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A  sta tis tica l in d e x  o f  g ro w th  c o n d it io n  in an  a q u a c u ltu re  e x p e r im e n t

Rudy H . Tan &  Im elda E. de Mesa

T he  ra tio  o f  th e  s tandard d e v ia tio n  o f  the  lo g a r ith m  o f  w e ig h t to  th e  standard  d e v ia tio n  o f 
th e  lo g a rith m  o f  le ng th  is p roposed as a s im p le  s ta tis tica l in d e x  o f  g ro w th  c o n d it io n  o f  th e  f is h  o r 
re lated species in  an aq u a cu ltu re  e xp e rim e n t.

T h is  paper w i l l  present a s im p le  s ta tis tica l in d e x  fo r  e va lu a ting  th e  c o n d it io n  o f  g ro w th  in  an 
aq u a cu ltu re  e x p e rim e n t and in d ic a tin g  th e  e x te n t o f  e ffe c t o f  an y  p laus ib le  riva l hyp o th e s is . The  
index is easy to  c o m p u te  and can be s ta tis t ic a lly  tes ted .

The G ro w th  C o n d it io n  In d e x

Suppose th a t  th e  g ro w th  in  w e ig h t (W) and le ng th  (L )  o f  th e  fish  can be described  b y  the  
a llo m e tr ic  g ro w th  m odel

(1)

w h e re  α  and β  u n k n o w n  param eters. In  te rm s o f  th e  lo g a rith m s  o f  W and L , m od e l (1) can be 
w r itte n  as a s im p le  linear m ode l o f  th e  fo rm

(2)

w here Y  = log W and X  = log L . M ost s tud ies on  w e ig h t- le n g th  re la tio nsh ips  in vo lve  f i t t in g  m ode l 
(2) to  th e  data b y  th e  m e th o d  o f  o rd in a ry  least squares.

I f  d u r in g  th e  g ro w th  process th e  in d iv id u a l fish  m a in ta ins  its  shape o r  s p e c ific  g ra v ity , th e n  
th e  re la tive  d ispersions o f th e  lo ga rithm s  o f  w e ig h t and leng th  o f  th e  p o p u la t io n  w i l l  rem a in  
cons tan t. T hus , a s im p le  in d e x  th a t  m ay be e m p lo ye d  as an in d ic a to r  o f  g ro w th  c o n d it io n  in an 
aq uacu ltu re  e x p e rim e n t is

(3)

w here σy and σ x  are the  s tandard dev ia tions  o f  Y  = log W and X  = log L.

I t  can be show n th a t  the  g ro w th  c o n d it io n  in d e x  is id e n tic a l to  th e  g e o m e tric  mean o f  th e  b iva ­
ria te  no rm a l regression o f  Y  on  X  and th e  rec ip roca l o f  th e  regression o f  X  o n  Y . R ic k e r (19 73 ) 
refers to  6  as th e  ge om e tric  mean (G M ) fu n c tio n a l regression.

In te rp re ta t io n  and A p p lic a t io n s  o f  δ

O n the  assum ption  th a t X  and Y  have a jo in t  n o rm a l d is tr ib u t io n ,  th e n  o w o u ld  have the  
same in te rp re ta tio n  as β i n  m odel (1 ). A  value o f  δ  = 3 ind ica tes is o m e tr ic  g ro w th , i.e ., th e  w e ig h t 
o f  th e  fish  increases as the cube o f leng th . Values o f  δ  = 3 in d ica te  a llo m e tr ic  g ro w th .  W hen 
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δ  > 3 , th e  f ish  are heavier fo r  its  le ng th  as w o u ld  be observed in  a p o p u la tio n  w ith  adequate  fo o d  
su p p ly  b u t  g ro w th  in  le ng th  is re ta rd ed  due to  lack o f  space. O n th e  o th e r  hand , in  a p o p u la tio n  
w here  th e  la rger in d iv id u a ls  lack a su ita b le  fo o d  s u p p ly , a value o f  6< 3 m ay be observed (R ic k e r, 
1971 , 1979 ).

A n  im p o r ta n t  a p p lic a t io n  o f  5 in  an a q u a cu ltu re  e x p e rim e n t is fo r  m o n ito r in g  the  c o n d itio n s  
o f  g ro w th  in  th e  e x p e rim e n ta l u n its . I f  th e  f ish  w ere u n ifo rm ly  selected a t th e  s ta rt o f  th e  e x p e r i­
m e n t, th e n  th e  values o f  8 w i l l  be ne a rly  co n s ta n t fo r  th e  d if fe re n t  e x p e rim e n ta l u n its . H ow eve r, 
d u r in g  th e  e x p e r im e n t th e  values o f  δ  w i l l  v a ry  because o f  de ve lo p m e n ta l g ro w th  o r m a jo r e n v iro n ­
m en ta l changes in th e  e xp e rim e n ta l u n its . T h u s , i f  th e  g ro w th  c o n d itio n s  in  e xp e rim e n ta l un its  
a p p lied  th e  same tre a tm e n t d if fe r  w id e ly ,  a large e x p e rim e n ta l e rro r  m ay resu lt.

A n o th e r  a p p lic a tio n  o f  th e  g ro w th  c o n d it io n  in d e x  8 is in  th e  c o m p u ta t io n  o f th e  c o n d it io n  
fa c to r ,  w h ic h  measures th e  general 'w e ll-b e in g ' o f  th e  in d iv id u a l fish  in  th e  d if fe re n t  e x p e rim e n ta l 
u n its  o r  p o p u la tio n s . I t  can be used in  lieu  o f  in  th e  a llo m e tr ic  c o n d it io n  fa c to r  fo rm u la , i.e ., 

(4)

T he  c o n d it io n  fa c to r  (4) has been fo u n d  m ost e ffe c tiv e  " in  co m p a rin g  tw o  o r m ore m on o sp e c ific  
p o p u la tio n s  liv in g  un de r a p p a re n tly  s im ila r o r  d if fe re n t  c o n d itio n s  o f  fo o d , d e n s ity , c lim a te , e tc ., 
in d e te rm in in g  th e  t im in g  and d u ra t io n  o f  gonad m a tu ra t io n  in  p o p u la tio n s ; an d , in  fo llo w in g  the  
gradual b u ild  u p  o r  de c lin e  o f  fee d in g  a c t iv ity  over an ex te nde d  p e rio d , o r  p o p u la tio n  changes 
p o ss ib ly  a t t r ib u ta b le  to  a lte ra tio n s  in  th e  fo o d  su p p ly , as re fle c te d  in  the  gross n u tr it io n a l balance 
o f  th e  fish  (W ea the rle y , 1972 ).

T he  g ro w th  c o n d it io n  in d e x  δ is easier to  c o m p u te  th a n  β  s ince i t  invo lves o n ly  th e  standard 
d e v ia tio n s  o f  the  lo g a rith m s  o f  w e ig h t and leng th  m easurem ents. F u r t h e r m o r e ,  β is c o m m o n ly  
es tim a te d  b y  th e  m e th o d  o f  o rd in a ry  least squares f ro m  (2 ) , assum ing th a t  X  = log L is f ix e d  and 

m easured w ith o u t  e rro r. B u t, b o th  Y  = log W and X  = log L are ran do m  and the re  is re a lly  no 
reason to  con s id e r e ith e r one as in d e p e n d e n t o r  d e p e nd en t va riab le .

M a x im u m  L ik e lih o o d  E s tim a to r o f  8

L e t ( X 1, Y 1 ), ( X 2 , Y 2 ) .................... (X n , Y n ) be a ran do m  sam ple f ro m  the  b iva ria te  no rm a l
d is tr ib u t io n .  T h e n , th e  m a x im u m  lik e lih o o d  e s tim a to r o f  8 is

T es ting  th e  H yp o th e s is  H o  : δ = δo

T he  tes t o f  th e  n u ll h yp o th e s is  H o : δ = δ o  is de rived  us ing an ingen ious approach o r i ­
g in a lly  due to  P itm an  (1 9 3 9 ) an d discussed in S nedecor and C ochran  (19 67 ).

T h is  n u ll hypo thes is  H o : δ = δo  versus th e  a lte rn a tive  hyp o the s is  H a :  δ ≠  δ o  can be tested 
using

10



The decision rule would be to reject Ho and accept Ha if | t | >  | t α (n-2) , where tα(n-2) is the 
two-tailed significance point o f the t-statistic w ith  n-2 degrees o f freedom.

Confidence Interval fo r δ

A 100 (1 - α ) % confidence interval fo r the unknown parameter δ can be obtained from  (7) 
and is given by

The follow ing three examples w ill serve to  illustrate the computations and applications of 
the growth condition index.

(a) One hundred and f if ty  (150) m ilkfish fingerlings were sampled from  a large batch prior 
to  stocking in experimental cages. The computed values o f Sy, Sx, and p are sy= 0.5887, sx= 
0.2033, and r = 0.9814, respectively, where Y is the logarithm o f weight in grams and X is the 
logarithm o f total length in millimeters. Test fo r isometric grow th, i.e., δ = 3, is as fo llow s:

Conclusion: Reject Ho and conclude that the growth is allometric although the value o f the
growth condition index is nearly 3 because the sample size is large and the correlation between 
Y and X is very high.

The computed value o f the constant c in (7) is

c = 1 +
2(1 — 0.98112) (1.96)2

148

= 1.0019
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Hence, a 95% confidence interval fo r 8 is

2.81 < δ  < 2.99

(b) In the fo llow ing example, the growth condition index 8 is employed to compare male 
and female broodstock prawns in tw o  d ifferent ponds. Here V is the logarithm of weight in grams 
and X is the logarithm o f carapace length in millimeters (De Mesa, 1980). Table 1 summarizes 
the data and tests o f significance.

Table 1

Sex Pond n Sy Sx r t
t-values fo r testing
Ho:δ = 3 Ho : δ = 2.5

Male 1 75 0.1760 0.0625 0.9231 2.8160 -1 .41 2.65**

2 103 0.1409 0.0500 0.8971 2.8180 -1 .4 2 2 .73**

Female

1 178 0.1364 0.0546 0.9184 2.4982 -6 .1 7 * * -0 .0 2

2 104 0.1439 0.0544 0.9356 2.6452 -3 .6 1 * * 1.62

**H ig h ly  significant ( α  =  0.01)

From the above results, it  can be concluded tha t there is no evidence to reject the null 
hypothesis tha t the growth o f the male broodstock prawns in the tw o ponds is isometric. On the 
other hand, it is evident that the growth o f the female prawns in the tw o ponds is allometric.

Since the t-values between ponds fo r male are nearly the same, a combined estimate o f 8 can 
be computed as follows:

The growth conditions o f female prawns in the tw o ponds are d ifferent as indicated by δ and their 
associated t-values.

(c) Presented in Table 2 below are the estimates o f the growth condition index δ in a com­
pletely randomized design experiment to  study the effect o f stocking density on the growth and 
survival o f Tilapia n ilo tica  fingerlings reared in cages in Laguna Lake. Ten (10) fingerlings were 
sampled tw ice a month from  each o f the 16 cages fo r weight (gm) and tota l length (mm) measure­
ments (Basiao, 1980).
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Table 2

Stocking
Density Replicates

Sampling Period
1st 2nd 3rd

(N o./m 2

50
1 3.0 3.1 3.3
2 2.7 3.2 3.1
3 3.0 2.9 2.6
4 3.3 3.3 2.4

100
1 3.1 2.9 3.3
2 2.6 3.3 3.3
3 2.6 2.7 3.0
4 2.4 2.8 3.4

150
1 3.9 3.0 2.8
2 2.6 3.0 2.8
3 2.8 3.1 2.8
4 2.4 3.0 2.9

200
1 3.0 3.1 3.1
2 2.8 2.6 3.2
3 2.9 3.0 3.2
4 2.7 3.5 2.9

The means o f the estimated growth condition index are summarized in Table 3.

Table 3

Stocking
Density

Sampling Period Over-all
mean1st 2nd 3rd

50 3.0 3.1 2.9 3.0

100 2.7 2.9 3.3 3.0

150 2.9 3.0 2.8 2.9

200 2.9 3.1 3.1 3.0

Over-all
mean 2.9 3.0 3.0 3.0

The data in Table 2 are analyzed using a two-way mixed model analysis o f variance (M o rri­
son, 1976) and the results are presented in Table 4 below.
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Table 4

Source o f Variation df
Sum o f 

squares
Mean

square F

Sampling periods 2 0.26542 0.13271 1.33

Stocking densities 3 0.04500 0.01500 0.21

Replicates w ith in  densities 12 0.84834 0.07069

Periods x densities 6 0.77125 0.12854 1.29

Replicates x periods 
w ith in  densities 24 2.39666 0.09986

Total 47 4.32667

A ll the F-tests are not significant. This indicates that there is no evidence to conclude that 
growth conditions in the cages are not the same fo r all stocking densities and sampling periods. 
Also, the null hypothesis o f no interaction between stocking densities and sampling periods cannot 
be rejected. It should be noted, however, that the above analysis o f variance is approximate and 
does not take into account the d istributional properties o f the growth condition index. Further­
more, the analysis is s tric tly  valid only if the estimates w ith in  a replicate have a common variance 
and the same correlation fo r all pairs.

The growth condition index is easy to compute and can be tested statistically. When the 
logarithms o f weight and length measurements of the fish have a bivariate normal d istribution, 
the index is identical to  the geometric mean functional regression. Hence, it has the same inter­
pretation and applications in aquaculture research as the slope parameter o f the allometric growth 
model.
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