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Abstract

The length-weight relationship study on the squid Uroteuthis
duvaucelii (d'Orbigny, 1848) was determined from Goa waters.
The relationship was expressed as W=0.0875L"%'3* for male and
W= 0.0330L"% for female. The test of linearity shows that
weight increases significantly with increase in total length of the
fish, and growth was allometric. The relative condition factor
(Kn) is low for male (0.911 to 1.16) compared to the female
(0.911t0 1.49). In both male and female, Kn values were highest
at low size group 40-80 mm and decreases gradually from 200
to 240 mm size group. Sex ratio was peculiar because the
number of males is exceedingly higher than females in 40-80
and 200-240 mm size compared to other size groups. In the
whole stock, the percentage of males declines with increase in
size. In case of females no pattern was obtained. The male:female
ratio for the Goa stock was 1:0.56. Males were dominant in all
size group (except 160-200 mm). Sex-ratio varied and differed
significantly.

Keywords: Uroteuthis duvaucelii, Goa coast, allometric growth,
condition factor, sex ratio.

Introduction

The length-weight relationship (LWR) is an ideal indicator
of growth. It is an important tool in fish biology, physiology,
ecology and fisheries assessment (Prasad and Ali, 2007). The

relationship serves three purpose viz. i) to determine the type
of the mathematical relationship between two variables so that
if one variable is known the other could be computed, ii) the
relative condition can be estimated to assess the general well
being of the fish and type of growth i.e. isometric or allometric
and, iii) it help to estimate the potential yield per recruit in
the study of fish population dynamics. Uroteuthis duvaucelii
is one of the important components of the cephalopod catch
in India. Its biology, length weight, condition factor and sex
ratio is well documented from various parts along the west
and east coast of India (Rao,1988; Meiyappan and Srinath,
1989; Meiyappan et al., 1993; Nair et al., 1996; Mohamed
and Rao, 1997; Karnik and Chakraborty, 2001; Thomas
and Kizhakudan, 2006). Information is not available on the
biology of U. duvaucelii from the Goa coast. Thus, a study
was designed to determine the length-weight relationship,
the relative condition factor and sex ratio with respect to size
composition from the coastal waters of Goa.

Material and methods

Samples were collected from different locations between
15°06 to 15°42'N latitude and 73°37' to 72°54" E longitude
through routine survey cruises of MFV Matsya Vishwa and
MFV Matsya Sagarika in every three months during December
2004 to November 2005. Samples were obtained from 35 to
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200 m depth by demersal trawl (27.5 m) and fish and shrimp
(30 m) trawls. Total 378 specimens (242 males and 136
females) were measured for length-weight, condition factor
and sex ratio studies. The LWR was calculated by the method
of least square employing the equation of Le Cren (1951): W
= a L> Where, W= weight of fish, L= length of fish and ‘a’
and ‘b are constants. The same in the logarithmic from can be
written as: Log W=log a+ b Log L.

Student's t-test was done to determine if regression coefficients
differed from the isometric value of 3. Based on empirical
length-weight relationship, the relative condition factor (Kn)
was computed for all size groups in each sex by the formula,
Kn= W/Wc; where, Kn represents relative condition factor,
W observed weight and Wc calculated weight. Five different
categories were made for all size with 5 class interval. Males
and females were counted to record the changes in sex ratio
with increase in size. Chi square test was applied to determine
significant difference in the sex ratio in different size groups.

Results and discussion
The correlation coefficient shows high correlation between

total length and total weight of U. duvaucelii; 0.9137 in
male and 0.9556 in female. The LWR obtained for male was

W=0.0875L"%3* and that of female W= 0.0330L"¢’%, In the
logarithmic form the expression is:

Male Log W= -1.05799+1.6134 Log L, R? = 0.9556

Female : Log W= -1.48149+41.6724 Log L, R? = 0.9137

A straight line was obtained, when log weights were plotted
against log lengths in males and females. The test of linearity
by analysis of variance showed that total length was highly
significant for increase in total weight of the fish (Table 1). ‘t"-
Stat indicated that growth was significantly allometric (male
t =-48.60; female t = -34.59:t . 5, = 3.29T 1 100 159
= 3.291). Rao (1988), Meiyappan and Srinath (1989), Nair
et al. (1996) and Mohammed (1996) also observed allometric
growth in L. duvaucelii. The present study indicates low
value of ‘b’ for both the male (1.6134) and female (1.6723).
Occurrence of low ‘b’ value is attributed to low size range
in male (44 -240 mm) and female (40 -235 mm) than the
other studies. Ratana-anan (1978) and Srichanngam (2010)
also reported low ‘b’ value from the Gulf of Thailand and
Andaman sea respectively. However, higher ‘b’ value was
recorded from Saurashtra coast (Thomas and Kizhakudan,
2006), Mumbai waters (Kuber, 1987; Karnik and Chakraborty,
2001), Mangalore coast (Mohamed and Rao, 1997), Cochin

Table 1. Statistics of length-weight relationship for Uroteuthis duvaucelii in male and female: Analysis of covariance

U. duvaucelii (Male)

Coefficients Standard Error t Stat P-value Lower 95% Upper 95%
Intercept 0.0875 0.0231 3.7906 0.0002 0.042 0.133
Log L 1.6134 0.0225 71.862 3E-164 1.5691 1.6576
ANOVA df SS MS F Significance F
S.S. due to Regression 1 25.17076 25.17076 4353.352 2.1E-155
S.S. Residual 239 1.38188 0.005782
Total 240 26.55264
Equation Log W= -1.05799+1.6134 Log L; 1.6134x + 0.0875
U. duvaucelii (Female)

Coefficients Standard Error t Stat P-value Lower 95% Upper 95%
Intercept 0.033 0.0477 0.6929 0.4896 -0.061 0.1273
Log L 1.6724 0.0444 37.658 4E-73 1.5846 1.7602

df SS MS F Significance F

S.S. due to Regression 1 11.66657 11.66657 1418.113947 3.8E-73
S.S. Residual 134 1.102394 0.008227
Total 135 12.76896

Equation Log W= -1.48149+1.6724 Log L; 1.6724x+0.0330
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waters (Meiyappan and Srinath, 1989), Madras coast (Silas
et al, 1985) and Gulf of Thailand (Chotiyaputta, 1996). The
relationship is known to differ among the sexes (Nair et al.,
1996; Thomas and Kizhakudan, 2006; Sukramongkol et al.,
2007; Mohamed et al., 2009)

The relative condition factor (Kn) expresses the deviation of an
individual's weight from average for fish of its length in that
population. As such, its use is limited to within population
comparison, as for seasonal effects or sexual difference in the
growth (Ney, 1999). The Kn ranged between 0.911 to 1.16 for
male and 0.911 to 1.49 for female. In males, the Kn gradually
decreases from 40-80 mm to 200-240 mm and hence peak
occurs in the least size group. In female also Kn is high in
the 40-80 mm size group. However, a gradual increase occurs
from 0.911 to 0.987 in 80-120 mm to 1.01-1.04 in 160-200
mm size group. Kn of females is higher than males only in 40
- 80 mm size while that of the males in other size groups (Fig.
2). Kn value for L. duvauceliranges between 0.49 to 1.4 from
the Indian waters (Silas et al., 1985; Rao, 1988; Meiyappan
and Srinath, 1989; Meiyappan et al., 1993; Mohamed and
Rao, 1997; Karnik et al., 2003). A narrower range (0.96 to
1.04) was observed for L. duvaucelii from the Goa coast.

Studies with respect to size show that the relative condition
factor was highest in female for 40-80 mm size compared
with 160-200 mm size for the males. Since L. duvaucelii
attains sexual maturity at 80 mm size, higher Kn for female in
40-80 mm size seems proper. However, higher Kn for male in
160-200 mm size may be due to delayed attainment of sexual
maturity. The mature male of L. duvauceliiin Mangalore waters
are known to range from 70 to 124 mm (Rao, 1988), 50-150
mm and 50-130 mm at Waltair and Madras respectively (Silas
et al., 1985).

The sex ratio revealed interesting pattern. The number of males
is exceedingly higher than females in 40-80 and 200-240 mm
size compared to other size groups (Fig. 1). The share of male
was high in all size groups except in 160-200 mm size group
(Fig. 3).The male:female ratio for the Goa stock was 1:0.56.
The sex ratio was significantly different in the 40-80 and 80-
120 mm and 200-240 mm size groups (Table 2). Mohamed
(1993) also found that the number of male squid is much
higher than female (M-1: F 0.25). Thomas and Kizhakudan
(2006) observed that females were dominant during January,
March, May and December, whereas males were dominant in
other months in Gujarat waters and reported a ratio of 1:1.3.
However, males was higher than that of females on the east
coast (Meiyappan et al., 1993). Jackson (1997) found more
mature males than females of Lolliguncula brevis from the
northern Gulf of Mexico off the Texas coast.

LWR of Uroteuthis duvaucelii from west coast of India
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Fig. 1. Percentage composition of male and female in different length
group of U. duvaucelii

Table 2. Size related variations in sex ratio of U. duvaucelii.

Size group Number Number Sex ratio , o (0-Ep
(mm) of Male of Female  M:F x=2z E
40-80 88 31 1:0.35 27.30252101*
80-120 70 46 1:0.65 4.965517241*
120-160 33 25 1:0.75 1.103448276
160-200 20 26 1:1.3 0.782608696
200-240 31 8 1:0.25 13.56410256

*Significant X* 0.05 (1) = 3.84

In the higher size groups the ratio differs significantly only in
the 160-200 mm size group. Fields (1965) opined that female
L. opalescens spawn only once and die. Rao (1988) also found
evidence of single spawning from the analysis of intra-ovarian
eggs in L duvaucelii and suggests the possibility of post-
spawning mortality in females. The cannibalistic behaviour in
the squids above 80 mm size (Kore and Joshi, 1975) may also
contribute to male dominance in the populations. The present
investigation supports the theory that the growth is allometric
in cephalopods. The number of immature males was high in
lower size group and males were dominant over female in
higher size group.
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