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Abstract

A total of 692 with 352 males and 340 females with a minimum of 50 freshwater crabs per months of genus Barytelphusa lugubris
were collected from bog paddy field Sangla village development committee, Kathmandu, Nepal from April, 2007 to April, 2008
(13 months). Attempt was made to determine the general and relative growth. Then each crab was weighed and measured
(carapace width and length). Correlation and regression lines were drawn to compare the significance of relative growth, using
software SPSS ver. 20. Among the different size groups collected in January 2008, 23 to 25mm, females and 19 to 21 mm males
were more abundant. This abundance gradually shifted to 25 to 27 in females and 23 to 25 males groups in February and 31 to
33mm females and 25 to 27mm males in March. The female grew from 23 to 33mm in 3 months duration and males grew from 19
to 27 mm in same time period. Similar relation was found between the weight and carapace width of male (0.977) and female
(0.983). Carapace length and width of male (0.973) and female (0.971) also showed the positive relation. It was concluded the rate
of change in growth was higher in male when compared to female.
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Introduction

When one talks about growth and development of the
crustacean decapods one must consequently talk about the
molt cycle or ecdysis (Yamaoka and Scheer, 1970) B8, It is
intermittent owing to periodic molting of exoskeleton. The life
cycle of decapods alternates, between a relatively long
intermolt period during which the animal feeds and remains
active and a relatively short molt period during which it casts
off its old hard body covering called molt and thus increases
in size (Passano, 1960; Teissier, 1960) [ 5. Showing
discontinuous growth and maturation in crustaceans, which
can be to be easily broken down into stages with distinct
growth rate (Hartnoll, 1978) [ and maturation known as
maturational molt that starts from the juvenile stage with
immature exoskeleton and to the adult stage with secondary
sexual characters that can be observed from the relative
growth pattern in brachyuran crabs as pubertal molt,
(Kobayashi, 2003) ?71. In some brachyuran crabs, maturational
molt could be terminal molt (Van den Brink, 2006; Fuseya
and Watanabe, 1993) [13 54 after which they do not molt and
grow. This is closely related with the process of growth; as
molt is the only way by which a crustacean with hard skeleton
can grow or increases in size (Reddy and Reddy, 2006).

In an organism, the growth is reflected either in size, bulk or
both, or in the time scale of the birth, maturity and death
(Tondon and Johal, 1996). It is most essential to know at what
age or size of their life history they become mature and
exploitable or profitable. Relative growth reflects the life
history of a given species (Hartnoll, 1988) 3. Information on
the absolute growth patterns is determined by the molt
increment or growth factor and the inter molt period or molt
interval (Hartnoll, 1985; 1982) [*7- 18 which helps to analyze
population structure. Due to the rigid integument and

possibility of accurate measurements, together with the
discontinuous growth pattern make the decapods group an
ideal for allometric studies (Hebert, et al., 2002; Hartnoll,
1982) [8 221 Besides absolute growth, there are numerous
studies on poputation structure, general and relative growth
and reproduction of the brachyuran crabs, (Cobo and
Fransozo; 2005; Luppi, 2005; Luppi, et al., 2004; Colpo and
Negreiros- Fransozo, 2003) [& o 32 351 Growth indicates the
health of an organism and environmental factors and qualities
of food influence the growth rate survival, (Paola and Mura,
2004; Srivastava, 1985) > 481, There are scattered studies in
weight width (length weight) relationship of decapod
crustaceans including crabs and described by few reporters
(Afzaal et al., 2018; Noori et al 2015; and Krouse, 1972) %39,
It is as most important parameter for the health of the
crustaceans and fishes (Srivastava and Singh, 2003). Many
researchers reported age, general growth and relative growth
of different market crabs, (Arimoro and Idoro, 2007;
Kobayashi, 2003 [?l; Kobayashi and Matsuura, 1995; 1993;
1992) [28. 29,301 \When the growth of an organ is more or less
rapid, than the reference organs of rest of the body are said to
be allometry (Teissier, 1960) B, Crabs commonly show a
degree of allometric growth on these features compared to a
reference structure- usually the carapace width, abdominal
width and chela on reaching reproductive maturity (Hartnoll,
1978; 1988) 1951, The puberty molt (maturational molt) is far
more obvious in females than in males (except pleopods in
males in some caces) as it can involve allometric change in the
pleopods, sternum, and most obviously, the width of the
abdomen in many female brachyuran crabs (Hartnoll, 1982;
1978; 1974) [18 19 20 Hickey delivered the massage that
relative growth throws light on the life history of a given
species Hickey, (2007) 231,
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Study Site

The study area is a terraced bog paddy field carrying only 30
m in length and 12 m in width, at Singla Kunchi Pwakal
Village Development Committee (V. D. C.). It situated
between 27°47° North latitude and 85°22° East longitudes
from Budhanilkantha; and

Y

N,
Site Sangla Pwakal %
Kunchi V.D.C.

Plate 1

27°45° North latitude and 85°15° East longitude from
Nagarjun, remains extremely on Northwestern hill of
Katmandu. Sangla is the mid hill mountain tract, located at the
bank of Baundeshwar stream. Sangla. It is bounded by Jhor,
Mahankal V. D. C. on the east; on its southeastern border is
Chandeshwari. Pulung is to its South and Nuwakot is on the
northern border and western region demarcated by
Kabhresthali. Baundeshwar is a perennial hill stream
originating from a high mountain. Water from the stream is
canalized for drinking purpose, leaving little of it for the use
of local people. Large and small boulders with rotten woods
providing the hideouts for crabs, occupy their habitat. Bushes
and a few small trees on sides, grasses, weeds and reeds in the
field surround it. It is situated on the north- western region of
the hill where the sun sets early during both summer and
winter and the location is comparatively colder. Baundeshwar
stream being deep from the paddy fields, all water from the
study area drains into the river. Even then there is always a
direct impact of river water on the paddy fields and the vice-
versa, as water from the stream is used for irrigation in the
fields and seeping water from the fields drains into the river.

The stream is 4 m to 3 m deep from the paddy field. The width
of the stream ranges from 1.5 m to 3 m., but water depths in
the stream vary with seasons. During rainy season water depth
ranges from 40 to 15 cm. It remains 7 to 5 cm and 3to 1 cm
during autumn and winter respectively.

Materials and Methods

The fresh water crab of genus Barytelphusa lugubris were
collected from Sangla village development committee,
Kathmandu Nepal in April, 2007 to April, 2008 (13 months).
Minimum 50 crabs were collected from bog paddy field;
collected crab was weight and measured. Monthly size
frequency distribution of carapace-width at 2 mm size interval
was plotted in histogram as a reference dimension to assess
general or absolute growth in the naturally occurring
population (Diwan, 1973) M. The length-weight relationship
was used in the determination and prediction of absolute
growth of the crabs in nature. For this assessment, carapace-
width (CW) and carapace length (CL) were used as reference
dimensions, and weight (W) as dependent variable (Hartnoll,
1988) B, for comparison of all other measurements of total
(T) (692) (A), males (352) (B) and females (340) (C) crabs.
Following formula provided by Hartnoll, (1974) 18 was used
to assess the relationships:

W (y) = ax”and W (y) = aL®

Where, ‘W’ (y) represents the weight and ‘x’ and “y’ represent
CW and CL of the crab respectively, ‘a’ and ‘b’ here, were
two constant to be calculated empirically. The equation was
altered to log -log transformation to allow for estimation of
the parameters by linear regression:

Log W =log a +b (log x) and log L = log a +b (log x)

CW and CL relationship was established to determine relative
growth pattern of a naturally occurring population. Analyses
of relative growths were calculated using the growth equation
described by Warner (1977) and Cumberlidge (1999) [*2,

y=ax®andy =a +bx

Where vy is the dimension (the dimension of interest), x is the
reference dimension (CW in all cases), a, is the y- intercept
and b is the relative growth rate; Warner (1977) and Hartnoll
(1974 and 1988) [ Slope of the regression‘s’ is the
allometric constant that expresses the relationship between
two variables; a 95% confidence interval of the slope was
calculated Hartnoll (1982) 281,

Results

General growth and Relative growth

General growth

Total 692 crabs (340F + 352M) were collected. Male were
comparatively larger then female. Maximum and minimum
size of carapace width observed in female was 77.2mm and
19.7mm; and in male 78.9mm and 19.8mm respectively. The
observed maximum size and minimum size of the CW, CL,
total weight (TW) and of total length (TL) all the crabs
collected are presented in following table (Table 1).
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Table 1: Maximum and minimum size of male and female CW, CL and

Sex Carapace width in mm | Carapace length in mm | Total weight gm. | Total length in mm
Male Mini_mum 19.8 14.8 15 28.2
Maximum 78.9 58.4 121.8 93.3
Female Mini_mum 19.7 14.8 1.64 25.9
Maximum 77.2 59.2 106.37 107.7

It was observed that the crab numbers were high in the month
of July and in the month of October, November, December,
January and February. It was found that the males and females
were abundant throughout the year and described by the size
frequency distribution of width 2mm. The juveniles were in a
particular trend from the month of September to March. There
were very low presences of the juveniles below the size of 31
to 33 mm. The small sized juveniles started to appear in the
month of October gradually increased in the month of
November. There were abundance of small size from 19 to
37mm. in the month of November and the most abundant size
is of group 23 to 27 mm. in the month of December the size
25 to 31mm were most abundant and in January the abundant
size was 29 to 33mm. this was observed due to the gradual

growth of the crabs, it seems that the growth is not continuous.
According to the size frequency distribution, the size of the
juveniles increased gradually from the month of October.
Before that the juveniles were very small. Among the different
size group collected during the month of January 2008 the size
group 23 to 25mm, female were more abundant and in 19 to
21 mm size group males were more abundant. This abundant
gradually shifted to 25 to 27 females group and 23 to 25 males
group in month of February. In the month of March males
were more abundant size group 25 to 27mm and females were
more abundant in 31 to 33mm size group. The female grew
from 23 to 33mm in the duration of 3 months and males grew
from 19 to 27mm in the same period.
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Fig 1: Number of Juveniles in different months

The size frequency distributions for different months are as follows.
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Fig 2: Size frequency distribution for the month of April
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Fig 5: Size frequency distribution for the month of July
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Fig 6: Size frequency distribution for the month of August
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Fig 12: Size frequency distribution for the month of February
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Fig 13: Size frequency distribution for the month of March
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Fig 14: Size frequency distribution for the month of April

This provided that rate of growth for male to be about 2.6mm per month and rate of growth for female is 3.33mm per month.
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Relative growth between different variables
Carapace width and total weight

Comparative study of the carapace width and the total weight showed following pattern for male and female samples.
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Fig 15: Straight line pattern of CW and TW for male sample
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Fig 16: Straight line pattern of CW and TW for female sample

The logarithmic straight line regression equation for CW as
independent variable and TW as dependent variable is as
follows:

Y = -8.96043.166X v..vveern... i
Y = -8.74743.106X...c..evee.. ii

With the correlation coefficient of 0.977 and 0.983
respectively for the males and females presented in equation i

and ii, where y is the log TW and x is log CW. This shows
that the total weight and carapace width have positive relation
and rate of change is higher for female than for the male
population when the unit value of the carapace width changes.

Carapace length and total weight

CL and the TW relationship showed following pattern for
male and female samples.
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log weight

Fig 18: Straight line pattern of CL and TW for female samples

The logarithmic straight line of regression equation for
carapace length as independent variable and total weight as
dependent variable is as follows.

y=-8.490+3.269X....cccoeiiiiiiii iii
y=-8.120+3.154X. ..o v

with the correlation coefficient of 0.969 and 0.968
respectively for the males and females presented in equation
iii and iv respectively where y is the log TW and x is log CL.
This shows that the TW and CL have positive relation and rate
of change is higher for male than for the female population
when the unit value of the CL changes.

Carapace width and carapace length
Comparative study of the carapace width and the carapace
length showed following pattern for male and female sample.
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Fig 17: Straight line pattern of CL and TW for male samples Fig 19: Straight line pattern of CW and CL for male sample
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Fig 20: Straight line pattern of CW and CL for female sample

The straight line relation was observed between CW and CL.
The straight line regression equation for carapace width as
independent variable and carapace length as dependent
variable is as follows,

y=1.680+0.729K. ..ot v
Y= 1.606+0.734X. ..ot vi

With the correlation coefficient of 0.973 and 0.971
respectively for the males and females presented in equation v
and vi respectively where y is the carapace length and X is
carapace width. This shows that the carapace length and
carapace width have positive relation and rate of change is
higher for male than for the female population when the unit
value of the carapace width changes.

Discussion
The growth of an organism varies in different environment;
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further in the same environment the growth also varies with
season (Hartnoll, 1988) 161, It is due to the variation in the bed
content, water quality and interactions between living and
nonliving factors as well. The information on growth rate may
be helpful in assessing the holding ability of rearing ponds as
well as the potential output of a particular stock, (Bisht, et al.,
2002) [l The study of growth is fascinating from the
economic point of view. It is most indispensable to know at
what age or size of their life history they become mature and
exploitable or profitable. The growth in decapods crustacean
is irregular owing to periodic molting (absolute growth) of
hard exoskeleton (Reddy, et al, 2006; 2004) 4 %I relating post
moult to pre moult size in crustaceans; size in this contest is
mostly defined by a linear measurement of carapace width or
carapace length (Mauchiline,(1976) 8. General growth in
crabs is mostly studied directly by frequency of molt cycle
and indirectly by size frequency distribution. As stated by
Thurman, (1985) B2 the size-frequency distribution of a
population is a dynamic characteristic that can change
throughout the year as a result of reproduction and rapid
recruitment from larvae or juveniles.

Out of 692 crabs collected for 13 months, 340 were females
and 352 were males. Male were comparatively larger then
female. Maximum and minimum size of carapace width
observed in female was 77.2mm and 19.7mm; and in male
78.9mm and 19.8mm respectively. The observed maximum
size and minimum size of the CW, CL, total weight (TW) and
of total length (TL) all the crabs collected are presented in
Table 1. Bandral et al., (2015) ™ found Carapace width and
mean body weight of males Maydelliathelphusa masoniana
ranged from 2.0 to 6.3 cm and 16.674 to 90.186 gms
respectively while, In females of the same species, the
carapace width (CW) ranged from 2.0 to 6.0cm and the mean
body weight ranged from 18.7770-64.850gms. Sharifian et al.,
(2017) 71 found no significant differences between male and
female carapace widths of fresh water crab Sodhiaba iranica
from the south of Iran.

The pattern of specific or absolute growth of a freshwater crab
Geothelphusa dehaani (White) was studied by Akira and
Matsura, (1995) and it was reported that juvenile crabs
showed limited growth in the year at hatching. After the initial
winter the crabs repeatedly molted two or three times in a year
and it was estimated that these crabs take 4 years to reach the
maturity. The maximum size of female at maturity is about 19
mm CW and that of the male is 18 mm CW mm. They
revealed slow absolute growth rate in Geothelphusa dehaani.
But in B. lugubris the size of the juveniles increased gradually
from month of October. Before that the juveniles were very
small. Among the different size group collected during the
month of January 2008 the size group from 23 to 25mm,
female were more abundant and 19 to 21 mm size group males
were more abundant. This abundance gradually shifted to 25
to 27 females group and 23 to 25 males group in month of
February. In the month of March males were more abundant
size group 25 to 27mm and females were more abundant in 31
to 33mm size group. The female grew from 23 to 33mm in the
duration of 3 months and males grew from 19 to 27mm in the
same period. This provided that rate of growth for male to be
about 2.6mm per month and rate of growth for female is
3.33mm per month with definite absolute growth rate for male

and female per month. But in present results both male and
female mature in about one year. Tao, et al., (1994) [0
reported the growth of the Chinese freshwater crab
Sinopotamon yangtsekien, from the hill stream of Changjiang
river valley. These crabs reached the maturity after 1 or 2
years concede with present study, but they could not trace the
growth rate from size frequency distribution. Micheli, et al.,
(1990) [ studied the absolute growth in the freshwater crab,
Potamon fliviatile inhabiting in hill stream close to Florence,
Italy by lengthening of molting interval in the females. They
inferred that soft individuals, smaller than 20 mm CL were
found all year round, especially in autumn and spring, and
showed that correlation between percent increment at molt
and CL was not quite significant. They could not trace out the
exact absolute growth rate in Potamon fliviatile. In B.
cunicularis the growth rate (CW increment) of juvenile males
was 2.5 mm, whereas in juvenile females it was 3.0 mm per
month, (Diwan, 1973) M also male increased 2.6 mm and
3.33 mm in female per month with slower growth in male than
female substantiate with the present findings. In case of the
intertidal crab (llyoplax deschimpsi) new recruits of 2 mm CW
in the month of July and August reached 4 mm CW by
December, and to 7 mm CW by the following July with less
than two year life span, (Henmi and Koga, 2009) % but in
present study the growth rate observed in size frequency
distribution were 3.33 and 2.6mm in female and male B.
lugubris in a month, so the life span is more than 3 years.
They also delivered the same message that during early
juvenile stages the absolute growth rate of this crab was slow
and could not be traced unlike B. lugubris. Otani, et al.,
(1997) ™1 reported that size sample in each month was not so
large. It was not always possible to detect year group in
monthly histograms, and Uca arcuata survived for more than
five years. In spider crab Pugettia quadridens quadridens (de
Haan) the absolute growth was 19.9 mm in male and 17.5 mm
in female and the lifespan was of one year only, (Fuseya and
Watanabe, 1993) 31 being smaller sized and only one year
lifespan might have lesser growth rate. The absolute growth in
brachyuran crabs- whose lifespan is only one year -could
easily be traced, as there may not be the overlapping
population of smaller crabs. Litulo, (2005) (¥ and Luppi,
(2005) B2 also could not trace out the absolute growth of
Macrophthalmus  boscii  of Inhaca island, southern
Mozambique. Bas, et al., (2005) ! also could not estimate the
growth of different size group from the analysis of successive
size frequency distributions because of long succession of
successive field collections; although they had collected a
total of 2047 crabs. Hebert, et al., (2002) 24 opined the
difficulty of establishing growth increment at molt for
adolescent males of Chionoecetes opilio based on size
frequency distributions as their growth processes were
extremely variable. The growth of B. lugubris agreed with the
sayings of Hebert, et al., (2002) 1?2, As stated by Thurman,
(1985) 2 the size-frequency distribution of a population is a
dynamic characteristics that can change throughout the year as
a result of reproduction and rapid recruitment. Present finding
of B. lugubris, substantiate that the left skewed distribution
has been indicated by high mortality in larger size classes with
the dominance of smaller juveniles, in Macrophthalmus
boscii. Furthermore, the low frequency of adult crabs sampled
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in the study area may be due to the fact that they were in the
peak of molting activity because most crabs were found
hidden inside burrows and crevices apparently inactive; as
they are vulnerable to desiccation and are easily consumed by
the predators (Litulo, 2005) [32,

Length-weight relationship helps in the prediction of possible
yield and determination of proper size to harvest for maximum
sustained yield of an aquaculturable species. It helps to
establish mathematical relationship between length and total
weight (TW), and derives to facilitate their inter-conversion
and computation in the natural population expressing the
relative health of the aquaculturable species. The CW-TW
relationship was plotted as it indicated an exponential
relationship, but showed linear relationship after logarithmic
transformation. The log linear regression equations and their
respective correlation co-efficient were calculated for the
relationship between TW against CW in males (A-352) and
females (B-340). The correlation co-efficient values of ‘r’
were 0.977 and 0.983 for the two sets (A and B). The CL-TW
relationship was plotted. It indicated similar type of
exponential relationship, as shown by CW, but showed linear
relationship after logarithmic transformation. The log linear
regression equations and their respective correlation co-
efficient were calculated for their relationship between TW
against CL. This also showed similar type of relationship as
shown by CW and TW. Male and female sets showed strong
positive correlation between CW-WT; CW-CL CL-TW in
Barytelphusa lugubris. This relationship indicated an increase
in CW and CL and TW to a corresponding increase in weight
for all sets of crabs corroborate the findings of Afzaal et al.,
(2018) 1. Noori et al., (2015) [ described the body TW-CW
relationship indicating positive allometric growth in males and
isometric growth in females. Body weight was higher in males
than females of equivalent CW, and the means for condition
factors were always higher in females than in males, due to
the heavier gonads in the former, an expected pattern for many
crabs confirms the present findings. Ondes et al., (2017) 0
recorded the negative allometric growth between the CL-CW
for both male and female of Cancer pagurus in the Isle of
Man, Irish Sea differed from present finding due to different
environmental condition. But, Zainkal, (2017) found positive
allometric growth of different body dimensions relative to the
body weight and carapace width on both sex of Portunus
pelagicus from the Kingdom of Bahrain authenticate the
present findings. Bezerra Ribeiro, et al., (2017) [ also showed
positive allometry between CW and all dimensions analyzed.
Hernaez et al., (2017) 4 recorded, the general scheme of
growth being positive allometric throughout development of
both sexes of Hapatus epheliticus, from Yucatan Peninsula,
Mexico. Similarly, in the both sexes of orange mud crab,
Scylla olivacea positive linear relation was recorded between
Carapace width and Growth band count, Ismail et al., (2017)
(6], Gamblewood et al., (2018) ' showed linear regression
relationship between crab carapace length and weight in the
crab Cancer Magister (F1, (ANOVA) 444 = 2895, p < 0.01, r?
= 0.87). Similarly, Viswanathan et al., (2016) ®* also found
linear regression between carapace width and weights in both
the sexes concede with present findings. Waiho et al., (2016)
[>*] found, the males of Scylla olivacea exhibited positive
growth allometry all the above results concede with present

finding whereas the females exhibited negative growth
allometry in (CW/WT and CWI/CL) length-weight
relationships differed from present finding? Sharifian et al.,
(2017) 7 found no significant differences between male and
female carapace widths of fresh water crab Sodhiaba iranica
from the south of Iran like the result of B. lugubris. Din et al.,
(2017) [ recorded the male crab, Scylla tranquebarica
showed positive allometric growth while the female exhibited
negative allometric growth from the waters of Peninsular
Malaysia? Rivera et al., (2017) “® found that the growth of
the carapace width of mud crab (Scylla serrata) is influenced
by the growth of its body weight corroborate with the present
results.

The results of Arimoro and Idors, (2007) in the crab
Callinectes amnicola of Lower Reaches of Warri river, Delta
State, Nigeria, with values of ‘x” (‘b”) (regression constant)
was 2.4137, 3.4050 for two sets (CL). Krouse, (1972) [
reported the value of ‘x” (‘b’) was 2.82 and 2.94 for combined
sexes of rock crab Cancer irroratus in Gulf of Maine,
Boothbay Harbor and Casco Bay. The present findings
seemed to have the impact of various abiotic and biotic factors
such as- temperature, availability of food, habitat ecology, and
physical condition of the crab at the time of collection etc
Mauchline, (1976). The relative growth of CW and CL
showed straight line (linear) relationships for the two sets
(male and female) of crab with the correlation co-coefficient
values of ‘r” were 0.973 and 0.971 for male and female and
showed high positive correlation between carapace-width and
carapace-length in all sets of crabs. The rate of change is
higher in male than female crabs. The values of regression
constant ‘b’ (x) were 0.732 and 0.743 respectively showing
high positive correlation between carapace width and carapace
length of two sets. In male Chionoecetes opilio, growth
increment in the size of carapace width was influenced by
sexual (presence of spermatophores in the vas deferens) and
morphometric maturity, (Hebert, et al., 2002) 22, The rate of
change is higher in males than in mixed sexes and females; as
females were smaller than males in this case, like most of the
brachyuran crabs, such as Helicarcinus cookii, Rhynchoplax
coralicola, and Cancer irroratus (Mclay and Van den brink,
2009; Gao, et al., 1994; Krouse, 1972) 7l These results
substantiate the present findings.
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