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Abundance and size distribution of female Scylla olivacea
in Klong Ngao mangrove swamp, Ranong Province, Thailand

Kanchana JIRAPUNPIPAT*, Masashi YOKOTA™ and Seiichi WATANABE**

Abstract: The abundance and size distribution of female Scylla olivacea were investigated in
Klong Ngao mangrove swamp, Ranong Province, Thailand using collapsible traps during the
period of October 2003 to September 2004. Scylla olivacea formed about 99.76% of the mud crab
catch. Both mature and immature female crabs were caught throughout the year. The varia-
tion in CPUE of immature females was not correlated with either temperature or salinity
whereas the CPUE of mature females was positively correlated with temperature but not salin-
ity. The abundance patterns of mature female with respect to monsoon timings at different
sites show that the sites located in landward areas were very different from other sites that lo-
cated near the Andaman Sea which are end route to migration and aggregation locations for
mature female crabs. About 75% of the female catches in 200304 consisted of individuals with
a carapace width less than that of mature individuals (~9.5 cm). The median size of female
crabs caught was 8.25 cm, which is smaller than that for female crabs caught in 1988-89 where
the median carapace width was 9.50 cm.
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1. Introduction

Mud crabs of the genus Scylla (also known
as the mangrove crab) occur from tropical to
warm temperate zones in the Pacific and Indian
Oceans. They are commonly associated with
mangrove swamps and nearby inter—tidal and
sub—tidal muddy habitats where they feed pre-
dominantly on mollusks and other less mobile
invertebrates (KEENAN, 1999; HiLL, 1980).
Within their inter—tidal habitat mud crabs hide
in an extensive burrow system which offers
protection from predators (MACINTOSH, 1988).
Mud crabs occupy a wide range of habitats
ranging from the inter-tidal to the sub-tidal
zone. Generally, they prefer to live in the man-
groves of estuarine areas. Each stage of the
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mud crab, especially the juveniles, seeks shelter
in mangrove areas where they are to be found
in small creeks and channels under stones, in
sea grass beds and even between roots or
pneumatophores of mangrove trees (HILL et
al., 1982).

The mud crab, Scylla spp., represents a valu-
able component of small scale coastal fisheries
in many countries in tropical and subtropical
Asia. It is likely that the mud crab population
is now facing an increased fishing pressure
which targets all size class, from juveniles to
adults. These crabs are used in either pond cul-
ture for production of mature females for a
premium Market or in soft shell mud crab cul-
ture (PRIPANAPONG, 1995; CHOLIK, 1999). A de-
cline in mud crab landings and a high
percentage of small size classes in mud crab
catches have been reported over the last two
decade due to the tremendous increase in fish-
ing efficiency and effort and the reduction in
mangrove forest habitat (JIRAPUNPIPAT and
PRADISSAN, 2005). The main reason for man-
grove loss has been wood extraction,
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Fig. 1. Study area at Klong Ngao mangrove swamp, Ranong Province, Thailand showing the sampling station
1-6, Inset shows the location of the study area on the west coast of Thailand.

conversion of mangrove areas to agricultural
and coastal aquaculture and tin mining. Mean-
while the demand for mud crabs has increased
considerably. To conserve the mud crab stock
some countries have imposed minimum landing
sizes (ROBERTSON and KRUGER, 1994). Further-
more, restoration of mangrove habitat is now
widely practiced in the south East Asia
(MACINTOSH et al., 2002) but little is known
about the recovery potential of mud crabs
Ranong province in the western coast of
Thailand is well known as the main area for or-
ange mud crab (Scylla olivacea) or black mud
crab collection by local fishermen. Klong Ngao
is a mangrove-fringed shallow tidal creek

located within the northern part of Ranong
where the mud crab fishery is the main income
of local fishermen (MOSER, et al., 2005).

The mangrove forests in Ranong Province
have been rapidly decreasing in area from
367,900 Ha in 1961 to only 168,682 Ha in 1993, a
decrease of 54% (KHEMNARK, 1995), while the
total annual catch had declined from 109 tons
in 1988-89 to 65 tons in 1994-95 (JIRAPUNPIPAT
and PRADISSAN, 2005). Furthermore, feedback
from local fishermen that the size and relative
abundance (catch per unit of effort) of mud
crab have decreased in recent years. Therefore
a large area of mangrove forest has been re-
planted with the aim of bringing the ecosystem



back to its original condition. In addition, the
Department of Fisheries, Thailand (DOF) has
developed a project for mud crab stock enhance-
ment, with Klong Ngao mangrove forest being
selected as a pilot project. The project started in
2001 with the release of ~200 million megalopa
crab larvae to the mangrove forest. In spite of
the comprehensive project, scientific assess-
ment of the recovery project is still insufficient.
Thus, little is known about the abundance and
size range of mud crab caught after reforesta-
tion and stock enhancement in the area. Moreo-
ver, it is said that environmental condition of
local habitat is important for recovering the
mud crab population, while the relationship be-
tween the abundance and environmental fac-
tors is also unknown. This paper investigates
the current state of abundance; include varia-
tion in abundance related to the environment
factors, size distribution and long-term
changes in median size of female mud crabs
(Seylla olivacea) caught in Klong Ngao man-
grove forest. From this quantitative analysis,
we will discuss some effectively of the recovery
programs for the mud crab stock such as reha-
bilitation of the mangrove forest and stock en-
hancement.
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Fig. 2. Collapsible trap for catching the mud crab in
Klong Ngao mangrove swamp, Ranong Prov-
ince, Thailand.

2. Materials and methods
2.1. Study area and collection of samples
The study was carried out in a mangrove for-
est called Ngao located in Ranong province. It
lies between latitude 9°21' to 10°42' north and
longitude 98°24' to 98°56" east, and covers an
area of approximately 30 square kilometers
(Fig. 1. Ngao canal or Klong Ngao as it is
called locally, runs from east to west and di-
vides the mangrove forest into two parts. The

Table 1. CPUE (number of crabs per trap) of mature and immature females Scylla olivacea by station and month

Site Month Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep.
No. of traps 75 80 85 85 80 85 85 70 73 81 80 72
St.1 Mature 0.040 0.025 0.024 0.012 0.025 0.059 0.071 0.086 0.151 0.037 0.013 0.000
Immature 0.213 0.025 0.200 0.094 0.150 0.247 0.141 0.671 0.493 0.247 0.038 0.042
No. of traps 95 105 105 105 76 90 105 105 98 98 98 91
St.2 Mature 0.042 0.019 0.000 0.010 0.000 0.144 0.057 0.105 0.020 0.112 0.041 0.077
Immature 0.179 0.029 0.038 0.067 0.118 0.122 0.133 0.305 0.316 0.235 0.082 0.099
No. of traps 75 70 80 80 80 80 80 70 70 85 80 80
St.3 Mature 0.080 0.000 0.000 0.025 0.038 0.025 0.050 0.029 0.100 0.071 0.063 0.038
Immature 0.120 0.100 0.038 0.100 0.125 0.113 0.138 0.429 0.386 0.212 0.025 0.225
No. of traps 80 83 85 71 85 85 75 86 86 87 89 88
St.4 Mature 0.075 0.012 0.012 0.014 0.024 0.141 0.107 0.023 0.023 0.126 0.034 0.023
Immature 0.275 0.120 0.082 0.225 0.306 0.235 0.187 0.523 0.547 0.322 0.124 0.239
No. of traps 85 85 85 85 85 85 85 85 85 85 85 75
St.5  Mature 0.024 0.012 0.000 0.012 0.024 0.082 0.118 0.071 0.059 0.071 0.035 0.027
Immature 0.153 0.012 0.047 0.059 0.212 0.094 0.106 0.306 0.282 0.153 0.212 0.080
No. of traps 60 60 50 50 60 60 60 60 50 50 50 40
St.6 Mature 0.000 0.000 0.000 0.000 0.000 0.050 0.050 0.017 0.020 0.040 0.040 0.000
Immature 0.233 0.250 0.180 0.280 0.400 0.217 0.317 0.167 0.280 0.160 0.060 0.100
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local climate is strongly influenced by two
monsoon seasons: the southwest monsoon from
May to September and the northeast monsoon
from November to February.

Six stations were established in different ar-
eas as shown in Fig.1. Sampling was conducted
monthly for 12 months during October 2003 to
September 2004 using collapsible traps (Fig. 2).
Measurements of surface temperature and sa-
linity were also taken at these times. The num-
ber of traps used at each station varied between
40-105 traps (Table 1) depending on the
weather condition. Fresh trash fish was used as
bait in the traps. The standard size of the col-
lapsible traps was 27 cm width; 40 cm length
and 12 cm height with two funnel entrances at
opposite side. The metal frame of the trap was
covered with a strong fishing net of stretched
mesh diameter 4 cm. Crabs were collected dur-
ing spring tides when the water level was high
enough to cover the mangrove habitat. Traps
were set in the morning at low tide and then
collected during the subsequent high tide. At
each station the size (external carapace width)
and weight of crabs were recorded. Sexes were
identified and female crabs from each station
were grouped into immature and mature fe-
males according to the shape of abdomen, ma-
ture crabs as determine by a larger, more
rounded abdomen than the immature crab.

2.2 Data analysis
2.2.1 Abundance and assemblage pattern

At each station, the relative abundance
(catch per unit of effort; CPUE) of mature and
immature female crabs was estimated in term
of number of crabs caught per trap. Pearson
correlation was used to identify the relation-
ship between CPUE of immature and mature
female crab and salinity and temperature.

The CPUE of mature and immature females
during the inter-monsoon period between the
southwest and northeast monsoon (October);
the north east monsoon (November to Febru-
ary); the inter-monsoon period between north-
east and southwest monsoon (March to April)
and southwest monsoon (May to September)
were estimated. Assemblage patterns of abun-
dance at different sites were analyzed by clus-
ter analysis. Square Euclidian distances among

sampling stations were calculated and UPGMA
(Unweighted Pair-Group Method Using Arith-
metic Average) were used to determine clus-
ters.
2.2.2 Size distribution and long term change of

median size

The recent size distribution of both imma-
ture and mature females S. olivacea was ana-
lyzed using catch data during October 2003—
September 2004. In addition, the long-term
changes in size distribution and median size
were compared by female S. olivacea caught in
Klong Ngao mangrove swamp for the period of
15 years. The size of female S. olivacea data
during April 1988 — March 1989 and July 1994
— June 1995 were previously available from
Cheewasedtham and Sudthongkong pers.
comm. and the data during October 2003—Sep-
tember 2004 was from the present sampling.
The crab data during 1988-1989 was collected
by crab lift net while the data during 1994-95
and 2003-2004 were collected by collapsible pot.
There was no difference in the size of mud
crabs caught by the two forms of fishing gear
(JIRAPUNPIPAT and PRADISSAN, 2005). The
SPSS version 10 (Statistical Package for the
Social Sciences) was used in all analyses.

3. Results
Abundance and assemblage patterns

The dominant species of mud crab was Scylla
olivacea which accounted for 99.76% of the total
annual mud crab caught by collapsible trap.
The female catch of S. olivacea was made up of
19% mature and 81% immature crabs (Table 1).
Relative abundance was defined as the mean
number of S. olivacea caught per trap (CPUE).
Mean surface water temperature varied from
23 to 32°C while salinity varied from between 23
to 34 ppt. The variation in CPUE of immature
females was not correlated with either tem-
perature or salinity whereas the CPUE of ma-
ture females was positively correlated with
temperature but not salinity (Spearman, P-=
0.03). The CPUE of immature female crabs
caught throughout the year was greater than
that of mature females. The maximum CPUE
of immature crabs was found in May at station
1 with a value of 0.67 crabs per trap but the
highest average CPUE for immature crabs was
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Fig .3. Mean CPUE (number of crabs per trap) and standard deviation for immature and mature females Seylla

olivacea by station.

at station 4 (Fig. 3 and Table 1).

Fig. 4A shows the abundance pattern of im-
mature female crabs. The dendrogram reveals
three distinct clusters: stations 2, 5, which are
near to Klong Ngao and station 3 which was lo-
cated more landward, appeared in the first
cluster while the second cluster comprised sta-
tions 1 and 4, (sites close to Andaman Sea).
The third cluster included only station 6 which
was located in a more landward position that
was not connected to the sea. The first two
clusters follow the same seasonal pattern with
different magnitudes while the third cluster
shows a different pattern from the first two
clusters (Fig.4B).

The CPUE of mature female crabs varied
from 0.01 to 0.15 crabs per trap (Table 1). The
monthly CPUE of mature female crabs from
each station showed similar trends with slight
differences in the duration of maximal values.
High CPUE levels were found in June at sta-
tion 1 and in March at station 2 and 4 with val-
ues of 0.15 and 0.14 crabs per trap respectively.
The lowest CPUE values were found between
September and February for all stations espe-
cially station 6 where mature females were not
caught during the period October to February

and during September. The average CPUE val-
ues for mature female crabs at stations 1 to 5
were greater than that for station 6 (Fig. 3).

The abundance pattern of mature female
crab at each site revealed two obvious distinct
clusters and another loosely cluster as shown
in Fig. 5A. Station 6 which located in the most
landward position appeared in the first cluster;
station 3 which was intermediate between inner
and outer landward positions appeared in the
second cluster and the other stations (1, 2, 4
and 5) (located near the Andaman Sea and
close to Klong Ngao) are included in the third
loosely cluster. Although three clusters are un-
clear on the dendrogram, seasonal trend of
CPUE among these clusters is obviously differ-
ent (Fig. 5B). The CPUE values of mature fe-
male crabs during different monsoon periods
showed varying patterns with quite different
magnitudes apart from the northeast monsoon
period when CPUE values were of similar mag-
nitude.
Size distribution and long term change in me-
dian size

The size distribution of immature females
ranged from 4.0 to 11.0 cm while mature fe-
males ranged from 8.5 to 14.0 em. Fig.6 shows
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Fig. 4. (A) Dendrogram obtained from cluster analysis on abundance of immature female at 6 stations. (B) The
abundance of immature female; cluster 1 include station 2, 3 and 5; cluster 2 include station 1 and 4 and clus-
ter 3 include station 6 versus monsoon season (inter SW&NE; inter-monsoon period between southwest and
northeast monsoon in October, NE; north east monsoon during November to February, Inter NE&SW; in-
ter-monsoon period between northeast and southwest monsoon during March to April and SW; southwest
monsoon during May to September) as derived from cluster analysis.

the size distribution of Secylla olivacea over a
15y period during 1988-1989, 1994-1995 and
2003-2004. The size distribution of female crabs
caught during 2003-2004 ranged from 4.0 to
14.0 cm with a median size of 8.25 em. The size
distribution of female crabs caught during 1994

-95 varied from 3.5 to 13.0 ecm with a median
size of 8.0 cm. The sizes of female mud crabs
caught during 2003-04 were a little larger when
compared to those of female crabs caught in
1994-95. The box plot showed that about 75% of
the crabs caught during 1994-95 and 2003-04
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Fig. 5. (A) Dendrogram obtained from cluster analysis on abundance of mature female at 6 stations. (B) The
abundance of mature female (cluster 1 include station 6; cluster 2 include station 3 and cluster 3 include sta-
tion 1, 2, 4 and 5 versus monsoon season (inter SW&NE; inter-monsoon period between southwest and
northeast monsoon in October, NE; north east monsoon during November to February, Inter NE&SW; in-
ter-monsoon period between northeast and southwest monsoon during March to April and SW; southwest
monsoon during May to September) as derived from cluster analysis.

were small sized with carapace width less than
the mean size at 50% first maturity (CWs=9.55
cm, JIRAPUNPIPAT 2008). Few female crabs
were observed with a carapace width size
greater than 12.0 em. The size distribution of

female crabs caught during 1988-89 ranged
from 6.0-14.5 cm with a median size of 9.5 cm;
about half of the female catch over this period
was larger in size than the 50% mature indi-
viduals (9.55 cm).
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Fig. 6. Box plot of the size distribution of female crabs caught in Klong Ngao (the box lower and upper
limits represent the 25th and 75th percentile, the black horizontal line inside the box represents the
median and the lower and upper limits of the T-bars represent the 10th and 90th percentile respec-
tively, with values beyond the range represented by open circles). Maturity size is referred from

JIRAPUNPIPAT (2008) .

4. Discussion

Since there was no information on abundance
of female mud crab in Klong Ngao mangrove
swamp before this study, the CPUE value was
used as an index of abundance even though it is
not representative of the entire population. In
this study the collapsible traps were thought to
provide the best estimation of CPUE as they
are the main fishing gear for catching mud
crab in Klong Ngao mangrove swamp. Al-
though size distributions of samples caught by
collapsible pots were skewed in other crabs
(ARCHDALE and KUwWAHARA 2005; ARCHDALE et
al. 2006a, b), there was no difference in the size
of the mud crabs sampled between the traps
and another fishing gear (JIRAPUNPIPAT and
PRADISSAN, 2005). Moreover, the CPUE by the
traps demonstrated seasonal distributions of
both immature and mature females are corre-
lated with two environmental factors; monsoon
timing and temperature.

The CPUE of mature females was positively
correlated with temperature but not salinity.
This probably because crabs were captured by
means of traps bait with fish which relies on a
feeding response by the crabs. Feeding by
decapod crustaceans is affected both by envi-
ronment factors such as temperature and
physiological factors such as molt condition
(WrLLIAMS and HiLL, 1980). MILLER (1990) also
reported that the catchability of crustaceans
often increases with temperature. In contrast,
the CPUE of S. serrata in Australia was nega-
tively correlated with salinity (24-35 ppt) but
positively  correlated  with  temperature
(WILLIAMS and HILL 1982). However this is not
the case in all examples as MARK et al. (2006)
found that there was no correlation between
CPUE of S. olivacea and salinity and tempera-
ture in Buswan mangrove, Philippines.

Both immature and mature female crabs
were observed throughout the year though no



berried females were caught by collapsible
traps. However, the berried female crabs were
frequently caught by trawl and push net dur-
ing October to December at offshore sites from

the Klong  Ngao mangrove swamp
(CHEEWASEDTHAM, pers. obs. and
POOVACHIRANON, 1987). Furthermore,

HEASMAN et al., (1985) reported that the
berried females are less susceptible to conven-
tional fishing methods, e.g., baited trap, as
they stop feeding when they migrate offshore.
Our data support the conclusion that berried
female S. olivacea migrates offshore for spawn-
ing.

It is notable that few mature females were
found during October to February and Septem-
ber in landward areas. This is likely due to the
fact that during the period September to De-
cember when S. olivacea is spawning mature fe-
males move from landward sites to areas close
to the sea in order to migrate offshore for
spawning. This behavior is consistent with the
abundance patterns of mature female with re-
spect to monsoon timings at different sites e.g.
results from station 6 (Fig. 5. B) were very dif-
ferent from other sites. Stations 1 and 4, lo-
cated near the Andaman Sea, are end route to
migration and aggregation locations for ma-
ture female crabs.

The largest size of immature crabs was 11.0
cm while a mature female was 14.0 cm. Simi-
larly, the largest size of immature S. olivacea
in Ban Don Bay, Thailand was found to be 11.8
cm while the largest size of mature measured
171 ecm in Ban Don Bay (OVERTON and
MaciNTosH, 2002). The size distribution of fe-
male S. olivacea caught during 2003-2004
ranged from 4.0 to 14.0 cm with the median size
being 8.25 cm. The size distributions of female
crabs caught during 1994-95 and 2003-2004
were similar although the size range of female
crabs caught in 2003-04 was a little larger than
those of female crab caught in 1994-95. About
75% of the crabs caught during 1994-95 and
2003-04 were small sized with a carapace width
less than the mean size at 50% first maturity
(CWx=9.55 cm, JIRAPUNPIPAT, 2008); a few fe-
male crabs were observed with a carapace
width > 12.0 em. In contrast, the size distribu-
tion of female crabs caught during 1988-89 was
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much larger than those caught during the two
subsequent periods. The median size of female
crab caught in 1988-89 was 9.5 cm which is
close to CWs while the median size of female
crabs caught during 1995-96 and 2003-04 were
8.00 and 8.25 cm, respectively. Such results sug-
gest an increase in the percentage of small
crabs and a decrease in the annual median cara-
pace width of crab landings with few female
crabs being caught which are larger than 12.0
cm. The data may indicate a decline in the
abundance of larger sized mud crabs. The in-
crease in number of smaller crabs may be a
consequence of good recruitment, but traps are
selective and smaller crabs tend to avoid enter-
ing traps when bigger crab are already inside
(ARCHDALE et al., 2007). The increase in num-
ber of smaller crab may be the result of there
being fewer large crabs on the ground, allow-
ing the smaller crabs to enter the traps. Alter-
natively market conditions may be responsible
for this result since there has been a tremen-
dous increase in demand for soft shell mud crab
with the fishermen catching smaller sized
crabs. However the size of mud crabs caught in
2003-04 was little different from that of crabs
caught in 1995-96. This indicates that both re-
habilitation of the mangrove forest and stock
enhancement may be effective in enhancing the
mud crab stock in Klong Ngao mangrove
swamp. However, if heavy fishing pressure and
the utilization of all size class mud crab still
continue then it is inevitable that the mud crab
stock will decline. To be effective in restoring
fisheries, both habitat rehabilitation and some
form of fishery control such as limiting effort
or imposing a minimum landing size of mud
crab are necessary. One specific recommenda-
tion for the recovery is that the minimum size
for Seylla olivacea capture in Klong Ngao man-
grove swamp Ranong province should be 9.5 cm
external carapace width (ECW), which was
proposed by JIRAPUNPIPAT (2008).
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Laboratory assessment of the motion behaviour of
intertidal gastropods

Coraline CHAPPERON

Abstract: The motion behaviour of three coexisting species of intertidal gastropods,
Bembicium melanostomum, Austrocochlea porcata and Nerita atramentosa, was quantita-
tively studied in the laboratory in the absence of any abiotic and biotic cues. The behavioural
properties used to assess movement pathways were the speed of the displacements and two
measures of path complexity, the net to gross displacement ratio (NGDR) and the turning an-
gle. B. melanostomum displacements were significantly slower than A. porcata and N.
atramentosa, and significantly more complex than those of N. atramentosa. These differences
cannot be explained by abiotic (e.g. topographic complexity) or biotic factors (e.g. competition
for food, space). The movement patterns observed in the laboratory are, however, consistent
with the feeding patterns previously reported for these species. The origin of these similarities
is discussed in relation to inborn and acquired behaviours. The importance of the differences in
the displacements between closely-related species is finally discussed in relation to the niche dif-

ferentiation process.

Keywords: gastropods, motion behaviour, innate, acquired

1. Introduction

Dispersal behaviour is a key process influenc-
ing the structure and function of ecosystems
(CHAPMAN, 2000b; MORALES and ELLNER,
2002). Understanding the factors affecting mo-
tion behaviour is then important to improve
our knowledge of the distributions (STAFFORD
and DAVIES, 2005), abundances and dispersion
patterns of coexisting species (CHAPMAN, 2000
b) as well as community diversity (KERR et al.,
2002; DAVIDSON et al, 2004). Most animal
movement studies have essentially investigated
the role of environmental factors (e.g. chang-
ing tidal regime, time of immersion,
pneumatophore density, DAVIES et al., 2006;
SEURONT et al., 2007; BIsSHOP et al., 2007) on
motion behaviour within different species. Par-
ticularly, intraspecific variability has received
increasing attention over the last decade
(MARSHALL and KEOUGH, 1994; ERLANDSSON
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and KosTYLEV, 1995; CHAPMAN, 1998; PARDO
and JOHNSON, 2004, 2006; NG and WILLIAMS,
2006; RAJASEKHARAN and CROWE, 2007). Quan-
titative comparative studies about intraspecific
motion behaviour have been investigated in dif-
ferent habitats (CHAPMAN and UNDERWOOD,
1994; CrROWE, 1999; PARDO and JOHNSON, 2006;
RAJASEKHARAN and CROWE, 2007) to assess the
relative importance of intrinsic characteristics
(e.g. sex, body size; PARDO and JOHNSON, 2004)
and the flexibility of the behaviour (CHAPMAN,
2000b). Only a few quantitative comparative
studies of movement patterns have, however,
been done between species (CHAPMAN, 2000a;
MICHEL et al., 2007) although interspecific vari-
ability can be large even among ecologically
similar species (LEVINGS and GARRITY, 1983;
CHAPMAN, 2000a).

Intertidal rocky shores are particularly
suited to compare closely-related species which
exploit the same resource and occupy the same
area (CHAPMAN, 2000a). Herbivorous grazing
gastropods inhabiting rocky intertidal shores
typically compete for resources and space
(ESPINOSA et al., 2006). Dispersal and different
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movement patterns have been shown to be a
short term response to competition (TILMAN,
1994; WIiLSON et al., 1999; CROWE and
UNDERWOOD, 1998; BYERS, 2000; ESPINOSA et
al., 2006). However, it is still not well under-
stood whether these differences in motion
behaviour are innate or caused by acquired ex-
periences (PYKE, 1984).

In this context, this work investigates the
motion behaviour of three ecologically-related
species of intertidal gastropods, Nerita
atramentosa, Bembicium melanostomum and
Austrocochlea porcata, which are found at the
same level of intertidal rocky shores in South
Australia. More specifically, to improve our
understanding of the determinism of the mo-
tion behaviour of coexisting species, the aims
of this study are (1) to quantify the motion
behaviour of three coexistent species observed
from continuous measurements at small spa-
tial-scales, (i1) to assess whether interspecific
variability in movement pattern is maintained
in the absence of any environmental cues, and
(ii1) to investigate the part of innate and ac-
quired in the motion behaviour.

2. Materials and methods
2.1. Sampling site and individuals collection
Snails were collected in February 2007 at low
tide on a moderately exposed rocky shore situ-
ated at Marino Rocks, South Australia (35°02’
407S-138° 30’30”E). Individuals were sampled
at the mid-level shore on a platform character-
ized by a simple topography (i.e. flat, smooth
rocky substrate with a few shallow pits and
grooves). The salinity and temperature at the
time of sampling were 35 and ~ 25 ° C respec-
tively. Three species of snails coexisting on this
platform were collected, a species found in Aus-
tralia and New Zealand, Nerita atramentosa
(REEVE, 1855), and two exclusively Australian
species, Bembicium melanostomum (GMELIN,
1791) and Austrocochlea porcata (ADAMS,
1851). Individuals of each species are herbivo-
rous grazers (EDGAR, 1997) and as such are ex-
pected to compete for food and space. Ten
individuals were investigated for each species.
It was ensured that each individual belonged to
the same body size class (15.5 = 0.9 mm; x=*
SE). Prior to the behavioural experiments,

individuals were acclimatized in aquaria under
experimental conditions, where temperature =
19 °C and salinity = 38, for 36 h.

2.2. Behavioural observations and analysis
Experiments were conducted in an opaque
tank (2 X 1.10 m) to avoid the potential bias of
phototaxis (PETRAITIS, 1982; HAMILTON and
WINTER, 1982), a dim light positioned above the
centre of the tank was used to provide a steady
light intensity (0.32 tEm *s '). Between each
trial, the tank was emptied and washed to re-
move the mucus of the previous individual,
then refilled with seawater of constant salinity
and temperature (S = 38, T ~ 19°C) to a depth
of 4 cm to completely submerge individuals.
Trajectories of each active individual were re-
corded for one hour using a digital camera (DV
Sony DCR-PC120E) placed above the tank.
Movements were subsequently plotted onto
tracing paper attached to a TV screen by carry-
ing forward the successive positions every 15
seconds. Then, trajectories were computerised
in order to quantify the motion behaviour.
Motion behaviour was assessed using the
motion speed as well as two indexes of com-
plexity, namely the net-to-gross displacement
rate (NGDR) and the turning angle (TA). The
speed v (em min ') was calculated as v=dX f
where fis the frequency of observation (15 sec-
onds) and d is the displaced distance estimated
from the plotted coordinates (x:» vo), (xir), (x:
+1, yt+1), at time ¢ and ¢, respectively, as d=
(e —x)'+ (v —3)P)Y2. The NGDR
(SEURONT et al., 2004b) was calculated as
NGDR=ND/GD, where ND (Net Displace-
ment) represents the linear distance between
the first and the last positions of an individual,
and GD (Gross Displacement) the actual dis-
tance travelled and calculated by the sum of the
distances of the successive moves (Fig. 1).
NGDR gives information about the linearity of
a trajectory; higher values of NGDR show a
straight displacement, while smaller values in-
dicate the presence of curviness in the path. Fi-
nally, the turning angle 6. is defined as the
change in direction from one vector of move-
ment to the next (JERDE and VISSCHER, 2005)
and calculated as 0. =180— ((180* 7 LX 6),
where 0 —arcos (A-B/ Il Al || Bll), A is the
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Fig. 1. Schematic illustration of the principles to estimate turning angle and NGDR. The turning angle 6. cor-
responds to the change in direction between the successive vectors of movement A and B. The NGDR is the
ratio between the net displacement ND (i.e. the straight line between the start and the end of the trajectory)
and the actual distance GD, the gross displacement (i.e. the sum of the distances d).

vector between location d and location e, B 1S
the vector between location e and location f
(Fig. 1. The norms [[ A [[and || Bl are the
lengths of the vectors A and B (Fig. 1). Low
mean turning angles indicate weaker changes
in the direction between successive moves than
the high mean turning angles.

2.3. Statistical analyses

The distribution of speed and complexity in-
dexes were non-normally distributed, accord-
ingly we used non-parametric statistical
analyses. Interspecific comparisons of the pa-
rameters were done with the Kruskall-Wallis
test followed by a multiple comparison proce-
dure based on the Tukey test to identify dis-
tinct groups of measurements.

3. Results

A two-dimensional illustration of the typical
paths exhibited by the three species of gastro-
pods is given in Fig. 2. Clear dissimilarities in
the movement patterns of the three species
were apparent. More specifically, at a qualita-
tive level, B. melanostomum appeared most
dissimilar amongst the 3 species. B.
melanostomum individuals displacements were
tortuous with frequent changes in direction,

resulting in paths typically formed by the pres-
ence of small loops and a relatively restricted
search area (Fig. 2). In contrast, the motion
patterns of N. atramentosa and A. porcata
were similar (Fig. 2), with a larger area typi-
cally explored than by B. melanostomum over
the same time of observation. They travelled
rectilinearly with large curves and loops
around the whole field of view (Fig. 2).

Statistically significant differences were ob-
served between the three species for speed,
NGDR and turning angle (KW test, p < 0.05).
B. melanostomum was significantly (p < 0.05)
slower than the two others species (Fig. 3a, b),
averaging 3.66 = 0.21 cm min ' (x=SE). The
speed of N. atramentosa and A. porcata were
not significantly different (p > 0.05), however,
on average N. atramentosa (8.7£0.5 cm min )
was faster than A. porcata (7.8 = 0.8 cm
min ). The movements of B. melanostomum
were significantly (p < 0.05) less linear and
more sinuous (NGDR = 0.3 = 0.1, TA = 26.7
£ 1.0 degrees; x =SE) than N. atramentosa
(NGDR = 0.7 = 0.1, TA = 17.6 = 1.8 degrees;
Fig. 3¢). The complexity of A. porcata trajecto-
ries (NGDR = 0.4 = 0.1, TA = 20.2 = 1.3 de-
grees) did not differ significantly from those of
the two others species.
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Fig. 2. Motion behaviour of A. porcata (dark grey), N. atramentosa (light grey) and B. melanostomum
(black). Time of observation : 14 minutes. The initial and final locations are respectively represented by the

white point and the black arrows.

4. Discussion

Nerita atramentosa, Austrocochlea porcata
and a congeneric species of Bembicium
melanostomum (i.e. B. nanum) have also been
found to move differently in the field over dif-
ferent periods of time (i.e. two 24 h periods,
UNDERWOOD, 1977; 24 h, 1 and 2 weeks;
CHAPMAN, 2000a). UNDERWOOD (1977) found
that N. atramentosa and A. porcata moved
similar distances but significantly further than
B. nanum. In contrast, CHAPMAN (2000a)
found that over 24 h, A. porcata dispersed fur-
ther than the two others species. These differ-
ences have been related to topographic
complexity, specific characteristics,
interspecific interactions and feeding activities
(CHAPMAN, 2000a). These differences could also
be related to the different scales of observa-
tions, 1i.e. 48 and 24 h respectively in
UNDERWOOD (1977) and CHAPMAN (2000a), as
the distance travelled has been acknowledged
as a scale-dependent metric (SEURONT et al.,
2004a). The patterns observed here cannot be
thought as a behavioural response to abiotic
factors as the complexity of the topography
(CHAPMAN, 2000a) or biotic factors as the feed-
ing (UNDERWOOD, 1977), since the experiments
were done in controlled conditions in the ab-
sence of any cues after 36 h of starvation.

It is suggested that the observed behaviours

are instead (i) a reminiscence of the previous
trophic conditions encountered in the field, i.e.
an acquired behaviour and/or (ii) an innate
behaviour inherited through natural selection
at the evolutionary scale. The differences ob-
served in the motion behaviour of N.
atramentosa, A. porcata and B. melanostomum
in the laboratory are consistent with their feed-
ing ecology. N. atramentosa and A. constricta,
a congeneric species of A. porcata, graze prefer-
entially on microalgae (UNDERWOOD, 1978;
QUINN and RYAN, 1989). In contrast, B. nanum,
a congeneric species of B. melanostomum is
more suitable to graze on macroalgae (QUINN
and RyaN, 1989). N. atramentosa and A.
porcata, and B. melanostomum are then ex-
pected to have developed foraging extensive and
intensive search strategies, respectively. This is
consistent with both the highly convoluted
paths exhibited by B. melanostomum, and the
more rectilinear paths of N. atramentosa and
A. porcata that cover larger areas over the
same duration (Figs. 2 and 3). This resource
partitioning (WILSON and RICHARDs, 2000)
constitutes a niche differentiation which
favours coexistence (LEBOLD and MCPEEK,
2006) between the consumers of microalgae
(i.e. A. porcata and N. atramentosa) and those
of macroalgae (B. melanostomum).

It is also likely that the motion patterns
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Fig. 3. Fig. 3. Speed as a function of net-to-gross dis-
placement ratios (A) and turning angle (B).
Net-to-gross displacement ratios as a function of
turning angle (C) observed in A. porcata (grey),
N. atramentosa (white) and B. melanostomum
(black). Values are means and errors bars are
standard errors.

observed in the laboratory are related to the
spatial distribution of the preferential re-
sources. Food items, notably microalgae, are
heterogeneously distributed throughout the
environment (SEURONT and SPILMONT, 2002;
KLAASSEN et al. 2006). The related optimal for-
aging strategy would be to move linearly and
to travel rapidly over long distances to maxi-
mize the chance of encounter with high food
densities (Hucugs, 1980; ERLANDSSON and
KOSTYLEV, 1995). We observed this typical mo-
tion behaviour in A. porcata and N.
atramentosa (Fig. 2) which consume preferen-
tially microalgae. Resource abundance can also
influence the movement patterns of consumers.
If the food is abundant at one location (e.g. the
blade of a macroalgae), the forager will concen-
trate effort in this area (PYKE, 1984), thus
moving tortuously. This is consistent with the
area  restricted  displacements of = B.
melanostomum (Fig. 2). Finally, the differ-
ences observed between the motion behaviour
of A. porcata and N. atramentosa may suggest
an additional level of niche differentiation
through specific behavioural adaptation. While
these two species are both microphytobenthos
grazers, they might have coevolved to exploit
different levels of food patches, thus to
minimise resource competition. However, our
knowledge of gastropod spatial memory, learn-
ing performance and individuals abilities to col-
lect and store information is still poor, and
suggests that this area of research is still in its
early age.

5. Conclusion

Quantitative comparisons of the motion
behaviour of coexisting intertidal gastropods
are still scarce in the literature. The present
work complements the few studies conducted in
the field which showed interspecific differences
in the motion behaviour in response to abiotic
and biotic factors. We found that interspecific
differences in movement patterns still exist in
three species of intertidal gastropods coexist-
ing on the same rocky shore, even after 36 h of
acclimation in the laboratory in the absence of
any cues. The motion behaviour observed in the
laboratory for N. atramentosa, A. porcata and
B. melanostomum 1s consistent with their
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feeding ecology and the recognised spatial
properties of their resource. It is then conse-
quently hypothesised that the observed pat-
terns may be the result of acquired and/or
innate properties driven by the history of the
tested individuals and by natural selection, re-
spectively. A thorough understanding of the
determinism of gastropod motion behaviour is,
however, still lacking, and the complexities
highlighted by these experiments stress the
need for further experiments to assess the rela-
tive part of innate and acquired in gastropod
motion behaviour.
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Preliminary assessment for age estimation of wild population
of mud crab (Seylla olivacea) in Pak Phanang Bay, Thailand,
using histologically quantified lipofuscin as age marker

Md. Sherazul IsLam”’, Keita Kopama® and Hisashi KUROKURA"

Abstract: The age structure of wild mud crab (Scylla olivacea), one of the most important
mangrove fisheries resource in the Southeast Asian region, was explored using autofluorescent
age pigment, lipofuscin. Samples were collected from the mangrove swamp area in Pak
Phanang Bay, Thailand. The carapace width-frequency distribution did not show any distinct
modes of the sample population. Lipofuscin concentration in the olfactory lobe cell mass
(OLCM) of the brain was measured using image analysis of fluorescent micrographs and its
concentration showed positive correlation with carapace width. The lipofuscin concentration
(9% of area fraction) ranged from 0.09 to 0.28 with the formation of three modes. Strong corre-
lation was found between lipofuscin concentration and mode numbers observed in the
lipofuscin concentration histogram (R*=0.99) and when modes were considered as distinct
ages, the lipofuscin accumulation rate showed almost constant (0.07% of area fraction) in each
year. Although, existence of wide size ranged population in a lipofuscin concentration mode,
the analysis suggested that S. olivacea live in the mangrove ecosystem at best of 2" year class.
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1. Introduction

Mud crabs of the genus Scylla, commercially
important and conspicuous crustacean found in
intertidal and subtidal coastal habitats
(KEENAN et al., 1998), are traditionally ex-
ploited in a number of ways by artisanal fish-
ermen (MACHINTOSH et al., 1993). Mud crabs
provide basic source of income for coastal fish-
ing communities throughout the Indo-Pacific
region, especially in Thailand (MOSER et al.,
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2002). However, this important resource is
presently vulnerable and proper management
is becoming a key issue. Understanding the age
structure of wild population of mud crabs is
undoubtedly necessary for better stock man-
agement. But difficulties in age determination
in crustaceans are apparent due to high vari-
ability in growth rates and molting frequen-
cies. It is also impossible to use permanent hard
body parts as growth indicator, which is fre-
quently used in other animals, because of the
crustacean’s molting properties. Thus, growth
parameters in crustaceans have been tradition-
ally assessed either by tagging and recapture
experiments, (MOSER et al., 2002; VAY et al.,
2007) or using specimens cultured in captive
condition (PLAUT and FISHELSON, 1991; HILL,
1992). Recently, quantitative studies of lipo-
fuscin have encouraged researchers to deter-
mine age on the basis of chronological deposi-
tion of lipofuscin in neuron cell masses.
Lipofuscin is a lipopigment that is produced
in secondary lysosomes as a result of cellular
metabolism (DowsoN and HARRIS, 1981). Since
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the formation of lipofuscin is dependent upon
metabolism, it should increase in concentration
as long as the cell is alive (HARVEY et al., 1999).
The universal property of lipofuscin is the
emission of yellow to greenish autofluorescence
when excited with ultraviolet or blue light
(SoHAL and WOLFE, 1986; BRUNK et al., 1992).
These characteristics have given the lead to
measurements of the autofluorescence and to
quantify the amount of lipofuscin accumulated
by the cells for application in the determination
of ages (DOWSON 1982, MARZABADI et al., 1992).
Although lipofuscin are likely to form in all
postmitotic cells (SHEEHY, 1989), most cells
turnover at different rates, which is difficult to
follow over the lifespan of an organism. Nerv-
ous tissues are special as they divide and are re-
placed very slowly in all organisms. Thus,
nervous cells can accumulate lipofuscin for
relatively longer periods, hence suggesting
their usability for measuring age. Pioneering
work in the analysis of extractable fluorescent
age pigments using spectrofluorometry was
done by ETTERSHANK (1983 and 1985), who
used lipofuscin for aging crustaceans but was
criticized on the spectroflurometric technique
in the following years (NicoL, 1987; HILL and
WOMERSLEY, 1991; SHEEHY, 1996). Later, prom-
ising results in aging crustaceans were
achieved by in situ quantification of lipofuscin
granules on histological sections of nervous tis-
sue using fluorescence microscope (SHEEHY,
1989). SHEEHY (1990a) was the first to confirm
the widespread occurrence of lipofuscin-like
fluorescent material in the brain of crustaceans
and also to find a broad correlation between the
adult body size of the species and the occur-
rence of the fluorescence. In fact, morphologi-
cal lipofuscin has been found to occur in
(associated with) the neuron soma in all cell
masses of the brain and eyestalks of decapod
crustaceans (SHEEHY, 1989 and 1990a; SHEEHY
and WICKINS, 1994, SHEEHY et al., 1996), being
particularly conspicuous in the globule cell
masses associated with the olfactory lobe.

To date, the quantification of lipofuscin
method were successfully applied in many stud-
ies of wild population of crustaceans (Cherax
cuspidatus, SHEEHY, 1989; Notocrangon antar-
cticus, BLUHM and BREY, 2001; Waldeckia

obesa, BLUHM et al., 2001; Oratosquilla
oratoria, KopAMA et al., 2005) and in captive
condition (Cherax quadricarinatus, SHEEHY,
1990b and SHEEHY et al., 1994; Euphausia
superba, NIcoL et al., 1991; Homarus
gammarus, SHEEHY et al.,1996; Marsupenaeus
Japonicus, VILA et al., 2000; Dendrobranchiate
shrimps, MEDINA et al., 2000; Homarus
gammarus, UGLEM et al., 2005).

In genus Scylla, although lipofuscin accumu-
lation has been reported in nerve cell masses in
the brain (SHEEHY, 1990a), lipofuscin concen-
tration has never been used as an age marker.
However, the wide application of this technique
on other crustaceans to estimate population
age encouraged us to apply histological
lipofuscin quantification methods for wild
population of mud crabs. The present study
was conducted to gain a deeper knowledge in
the existence of lipofuscin in mud crabs (Seylla
olivacea) and to use the lipofuscin quantifica-
tion technique to assess the age of wild popula-
tion in the tropical mangrove forest, Pak
Phanang, Thailand.

2. Materials and methods
2.1 Study site

Pak Phanang Bay is located in Nakhon Si
Thamarat province in the southeastern part of
Thailand, covering an area of 126 km*. The
eastern side of the bay is largely occupied by
mangrove forest (approximately 90 km®) and
an extensive mudflat (1-3 km wide) emerges at
low tide. The present study was conducted
within the eastern mangroves that cover 6994
ha, 82% of the total Pak Phanang district man-
groves (Fig. 1). THAMPANYA et al. (2002) men-
tioned that there are three distinct seasons;
hot-dry season (February-May), rainy season
(June-September) and the highest rainfall pe-
riod of monsoon season (October-January)
with water temperature ranges between 25 and
36°C. The average rainfall in this area ranges
about 2000-3000 mm and salinity fluctuates be-
tween 1-25 ppt (BOROMTHANARATH et al.,
1991). Crab fishing is conducted throughout
the year within the mangrove channels as well
as associated channels connected with the bay.
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Fig. 1. Study area, Pak Phanang mangrove ecosystem and the sampling place (fishermen settlement) inside of

the mangrove.

2.2 Samples

Crab trap is the main gear using for mud
crab fishery in the Pak Phanang mangrove
swamps. Crabs also captured by bare hand and
as bi-catch of channel trap that used for shrimp
fishing. Samples were collected randomly from
the middlemen traders in the mangrove com-
munities on October and November in 2006 and
on April and May in 2007. The live crabs were
brought back to the laboratory where internal
carapace width (ICW: the distance across the
carapace between the eight and ninth
anterolateral spines) were measured using
digital caliper. Crab species were identified
from their color and external morphology as
suggested by KEENAN et al. (1998). Three spe-
cies (Seylla olivacea, S. paramamosain, and S.
serrata) were identified with S. olivacea ac-
counting for the highest composition of 46%.
The present study on lipofuscin analysis fo-
cused on the May 2007 samples where 43% (21
out of 45) were identified as S. olivacea. Mud

crab recruitment is year round but since ma-
ture females were observed to migrate offshore
mostly from June (fishermen’s experience),
samples from May is expected to contain vari-
ous age classes. Crab samples were ice-shocked
to anaesthetize the animal. The head part (con-
taining the brain) was then dissected out and
was fixed in 10% neutral buffered formalin.
After 10 days of fixation, the brain was iso-
lated and preserved in 70% ethanol for histo-
logical observation.

2.3 Identification and quantification of
lipofuscin

The brain samples were dehydrated in as-
cending ethanol concentrations from 70% to
100%, transferred to lemosol and embedded in
paraffin. Serial vertical cross sections of the
samples were cut at 5 #m. For confirmation of
the position of the olfactory lobe (OL), some of
the histological samples were stained with
haematoxylin-eosin and then examined under
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the optical microscope. Longitudinal serial sec-
tions were prepared from the left side of brain
in dorsal view position. All sections were de-
waxed through three 10-min xylene changes
and mounted without staining. The observed
different clusters of cell bodies were numbered
according to SANDEMAN et al. (1992). The num-
ber 10 cell mass (corresponding to olfactory
lobe cell mass; OLCM) was used for fluorescent
concentration analysis in the present study as
it was large and clearly visible.

Fluorescent microscope (Olympus-BX51, Ja-
pan) was used to detect autofluorescence of
lipofuscin. The histological sections of OLCM
at the left side of the brain were excited at a 488
nm excitation wavelength and images were
taken with 40 X lenses. A total of 10 central
most OLCM digital images were taken from
each brain with a resolution of 512 X 512 pix-
els. The images were edited and quantified
lipofuscin concentration using Photoshop CS2
image processing software. The outline of the
OLCM in the image was traced manually to se-
lect the area of analysis and then maximizing
the contrast of lipofuscin by using gray-scale
thresholding binary image. We used ImagedJ
software (National Institute of Health, USA)
to measure the area fraction (%) of lipofuscin
granule in earlier outlined OLCM area. The
geometric average area fraction was calculated
from the 5-10 sections of an individual and
then used for statistical treatments.

2.4 Modal analysis

The Kolmogorov-Smirnov test (SOKAL and
ROHLF, 1995) was conducted to identify any
difference in frequency distributions between
the sexes. An internal carapace width-
frequency distribution (ICFD) was established
from the size-data of 121 specimens, using class
interval of 5 mm. A lipofuscin concentration-
frequency distribution (LFD) was constructed
from samples (21 specimens; May 2007) used
for the pigment concentration analysis with
0.02% class interval. Potential cluster of sam-
ples were identified by plotting ICW against
lipofuscin concentration. The observed clusters
were further substantiated and the mean val-
ues of the peaks were estimated with the Hass
elblad’s (HASSELBLAD, 1966) methods as

supportive information.

3. Results
3.1 Carapace width-frequency

A total of 61 males and 60 females were sam-
pled during the study period and the length fre-
quency distribution is showed in figure 2.
Numbers of immature (<94 mm ICW;
KOOLKALYA et al., 2006) and mature crabs were
84 (69%) and 37 (31%), respectively for all the
samples while in May 2007 samples used in the
lipofuscin study contained 12 (57%) and 9
(43%), respectively. The male-female distribu-
tion did not differ significantly (Kolmogorov-
Smirnov test, P>0.05) in any month.

Though the immature crabs (<94 mm ICW)
were noted in each sampling time, small crabs
(<70 mm ICW) were noticed to be more abun-
dant in October 2006. In the ICFD, one to three
modes were observed but the numbers and posi-
tion of modes were not consistent over the sam-
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Fig. 2. Size-frequency distributions for samples of
Seylla olivacea examined from Pak Phanang
mangrove ecosystem during October 2006 to
May 2007. The dash lines show division between
immature and mature crabs.
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pling months (Fig. 2). Some modes were not
visually obvious.

3.2 Morphology of OLCM and lipofuscin

The olfactory lobes are clearly delineated as
spheres lying on each side of the brain (Fig.
3A). The OLCM lies posterior to ventral of ol-
factory lobe in the brain of S. olivacea. These
neuron groups are easily distinguishable from
other neuronal aggregates because they consist
of crescent-shaped, compact clusters of small-
sized globule cells (Fig. 3B). Lipofuscin was
identified by its bright yellow autofluorescence
and by its round or irregular granular shape,
usually =2 ¢ m in diameter, which sometimes
formed in aggregates of several granules (Fig.
4A & B). In the present study, although we
found different clusters of cell bodies in the

crab brain, OLCM was selected for the
lipofuscin study because of its relatively large
size and clear indication of position.

3.3 Lipofuscin concentration

There was no significant difference between
the sexes in the lipofuscin concentration
frequency distribution (Kolmogorov-Smirnov
test, P>0.05), hence sexes were not treated
separately in further analysis. Lipofuscin con-
centrations varied between 0.09 and 0.28% area
fraction. Lipofuscin concentration progres-
sively increased with the increase in ICW and
the relation could be linearly regressed (L
=0.0024 ICW—0.07; R*=0.38, P<0.05) that
showed three clusters in the sample population
(Fig. 5). Adjacent lipofuscin groups did not
overlap largely. Each cluster was numbered in

OLCM

Fig. 3. A horizontal section through the brain of Scylla olivacea. A, The olfactory lobe (OL) lying in each side
of the brain and the olfactory lobe cell mass (OLCM) ; scale bar = 200 #m. B, The close view of the OLCM;
scale bar = 100 z m. The different clusters of cell bodies were numbered according to the SANDEMAN et al.,
1992.

# -l 'f ("l'[,-{"::'[\-l. A"

B

Fig. 4. The accumulated fluorescent lipofuscin granules (some arrowed) in the olfactory lobe cell mass of Seylla
olivacea. A, Common granule type lipofuscin and B, aggregated lipofuscin granules. Scale bar = 10 zm.
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ascending order as Mode M (M = 1, II, IID.
The mean values of the three peaks I, II, and III
in the lipofuscin concentration distribution
were 0.14 £ 0.02, 0.21 = 0.01, 0.28 = 0.01 re-
spectively (Fig. 6). The relationship between
lipofuscin concentration L. and mode numbers
M is shown in figure 7 and the linear regres-
sion equation defining the relationship is L =
0.07 M + 0.07 (R* = 0.99, P<0.05). Despite a
positive correlation between ICW and lipofu-
scin concentration (correlation coefficient r =
0.72; P<0.05), there was a considerable disper-
sion of ICW within each lipofuscin groups. Sev-
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Fig. 6. Frequency distribution of the lipofuscin concentration of Scylla olivacea collected from Pak Phanang
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Fig. 8. The internal carapace width-frequency distri-
bution of Seylla olivacea samples during May
2007. The modes developed by the lipofuscin
analysis are applied to the ICW histogram. Pre-
sumable age groups are also shown in parenthe-
ses.

4. Discussion

No clear continuous mode groups can be dif-
ferentiated from the carapace width-frequency
analysis to estimate the wild population age
(Fig. 2). There is no continuity of modes and
hence age determination of S. olivacea is diffi-
cult. This discontinuity may be caused by the
different growth rates of individuals in a co-
hort from fast growing to slow growing indi-
viduals (MOSER et al., 2002). A cohort starting
in a small size class will have some individuals
reaching the largest size class very quickly,
while the majority still remains in the medium
or lower size classes. Moreover, in general, the
increment of carapace width of crustaceans
varies between individuals under-going the
same molt (HARTNOLL and ABELE, 1982) and
the interval between successive molts becomes
longer as age increases, particularly after sex-
ual maturity (ABE, 1982; KopaMA et al., 2005).
The size range among all male and female S.
olivacea recorded in the study was larger (70—
123 mm ICW), particularly, when compared
with the result by MOSER et al. (2005) from the
Ranong province, Thailand. In the present
study, samples were taken from commercial
middlemen, hence the smaller crabs less than
the commercial size (50 mm, 4-5 months aged;
MOSER et al., 2005) were not included in the
present analysis.

The position of olfactory and the neuron cell

masses of S. olivacea were similar to those re-
ported in S. serrata (SANDEMAN et al., 1992).
The morphology of the OLCM and globuli cells
of S. olivacea is also similar with other
brachyuran (SANDEMAN et al., 1992 and 1993).
Lipofuscin granules in S. olivacea were not
greater in numbers or light intensity compared
with other species (Homarus gammarus,
SHEEHY et al., 1996; Marsupenaeus japonicus,
ViLa et al., 2000; Oratosquilla oratoria,
KobaMA et al., 2005). However, dense aggrega-
tions of lipofuscin granules (Fig. 4B) were of-
ten found similar to the species of Birgus latro
(SHEEHY, 1990a).

Although microscope-based quantification of
lipofuscin is rather time-consuming and labor
intensive (SHEEHY, 1990b and 1996; VILA et al.,
2000; BLunMm and Brey, 2001), this method can
give very precise measurements (SHEEHY, 2002)
than other biochemical extractable lipofuscin
quantification (ETTERSHANK, 1985) for crusta-
cean age determination. SHEEHY (1996) re-
ported that there was no relationship between
intensity of autofluorescence of extracted
lipofuscin and in situ lipofuscin concentration
based on microscope observation of same tis-
sue. He concluded that the extraction of
lipofuscin was not stable and recommended to
avoid quantification by chemical extraction.
Moreover, SHEEHY et al. (1998) and KODAMA et
al. (2006) verified the ageing technique of wild
crustacean population using lipofuscin quanti-
fication by microscopic method. This encour-
aged us to apply the same procedure for wild
mud crab population for the first time.

Lipofuscin accumulates in postmitotic nerve
cells where cellular metabolic activity is high
(SHEERY, 1989). There were some specific nerve
cell mass in different parts of the crustacean
species that have been used for the purpose of
histological lipofuscin quantification such as
OLCM (SHEEHY, 1989; SHEEHY and WICKINS,
1994; ViLA et al., 2000; BLunMm and Brey, 2001),
protocerebral bridge cell mass (KopaMA et al.,
2005) and eyestalk ganglia (SHEEHY et al.,
1996). In decapod species, the lipofuscin concen-
tration is especially dense in the OLCM
(SHEEHY, 1989; SHEEHY and WICKINS, 1994;
VILA et al., 2000; BLuHM and BREY, 2001). In
the present study, we also noticed the high
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concentration of lipofuscin granules in the
OLCM of the brain of S. olivacea. We, there-
fore, used the OLCM for the lipofuscin quanti-
fication and hence to confirm its usefulness in
age determination of S. olivacea.

In the present study, we could not find any
difference in accumulation of lipofuscin be-
tween sexes. In other studies, differences were
not found between male and female in the as-
pect of lipofuscin accumulation with growing
age in other crustaceans like Marsupenaeus
japonicus (ViLa et al, 2000), Homarus
gammarus (SHEEHY et al., 1996; UGLEM et al.,
2005) ; Cherax quadricarinatus (SHEEHY, 1992)
and Oratosquilla oratoria (KODAMA et al.,
2005). Thus, the combination of data from both
sexes was used for analysis in this study.

We observed a linear relationship between
size and lipofuscin concentration in the samples
in May 2007 (Fig. 5). From this, we can con-
clude that lipofuscin concentration increases
with growth of S. olivacea as in other species
(SHEEHY, 1990b; SHEEHY et al., 1998; KoDAMA
et al., 2005). When we compared the distribu-
tion in size and lipofuscin concentration of the
samples, obvious breaks existed in lipofuscin
concentration, which were not found in the size
distribution (Fig. 5). In the regression analysis
between order of peaks and mode numbers
(Fig. 7), a higher regression coefficient was ob-
served indicating that the peaks have the same
interval with the lipofuscin accumulation pe-
riod. Those results strongly support that the
order of peaks indicating the order of age as
shown in previous studies in wild population of
other crustaceans (SHEEHY et al., 1998; BLUHM
and BrEY, 2001; KopaMA et al. 2005) and show
the applicability of microscopic quantification
of lipofuscin as a tool for cohort analysis and
age determination.

Despite the continuous year round recruit-
ment of S. olivacea (MOSER et al., 2002 and
2005) in Thailand, there were some periodic
peaks (MOSER and MACHINTOSH, 2001). They
noticed periodic portunid larvae recruitment
during dry to wet (October-November) and
wet to dry (March to April) seasons in Klong
Ngao mangrove, Ranong province. The present
study area showed different seasonal pattern,
dry season in February-May, rainy season

starting in June, and heavy monsoon rains be-
gin in October and prolonged until January
(THAMPANYA et al., 2002). Fishermen stated
that mud crab recruitment period in Pak
Phanang mangrove is from September to Feb-
ruary (heavy rain monsoon). However, age
group recruit in the mangrove system in Sep-
tember are not caught until February in the
subsequent year due to lowest commercial crab
size limit for S. olivacea (50 mm ICW; MOSER et
al., 2005).

On the other hand, periodic spawning period

was also noticed for S. olivacea. This is around
June and August-October in Ranong province
(TONGDEE, 2001) and June-November in the
Andaman sea, Thailand (KOOLKALYA et al.,
2006). Moreover, higher number of female
crabs was noticed in commercial catch in May
to July (MOSER et al., 2005) while higher num-
ber of mature females can be observed in July-
November (KOOLKALYA et al., 2006) following
the migration to offshore region for spawning.
In the present study, female number decreased
in May, 2007 that may be attributed to the mi-
gration of females to offshore for spawning in
May. This is also supported by fishermen’s ob-
servation of the crab’s life cycle in the Pak
Phanang mangroves. Crab larvae those are
spawned around June reaching a 1-year age by
next June.
Scylla olivacea takes 3—4 weeks of larval devel-
opment (MOSER et al., 2005) and do not enter
into the mangroves until the Instar 1 stage
(MoSER and MACHINTOSH, 2001). In the Instar
1 stage, crabs settle in the mangrove ecosystem
for at least 1 month old. Scylla olivacea takes 3
—4 months to reach the smallest size (50 mm
ICW) to be caught by commercial fishermen
and another 4-5 months to reach sexual matur-
ity (>90 mm ICW; MOSER et al., 2005). There-
fore, the 1st lipofuscin mode andor the
youngest age group caught in May 2007 were 9
to 10-months-old (0" year). Also, 70-90 mm
ICW classes are composed of the 1st lipofuscin
mode (Fig. 8), suggesting that the Ist
lipofuscin mode corresponds to the 0 year age
group.

It was difficult to infer the 2nd and 3rd
modes of lipofuscin as distinct age groups from
our results. In other crustaceans, lipofuscin
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accumulates in nerve cell masses at an almost
constant accumulation rate in rearing experi-
ments (SHEEHY et al., 1996) as well as from
wild populations (BLUHM and BRrry, 2001;
KopaMA et al. 2005). SHEEHY et al. (1998)
proved that annual accumulation rate of
lipofuscin in western rock lobster Panulirus
cygnus was constant in both wild and labora-
tory-reared specimens. When we consider the
modes of lipofuscin as an age classes, the re-
gression equation (Fig. 7) indicate that
lipofuscin accumulation in OLCM of S. olivacea
was at an almost constant annual accumula-
tion rate of 7.0 X 10*% volume fraction that
could be afforded that each of the groups corre-
sponded to a distinct age class.

Moreover, regularly spaced modes in
lipofuscin concentration histogram in wild
population of other crustacean species have
been observed in other studies, in which rela-
tionship between lipofuscin modes and age was
established (SHEEHY et al., 1998; BLunM and
BREY, 2001; KopaMA et al. 2005 and 2006). The
present study also showed modes in lipofuscin
concentration histogram with strong linear re-
lationship between modes. Therefore, it would
be presumable to regard groups I, II, and III as
a distinct age class of 07, 17and 27, respectively
that also supports the average 3-year life ex-
pectancy of mud crabs (HEASMAN, 1980).

When we accepted the hypothesis that the
cluster in figure 5B and,~or the peaks in figure
6 as cohort of the age class 0", 1"and 2", respec-
tively, there are considerable overlaps in the
size between different age groups (Fig. 8). A
possible explanation for the wide range of sizes
can be partially explained by the long spawn-
ing period of the species in tropical area. How-
ever, the overlap of the size among size classes
cannot be explained only by the long spawning
season. Another explanation for the wide size
class in same age group is the wide variation of
growth rates in the same age group as reported
by MOSER et al. (2002).

Conclusively, the present study showed the
possible application of the lipofuscin micro-
scopic observation for age determination of S.
olivacea. The weakness of the present study for
the validation of this method is small sample
size and lack of seasonal movement of

lipofuscin cohorts. For future validation pur-
poses, a year-round observation of the
lipofuscin cohorts and/or examination of
lipofuscin concentrations of specimens with
known ages are recommended.
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