iou ! r  sec t i on  a re
demons t ra ted .
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t4
Wr  =  - - - - - - - - - -  ( 1  . 21 )

7+e -k ( t - t o )

5 -2 .1  Loq is t i c  GroF th  Eoua t ion

The Logist ic growth equation is expressed as fol lows:

there ft is an estinated body veight at
(norrthly) age f, and ,- is an asyhptote
o f  body  re i gh t .  / t  and  t -  can  be
replaced by Lt ar,d L- in the caEe of the
body length growth equation.



ExaDpIe 22. Estimat.e a Logist ic growth equation usinql
da ta  ob ta ined  f rom Examp le  19 .

sofution.

Egtimate a regreEsion equatlon adopted for the relationshlp
Detteen oonthly age and the l,ogistic conversion factor.

,( (tlonthly age) f (Conv€rsion tactor)

+

I
2

{

,|

8
9

10
11

-  0 .688

-  0 .428
-  0 .319
-  0 .185
-  0 .062
+ 0 .063

0 .198
0 ,315
0.444
0 .588
0 ,14L

0 .688
1 .110
L .284
1 .276
0 .925
0 .37  2
0 .441
1 .584
2 .835
4 ,440
6 .468
8 .892

I

9
16
25
36
49
64
81

100
L2L
L44

[?8
lleatr 6.5

0.112
0.009

19.005650

N = 12 .

19 .005 -  (78)  (0 . r l2 l  /  L2
b = -------------

650- (7U2/n

19.005 -  0 ,?28

650 - 507



t o= -G /b )
=  ( -0 .823  /  0 .1281
=  6 .42968 - - -
-  6 .430

The Logist ic grorth equation is estibated as fol lotg:

f r om (1 .21 ) :

t2 .o

-  5 5 ,

t 8 .211
=  0 . I 2781 - -

l 4 l

=  0 .  128

l f e  0 -512  ( f -  5 .430 )

Y=Y+b(x  x )
=  0 .009  +  0 .128  ( x  -  6 .5 )
=  0 ,009  |  0 .128  x  0 .832
=  0 .823  +  0 .128  . {

k -4  *  b
=  4  *  0 .128
=  0 .  512

I f t

The estimated body ieight at each monthly age uging the above
qro r th  equa t i on  i s  as  fo l l o t { s i
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l 2  .0

I  -  
"  

'  1 8

= 11 1__='./ooe/___
I  {  I 6 . 119

=  0 .70

Body  f l e igh t  a t  mon th l y  age  I  i s  es t ima ted  as  0 ,?  g rams .

on th l . y  age  1 :  , r

o l t l r l y  a g e  2 i  , / t

12

1+  e  0 .512  {1  6 ,410 )

I  2 .0

12 ,0

I  +  e  0 .512  {2  6 .430 )

12 .0

1 + e 2 '268

t  2 ,0
=  1 .12570 - - -

1  +  9 .660

=  l . l l

Body  i , e igh t  a t  mon th l y  aqe  2  i s  es t i .ma ted  as  1 .13  g rams ,
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fonthly age Estimated body r{eight in gra[s

1
2
3
4
5
6
1
I

0.?0
r .13
l  77
2 .68
3 .90
5 ,34
6  , 87
8 .29
9  . 46

10 .34
10 .95
11 .34

9
l0
11
t2

Conparison betreen monthly

veight cai.culated f.om the

in  F iq .  17 .

body reight aDd estinated body

togist ic growth equation is shoyn

14

12

10

I

5

2

0

(9rams)

2 I

Ftg" 17" Conparlson betleen monthlg
bodg ueighr and estimated bod,J ueighi.

" Bodg ueigh t
'  Esl .  B. t i .

121l10
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5.2.2 Gompertz C:Ig!|Lb Eouat ion

The Gompertz growth equation is expresaed as fol lors:

t l t  , , r -  e  e  ^  t L  -  Lo '  17 '22

rhere vt is an estinated body reight at
(monthly) age f, and ,- is an asymptote
o t  body  re i gh t .  t r ,  and  t -  can  be
replaced by Lt and IJ_ in the case of the
body length grovth equation,

Example 23. Estimate a conpertz growth equation based
on given factors a6 fol lows (data are not the sane
as  Examp le  19 ) :

Asympto te  we igh t  =  12 .0  g rams
Mon th l y  ages  a re  f ron  1 to  12

a  =  -0 .690

b  =  0 .1 .46

$here a is an intercept, and , is a slope
estinated by a regresslon equation adopted
for the relatjonship between monthly age
and the Coftp€rtz conversion factor.
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So fu t i on i

Estimate a I and a to values for the compertz grorth equatlon
as  fo l l o rs :

k=e*b
= 2.71828--- '  0,146
=  0 ,39686- - - - -
=  0 .397

to= -k /b )
= -  ( - 0 .590  /  0 .146 )
=  4 .72602- - - - -
=  4 .726

The Gompertz grotth equation is estlDated as fol lors:

f r oo  (1 .22 ) :

_0 .39 .1  ( t  _  4 .126 )
f t '  12 .0  e  

- e

Estihated body veight at each monthly age using above grorrth

equation is as tol lors:

l f on th l y  age  I t  h  =  12 ,0  e  
-e  -0 .397  ( t  -  4 ,1261

t2 .o  e  
-e  0 .397  (1  -  4 .726 )

t2.o . 
-" l '419

= ii.i : ,l;il'= , ,,,
= 0 .1

onthly age 1 is estinated as 0,1 gram.



l l o n t h l y  a g e  2 l ,e -0.39't (2 - 4.726)

-e  1 .082

-2 .951

0 ,052  -  0 .624

Yt  =  12 .0  e

-60 -

e

= 12.0

=  \2 .0
=  12 .0
-  0 .6

I on th l y  age  2  i s es t i ha ted  as  0 .5  g rams .

Uonthly age Estimated body reight in grams

I
I2

1
2
3
4
5
6
7
8
9

10
1 l
12

0 .1
0 .6

4 .9
6 .5
8 .0
9 ,1

10 .0
10 .5
11 .0
11 .3

on th l y  body  re igh t
growtlr equatioD are

and esti  hated body
shoyn ln the above

neight by Gompertz
tab le ,
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5.2 .3  Ber taLanf fy  c rowth  qq i ra t  ion

The Ber ta lan f fy  g rowth  equat lon  fo r  body  we lgh t  i s
expressed as  fo f lo t , lE :

Nt  =  w-  (7  -  e  
-k  ( t  -  to )  )3  0 .23 t

The Ber ta lan f fy  g rowth  equat ion  fo r  boa ly  length  ls
expres6ed as fol10116:

L t  =  I ' -  (7  -  e  
-k  ( t  -  to )  t  0 .241

Exarple 2{. Eatinate a von Bertalanffy grosth equation
baged on the given factors (data are not the sane
as Exanp le  191:

Asymptote weight = 12.0 grans

Mon th l y  ages  a re  f ron  1 to  12
a  =  -0 .659

b  =  0 .160

where a is an intercept. and , is a slope
egti[ated by a regresslon equatlon adopt€il
for the relatiohshlp betreen northly aqe
anil the Bertalanffy conversion factor.
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S o ) u t i o n I

f ,st imate / i  and a to values for the von Bertalanffy grorth
equa t  i on  as  fo l l o rs :

9

k  =  ' -  - - -  *  b

4

=  (9  /  4 )  *  0 .150
=  0 .360

to = - k / b)
=  ( - 0 .659  /  0 .160 )
=  4 .11875

=  4 .119

The  von  Be r ta l an f l y  g ro i r t h  equa t i on  i s  es t i ha ted  as

fo l l o r s :

f  r om (1  .23 )  i

r t =  1 ,2 .O  (1  e  o360  ( t - 4 ' 119 ) )3

Estimateal body reight at each donthly age using the above
q lo r th  equa t i on  i s  as  fo l l o i { s :
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{onthly age 5: 12 .0  (1  -  e  
- 0 .360  (5  -  4 .119 ) )3

12 .0  (1  _  e  
- 0 .317 )  3

12 .0  (1  -  O .?28 )  3

12 .0  @.2 '12 ' )3

12 .0 *0 .020=0 .240

o.2

Monthly age Estimated body weight in qrams

,r ,

I

L 2

1
2
3
4
5
6'|

8
9

10
11
I2

0 .2
r .4
3 .2
5 .1
6 .8
8 .2
9 .2

10 .0

uonthly body trei.ght and
Bertalanf f y grottth equation

es t  i  ma t  ed  bodY
are shown in the

re i  gh  t  by  von
above table.



Exanple 25. Estinate body length at each [onth of age
based on glven factors as fol loHs:

Asympto te  l eng th  =  105  mm

k  =  0 .360

to  =  o '411
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f rom (1 .24)  :

Q  _  e -k  ( t  -  t J )

sol,utioni

ror body length,

, t  =  105  (1  -  e  
-0 .360  ( t  -  0 .4111)

Es t ioa ted  body  l eng th  based  on  th€  above  von  Eer ta lan f f y
gtoyth equation is shonD in the tol loviDg table,

Monthly age EEtimated body length in mm

I
2

1

20  . 1
45 .7
63.' , t
' 16  .2
84 .9
91 .0
95 .2
98 .2

100 .2
101 .7
L02.'t
103 .4
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