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ABSTRACT

This study addressed the potential restoration of a population of mud crabs Scylla spp.
in the mangroves of Naisud and Bugtong Bato, Ibajay, Aklan, Philippines. Survey of
the study site showed that 50 of the 70 ha total mangrove area is still natural
mangrove and represents suitable habitat for mud crabs. The dominance of Scylla
olivacea in the mud crab catches, through all life stages, suggests fidelity of this
species to the area. The absence of berried crabs in the samples may indicate offshore
migration for spawning. The high percentage of immature crabs in all months with
peaks in March or April may suggest year-round recruitment with peaks in the
summer months. The negatively significant correlation of carapace width (CW) and
body weight (BW) to time indicates growth overfishing. Results further revealed low
yield and catch per unit effort (CPUE). Population estimates ranging from 14 to 34
crabs ha™! were obtained through a mark-recapture study using coded microwire tag
(CWT) and the J olly-Seber method for open populations. Growth rates were 0.25 mm
CW d"' and 1 g BW d”. Results of the stock enhancement trials showed that small-
scale release can increase abundance of mud crabs in a partly isolated mangrove
habitat. Growth and survival rates of released crabs suggest that S. olivacea is the best
suited species for this particular area. The results further revealed that pond-
conditioned S. olivacea can have higher growth than those released directly from the
hatchery and recovery rates equivalent to those of their wild conspecifics. The
optimum size-at-release 1s 65.0-69.9 mm CW regardless of species or source. Both

wild and hatchery-reared crabs also exhibited limited post-release movement,

supporting the overall conclusion that stock enhancement can be an effective tool in
addressing declining fisheries resources.
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CHAPTER 1

General introduction



INTRODUCTION

This study aims to evaluate the effects of stock enhancement by release of both wild-
caught and hatchery-produced mud crabs, Scylla spp., in the partially-degraded
mangroves of Naisud and Bugtong Bato, Ibajay Aklan, Philippines. The thesis is
divided into five chapters. Chapter 1 reviews the literature relevant to the present

study. Chapter 2 describes the topography of the mangrove study area, and includes

determination of the area suitable as mud crab habitat and a description of the three

creeks used in the study, including levelling in relation to tidal heights. The mangrove
flora in each creek are analysed for possible zonation, the diversity between creeks
and the density, dominance and frequency of the species between quadrats are
compared. Chapter 3 studies the population and fisheries of Scylla spp. This includes

identifying the most predominant species of Scylla in the wild, and determining the

sex ratio of the crabs and the size composition of the crabs in the monthly spring
catches of the fishers. It compares catches between three gears, their efficiency and

selectivity in terms of species, sex and size. It also determines monthly yield and

catch per unit effort (CPUE) in terms of number (crab gear’ d') and biomass (g gear
d"). The information obtained from this chapter serves as baseline information for the
stock enhancement trials. Chapter 4 studies the wild population of Scylla spp. using a
mark-recapture technique employing coded microwire tags and the Jolly-Seber

method for analysing open populations. This chapter mainly deals with the abundance,
survival and number of new recruits in the population based on the recaptures from

the tagged crabs released. From the differences in carapace width (CW) between
release and recapture (days), growth rate of wild Scylla 1s also obtained. The conduct
of stock enhancement trials, which is discussed in Chapter 5, is based on the findings
of the previous chapters. This chapter investigates stock enhancement using both
wild-caught and hatchery-reared (unconditioned and conditioned) Scylla spp. Even
from a small-scale level such as this trial, the effective increase in production

following release is reported. Growth rates of the three species of Scylla are compared.

The need for conditioning of hatchery-reared animals prior to release in the wild to

improve survival is identified, and the optimum size-at-release for Scylla 1s

determined.
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The present chapter reviews literature on mangroves, Scylla spp. and stock
enhancement. The mangrove section includes topics on mangrove distribution,
functions and uses and its associated fauna. The next section is on the mud crabs,
Scylla spp., being one of the most commercially important mangrove-associated

shellfish. This section discusses Scylla spp. morphology, taxonomy, distribution, life
cycle, habitat, growth and fisheries. The final section covers aspects of stock
enhancement including background and rationale, a comparison of the fitness of

hatchery-produced vs. wild individuals, release strategies, genetic, diseases and
environmental considerations, and assessment and status of stocking initiatives. This

chapter ends with the description of the objectives of the succeeding chapters.

MANGROVES

What are Mangroves?

The term mangroves may either refer to the constituent plants of tropical intertidal
forest communities or to the whole community itself (Tomlinson 1994). Sometimes,
the community of mangrove plants is referred to as ‘mangal’ and the plant species
making up the forest as ‘mangroves’ (Macnae 1968). Mangroves have been variously
described as ‘coastal woodlands’, ‘mangals’, ‘tidal forests’, or ‘mangrove forests’
(Saenger 2002). They are common on mudflats and banks of tropical and subtropical
rivers and coastlines (Spalding et al. 1997), existing at the boundary of two
environments (land and water) and receiving nutrients from both terrestrial and
aquatic environments. The plants can tolerate salt and brackish water and flourish in
heat, salinity and oxygen-starved mud (Macnae 1968). Despite being slow-growing,

the ability of mangroves to grow in salt water reduces competition from other plants.

As defined by the possession of morphological, physiological, biochemical and

reproductive adaptations that enable them to grow in the unstable and harsh tropic

intertidal environment and on their fidelity to the mangrove habitat, approximately 84

species of plants, belonging to 39 genera and 26 families, are recognised throughout
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the world as being mangroves (Tomlinson 1994; Field 1995; Duke et al. 1998;
Kathiresan and Bingham 2001; Saenger 2002). These mangrove plants can either be
trees (Avicennia spp., Rhizophora spp., Sonneratia spp.), shrubs (degiceras spp.,
Lumnitzera spp.), palm (Nypa fruticans) or ferns (Acrostichum spp.). Of these 26
families, only two are exclusively mangroves and dominate mangrove communities

throughout the world. These are the families Rhizophoraceae and Avicenniaceae
(Hogarth 1999). The widest and the most diverse mangrove forests are found in South
and Southeast Asia. Excluding ferns, 35 species are found in the Philippines, 33 of

which are known in Panay Island (Primavera et al. 2004), and 27 have been

documented in the mangroves of Naisud and Bugtong Bato, Ibajay, Aklan, where the

present study was conducted.

Mangroves possess characteristics that make them structurally and functionally
unique (Hogarth 1999; Alongi 2002; Saenger 2002). Tomlinson (1994) described the
characteristics of the major elements of the mangrove community or the so-called
“strict or true mangrove” species. True mangroves possess all or most of these
features: 1) complete fidelity to the mangrove environment, 2) major role in the
structure of the community and the ability to form pure stands, 3) morphological
specialization that adapts them to their environment, 4) some physiological
mechanism for salt exclusion to grow in sea water, and 5) taxonomic isolation from

terrestrial relatives. True mangroves occur only in the mangrove forest and do not

extend into the land. Due to differences in environmental tolerances, they tend to form
zonation patterns revealing distinct species associated with the lower and upper

intertidal zones, occupying zones where optimum growth can be attained.

Morphological and ecophysiological characteristics and adaptations of mangrove trees
include aerial roots, viviparous embryos, tidal dispersal of propagules, rapid rates of
canopy production, frequent absence of an understorey, absence of growth rings,
wood with narrow, densely distributed vessels, highly efficient nutrient retention
mechanisms, and the ability to cope with salt and to maintain water and carbon
balance (Popp 1995; Alongi 2002). On dealing with high salt concentrations, they are
capable of salt exclusion (Scholander et al. 1962; Popp 1995), salt extrusion (Boon
and Allaway 1986; Balsamo and Thomson 1993), salt storage (Wang and Lin 1999),
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succulence (Sobrado 2000), compartmentalization (Mizrachi et al. 1980), and

osmocompensation (Downton 1982).

The most prominent feature of the mangrove ecosystem is the varying and complex
root system of the different species of mangroves that thrive in it. These plants create

a unique environment, especially from the intricate designs of their aerial roots
associated with gas exchange. According to Saenger (2002), the root system of many
mangroves display morphological, physiological and metabolic adaptations which aid
In overcoming problems associated with their anaerobic environment. Above ground

root types include 1) pneumatophores — pencil-like structures or conical projections
arising from the cable root system and extending into the air (Avicennia Spp.,
Sonneratia spp., Xylocarpus moluccensis); 2) knee roots — modified sections of the
cable root system which first grow upward above the substrate then downward back
to the substrate (Bruguiera spp., Ceriops spp.); 3) prop or stilt roots — branched roots
that arise from the trunk and grow into the substrate (Rhizophora spp.); 4) buttress
roots — similar to stilt roots in origin but expanding into flattened blade-like or ribbon-
like structures (Heritiera littoralis, Xylocarpus granatum); and 5) aenal roots —
unbranched roots arising from the trunk or lower branches and descending downward
but usually not reaching the substrate (Rhizophora spp., Avicennia spp.) (Tomlinson

1994; Hogarth 1999; Saenger 2002). Aside from variations in root structures,

adaptations include lenticels or tiny pores for gas exchange found on the surface of
the tree trunks or on the roots. These structures are very prominent and in great
numbers in Camptostemon philippinensis, from the exposed roots to the trunks and up

to the branches of these trees.

Mangroves display unique methods of reproduction; viviparity, cryptoviviparity,
normal germination on soil and vegetative propagation. Vivipary is the precocious
and continuous growth of offspring while still attached to the maternal plant (Thomas
and Paul 1996). This reproductive strategy allows the embryo to develop, rupture the
pericarp and grow beyond it while still attached to the parent tree. Cryptovivipary, on

the other hand, allows the embryo to develop within the fruit but not to the extent of
enlarging sufficiently enough to rupture the pericarp (Saenger 2002). According to
Smith and Snedaker (1995), this reproductive pattern allows seedlings to develop

some tolerance to salinity before being released from the parent plant. Other species
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develop by simple germination and do not germinate while still on the parent tree.
Despite the differences in their methods of reproduction, whether viviparous or non-
viviparous, most species have similar buoyancy, rate of root and shoot initiation and

tolerance to salinity (Clarke et al. 2001).

Mangrove Distribution

Mangroves are distributed circumtropically, occurring in 112 countries and territories

(Kathiresan and Bingham 2001), covering an estimated area of 181,077 km?, 41% of
which are in South and Southeast Asia (Spalding et al. 1997). The largest single area
of mangroves in the world is found in the Bangladesh part of the Sunderbans, which
covers an area of almost 600,000 ha including waterways (Bandaranayake 1998).
Tomlinson (1994) described the distribution of mangroves in the eastern and the
western taxa with no species overlap. The east has approximately three times the
number of species as the west. Duke (1992), on the other hand, divided mangrove

species into two global hemispheres, the Atlantic East Pacific and the Indo-West

Pacific with the latter having four times the number of species found in the former
(Fig. 1.1).

Mangrove distribution is determined by latitude, temperature (air temperature >20°C:
water temperature 224°C) and coastal aridity (Tomlinson 1994). According to
Spalding et al. (1997), rainfall has also a strong influence over mangrove distribution,
largely by its effect on salinity. Mangroves are almost exclusively tropical (Hogarth

1999) and are confined between 30°N and 30°S latitudes. However, there are outliers
to the north in Bermuda, southern Florida and southern Japan and to the south in
South Africa, Australia and New Zealand (Tomlinson 1994). The Hawaiian Islands
have six species of mangroves, all of which were introduced since the 1900s
(Kathiresan and Bingham 2001). On a global scale, the essential environmental
prerequisites for mangrove development are temperature, mud substrate, protection,
salt water, tidal range, ocean currents, and shallow shores. Mangroves develop best in
tropical estuaries which receive heavy rainfall evenly distributed throughout the year,
whereas aridity is a limiting factor in many regions of the world (Blasco 1984). In her

19" century travels around tropical West Africa, Mary Kingsley noted that mangroves

were able to grow on sand, peat, rock and coral, but the most extensive and luxuriant
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Figure 1.1. Mangrove distribution in six biogeographic regions belonging to two
global hemispheres (Atlantic East Pacific and Indo-West Pacific) showing
the number of mangrove species found in each region. (Adapted from
Duke N.C. 1992. Mangrove floristics and biogeography. In: Robertson
A.l, Alongi D.M. (Eds.) Tropical Mangrove Ecosystems. American
Geophysical Union, Washington, DC, pp. 63-100).
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mangroves were associated with mud and muddy soils (Saenger 2002). Large scale
currents may also influence distributions by preventing propagules from reaching
some areas because different species differ in the length of time their propagules
remain viable, establishment success, growth rates and tolerance limits (De Lange and
De Lange 1994). Mangroves are typically distributed from mean sea level to highest

spring tide, and perhaps the most conspicuous feature on first glance is the sequential

change of tree species parallel to the shore.

Mangrove zonation, described as the sequence of serial communities from seawards
to landwards, has been categorized into parallel zonation which is commonly
observed along shorelines and longitudinal zonation which is the common upriver
zonation (Saenger 2002). Parallel zonation of mangroves along coastlines, often
characterized by monospecific zones, has been reported in Asia (Macnae 1968:
Satyanarayana et al. 2002), Australia (Smith 1992), the Americas (McKee 1995;
Vegas-Vilarrubia 2000), and Africa (Macnae 1968; Matthijs et al. 1999). Longitudinal
zonation is the definite sequence of plant communities along the course of a river
estuary. Longitudinal upriver zonation has been described in the creeks in Inhaca
Island (Macnae and Kalk 1962), along the Shiira River in Iriomote Island (Kuraishi et
al. 1985), and in the Daintree River in Queensland and in rivers along the Atlantic and
Pacific coasts of Panama (Duke et al. 1998). Macnae (1968) discussed three schemes

proposed to describe mangrove zonation which are based on frequency of inundation
by Watson (1928), salinity of soil water with tidal flooding as a secondary factor by
De Haan (1931), and dominant tree species by Walter and Steiner (1936). Many
factors have been suggested to account for the apparent zonation of trees and other

associated organisms across the intertidal seascape (Alongi 2002) which interact to
produce characteristic distributional ranges of most of the species (Duke et al. 1998).
These may include salinity, soil type and chemistry, nutrient content, physiological
tolerances, predation and competition (Smith 1992; Semeniuk 1994; Saenger 2002).
Of these many factors, however, salinity and tidal inundation have the greatest impact
in defining mangrove zones. According to Ball (1988), interspecific differences in salt
tolerance might have contributed to the segregation of species along a salinity
gradient. Varying frequency and duration of submergence attributed to tidal
inundation creates gradients in several physical variables to which mangroves respond
(Hogarth 1999).
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Function and Uses of Mangroves

The mangrove ecosystem is a valuable economic and ecological resource (Naylor and
Drew 1998). Mangroves are an important source of plant and wood products. They

are the closest source of firewood to local coastal communities. Poles used in fishing

gear and planks used for making boats and their accessories are usually obtained from
the mangroves. They also provide wood products for housing and building
constructions. The bark is also used for tanning fishing nets. Some of the other goods

obtained from the mangrove trees include charcoal, dyes, glue, oil, food and drinks,

medicine, paper, woodchips for conversion into rayon, fibres, ropes, corks and a lot

more (Field 1995; Bandaranayake 1998; Ewel et al. 1998; Hogarth 1999; Saenger
2002; Primavera et al. 2004).

Mangroves have been utilized both in a sustainable and destructive manner.
Mangrove waterways are important sites for small-scale cultivation of shellfish,
finfish and crustaceans (Alongi 2002). The waterways also provide a means of
communication and transportation between coastal settlements where there are no

roads (Saenger 2002). Lately, mangroves are becoming a recreational and educational
area, with boardwalks constructed to allow access into the forest (Primavera et al.

2004). Ecotourism has been popular in the mangroves where tourists come to see the

scarlet ibises Eudocinus ruber in Trinidad, go kayaking among the mangroves in
Honduras, for bird watching in the day and firefly viewing at night in Malaysia
(Hogarth 1999), for viewing wildlife such as wading birds and alligators in Florida

(Ewel et al. 1998), and for boating trips in the pristine mangroves of Palawan Island
in the Philippines. One of the most destructive ways of utilizing mangroves is
conversion to other land use such as ports, dams, agriculture lands, salt beds,
industrial areas and aquaculture ponds (Primavera 1997; Alongi 2002; Saenger 2002).
In the Philippines, mangroves have been utilized in the past in naming sites of villages,
towns and cities (Primavera et al. 2004). The capital city of the country was named
after Scyphiphora hydrophyllacea, locally known as nilad. This species was common
along Pasig River where the Spaniards under Miguel Lopez de Legazpi sailed. The

locality lying along the river’s deltaic plains was then called Maynilad, which was

subsequently shortened to Manila (Saenger 2002).
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Aside from the many goods and uses they provide mankind, mangroves have
important ecological functions. Mangrove communities protect shorelines during
storms and typhoons by absorbing wave energy and reducing water velocity passing
through their intricate, entangled above-ground root system (Mazda et al. 1997). The
extensive cable root system of some species assists in binding sediment particles,

thereby facilitating accretion and preventing coastal erosion (Hogarth 1999). Riverine
mangroves, on the other hand, reduce water velocity by adding flood storage capacity,
thus mitigating flooding (Ewel et al. 1998). Although claims of Kathiresan and

Rajendran (2005) that mangroves protected coastal residents from the December 2004
tsunami were questioned by Kerr et al. (2006); Danielsen et al. (2005) and Kar and
Kar (2005) have also reported the mitigating effect of mangroves during the tsunami.
Mangroves also maintain estuarine water quality. Suspended matter, nutrients and
heavy metals are reduced by the mangrove root system (Clark et al. 1998). In areas
where mangroves, seagrass beds and coral reefs occur adjacent to each other, the
functional or ecological values of such systems are significantly enhanced (Fortes
1988; Mumby et al. 2006). The sediment and nutrient retention function of the

mangroves provide waters suitable for seagrass and coral reef development (Wolanski
et al. 1997).

Despite an undeserved reputation for being dull and homogenous systems, mangroves

have highly complex patterns and processes that plays a key role for many

commercially important species which spend their larval stages in mangroves, but
spend adult life as benthic, pelagic or demersal species (Bridgewater and Cresswell

1999). Mangroves function as a nursery habitat and its interdependence with seagrass
beds and coral reefs is apparent in the movement of fish and other organisms observed
between these three adjacent systems (Gillanders et al. 2003; Sheridan and Hays
2003; Mumby et al. 2006). As habitat for a range of organisms, both from the

terrestrial and the marine environment, mangroves themselves are unique systems

with very high biodiversity (Macnae 1968; Alongi 2002).

Mangrove-associated fauna

Mangroves provide refuge from predators (Ronnback et al. 1999) and protection

against desiccation (Fondo and Martens 1998), making a suitable habitat fora diverse
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range of organisms, including zooplankton, sponges and ascidians, crustaceans such
as prawns, shrimps, lobsters and crabs, insects, molluscs, fish, amphibians, reptiles,
birds and mammals, as well as diverse benthic infauna (Kathiresan and Bingham
2001). Macnae (1968) divided the mangrove fauna of the Indo-West-Pacific 1nto
terrestrial and marine animals. The latter group included vertical dwelling animals

that live on the trees and horizontal species which were the majority of the animals.

Macintosh (1988) reviewed the ecology and physiology of mangrove decapods,

emphasizing the species that are important to fisheries and aquaculture.

Terrestrial animals that dwell in mangroves include insects, termites, ants, mosquitoes,
sandflies, midges, fireflies, spiders, amphibians, reptiles, birds, and mammals
(Macnae 1968; Ewel et al. 1998; Hogarth 1999; Kathiresan and Bingham 2001;
Saenger 2002). Veenakumari et al. (1997) reported 276 species of insects in the

mangroves of Andaman and Nicobar Islands. In Australia, 16 ant species were
recorded by Clay and Andersen (1996). Mangroves also provide an important habitat
for landbirds, shorebirds and waterfowl which may either be permanent residents that
forage and nest in the mangroves, some of which exhibit site fidelity, or temporary
visitors (Kathiresan and Bingham 2001). In the Sunderbans of Bangladesh, Hussain
and Acharya (1994) reported some 35 species of reptiles to include crocodiles, lizards,

snakes and turtles and four genera of frogs. Among the mangrove mammals reported

by Macnae (1968), Ewel et al. (1998) and Kathiresan and Bingham (2001) are tigers,
monkeys, wild pigs, deer, flying foxes, otters, rabbits, rats, and the now locally extinct

rhinoceros, wild buffalo, swamp deer and hog deer in the Sunderbans (Hussain and

Acharya 1994).

Aside from zooplankton, sponges, ascidians, epibenthos, infauna and meiotauna, most
of the marine species associated with mangroves, such as the crustaceans, molluscs
and fish are important fisheries resources. According to Macnae and Kalk (1962),
distribution of these animals in the mangroves is determined by the level of the water
table, their resistance to water loss and their demand for protection from the sun, the

degree of consolidation of the substrate and availability of suitable food.

Fish fauna in mangroves is highly diverse. The Embley River estuary in Australia,

alone is home to some 197 species of fish (Kathiresan and Bingham 2001). In a

10
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mangrove estuary in the southwestern of Thailand, 134 species of fish belonging to 49
families have been identified by Tongnunui et al. (2002). In the mangroves of
Pagbilao, Quezon, Philippines, Pinto (1987) reported some 128 fish species belonging
to 54 families, with Ambassis kopsi as the most abundant species. Twelve years later,
Ambassis kopsi, together with Ambassis urotaenia and Atherinomorus balabacensis

was still the most abundant fish species in the area (Ronnback et al. 1999). In the
mangroves of Selangor in Malaysia, 119 species of fish were recorded in inlets and
creeks while 37 species were caught in traps set on the mud flats (Saseckumar et al.

1992). In Florida, aside from other smaller fish species, mangroves are also being

inhabited by large voracious predators such as the lemon shark Negaprion brevirostris

(Franks and Gruber 2006) and the barracuda Sphyraena barracuda (Serafy et al.
20006).

Molluscs and crustaceans are among the most important fisheries resources from the
mangroves, and also contribute to the high biodiversity of the ecosystem. In a study in
the Semantan mangrove forest in Sarawak, Malaysia, 44 mollusc and 31 crab species
were recorded by Ashton et al. (2003). In an earlier study conducted in Kapar
Mangrove Forest Reserve in Selangor, Malaysia, Sasekumar (1974) recorded 26

gastropods, 1 teridinid and 48 species of crustaceans, predominantly brachyuran crabs.

Among the molluscs found in mangroves, bivalves are the more economically
important group. These 1nclude oysters (Crassostrea spp.) (Hogarth 1999),
corbiculids (Geloina spp.) (Kathiresan and Bingham 2001), cockle (dnadara spp.)
(Saenger 2002), and lucinid clams such as Lucina pectinata (Frenkiel et al. 1996) and
Anodontia edentula (Lebata 2000). Both lucinid clams harbour endosymbiotic
sulphur-oxidizing bacteria which allow them to thrive deep in sulphide-rich mangrove
mud. Anodontia edentula is one of the most expensive and sought after bivalves in the

Philippines and is extensively harvested in northern lloilo in Panay Island (Lebata and

Primavera 2001) and in Guimaras Island (Primavera et al. 2002). Another local

mollusc delicacy, popular in the coastal areas in the Philippines, is the shipworm

(Family Teredinidae) which bores into decaying wood of mangrove trees (Primavera

et al. 2004).

Mangrove habitats and shrimp populations are tightly linked (Kathiresan and
Bingham 2001) as shown by Vance et al. (1990) and Vance et al. (1996) in Australia,

11
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Primavera (1998) in the Philippines, and Mohan et al. (1995) in India. Most of these
shrimps are penaeids of the genus Penaeus (unrevised) and Metapenaeus. According
to Kathiresan and Bingham (2001), juveniles of eight penaeid prawn species,
primarily Fenneropenaeus (as Penaeus) indicus and Metapenaeus monoceras, are
common 1in the Pichavaram mangroves in India. In Selangor, Malaysia, 9 penaeid

species were caught in inlets and creeks while 11 species from the adjacent mud flats

(Sasekumar et al. 1992). In Quezon, Philippines, Ronnback et al. (1999) observed that
among the shrimps, the most common were penaeids, palaemonids, and Acetes sp.

Another crustacean that is closely associated with mangroves is the mud lobster
Thalassina anomala which can cause a profound impact on the topography and
vegetation structure of the mangrove forest (Macintosh 1988). Crabs are also
characteristic members of the invertebrate mangrove fauna. The most abundant
mangrove crab species in the world belong to families Grapsidae and Ocypodidae
(Hogarth 1999). Among the grapsid crabs, the most important in terms of diversity
and abundance are the members of the genus Sesarma, while the fiddler crabs Uca
spp. are the most important ocypodids (Macintosh 1988; Hogarth 1999; Kathiresan
and Bingham 2001). Mangrove-associated portunids which are important fisheries

resources include Scyllia spp. (Walton et al. 2006a), Portunus spp. (Cooper 1997;
Manson et al. 2005), Charybdis spp. (Dineen et al. 2001) and Callinectes sapidus
(Yeager et al. 2006). Among these crabs, Scylla spp. and other less commercially
important crabs such as the Thalamita crenata, Baptozius vinosus, Episesarma
versicolor and Cardisoma carniflex have been collected in the natural mangroves
where the present study was conducted and in the nearby replanted mangroves

(Langdown 2005; Tapper 2005; Walton 2006).

Of the fisheries resources derived from the mangroves, in the Philippines and
throughout Southeast Asia, the mud crab Scylla spp. i1s one of the most economically
important products (Escritor 1972; Overton et al. 1997; Carpenter and Niem 1998;
Kosuge 2001; Marte 2003). It is also an important mangrove commodity in Australia

(Fielder and Heasman 1978; Le Vay 2001) and in Africa, where it is a prey of choice

for women and children gleaning in Inhaca, Mozambique because it is valued highest
for its taste, monetary value and household importance (de Boer et al. 2002).

According to Macintosh (1988), Scylla is the only mangrove-associated portunid crab

12
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that commands considerable interest because of its importance to fisheries and

aquaculture.

THE MUD CRABS, SCYLLA SPP.

The mud crabs of the genus Scylla are large, edible crustaceans associated with
mangrove swamps and have been observed throughout the Indo-West Pacific region
(Macnae 1968; Carpenter and Niem 1998). These crabs substantially support small-
scale fisheries in the coastal zone (Quinn and Kojis 1987; Prasad and Neelakantan
1988) and are harvested in Australia (Fielder and Heasman 1978), Papua New Guinea
(Quinn and Kojis 1987), Malaysia (Kosuge 2001), Singapore (Chua 1973),
Philippines (Estampador 1949a; Escritor 1972; Walton et al. 2006a), Thailand
(Overton and Macintosh 2002), Vietnam (Le Vay et al. 2001), Japan (Imai et al. 2004;
Imai and Takeda 2005), Sri-Lanka (Jayamanne and Jinadasa 1991), Mozambique (de

Boer et al. 2002), and South Africa (Robertson and Piper 1991; Fratini and Vannini
2002).

Knowledge of the biology, distribution and population structure of a species is
important for the development of proper fisheries management strategies. Thus,

establishing the correct identification of a species is basic before commencing any

experiment or research on any particular organism.

Morphology

The morphology of Scylla (Fig. 1.2), as described here has been adapted from
Estampador (1949a) and Keenan et al. (1998). The carapace is oval, wider than long,

moderately convex and has a smooth surface. The front is divided into 4 teeth ranging
from low, rounded lobes to prominent, sharp spines and the frontal width varies

between species. The antero-lateral margin is convex with 9 teeth of almost equal size.

The infra-orbital margins are prominently toothed and the orbits exhibit no dorsal
inclination. The antennules are folded transversely with a basal antennal article

produced into the orbit; the flagellum lies in orbital hiatus.

13
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Figure 1.2. Adult Scylla olivacea showing the morphology of the mud crab belonging

to the genus Scylla. The carapace width (CW) of crabs measured and used
in this study is the internal carapace width (ICW) which is the distance

between the 8" and 9" antero-lateral spines of the two sides of the

carapace.
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The chelipeds are massive, smooth and longer than any of the legs. The arm, wrist and
hand have characteristically placed spines, with the ‘hands’ described as deep and full.
The remaining legs (pereiopods 2-5) are stout and moderately compressed.
Perelopods 2-4 are similar and used for walking while each of the fifth pair has a
shortened and flattened merus and carpus adapted for swimming. In females, the

pleopods are used for attaching eggs which are carried by the female until hatching
(Hartnoll and Gould 1988).

The male abdomen is narrow and triangular with 5 segments, the 3.5 segment
being fused. The female abdomen is broad and U-shaped. Carapace colour may vary
from dark brown to purple to light green. Walking and swimming legs may exhibit

polygonal patterns. Polygonal patterning, morphological and genetic differences used

by Keenan et al. (1998) and Imai et al. (2004) in re-classifying Scylla spp. into four

distinct species are shown in Table 1.1.

Taxonomy

Confusion in the species identification of Scylla started after the death of Forskil who
first identified S. serrata as Cancer serratus (Keenan et al. 1998). Succeeding

taxonomists were not able to find the type specimen from the Red Sea described by
Forskal in 1775. This led to nomenclature problems in the years that followed. In
1798, Fabricius described Portunus tranquebaricus. However, the specimens used
were re-examined by Keenan et al. (1998) and found to represent all four species

currently recognized. In Southeast Asia, where usually all four species occur,
identification may be confusing at times but this is simplified in areas where only one

species occurs; the Red Sea, South Africa and East Africa are exclusively S. serrata

territories (Keenan et al. 1998).

Table 1.2 shows the chronological order of how the four Scylla species arrived to the
present re-classification (Estampador 1949a; Stephenson and Campbell 1960; Keenan
et al. 1998; Keenan 1999; Ng and Ahyong 2001; Imai et al. 2004). Following Keenan
et al. (1998) and ITIS (2006), the taxonomic hierarchy and nomenclature of the four

Scylla species are as follows:
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Kingdom: Animalia
Phylum: Arthropoda
Subphylum: Crustacea
Class: Malacostraca
Subclass: Eumalacostraca

Superorder: Eucarida

Order: Decapoda
Suborder: Pleocyemata
Infraorder: Brachyura
Superfamily: Portunoidea
Family: Portunidae
Genus: Scylla

Species:
Scylla serrata (Forskal, 1775)
Scylla paramamosain (Estampador, 1949)

Scylla olivacea (Herbst, 1796) (shown in F 1g. 1.2)
Scylla tranquebarica (Fabricius, 1798)

Prior to the re-classification of the genus Scylla by Keenan et al. (1998), identification

of all mud crabs as §. serrata was not uncommon as it had long been assumed that
only one species existed. Macintosh (1988) and Overton et al. (1997) then considered
S. serrata as the only species of family Portunidae that is closely associated with
mangrove environments. Estampador (1949a) recognized four distinct groupings of

mud crabs based on colour patterns, relative size, cheliped spination, chromosome
form and the process of gamete development. However, the work of Stephenson and
Campbell (1960) placing all morphs in synonymy under S. serrata became more
widely accepted. Overton et al's (1997) canonical variate analysis of the
morphometric and meristic characters of the species from Malaysia and Thailand
contradicted this view; it showed three phenotypically different groups of crabs. This
led them to suggest that the taxonomy and biology of S. serrata merited further study.
Following Overton et al. (1997), Keenan et al. (1998) assessed genetic differences

between mud crab specimens employing the use of allozyme electrophoresis and

mitochondrial DNA sequencing followed by the use of discriminant function analysis
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in determining morphologically defining characters for each of the genetically defined
groups and the results showed four distinct species of Scylla. Yet, despite <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>