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Abstract

Little is known about the biology of the blue swimming crab, Portunus pelagicus in east Lampung coastal waters, Indonesia;
despite in fishery point of view this species has valuable contribution to the country. We examined the gonad development
and the occurrence of ovigerous females for determining the mean size at sexual maturity, reproductive pattern and
spawning female population of the crab in East Lampung coastal waters. The mean size of males and females reached
sexual maturity (Lm,) at 98-mm and 103-mm carapace width (CW), respectively. Reproductive pattern was partially
spawners, seasonal-continuous throughout in the year with the peak spawning and breeding in April to June and October
to November. Most female at the size >111-mm CW showed double breeding in a season. The relative percentage of all
ovigerous females below the size of Lm,, was considerably low (+2%), spawning female population at 103-170.9-mm CW
size range and the ratio of ovigerous to adult females above the average value found in 116-165.9-mm CW size range. Using
115-mm CW as minimum legal size would conserve +21.38% spawning female as breeding population.
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1. Introduction

The blue swimming crab, Portunus pelagicus “sensu
lato” occurs in shallow tropical and temperate coastal
and estuarine waters throughout the Indo-West Pacific,
while Portunus pelagicus (Linnaeus, 1758) “sensu stricto”
is distributed across Southeast and East Asia'. The abun-
dance of this species in nature combined with increasing
demand renders it as valuable target in fishery sector
throughout its distribution area. In Indonesia, P. pelagicus
is exploited by small-scale fishery in most coastal waters
and wild catch production tends to increase in the decade.
Data in 2011 shows that the total capture was approxi-
mately 42,410 tons and P. pelagicus of the East Lampung
coastal waters contributed approximately 21%. Most of
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catches are used in crab meat industry and then exported
by the retailer®.

Reproductive biology of a species is one of the most
studied topics on life histories, and analysis is mainly
focused on some of life history traits, i.e. size and age at
maturity, size and age-specific reproductive investment**,
and other reproductive biology attributes, i.e. mating,
spawning time, duration, and spawning population®®.
In fishery point of few, understanding on reproductive
biology characteristics are important for sustainable man-
agement, especially for harvesting strategy of exploited
populations”!! or for assessing the efficacy of fishery regu-
lations'. Sexual maturity and other reproductive biology
characteristics of P. pelagicus have been studied through-

out its distribution area, e.g. in India waters™", in
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Philippines'®** and in Malaysia***'. However, reproductive
biology parameters seemed to have intra and interspecific
variations, area-specific and regional differences. In most
earlier studies, estimation of body size at sexual matu-
rity of male and female in brachyuran crabs were usually
determined by physiological maturity based on gonad
condition® or functional maturity related to allometric
changes in growth of the body parts'***% or both?***. A
synchronous of physiological and functional maturity
was found in females when studied by both approaches,
but some asynchrony occured in males. Therefore, physi-
ological maturity is often used to determine the size at
sexual maturity of females portunid crabs, since there is
an actual capacity to release gametes and correspond to
functional maturity*. In addition, morphometric matu-
rity does not always indicate functional maturity' or does
not coincide with physiological sexual maturity*.

Brachyuran crabs are categorized as iteroparous
species which have high variations of reproduction pat-
terns***. The reproductive periodicity of P pelagicus
follows a continuous pattern in tropical and subtropical
region'®*. When duration, occurrence, and intensity of
reproduction are taken into account, the reproduction
periodicity may be subdivided into three categories™: (1)
seasonal reproduction, either the presence of the females
with mature gonad or the presence of ovigerous female
are restricted to a certain months or seasons; (2) continu-
ous, when ovigerous females occur during all months of
the year with similar frequency; (3) seasonal-continuous,
the presence of ovigerous female in all months of the year,
but with distinguishable peak of high occurrence in some
months or seasons.

Little is known about biology of P. pelagicus in East
Lampung coastal waters and there have been no studies
on its reproductive biology, although it supports sub-
stantial artisanal fisheries. The aims of this study were
to determine sexual maturity in the term of the size at
which 50% of the population is physiologically mature,
reproductive pattern based on gonad condition (includ-
ing ovigerous female and its occurrence) and spawning
female population of P. pelagicus in East Lampung coastal
waters. The use of those reproductive biology characters
in fisheries management is highlighted.

2. Materials and Methods
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2.1 Samples Collection and Environmental
Regimes

In order to determine the size at sexual maturity and
reproductive pattern, Portunus pelagicus samples were
collected monthly from June 2011-May 2012 at two land-
ing sites, i.e. Kuala Penet and Labuhan Maringgai, East
Lampung District, Lampung Province, Indonesia (Figure
1). Those samples represent different fishing ground (i.e.
near shore and offshore), which captured by local fisher
using set gill-net as main fishing gear, nets had mesh sizes
of 3.0-4.5 in or 7.6-11.4 cm¥. The proportion of landed
crabs (males, ovigerous females and non-ovigerous
females) from representative fishing ground was recorded
daily during a week in each month. Sexes were deter-
mined by examining of morphological characteristics
of species. Meanwhile, male and female non-ovigerous
samples of representative size distributions were collected
by stratified random sampling based on landing sited and
fishing ground. This method provides wider size range of
captured crabs and potentially less bias in estimating of
size at sexual maturity. Collected samples were also rep-
resent small capture size and immature females, indicated
by triangular shape of abdominal flap and tightly fix to
the cephalothorax®®?*. In addition, ovigerous females (egg
bearing females) were also taken in various sizes for ovaries
examinations. All samples were measured their carapace
width (CW: the distance between tips of 9% anterolateral
teeth), carapace length (CL: distance between the fron-
tal marginal to the posterior margin of the carapace),
and body weight (W). Length measurement were done
by using digital calliper to the nearest 0.01 mm, while W
was measured to the nearest 0.1 g by using digital balance.
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Figure 1. Map showing the East Lampung coastal area as
well as crabs fishing ground by using set gill-net in coastal
waters and sampling location at landing site.
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Gonad examination was conducted after morphological
characteristic measurements. In order to determine the
spawning female population, the size distribution fre-
quency data from independent monthly collection using
the same type of fishing gear from March 2012-February
2013 was also included (Zairion et al. unpublished data).

The East Lampung coastal land area is covered by
approximately 60% of low land forest and protected as
Way Kambas National Park (WKNP). There is no sea
grass bed found in the shallow coastal waters, but this area
is one among the blue swimming crab habitats and fishing
ground of Indonesia. Based on water quality checking in
February and August as a representative of rainy season
(west and north west monsoon) and dry season (east and
south east monsoon), there was no high variation of sea
surface temperature (28-32°C). Meanwhile, near bottom
temperature for both season ranged between 28-29.5°C.
On the other hand, sea surface salinity ranged between
10-25 PSU from near shore to offshore at northern area
in February due to high freshwater supply from Way
Seputih River and 25-29 PSU at the bottom. At the same
time, sea surface and bottom salinity were 29-30 PSU
and 30-32 from near shore to offshore at southern area
(close to Labuhan Maringgai). In contrast, salinity for
both surface and bottom became 17-27 and 27-30 PSU
at northern during dry season, and 28-32 and 29-32 PSU
at southern, respectively.

2.2 Gonad Examination and Gonad Somatic
Indices (GSI)

The female maturity stages in portunid crabs recognized
by different researchers concerning the maturation of
female ovaries in terms of morphological or histological
feature show variation. Similar thing is shown in male vas
differentia. In this study, maturity stages of female gonad
were determined by classifying them into four catego-
ries, i.e. Stage I (immature), stage II (early development),
stage III (late development or maturing), stage IV (fully
mature). Whilst male gonad maturity stages were classi-
fied into three categories, i.e. Stage I (immature), Stage II
(maturing), and Stage III (mature)****!. In addition, three
classifications were used for embryonic development
stages, namely: (i) initial (yellow, orange-yellowish), (ii)
intermediate (brownish-brown), and (iii) final (black-
grey black)*. Prior to measurement of gonad somatic
indices (GSI), all part of individual gonad was taken care-
fully by blunt-nosed thumb forceps with serrated tips and
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the weight was measured to the nearest 0.001 g using elec-
tronic balance.

2.3 Data Analysis

2.3.1 Sexual Maturity and Gonad Somatic
Indices

The proportion of matured gonad was used in deter-
mining size at sexual maturity and internal ovarian of
ovigerous females were excluded’. The size at which
50% (Lm, ) of crabs were considered sexually matured
by fitting a logistic regression curve to the proportion
of mature gonad females for each sequential 5-mm CW
size class, following the method as described by King*.
Gonad somatic index (GSI) for males, females and ovig-
erous females was also analysed®***. A trend analyses and
one way ANOVA®* were used to test differences of GSI
for males, females, and ovigerous female by time and size.

2.3.2 Reproductive Pattern and Spawning
Female Population

Reproductive pattern for both spawning and breed-
ing season was determined by temporal distribution of
mature female gonad, GSI, and the proportion of ovig-
erous to the adult females®>**45_ A trend analysis were
used for the temporal GSI and the proportion of ovigerous
and completed by the one way ANOVA test to describe
any differences. Analysis of reproductive pattern was
also completed by gonad condition of ovigerous female.
Meanwhile, we propose the spawning female population
by estimated the relative percentage of adult females and
ovigerous in each 5-mm CW size class, as well as their
ratio.

3. Results

3.1 Crabs Size, Gonad Development and
Sexual Maturity

TA total of 1297 specimens were collected during obser-
vation period, while the size of males was wider than
females and ovigerous (Table 1). The relationship between
the CW and CL of males and females was CL,, = 0.5039
CW-5.7016 (n= 545, R* = 0.99, p< 0.05) and CL, = 0.4895
CW-4.9784 (n= 485, R* = 0.99, p< 0.05), respectively. All
of males and females in the below 81-mm CW found to
have gonad development stage I, while the size attained
maturity (stage III) found in the size class 86.0-90.9-mm
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CW and fully mature gonad female (stage IV) found in
the size class 91-95.9 mm CW. The mean size at which
50% of males and females reached maturity (Lm,)
with 95% confidence interval (CI) was 98+0.2-mm and
103+0.1-mm CW (Figure 2), corresponding to 44 and
46-mm CL. In addition, the mean size at which 95% of
males and females became mature was approximately at
124 and 126-mm CW, respectively.

Table 1.

Matured males could be obtained in all sampling month
and the estimated proportion approximately 38.6-72.0%
(53.0%%3.3SE) as well as female gonad stage of IV
approximately 10.8-32.6% (20.0+2.3SE). The proportion
of matured gonad in female were prevalent high (28.2-
32.6%) during March to June and also in November (20%),
but it was considerably low (10-13%) in July to August
(Figure 3). This study also demonstrated great variations

Body size description of each category or sex of Portunus pelagicus samples in East

Lampung coastal waters and the numbers in parentheses refers to the average +SD, des

Category or Sex Number (ind.) CW (mm) CL (mm) W (g)
71.27-181.17 30.62-84.74 34.2-460.1
Male (M) 545
(119.88+19.86) (54.70+10.08) (138.83+74.68)
Female non- 155 74.12-173.21 31.52-80.39 31.4-341.9
ovigerous (F) (117.38+19.23) (52.48+9.48) (118.58+58.76)
Ovigerous female e 91.58-168.00 40.55-79.30 78.1-387.5

(OVI)

(127.44+15.76)

(58.11+8.49) (173.24+68.87)

Note: CW = carapace width, CL = carapace length, W = body weight
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Figure 2. Logistic curve and their 95% confidence limits
showing the proportion of mature gonad of Portunus
pelagicus in each carapace width ranges; (a) males, (b)
matured females; arrows denote L_50’s and the numbers in
parentheses refer to the number of crabs used to establish
the regressions.
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on the internal ovarian of ovigerous female (OVI) in all
classification of embryonic development stages (Figure
4). Although, ovigerous female gonad was dominated by
stage III, but gonad stage of IV was approximately found
to be 7.7-21.6% (13.4+4.2SE) in all of embryonic devel-
opment stages (Figure 5).
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Figure 3. The proportion of gonad maturity stage of
Portunus pelagicus in each month: (a) males and (b) females.
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Figure 4. Internal ovarian of ovigerous female in various
stages of maturity and arrows denoted the gonad condition
in its body cavity and hepatopancreatic region; The different
colour of egg mass attached on female abdomen flap (1a to
4a) did not indicate their influence to variation in gonad
maturity stage (1b to 4b).
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Figure 5. The relative occurrence of gonad development
stage (stage of I to IV) of ovigerous female in each embryonic
development stages.
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3.2 Gonad Somatic Indices

The gonad condition patterns is expressed by gonad
somatic index (GSI). Mean monthly of all female GSI
showed slightly cyclic pattern throughout the year,
increase progressively from 1.60% in January to a maxi-
mum of 2.50% in May and subsequently decreased to
minimum of 1.53% in July, and then became increased
again to 2.30% in November (Figure 6). The mean
monthly GSI of matured females also exhibited cyclic pat-
tern. It was prevalent during April to July (3.3%+0.5 to
3.6%+0.9SE) and September to December (3.3%+0.3 to
4.0%+0.3SE). There were significant difference (p<0.05)
of females GSI in the observed period. However, the
gonad index of males did not show significantly different;
it would therefore not to be discussed further.

6.0

I Mature Females

50 [ Females

[ Males

GSI (%)

undl Jul Aug Sep Ot Nov  Dec Jan-12 Feb  Mar  Apr May

Figure 6. Mean value of gonada somatic index (GSI) and
their 95% confidence limits of males, female non-ovigerous
and matured females of Portunus pelagicus in each month.

The mean monthly GSI of all ovigerous females found
more cyclic than non ovigerous ones, which the percent-
age was 0.82+0.18SE in June to 3.88+0.45SE in November
and there were significant different (p<0.05) among ovig-
erous females GSI thorough observed month. The highest
mean GSI of matured ovigerous females was found in July
to August and October to December (Figure 7). Ovigerous
female with gonad development at stage IV was found in
the size class 111.0-115.9-mm CW and bigger, while the
mean GSI was 1.2-4.8% in each size class which might
indicate the ocurrence of double breeding.
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Figure 7. Mean value of gonad somatic index (GSI) of all
ovigerous (All OVI) and mature ovigerous female (mature
OVI) of Portunus pelagicus and their 95% confidence limits
in each observed month.

3.3 Temporal Proportion of Ovigerous
Females

Ovigerous females found in all sampling months and their
monthly proportion to the adult females showed cyclic
pattern with most prevalent in April to June and October
to November, indicated as seasonal continuous repro-
duction pattern (Figure 8). These proportion for both
by the number and weight ranged between 5.2-19.6%
(10.4+0.4SE) and 6.4-25.5% (14.2+0.5SE) and there were
significantly different (p<0.05) in all observed months.
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Figure 8. Temporal proportion of ovigerous to adult
females Portunus pelagicus (%) for both by number and
weight of captured crabs, and their GSI for the gonad stage
IV, which indicates of spawning and breeding pattern.
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3.4 Spawning Female Population

Female with gonad stage IV as well as the smallest size
of ovigerous female were available since the size class
91-95.9-mm, pronounced spawning and breeding activ-
ity began at this size class to at least in the size class
166-170.9-mm CW. The relative percentage of ovigerous
females in each 5-mm CW size class increased from the
lowest of 0.28% in the size class 91-95.9-mm CW to the
highest of 12.94% in the size class 126-130.9-mm CW,
and then decreased again. Meanwhile, the relative per-
centage of all ovigerous female in the size below Lm, (i.e.,
91-102.9-mm) was approximately 2%. The ratio between
ovigerous females to the adult females was increasing
from the lowest of 0.01 in the size class 91-95.9-mm to
the highest of 0.36 in the size class 151-155.9-mm CW,
and then decreased. The average ratio was 0.17+0.02SE
and the ratio above of the average value found in the size
between 115-165.9-mm CW (Figure 9), while the relative
percentage of all ovigerous females less than 115-mm CW
was approximately 21.38%.
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Figure 9. Number of captured ovigerous (OVI) and adult
females Portunus pelagicus and its ratio in each 5-mm CW
size class.

4. Discussion

4.1 Sexual Maturity

Our results show that males and females were almost syn-
chronous in gonad maturity and this strategy is believed
as natural process of maintaining the population size,
providing large numbers of adult crabs, and maximiz-
ing reproductive effort related to their habitat®. Based on
gonad development, both sexes below 81-mm CW size
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were all immature and a priori as juvenile, whilst adoles-
cent females in the size above 91-mm CW since they have
capability in extruding egg’, while fully adult for males
and females approximately in the size above 124-mm
and 126-mm CW, respectively. This finding corresponds
to the P, pelagicus in southwest coast of India where size
<80-mm CW was categorized as juvenile® and in Moreton
Bay of Australia where the sexually matured crab was
considered above 90-mm CW?.

Our estimated for the Lm,  of female P. pelagicus
was slightly different with some estimates in some other
coastal waters of Indonesia, i.e. 105-mm CW in north-
ern West Java*, 48-mm CL or 101.40-mm CW in Central
Java*” as well as in Ragay Bay, Philippines, i.e. 105-mm
CW?™, but it was much different to many other areas
(Table 2). This discrepancy might reflect of disparate in
biology of the species and genetic composition®**. The
same species in the same area or in different area might
also vary in the Lm,; since pubertal occurred over wide
size range', which is related to variation in environmen-
tal conditions, i.e. food abundance, population density
and parasitism”***. Environments with abundant food
allow individuals to grow faster and larger. By taking the
maturity size of the crab, it can be said that East Lampung
coastal waters might provide sufficient food and other
favourable environments compared to coastal waters in
northern West Java and Central Java of Indonesia.

Other factor which might influence in maturity size
of the species was fishing intensity because it may dimin-
ish the density of the species**°. Fishing ground or site of
sampling (i.e. estuary versus offshore) may also influence
the estimation of mean size at maturity of female P. pelag-
icus due to emigration habit of matured females from
estuaries to offshore**!. In addition, fishing gears may
have also effect the differences in estimated Lm, related
to their selectivity, i.e., traps catches are often biased for
determining sexually matured crabs®. Fishing intensity in
the study area is not known well yet; however, our samples
were collected in representative of all fishing ground, as
well as in all season. The crabs were also captured by the
fisher using set gillnet with the mesh size of 7.6-11.4 cm
and it seems to be a low selective fishing gear. Moreover,
the Lm, may also vary as consequent of interspecific
reproductive biology pattern®. In terms of reproductive
biological characters, the crab in the study area might be
different to the species in Karnataka, including in Persian
Gulf and Bardawil lagoon of Egypt as well as the species
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in sub-tropical and temperate regions of Australia (Table
2).

The estimated Lm, of female P. pelagicus was also
comparable to the smallest size of ovigerous female
since the proportion of ovigerous that has been used
also to determine the size at functional sexual maturity
in crabs™' and lobster*®. Other research reported that
the female Lm,; of P. pelagicus in Karnataka waters was
99-mm CW?¢, whiles the smallest ovigerous female has
had carapace width 89-mm CW and it possibly occurred
for few females to spawn under the size of Lm_. In par-
ticular, almost all of the small size ovigerous female below
Lm, found in September to November, while this period
represents late dry season in western part of Indonesia.
During dry season, sea surface and bottom temperature
were relatively high in East Lampung coastal waters (i.e.
the average 29-32°C and 28-29.5°C), which might induce
of early gonad maturation and spawning in the next con-
secutive month?#4%%3,

4.2 Reproductive Pattern and Spawning
Female Population

Analysis of P. pelagicus reproductive pattern in this study
was furnished by the supplementary evidence concern-
ing the occurrence of ovigerous female and their ovarian
conditions. This method has additional advantages in of
investigation of the spawning or breeding season'**. Our
result showed that P. pelagicus in East Lampung coastal
waters was capable for continuous spawning throughout
the year. However, the peak of spawning and breed-
ing season seems to occur in April to June and October
to November (Table 2). Indeed, the peak of breeding
period also coincided with the period of high GSI's gonad
stage IV for both females and ovigerous (Figure 8). The
occurence of high GSI of female gonad stage IV as well as
ovigerous females GSI stage IV in certain months seems
not to be overlapped to the high proportion of ovigerous
females. They might spawn during our interval obser-
vation period or in the next consecutive month, or they
migrate to deeper water for spawning.

Reproduction period of P. pelagicus in the study area
had two peak season (seasonal-continuous), which sup-
ports the other previous observations in tropical and
subtropical region'®*>*. Various results in reproduction
period was shown, i.e. thorough in the year and peaks
season at the first and last quarters', or in February to
April and July to October19 (Table 2). It was concluded
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Table 2. Comparative findings of the size at sexual maturity and spawning season of blue swimming crab,
Portunus pelagicus in Indonesia (1-3), other tropical (4-7); subtropical and temperate region (8-14)
Maturity size, Lm_ (CW or CL) Peak season in: Ovigerous
No. Location female size Source
Gonad .
Male Female .. % Ovigerous (mm)
condition
Bast Lampung Mar-Jun&  AprJun&  91.58-168.00
1. (WesternJava  98-mm CW 103-mm CW Sep-Nov Oct-Nov cw Present study
Sea)
Brebes, 63-mm CL or 48-mm CL or Jan-Mar &
2 Central Java 128-mm CW 101.4-mm CW Jun-Aug Apr & Sep ) 47
Subang, West 101.3-mm
3. ava) oW 105-mm CW - - 89-156 CW 46
Serawak,
4. . 85-mm CW 95-mm CW - - 144-193 CW 20
Malaysia
Ragay Bay, Feb-Apr &
> Luzon, Filipina ) 105-mm CW Jul-Oct ) ) 19
6. Karnataka,. SW - 96-mm CW Feb-Mar - - 54
coast India™
7, Southwest =\ imCW  99-mmCW Jan-Feb & Mar-May 89-170 CW 7
coast, India™ Sep
Persian Gulf
8. and Oman - 113-mm CW - Sep & Oct 103-155 CW 55
Sea™
Southeast
9. Australian - 46-mm CL Nov-Dec Nov-Jan 55-80 CL 45
Estuary™
Leschenault
10. Estuary, SW 88.3-mm CW 98-mm CW Sep-Nov Dec - 29
Australia™
Koombana
11. Bay, SW 88-mm CW 86.9-mm CW Oct Nov-Dec - 29
Australia™
Peel-Harvey
12. Estuary, SW 86.5-mm CW 97.5-mm CW Nov Nov - 29
Australia™
13, Cockburn, SW o0\ »mCW  864-mm CW Sep Oct-Dec 84-154 CW 29
Australia™
14. Shark Bay, SW 97-mm CW 92-mm CW Aug-Sep Aug - 29

Australia™

Note: *) = Reanalyzing by the authors using logistic regression curve; **) = According to Lai et al.1, the blue swimming crabs of the
western Indian Ocean, that is from Pakistan throughout Arabian Sea, Persian Gulf, Egypt, and Tanzania referred to Portunus segnis;
and another from Western, Southern, and South eastern of Australian referred to Portunus armatus.
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that peak of spawning or breeding season varied in differ-
ent places and might relate to favourable environmental
condition prevailing in that period, i.e., temperature,
salinity, rainfall, food availability, and predators36. The
other seasonal-continuous pattern in breeding season of
other portunid crabs species in tropical and sub-tropical
area were also found, i.e. Arenaeus cribrarius in Ubatuba
SP, Brazil* and P. spinimanus in Ubatuba SP, Brazil*’ .

The evidence in varieties of gonad stages of ovigerous
females at all embryonic development stages make the
females able to produce multiple spawning, and capable
of producing more than one brood of eggs in the same
season. Female blue crab (Callinectis sapidus) had “par-
tially synchronous” in oocyte development stages in most
ovarian lobe as well as inter ovarian lobe and individual
female, make it became multiple spawning®. In addition,
It was proved that this capability could be up to 3 broods
of eggs and would be size-dependent within the species,
i.e. above 110-mm CW?* and above 55-mm CL*. Our
finding exhibited that the double breeding in a season
seemed to be occur in most female at the size above 111-
mm CW, since they had gonad at development stage I'V.

Although, spawning is the process of releasing the eggs
and sperm, while breeding is the process of releasing the
offspring, however, the extrusion of eggs by female crabs
could be referred also to the spawning®, since fertiliza-
tion has occurred externally. Thus, the relative occurrence
of ovigerous female over the size might notably as breed-
ing population®®*. Despite of our study showed that
spawning and breeding female population tended to start
in the same size (i.e. above 91-mm CW), yet the relative
percentage of ovigerous female was considerably the low-
est in the size class 91-95.9-mm CW (i.e. 0.28%) as well
as the ratio of ovigerous females to the adult females (i.e.
0.01). Similarly, all of ovigerous females in the size below
Lm50 (i.e. 91.0-102.9-mm CW) was approximately 2%
and their ratio value was 0.04 (Figure 9). Therefore, the
breeding female population was at 103-170.9-mm CW
size range.

4.3 Recommendation for Crab Fishery
Management

Management option by size-based limit to harvest strat-
egy has been usually implemented in crustacean fishery®.
Some protection may be given to the spawning potential
and reproductive capacity of the stock to ensure that a few
small adult crabs are caught, and permit them to spawn
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at least once before they become vulnerable to fishing.
However, “spawn at least once policy” may crabs stock
resilience become low and is easy to collapse®*2.The com-
mon policy in fishery management to protect a target
population for its sustainable use is minimum legal size
(MLS)®. MLS might be set up at the Lm, as limit refer-
ence point (LRP) in precautionary approach (PA) and the
size could be increase 10% as target reference point (TRP)
when fishing rate was increase. Figure 9 shows the ratio
of all ovigerous females to adult female was low at the
size class below the Lm, . Thus, MLS at the Lm, seems
not to meet a properly sufficient protection to spawning
female population for sustainable use of crab resource in
the study area. In addition, regulation based on cut-off
sizes (Lm, ) seems to be not an appropriate manage-
ment strategy®’. Therefore, recommended MLS for the P
pelagicus fishery in East Lampung coastal waters would
be greater than Lm_ and is proposed at the size 115-mm
CW. At this size, the ratio of ovigerous females to adult
females was in average value, meaning that the spawning
female in population would become breeding population
approximately 21.38% and would be an appropriate pre-
cautionary approach for spawning and breeding female
population in maintaining stock productivity.

5. Conclusion

The mean size at which 50% of males and females
reached physiological maturity (Lm,)) was 98+0.2-mm
and 103£0.1-mm CW, respectively; thus, it is relatively
different to those of the same species in other areas.
Reproductive pattern was partially spawners, seasonal-
continuous throughout in the year. The peak of spawning
and breeding season was in April to June and October to
November. Double breeding in a season seemed to occur
in most females at the size larger than 111-mm CW. The
relative percentage of all ovigerous females below the
size of Lm,  was considerably low (+2%) and spawning
female population in the size 103-170.9-mm CW. The
spawning female under the size 115-mm CW would be
approximately 21.38% of breeding population. The size is
proposed to be the Minimum Legal Size for the crab fish-
ery sustainable use.
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