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ABSTRACT

Growth is one of the most important characterisbicsultured species. The objective of this studsw
to determine the fitness of linear, log linear, ymoimial, exponential and Logistic functions to the
growth curves oMacrobrachium rosenbergii obtained by using weekly records of live weigltat
length, head length, claw length, and last segresgth from 20 to 192 days of age. The models were
evaluated according to the coefficient of determiama(R?), and error sum off square (ESS) and helps
in formulating breeders in selective breeding paogs. Twenty full-sib families consisting 400 PLs
each were stocked in 20 different hapas and redr8dwveeks after which a total of 1200 animalsrave
transferred to earthen ponds and reared up to 492 dhe Rvalues of the models ranged from 56 —
96 in case of overall body weight with logistic nebdbeing the highest. The?Ralue for total length
ranged from 62 to 90 with logistic model being tighest. In case of head length, tHevRlue ranged
between 55 and 95 with logistic model being thénbi. The Rvalue for claw length ranged from 44
to 94 with logistic model being the highest. Fatlsegment length,’Rralue ranged from 55 — 80 with
polynomial model being the highest. However, thglloear model registered low ESS value followed
by linear model for overall body weight while exgorial model showed low ESS value followed by
log linear model in case of head length. For ttgagth the low ESS value was given by log linear
model followed by logistic model and for claw lengéxponential model showed low ESS value
followed by log linear model. In case of last segimiength, linear model showed lowest ESS value
followed by log linear model. Since, the model tshbws highest Rvalue with low ESS value is
generally considered as the best fit model. Amdrggfive models tested, logistic model, log linear
model and linear models were found to be the bestefs for overall body weight, total length and
head length respectively. For claw length anddagiment length, log linear model was found to lee th
best model. These models can be used to prediettlyrates inM. rosenbergii. However, further
studies need to be conducted with more growthsttaken into consideration.

KEYWORDS: linear, log linear, polynomial, exponeti Logistic models, Macrobrachium
rosenbergii.

INTRODUCTION

Freshwater prawns are of large and growing impeogan India and are of the major contributors taaylture
production. The pace of development faced an aeweplented set back because of diseases and watity qu
issues in Giant fresh water prawn farming, whicleeothought to have been relatively free from dissaand
other production issues. The peak production ofitgileshwater prawns in Indi@nce 1999 as per MPEDA
records) took place in 2005-2006 which was 42780 tonnes fd®,395 ha of area (NFDB). However, in 2006-
07 the prawn production and farming drasticallyrdased by 30% to 30,115 tonnes and 30,042 ha af are
respectively. The Giant fresh water prawfacrobrachium rosenbergii contributed 4.3% by quantity (5.8% by
value) of the total frozen shrimp export from theuetry during 2005 to 2006, but its contributiorclifges in
2007, despite the global production showing a stgambgress over the past few years, thanks to sgrgi
production from China. The initial failures wererlea than anticipated, but there are many lesgonigarn
from the rise and fall of1. rosenbergii farming in India, if it needs to be sustainable [NF). Growths being a
parameter of obvious importance, numerous studiee been conducted on various aspects of growthydiu
to be understood completely no previous studie® men conducted on the growth curve parameteks. of
rosenbergii. Therefore, the present study was designed witHalh@wing objective to develop growth models
and to estimate the factors affecting the growtlvest
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MATERIALS AND METHODS

The animals were procured from the river Narmaddial Twenty full-sib families ofl. rosenbergii consisting
400 PLs each were stocked in 20 different hapaseared till 8 weeks after which a total of 120hzads were
randomly selected and transferred to earthen pandsreared for another 16 weeks. Feeding was ddie w
Tiger | commercial pelleted feed (CP Company) & thte of 5-8% of the body weight thrice a day. The
experiment was conducted at freshwater fish fari@I6E, Powarkheda centre, India. Sampling was peréa
and data recorded for overall body weight, totabte, head length, claw length and last segmenmjtteat 8
days interval from hapa phase up to 192 days. ke abtained was analysed using the SAS Versiar®tBe
present study, a total of five models comprisingéhlinear models (linear model, log linear mogelynomial
model) and two non-linear models (exponential maatel logistic model) were evaluated for their gassnof

fit in determining the growth curves dfl. rosenbergii. All the models were evaluated according to
determination coefficient (R2), error sum of squ@SS).

Models used for fitting the growth data

a. Linear model
Y= atbx+e

Y= growth (body weight, total length, head lengtlaw length and last segment length), a= interdeptslope,
x=age, e= random error assumed to have mean zdreagiance ¢°).

b. Log linear model
In Y= at+bx+e

In Y= Natural log of growth (weight, total lengtihhead length, claw length and last segment length),
intercept, b= slope, x= age, e= random error asdumbave mean zero and varianc®.(

c. Polynomial model
Y= a+bx+cxX+dxC+x* +e

Y= growth (weight, total length, head length, cleamgth and last segment length) at age x, a= ieptrd=
growth rate at age x, ¢, d and f= parameters fotiptes of 2%, 3% and 4" degree of age x, e= random error
assumed to have mean zero and variase (

Polynomial was limited to"d order as there was no further improvementimRincreasing the order of fit.
d. Exponential model
Y=a*e™ +e

Y= Growth (weight, total length, head length, clemgth and last segment length) at age x, a=E<tigniaitial
value for growth traits (body weight/ total lengtead length/claw length/last segment length), bw@roate at
estimated exponential rate, x= age, e= random essumed to have mean zero and variaste ifody traits
measurement at x+1 age fstienes higher than the same at age x.

e. Logistic model
Y=a/(1+((a-b)/b)&) + e

Y= Growth (weight, total length, head length, clemgth and last segment length) at age x, a= heaifjtie
horizontal asymptote (the expected value of Y waga approaches infinity), b= expected initial vabfigy, r=
measure of growth rate, e= random error assumbewe mean zero and varianeé)( In this model r should be
a small positive number.

RESULTS

Analysis of growth pattern

Overall mean body weight of 20 families during thepa phase from stocking until '64lay rearing period
ranged from 0.05 to 5.0 g. Among all the 20 farsil# family attained the highest growth of 5g followiey
13" and 18 families with a weight of 4.9g (Table 1). Meanaiolength during grow-out phase from stocking
till harvest phase ranged between 2.97 and 18.4%ldte the mean body weight was 14.54g. The heagtie
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claw length and last segment lengths were ranged .24 to 9.12 cm, 1.24 to 10.24 cm and 0.32 %oc&
respectively. Significant difference was observedll the traits tested among all age groups (T2ple

Goodness of fit

Coefficients of determination for different growtinaits computed using linear, log linear, polyndmia
exponential and logistic models for overall as veallfor different sex dfl. rosenbergii were used to evaluate
the models for goodness of fit. For overall databody weight, the coefficient of determinatioh (®) was 78,

64, 93 for linear, log linear and®degree polynomial models respectively, while itsvé$% and 98% for no
intercept models like exponential and logistic medeespectively. The ESS (Error sum of squares) was
recorded minimum for log linear model followed kipdar model, while the highest ESS was obtained by
exponential model (Table 3). The lowest Rilues of 19% and 10% for males and females réispgcwere
obtained in case of exponential model while theeséon logistic model were for both male and ferraie 89%
and 86% respectively. Among the models tested exqiial model had lowest ESS for both the sexesléTab

7 .8, 9, 10). The R(%) values of different models for total lengtteal length, claw length and last segment
length were ranged from 62-90%, 54-90%, 44-94% &h@&0% respectively. The lowest ESS was recorded by
log linear model followed by exponential model total length, log linear model followed by exporieht
model for head length, log linear and exponentiatlel for claw length and linear and exponential etddr

last segment length (Table 3, 4 and 5).

Table 1. Average body weight (g) of different fies during hapa phase rearing at different tinterirals
Family | 8 day 16 day 24 day 32 day 40 day 48 day d&6 | 64 day
01 0.1+ 0.01 | 0.2+0.021 0.2+0.01 0.8+0.07 1.0+0/08.8+0.11 | 3.4+0.1| 4.2+0.1
02 0.3+0.03 0.6+£0.06| 0.7+0.06 1.3+0.09 2.0+0.05 +@.22 | 3.3+0.14 4.7+0.1
03 0.05+0.005 0.1+0.01) 0.2+0.01 0.7£0.07 1.+40.083 2+0.10 | 3.2+0.1| 5.0+0.1
04 0.06+0.004, 0.1+0.01) 0.2+0.01 0.7£0.06 0.9+0/06.1+0.1 3.4+0.1 | 4.2+0.1
05 0.06+0.005 0.1+0.01/ 0.2+0.01 0.7£0.07 1.1+0/07.4+0.1 3.2+0.13 4.4+0.1
06 0.07+0.005 0.1+0.01) 0.1+0.01 0.9+0.08 1.0+0/09.2+0.1 3.310.15 4.2+0.1
07 0.06+0.004, 0.1+0.01/ 0.2+0.01 0.9+0.09 1.2+0/06.6+0.1 3.4+0.1 | 4.2+0.1
08 0.07+0.005 0.1+0.01) 0.2+0.01 0.7£0.07 1.0+0/07.4+0.1 3.3+0.1 | 4.2+0.1
09 0.06+0.005 0.1+0.01) 0.2+0.01 0.7£0.07 1.0+0/05.1+@.08 | 3.2+0.1 | 4.01+0.1
10 0.07+0.004 0.1+0.01) 0.2+0.01 0.5+0.04 0.840/05.9+0.05 | 3.3+0.1 | 4.3+0.2
11 0.06+0.004 0.1+0.006 0.1+0.01 0.7£0.06 0.9+0/06.6+0.09 | 3.4+0.1| 4.0+0.13
12 0.07+0.005 0.1+0.01) 0.2+0.01 0.9+0.06 1.1+0,05.0+@.07 | 3.4+0.1 | 4.840.1
13 0.07+0.005 0.1+0.01) 0.2+0.01 1.0£0.07 1.4+0.)06.0+Q@.1 3.2+0.1 | 4.9t0.1
14 0.07+0.005 0.1+0.008 0.2+0.01 0.4+0.03 1.0+0/02.1+0.1 3.4+0.1 | 4.31#0.1
15 0.08+0.005 0.1+0.01) 0.2+0.01 0.8+0.09 1.6+0/04.8+0.1 3.4+0.1 | 4.3#0.1
16 0.08+0.004 0.1+0.01) 0.2+0.01 0.4+0.02 0.61£0/04.0t@.1 3.1+0.1 | 4.3+#0.2
17 0.1+0.01 0.2+0.02| 0.2+0.01 0.6+0.06 0.840.07 +@.29 | 3.4+0.1 | 4.0+0.1
18 0.1+0.02 0.2+0.04| 0.2+0.01 0.6+0.13 1.4+0.p8 +2.1 | 3.41+0.1 | 4.940.1
19 0.2+0.02 0.3+0.03| 0.3+0.01 0.5+0.05 0.8#0.p8 +@.1 | 3.2+0.1 | 4.0+0.1
20 0.2+0.02 0.2+0.04| 0.3+0.01 0.6£0.06 1.1+0.1 Q.5+ | 3.440.1 | 4.5+0.1
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Table 2. Overall mean of total length, body weidiietad length, claw length and last segment lengtiffarent
time intervals

Age in days Total length Body Head Claw Last segment
(cm) Weight (gm) Length (cm) Length (cm) Length (cm)
8 2.97 0.20 - - -
16 3.02 0.26 - - -
24 3.27 0.76 - - -
32 3.59 1.01 - - -
40 4.65 1.73 - - -
48 5.26 2.37 - - -
56 5.79 3.02 1.24 1.24 0.32
64 6.24 4.36 2.46 2.45 0.39
72 7.16 4.99 2.99 3.33 0.75
80 7.69 5.56 3.11 3.60 0.49
88 7.81 6.35 3.75 3.80 0.64
96 8.19 7.08 3.99 4.08 0.70
104 8.69 7.54 4.25 4.34 0.75
112 9.31 8.17 4.52 4.67 0.78
120 10.05 8.81 491 5.04 0.81
128 10.71 9.68 5.29 5.56 0.84
136 11.261 10.26 5.56 5.87 0.92
144 11.794 10.64 5.81 6.15 1.07
152 12.386 10.99 6.10 6.49 1.17
160 12.847 11.59 6.34 6.72 1.39
168 13.882 11.97 6.85 7.32 2.92
176 14.67 12.67 7.42 8.14 3.3
184 16.79 13.56 8.30 9.43 3.7
192 18.456 14.54 9.12 10.32 3.9

Sex wise comparisons of models

The R (%) values for overall body weight of males anthéées was between 19% and 89%, 10% and 86%
respectively. ESS values were low for exponentiatleh followed by log linear model for both sexesifle 7).

The R (%) values for total length, head length, clawgknand last segment length were ranged from 16% to
93%, 61% to 95%, 37% to 95% and 64% to 95% resgaygtifor both sexes. ESS values were low for the
exponential model followed by the log linear mofilall the traits in both sexes (Table 6, 8, 9, 10
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Table 3. Estimated parameters and standard errdifferent models for body weight and total length

Models | Equations for overall data | az+SE | b + SE | SE: ESS R
Body weight
Linear Bw=4.4+0.15pond age 4.4 +0.09 0.15 +£0.001 2525 78
Log linear Bw=3.6+.153pond age 3.6+0.006 0.15+0.001 677 64
Polynomial Bw=0.16+.004pond age+.0004 pond age2 6#0.04 0.004+0.001 0.0004 +0.000006 3326 93
Exponential Bw=0.10*&° "Pond age 0.10+-30.5 3.9+77.5 69229 56
Logistic Bw=16/(1+((16-1.5)/1.5)*¢(-0.0202*ponde)y 16.0+0.003 1.5+0.001 0.020+0.0023 2563 98
Total length
Linear TI=1.06+.08pondage 1.0+0.05 0.08+ 0.0007 31654 66
Log linear TI=0.8+.012/pond age 0.8+ 0.008 0.016001 859 63
Polynomial TI=.06+.09pond age+.00006pondage? 00R0. 0.09+ 0.002 0.00006+0.000014 31553 66
Exponential TI=0.7*? "Pond age 0.7+0.006 29+0.005 3124 62
Logistic TI=20/(1+((20-2)/2)*e(-0.017*pond age)) 0B+0.5 2.4+0.04 0.01+ 0.0004 34167 90
Table 4. Estimated parameters and standard erroifferent models for head length and claw length

Models | Equations for overall data | a+SE | b +SE | SEt ESS %
Head length
Linear HI=0.14+0.44pond age 0.14 £0.04 0.04 +£0.0004 1325 73
Log linear HI=0.282+.0105pond age 0.2+0.01 0.01+0.0001 202 69
Polynomial HI=1.57+.0063pond age+0.00017pond age? 1.5+0.1 0.006% 0.002 0.0001+ 0.00001 2726 75
Exponential HI = 0.02*g(#34 "Pond age 0.02+0.005 23.4+0.3 29 55
Logistic HI=161/(1+((1.4-.01)/1.4)*e(-0.0102*pond age)) 161.5+213.9 1.4+0.0356 0.01+.0004 2705 95
Claw length
Linear ClI=0.32+.04pond age 0.3+ 0.05 0.04+0.0005 3468 72
Log linear ClI=3.8+0.15pond age 3.8+0.008 0.15+0.001 237 66
Polynomial Cl=1.43+.008pond age+0.00018pond age? 1.4+£0.1 0.008+ 0.002 0.0001+ 0.00001 3234 74
Exponential Cl=0.009*e{** "Pond age 0.009+0.006 24.1+0.4 49 44
Logistic acg';?)‘” (1+((1.38-0.011)/1.38)"¢(-0.011*pond | 54 3,9 g 1.320.03 0.01+0.0004 3222 94
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Table 5. Estimated parameters and standard ersorg af different models for last segment length

Models Equations for overall data a*SE b +SE SE+ ESS B%
Linear Lsl=0.38+0.01pond age 0.38 £ 0.01 0.01 5010 108 67
Log linear Lsl=1.8+.013pond age 1.840.01 0.01+01000 193 75
Polynomial Lsl=0.82+.014pond age+0.00012pond age? .8 +0.02 0.01+ 0.0006 | 0.0001+ 0.0000p2 3047 80
Exponential Lsl=0.3*&!83"pond age 0.3+0.03 183.3 2.2 995 69
Logistic Lsl=3.45/(1+((2.45-0.002)/0.002)*e(-0.GPpdnd age)) 3.45+0.002 0.002+0.001 0.0001+0.000003562 62
Table 6. Estimated parameters and standard errdifferent models for total length for differergses

Model | Sex wise equations | az+SE | b+SE | c+SE | EES ‘% R
Male
Linear TI=3.6+0.06pond age 3.6+0.23 0.06+2.00 9295 39
Log linear Log TI=1.6+.005pond age 1.6+ 0.02 | 0.005+0.0002 95 33
Polynomial TI=14.7+0.16pond age-.0010pon2nd age? 7H158 0.16+0.01 0.001+ 0.00005 | 6898 55
Exponential TI=0.05*&"*® "Pond age 0.05+0.003 4.8+0.27 1 29
Logistic TI=24/(1+((24-5.)/5)*e(-0.006*pond age)) 24+0.0024 5.0+ 0.11 0.006+0.00018 8309 93
Female

Linear TI=3.16+.05pond age 3.1+0.1 0.05a00 12744 | 41
Log linear LogTI=1.4+.006pond age 1.4+ 0.01 .008+0.0002 219 31
Polynomial TI=11.3+.11pond age+.0008ponzd age 10.3+ 0.11 £ 0.008 0.0008 +0.00003| 10550 | 51
Exponential TI=0.06*&>° Pond age 0.06+0.003 | 5.9+0.2 5 16
Logistic TI=20/(1+((20-5.)/5)*e(-0.004*pond 20+@P 5.0+0.005 0.004+0.0003 573 74
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Table 7. Estimated parameters and standard erfrdifferent models for body weight for differenbes

Models | Sex wise equations | atSE | b+SE | cSE E$S R*%
Male

Linear Bw=2.3+.08pond age 2.2+0.2 0.08 H2.0 7959 54
Log linear LogBw=0.27+0.013pond age 0.2+ 0.05 0.01+ 0.0005 456 36
Polynomial Bw=8.5+0.12pond age+.0009po 8.5+ 0.5 0.1+0.01 0.0009 + 0.00004| 5918 66

nd age?
Exponentii Bw=0.1*g 6 "Pond age 0.1+0.02 36.8+2.1 95 19
Logistic Bw=14.6/(1+((14.6-1.7)/1.7)*e(-0.012*pond 14.6+ 031 1.7 +0.05 0.01 + 0.0002 6313 89

age))

Femals

Linear Bw=2.0+0.07pond age 2.0+ 0.13 0.07 H0.0 10792 56
Log lineal Log Bw=1.3+0.04 pond a 1.3+0.1¢ 0.04+0.0: 312¢ 61
Polynomial Bw=6.0+.09pond age+.00078pondn 6.0+ 0.3 0.09+ 0.007 0.0007+ 0.00003| 8676 65

Nd age?
Exponentiz Bw=0.2+g (625 "Pond agt 0.2+0.0! 62.5+3.9 105: 10
Logistic Bw=13.7/(1+((13.7-1.2)/1.2)*e(-0..0136pd age)) 13.7+2.1 1.240.06 0.01 + 0.0007 9097 86
Table 8. Estimated parameters and standard erfdifferent models for head length for differenkes

Models Sex wise equations atSE | b+SE | c+SE | ESSR %
Male
Linear HI=0.51+.04pond age 05+0.1 0.04300. 1219 66
Log linear Log HI=0.51+.009pond age 0.5+0.02 0.009+0.0002 40 66
Polynomial HI=3.46+.022pond age+.00 3.4+ 0.3 0.02+ 0.005 0.0003+ 0.00002 1045 | 71
030pond age?

Exponentiz HI=0.01*g 12 "Pond agt 0.01+0.006 21.2+0.5 3 61

- _ *a(. *
Logistic '253‘?“““88 1.7)/1.7)*¢(-0.009*pond 8.840.06 1.7+0.0401 0.009+0.0001 2345 | 95

Female
Linear HI=0.45+.04pond age 0.4 +£0.06 0.046806 1325 74
Log lineal LogHI=.21+.010pond a¢ 0.2+0.01 0.01+0.0001 10t 67
Polynomial HI=1.36+0.008pond age+.000 1.3+02 0.008+ 0.003 0.00010.00001 1252 | 75
016pond age?

Exponentiz HI=0.01*g®0 "Pondage 0.01+0.006 20.0+0.5 2 62
Logistic HI=7.8/(1+((8.8-1.5)/1.5)*e(-0.009*pond &) 7.8+0.008 1.5+0.003 0.009+0.0003 4576 78
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Table 9. Estimated parameters and standard errdifferent models for claw length for differentess

Models | Sex wise equations | a+SE | b+SE | c+SE | ESSR*%
Mal
Linear CI=0.8+.05pond age 0.8+0.1 0.05+ 0.001 1404 65
Log linear Log CI=3.9+0.11pond age 3.9+0.01 1160.003 47 59
Polynomial S'O::fa;%fzr’o”d age+.0003 3.6+0.3 0.02+ 0.006 0.0003+0.00002 | 1210 | 70
Exponential Cl=0.01*&° "Pond age 0.01+0.006 | 20.0+0.5 34 62
= - * | *
Logistic (;';)()’"4/ (1+((10.4-1.8)/1.8)*(-0.009"pond 10.440.003 | 1.8+0.04 0.0090.0001 1202| 95
Female
Linear Cl=0.74+.04 pond age 0.7+ 0.07 0.04907 1532 74
Log linear LogCl=3.9+0.14pond age 3.9+£0.01 1480.002 127 69
Polynomial CI=1.03+0.012pond age+0 1.00.2 0.0 + 0.004 0.0001£0.000012 | 1462 | 75
.00015pond age?
Exponential Cl=0.04*&"-4Pond age 0.042+0.01 | 31.4+1.03 34 37
= - *, o *
Logistic %—5).8/ (1+((9.8-1.14)/1.14)*(-0.013*pond 9.83.6 1.14+0.051 0.0132 0.0007 468 | 95
Table 10. Estimated parameters and standard efdifferent models for last segment length fofetiént sexes
Models | Sex wise equations | atSE | b+SE | c+SE EES “% R
Male
Linear Lsl=0.62+0.015pond age 0.6+0.03 0.01+0.0003 126 65
Log linear Loglsl=1.5+.013pond age 1.5+0.02 01a0.0002 50 78
Polynomial Lsl=1.62+.028pond age+.00019pond age? 6+ .07 0.02+ 0.001 0.00019+ 0.000005| 58 84
Exponential Ls|=0.19*&0>Pond agt 0.19+0.03 150.5+3.16 102 71
Logistic Lsl=4.0/(1+((4-0.05)/0.05)*e(-0.0136*pomge | 4.0+0.01 0.05+0.03 0.013+0.01 245 64
Female
Linear Lsl=0.44+.011pond age 0.44 +0.01 @&@O001 108 71
Log linear Loglsl=1.8+.013pond age 1.8+0.01 160001 77 81
Polynomial Lsl=1.02+.017pond age+0.00012pond age? | .0+ Q.04 0.01+ 0.0008 0.0001+0.000003 | 60 83
Exponential Ls|=0.3*&"4 9 "Pond agt 0.3+0.04 194.9+3.4 393 66
Logistic Lsl=3.3/(1+((4-0.03)/0.03)*e(-0.0136*pomde | 3.3+0.05 0.03+0.09 0.013+0.05 2345 67
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Comparison of model parameters

The best fitting model for overall body weight hayihighest Rvalue and lowest ESS was logistic model
and the equation was BW=16/(1+((16-1.5)/1.5)*e 202pond age)), where the parameters include a
horizontal asymptote (a) of 16, an initial valug ¢f 1.5 and the growth rate per pond age (c=0.pZD&ble

3). But the initial value (b) was 1.7 and 1.2, horital asymptote (a) was 14.6 and 13.7 and theofajeowth
was 0.01 and 0.01 respectively for males and fesn@able 7). Other models fitted were having sl¢pge

of growth) value of 0.08-0.07. Similar slope vallinear rate of growth b) was estimated for botteér and
2nd degree polynomial models with values of 0.08 @®7 for males respectively and was higher tihamn t
obtained for females (linear, 0.08 and polynonfial) (Table 7). The estimated parameters for exptal
models obtained values for initial body weight (8B and rate of growth was 36.8 (b=36.8) (Table 7)

For total length, the intercept (Initial value-d)limear and polynomial model was higher for mgl@$ and
14.7 respectively) in comparison to females wittelicepts 3.1 and 11.3 respectively. Estimated slabee
obtained for linear and 2nd degree polynomial mededre 0.06 and 0.16 for males and were higherttean
slope obtained for females with values 0.05 and @ekpectively. The log linear model obtained icept for
males 1.6 and females (1.4) and the slope was @dd0Bales, which was slightly lower than that efifales
(0.006) (Table 6). The ESS was considerably redibgefitting 2nd degree polynomial and linear models
males, but the Rvalue was very low (33 for females and 55 for mjfer 2nd degree polynomial model.
The R value obtained for logistic model and exponertiaidels was in the range of 98% and 29% for both
the sexes indicating logistic model as best fit ei¢dable 6).

Estimated slope value for head length of male waddy linear model, while it was higher for mal@s5) in
comparison to that of females (0.4). For log linead polynomial models estimated slope values Wese
and 3.4 respectively for males, which are highantfemales (0.2 and 1.3 respectively) (Table 8jintaded
initial value for head length (0.01) for exponehtiaodel was similar for both male and female. Inlesa
higher slope value was obtained (0.21) followeddigales with growth rate 0.2. For logistic moded glope
(growth rate parameter c) of males and femalessimaigar (0.009) (Table 8).

For claw length the intercept value of log linead @olynomial model was higher for males (3.9 ar&) $
comparison to intercept value of females (3.9 a®)l rfespectively. For the linear model the intetoggue of
male (0.8) was higher than female (0.7). In casexponential and logistic models the initial valag was
higher for male (0.01 and 10.4 respectively) coragato initial value (a) of female (0.042 and 9.8
respectively). ESS was minimum estimated in logdinmodel and exponential model compared to theroth
models in both the sexes (Table 9).

The estimated intercept values of linear and Ingdr models were higher in male (0.6 and 1.5) coatpt
females (0.44 and 1.8) respectively for last sedrt@rgth. Polynomial model showed the highest tept
value for males (1.6) than the intercept valueemhdles (1.0). The initial values of exponential éogistic
models were high in males (0.04 and 0.05) compsardemales (0.02 and 0.03) respectively. The ESSeva
was lowest for the log linear model and polynomialdel for both the sexes (Table 10).

DISCUSSION

Five models viz., linear, log linear, polynomialkpenential and logistic models were tested for rthei
goodness of fit to develop a best suitable growtteh for M. rosenbergii. Based on analysis of’Ralues
from linear, log linear, polynomial, exponentialdalogistic models were found to be explaining 78, 83,

56 and 98% of variation in body weight lgf. rosenbergii for overall values in response to pond age. Apart
from R value, ESS values were also considered to idettidymodel that is best fitting. The model that
shows highest Rvalue with low ESS was regarded as the best filehoAmong the models tested logistic
model showed lowest ESS with high Walue making it the best model for overall and-sése body weights

of M. rosenbergii. In the experiment conducted Katsanevaki$2006) revealed that the Gompertz model
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was found to be the best among all the candidatgetador the yellowfin tuna. The logistic model walso
supported to some extent by the data, while albther models had considerably less support.

In case of total length linear, log linear, polyriamexponential and logistic models showetdvRlues of 66,
63, 66, 62 and 90%. Among the models log linear eh@ds considered as the best fit model as it bagdt
ESS value even though the highedtvRlue was registered by the logistic model. Faach&ength linear
model with R value of 73% with minimum ESS value was consideasdest fit model. Claw length was
explained by the logistic model with’Ralue of 94% with minimum ESS value while last reegt length
was explained by the log linear model with\Rlue of 75% and low ESS.

Sarmentcet al. (2006) studied Brody, Von Bertalanffy, Logistico@pertz and Richards’ models to identify
a model that best explains the average growth cof\@anta Ines sheep. The results show that thetlro
curve was well fitted by all models but larger desl variation was obtained by the Brody and Lagist
models. According to the absolute average residrralr, the Gompertz model showed a better fit ttien
models Von Bertalanffy and Richards. Growth curddfered for males and females, born from singld an
twin lambing. Contemporary group, type of birth aec significantly affected the estimation of paesens A
and K.

Tsukaharaet al. (2008) investigated growth patterns of goats zitig data from a crossbreeding program
involving the exotic German Fawn (GF) and the iedigus Kambing Katjang (KK) goats using four growth
curve models (Brody, Bertalanffy, Gompertz and Istig). By comparing the Rvalues among genotypes it
was reported that the goodness of fit is highesthsn Brody model in most caseSousaet al. (2010)
suggested that polynomial functions are efficiexis for modeling growth curve and polynomials pfeast
fourth order should be used for modeling the averggwth curve of goat in random regression models.
Malhadoaet al. (2009) analyzed Brody, Von Bertalanffy, Richardsgistic and Gompertz functions in order
to describe the growth in crossbred sheep Dorperat¥o Nova (DMN), DorperxRabo Largo (DRL) and
DorperxSanta Inés (DSI) and reported that both Gutmpand Logistic functions presented the best
adjustment, being the latter slightly superior. &lese reports including the present findings ssgtjeat
growth models can have immense application in ptiedj the growth as a function of time.

In conclusion, among the five models tested, lagistodel was found to be the best model for ovdratly
weight with an R value of 96% and low ESS value that can bettecries the growth pattern iM.
rosenbergii reared in the conditions used in the present stadyng the both sexes males showed high R
value of 89% while females showed 86%. For lastreayg length, the best model was found to be the log
linear model with a Rvalue of 75 and low ESS value. These models carsée to predict growth rateshh
rosenbergii. However, further studies need to be conductedh witen more growth traits taken into
consideration to arrive at a better growth curvedehdhat can potentially predict the growth patseimM.
rosenbergii.

CONCLUSION

The present study concludes the models that weredfto be best fit for different growth traits coulde used
to predict growth patterns M. rosenbergii when cultured in the same environmental conditibimvever,
several factors like age, sex and environmentabfacgreatly affect these growth models. Therefmase
should be taken in employing such growth modelsébective breeding programs. Further studies tebeé
conducted with even more growth traits and diffesge groups taken into consideration to arriva beétter
growth curve model that can potentially predict ghewth patterns i. rosenbergii.
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