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ABSTRACT

The length-weight relationship of males and femafedratosquilla anomala collected at Visakhapatnaere W =
0.003368992 1"3*¢and W = 0.002779713'*"respectively. A single length-weight relationstipgiven for both
the sexes as W = 0.002932243"1° Analysis of covariance conducted to test theendfice between the
regression slopes of males and females of O. arsosiawed significant differences (P < 0.05). Rgkatondition
factor for males and females was given for thiglgti'he age and growth were estimated by applyidgFAN 1
method; it confirmed the longevity of the stomatbpw be 124 months. The growth rate was high dutirggfirst
year and then it declines during subsequent yeks. Von Bertalanffy’s growth parameters were £ 124.95, K
=1.0, b= 0.11and @ = 4.1935/yr respectively.

INTRODUCTION

Stomatopods belonging to order stomatopoda, classtacea are referred as ‘Squilla’ or mantis shrimp
Stomatopods are common member of benthic ecosysten®pical, subtropical marine and brackish water
throughout the world. Few species are known frompierate seas. There are 412 species of known &biinthe
world oceans [7], 54 species of stomatopods intmapih the sea around India [14, 15].

In the fishery point of view stomatopods are impottresources in global fishery especially in A&i2]. In these
communities, many species are commercially valugpézies, such &. oratoria[9], Squillaspecies [16] andH.
raphidea[26]. As fisheries product, mantis shrimp can beni regularly in fish markets of several countris;h

as Spain, Italy, Egypt and Morocco [2]. In many &sicountries, mantis shrimps are considered aatsliand
commonly eaten by middle and upper class peoplsicBdy, mantis shrimps are an important commerspedcies,
especially in Hong Kong [10]. In India, especially Andhra Pradesh, stomatopods are non-target egpeci
incidentally or accidentally caught by benthic ttaperations. They are treated as by-catch andised for human
consumption.

Stomatopods landed in considerable quantities imosd all maritime states of India. 26 species ofrgitopods
occurring at Visakhapatnam fishing harbour (Lat 4ZN Long: 83° 18E). Among the 26 speci€3. anomalaan
important component of by-catch of the shrimp trawvlVisakhapatnam fishing harbour [25]. The prestaty
focused on account of length-weight relation, reéatondition factor and growth @. anomalarepresented in the
trawl net by-catches at Visakhapatnam.
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MATERIALS AND METHODS

The present study is based on 1316 specime@s ahomala(573 males in size range of 58-119 mm TL and weigh
3-16 g; 743 females in size range of 54-117 mm fid weight 2-20 g) collected from commercial traatahes at
Visakhapatnam fishing harbour thrice in a monthirtudanuary 2008 to December 2009. The samples maire
available in the month of May due to fishing hofiddrom April 158" to May 3£, which were implemented for
conservational purpose.

The random samples @. anomalacollected in fresh condition from trawl catches\asakhapatnam fishing
harbour. The collected samples were stored in ediste and immediately brought to the laboratonyftother
analysis after removing the excess of moisturelbitibg paper, the total length (nearest 1mm) aeéht (nearest
1g) of each specimen were measured. The three sanmph month were pooled and treated as a siaghple of
the month. The length—weight relationship (LWR) veadculated employing hypothetical formula W ="4lL1).
Where W is body weight (g), L is total length (mrd), is coefficient related to body form and ‘ts an exponent
indicating isometric growth when equal to 3 [24heTequation can be expressed in the logarithmio 8 log W =
log a + b. log L. For testing the difference betweegression slopes of males and females, anasisvariance
was employed [23]. The relative condition factom K W/ W was calculated following [11, 13Where W=
observed weightyv = calculated weight according to the regressiaragéqn.

Age and growth was estimated by applying the ELERARBIectronic Length Frequency Analysis) methot§ AT

Il Software package, version 1.2.2 to get the estinof asymptotic length ¢) and growth coefficient (K) [17]. By
using the value,twas calculated by Pauly's equation [19]. The VartBlanffy’'s growth model was used to fit
growth curve to the length frequency data [4]. €geation was expressed as:

Ly = Leo (I — <)

Where, L= length at age t,& = asymptotic size, K = growth coefficient and-tage of the individual mantis
shrimp at ‘0’ size.

The growth performance index {@vas estimated according to [18] as:
@ =log K + 2 log leo
Where, K = Growth constant/yred = Asymptotic length

RESULTS

Length-weight relationship
The regression equation for the length-weight ieteship of males and females were calculated as:

Males : log W = 0.003368992[**¢(r = 0.6917)
Females : log W = 0.00277971378%(r = 0.7489)

The length-weight data of males and females capdméed to obtained common regression equation dn the
sexes as W = 0.0029322438Y(r = 0.7291). The comparison lines in Table 1 stiwignificant difference (p <
0.05) between the slopes of two sexes at 5% lewetlshowed negative allometric growth for individgakes. The
scattered diagram of observed weight against tgtheaf the stomatopods reveals curvi-linear retatietween the
two variables for both the sexes in Figures 1 and 2

Relative condition factor

Variations in the relative condition factor in tddferent months and in different size groups wstdied forO.
anomala(Figure 3, 4 and 5). The higher values were rembmduring Jul to Aug and again Oct to Nov in bdté t
sexes due to indicating the spawning seasons. ltoxakges were observed during March to April and@&meber to
January ifD. anomaladueto accumulatiorof fat in these species at Visakhapatnam.
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Study of relative condition factor corresponds iffedent length groups in both the sexes showed pleak value
was observed at 71-80 mm and a steep fall obsextv8d-90 mm TL in males. Peak value was observed {0
mm and low value was observed at 91-100 mm TLiimales ofO. anomalaat Visakhapatnam.

Age and growth studies

The best fit estimate of asymptotic lengthojLand growth constant (K) were estimated by ELEFAMN~ was
124.95 mm and K was 1.0¥with highest Rn value 0.175 in Figure 6. Calcudageowth performance index (@
was 4.1935 ang tvas 0.11. The length of the mantis shriatgpecific time irD. anomalavas expressed as:

L= 124.95 (1-&°¢01h)

On the basis of this formula, growth curves werndr in Figure 6 according to Von Bertalanffy grovetfjuation.
The length attained in mm at ages of 3, 6, 9 anoh@&ths were 18.140, 36.820, 55.230 and 73.64&ctisply.

Basing on the ELEFAN | metho®. anomalaattained a total length of 73.646 mm durifgyear, 106.07 mm
during 2% year, 118.08 mm during™year, 122.40 mm during™year and 124.01 mm durind"5/ear. The
longevity of O. anomalawas 124 months was show in Figure 7 and Table 2.

Table 1: Comparison of regression lines of length-gight relationship in males and females dD. anomala

Regression coefficient ~ Deviation from Regression

2 2
DF X Y XY Intercept (log a) Slope (b) DF SS MSS
Within Males 573 3.5416 0.635 1.4877  0.003368992 1.7336 572 60.00
Females 743 35745 0.6661 15299  0.002779713 1.7801 742 096.0
1314 0.0162 0.0000123
Pooled 1316 7.1161 1.3011 3.0176  0.002932243 1.7669 131160 0.0000126
Difference between slope 1 0.0005 0.0005
Slope F= 40.650406 FD,1314 Significant at 5% level

Table 2: Von Bertalanffy equation to the growth da& in O. anomala
Lo =124.95 mm K=1.0 ,£0.11 years

t (years) | t-t0 | K(t-t0) e-k(t-to) 1- e-k(t-to) | Lt =Loo(1- e-k(t-to))
0.17 0.06 0.06 0.9417 0.06 7.2846
0.33 0.22 0.22 0.8025 0.2 24.678
0.5 0.39 0.39 0.677 0.32 40.359
0.6¢€ 0.5 | 0.5¢ 0.6770¢ 0.32 40.35:
0.83 0.72 0.72 0.4867 0.51 64.137

1 0.89 0.89 0.4106 0.59 73.646
1.16 1.05 1.05 0.3499 0.65 81.23
1.33 1.22 1.22 0.2952 0.7 88.065
15 1.39 1.39 0.2491 0.75 93.825
1.6€ 158 | 1.5t 0.212: 0.7¢ 98.43¢
1.83 1.72 1.72 0.179 0.82 102.58

2 1.89 1.89 0.1511 0.85 106.07
2.16 2.05 2.05 0.1287 0.87 108.87
2.33 2.22 2.22 0.1086 0.89 111.38
2E 2.3¢ | 2.3¢ 0.091¢ 0.91 113
2.6¢€ 258 | 2.5t 0.078: 0.92 115.1¢
2.83 2.72 2.72 0.0658 0.93 116.73

3 2.89 2.89 0.055 0.95 118.08
3.16 3.05 3.05 0.0473 0.95 119.04
3.33 3.22 3.22 0.0399 0.96 119.96
3.E 3.3¢| 3.3¢ 0.033: 0.97 120.7¢
3.6¢€ 358 | 3.5t 0.0287¢ 0.97 121.3¢
3.83 3.72 3.72 0.0242 0.98 121.93

4 3.89 3.89 0.0204 0.98 122.4
4.16 4.05 4.05 0.0174 0.98 122.78
4.33 4.22 4.22 0.0146 0.99 123.13
45 4.39 4.39 0.0124 0.99 1234
4.6¢€ 458 | 4.5t 0.010¢ 0.9¢ 123.6¢
4.83 4.72 4.72 0.00891 0.99 123.84

5 4.89 4.89 0.00752 0.99 124.01
5.08 4.97 4.97 0.006943 0.99 124.08
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5.17 5.06 5.06 0.006345 0.99 124.16
5.25 5.14 5.14 0.005857 0.99 124.22
5.33 5.22 5.22 0.005407 0.99 124.27
5.4z 5.31 5.31 0.00494. 1 124.3¢
5.5 5.39 5.39 0.004561 1 124.38
5.58 5.47 5.47 0.004211 1 124.42
5.67 5.56 5.56 0.003848 1 124.47
5.75 5.64 5.64 0.003552 1 124.51
6 5.89 5.89 0.002766 1 124.6
6.0¢ 5.97 5.97 0.00255- 1 124.6:
6.17 6.06 6.06 0.002334 1 124.66
6.25 6.14 6.14 0.002154 1 124.68
6.33 6.22 6.22 0.001989 1 124.7
6.42 6.31 6.31 0.001818 1 124.72
6.5 6.39 6.39 0.001678 1 124.74
6.58 6.47 6.47 0.001549 1 124.76
6.67 6.56 6.56 0.001415 1 124.77
6.75 6.64 6.64 0.001307 1 124.79
6.83 6.72 6.72 0.001206 1 124.8
6.92 6.81 6.81 0.001102 1 124.81
7 6.89 6.89 0.0010179 1 124.82
7.08 6.97 6.97 0.000939¢ 1 124.83
7.17 7.06 7.06 0.0008581 1 124.84
7.25 7.14 7.14 0.0007921 1 124.85
7.33 7.22 7.22 0.000731§ 1 124.86
7.42 7.31 7.31 0.000668¢ 1 124.87
7.5 7.39 7.39 0.0006173 1 124.87
7.58 7.47 7.47 0.000569¢4 1 124.88
7.67 7.56 7.56 0.000520¢§ 1 124.88
7.75 7.64 7.64 0.000480¢§ 1 124.89
7.83 7.72 7.72 0.000443¢ 1 124.89
7.92 7.81 7.81 0.000405¢ 1 124.9
8 7.89 7.89 0.0003744 1 124.9
8.08 7.97 7.97 0.000345¢ 1 124.91
8.17 8.06 8.06 0.000315¢ 1 124.91
8.25 8.14 8.14 0.000291¢ 1 124.91
8.33 8.22 8.22 0.0002694 1 124.92
8.4z 8.31 8.31 0.000241 124.9:
8.5 8.39 8.39 0.0002271 1 124.92
8.58 8.47 8.47 0.000209¢ 1 124.92
8.67 8.56 8.56 0.0001914 1 124.93
8.75 8.64 8.64 0.000176§ 1 124.93
8.83 8.72 8.72 0.0001634 1 124.93
8.9z 8.81 8.81 0.000149: 124.9¢
9 8.89 8.89 0.0001377 1 124.93
9.08 8.97 8.97 0.0001271 1 124.93
9.17 9.06 9.06 0.0001164 1 124.94
9.25 9.14 9.14 0.00010728 1 124.94
9.33 9.22 9.22 0.0000990B 1 124.94
9.4z 9.31 9.31 0.0000905 124.9¢
9.t 9.3¢ 9.3¢ 0.0000835 124.9¢
9.58 9.47 9.47 0.00007713 1 124.94
9.67 9.56 9.56 0.00007048 1 124.94
9.75 9.64 9.64 0.00006507 1 124.94
9.8t 9.7z 9.7z 0.0000600 124.9¢
9.92 9.81 9.81 0.0000548 124.9¢
10 9.89 9.89 0.0000506 1 124.94
10.08 9.97 9.97 0.0000467]8 1 124.94
10.17 10.1 10.1 0.000041Q7 1 124.94
10.25 10.1 10.1 0.000041Q7 1 124.94
10.33 10.2 10.2 0.00003717 1 124.95
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Figure 1: Scattered diagram showing relationship beveen length and weight in males oD. anomala
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Figure 2: Scattered diagram showing relationship biveen length and weight in females dD. anomala
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Figure 3: Comparison of relative condition factor d O. anomalain relation to months during January — December 208
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Figure 4: Comparison of relative condition factor d O. anomalain relation to months during January — December 209
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Figure 5: Comparison of relative condition factor ¢ O. anomala in relation to lengths during January 2008 to Decaaber 2009.
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Figure 6: Estimate of Lo in O. anomala using ELEFAN | method
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Figure 7: Von Bertalanffy growth curves ofO. anomala
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DISCUSSION

A separated equation for on length-weight relatigmss given as log W = 0.003368992 8% (r = 0.6917) for
males; log W = 0.002779713"[3%*(r = 0.7489) for females and log W = 0.002932243'1"*(r = 0.7291) for
combined sexes in the present study. From thesatiegs it is clear that the “b” values of males d&mhales were
less than 3, indicated that negative allometriowgihan these species.

Rocketet al, [22] estimated that the length-weight relatidpdior S. empusawhere they conclude that the species
shown as isometric growth pattern as the ‘b’ vdRi8574) for males and (2.9362) for females. JaamesThirimilu

[8] reported the length-weight relationship hasrbgiwen as log W = - 2.226907 + 1.623622 log Lrfwles, log W

= - 2.023819 + 1.50877 log L for females and log=W 4.8665 + 2.9661 log L for combined sexesofnepa
Analysis of covariance showed not significant at E¥#el and showed negative allow metric growth.aet al.,
[13] reported that length-weight relationship ag W = - 3.18 + 2.21 log L for males and log W =98+ 2.12 log

L for females ofH. melanoura Abdurahiman [11] reported that length-weight tielaship parameters, i.e intercept
(a) and slope (b) and correlation coefficient () the stomatopo®. nepaare 0.017, 2.786 and 0.97 respectively.
Antonyet al.,[3] given a length-weight relationship as log W 3.6479 + 2.3758 log x for males, log W = - 3.4826
+ 2.3024 log x for females and log W = - 3.5589.33B log x for combined sexes df harpax Yusli & Ali [26]
reported the length-weight relationshiptéf raphidea The length-weight relationship has been givemas 3E-
05L%"*and ‘b’ value 2.686-2.800 (r = 0.936) for males &k = 4E-05[2°"® and ‘b’ value 2.643-2.731 (r = 0.941)
for females in the intertidal area; W = 0.00831° and ‘b’ value 2.322-2.390 (r = 0.947) for maled an =
0.00021>*3and ‘b’ value 2.366-2.460 (r = 0.883) for females.

Lyla et al., [13] reported that the regression co-efficientiedrfrom 1.43 to 3.03. Males and females showed
significant differences in length-weight relatioislof H. melanoura Antony et al., [3] reported that analysis of
covariance showed no significant difference betwibenregression lines in males and femalekl.dfiarpaxat 5%
level. The Comparison of regression lines showsijaificant difference (P < 0.05) between slopesaaf sexes in
the present study

Rajeswari [20] reported that the Kn values werentbhigh during July to April and again Novembeltecember
in O. nepaThis is agree with present study Kn values wégh during Jul to Aug and again Oct to Nov. Reddg a
Shanbhogue [21] reported Kn values against sizes dtadicated that the stomatopod mature at 95-96simen In
the present study Kn value were high during 71-80 length groups.

James and hirumilu [8] estimated the growth using Von Beataffy parameters for males and femaleQofnepa
Growth coefficient was (K) 3.9871 for males and1Z.3 for females; while & was 96 mm for males and 114 mm
for females. Males and females ©f nepasuch a length of 92.23 mm and 95.81 mm; 95.99 mch1®7.82 mm;
113.59 mm and 113.97 mm at the end of 1,2 and Byespectively. Hamano [6] estimated growth usifom
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Bertalanffy's growth models were Lt = 57.2 (1 - €p0190 (t + 8.25))) for males and Lt = 55.8 (}€R.0191 (t +
8.45))) for females 00. oratoria. Yusli and Ali [26] estimated the growth paramet@fs& L «) and t for both
sexes, using Ford-walford plot analysis from VontBlanffy's equation; K = 0.14 for males and 0.bt females;
Lo = 381.68 for both sexes. Then the values of gr meters are used as basis to geHthephideaVon
Bertalanffy equation, i.e. Lt = 381.68* (1181 * 0553%)) for males and Lt = 381.68* (11 * 038024}y for
females.

In the present study age and growtHofanomalahas been estimated by using ELEFAN-1 programmed AT
software. The parameters of the Von Bertalanffynghomodels were L. = 124.95, K = 1.0 /yr,ot= 0.11 and & =
4.1935/Yr. The estimated length of tBe anomalawas 73.64 mm, 106.07 mm, 118.08 mm, 122.40 mml2dd1
mm at £ 2" 39 4" and % yrs respectively. The rate of growth was high migirinitial months and then it slows
down with advancement of age.

Life span ofO. anomalawvas 124 months. Life spaD. anomalawas higher than that of some other types of mantis
shrimps: such aS. mantisvas 1.5 yrs Abello and Martin [2]). oratoria from 3-3.5yrs Dell and Sumpton [5] and
O. stephenson?2.5-3 yrs.H. raphideawas 6.7-8.5yrs Yusli and Ali [26]. The asymptosize (L) in S. mantis
reported was 200mm Abello and Martin [Z}, stephensoni63mm Dell and Sumpton [5] and k. raphidea
381.68mm Yusli and Ali [26].
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