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Reproductive biology of the freshwater crab, Travancoriana schirnerae
Bott, 1969 (Brachyura: Gecarcinucidae)
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ABSTRACT

The reproductive biology of the freshwater crab Travancoriana schirnerae was studied with respect to the following traits:
mating pattern, gonadosomatic index (GSI), vas deferens factor (VD factor), breeding period and fecundity, during the
period from June 2009-October 2011. A total of 3605 individuals were collected, of which 2168 (60%) were males and 1437
(40%) females. The population was divided into juvenile males (15.3%), adult males (45%), juvenile females (9.3%), adult
non-ovigerous females (27.9%), ovigerous females (0.6%) and juvenile carrying females (1.9%). Mating occurred between
postmoult females and hard intermoult males and the mating period extended from June-October. The GSI peaked in March
for females and decreased after spawning in April. For males, the maximum values for GSI and VD factor were recorded in
July. The breeding season extended from February-May and the highest frequency of ovigerous females was observed in
March. The mean fecundity was 222 + 43. Juvenile carrying females appeared in the population from April-July, with the
highest percentage in May. The mean egg diameter was 2.38 = 0.33 mm. Average number of juveniles carried by females
was 204 + 40. Recruitment of juveniles to the population was recorded at the onset of rainy season in June.
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I ntroduction

Reproductive biology plays an imperative role in the
population dynamics and life history strategies of
crustaceans. For species of commercial importance, in
particular, this knowledge is highly pertinent for successful
fisheries management. Travancoriana schirnerae Bott,
1969 is abundant in the wet lands of Mananthavady (N 11°
46.116', E 075° 58.971', altitude 2417 feet), Wayanad,
Kerala, India. They live in burrows, located on the
embankments of paddy fields, banana and areca plantations.
This crab speciescoexists with two other species
Barytelphusa cunicularis (Westwood, 1836) and
Cylindrotel phusa sp. (Alcock, 1909). T. schirneraeis edible
and forms a cheap source of animal protein to the poor
malnourished local tribes. The genus Travancoriana Bott,
1969 now comprises five described species viz.,
T. schirnerae Bott, 1969; T. pollicaris (Alcock, 1909);
T. convexa (Roux, 1931), T. kuleeraBahir and Yeo, 2007and
T. charu Bahir and Yeo, 2007, with distribution restricted
to southern Indian states of Kerala, Tamil Nadu and
Karnataka (Bahir and Yeo, 2007). Only T. schirnerae has
been reported from Wayanad. In spite of abundance and
commercial importance of the species, there appears to be
no published work on any aspect of the genus except
taxonomic descriptions by Srivastava (2005) and Bahir and
Yeo (2007).

Though ample literature is available on population and
reproductive biology of marine, intertidal and estuarine
crabs (Sukumaran and Neelakantan, 1996; Sallam, 2005;
Henmi and Koga, 2009; Omolara, 2010), limited published
work is available on the population and reproductive
biology of freshwater, semiterrestrial or land crabs (Liu
and Jeng, 2007; Wehrtmannet al., 2010). This paper is an
attempt to provide information on the key parameters of
reproductive biology Viz, mating pattern, gonadosomatic
index (GSI), vas deferens factor (VD factor), breeding as
well as fecundity of T. schirnerae of the Mananthavady
population. Basic knowledge on reproductive biology of
the species could help in attempting captive reproduction
and aquaculture production of the species in future.

Materials and methods

The present investigation was carried out at the areca
plantations near the Mary Matha Arts and Science College
campus, Mananthavady, Wayanad (part of Western ghats),
Kerala. Samples were hand picked from inside as well as
outside the burrows. Efforts were made to collect small
specimens by searching under aquatic vegetation. Sampling
was done thrice in a month. Each sample comprised a
minimum of 40-50 crabs.

The carapace width (CW), body weight, moult stage
and sex were recorded for all the specimens collected.
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Moult stages were identified by noting the changes in the
exoskeleton, observing the setae of pleopods in females
and maxilliped epipodites in males. The tips of the pleopods
and epipodites were cut out, mounted in water on clean
glass slides and observed under light microscope. The total
collection was divided in to six size classes: 0-1, 1.1-2,
2.1-3, 3.1-4, 4.1-5, 5.1-6 cm CW. After recording the
necessary data, specimens were released unharmed to the
field. A few were retained for dissection for determining
the status of gonads to calculate GSI and VD factor. Not
all data were recorded for all the specimens collected. For
certain parameters, data was recorded from subsamples.

Mating pattern

The CW of males and females in the mating pairs were
recorded during the mating season. The number and
percentage of postmoult females were also recorded since
their incidence in the population indicated mating season.
Students' t test was performed to find out whether there
was any significant relationship between CW of male and
female in the mating pairs.

Gonadosomatic index and vas deferens factor

Every month, 5-10 male (CW 4.0-5.5 cm) and female
specimens (CW 3.8-5.5 cm) were dissected out. For males,
the size, colour, wet weight of testes and vas deferens were
recorded monthly to calculate the GSI and VD factor
respectively. For females, the colour, size and wet weight
of ovaries were recorded to calculate the GSI. The VD factor
was calculated using the formula:

VD factor = weight of the vas deferens / (CW)? x 100
(Adiyodi, 1988)

Breeding period and fecundity

Period of appearance of ovigerous females, females
with mature/spent ovaries were recorded since their
presence in the population give a clear indication of the
breeding period. Ovigerous females (n =23, CW 3.7-5.3
cm; weight 20.66-48.31 g) had their eggs carefully removed
and counted. From each ovigerous female, 50 eggs were
chosen randomly for measuring egg diameter and weight,
to determine whether the size of the egg is increased with
the size of the crab. Ovigerous females were grouped into
two: those with partial broods (CW 3.7-5.3 cm, upto 150
eggs) and those with complete broods (CW 4.2-5.3 cm,
above 150 eggs). In this study, ovigerous females with
58-150 eggs were considered to have partial broods and
those with above 150 eggs (161-281) were considered to
have complete broods.

A total of 72 juvenile carrying females (CW 3.8-5.5 cm,
weight 20.420-50.510 g) were observed. The young ones
from each female were carefully removed and counted. A
subsample of 20 juveniles was selected from each female
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for measuring CW and weight. Only ovigerous females
with complete broods and females bearing juveniles above
150 were considered for calculating average fecundity and
average number of juveniles (mean + SD).

Regression analyses were carried out to find out any
significant relationship between female CW/body weight
and fecundity; CW and partial brood/complete brood; CW
and egg diameter/egg weight; CW and total number of
juveniles carried. Analysis of variance (ANOVA) was used
to compare fecundity and number of juveniles carried
between size classes; egg number of partial and complete
brood; fecundity and juvenile number.

Resultsand discussion
Mating pattern

Mating season extended from June-October. Mating
takes place between postmoult (soft) females and intermoult
(hard) males. A total of 42 mating pairs were collected
from burrows during June 2009-October 2011 (Fig. 1).
Postmoult females were available in the population from
June-October. It is difficult to ascertain the peak mating
season of crabs in the natural population. Hence the mating
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Monthly percentage of mating pairs recorded during
June 2009-October 2011 in T. schirnerae

Fig. 1.

period was determined from the prevalence of mating pairs
and postmoult females in the population. Many postmoult
females were collected during July-August (31 and 40%
of the monthly collections respectively) and a few during
June, September and October (5, 14 and 13% respectively).
From these observations it is ascertained that the mating
season extended from June-October with peak in August.
Males were found involved in precopulatory mate guarding
as confirmed by the presence of premoult (D) females in
male burrows. Males were always found at the entrance of
the burrows and females deep down the burrows. Males
were more aggressive during this period as a part of mate
guarding. Pair formation takes place just before mating
when females enter late premoult (D,). No postcopulatory
mate guarding was noticed. The mean CW of males and
females in mating pairs were 5.0 + 0.31 (4.3-5.6 cm) and
4.08 + 0.43 (3.2-4.8 cm) respectively. Students' t test
showed significant difference in mean CW between males
and females in mating pairs (t = 8.9, p<0.05).
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Pattern of mating in T. schirnerae basically
corresponds with the pattern for brachyurans (Hartnoll and
Smith, 1979); generally occurred between hard males and
soft females as in portunids (Sukumaran and Neelakantan,
1996) and stone crabs (Savage, 1971). Most aquatic crabs
copulate just after the females have moulted (Greenspan,
1982). Although mating between hard shelled males and
soft shelled females in Brachyura is common, it is not
universal (Hartnoll and Smith, 1979). Terrestrial and
semiterrestrial crabs are known to copulate even in
intermoult periods as long as the female's genital opening
is not calcified. In Dotilla sulcata, copulation takes place
when females are hard shelled (Sallam, 2005). Elner and
Beninger (1995) reported that the females of the snow crab
Chionoecetes opilio can copulate in either soft or hard
shelled condition.

In T. schirnerae, usually males will be larger than
females in the mating pairs. The possible reason for this
may be that large males with bigger major chelipeds are
more successful at acquiring mates (Wilber, 1987) and in
handling females during copulation (Hartnoll, 1982).
Similar reports were made in fiddler crabs and stone crabs
(Crane, 1975; Wilber, 1989). On the other hand, in the
intertidal dotillid crab Ilyoplax deschampsi, there was no
significant relation between body size and mating pairs
(Henmi and Koga, 2009).

Our observations revealed precopulatory mate
guarding in T. schirnerae which is common in burrow
mating fiddler crab species (Muraiet al., 2002). In
T. schirnerae, males copulate with the females they guard
and do not guard the females they do not mate with, as
documented by Wilber (1987) in stone crabs.

In T. schirnerae, females usually remain seized in male
burrows before mating as evidenced by the presence of
mating pairs in burrows. Such burrow-mating systems are
more advantageous to monogamy. The reason for
monogamy found among females may be the difficulty to
associate with other males because their partners may fend
off their potential enemies (Wittenberger and Tilson, 1980).
On the contrary, polyandry has been observed in some
anomuran crabs (Sastry, 1983).

Gonadosomatic index and vas deferens factor

The GSI was calculated every month for males and
females. It was found to be maximum for females with
ripe gonads just before spawning in the months of February
(3.50 £ 0.89) and March (4.54 + 1.18); minimum (0.160 +
0.014) after spawning by April (Fig. 2). This indicated that
the females utilised on an average 3.50-4.54% of their body
weight for egg production. Gonadosomatic indices were
practically constant and very small during May-September
(previtellogenic period); showed a slight increase in
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Fig. 2.  Monthly distribution of female gonadosomatic index

in T. schirnerae recorded during June 2009-May 2011

October (primary vitellogenic period). From November
(beginning of secondary vitellogenesis) onwards,
pronounced increase is observed, until it peaked in
February-March (tertiary vitellogenic period). This
observation indicated that the maturation and spawning
activity takes place in the period from November-March.

In males, maximum values for GSI and VD factor were
recorded in July (0.213 + 0.03 and 242.19 + 29.55
respectively); thereafter the values remained constant from
August to October (mating period); showed a gradual decline
with minimum in December (0.074 + 0.01 and 75.13+ 9.8
respectively). From January onwards, these values increased
gradually until it reached the peak (Fig. 3 and 4).

0.3

Fig. 3.  Monthly distribution of male gonadosomatic index in
T. schirnerae recorded during June 2009-May 2011
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Fig. 4. Monthly distribution of vas deferens factor in

T. schirnerae recorded during June 2009-May 2011
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Gonadosomatic index represents the reproductive
condition of a population (Pillay and Nair, 1971). In the
present investigation, the GSI was not related to female
size and this finding is in accordance with the results
reported for the land crab, Johngarthia lagostoma (Hartnoll
et al., 2010). Freshwater/land crabs converted a low
percentage of their body weight for egg production
(Nordhaus et al., 2006). Females of T. schirnerae convert
on an average only 3.50-4.54% of their body weight for
egg production whereas Macrobrachium carcinus females
converted 8-16% of their body weight for egg production
(Lara and Wehrtmann, 2009).

In spite of the smaller egg number, the greater egg
size of T. schirneraeresulted in a GSI value of 4.54%, very
similar to 5% of Gecarcinusruricola (Hartnoll et al., 2007)
and J. lagostoma (Hartnoll et al., 2010). These values are
small in comparison to the mean value of 10% determined
for marine species (Hines, 1982). The possible reasons for
low values of GSI in freshwater/land crabs include the
difficulty in accumulating resources for ovarian maturation
on a low energy and low nitrogen diet of predominantly
plant material (Nordhauset al., 2006).

In the present investigation, the analysis of GSI and
ovigerous females confirmed the results found in the
breeding season. Monthly evaluation clearly showed that
the GSI peaked in March, followed by decreasing values
suggesting the occurrence of oocyte extrusion as
documented for Munida subrugosa (Tapella et al., 2002).

In the present investigation, male GSI and VD factor
remained high during June-October with peak in July which
corresponded to the mating season. The accumulation of
sperm materials in the vas deferens might have occurred
during May-June. In adult male Paratelphusa
hydrodromus, the vas deferens factor reaches its highest
value during the mating period (Adiyodi, 1988). In contrast,
in male patagonian stone crab Platyxanthus patagonicus,
the highest GSI value was observed during winter, which
coincided with a non-mating period (Jimena €t al., 2009).

Breeding period

The occurrence of ovigerous females, females with
fully mature or spent ovaries in the monthly samples and
monthly mean GSI values were considered to determine
the breeding season. Ovigerous females (n = 23,
CW 3.7-5.3 cm; body weight 20.66 - 48.31 g) were scarce
in our collection, comprised of only 0.6% of the total
population and 1.6% of the total females collected.
Ovigerous females were observed in the population
between end of February and May in the first year (2010)
and March-April of the second year (2011). In both the
years, the peak was in March (9 and 19% respectively of
the monthly females collected). Fewer samples were
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collected during February 2010 (5%). The April collections
comprised of 5 (2010) and 6% (2011) respectively and very
few in May 2010 (2%) (Fig. 5). These observations
indicated that this crab species is an annual breeder and the
breeding season extended from February-May with peak
in March.Of the total ovigerous females collected,
maximum (68%) belonged to the 4.1-5 cm size class (modal
size class); remaining 26% belonged to the 5.1-6 cm size
class and 4% to the 3.1-4 cm size class. Ovigerous/juvenile
carrying females were not found at a CW above 5.5 cm,
which indicated an aging population. The average size of
ovigerous/juvenile carrying females (4.61+0.39) was higher
than that of non-ovigerous/non-juvenile carrying females
(4.55 £0.42).
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Fig. 5. Percentage of ovigerous females in T. schirnerae

during the breeding season

In T. schirnerae, the breeding period is determined by
the occurrence of berried females coupled with rise in mean
GSI values and sudden rise in the incidence of mature/spent
females in these months. Henmi and Kaneto (1989) reported
that the presence of females with mature/spent gonads and
percentage of ovigerous females over the year is the most
common technique used to determine the reproductive
period of a species. Several authors have based ovarian
development to establish the reproductive period
(Lopez-Greco and Rodriguez, 1999; Ituarte et al., 2004).

Our observations indicated that T. schirnerae is an
annual breeder with a short breeding season which extended
from February end to May (summer) with peak in March.
Breeding in summer months is thought to be advantageous
to ensure embryonic development before rainy season
(colder months). Such annual and seasonal breeding pattern
has been observed in semiterrestrial and intertidal
brachyuran crabs (Sastri, 1983; Henmi and Kaneto, 1989).
On the contrary, B.cunicularis, which resides in
brackishwaters of Maharashtra, is a continuous breeder
(Pathre and Meena, 2010).

The low number of females with eggs or young ones
in the collection examined by us suggested that these
females were even more difficult for collection than females
without eggs or young ones. Similar conclusion was made
by Mansur and Hebling (2002) in neotropical freshwater
crabs of Brazil. The reason for very low percentage of
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ovigerous females in our collection during the breeding
season may be attributed to the kind of behaviour of these
females that they remain in their burrows during the entire
incubation period and forage less.

In the present investigation, the pattern of breeding
activity was different between 2010 and 2011. In both the
years, the peak was in March, but it was of short duration
and ovigerous females were more abundant in 2011. Like
T. schirnerae, some gecarcinid crabs have short breeding
season during summer (Hicks, 1985). On the other hand,
species of Cardisoma (Gifford, 1962) and Gecarcoidea
lalandii (Liu and Jeng, 2007) have long breeding seasons.
The variation in reproductive pattern between 2010 and
2011 in the present study may be attributed to variations in
environmental conditions that maximise reproductive
success under favourable conditions.

Fecundity

Travancoriana schirnerae spawns once in a year. The
smallest and largest female in our collection showing
spawning had CWs of 3.7 and 5.3 cm respectively. The
number of eggs spawned in the smallest crab was 115 and
that in the largest was 281. The mean fecundity was found
to be 222 + 43. The diameter of eggs varied between
1.9 and 3.0 mm (2.38 = 0.33). Colour of egg was bright
yellow. There was no significant correlation between egg
diameter/ weight and CW (r?= 0.03 and 0.04 respectively)
(Fig. 6). Females carried eggs at their first (diameter
1.9-2 mm, weight 6-6.5 mg) and second stages of
development (diameter 2.5 mm, weight 8 mg) during
February-March while eggs at their last stage of
development (diameter 3 mm, weight 10 mg) occurred
predominantly in April-May. It was difficult to determine
the incubation period of eggs in the breeding season
because, females quickly released their eggs from the
abdomen under laboratory conditions..

4 -
g 34 2 g
5 M
2 ¢ ¢
S
kel 1
<3 y=0.107x + 1.984
w r2=0.039
0 T T 1
3 4 5 6
Carapace width (cm)
Fig. 6. Relationship between carapace width and egg diameter

in T. schirnerae

There was no significant positive correlation between
body size (CW/weight) and the number of eggs carried as
shown by the regression values (1= 0.271 and 0.260
respectively) (Fig. 7). The ANOVA test for fecundity and
size classes (4.1-5 and 5.1-6 cm) showed no significant
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difference in fecundity between size classes (p> 0.05).
There was a wide range in the number of eggs carried by
crabs of any given CW and the range increased with CW.
The greatest range was in crabs of CW 5.1 (119-279) and
5.3 cm (115-281).

Females with partial broods (CW 3.7-5.3 cm) had
fewer eggs (58-120) attached to their pleopods than females
(CW 4.2-5.3 cm) with complete broods (161-281).
Regression analysis of CW with egg number of partial
broods was found significant (1*= 0.655) (Fig. 8) whereas
no significant difference was found with complete brood
(r*=0.010) (Fig. 9). The ANOVA test for comparison of
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T. schirnerae
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egg number of partial and complete broods provided highly
significant results (p< 0.05). In the early period of breeding
season (February), usually the number of eggs borne by
the crabs was less (118 + 1.3) and was more (227 +41) as
the season advanced (March) and decreased (120 = 36)
again towards the end of the season (April-May).

Juvenile carrying females (n=72, 1.9% of the total
collection and 5.01% of the total females collected) were
available in the population from April-July in 2010 and
April-June of 2011 collection. Thirty one percent of the
total females collected during April carried young ones in
their brood pouch with the highest percentage in May
(51%). The June and July collections comprised 11% (2010
and 2011 data) and 5% (2010 data) respectively (Fig. 10).
The smallest and largest juvenile carrying females had CWs
3.8 and 5.5 cm respectively (include four generations :
3.5-4,4.1-4.5,4.6-5.0 and 5.1-5.5 cm). The mean CW and
weight of juvenile carrying females were found to be
4.62 +0.37 and 34.16 + 7.7 g respectively. The number of
juveniles carried by females in their brood pouch ranged
from 53-275 (204 + 40). Regression analysis showed that
the juvenile number was not significantly correlated with
the CW of female (r>= 0.284) (Fig. 11). The ANOVA test
for comparison of egg number and juvenile number found
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Fig. 10. Percentage of juvenile carrying females during the
breeding season (2010 and 2011) in T. schirnerae
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no significant results (p>0.05). Mean CW of juveniles was
3.52 + 0.35 (3.0-4.0 mm) while they were carried under
the pleon of the female. The ANOVA test carried out for
comparison of size classes and number of juveniles was
not found significant (p> 0.05).

Bagenal and Braum (1978) reported that fecundity
studies give data relating to population stability and yearly
class fluctuations which may be major factors determining
discrepancies in production from year to year. As
documented for Callinectes amnicola (Omolara, 2010)
and a few Cancer species (Shields, 1992), in T. schirnerae
there was a low correlation between fecundity and body
size in contrast to the strong size-fecundity relationship
found in brachyuran families (Hines, 1982; Hartnoll, 1985).
Garziani et al. (1993) reported that the differences in
fecundity are controlled by variation in female size as well
as temperature, food quality and quantity which may vary
along the longitudinal range of the distribution of the
species. In the present investigation, the possible reason
pointed out to the lack of relationship between body size
and fecundity may be shortage of food or nutrients for the
developing females. Thurman (1985) described that both
size and number of eggs produced appear to correspond to
environmental conditions and that the apparent cost in
producing an egg brood in semiterrestrial species is not
greater than that of other species which carry a large number
of smaller eggs. Additionally in freshwater crabs, the size
of egg mass is limited by provision of an adequate oxygen
supply to the developing embryos in its abdomen. In marine
crabs, oxygen levels can fall within the egg mass and the
females show behaviour to detect and remedy the problem
(Baeza and Fernandez, 2002).

T. schirnerae females produced relatively few but large
eggs typical for species with an abbreviated or direct
development (Mc Edward, 1997). Similar report was made
in Kingsleya sp. (Wehrtmann et al., 2010). The neotropical
freshwater crabs from Brazil produced relatively less
number of eggs which was within the range in the present
study (Mansur and Hebling, 2002).

Freshwater crabs generally produce on an average
between 100 and 300 eggs (Corey and Reid, 1991) which
is in agreement with our present investigation. On the other
hand, the mean fecundity was found high in land crabs like
Johngarthia lagostoma (Hartnoll et al., 2010),
Gecarcinusruricola (Hartnoll et al., 2007). A mean
fecundity of 3.2 million eggs was documented by Guillory
et al. (1996) for blue crabs.

In the present investigation, females with partial
broods were available in the population at the beginning
and towards the end of the breeding season. The occurrence
of partial brood at the beginning of the breeding season
was reported in Munida subrugosa (Tapella et al., 2002).
The cause of the wide range in fecundity (partial and
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complete brood) of T. schirneraeis unknown. The possible
reason attributed to this condition may be shortage of food
or nutrients for the developing females.

In freshwater crabs, females incubate their eggs which
remain attached to the pleopods, beneath the abdomen from
spawning to hatching (Wehrtmann et al., 2010). In
T. schirnerae, there was no evidence of substantial
incubatory loss of eggs or juveniles as evidenced by our
observations on the average fecundity and number of
juveniles carried by females. Similar conclusion was made
in the case of Kingsleya ytupora (Magalhdes, 1986) by
Wehrtmannet al. (2010). In T. schirnerae, we assume that
the parental care diminishes the loss of eggs or juveniles as
reported for J. lagostoma by Hartnoll et al. (2010). Such
behaviour is often highly developed in species inhabiting
extreme environments and in species which produce only
a limited number of offsprings (Thill, 2003).

The presence of juveniles attached to the female has
already been reported for several freshwater crabs (Disney,
1971; Wehrtmannet al., 2010). In T. schirnerae, the
presence of two size groups of juveniles attached to females
seems to indicate that juveniles are attached to the mother
for a prolonged time period. Similar reports were made in
K. ytupora (Wehrtmannet al., 2010). The exact duration
of the attachment of the offspring to the mother cannot be
established from our data and for this further laboratory
studies are needed. In the case of Candidopotamon
rathbunae (De Man, 1914), brooding females carry their
juveniles between 9 and 16 days (Liu and Li, 2000).

Egg diameter

In T. schirnerae, egg diameter was in the range
2-3 mm, independent of female size and fecundity. The
size of the eggs in decapods is under genetic control and
associated with the type of larval development (Herring,
1974). Freshwater decapods which present an abbreviated
larval development produce larger eggs (Nazari et al.,
2003). Exact data on egg size of freshwater crabs are rare.
All available information indicates that the egg diameter
of these crabs is in the range of 2-3 mm, independent of
female size and fecundity. Egg size in decapods tends to
increase during the incubation period (Wehrtmann and
Lopez, 2003) and this increase is typically related to the
incorporation of large amounts of water (Pandian, 1970).
In contrast, Mansur and Hebling (2002) mentioned that the
egg size in Dilocarcinus pagei and Sylviocarcinusaustralis
did not vary during embryogenesis.

Reproduction is one of those aspects of biology that
is most crucial to farming. Efficient management of crab
fisheries requires knowledge of the reproduction and life
history of the exploited population. Knowledge of
reproductive biology, including aspects of mating, GSI, VD
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factor, breeding and fecundity is of paramount importance
in the commercial utilisation of a species. The information
gathered from this study may be utilised for aquaculture
practices of this species as well as a baseline data for more
comprehensive research in the future. An understanding of
breeding period may also help reduce fishing efforts on
ovigerous/juvenile carrying females to protect the spawning
part of the population.
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