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ABSTRACT 

Mud Crab (Scylla serrata) Population Dynamics 

in the Northern Territory, Australia and their 

Relationship to the Commercial Fishery. 

The mud crab Scylla serrata (ForskaJ. 1775) is a large portunid crab common throughout the 

Indo-west Pacific region 1• In the Northern Territory, Australia, it is fished by traditional and 

recreational sectors, but the bulk of the catch is by the commercial fishery. Expansion of the 

commercial fishery over the last decade raised concern over the status of the mud crab 

resource. With little known about the fishery, the current research was initiated to provide a 

better understanding of mud crab population dynamics and the impact of fishing on the 

resource. 

Commercial catch and effort data from logbook records were validated and analysed. The 

recorded catch was found to be usually within 10% of the actual catch and "potday" was 

determined to be a reliable measure of effort. These data confirmed significant expansion in 

the fishery, which was primarily attributed to the uptake of latent effort present in the fishery 

since it became limited entry in 1985. Such expansion curtailed the use of annual catch-per

unit-effort (CPUE) as an index of abundance for the fishery. Analysis of monthly logbook 

figures revealed an extremely seasonal fishery which peaked during the middle of the year and 

virtually closed down between December and February in the wet season. Monthly CPUE 

was considered a better index of abundance, and revealed repeated seasonal declines during 

the wet season. 

Further research highlighted aspects of mud crab population biology which explained the 

annual cycle in the fishery. Tagging studies indicated that mud crabs grow relatively quickly 

and begin to recruit to the fishery ( 130 mm carapace width) during February to March, about 

12 months after hatching. Over the next few months, effort increases as crabbers return to the 

fishery after their break during the relatively unproductive months of the wet season. The new 

1 After completion of this thesis, a taxonomic revision of the genus was published (Keenan et al. 1998) which identified four 

species rather than one. The predominant species in the Northern Territory remained as S. serrata. 
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recruits become increasingly vulnerable to capture by the commercial gear, which is biased 

towards larger crabs (- 150 mm CW). Exploitation is high during the middle months of the 

year and significantly reduces the new cohort of 1 + year old crabs. By this time most females 

have reached their first mature instar and mated, but they remain vulnerable to the fishery over 

the latter months of the year when the proportion of females in the catch increases to around 

60 - 70%. This rapidly declines to around 10 - 20% by the early months of the year because 

the females move offshore for the main spawning period. By the end of the year, catches and 

catch rates have declined and remain low until the next year's recruits enter the fishery. 

These population dynamics have important implications for the management of the fishery. 

Over the last decade, expansion of the fishery has been within the bounds of the input controls 

implemented in 1985. More recently there is evidence that changes in fishing practices may 

enable effort to continue to increase despite these effort restrictions. As a result, it is 

important that the minimum legal size limit provides the stocks with adequate protection from 

recruitment overfishing. Size at 50% maturity for females is around 135 mm CW and 

although males mature physiologically at smaller sizes (100 mm CW) they do not usually 

achieve functional maturity until about 150 mm CW. Thus, at 130 mm CW, the size limit 

appeared to offer minimal protection for crabs to mature and reproduce. On the other hand, 

commercial pots have reduced selectivity for mud crabs under 150 mm CW, which tends to 

override the small size limit. Nevertheless, modelling of the fishery indicates that under the 

current fishing regime, at least 20% of females survive to reproduce. To date, this has been 

sufficient to ensure adequate recruitment; in a fishery which predominantly consists of 1 + 

crabs, any recruitment failure would be quickly apparent. 

Although there is no evidence of recruitment overfishing in the fishery under the current 

management arrangements, exploitation rates are high. Until a stock-recruitment relationship 

or a fishery independent estimate of stock size can be established, a cautious approach should 

be adopted with respect to further expansion in the fishery. In the mean time, it would be 

prudent to introduce legislation to increase the minimum size limit or maintain the current pot 

selectivity to minimise the impact of increasing fishing effort on the spawning stock. 
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1. GENERAL INTRODUCTION 

Since hunters and fishers first depended on animals as a food source, humankind has been 

affected by fluctuations in the abundance of animal populations. For many millennia hunting 

and fishing activities probably had minimal impact on animal populations, but as human 

populations increased and technology improved, this began to change, especially with the 

relatively recent advent of mechanisation and industrialisation (Cushing 1988). The impact 

was probably first apparent on land, where humans could easily see and hunt down their prey 

and also readily observe the resultant decline in animal numbers. In the oceans, however, it 

was far more difficult to gauge the impact of fishing, and even at the turn of the century the 

notion that fish stocks were inexhaustible was still common (reviewed in Cushing 1988). 

Thus, despite the long history of exploitation of fish resources, their vulnerability to 

overfishing only became apparent during the last century. Among some of the earliest 

concerns, Garstang (1900) noted "impoverishment of the sea" as a result of trawling activity. 

Since then, there have been numerous reports about the problems of overfishing ( eg. Russell 

1931; Comte 1993) and the collapse of many fisheries has left no doubt as to the potential 

impact of man on the oceans. As Gull and ( 1977) stated, "The increasingly serious effect that 

man's activities are having on natural population of animals -whether deliberately, through 

direct exploitation, or accidentally through pollution or changes in the environment - is now 

well recognised". Recognition that fish stocks, far from being inexhaustible, require careful 

management if they are to sustain productive fisheries, prompted the development of modern 

fisheries science. This science endeavours to explain the relationships between fishing and 

the composition and dynamics of fish stocks. 

In the early 1980's, a commercial mud crab fishery began in the Northern Territory, Australia. 

Over the next decade, there was considerable development of the fishery and catches 

increased almost tenfold. With little known about the fishery, there was concern from 

managers about the sustainability of the mud crab resource and whether it could be in danger 

of over-exploitation. As such, a research project was initiated to determine the relationships 

between fishing and the population biology and stock dynamics of the mud crab resource. 

This thesis presents much of this research. 
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1.1 BACKGROUND INFORMATION ON SCYLLA SERRATA 

1.1.1 Taxonomy 

The mud crab, Scylla sen·ata (Forskal 1775), is the largest member of the family Portunidae. 

The main characteristics of portunids are the flattened fifth pair of legs and the typically 

broad, depressed or slightly convex carapace with a number of teeth cut into the front. The 

family is divided into six subfamilies: Carcininae Alcock 1899; Catoptrinae Borradaile 1903; 

Macropininae Stephenson and Campbell 1960; Caphyrinae Alcock 1899; Portuninae 

Stephenson and Campbell 1960; and Podophthalminae Borradaile 1907. The Portuninae 

contains the genus Scylla de Haan, 1833, of which at present, S. serrata (Forskru) is the only 

species (Table 1.1 ). 

Keenan et al. ( 1995) and Keenan ( 1995) provide a good summary of the taxonomy of mud 

crabs. Since the species was first named as Cancer serratus by Forskal (1775), it has been 

classified into the genus Scylla de Haan 1883 and there have been numerous subsequent 

reviews of its taxonomy. One of the most extensive was by Estampador (1949a; 1949b), 

based on the morphology, colour, habitat, differences in gamete development and 

chromosome form. He proposed three species of mud crabs: Scylla oceanica (Dana 1852); 

Scylla tranquebarica (Fabricius 1798); S. serrata (Forskru 1775); and its variety 

paramamosain (Estampador 1949a). He placed the species in two easily recognisable groups: 

the mamosain (S. serrata and its variety), which often lived in holes and had a generally 

rusty/brown colour with little patterning; and the banhawin (S. oceanica and S. 

tranquebarica), which tended to have a more "nomadic life", were greenish in colouration and 

had large pigmented patterns on the carapace, legs and abdomen. Serene (1952) recognised 

only two species which corresponded to Estampador's groups, each with its own variety. 

Even though both authors agreed that there were four forms, whether species or varieties, they 

disagreed on features other than colour in separating them. Consequently, for simplicity, 

Serene ( 1952) retained Estampador's nomenclature. Serene ( 1952) also noted that colour 

differences were useless features for differentiating preserved specimens. 

In Australia, Stephenson and Campbell (1960) classified all live specimens from New South 

Wales and Queensland as S. serrata, or its variety paramamosain, because they were 

unmarked. Although acknowledging reports of mottled crabs north of Cairns and one 
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specimen which could possibly be classified as Serene's S. tranquebarica, they concluded 

that, until further work was undertaken, the four forms of Estampador and Serene should be 

tentatively fused into the synonymy as Scylla serrata (Forskru), the sole species of the genus 

Scylla. 

Most recently, a comprehensive study by Keenan et al. (1995) used morphological 

characteristics and the genetic techniques of allozyme electrophoresis and mitochondrial DNA 

sequence analysis to identify three distinct species of Scylla. Described as "green", "brown" 

and "spined" forms, their scientific names have not been finalised, although the green form 

will almost definitely be Scylla serrata (Keenan pers. comm.l This is the most common 

form in the Northern Territory and therefore S. sen·ata is considered as the species addressed 

in the present study. The smaller brown form does occur in the Northern Territory, but only 

rarely (less than one hundred were found in the present study). It was easily differentiated 

from S. serrata and was excluded from all analyses. 

1.1.2 Life cycle 

Information on the biology and life-history of mud crabs has been gained from studies of 

natural populations (eg. Arriola 1940; Hill 1975; Perrine 1978) and laboratory reared crabs 

(eg. Raja Bai Naidu 1955; Ong 1964, 1966; Motoh et al. 1977; Heasman 1980; Heasman and 

Fielder 1983). 

Mud crabs have a marine planktonic larval stage which lasts approximately one month. 

During this time currents move the larvae inshore as they moult through four zoeal stages into 

a demersal megalopal stage (Fielder and Heasman 1978). In the inshore environment, larval 

characteristics are lost and over the next one to two years the juvenile· crabs devel~p through 

sub-adult to adult over 15- 17 instars (Ong 1966). Sexual dimorphism becomes increasingly 

2 After completion of this thesis, the taxonomic revision of the genus was finally published (Keenan eta/. 1998). The genetic 

data revealed that there were at least four distinct species of Scylla. Using this information, the morphometries of the 

different speces were critically examined and three morphometric ratios (based on spine and carapace proportions) were 

found to be most useful in discriminating between the species. The species recognised were S. serrata (Forskcil, 1775), 

S. olivacea (Herbst, 1796), S. tranquebarica (Fabricius, 1798) and S. paramamosain Estampador, 1949. Fortunately for me, 

most of the crabs in the Northern Territory are of one species and remained classified as S. se"ata. The rare "brown" form 

that I have mentioned occurs in the Northern Territory is likely to be S. olivacea. 
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apparent as the crabs reach maturity. Females develop a large, pigmented abdominal flap, 

while males develop extremely large claws, but retain a narrow, triangular abdominal flap. 

Mating occurs between mature, intermoult males and soft-shelled, post-pubescent females. 

The sperm is stored in the female's spermathecae for between two ( Ong 1966) and six months 

(Du Plessis 1971) while the ova mature. The ova are fertilised as they are extruded onto the 

pleopods under the female's abdominal flap. Females migrate offshore to spawn. The eggs 

hatch into free-swimming zoeal larvae 20 to 40 days after fertilisation and the life-cycle is 

completed. Females may mate more than once (Ong 1966; Heasman 1980; present study) and 

can spawn up to three times from the one mating (Ong 1966). Mud crabs are reported to live 

to an age of at least three years (Heasman 1980). 

1.1.3 Distribution and utilisation 

Mud crabs are found in sheltered waters of mangrove-lined coasts throughout the Indo-West

Pacific region (Fig. 1.1 ). Mud crabs are prized for their tasty flesh and fisheries exist 

throughout most of their distribution in South Africa (Piatek 1981; Hill 1975; Robertson and 

Kruger 1994 ), Madagascar (Le Reste et al. 1976), Pakistan (Mustaquim and Rabbani 1976), 

India (Chopra 1939; Chapgar 1962), Japan and Taiwan (Cowan 1984; Sakai 1965, 1976), 

Malaysia (Ong 1966), the Philippines (Arriola 1940; Chua 1973; Motoh 1979), Indonesia 

(Kasry 1986), some Pacific Islands (Perrine 1978; Brock 1960; Delathiere 1988), Papua New 

Guinea (Matsuoka and Kan 1989), New Zealand (Dell 1964, Manikiam 1967) and Australia 

(Kailola et al. 1993). Although mud crabs have been found up to 50km offshore in water up to 

30m deep, probably as a result of the spawning migrations of females (Hill 1982; Hill 1994 ), 

the fisheries are generally restricted to coastal areas. The total annual catch of mud crabs was 

estimated at around 23,000 tonnes in 1992 (FAO 1994). 

In Australia, mud crabs are distributed from Exmouth Gulf on the coast of Western Australia, 

through the Northern Territory and Queensland to the southern coast of New South Wales. 

Fisheries in these states and territories have both recreational and commercial components as 

well as traditional indigenous users. Although the extent of recreational fishing sector is 

difficult to quantify, there is relatively good information available from the commercial sector. 

In 1990, commercial operators caught approximately 700 tonnes of mud crabs, with an 

estimated landed value of $7 million (Kailola et al. 1993). Most of this catch originated from 
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the Northern Territory, Queensland or New South Wales and was exported live to major 

Australian capital cities, where it is usually sold through restaurants as a high quality seafood. 

Many methods of fishing for mud crabs have developed in different countries. The most basic 

of these is the use of a stick or hook to extract crabs from burrows, depressions or amongst 

mangrove roots where they shelter at low tide. Mud crabs may also be speared, or captured by 

hand, while they swim in the shallows. These methods, which often damage or kill the crabs, 

are avoided by commercial "crabbers" who need to keep the crabs alive for sale. They 

consequently use various styles of drag nets, tangle nets, baited hooks, long-lines, dillies, and 

traps; all may be constructed from a variety of materials (see Gupta and Chattergee (1976) for 

a review). Small canoes or dinghies are usually used to set this gear. As a reflection of the 

developing nature of many of the countries involved in mud crab fisheries, many fishing 

methods utilise limited modem technology. Even in countries such as Australia, where 

modem technology is readily available, mud crabs are still usually caught in simple baited 

traps by people working from small outboard powered dinghies. Despite the popularity of 

mud crabs as a seafood item and the extent of their exploitation throughout the Indo-west 

Pacific region, there has been very little research on impact these fisheries have on the crabs' 

population dynamics. 

1.2 SUSTAINABLE EXPLOITATION OF A FISHERIES RESOURCE 

A general goal in the management of many fisheries is to maximise yield whilst ensuring the 

long-term viability of the resource. Although this seems reasonably straight forward, the 

collapse of many fisheries is testament to the difficulties of such a task. The dynamics of fish 

stocks, like most other natural systems, are inherently complex and involve many biotic and 

abiotic interactions (eg. Le Cren and Holdgate 1962; Laevastu and Favorite 1988) . . 
Furthermore, exploited stocks are also influenced by the dynamics of fishing fleets and 

underlying economic, sociological and ethnological factors. Superimposed over this 

complexity is the obstacle that we are usually unable to directly observe the system and must 

rely on indirect methods of determining the status of the stocks and the impact of fishing. 

Herein lies the core role of fisheries science and it is a difficult science often relying on 

imprecise data. Nevertheless, there are a few principles which need to be understood about 

the exploitation of a renewable resource if it is to be undertaken in a sustainable manner. 

5 



The basic principles underlying the dynamics of a fishery were summarised by Russell ( 1931) 

who hypothesised that in a closed fish population (with no immigration or emigration), the 

biomass would increase from the growth of fish and recruitment of young fish to the fishery. 

Decreases in the biomass would occur through death (natural mortality) and capture by man 

(fishing mortality). Thus, if the system is to be sustainable in the long-term, the removal of 

biomass through mortality needs to match the increases from recruitment and growth. 

Theoretically, we strive to achieve this "state of equilibrium" in a fishery, though in reality 

stock sizes always fluctuate, even without fishing (Hilborn and Walters 1992). An important 

factor to consider is that for recruitment to occur, there must be certain proportion of the 

population which can reproduce - the "spawning stock". Fisheries which have been 

overexploited may collapse because the spawning stock has been reduced to such an extent 

(through fishing as well as other factors) that recruitment has failed. Fisheries science is used 

to provide sufficient knowledge of the status of the stocks to ensure the spawning stock 

remains adequate to support the fishery or, at the very least, provide prior warning of over

exploitation. Over the last two decades, the use of computers has revolutionised the ability of 

fisheries scientists to gain this type of knowledge. No longer restricted to the use of calculus 

and assumptions of populations in equilibrium, computer modelling allowed scientists to 

simulate the dynamics of fish populations under different situations and provide parameter 

estimates with stated levels of uncertainty. These are powerful techniques which enabled a 

quantum improvement in the advice fisheries scientists could give to managers so that fish 

stocks can be better managed in a sustainable manner with reduced risks of over-exploitation 

or stock collapse. Such techniques are used extensively throughout this study. 

1.3 OUTLINE OF THE STUDY 

The main goal of the project was to describe mud crab population dynamics in the Northern 

Territory and their relationship to the commercial fishery. This was undertaken so as to 

understand the level of impact that commercial fishing may have on the stocks and the 

sustainability of the fishery. To achieve this goal, there were a number of distinct, but inter

related objectives designed to provide information on the processes of growth, recruitment, 

migration and mortality in the Mud Crab Fishery. These are outlined below and detailed in 

the following chapters. 
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1.3.1 Objectives 

• Describe the Nm1hern Territory Mud Crab Fishery 

An understanding of the fishing fleet and fishing methods is essential in the study of an 

exploited resource because not only does it have the potential to significantly impact the 

stocks, but much of the information derived from the population is fishery dependent. This 

includes estimates of stock abundance based on commercial catch and effort information. 

Without fully understanding important aspects of the fishery, such as the behaviour of 

crabbers, dynamics of the fishing fleet, operation and selectivity of the fishing gear, there is a 

strong likelihood that the catch and effort data could be misinterpreted. As such, the chapter 

which describes the fishery had the following aims: 

- describe fishing methods, the fishing gear and the broad dynamics of the fishing fleet; 

- validate and analyse the commercial catch and effort data; 

- determine whether catch per unit effort (CPUE) is a valid index of abundance; and, 

- discuss the potential implications of the catch and effort data for the fishery. 

• Investigate the reproductive biology of mud crabs in the Northern Territory 

The reproductive cycle of crustaceans has important short-term influences on a range of 

biological processes, such as feeding, growth, and migration (Hartnell 1969). Moreover, for a 

fishery to be sustainable, enough animals must reach maturity to maintain the reproductive 

capacity of the population by which the resource is renewed. Thus, to understand the potential 

impact of fishing on the mud crab resource, it was important to gain a sound knowledge of 

their reproductive biology. The following steps were taken to reach this objective: 

describe the maturation in both male and female mud crabs; 

- ascertain the seasonal patterns of mating, spawning and spawning migrations; 

compare the above results with other studies; and, 

- discuss the implications of the reproductive cycle for the fishery. 

• Describe the growth rate of mud crabs 

Growth is important for a fishery because as individuals in a population grow, their increase in 

weight improves the yield that can be obtained from that resource. Growth rates also 

determine how quickly animals reach a catchable size. In a stock with limited immigration or 
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emigration, these two aspects of population dynamics are critical to fishery production. The 

chapter on growth had the following aims: 

- determine the growth rate of mud crabs using size frequency analysis and tagging 

studies; 

- determine the age/size at which mud crabs are recruited to the fishery; and, 

- establish size-weight relationships for male and female mud crabs. 

• Describe mortality rates in the fishery 

Mortality processes remove biomass from a fishery through either fishing activities or natural 

causes such as predation, disease and old age. It is important to distinguish and understand 

the relationship between these two mortality sources, because whereas levels of natural 

mortality are beyond our control, fishing mortality can be controlled and ultimately determines 

the yield that is gained from the fishery. These controls may include restricting the amount of 

fishing allowed, the gear that can be used or the size of crab that can be removed. They are 

usually introduced to ensure that total mortality rates are not high enough to threaten the 

reproductive capacity of a stock. My research into mortality had the following aims: 

- investigate a range of methods to estimate natural and fishing mortality rates in the 

Mud Crab Fishery; and 

- determine the size-selectivity of commercial fishing gear and its influence on mortality 

rates. 

• Develop mathematical models which help describe the Mud Crab Fishery 

Mathematical modelling provides a means of simulating and exploring the population 

dynamics of a fishery. The following aims were incorporated into the modelling chapter: 

develop models of the fishery which incorporate and synthesise the available 

information to help understand and explain the population dynamics of mud crabs in 

the Northern Territory and determine the impact of commercial fishing on the stocks; 

provide fisheries managers with the most current information and interpretation of the 

major factors influencing the fishery; 

- develop a modelling framework as a basis for further investigations into the fishery; 

and, 
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highlight areas of uncertainty in our understanding of the processes underlying the 

fishery and suggest future research avenues. 

1.3.2 Outcomes 

The scope of the thesis is defined by the goal of describing mud crab population dynamics in 

the Northern Territory and their relationship to the commercial fishery. In achieving this goal, 

an extensive amount of information was collected on important biological processes such as 

growth reproduction and mortality. Thus, whilst describing the fishery, I also hope to 

contribute to our general understanding of crustacean biology and ecology. As a study of a 

fishery, however, it is important to highlight the limitations in the scope of the project. 

Regardless of how much is known about a fishery, its long-term sustainability and economic 

viability depends on a sound management strategy. Whilst my research may provide the 

information and modelling tools with which management decisions can be made, there has 

been no endeavour to suggest or test different management strategies that could be utilised in 

the fishery. To do this, one would need to undertake further research to understand and assess 

the economic, sociological and hence political implications of such strategies on the specific 

resource users and society in general. The evaluation of management strategies was 

considered well outside the scope of this thesis. However, it is hoped that the information 

provided in this thesis will be used by fisheries managers to support and guide management 

decisions which will ensure the long-term viability of the fishery with regards to both the 

stocks and the people who utilise the resource. 
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Figure 1.1 Distribution of mud crabs throughout the Indo-west Pacific region. 

Although Scylla serrata is found widely throughout this area, recent genetic studies 

suggest the distribution shown may represent more than one species of Scylla 

(Keenan 1995). 



...... ...... South 
Africa 

t'il~f'iiP 
~~ ~~· 
- .~dagascar 

40°E 

Pakistan 

Indian 
Ocean 

100°E 

~
~ 

~. an 
.. ~-... . •.. ,~ 
~.·.y·,~ .... 

Taiwan Pacific 
Ocean 

30°N 

15°N 

.~~-~apua New Guinea 
, .. ~ .... ... ·r.'_ 

oo 

. . 
v 

Islands 

·•. ~~os 
~-: 

Y.~ r-.~t-·. 
·<;~),. . Fiji 

New Caledonia 



Table 1.1 Taxanomic classification and authorities for Scylla serrata. 



PHYLUM Arthropoda 

CLASS Crustacea 

ORDER Decapoda 

SUBORDER Brachyura 

SECTION Brachyrhyncha Borradaile, 1903 

FAMILY Portunidae Rafinesque, 1815 

SUBFAMILY Portuninae Stephenson and Campbell, 1960 

GENUS Scylla DeHaan, 1833 

SPECIES serrata (Forskal, 1755) 
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2. GENERAL MATERIALS AND METHODS 

2.1 INTRODUCTION 

"Proper management and conservation of commercial fish and shellfish resources requires 

collection and summarisation of basic harvest data" (Demoray and Golden 1992). Such data, 

often called fishery-dependent data, help in understanding fishery dynamics and are one of the 

most common sources of information used for fisheries stock assessment. The main reasons 

for this is that commercial fishers are often required by law to regularly record their fishing 

activities in logbooks, which are sent to the resource managers. In this manner, extensive 

catch and effort statistics can be collected relatively cheaply and easily. 

Fishery-dependent data, such as logbook information are extremely valuable, but it is 

important to recognise their shortfall. First, the validity of the data depend on the accuracy of 

the fishers and as such, it is necessary to understand fishers' attitudes towards the logbooks. 

Second, there are significant biases in the information, because most commercial fishing 

activities concentrate on areas with the highest concentration of fish and use fishing gear 

which has certain selective characteristics. Finally, logbook information generally does not 

provide details of the biology of the species caught such as their sex composition, size/age 

composition, maturity and reproductive condition. For these reasons, it is necessary to utilise 

other data sources if one is to fully understand the dynamics of an exploited fish population. 

Other fundamental information may be obtained by sampling the catch. By this means, 

individual animals can be measured, and information on their length, age, weight, sex, gonad 

condition and various other biological parameters can be obtained. Such data can be sampled 

from commercial catches, recognising their associated biases, or they can be obtained from 

fishery-independent sources such as research surveys. Research data have the advantage that 

many of the biases associated with commercial catch data can be removed or at least 

controlled. Also, individual experiments can be set up to collect specific information; tagging 

and recruitment studies are some of the more common. One of the disadvantages of research 

data however, is that they are usually extremely expensive to collect and are not as extensive 

as fishery-dependent data. 
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In the present study, I utilised all of the data sources mentioned above to investigate and 

interpret the population dynamics of mud crabs in the Northern Territory. This chapter 

describes the area of the study and outlines the various methods of data collection and 

analysis. 

2.2 STUDY SITES 

The study was undertaken in the rivers and coastal regions of the Northern Territory, 

Australia, which is a tropical region with a monsoonal climate. Climatic conditions 

throughout this area are markedly seasonal and have a significant effect on the hydrology of 

the rivers and estuaries. The "Wet" season is between November and March, when the north

west monsoon produces high rainfalls. It is the hottest time of the year. Cooler dry conditions 

prevail from April to October (the "Dry") under the influence of southeast trade winds. Many 

rivers only flow during the Wet season. During the Dry, sea water may penetrate estuaries up 

to I 00 km inland due to the low flow rates and low stream gradients of the rivers and high 

tidal ranges (Anon. 1976). 

The primary study sites were three major river systems which have a history of substantial 

commercial mud crab fishing: the Adelaide River in van Diemen Gulf, and the Roper River 

and McArthur River, both in the Gulf of Carpentaria (Fig. 2.1). Reference to these river 

systems with regard to crabbing includes all waters which evidence estuarine conditions 

during the dry season and the substantial mud flats along the coastline surrounding the river 

mouths. The boundaries of each of these river systems with respect to commercial mud crab 

fishing are shown in Figs. 2.2 - 2.4. Details on catchment area, average annual discharge and 

tidal heights of the three river systems are in Table 2.1. The long-term monthly average 

rainfall and average maximum and minimum temperatures are shown for the Gulf of 

Carpentaria region (Fig. 2.5a) and the van Diemen Gulf region (Fig. 2.5b), based on the 

Bureau of Meteorology's Monthly Weather Reviews (Northern Territory Region). Despite the 

differences in size and location of the three river systems, they have similar characteristics. 

The intertidal region of the estuarine portion of the rivers are lined with mangroves, 

predominantly Rhizophora spp. and Avicennia spp. (Wells 1982; Wightman 1989). Behind 

the mangroves, there are often vast salt pans which flood on high spring tides. The rivers are 
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generally turbid due to the large quantities of silt and mud in the water. At the mouths of the 

rivers lie vast mud flats which are exposed at low tide. 

2.3 DATA COLLECTION 

2.3.1 Logbook information 

Under the Northern Territory Fisheries Act (1988), commercial mud crab crabbers are 

required to fill in monthly logbooks outlining their commercial fishing activities (Fig. 2.6). 

These logbooks record the crabber's name, licence number, and a monthly summary of the 

number of crew, number of days fished, number of pots set, catch of mud crabs, processing 

technique (whole, claws, meat - the latter two are now prohibited), location of the catch by 

grid (Fig. 2.7), areas fished within grids and details of sale. Returns are sent to the Fisheries 

Division of the Northern Territory Department of Primary Industry and Fisheries and entered 

into a database. Annual summaries of catch and effort can be extracted for stock assessment 

purposes whilst maintaining the confidentiality of individual crabbers' data. Such summaries 

have been used in this study using data from 1983 to 1995 inclusive. 

The grid and area system used to indicate position in the logbook returns was considered to be 

of little biological or practical relevance to understanding the dynamics of the fishery, so data 

were combined and reclassified (based on their grid and area) into particular river systems. 

The grid and area codes and their classification to a river system are given in Appendix 1. In 

the early years of the fishery ( 1983 - 1985), a small number of returns were missing either a 

grid number or area number. In these cases, I endeavoured to classify the return into a river 

system based on the field that was provided. Catch was determined by summing the whole 

weight in kilograms of mud crabs landed (caught and retained) by licensed mud crab crabbers. 

Mud crabs were not a major by-catch of any other fisheries and crabs caught in this manner 

were not included as part of the commercial catch. For the rare occasions where crabbers had 

only sold the meat or claws of mud crabs (a procedure which was banned after January 1991), 

the weight indicated on the returns was considered to be 30% and 15% of whole weight 

respectively, and was multiplied up accordingly. For each monthly return, fishing effort was 

calculated by multiplying the number of pots used by the number of days fished and is 

represented as "potdays". The catch per unit of effort (CPUE), which is often used as an 
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index of abundance, was calculated by dividing the total catch (live weight) by the total effort 

and is always represented as kg·potday-1
• 

2.3.2 Commercial catch samples 

The biological information collected during this study was based primarily on crabs sampled 

from the catches of commercial crabbers working in the three river systems. Because of the 

proximity of Adelaide River to Darwin (where I was based), I and another research officer 

from the Northern Territory Department of Primary Industry and Fisheries (NT DPIF}, were 

usually able to collect these data on a monthly basis. Due to the vast distances involved, we 

were unable to collect information from the rivers in the Gulf of Carpentaria more than 2 or 3 

times a year. To overcome this, during 1992 and 1993, I trained and employed people who 

lived in these remote areas to collect commercial catch data in the Roper and McArthur 

Rivers. Thus, two sources of commercial catch information were available, and are 

differentiated where appropriate, as collected by "research officers" or "crab measurers". The 

use of crab measurers was discontinued after 1993, in preference for measuring the 

commercial catch from all river systems when the crabs arrived at the processors in Darwin. 

Mud crabs sampled in this study were mainly caught by commercial crabbers using baited 

traps made out of 75 x 50 mm steel-mesh (Plates 2.la,b). These pots were of dimensions 600 

x 700 x 200 mm (width X length x height) with plastic funnels made from 25 x 25 or 40 x 40 

mm mesh at both ends. The funnels had external dimensions of about 225 x 150 mm (width x 

height) but were fixed so that the bottom of the funnel sloped upwards towards the smaller 

aperture in the interior of the pot. The pots were set, checked and rebaited daily with 200-

SOOg of fresh meat or fish. 

Catches were sampled over a 2-3 day period, at approximately monthly intervals, between 

June 1990 and June 1994. The crabbers were requested to keep their entire catch during these 

sampling periods. Some catches were sorted by crabbers however, and under-sized and early 

postmoult crabs discarded before they were sampled; these cases were noted. Biological 

information was collected from the crabs after the crabbers had returned to their camps and 

immobilised the crabs by tying their claws. 
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The following "standard" biological information was recorded for each crab: sex; carapace 

width (CW: width including posteriolateral spines, Fig. 2.8a); total weight (TW: drained live 

weight); shell index; maturity stage of females; and signs of physical damage. Linear 

dimensions were measured using a vernier calliper (±O.Smm). Crabs were weighed (±2.5g) 

on an electronic balance. Shell index (SI) was ranked as: (1)- carapace appears clean, new, 

and flexes under pressure (post-moult); (2) - carapace is clean, new, and hard (early 

intermoult); and (3) - carapace hard and possibly stained and scratched, the larger claw 

appears worn (late intermoult). Maturity of females was determined by inspection of the 

abdominal flap (see Fig. 2.8 and Chapter 3). As an index of maturity, following Heasman 

( 1980), a secondary measurement of the maximum width of the sixth abdominal segment of 

mature females (Fig. 2.8b), males (Fig. 2.8c) and immature females (Fig. 2.8d) was taken. 

The maximum depth of the largest cheliped of the males was also recorded (Fig. 2.8a). 

Damage to the crabs, usually in the form of lost limbs was recorded as: ( 1) - missing right 

chela; (-1) -missing left chela; (2)- missing both chelae; and (3) missing any legs. The 

presence of limb buds was always recorded. Also, the presence of mating scars on males (see 

Chapter 3) and evidence of infection by the rhizocephalan parasite Loxothylacus ihlei (see 

Appendix 2, Plate 2.2a,b ) was noted. 

2.3.3 Fishery-independent data 

A range of fishery-independent experiments was conducted to collect additional information 

on the biology and population dynamics of mud crabs. Whilst not all of these experiments 

were successful, details of the methods used in the major experiments are outlined below. 

Tagging 

Two tagging positions on the crabs were tried to determine which was better. In one method, 

the tag was inserted into the first joint of the natatory (swimming) leg. In the other, the tag 

was inserted between the posterior edge of the carapace and the abdominal flap (following Lee 

1979). The trial was undertaken on 30 crabs (15 for each method) held in galvanised steel 

weld-mesh cages placed on the bottom of a 4 m diameter seawater tank with a water depth of 

600 mm. Each cage, constructed from 75 x 50 mm weld mesh, was 300 x 200 x 200 mm 

(length x width x height) and held one tagged crab. Over a 4 month period, crabs were fed 

with fish scraps once a day and any food remaining after 24 hours was removed. The crabs 
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were measured prior to tagging and then observed daily. If a crab moulted it was measured 

again. 

Tagging the leg seemed to affect movement to some extent, and caused autotomy and tag loss 

in 4 of the 15 crabs tagged in this manner. No immediate problems were apparent in crabs 

with the abdominal tags. Problems in abdominal tagging became apparent however, when, 

during moulting, a few crabs remained attached to their exuvia by the tag. This hindered 

completion of ecdysis and the crabs died. Examination of these crabs revealed that the tag 

had been inserted through the first abdominal segment. It was considered that the problem 

could probably be resolved by inserting the tagging gun at more of an angle thus placing the 

tag over the abdominal segment. Further trials on another 30 crabs tagged only with 

abdominal tags, supported the success of this modified method of tagging. All of the 12 crabs 

that moulted during the second trial completed ecdysis and survived. Ultimately abdominal 

tagging proved easier and more successful than leg tags and was the method adopted for the 

present study. 

The tags were plastic T -bar internal anchor tags (TB series) produced by Hallprint Pty Ltd. 

Each tag was 50mm long with a lOmm (first 1000 tags) or 15mm (all consequent tags) 

exposed filament length. The bright yellow marker displayed the tag number as well as 

"Northern Territory FISH Ph: 897611 - REWARD" and "DATE + WIDTH + PLACE + 

TAG" (Plate 2.3). The crabs were tied before tagging to enable easier handling and avoid 

injury to the crab (and the person tagging). A tagging gun was used to insert the tags about 

1 Omm to the right of the median line between the carapace and the first abdominal segment 

(Plate 2.4a,b ). 

Using this method on an opportunistic basis, I tagged most undersized crabs caught by 

commercial crabbers during periods when I was monitoring the catch. The number of 

undersized crabs caught in this manner was, however, limited by the selectivity of commercial 

gear (the mesh size of 75 x 50 mm allowed smaller crabs to escape; see chapter 6). To 

address this, I constructed "research pots" which were of the same dimensions as commercial 

pots but were covered or constructed with smaller mesh 25 x 25mm to help capture/retain 

small crabs for tagging (Plate 2.5). In March 1993, these pots were used in an intensive 

week-long tagging episode in a small creek off Cape Hotham at the mouth of Adelaide River 
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(referred to as "Biockoff Creek", Fig. 2.2). The creek was chosen because it was isolated and 

did not receive much recreational or commercial fishing pressure. Also, it was small enough 

to be fished intensively with a limited number of pots. At monthly intervals between May 

1993 and April 1994, about 24 research pots were set along the creek at 100 m intervals 

beginning at the mouth of the creek. During each 2 - 3 day sampling period, the pots were set 

and cleared on every high tide. The pots were rebaited once a day. The standard biological 

information was collected from the crabs that were caught and each crab was tagged. After 

tagging, the crabs were kept in damp hessian for a minimum of 12 hours to ensure they were 

in good condition before being re-released in the creek. The same methods were adopted for 

all tag recaptures and the condition of the tag and its insertion were also noted. Using the 

research pots in such intensive, localised sampling, it was hoped to obtain a large number of 

tag recaptures for information on the growth of mud crabs (Chapter 5). In addition, a 

comparison with the size range of crabs caught by commercial pots could be affected (Chapter 

6). 

Crabbers were offered market value and a reward for the return of each tagged crab. About 40 

tagged crabs were recaptured by commercial crabbers as a result of our opportunistic tagging 

of 395 soft or undersized crabs caught by commercial crabbers in the various river systems. 

Most tag recaptures, however, occurred during the monthly research sampling of Blockoff 

Creek. 

Plankton sampling 

Swarms of zoeae and megalopae have been observed on the bottom and surface of inshore 

waters for other portunid crab species (Rice 1979; Rice and Kristensen 1982). Plankton 

sampling was undertaken at the mouth of Buffalo Creek, just east of Darwin, to try and 

capture S. serrata larvae and determine the main recruitment period. At approximately 

fortnightly periods between December 1991 and November 1992, a 500).lm plankton net with 

a 500mm diameter mouth was towed along both the surface and bottom for five minutes at six 

fixed stations. After each tow, the plankton was removed from the net, placed in a plastic 

container and fixed in 5% formalin. The plankton samples were returned to the laboratory 

where they were fractioned, sorted and any crab larvae (zoeae and megalopae) were removed. 

A large number of crab larvae were captured, but based on the descriptions of Ong (1964), 
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Motoh et a!. ( 1977) and Raja Bai Naidu ( 1955), no larval mud crabs were identified. 

Consequently, the results of this work are not reported here. 

Juvenile sampling 

Various methods of catching small juvenile crabs (post-larvae to 100 mm CW) were also 

tried as an alternate means of obtaining a recruitment index and to investigate early growth 

rates. Hooks and small traps were designed to catch the animals that resided in a variety of 

burrows within the intertidal region of the mangroves. PVC pipes about 300 mm long and 50 

or 100 mm diameter were placed into the mud in steep intertidal creek walls and flat intertidal 

areas. Ceramic roof tiles were also placed on flat intertidal areas amongst the mangroves 

(following Heasman 1980). Whilst all of these methods caught some small crabs, none of 

them was considered as a viable collection technique because the numbers of crabs caught 

was extremely low given the time and effort required to undertake the sampling. The results 

of these experiments are not reported. 
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2.4 FIGURES, TABLES AND PLATES 
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Figure 2.1 The study was undertaken in the Northern Territory, Australia. The primary 

study sites were the Adelaide River in van Diemen Gulf and the Roper River and 

McArthur River in the Gulf of Carpentaria. Shaded areas indicate the major 

commercial crabbing areas. 
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Figure 2.2 Map of the Adelaide River study site. Catches between the tip of Cape 

Hotham and Leaders Creek were considered to be within the Adelaide River System. 

The shaded regions are approximate representations of where most commercial 

crabbing occurred within the study site. "Blockoff Creek" at the mouth of the 

Adelaide River was used for an intensive tagging experiment, in which all crabs 

caught during monthly sampling periods between May 1993 and April 1994 were 

tagged and released. 
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Figure 2.3 Map of the Roper River study site. Catches between Edward Island and 

Spillen Creek were considered to be within the Roper River System. The shaded 

regions are approximate representations of where most commercial crabbing 

occurred within the study site. 
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Figure 2.4 Map of the McArthur River study site. Catches between the tip of Sharker 

Point and the small creek in the north-west comer of the map were considered to be 

within the McArthur River System. The shaded regions are approximate 

representations of where most commercial crabbing occurred within the study site. 
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Figure 2.5 Plots of the long-term average monthly mmtmum and maximum 

temperatures and histograms of the long-term average total monthly rainfall for: a) 

van Diemen Gulf (Darwin - Daly district); and b) Gulf of Carpentaria (Roper

McArthur district). Data obtained from the Bureau of Meteorology's Monthly 

Weather Review of the Northern Territory (January 1995- December 1995). 
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Figure 2.6 Sample of the Northern Territory Mud Crab Fishery monthly logbook 

return. These returns are completed by commercial crabbers on a monthly basis and 

sent to the Fisheries Division where the data are compiled. 
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Figure 2.7 The grid system used in the Northern Territory Mud Crab Fishery monthly 

logbook to indicate the general location of fishing activity. 
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Figure 2.8 Diagram of a mud crab showing the dimensions measured: a) dorsal view, 

indicating the carapace width (CW, including ninth posteriolateral spines) and the 

chela propodus height (CH, not including spines); b) ventral view of a mature female 

indicating the abdominal flap width (FW, excluding setae); c) ventral view of a male; 

and, d) ventral view of an immature female crab. 
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Plate 2.1 a,b Typical mud crab pots used by commercial mud crab crabbers. Pots are 

constructed from a standard 75 x 50 mm wire mesh and have two plastic mesh 

funnels on opposing ends of the longest side. A trap door is fitted to allow the bait to 

be replaced and captured crabs to be removed. 
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Plate 2.2 a,b Infection of S. serrata by the rhizocephalan parasite Loxothy/acus ih/ei was 

evidenced by the presence of either: a) single; or b) multiple externae under the 

abdominal flap. Sometimes no externae were evident, but lack of either male or 

female external sex organs was another indication of infection (see Appendix 3). 
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Plate 2.3 A tagged male mud crab showing the position of the tag about 1 0 nun to the 

right of the median line, between the carapace and the first abdominal segment. 





Plate 2.4 a,b The successful tag insertion point was under the back of the carapace, but 

above and not through the first abdominal segment. This is the region where the 

exoskeleton first splits open during moulting. 
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Plate 2.5 Small-meshed research pots were used in tagging experiments to capture 

juvenile crabs. This photograph shows one type of research pot in which small thin 

mesh was wrapped around a standard commercial pot. In another design, 25 x 25 

mm mesh was used to actually construct the pot. 





3. THE FISHERY 

3.1 INTRODUCTION 

Fisheries for mud crabs exist throughout their distribution in the Indo-West Pacific region. In 

1990 the Australian commercial catch was over 700 t (Kailola et al. 1993), most of which 

came from Queensland, the Northern Territory and New South Wales. Despite extensive 

fishing for mud crabs, there is little evidence of the use of fishery-dependent catch and effort 

data in the literature. Such data, however, can be a valuable source of information on a 

species' population dynamics. In particular, these data usually cover greater spatial and 

temporal ranges than is possible to cover in a targeted research program. This chapter 

describes the Mud Crab Fishery in the Northern Territory and analyses catch and effort data 

obtained from the commercial fishery to highlight important aspects of the population 

dynamics of mud crabs. 

The Northern Territory's mud crab resource has three main user groups: Aboriginals; 

recreational crabbers; and commercial operators. Aboriginals have been catching mud crabs 

in waters off the Northern Territory for many millennia and the methods used today are little 

changed. Such "traditional" fishing involves the use of a spear or small stick to capture mud 

crabs found amongst the mangroves, in burrows, or in shallow water on the mud flats at low 

tide. The catch is usually shared among family members and is generally only collected for 

subsistence. The catch from traditional fishing, though difficult to quantify, is considered to 

be negligible. 

The catch by recreational crabbers is also difficult to quantify. Nevertheless, a survey of 

recreational fishing during 1995 estimated an annual take of about 52 t of mud crabs by the 

10,000 people estimated to participate in mud crabbing annually (Coleman NTDPIF pers. 

Comm.). Most recreational mud crabbing occurs close to the major population centres of 

Darwin, Nulhunbuy and Borroloola, and catches outside these population centres are small 

(Coleman 1998). Commercial fishing has been banned from the small creeks around Darwin 

since 1985 to reduce resource user conflicts. Recreational crabbers use a variety of methods 

to catch mud crabs, but the most common are baited pots and "dillies" - a 700 mm diameter 

steel ring covered in prawn mesh with a bait tied in the middle. Some use long metal hooks to 

pull the crabs out from their burrows, but this is not common as it is time consuming and can 
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damage the crab if not done skilfully. Witches hats or "suicide dillies", which use small mesh 

to tangle crabs, have been banned in the Northern Territory. 

In most areas of the Northern Territory, the majority of the catch of mud crabs is taken by 

commercial crabbers. They use baited pots which are of similar construction throughout the 

fishery (see Chapter 2) and although pot dimensions vary slightly depending on the area fished 

and individual preferences of the fisher, they cannot exceed 0.5 m3 (NT DPIF- Mud Crab 

Fishery Management Plan). Each pot is attached via a rope (usually 7 mm x 6 m depending 

on the tidal range) to a polystyrene buoy which must be inscribed with the crabber's licence 

number. Pots are usually set, checked and rebaited every 24 hours on the daylight high tide. 

Some crabbers check their pots twice a day, but this is usually restricted to spring tides, where 

a high tide occurs in the morning and evening. Pieces (200-500 g) of fish or red meat are 

used as bait. 

Most commercial crabbers operate from isolated, land-based camps situated near the mouth 

of the river system in which they are working. They typically use 4.5 - 5.5 m dinghies 

powered by a 40-80 horsepower outboard motor to service the pots (Plate 3.1), which may be 

up to one hour's travel from the camp. The pots are usually set at least 50 - 100 m apart on 

the sides of channels of small creeks and rivers, or along intertidal mud flats along the coast. 

They may, therefore, be out of the water for considerable periods during low tide, although 

usually for no more than six hours. Mud crabs only enter when the pots are submerged. 

When the pots are checked, they are lifted to the surface by the rope, the trapdoor is opened 

and any crabs are tipped out, usually into hessian lined containers or compartments under the 

plywood deck of the dinghies. Any crabs which are obviously undersized or in the soft 

shelled post-moult condition are usually thrown back at this stage. After all of the pots are 

checked, the crabber returns to camp, wher~ smaller crabs are measured to ensure they are of a 

legal size. The crabs' claws are tied up so they do not damage each other (Plate 3.2) and they 

are packed live in moist, hessian-lined fish boxes (Plate 3.3). They are kept alive at the camp 

for up to five days before being transported by road to Darwin. Most crabs are then repacked 

into wax-lined cardboard cartons (Plate 3.4) and air freighted to markets in other Australian 

capital cities. Crabs with a claw missing are not exported, but are usually sold at local 

markets. 
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Given the potential for extensive exploitation of the mud crab resource by commercial and 

recreational crabbers, a Management Plan was introduced in 1985 to ensure that the resource 

was not overfished. It incorporated mainly "input controls"3 such as a minimum legal size 

limit of 130 mm carapace width, pot limits, gear restrictions and closed areas. Possession 

limits were also introduced for recreational fishers. The commercial fishery became a 

"limited entry fishery" with only 49 commercial licences, each entitled to a maximum of 60 

pots. As a condition of the licence, crabbers were required to submit monthly summaries of 

their fishing operations (Chapter 2). These have been recorded since 1983 and provide a 

time-series of catch and effort data on the Northern Territory Mud Crab Fishery. This 

information provides a history of the development of the fishery and, more importantly, can be 

combined to give catch per unit effort (CPUE), which is commonly used in fisheries stock 

assessment as an index of resource abundance. As such, these data can provide a valuable 

insight into the population dynamics of the mud crab resource. 

At the beginning of this project there was eight years of commercial catch and effort data 

available. Combined with a further five years of data collected during the project, this 

information is used to determine the general trends in catch and effort in the fishery. The 

results are considered with regard to future development in the fishery and its potential impact 

on the long-term viability of the resource. The validity of CPUE as an index of abundance, 

and its implications for mud crab population dynamics, are also discussed. 

3.2 MATERIALS AND METHODS 

3.2.1 Analysis of Catch and Effort Data 

Logbook information on catch and effort in the commercial Mud Crab Fishery is the primary 

source of data used in this chapter. The methods of collecting and summarising logbook 

information are outlined in Chapter 2. At the beginning of this study, the three most 

important river systems (based on the total annual landings) were the McArthur, Roper and 

Adelaide Rivers. These rivers were used as the primary study sites. Details of the annual and 

monthly catch (t), effort (potday) and CPUE (kg·potday-1
) are given for each of these rivers. 

3 In contrast to "output controls" which limit the amount of catch that can be taken. 
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These details are also provided for the total fishery, which includes all commercial mud crab 

fishing in any region of the Northern Territory. Annual CPUE was calculated using the total 

catch and effort figures for each year. 

3.2.2 Validation of logbook data 

As outlined in Chapter 2, one of the problems with catch and effort data from logbooks is that 

the validity depends on the crabber's' honesty and accuracy in filling them out. It is therefore 

highly desirable to obtain some independent validation of logbook information. One 

validation method is to compare fishing returns with reports from processors. Under current 

Northern Territory legislation, each commercial crabber has to indicate where their catch was 

sold. Usually the catch is sold to processors who must also report the amount of crab bought 

and sold. Unfortunately, a crabber can also sell the catch to the general public or to a broker, 

neither of which is required to submit a return. Consequently, it is difficult to validate the 

fishing returns by comparison with processor returns. 

An alternative method of validation was possible because of two unusual aspects of the 

Northern Territory Mud Crab Fishery. First, most crabs that are caught are kept alive and sent 

back to Darwin where they are re-packed and transported to other capital cities. Second, the 

remote location of Darwin means that crabs must be airfreighted from Darwin to arrive alive 

at their destination. In 1990, I issued data sheets to all air-freight companies so they could 

record the weight and destination of each shipment of crabs leaving Darwin (Fig. 3.1). These 

data were compared with logbook information to assess the validity of catch figures. 

3.3 RESULTS 

3.3.1 Catch and Effort Data 

Individual rivers 

A summary of total landings from 1983 to 1990 revealed that of the 40 major rivers around 

the Northern Territory coast, about 60% of the catch was taken from three river systems: the 

Roper River (25% ); McArthur River (24% ); and Adelaide River (11% ). 

Annual catch, effort (Fig 3.2a-c) and CPUE (Fig 3.3a-c) for the three river systems is shown. 

Trends in the Adelaide River were noticeably different from those in the Roper and McArthur 
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Rivers. Apart from a peak in 1989, annual catches in Adelaide River have always been less 

than 25 t, despite a significant concentration of effort between 1987 and 1990. Consequently, 

CPUE has been low at an annual average of 0.25 kg·potday-1
• This is in marked contrast to 

Roper River and McArthur River, whose annual average CPUE were 0.42 and 0.48 

kg·potdai 1 respectively. Regression of CPUE against effort was not significant for the 

Adelaide (Fu, = 0.70, P<0.42), Roper (Fu, = 2.04, P<0.18), or McArthur (F1, 11 = 4.02, 

P<0.07) rivers. Adelaide River catches dwindled since the 1989 peak, whereas catch and 

effort in Roper River and McArthur River have continued to increase throughout the 90's. 

The Roper and McArthur rivers remain as the two most important areas for commercial mud 

crabbing in the Northern Territory, accounting for more than half of the total catch. A peak in 

catches occurred in the Roper River in 1989, and in the McArthur River in 1993. In both 

cases, the catches in the subsequent year were much lower. 

Monthly catch, effort (Fig 3.4a-c) and CPUE (Fig 3.5a-c) for the three river systems indicate 

the seasonality of this fishery. Apart from a few years in the Adelaide River (1986 to 1991), 

fishing ceased for 2 - 3 months between December and March each year. Catches were 

generally highest between May and October. Considerable variations in monthly CPUE were 

apparent prior to 1991, although these reduced somewhat in later years. It would appear that 

since 1991, when fishing has occurred, the monthly CPUE has been reasonably close to the 

overall annual average for that river. There was no significant regression of monthly CPUE 

against effort for any of the river systems (Fig. 3.6) and it appeared that there was a base level 

CPUE at high monthly effort levels, at least in the Roper and McArthur Rivers. 

Total Fishery 

As would be expected, many of the trends evidenced in individual rivers were also apparent 

for the total fishery. There was a steady increase in catch and effort over the last 13 years 

from around 25 t in 1983 from less than 100,000 potdays, to about 260 t in 1995 from nearly 

600,000 potdays (Fig. 3.7). The increase in effort in the fishery was evident in a number of 

ways. Apart from a peak in 1985, the number of pots used by crabbers each month increased 

steadily from an average of 45 in 1983 to close to the total allowable of 60 in 1995 (Fig. 3.8). 

During the same period, the average number of months that each licence worked increased 

from four to nearly 10 (Fig. 3.9). These increases have occurred alongside increasing 

participation in the fishery. Whilst in 1983 only 10% of licences were worked more than six 
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months of the year, by 1995 this figure had risen to nearly 100% (Fig. 3.10), with more than 

half of these working at least ten month each year. Furthermore, the annual average number 

of days worked in each month has risen from around 15 to over 22 days/month (Fig. 3.1 1). 

In conjunction with the increase in effort in the fishery, since 1983 there has been an overall 

expansion in the geographic area over which the fishery has operated. Whilst this is difficult 

to accurately monitor, it is evidenced in the number of areas and grids in which the crabbers 

recorded that they worked (Figs. 3.12 and 3.13). Interestingly, the main change in this overall 

trend occurred in 1989, when large catches were taken in the Roper River, suggesting that a 

large number of crabbers concentrated there effort in this one area. In more recent years, 

greater numbers of crabbers have tried to access the waters off Amhem Land. 

When it was realised that a number of crabbers sometimes hauled their pots twice a day, the 

commercial logbooks were modified in 1994 so crabbers could record the number of days 

each month that this occurred. It was revealed that only about 30% of crabbers undertook the 

practice and it occurred on an average of 10.0 and 8.8 days/month in 1994 and 1995 

respectively. 

Annual CPUE for the fishery usually ranged between about 0.30 - 0.45 kg·potday-1 (Fig. 

3.14) with an annual average of 0.36 kg·potday-1. The lowest annual CPUE was in 1983, 

whilst in 1995, the highest annual CPUE of 0.46 kg·potday-1 was recorded. There was no 

significant regression between annual CPUE and annual effort (F1.11 = 2.62, P<0.13), although 

CPUE was above average for the last four years. 

Analysis of monthly catch and effort for the total fishery revealed consistent annual trends. In 

every year between 1983 and 1995, catch and effort were at their lowest between December 

and February and rose to a high during the middle of the year (Fig. 3.15). Monthly CPUE also 

displayed a marked seasonal trend: reaching a minimum of about 0.1 kg·potday-1 , usually in 

January, although sometimes in February (1986, 1994, 1995) or March (1992); and rising to a 

midyear high of usually less than 0.5 kg·potday-1 (Fig. 3.16). A line fitting the distance 

weighted least squares showed average CPUE increased during 1983/84 and levelled at 3.6 

kg·potday-1 for the remainder of the time series. The cyclical nature of the monthly CPUE 

figures was consequently analysed using autocorrelation of the lagged monthly CPUE and 

spectral analysis on data subsequent to 1985. Autocorrelation revealed the cyclical variation 
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in CPUE (Fig. 3.17) and spectral analysis showed a significant 12 month period to that cycle 

(Fig. 3.18). 

As a consequence of the repeated annual cycle in CPUE, data were pooled over years to 

determine the general pattern. This pattern in average monthly CPUE for the entire fishery 

shows a noticeable drop in CPUE between November and February, rising to a peak of about 

0.4 kg·potday-1 in June/July. CPUE drops slightly in August but then remains stable around 

0.35 kg·potday-1 to near the end of the year (Fig. 3.19). There was a significant regression of 

monthly CPUE against effort CFI,I53 = 35.5, P<0.0001), indicating an increase in CPUE with 

increasing effort (Fig 3.20). 

3.3.2 Validation of logbook data 

The results of total weight of crabs air-freighted out of Darwin compared to the total weight 

of crabs recorded in crabber's logbooks are shown in Table 3.1 (Fig. 3.21). In the first three 

years of the study, a greater weight was recorded in the logbook than was freighted out. In 

1990 the difference was negligible, but in 1991 and 1992 the amount of mud crabs freighted 

out was less than that recorded on the logbooks by 10% and 4% respectively. In 1993 and 

1994 however, the landed weight of crabs recorded in the logbooks was significantly less than 

that freighted out by 21% and 11% respectively. 

Data from the air-freight logs revealed that 96% of crabs freighted out of Darwin were sent to 

either Sydney or Melbourne, with an increasing percentage being sent to Sydney over the term 

of the study (Fig. 3.22). Minimal amounts of crab were sent to the other capital cities. 

3.4 DISCUSSION 

A rapid increase in effort, as people are attracted to a potentially valuable resource, is a classic 

sign of a developing fishery (Hilborn and Walters 1992). A scenario typical of many fisheries 

is that effort controls are not introduced until fishing pressure, having increased alarmingly, is 

at unsustainable level and must be reduced to prevent overfishing (Csirke and Sharp 1987; 

Hilborn and Walters 1992). Fortunately, this was not the case in the Northern Territory Mud 

Crab Fishery, where controls were introduced in 1985, before the major increase in effort took 

place. Nevertheless, since I 983 there has been six-fold increase in fishing effort which has 

resulted in a increase in catches by an order of magnitude. Most of the development was 
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associated with the entrance of Asian (mainly Vietnamese and Cambodian) crabbers into the 

fishery which consequently became more organised and business oriented rather than just a 

fishery where licences were utilised infrequently to supplement other incomes. They 

developed interstate markets and standard methods of catching and handling live mud crabs. 

Consequently the price of mud crabs increased (Mounsey 1989) which lead to increased 

participation in the fishery. The observed increases represent utilisation of latent effort 

originally present within the fishery when it became limited entry. As such, the development 

of the fishery has been controlled but it has still been significant. The potential for further 

development and the possible impact this may have on the stocks is important to explore. 

3.4.1 Validity of Catch and effort data 

Before discussing the impact of fishing, it is necessary to examine the validity of the catch and 

effort data obtained from commercial logbooks. Comparison of logbook catch data with data 

from air-freight companies provided a means of validating catch figures. No single trend was 

apparent in the comparison. Although it varied between 1 and 10%, the amount of mud crab 

moved through the airline companies was less than that recorded on the returns between 1990 

and 1992. This would be expected, given that the airline data did not include crabs which 

were sold locally. But, in 1993 and 1994 the amount of mud crab air freighted out of Darwin 

was greater than that recorded in the logbooks by about 20 and 10% respectively. This is a 

likely indication of under-reporting. Based on reports unrelated to the current findings, the 

Northern Territory Marine and Fisheries Enforcement Unit began checking the freight of crabs 

out of Darwin airport in 1995. Interestingly, catch figures for that year were far more closely 

correlated with the air freight data. As a general rule, single clawed crabs are not sold 

interstate, but are kept in Darwin where they are sold through local markets. Results of the 

present study reveal that 5% (by weight) of all crabs caught are single clawed. This figure 

should represent the minimum by which freight data was less than logbook data. In fact, the 

figure will be more because some two clawed crabs are sold to Darwin restaurants and 

seafood outlets, although the amount is probably small. There was only one year therefore 

( 1991) where the figures could support that there was no under-reporting; in all other years 

there was probably some degree of under-reporting of catches in logbook figures, but it was 

not consistent, and was usually less than 10%. 
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Whilst there is minimal value in crabbers recording incorrect effort figures, it is important to 

determine whether the measure of effort used in this study, "potday", is in fact, a good 

standard measure, and has not varied over time, between areas, or between crabbers. In a 

thorough review of the effectiveness of crab and lobster traps, Miller ( 1990) explains that the 

amount caught in a trap can be influenced by the trap size, bait quantity and quality, soak time, 

entry and escape rates and gear saturation. Competitive fishing between traps set closely 

together can also affect catches in mud crabs (Williams and Hill 1982) and other crustacean 

fisheries (Miller 1983a,b ). The steel weldmesh pots introduced in 1985 by crabbers of 

Cambodian and Vietnamese origin quickly became standard throughout the fishery and the 

same designs, with minimal modifications, are still being used. Similarly, the means of 

deploying pots has been reasonably standard. Between 300 - 500 g of bait is normal and it is 

usually either fish carcasses or red meat. Fish is often thought to be preferable but when 

unavailable, crabbers regularly reported using red meat without any noticeable loss of catch. 

Over the last decade, there may have been an overall shift towards red meat as it is often 

simpler and reduces resource conflict issues which arise from crabbers using nets to catch 

bait. Although there are no data available, the use of red meat is not considered to have had a 

major influence on the effectiveness of the pots fishing power. Williams and Hill (1982) 

demonstrated that pots could compete against each other if they were set closer than 50m, but 

observations of normal commercial operations in the Northern Territory showed it to be rare 

for pots to be set any closer than 1OOm apart. 

Also, the fishing boats that service the pots have remained similar (5 m aluminium dinghies) 

although the outboards have increased from 35-50 HP (Mounsey 1989) to 60-115 HP 

(Knuckey unpublished data). This has probably o~curred because a combination of remote 

localities (few roads), Aboriginal lands and National Parks has limited access to the sea to a 

few small areas. Consequently, crabbers base their camps in these areas and use their dinghies 

to move to fishing grounds. With the growing numbers of licences used each year, crabbers 

are travelling further afield to minimise competition with other crabbers. They report buying 

larger motors to cope with these increased distances. Thus, although it may be economically 

and practically more efficient, the general increase in engine size is thought to have had little 

impact on operation of the fishing gear and as such, is considered to be of negligible 

importance with regard to effort calculations. Unlike many other fisheries, modem 

technology such as GPS and sounders have been of no advantage in the inshore fishery and 
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are not used by any of the crabbers. Two-way radios are sometimes used, but only as a safety 

measure, not as a means of targeting catches. Overall, there has been little unaccounted 

"technology creep" in the Northern Territory Mud Crab Fishery. 

The catching power of most fishing gear is reduced as the catch in it increases (Beverton and 

Holt 1957). Such "gear saturation" has been demonstrated in experiments on the effect of 

soak time on catches by pots and traps (eg. Bennet 1974; Munro 1974) and generally shows an 

asymptotic relationship (Miller 1983; Robertson 1989). As a result, the effective effort of a 

pot can be improved to a point by checking the pot more often. Such variation in soak time is 

another way in which "potday" might not be a standard measure of effort. Pots can be more 

effective it they are checked more regularly due to the effects of pot saturation (Miller 1983b; 

Robertson 1989). As a general rule, most commercial crabbers clear their pots only once a 

day: during the daylight high tide. During spring tides however, "double checking" may be 

undertaken when there is a high tide at dawn and dusk. This was reflected in the logbook 

figures which showed an average of about 8-9 days of double checking each month. 

However, only 30% of crabbers carried out this practice. Robertson (1989) revealed that 

emptying mud crabs from pots every 2 hours could increase catches by between 1.3 and 4 

times over a 24 hour period. Double checking however, only changes the soak time from 

about 24 hours to twelve hours and Robertson (1989) showed saturation could occur in as 

short a time as 4 hours. If it is assumed that double checking might double the effective effort 

of the pots (a generous assumption based on Robertson's findings), at current levels (30% of 

crabbers) this practice would only increase the overall effort in the fishery by less than 10%. 

This is considered to be of limited consequence in effort calculations over the period of this 

study. 

The effect of soak time was not investigated in this study, as it was standard practice by nearly 

every crabber to service their pots each 24 hours (at daylight high tides, see chapter 3). 

Interestingly, this aspect of the fishery has reportedly changed since this study was completed 

(Calogeras pers. Comm., NT DPIF) with many crabbers moving their pots regularly within a 

day so they can be serviced at low tide as well as high, and even during the night. 

There have been various reports that crabbers may be using more than the maximum of 60 

pots, especially when catch rates are low. Although there has only been a couple of arrests for 

this over the last 13 years, the practice is extremely difficult to detect and it is almost 
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impossible to quantify its extent amongst crabbers. In casual conversation, many crabbers 

state that 60 pots is ample. For the sake of this study, I can merely accept that the legal 

number of pots is sometimes exceeded, but assume that the extent is negligible. 

Overall then, with little change in the technology of the fishing gear used and the method of 

deployment, the term "potday" is considered to be a suitable standardised measure of effort 

when used to discuss effort changes in the fishery over the last 13 years. 

3.4.2 Validity of CPUE as an index of abundance 

Since the first analyses of the impact of fishing ( eg. Gars tang 1900), the ratio of the catch 

divided by fishing effort (CPUE) has been used as an index of stock abundance. Accordingly, 

the comparison of CPUE over time will give an estimate of the relative changes in fish 

abundance. For this simple relationship to be true, even in a single species fishery, a number 

of criteria must be met. For example: fish must be evenly distributed throughout the fishing 

area and then redistribute evenly after each fishing event; effective effort must remain the 

same over time; and the vulnerability of the fish to the fishing gear or "catchability" (q) must 

also remain the same. In practice this is rarely, if ever, the case, and caution should be 

adopted in using CPUE as an index of abundance (Hilborn and Walters 1992). Although 

potday has been found to be a reasonably standard measure of effort in the Northern Territory 

Mud Crab Fishery, other factors which affect the dynamics of fishing fleets such as 

economics, group behaviour and learning can also influence CPUE. Also, although common 

in crustacean fisheries, the use of traps as a fishing method presents particular problems if 

CPUE is to be used as a measure of abundance (Krouse 1989; Miller 1990). The most 

difficult are the many factors which can affect catchability, including moult stage, 

reproductive cycles, sex, animal size, lunar and diurnal cycles, temperature and water motion 

(Miller 1990). 

Despite the problems in the use of pots, they remain the only feasible means of catching and 

determining the abundance of mud crabs. Unfortunately, whereas alternative estimates of 

abundance through diver counts, use of submersibles or trawling are available in other crab 

fisheries ( eg. Stevens et al. 1993), the high turbidity of estuarine waters, and the 

ineffectiveness of trawling prevented these options in the present study, as well as other 

studies of mud crabs (Robertson 1989; D. Grey pers. comm. NT DPIF). The importance of an 
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alternative estimate of abundance was recognised in the present study but all attempts to 

achieve this through the use of various nets, habitat traps, larval collectors and inspection of 

burrows were thwarted either by the lack of crabs caught or the dangers and problems of 

working in a mangrove environment inhabited by aggressive saltwater crocodiles ( Crocodylus 

porosus). 

It therefore becomes necessary to postulate as to the effectiveness of CPUE as a measure of 

abundance in the fishery without being able to test any alternative. 

Despite the six-fold increase in effort in the total commercial fishery, after the initial few 

years, annual CPUE has remained reasonably constant (within one standard deviation of the 

mean of 0.36 kg·potday-1 
). One would expect CPUE to decrease at high effort levels if stocks 

were being significantly depleted. It could simply be assumed that stocks are coping with 

current fishing level, but it is worth investigating other possible reasons that CPUE is being 

maintained. The initial exploitation of any resource, especially that of long-lived species, is 

usually accompanied by good catches, as the unexploited biomass of older fish is depleted. 

Mud crabs however, only reach 3-4 years old, and probably recruit to the fishery at between 

12 and 18 months old (see Chapter 5) so their catch rates can not be maintained in this manner 

over many years. Hyperstability, where high CPUE is maintained by the continual discovery, 

targeting and depletion of spatial and temporal patches of abundant resource is reported for 

some fisheries (Hilborn and Walters 1992). A good example of such patches is spawning 

aggregations or highly schooling species, but these are not typical characteristics of mud 

crabs. A scenario which was more apparent is that as the fishery has developed, it has 

expanded into new, previously unfished regions. This was more evident at the beginning of 

the fishery but even recently crabbers are endeavouring to move into basically unfished areas 

such as northeast Amhem Land and the southwest Northern Territory near the Keep and 

Victoria Rivers. Although the bulk of fishing still occurs in the original areas in which high 

CPUE's are still evident, such expansion over the years could be maintaining CPUE to some 

extent as effort increases, thereby reducing its value as an index of abundance. 

3.4.3 Implications of catch and effort data 

Little was known about Northern Territory mud crab stocks when the effort limits were 

introduced, so with the rapid development of the fishery, there was concern as to whether 
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those limits were adequate to protect the stocks. This potential for increased effort in the 

fishery is important to consider. 

With the commercial fishery limited to 49 licences each entitled to 60 pots, the maximum 

theoretical potential effort in the fishery is about 90,000 potdays·month -I, or 1,073,000 

potdays·year-1 
• With maximum monthly effort levels usually under 70,000 potdays (Fig. 3.8) 

and the yearly total still under 600,000 potdays (Fig. 3.4), this potential has yet to be realised; 

but is this theoretical limit a realistic estimation of the upper limit? There is no reason that all 

49 licences can not be utilised. Although some crabbers with other licences (eg. barramundi) 

may stop mud crabbing during other fishing seasons, most people operating crab licences ( 40 

out of 49) do not have other fishing licences. Also, crabbers are now fully utilising their 

allowance of 60 pots. The main doubt about the theoretical upper limit is whether the 

crabbers would (or could) work every day of the month for every month of the year. Building 

up from about four in 1983, the average number of months worked by a licence has levelled 

off at around 10 months·year-1 since 1989. Similarly, the average number of days worked per 

month has risen from 14 in 1983 to over 22 in 1995. These high values may be close to the 

maximum practical limits in the fishery. In an economic survey of Northern Territory Mud 

Crab Fishery (Murti and Ngo 1995), crabbers stated that they endeavoured to work 7 days a 

week, but reported losing a few days fishing a month, mainly due to equipment failure. The 

wet season is a major factor which stops crabbers working throughout the year. Many of the 

access roads become impassible, and their base camps, which are only usually shacks or tents, 

become saturated and work conditions in general become very difficult and uncomfortable. 

The crabbers would probably put up with such conditions, but low catches at this time of year 

simply makes it not worthwhile. Consequently most crabbers are happy to use this tj.~_e to 

take leave from the fishery. 

Thus, if it is assumed that every licence will work the maximum number of pots over 10 

months each year at 25 days per month, then the maximum practical effort in the fishery will 

be about 74,000 potdays·month-1
, or 735,000 potdays·year-1

• The current level of 580,000 

potdays·year-1
, whilst being only 55% of the theoretical limit is only about 20% off this 

practical limit. At its current rate of development, one would expect effort to reach this limit 

within the next decade. Obviously, new fishing gear or different fishing strategies or 

technologies can change the effective effort in the future and therefore have a large bearing on 
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the fishery. Although there is little possibility of predicting such changes, some are already 

apparent. There was already evidence during this study that double lifting of pots was 

increasing in the fishery. Reports since this study was completed indicate that many crabbers 

are now undertaking multiple lifts per day and numerous crabbers have been prosecuted for 

using large numbers of pots in excess of the 60 allocated. Obviously, such practices reduce 

the effectiveness of the current input controls and enable the real effort to increase above any 

theoretical or practical limits mentioned above. An important question in terms of 

management of the fishery is how mud crab stocks in the Northern Territory are likely to be 

affected by future increases in fishing effort? This issue is discussed in Chapter 6. 

The monthly time series of catch and effort data from the Northern Territory Mud Crab 

Fishery showed a marked annual seasonality. In each year, there was virtually a total 

cessation of fishing between December and March. This trend can not be adequately 

explained without further information. For instance, is the lack of catch due to negligible 

fishing effort, or do the crabbers cease fishing because there is nothing to catch? If the former 

is a possibility, why do the crabbers stop fishing? If the latter is occurring, what aspects of the 

fishery or the population biology of mud crabs causes the lack of crabs at this time of year? 

Catch per unit effort is a commonly used index of abundance in fisheries stock assessment 

(Hilborn and Walters 1992) and provides a vital clue as to the cause of the seasonal variation 

in catch and effort in the Northern Territory Mud Crab Fishery. CPUE displayed a distinct 

annual cycle, with lowest values recorded between January and March and highest figures 

during the middle of the year. This implies that the availability of mud crabs which could be 

caught by commercial fishing gear was lowest during the peak of the wet season. Such lack of 
.. 

availability could be due to either a drop in the number of mud crabs of a size targeted by the 

fishery, or a drop in the vulnerability of the crabs to capture by the fishing gear- often termed 

"catchability". Whatever the reason, it becomes apparent that decreased effort during the wet 

season is probably caused by lower catches, not vice versa. 

Obviously there could be a range of factors which are causing the observed catch trends in the 

fishery. Extreme environmental conditions associated with the monsoonal climate in the 

Northern Territory could alter the catchability of mud crabs. There are also a host of factors 

associated with the population dynamics of mud crabs that could affect their catchability or 

total numbers, including annual recruitment patterns, growth, migration, and mortality. The 
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difficulty is determining what combination of these factors would be the most likely cause of 

the observed trends in the fishery. 

The general life cycle of mud crab is well understood (see Chapter 1). One aspect of their life 

cycle which is well reported is the offshore migration of females during spawning (eg. Hill 

1994). Obviously this could have an impact on the number of crabs that would be available to 

what is basically an inshore fishery. Consequently, the first step I took in explaining the lower 

catches during the wet season was to investigate the timing of the reproductive cycle. The 

details of this research are outlined in Chapter 3. 

Averaged over the entire fishery, no fishing took place when CPUE was below about 0.1 

kg·potday-1
• This figure may represent the minimum success rate under which fishing 

becomes unviable. Some crabbers however, report that they fish at a loss during the 

beginning of the year in order that they may "stake a claim" over potentially productive areas. 

This practice may lower the CPUE below economically viable levels during this time of the 

year. Interestingly, average CPUE were higher in the Roper and McArthur Rivers than the 

Adelaide River. It is possible that this is an artefact of the increased overheads required to 

work in the Gulf of Carpentaria compared to working in the Adelaide River, which is only an 

hour's drive from Darwin. Thus, even at low densities, the fishery in Adelaide River may 

remain economically profitable. Furthermore, in contrast to the other rivers, Adelaide river 

remains easily accessible during the wet season, when catch rates are lowest. 
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3.5 FIGURES, TABLES AND PLATES 
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Figure 3.1 Sample of the data sheet filled out by air freight companies. The date of 

each shipment was recorded, as well as the type of cargo: C - crab; F - fish, and; S -

seafood, weight in kg, and destination: MEL- Melbourne; SYD- Sydney, BRS

Brisbane; ADL -Adelaide, and; PER- Perth. 
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Figure 3.2 Annual totals of catch and effort for the Northern Territory commercial Mud 

Crab Fishery between 1983 and 1995 in: a) Adelaide River; b) Roper River; and c) 

McArthur River. Histograms represent the landed weight (t) of mud crabs and lines 

represents effort (potdays). 
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Figure 3.3 Annual CPUE (kg·potday-1
) vs effort (potdays) for the Northern Territory 

commercial Mud Crab Fishery between 1983 and 1995 in: a) Adelaide River; b) 

Roper River; and c) McArthur River. There was no significant regression (P<O.OS) 

in any of the river systems. The dashed line represents the average annual CPUE. 
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Figure 3.4 Monthly catch and effort for the Northern Territory commercial Mud Crab 

Fishery between 1983 and 1995 in: a) Adelaide River; b) Roper River; and c) 

McArthur River. Histograms represent the landed weight (t) of mud crabs and lines 

represents effort (potdays). 
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Figure 3.5 Monthly CPUE (kg·potday-1
) for the Northern Territory commercial Mud 

Crab Fishery between 1983 and 1995 in: a) Adelaide River; b) Roper River; and c) 

McArthur River. Lines join months of consecutive fishing. 



a 

b 

V'l 
V'l 

c 

1.5 
1.2 

~ 0.9 
eJ 0.6 

0.3 
0.0 ~~ 

Jan83 Jan84 Jan85 Jan86 

1.5 

1.2 ~ ~ 0.9 
eJ 0.6 

J'v ... 
0.3 -0.0 

Jan83 Jan84 Jan85 Jan86 

1.5 j ]v) 1.2 

~ ~ 0.9 
A.. 0.6 -
u 0.3 

0.0 

' ' :_,___ :~ /' v ~ 
Jan87 Jan88 Jan89 Jan90 Jan91 Jan92 Jan93 Jan94 Jan95 

Month/Year 

fv' )/V\I\}IV) _,j / ~:~:tv-: ('--A-: ~ 
I I I I 

Jan87 Jan88 Jan89 Jan90 Jan91 Jan92 Jan93 Jan94 Jan95 

Month/Year 

~: rJ\A: -v-: AFV'-\_·~ 
Jan83 Jan84 Jan8S Jan86 Jan87 Jan88 Jan89 Jan90 Jan91 Jan92 Jan93 Jan94 Jan95 

Month/ Year 



Figure 3.6 Monthly CPUE (kg·potday-1
) vs effort (potdays) for the Northern Territory 

. commercial Mud Crab Fishery between 1983 and 1995 in: a) Adelaide River; b) 

Roper River; and c) McArthur River. The slope of the regression lines was not 

significant (P>0.05) in any of the river systems. 
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Figure 3.7 Annual totals of the catch and effort for the entire Northern Territory 

commercial Mud Crab Fishery between 1983 and 1995. Histograms represent the 

annual landed weight (t) of mud crabs and lines connect annual effort (potdays). 
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Figure 3.8 The annual average of the number of pots used each day by Northern 

Territory commercial mud crab crabbers between 1983 and 1995. Error bars are 

standard errors. 

Figure 3.9 The annual average of the number of months that each Northern Tenitory 

commercial mud crab licence worked between 1983 and 1995. Error bars are standard errors. 
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Figure 3.10 The percentage of the 49 Northern Territory commercial mud crab licences 

which worked: 0 to 3; 4 to 6; 7 to 9; and 10 to 12 months of the year between 1983 

and 1995. 

Figure 3.11 The annual average of the days fished per month by Northern Territory commercial 

mud crab crabbers between 1983 and 1995. Error bars are standard errors. 



100% 

80% 

Cll 
cu 60% C.) 
c:: cu 
C.) 

:.:J 
~ 
0 40% 
~ 

20% 

0% 
c-. -.::t V'l \0 I' 00 0'1 0 - C"l c-. "O:t V'l 
00 00 00 00 00 00 00 0'1 0'1 0'1 0'1 0'1 0'1 
0'1 0\ 0'1 0'1 0'1 0'1 0'1 0'1 0'1 0'1 0'1 0'1 0'1 - - - - - - - ..... -

Year 

25 

I I I 
I 

20 I I 
i I I 

-5 
c:: -0 15 ::s - • • -- -Cll » -~ • 0 10 -
d z 

5 

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 

Year 

59 



Figure 3.12 The average number of areas and grids in which commercial crabbers 

recorded that they had worked from 1983 to 1995. Error bars are standard errors. 

Figure 3.13 The total number of areas and grids in which commercial crabbers recorded that the)' 

had worked from 1983 to 1995. 
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Figure 3.14 Annual CPUE (kg·potday-1
) vs effort (potdays) for the entire Northern 

Territory commercial Mud Crab Fishery between 1983 and 1995. There was no 

significant regression (P<O.OS), the dashed line represents the average annual CPUE. 
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Figure 3.15 Monthly catch and effort for the entire Northern Territory commercial Mud 

Crab Fishery between 1983 and 1995. Histograms represent the landed weight (t) of 

mud crabs and lines connect annual effort (potdays). 
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Figure 3.16 Monthly CPUE (kg·potday-1
) for the entire Northern Territory commercial 

Mud Crab Fishery between 1983 and 1995. The dashed line represents the distance 

weighted least squares. 
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Figure 3.17 Autocorrelation of monthly CPUE (kg·potday-1
) of the entire Northern 

Territory commercial Mud Crab Fishery with a 1 to 24 month lag. Error lines 

represent standard errors as white noise estimates. 

Figure 3.18 Spectral analysis of monthly CPUE from the entire Northern Territory commercial 

Mud Crab Fishery. The period is shown in months and periodogram values are as calculated 

using the time Series (spectrum analysis) module of Statistica. 
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Figure 3.19 Average monthly CPUE of the entire Northern Territory commercial Mud 

Crab Fishery pooled over year. Error lines are standard error. 
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Figure 3.20 Monthly CPUE (kg·potday-1
) vs effort (potdays) for the entire Northern 

Territory commercial Mud Crab Fishery between 1983 and 1995. The regression had 

a significant slope (F1,153 = 35.50, P<0.0001) as represented by the solid line. 
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Figure 3.21 Monthly weight (t) of mud crabs air-freighted from Darwin Airport 

compared to the total monthly weight of mud crabs recorded on crabbers logbooks 

between 1990 and 1994. Percentages for each year represent the annual difference 

between the logbook catch and the freighted weight (negative indicates under

reporting in the logbooks). 
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Figure 3.22 Pie charts showing the destination of mud crabs air-freighted from Darwin 

to other Australian capital cities between 1990 and 1994. 
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Table 3.1 Monthly comparison of the weight of mud crabs air-freighted out of Darwin 

by domestic air services to the weight of mud crabs recorded in commercial logbooks 

between 1990 and 1994. Annual totals are provided along with the difference which 

are also represented as a percentage of the logbook data. A negative figure indicates 

that the weights recorded in logbook data were less than those in the air-freight data. 

(The August 1993 figure contributed nearly half (21 t) of the total under-reporting 

of 48 t). 



Year Source JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL % 

1990 Freight 4.4 4.0 6.6 14.1 17.6 23.6 15.4 15.1 15.1 9.5 5.2 2.8 133.5 
Logbook 2.5 3.1 6.6 17.3 22.4 21.6 18.8 14.1 13.0 10.2 3.3 1.2 134.2 

Difference -1.9 -0.9 0.0 3.2 4.8 -2.0 3.4 -1.0 -2.1 0.7 -1.9 -1.6 0.7 1% 

1991 Freight 0.3 1.7 4.7 6.8 . 15.9 15.8 18.1 16.7 13.2 15.7 13.6 6.6 129.3 
Logbook 0.0 0.6 3.1 9.2 15.2 15.4 17.3 18.5 18.1 20.7 17.2 7.6 143.1 

Difference -0.3 -1.1 -1.6 2.4 -0.7 -0.3 -0.8 1.8 4.9 5.0 3.6 1.0 13.8 10% 

1992 Freight 3.1 2.2 4.6 17.3 23.7 25.3 31.1 22.5 21.4 17.3 13.3 2.7 184.5 
Logbook 3.3 3.0 4.6 18.5 24.4 29.1 29.9 26.0 18.3 19.5 14.0 2.1 192.7 

Difference 0.2 0.8 0.0 1.1 0.7 3.9 -1.2 3.5 -3.2 2.2 0.7 -0.7 8.2 4% 

0\ 
\0 1993 Freight 0.3 0.6 6.9 20.2 26.7 28.2 37.tl 43.q 32.8 39.4 32.9 6.8 274.9 

Logbook 0.2 0.2 6.4 21.5 32.7 28.6 29.6 22.1 28.3 31.8 18.5 6.6 226.5 

Difference -0.1 -0.4 -0.5 1.3 6.0 0.4 -7.5 -21.0 -4.5 -7.6 -14.4 -0.2 -48.4 -21% 

1994 Freight 1.4 1.3 6.4 35.1 32.3 24.2 27.0 24.3 24.0 22.5 17.7 7.1 223.2 . 
Logbook 2.0 1.7 5.9 26.1 30.3 23.7 23.5 25.3 19.9 21.9 15.8 4.8 200.9 

Difference 0.6 0.4 -0.5 -9.0 -2.0 -0.5 ~3.5 1.0 -4.1 -0.6 -1.9 -2.3 -22.3 -11% 



Plate 3.1a,b The standard vessel used in the Mud Crab Fishery was a 4.5 - 5.5 m 

aluminium dinghy with a 40 - 80 hp outboard motor. Most had a forward steering 

wheel and a flat ply-wood back deck under which the crabs were held. 



a 

b 



Plate 3.2 The crabs were always tied to reduce the damage they caused to one another 

and potential injury to the crabbers. They were usually tied either immediately after 

capture or once the crabbers had returned to camp. 

Plate 3.3 Once the crabs are tied, they are stored back at camp in hessian-lined fish 

boxes. The hessian is kept damp, thereby keeping the crabs relatively cool and moist. This 

also prevents flies from entering the box and laying eggs in any dead crabs. Crabs are stored 

in this way for up to a week before being transported to Darwin. 





Plate 3.4 After the crabs are transported to Darwin, they are transferred to wax-lined 

cardboard cartons. They are then air-freighted out, usually to the Asian-style 

markets in either Sydney or Melbourne. 





4. REPRODUCTION 

4.1 INTRODUCTION 

Reproduction is important to a fishery because it is the means by which the resource is 

renewed. This renewal process, or "recruitment" is evidenced in the entry of a new generation 

of animals into a fishery. If indiscriminant harvesting of a population occurs, the number of 

animals that reach maturity can be reduced to an extent where the reproductive capacity of the 

population is diminished. Such "recruitment overfishing", if allowed to continue, can lead to 

the demise of the stock and collapse of the fishery (Hilborn and Walters 1992). An important 

goal of fisheries management therefore, is to ensure that enough animals reproduce (the 

spawning stock) so that adequate recruitment is maintained. This "stock-recruitment" 

relationship is an important aspect of any fishery. Thus, to understand the potential impact of 

fishing on the mud crab resource, it is important to have a sound knowledge of their 

reproductive biology. 

As well as the importance of reproduction on recruitment, the reproductive cycle of mud crabs 

can also have important short-term influences on population dynamics. To understand these, 

it helps to summarise what is already known of the physiology and behavioural aspects of 

mud crab reproduction. The structure and function of the reproductive systems of male and 

female mud crabs is typical of other portunids (eg. Ryan 1967a,b), and Estampador (1949b) 

provides a thorough description. 

4.1.1 Reproductive physiology 

The external characteristic of a male is the narrow abdomen which protects pairs of 

appendages modified as copulatory organs (Plate 4.1 a,b ). These long thin structures function 

to transfer spermatophores ("packets" of spermatozoa) into the vulva of the female during 

copulation. They connect via two ejaculatory ducts to the vas deferens and paired 

symmetrical testes, joined along the mid-line, with lobes that run in an arc along the anterior 

border of the carapace. The testes vary in size depending on the sexual condition and maturity 

of the crab, from barely visible, to nearly filling all of the space between the carapace and 

sternal wall. 
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As in most crabs species (eg. Hartnoll 1969; Campbell and Eagles 1983; Haefner 1990), the 

onset of physiological maturity in male mud crabs is characterised by the development of 

spermatophores in the vas deferens after the pubertal moult (Prassad and Neelakantan 1990; 

Robertson and Kruger 1994; present study). A common secondary sexual characteristic of 

maturity is positive allometric growth of males' chelae (Hartnoll 1974, 1978; Gonzruez

Gurriaran and Freire 1994). This allometric growth may coincide with the pubertal moult 

(Campbell and Eagles 1983; Gonzruez-Gurriaran and Freire 1994), but does not always do so 

(Conan and Comeau 1986; Paul 1992), and may depend on the species studied, the variables 

measured (Hartnoll 1974), and methods used to analyse and interpret allometric growth 

(Clayton 1990). Thus, three stages of male maturity can be defined: immature, without 

spermatophores; adolescent, with spermatophores and small claws; and adult, with 

spermatophores and large claws (Sainte-Marie et al. 1995). Allometric analyses usually 

determine the transition size between adolescent and adult stages (eg. Brown and Powell 

1972; Somerton 1980; Campbell and Eagles 1983; Somerton and Macintosh 1983; Haefner 

1990) and form the basis of many minimum legal size limits. 

In most female crabs, maturity is accompanied by prominent changes in their external 

morphology (Hartnoll 1969). The most obvious of these is broadening of the abdominal flap, 

a functional requirement necessary for the crab to carry and protect the eggs. This was evident 

in mud crabs (Plate 4.2a,b) and was used to distinguish mature females. The second through 

fifth abdominal segments each have paired pleopods, consisting of a lateral exopodite and 

medial endopodite. After maturity, the endopodites have long setae to which the eggs attach 

after ovulation. Exopodites help support and clean the egg mass as it lies against the extended 

abdomen (Plate 4.3). The paired ovaries are similar in shape and position to the male testes 

except they extend further posteriorly thus forming an "H" shape. The ovaries connect to 

paired spermathecae, which receive and store the spermatophores, and continue as oviducts to 

the vulvae that open externally on the sternum of the sixth thoracic somite. 

4.1.2 Reproductive behaviour 

The considerable aquaculture potential of mud crab has lead to many investigations of mating, 

spawning and their early life history. Similar to most Portunidae (Hartnoll 1969), copulation 

in mud crab can only occur between hard, intermoult males and females that have recently 

undergone ecdysis and are in the soft shell condition (Perrine 1978). For 3-4 days prior to 
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mating, the male carries the female with his first pair of ambulatory legs, her carapace against 

his sternum (Ong 1966). In this "doubled" position the male can protect the female during 

ecdysis, mating and until her shell hardens. During copulation, the female is inverted with her 

abdomen raised over the posterior of the male's carapace. Although copulation may take 

between 7 and 48 hours (Ong 1966; Perrine 1978; Lavina 1977b ), the crabs may stay doubled 

for up to five days (Perrine 1978). After the sperrnatophores are transferred, they may be 

stored for between 2 ( Ong 1966) and 7 months (DuPlessis 1971) until the ova have matured 

enough to be fertilised. 

It is well documented that females migrate offshore to spawn. During spawning the abdomen 

is held away from the body and between two million (Arriola 1940; Ong 1966) and seven 

million (Heasman 1980) eggs are fertilised as they pass down the oviducts and are extruded 

onto the setae of the endopodites where they remain attached until they hatch. More than one 

spawning may result during one intermoult period from a single copulation (Ong 1966; Brick 

1974). The eggs hatch between 12 (Ong 1966) to 17 (Arriola 1940; DuPlessis 1971) days 

after extrusion and hatch into free-swimming zoeallarvae. Over the next 20 to 40 days, there 

are five zoeal instars and one megalopal instar before mud crabs reach the first of up to 

eighteen crab in stars ( Ong 1964 ). Arriola ( 1940) originally thought females died about a 

week after spawning, but Ong ( 1966) noted up to three spawnings from a single instar. Ong 

also suggested the high possibility of more than one mature instar, which has since been 

confirmed (Heasman 1980). 

4.1.3 Present study 

Results from the analysis of the fishery catch and effort data implied that the abundance or 

catchability of mud crabs was very seasonal, with very low numbers caught during the wet 

season. This seasonality may result from the interplay of a variety of aspects of mud crab life 

history, such as reproduction, migration, mortality (fishing and natural), growth, recruitment 

and behavioural patterns, as well as the influence of fishing gear characteristics. The relative 

importance of these is difficult to determine. Tagging studies of mud crabs have revealed that 

in general, they are not a highly migratory species (Hill 1975; Perrine 1978; Hyland et al. 

1984 ), but the females do migrate offshore to spawn ( eg. Arriola 1940; Hill 1994 ). 

Consequently, it was deemed appropriate to initially investigate the influence of the 

reproductive cycle, especially spawning, on catch trends in the fishery. 
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The first step was to distinguish the immature and mature instars of both males and females. 

From this, size at maturity relationships could be determined so that catches could be divided 

into their maturity instars based on size frequency data Secondly, it was necessary to 

determine if and when there was the main spawning season in the Northern Territory. Similar 

to other studies (Hyland et al. 1984; Robertson and Kruger 1994), the capture of ovigerous 

females was rare during the present study, with only three caught in a total of about 16,000 

sampled over 4 years. Consequently, observations of gonad condition were used to determine 

the onset of spawning. Finally, I sought to corroborate the above results, with evidence of the 

effects of the reproductive cycle on the population dynamics within the fishery. 

Many crab species are infected by rhizocephalan parasites which usually cause sterilisation of 

the host. Rates of infection can become quite high (eg. Wardle and Tirpak 1991) and may 

impact on a stock's reproductive potential. Loxothylacus ihlei was first described as a 

rhizocephalan parasite of mud crab in Indonesian waters by Boschma ( 1949) and has been 

identified in Australian waters (present study). I therefore undertook a study to determine the 

prevalence of infected crabs in Northern Territory waters. The results of this research, whilst 

related to the reproduction of mud crabs, was considered slightly outside the scope of the 

thesis and have been published separately (Knuckey et al. 1995, Appendix 2). 

4.2 MATERIALS AND METHODS 

The size distribution and morphometric data used in the study of reproduction were collected 

from monthly commercial catch samples as outlined in Chapter 2. Additional crabs were 

purchased from crabbers for the work on gonad condition of females and presence of 

spermatophores in males. 

4.2.1 Female 

Size at maturity 

The maturity of female mud crab was gauged by inspection of the shape and colour of the 

abdominal flap. Immature females have a triangular, unpigmented abdominal flap while 

mature females display a large, rounded, pigmented abdominal flap. The maximum width of 

the sixth abdominal segment, excluding setae, was used as the measure of abdomen width 

following Heasman ( 1980, see Fig. 2.8). If there was any doubt as to female maturity, I tested 
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whether the abdomen could be lifted away from the body and observed the pleopods. In 

contrast to mature females which use muscular flexure to hold the abdomen against the 

cephalothorax, immature females have small hooks on the sixth thoracic segment which 

physically 1ock' the abdomen to the sternum. Also the endopodites of immature females do 

not have the long, filamentous setae present in mature females. 

The number of mature female crabs within 5mm CW-classes was expressed as a percentage 

of all females and plotted against CW. A logistic curve was fitted using a non-linear least 

squares procedure and the size at which 50% of the crabs were mature was determined. This 

was used as the measure of size of maturity. 

Tagging data were used to calculate postmoult width from premoult width (Postmoult = 6.36 

+ 1.14 x Premoult, see Chapter 4). By adding this growth increment to the size at first 

maturity, easily identified by abdominal changes, the size at which females undergo their 

second moult of maturity was extrapolated. By applying the equations for the first and second 

moult of maturity to commercial catch size frequency data the frequency of immature, and 

first and second mature instars could be estimated. 

Gonad condition 

Each month between May 1990 and December 1993, 10 female mud crabs were collected 

from Adelaide River for analysis of their gonad condition. Following Heasman (1980), only 

mature, intermoult crabs with no missing claws were used. The gonad was removed, drained 

and weighed to the nearest O.lg on a Mettler PC 4000 balance. The gonadosomatic index (GI) 

was calculated as the percentage of drained gonad weight to live weight of each crab. The 

presence of white flaccid gonads with dark specks was noted as an indication of post 

spawning and ova resorption (West 1990). The presence of sperm in the spermathecae was 

also noted from samples collected during 1993. 

A portion of the gonad lobe was placed in 5% formalin/seawater solution in a 200 ml 

container to ensure thorough preservation. After one week, up to 1 Og of the gonad was 

transferred into a 50ml specimen bottle in a fresh 5% formalin/seawater solution. The gonad 

was sectioned longitudinally, obliquely and laterally and mounted in paraffin. The samples 

were soaked in 1% HCl and then sectioned to five microns using a S.C.I.L. Shandon MlR 

microtome. The sections were mounted and stained using haematoxylin and eosin 
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preparation. Within each section. three random fields of view were selected and a graticule 

was used to measure the largest and smallest diameter of the three largest oocytes in each field 

of view. The gonad and oocytes were staged in the following manner and representative 

sections are shown in Plate 4.5a-f. 

Stage I - Undeveloped. The ovary appears transparent, colourless and thin. Ova are 

inactive, with no multiplication of germ cells (oogonia) present. 

Stage II - Early development (pre-vitellogenesis). The ovaries are undergoing active 

proliferation and differentiation, the beginning of oocyte development. Primary oogonial cells 

(gonocytes) are transfonned into secondary oogonial cells and further into primary oocytes, 

identified by their characteristic sac-shaped nuclei. The oocytes have no visible yolk material 

and are milk-white in colour. Because ovarian growth is usually initiated soon after mating, 

this stage can be a good indicator of the commencement of mating. 

Stage Ill - Developing (Primary vitellogenesis). This stage, referred to as the Primary 

Vitellogenesis State, is when main formation of vitellus (yolk) and oil globules occurs. Oil 

globules appear near the nucleus and move towards the boundary of oocyte to diffuse. 

Although follicle cells are sometimes not observed, 1-4 strongly basophilic follicle cells may 

attach themselves to oocyte boundary. Yolk granules that have formed move towards the 

boundary, usually towards opposite poles of the oval oocyte and start to diffuse. Ovaries are 

pale-yellow to yellow in colour. 

Stage IV - Nearly ripe (Secondary vitellogenesis). There are three levels of oocyte 

maturity occurring in this stage of ovarian development. The first level is Primary Yolk 

Platelet State (early stage 4), in which yolk granules fuse together to become large yolk 

platelets that do not occupy the whole cytoplasm This is followed by a Secondary Yolk 

Platelet State, where nucleus membrane begins to break up while the nucleolus is still present. 

The yolk plate becomes orange in colour and spreads through cytoplasm. The follicle cells are 

thinner and often not detected. The final and older form of oocyte maturity in stage N is Pre

maturation State, in which oocytes are close to reaching their full size, the nucleus membrane 

is indistinctive, and the nucleolus has started to disperse through cytoplasm. The ovary is 

covered by a transparent connective tissue layer and is orange in colour. Spawning is 

imminent. 
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Stage V - Ripe. Ovary is deep orange to reddish-orange in colour due to large amounts of 

yolk. Some platelets are fused together. The nucleolus breakup is completed. The spawning 

oocyte starts to decrease in size. 

Stage VI -Post spawning. This stage can be confused with a stage I ovary, but the post 

spawning ovary is larger and semi-transparent There may also be dark spots which are 

remnants of unspent oocytes which are being reabsorbed. Large spaces, previously filled by 

the oocytes, are present in the section. 

4.2.2 Male 

Hartnoll ( 1969) described maturity in male crabs as when they are first able to copulate 

successfully. Often termed "functional maturity" (from Conan and Comeau 1986), this 

requires that they must also be "physiologically mature", usually characterised by the presence 

of spermatophores in the vas deferens (Hartnoll 1969). Associated with the onset of maturity, 

many crabs undergo allometric growth of body parts, most notably a positive allometric 

growth of the chelae of males and the abdomen of females (Hartnoll 1974; Gonzalez

Gurriaran & Freire 1994 ). This morphological maturity, although obvious in females crabs, is 

often difficult to detect in males without mathematical analysis of the allometry. Such is the 

case with mud crab. Heasman (1980) stated that sexual maturity in males " ... is not 

accompanied by overt or definitive changes in secondary sexual characteristics", but indicated 

that the relationship of both 'crusher' propodus height (Fig. 2.8) and total live weight to 

carapace width could be used to determine male maturity. Recognising the problems 

associated with determining male maturity, in this study I collected the following information 

which could be used to accurately define both physiological and functional maturity in male 

mud crabs. 

Size at maturity 

A wide size range of crabs (n =108) were collected and dissected in the laboratory. Carapace 

width (CW), total weight (TW) and chela propodus height (CH) were recorded and the 

anterior vas deferens was examined for the presence of spermatophores as evidence of 

physiological maturity. All crabs were intermoult, and none with missing claws were used. 

Comparison was made between the CW' s of physiologically mature and immature 

indi victuals. 
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Carapace width was used as the reference dimension to which other morphometric dimensions 

were compared. Crabs that were missing chelae, or had obviously regenerated chelae were 

not included in any morphometric analyses. Also, crabs with left-handed crusher chelae were 

not included because they could not be distinguished from crabs which may have had a 

regenerated right chela. To distinguish between adolescent and adult morphometry, a 

frequency distribution of CH/CW ratios was plotted. The composite distributions of the ratios 

were separated into two normal distributions using Bhattacharya's method (1967) and the 

point of intersection between the two distributions determined the critical CH/CW value. 

Crabs with a CH/CW ratio above this value (large clawed) were classified as adult and those 

under as adolescent. Linear regression was used to detennine the relationship between CH 

and CW for adult and adolescent crabs from both regions. The nu.mber of adult crabs within 

5mm CW-classes was expressed as a percentage and plotted against CW. A logistic curve 

was fitted using a non-linear least squares procedure and the CW at which 50% of crabs had 

adult morphometry (CW so%adult) was determined. 

Mating success 

Functional maturity of male mud crab was indicated by scars on the sternum and the anterior 

surface of the merus of the first ambulatory legs (Plate 4.4a,b) which are produced by abrasion 

with the female during the pre-copulatory embrace (Lavina 1977a; Perrine 1978; Prasad and 

Neelakantan 1990; Robertson and Kruger 1994). These scars are probably similar to "burned 

spot" disease in Callinectes sapidus (Rathbun) and other crustaceans (Rosen 1967; Sandifer 

and Eldridge 1974) where abrasion of the exoskeleton allows inner layers of the shell to be 

attacked by chitinoclastic bacteria (Sandifer and Eldridge 1974), possibly a type of Beneckea 

(Cook and Lofton 1973). The process leaves obvious brown marks on the exoskeleton which 

remain until the animal moults. By recording the occurrence of these "mating scars" on male 

mud crabs, it was possible to compare mating success with maturity status. The mating scars 

were graded based on the condition of the abrasion: MSl- cuticle abraded, but no infection 

evident; MS2 - cuticle abraded, with heavy bacterial infection causing deep black marks; 

MS3 - cuticle seemed repaired but coffee-coloured marks still present; and MS9 - scar 

present, but no grading undertaken. Crab measurers did not grade the matings scars as above, 

but simply noted them as present or absent. 
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The presence of mating scars was not properly recorded until late 1991, so data prior to this 

were not included in analyses. Comparisons of CW, TW and CH of crabs with mating scars 

(scarred crabs) and those without mating scars (unscarred crabs) were made using ANOVA 

and ANCOV A. The data were log transformed to normalise the variances. The percentage of 

scarred males was determined, as was their classification as adult or adolescent crabs. The 

moult condition of scarred and unscarred crabs was also compared. 

Gonad condition 

Because male crabs are known to be able to mate regularly and regain condition over a short 

period of time ( eg. Jivoff 1997; Knuckey personal observation), this aspect of the reproductive 

cycle was considered to have little bearing on the fishery and consequently, no time series 

information was collected The only data collected were those used to determine the size at 

physiological maturity. These crabs were collected during 1995 and were only a small sample 

(n=108) of relatively small crabs. The weight of the vas deferens containing the 

sperrnatophores was recorded and compared to the live weight of the crab. 

4.2.3 Timing of reproduction 

I sought to determine the timing of the mud crabs' reproductive cycle by analysing the 

monthly reproductive information outlined above over the four-year time series of samples 

from the commercial catch. Aspects of the population biology which could affect, or could be 

affected by the reproductive cycle, such as the sex ratio, maturity instars, presence of mating 

scars and influx of new recruits were investigated. In most cases, comparisons and analyses 

were undertaken on a river by river basis to establish the validity of the results over a wide 

spatial scale. If similarities were noted between the river systems and over the different years, 

the data were pooled accordingly and the monthly averages(± standard errors) were plotted. 

Sex ratio 

Sex ratio data were obtained through my own research collections (source 1), crab measurers 

employed in the Gulf of Carpentaria (source 2) and voluntary daily logbooks filled out by 

commercial crabbers (source 3). The information from all three sources was combined to 

obtain monthly estimates of the percentage of female mud crab caught in each river system 

between May 1991 and September 1995. Sex ratio data were also pooled over year and river 
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system to obtain an overall view of the monthly changes in sex ratio. A chi square test was 

used to determine if the total sex ratio was significantly different from 1: 1. 

Gonad condition 

The average monthly GI of female mud crabs collected from commercial catch samples in the 

Adelaide River between May 1990 and December 1993 were plotted. In addition, the monthly 

percentage of females with Stage V gonads was plotted over the same period, as these were 

considered to be just prior to spawning. 

Mating 

The monthly percentage of males which displayed mating scars was plotted for each of the 

three river systems between 1991 ( 1992 in the Roper River) and 1995. 

Recruitment 

Another aspect of reproduction which could be used to help identify the timing of the 

reproductive cycle was when the influx of new recruits into the fishery occurred. Combined 

with information on growth (Chapter 5), this could be used to estimate the time of spawning. 

Immature females were easily identified, so I plotted the monthly abundance immature 

females as a percentage of the total female numbers. 

4.3 RESULTS 

4.3.1 Female 

Size at maturity 

As a result of maturation, the abdominal flap of females became noticeably broader and more 

pigmented. Regressions of FW against CW for immature and mature females for each of the 

river systems are shown in Figs. 4.1a- 4.3a, with the statistics in Table 4.1. Contrasts of the 

regressions revealed significant differences in the slopes for Adelaide River (FJ.I698 = 8.81, P 

< 0.003) and McArthur River (F3•1894 = 26.69, P < 0.0001). The slopes were not different for 

Roper River (FJ,so7 = 2.28, P > 0.132), but there was a significantly different intercept (F2,808 = 
521.15, P < 0.0001 ). The size at which 50% of crabs matured (CW 50%Mat) varied from a 

minimum of 131 mm in McArthur River to a maximum of 138 mm in Adelaide River (Figs. 
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4.1 b- 4.3b, Table 4.2). When pooled over river, the contrast of slopes was significant (F3,4407 

= 36.55, P < 0.0001) and CWso%Mat was 136.5 mm (Fig. 4.4a,b). 

The relationship between postmoult and premoult CW (Postmoult = 6.36 + 1.14 x Premoult, 

see Chapter 5). was calculated based on the tagging study in the Adelaide River and was used 

to estimate the size at second moult of maturity for female crabs in each river system. Size 

frequency data from the three rivers (Figs. 4.5a- 4.7a) were combined with logistic curves of 

the size of 1st and 2nd mature female in stars (Figs. 4.5b - 4. 7b) to estimate the number of 

crabs in each size class that were immature, in their first moult of maturity, or second moult of 

maturity (Figs. 4.5c - 4.7c). It was apparent that a large percentage of females undergo a 

second moult of maturity. 

Gonad condition 

Ripening of the gonad was evidenced by the progression of ova from Stage I to Stage V, and 

was directly proportional to increasing ova diameter (Fig. 4.8). Fully ripe ova (Stage V) 

usually ranged between about 160 and 250 J..lm with a mean of 206 J..lffi. Stage VI ova are 

those which have remained after spawning and are being resorbed Not unexpectedly, as the 

ova matured to Stage V the GI of the crabs increased, and after spawning (Stage VI) the GI 

decreased (Fig. 4.9). There was a significant regression of gonad weight against live weight 

of the crab (F1.94 = 26.27, P<0.0005, r2 = 0.22, Fig. 4.10a). This indicated that the larger, 

h · b · d d · 'fi d h f 100 x Gonad weight eavter era s contame more gonad, an JUStl 1e t e use o as a 
Crab live weight 

gonadosomatic index. Notably, there was an extremely low r2 value, suggesting factors other 

than crab size were of importance. A similar regression of gonad weight against live weight 

for crabs with only Stage V gonads was also significant (FI,94 = 26.27, P<0.0005, r2 = 0.22, 

Fig. 4. lOb) and revealed that the average GI for crabs with Stage V gonads was 8.87. 

Consequently, both GI (>9) and gonad stage (= V) were used to help elucidate the timing of 

the reproductive cycle of female mud crabs. 

Of the 75 mature females that were examined, 92% had spermatophores in their 

spermathecae. When present, they were usually on both sides, but 13% of females had 

spermatophores in only one spermatheca. 
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4.3.2 Male 

Physiological Maturity 

Spermatophores were present in the anterior vas deferens of all (n=l04) crabs greater than 110 

mm CW. Crabs smaller than II 0 mm that were dissected were all found to be physiologically 

immature. Insufficient samples of crabs smaller than 110 CW prevented fitting of a logistic 

curve to determine the CW at which 50% of crabs reached physiological maturity. 

Maturity Stages 

The frequency plots of CH/CW ratios revealed a distinctly bimodal distribution in all river 

systems. The critical value for CH/CW was 3.68 for Adelaide River and 3.60 for both Roper 

and McArthur Rivers (Figs. 4.11 a - 4.13a). Males with a CH/CW value greater than the 

critical value were classified as adult. Regressions of CH against CW for adolescent and adult 

males for each of the river systems are shown in Fig. 4.11 b- 4.13b, with the statistics in Table 

4.3. The fit of the logistic curves to the percentage of adult males yielded CWso%adult = 148.7, 

146.2 and 145.3 mm for Adelaide River, Roper River and McArthur River respectively 

(Figs. 4.11 c - 4.13c ). The data pooled over river are shown in Fig. 4.14a-c, with CW SO%adult = 

146.4 mm. 

Mating scars 

A breakdown of the size distribution of adolescent and adult males with respect to the 

presence of mating scars is given for each river (Fig. 4.15a-c). This shows that there were 

more adult than adolescent males in commercial catches. Also, although mating scars were 

more common on adults than adolescents, the number of scarred crabs in both groups was 

low. Table 4.4 summarises the moult stage of scarred and unscarred adolescent and adult 

males. Although most scarred males were classified as adult, 12 % of scarred males in 

Adelaide River were adolescent; figures for Roper River and McArthur River were 8 % and 

19 % respectively. Mating scars were present on 9, 7 and 12 % of adolescent males and 38, 

22 and 26 % of adult males in Adelaide River, Roper River and McArthur River respectively. 

In general, mating scars were virtually non-existent on postmoult males and were only found 

on about 2% of new intermoult males. In contrast, about 36% of late intermoult males 

displayed mating scars. Importantly, 96% of scarred crabs were late intermoult crabs. The 

smallest scarred males were about 125 mm CW in all river systems. 
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Because most crabs with mating scars were adult, this group was further analysed to 

determine any difference between scarred and unscarred crabs. There was no difference in the 

slopes of the regressions of ln(TW) against ln(CW) for scarred and unscarred males in any 

river but contrasts of these slopes revealed that for a given CW, scarred crabs were 

significantly heavier in all river systems (Adelaide River, F2,675 = 4.72, P<0.0301; Roper 

River, F2,l66l = 5.70, P<0.0170; and McArthur River, F2.113s = 46.65, P<0.0001), (Fig. 4.16a

c). There was no differences in the slopes (Adelaide River, F3,963 = 1.04, P>0.307; Roper 

River, F3,593 = 0.01, P>0.930; and McArthur River, F3,913 = 0.61, P>0.434) or intercepts 

(Adelaide River, F2.964 = 0.03, P>0.852; Roper River, F2,594 = 0.00, P>0.954; and McArthur 

River, F2,914 = 0.52, P>0.472) of regressions of ln(CH) against ln(CW) for scarred and 

unscarred males (Fig. 4.17), indicating that claw size was not different between mated and 

unmated mature males. 

4.3.3 Timing of reproduction 

Sex ratio 

Sex ratio data were expressed as a percentage to account for unequal monthly sample sizes 

that resulted from fluctuating catch numbers and inconsistent sampling. The percentage of 

female crabs in commercial catches from the three river systems and the source of the 

information is shown in Table 4.5a-c. Using the totals from this table, the percentage of 

females in each month was plotted for each river system (Fig. 4.18a-c ). Less data were 

collected in the early months of the year, because of the very low fishing effort (see chapter 3). 

Similar trends were apparent in each river system. In the latter months of each year 

(September to November) the percentage of females in the catch peaked at between 70- 90%, 

and dropped rapidly between December and February to about 10 - 20%. The percentage of 

females in the catch then increased slowly during the year, an even ratio only usually 

occurring for a short period around May/June. The peak and drop did not necessarily occur in 

the same months in each river system or in the different years. The monthly percentage of 

females (± 1 S.D.) pooled over year for each river system (Fig. 4.19a-c), highlights these 

monthly trends and also shows greater variation associated with data between November and 

February. Because similar monthly trends were apparent in each of the river systems, data 

were pooled over river and year to give a "standard" representation of seasonal fluctuations in 

the sex ratio (Fig. 4.20). 
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Based on an expected male : female frequency of I: I, a chi-squared analysis of all samples 

pooled over time and river system revealed there were significantly more males (X~J) = 9.068, 

P<0.005) than females. But, because the ratio of males to females differs so dramatically in 

different months and sampling was not uniform over months, this method was thought to be 

inappropriate as a comparison of overall sex ratio. Consequently, monthly data on sex ratio 

and average weight of males and females were combined with logbook data and extrapolated 

to estimate the annual commercial catch of males and females in each river system from 1991 

to 1994. Totals were calculated in the following manner: 

100 ( 
100x(%MmXWMm) J 

CtmX X 

A I I b I 
n~2 (%MmxWMm)+(%FmXWFm) 

nnua tota num er rna es = £..J 
m=l WMm 

100 ( 
IOOx(%FmXWFm) J 

CtmX X 

A I al 
n~2 (%MmXWMm)+(%FmXWFm) 

nnua tot number females = £..J 
m=l WFm 

where: Ctm = Total monthly catch of mud crabs (kg); 

%M111 =percentage of males for a given month (pooled over years); 

%F 111 =percentage of females for a given month (pooled over years); 

WM111 =average weight (kg) of males for a given month (pooled over years); and, 

WF m = average weight (kg) of females for a given month (pooled over years). 

In each river system there was at least one year with no significant difference in the annual 

catch of males and females, but in other years either males or females· were significantly more 

abundant. In general, the sex ratio was usually close to 1 : 1 and no trend in the predominance 

of one sex over another was apparent. 

Gonad condition 

In each of the three years that the GI of female mud crabs was studied, a major peak occurred 

between November and January (Fig. 4.21) where GI was higher than 8. Lower values were 

recorded during the rest of the year. In considering the percentage of crabs with Stage V 
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gonads (Fig. 4.22) similar peaks were present at the end of each year, but there were also 

secondary peaks in the middle of the year for both 1992 and 1993. The mean GI (± SE) was 

also pooled over year to show overall trends (Fig. 4.23) 

Mating 

During each year, the percentage of males with mating scars varied between about 10 and 

60%. Seasonal peaks were obvious in the McArthur and Roper Rivers between July and 

December (Fig. 4.24b,c). A similar trend was apparent in the Adelaide river in 1992 and 1993 

but not in 1994 (Fig. 4.24a). Although it was not clear in every year of each river system 

(especially Adelaide River), plots of the monthly percentage of males that had mating scars 

indicated peaks in each of the river systems between August and November. The lowest 

percentage of males with mating scars was generally in the first few months of each year. 

Recruitment 

Overall, the percentage of immature females (by number) in the total catch was around 3-5% 

and about 12% of the total female catch. In both the Adelaide River and McArthur River, the 

percentage of immature females (of total female catch) rose quickly after January, reached a 

peak in March to April and declined throughout the rest of the year (Fig. 4.25a,c). A similar 

trend was apparent in the Roper River, although no data were available from January to March 

(Fig. 4.25b ). Due to their similarities, the data were pooled over river systems to shown the 

overall trend (Fig. 4.26). 

4.4 DISCUSSION 

The importance to the fishery of the reproductive cycle of mud crab manifests itself at two 

distinct levels. Firstly, is its effects on the population dynamics of the species, which are 

directly reflected in the commercial catches. The most apparent of these is the lack of females 

between December and March, almost certainly a result of their offshore spawning migration. 

The second is the implications of reproduction on the management of the fishery, especially 

with respect to the determination of minimum legal size limits based on the size at maturity. 

Although both of these levels impact on the fishery, their different nature warrants separate 

discussion. 
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There have been numerous anecdotal reports and studies of the size at maturity and 

seasonality of mating and spawning in mud crabs throughout their distribution (Arriola 1940; 

Pillai and Nair 1968, 1973; Ong 1966; Du Plessis 1971; Escritor 1972; Varikul et al. 1972; 

Hill 1975 1994; Le Reste et al. 1976; Perrine 1978; Heasman 1980; Devi 1985; Quinn and 

Kojis 1987; Prasad and Neelakantan 1989; Jayamanna and Jinadasa 1993). Summaries of 

these studies (Heasman et al. 1985; Jayamanna and Jinadasa 1993; Robertson and Kruger 

1994) reveal that depending on the locality, the actual months of mating and spawning can 

vary greatly, which probably relates to the differing latitudes {15°N to 34°S) and their 

associated climates (temperate to tropical). Furthermore, such variations, especially in size at 

maturity, may be partially explained by recent work which revealed some of the studies 

undertaken are likely to have been on a smaller mud crab which is now recognised as a 

different species (Keenan 1995; Keenan et al. 1995). Due to these problems, I will not dwell 

on comparisons of my results with those of other countries. 

4.4.1 Population dynamics and the reproductive cycle 

Mating 

In other studies (Heasman 1980; Hill 1975), researchers have been able to observe mating 

pairs or "doubled" crabs in the traps as evidence of mud crab mating seasons. This was not 

possible in the present study because the crabs were derived predominantly from commercial 

catches and were measured after they had been caught and tied. The presence of mating scars 

on male crabs, however, provided an alternate means of gauging the main mating period 

Most mating appeared to be between August and November. A similar peak in mating 

activity was found in Queensland (Heasman 1980; Heasman et al. 1985), with evidence of 

mating occurring throughout the year. Because mating scars remain on the crab until its next 

moult, it was difficult to determine to what extent mating occurred throughout the year in the 

present study. Scars were found on crabs in all months of the year, but new scars (MS 1) were 

not found on any males in February and March, indicating that very little mating occurs in the 

early months of the year. This result is consistent with the fact that during these months there 

are virtually no mature females caught and the percentage of late intennoult males is at its 

lowest If most mating occurs between August and November, one might expect to find the 

highest proportion of postmoult females during this time. This was not evident, in fact no 
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seasonal trend was apparent. This is possibly because crabbers do not usually keep post moult 

crabs. 

Spawning 

Although there are some reports of ovigerous females being caught in inshore waters (Arriola 

1940; Ong 1966; Brick 1974; Perrine 1978), their almost total absence in many other 

extensive studies (Hill et a/. 1982; Hyland et al. 1984; Heasman et al. 1985; Quinn and Kojis 

1987; Robertson and Kruger 1994; the present study) indicates it is not a common occurrence. 

This is probably because most sampling regimes are restricted to the inshore environment and 

fail to catch the females which move offshore to spawn (eg Arriola 1940; Ong 1966; Brick 

197 4; Hill 1994 ). As a consequence, determination of the timing of mating spawning period 

is often based on interpretation of GI and ova stage. This method proved successful in 

highlighting a main spawning period in the present study. 

The peak in female gonad condition around December indicated spawning was imminent 

Females with high GI's and ripe ovaries were present in every monthly sample however, 

which suggests that some spawning probably occurs throughout the year. In similar results 

from Queensland's temperate waters, (Heasman 1980; Heasman et al. 1985) spawning was 

most intense during October- November and many females had spent ovaries in December. 

Studies outside Australia conducted in temperate and sub-tropical climates also found peak 

spawning activity usually occurred in the warmest months (eg. Arriola 1940; Brick 1974; Hil1 

1975; Heasman 1980) but our results contrast to research conducted in tropical waters where 

spawning peaked during the coldest months (Pillai and Nair 1968, India) or remained 

continuous and steady (Perrine 1978, the Philippines). It is possible that comparisons based 

on temperature alone could be misleading. Hill (1974) revealed the intolerance of S. serrata 

larvae to low salinity conditions which are typical in tropical estuaries during the wet season. 

This may explain why mud crabs, like other portunids (Norse 1977), move offshore to spawn. 

The disappearance of females from inshore commercial catches occurs during the peak of the 

wet season. The timing of mating and spawning seem to vary depending on the location of 

the crabs, but overall, there does appear to be some level of breeding activity occurring 

throughout the year (Pillai and Nair 1968; Perrine 1978). In Queensland, spawning activity is 

highest between September and March, with mating activity greatest in October (Heasman et 

al. 1985). Hill (1994) investigated mud crab catches in prawn trawlers operating in offshore 
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waters in the Gulf of Carpentaria and found that of the hundreds caught, 97% were female, of 

which 61% were ovigerous. Numbers caught increased from September to November. Due 

to seasonal closures, however, there was no trawling from December to mid-February and 

when trawling resumed, no mud crabs were caught. Without the trawl data from December to 

February it is difficult to make exact comparisons, but the timing of the main spawning 

migration appears similar. 

An annual oscillation in the sex ratio was apparent in each of the river systems and appeared 

to be consistent over the years of the study. The percentage of females in the catch increased 

throughout the year and usually peaked at 60 - 80% between September and November. 

Between December and February the proportion of females dropped dramatically to about I 0 

- 20% before increasing again. Consequently, although the incidence of equal numbers of 

males and females was more likely between May and August, in many months of the year the 

male : female ratio was significantly different from 1: 1. This annual cycle in the sex ratio of 

commercial catches has not been described previously. Indeed, few other studies have 

investigated monthly catches over a number of years. 

In Sri Lanka, Jayamanna & Jinadasa (1993) studied monthly commercial catches over three 

years and found no repeatable annual cycle. Although their results during 1986 were 

consistent with the present study, the trend in 1985 was reversed (ie. more females in the first 

half of the year) and in 1987 most months were predominated by females. Interestingly, 

catches in June of every year had an even sex ratio. One might expect a reversed trend in the 

Northern hemisphere if changes in sex ratio are somehow climate related, but lack of a 

consistent cycle, as well as limited information on Jayamanna & Jinadasa's (1993) sampling 

methods and their possible biases, make~ further comp~isons with their work inappropriate. 

Studies of the overall sex ratio of mud crabs are more common, but also yield a range of 

results. In the present study, extrapolation of the average monthly sex ratios to gain estimates 

on the total annual catch of males and females in each river system indicated that the annual 

sex ratio in any river system was always close to 1 : 1. The furthest deviation was in the 

Roper River in I99I, where a ratio of I : 1.5 in favour of females was found. The Roper 

River was the only river in which a continual predominance of one sex (female) in the catch 

was found; the other two rivers showed no such trend. Devi (1985) found no significant 

difference in the annual male : female ratio in 2 years of Indian commercial mud crab catches. 
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In contrast, Lari ( 1995) found about 3 males to 1 female in catches from Papua New Guinea 

Heasman ( 1980) also revealed a male to female sex ratio of 3: I in commercial catches from 

southern Queensland over a two year period which he attributed to the highly selective nature 

of crab pots with respect to sex, size and moult condition. It is important to consider however, 

that his sampling regime was not uniform throughout the period of the study, and, based on 

present findings, overall sex ratio could have been greatly influenced by the time of sampling 

period and relative sample sizes. Furthermore, whilst pot selectivity with respect to size and 

moult condition is evident for mud crabs (Williams and Hill 1982), the results of the present 

study indicate that, in the long-term, pots are probably not sex selective. This is not to say 

however, that in the short-term, there are not some sex specific aspects of their life history 

which have a significant effect on whether they are caught in the fishery. Indeed, reproduction 

and spawning is a very likely candidate in this respect, and may well explain the seasonal 

trends in sex ratio observed in the present study. 

In the present study, the decrease in the proportion of females in commercial catches during 

January to March could be attributed to the spawning migration of females. Other evidence 

supports a peak spawning migration occurring early in the year. The Gonadosomatic Index of 

females is an indication of the development of the eggs within the ovary, and the high GI of 

females in November-December compared to mid-year would be expected if spawning was 

imminent. 

Consideration of the number of females which have undergone their second moult of maturity 

may be an indication of this. Firstly, macroscopic inspection of mature females showed that 

most had been fertilised. This being the case, it is not unreasonable to expect that those 

reaching their second moult of maturity have successfully spawned at least once; there are 

reports of up to three spawnings from one mating (Ong 1966), although the viability of the 

resulting larvae diminishes in each successive spawning. The percentage of mature females 

which are of a size indicative of their second moult of maturity was 35% (Roper River, 

CWsO%Mat = 139), 78% (Adelaide River, 137) and 92% (McArthur River, 131). The inverse 

relationship between CW so% Mat and percentage at second moult of maturity is understandable 

given that at smaller CW so%Mat and the same natural and fishing mortality, more will reach 

second moult of maturity than at larger CWso%Mat· 
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To enable successful mating, the male must be in the mature intermoult phase whilst the 

female undergoes the pubertal or post pubertal moult Thus by the time they reach maturity 

the sexes must have temporal alternation of moult cycles. This trend is evident in the data, 

with the greatest proportion of postmoult males occurring in January and females in May. It 

must be stressed however that use of the post-moult data are unreliable due to the bias against 

retention of empty crabs. Female mud crabs have been noted to attack males while they are 

moulting yet the reverse rarely occurs (in Perrine 1978). Thus it is understandable that higher 

levels of soft-shell males, indicating a recent moult, may occur in the period of lowest female 

abundance - February to May. 

The peak in occurrence of males displaying mating marks was in July which, given that, at 

this age it takes at least one month for the female's shell to fully harden after moulting 

(personal obs.), indicates the possibility of a seasonal mating period around June. This 

corresponds to the time when there are approximately equal numbers of males and females 

with most of the males being late intermoult, it appears that the predominant mating period 

may be in the middle of the year. In the more temperate waters of southern Queensland, 

Heasman ( 1980) found that mating occurred throughout the year with most in October and 

March. In the present study, copulatory marks were visible on males throughout the year 

which may suggest some degree of mating activity also occurs year-round, but could also 

result from the marks persisting over a long period The latter possibility is supported by the 

faintness and apparent age of some of the marks seen on the animals. 

It is often difficult to determine the important factors behind the adaptation of an animal's 

life-cycle to its environment. Factors such as rainfall, temperature and lunar cycle are just a 

few of the many important considerations. Most of coastal Northern Territory is characterised 

by a hot, monsoonal wet season with dry, cooler conditions prevailing for the rest of the year. 

The high rainfall causes salinity to drop as fresh water enters the estuary. Whereas mature 

mud crabs can tolerate wide fluctuations in temperature and salinity, Hill (1974) found that 

mud crab first-stage zoeae in temperate waters suffered high mortality in temperatures above 

25°C and salinities below 20 %o. Such conditions are common during the wet season and, 

although larvae from tropical areas may be more tolerant of larger environmental fluctuations, 

the oceanic migration of spawning females would probably promote greater larval survival. 

This may explain why the female migration coincides with the wet season. 
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Crabbers usually discarded soft-shelled crabs because they contained relatively little meat and 

were unsuitable for market, but some crabs kept by the crabbers were classified as SII. 

Consequently, the relative numbers of Sll crabs in the commercial catch samples would be 

under-represented. 

4.4.2 Size at Maturity 

Many crab fisheries have management regimes that incorporate minimum legal size limits to 

allow a proportion of the population to reach maturity (Somerton 1981 ). Mud crab fisheries 

in Australia are no exception, with minimum legal size limits ranging from 130 to 150 mm 

CW in the different states (Bartleet et al. 1993). During the present study, the size limit in the 

Northern Territory was 130 mm CW for both males and females. It was introduced in 1983 

based on limits applied in other states and on anecdotal evidence of crabbers who considered 

it would protect the breeding stock, yet enable good catches and an acceptable size for 

marketing purposes. Determining the appropriateness of this size limit with regard to the 

protection it offered the breeding stock, both male and female, was an important goal of this 

study. 

Female 

Studies on size at maturity of female mud crab are common because of their simplicity and 

implications for fishery management Results of these studies have shown a wide range in the 

size at maturity (Table 3), of which the present results are at the higher end. Other reasons 

may be the latitude of the studies, or that many of the countries do not have minimum size 

limits or any restrictions on exploitation, which could cause selective pressure towards 

earlier/smaller maturation. 

In the present study, the size limit of 130 mm CW was only ensuring protection for about 20 

% of females to reach maturity (pooled across river) and ranged between 10% in Roper River 

to 40% in McArthur River. Based on the size frequency of commercial catches however, it 

was apparent that nearly all of the female crabs caught had reached maturity and about one 

third of these were in their second mature instar. The implication is that current levels of 

fishing pressure are not so high that all crabs are caught once they reach the minimum legal 

size limit This may in part be due to the selectivity of pots towards larger crabs (Williams 

and Hill 1982; present study) and could also relate to effort controls within the fishery 
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(Chapter 3). Changes in fishing methods or gear construction are common in any fishery and 

can increase the effective fishing effort. Given this possibility in the Northern Territory Mud 

Crab Fishery, especially with its current low level of technology, it is important to ensure that 

a minimum size limit adequately protects the resource. As such, and assuming the fishery is 

not to be managed on a regional basis, it would seem prudent to raise the minimum size limit 

to at least 140 mm CW. However, it is important to acknowledge that there is no guarantee 

that allowing 50% of the stock to reproduce will be sufficient to maintain a viable fishery, so 

continual monitoring of the fishery remains necessary. 

Male 

Immature, adolescent and adult maturity stages (Sainte-Marie et al. 1995) were identified in 

male mud crabs and transition between these stages occurred over a wide size range. 

Functional maturity in mature crabs, evidenced by the presence of mating scars, was 

influenced, but not categorically determined by their maturity stage. This has important 

implications for fisheries managed using minimum legal size limits. 

In Australia, the transition of immature crabs to physiological maturity probably occurs 

between 90 and 110 mm CW (Heasman 1980; present study) and all crabs are mature at 120 

mm CW. Similarly, 50% of crabs produced sperm at 92 mm CW in South Africa (Robertson 

and Kruger 1994); and 97 mm CW in India (Prasad and Neelakantan 1990). There are reports 

of crabs from some Asian countries maturing at much smaller sizes than in the present study 

(Ong 1966; Lavina 1977b; Keenan pers. comm.) but recent genetic work indicates that these 

crabs may well be a different Scylla species (Keenan et al. 1995). 

The ratio of chela size to CW is commonly used to identify maturity stages in male 

brachyurans (eg. Brown and Powell 1972; Hartnoll1974; Somerton 1980, 1981). Application 

of this method to male mud crab revealed that after physiological maturity was attained, there 

was a small clawed .. adolescent" stage before the crabs moulted to the large clawed "adult" 

stage. The transition to the adult stage occurred between 140 and 160 mm CW, and 50% of 

the crabs were adult at about 149, 146 and 145 mm CW in the Adelaide, Roper and McArthur 

Rivers respectively. Use of a critical CH/CW value to classify crabs as adolescent or adult 

resulted in a low percentage (< 5%) of misclassification of both stages (eg. Fig. 4.1), which 

probably balanced out. Similar classification errors have been encountered in other studies 
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and are difficult to overcome (Somerton 1980). Another source of misclassification stems 

from the use of chelae size as a primary morphometric dimension. An otherwise adult male 

with smaller, regenerated chelae may be classified as adolescent. This may explain the few 

large crabs (CW > 160 mm) which had small chelae, although I endeavoured to reduce this 

problem by excluding crabs that had obviously lost chelae or were "left-handed". 

The minimum size of scarred crabs was about 125 rnm CW in all river systems and crabs less 

than 140 mm CW are likely to be adolescent rather than misclassified adults. Clearly, 

adolescent crabs can mate, although their low incidence implies they are the exception rather 

than the rule. There appears to be no physical reason why a crab between 120 to 140 mm CW 

could not mate. The CW of pubertal female mud crabs may range between 110 and 145 and 

presumably, the smallest of these could be easily embraced by a male of 125 mm CW. 

Robertson and Kruger ( 1994) recorded the smallest mating male mud crab at 124 mm CW, 

and scarred crabs of 116 mm CW. Mating of adolescent crabs has been reported in other crab 

species. Stevens et al. (1993) found 1% of mating male tanner crabs, Chionoecetes bairdi 

(Rathbun), were morphometrically immature (adolescent). This figure is far lower than that 

obtained in the present study, but by measuring other variables, they were able to distinguish 

small-clawed crabs as "otherwise morphometrically mature". This could not be done in the 

present study because chela height was the sole dimension measured to determine the status of 

mature crabs. 

A possible reason for the lack of mating success amongst adolescent crabs is that they are at a 

disadvantage when competing for a mate against adult crabs. In Chionoecetes opilio 

(Fabricius), adult crabs were better able to initiate and maintain precopulatory holds ~an 

adolescent crabs (Claxton et al. 1994). The importance of morphometric characteristics 

which provide competitive advantage during mating was highlighted in this study, even 

among adult crabs. Although less than a third of all adult crabs had mating scars, those that 

did were significantly heavier than unscarred crabs for any given CW (about 40g difference in 

the adjusted means). As there was no significant differences in claw size, the increased 

weight of scarred crabs may be because nearly all of them were in late intermoult phase, when 

the exoskeleton is highly calcified and the crab is full of muscle compared to early intermoult 

and postmoult phases. The hard shell especially, would be advantageous in aggressive 

encounters during mating. I have noted numerous instances where, whilst in traps, postmoult 
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and early intermoult males have been killed by smaller, late intermoult males. In observation 

of mating pairs, males are usually late intermoult, in mud crabs (Heasman et al. 1985) as well 

as other crabs species (eg C. bairdi, Stevens et al. 1993; Paul et al. 1995). Even amongst late 

intermoult crabs, the trend of scarred crabs being slightly heavier (about 20g adjusted mean) 

for a given CW continued. Presumably, even slight weight differences, if reflected in 

increased strength or shell hardness, confer a competitive advantage during mating. 

Although mating scars provide an index of mating success, it is necessary to outline their 

limitations. Melville-Smith ( 1987) noted the merus of large male red crabs Geryon maritae 

Manning and Holthuis did not scar during mating. In the present study, very large crabs had 

scars, but there is no evidence that every mated crab developed scars. Also, mating scars only 

remain until ecdysis. Both of these factors may lead to an under-estimate of mating success. 

Alternatively, overestimates could result if males embrace females for long enough to develop 

scars without succeeding in copulation. Finally, duration of intermoult typically increases 

with age/size, which implies that mating scars will remain evident for longer on larger crabs. 

This could bias the average size of scarred crabs towards larger animals, although it should 

have little effect on the size related comparisons of scarred to unscarred crabs. 

An interesting difference in scarred crabs from the different rivers was that they were 

significantly smaller on average in the Gulf of Carpentaria (153 mm CW) than those in van 

Diemen Gulf ( 162 mm CW). Also, there was a greater percentage of scarred adolescent crabs 

in the Gulf of Carpentaria (21.5%) than van Diemen Gulf ( 13.2% ). This may be due to the 

higher levels of fishing pressure in the Gulf of Carpentaria than van Diemen Gulf which also 

explains the more truncated size distributions and the slightly sm~l~r (2 mm) average size of 

crabs in the Roper and McArthur Rivers. Although difficult to prove without undertaking a 

more detailed study, it is possible that a lack of larger crabs in Gulf of Carpentaria may have 

lowered the competitive size of crabs, giving adolescents or small adults more chance of 

mating. 

The current Northern Territory size limit ensures that whilst all male crabs retained will be 

physiologically mature, many of them will not have mated. The minimum size of functional 

maturity is determined by the smallest size at which a mature male can successfully mate and 

was found to be about 125 mm CW. Because of competition however, mating was far more 
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common in larger crabs, especially late intermoult adults. A low minimum size limit and (or) 

high fishing pressure can reduce the proportion of larger adult males in a population thereby 

giving smaller and possibly adolescent crabs reduced competition and a greater likelihood of 

mating successfully. Targeting of males only, a common management practice in many 

commercially important crab fisheries, may cause a sex ratio imbalance which would only 

heighten this trend. Such practices may have the effect of lowering the male population's 

functional size at maturity; which is not necessarily a problem, unless it is forced so close to 

the minimum size of functional maturity that the number of males left is insufficient to 

adequately fertilise the females. 

There are factors which suggest that the minimum size (130 mm CW) is significantly smaller 

than the size at which 50% of the males obtained adult morphometry (146 mm CW), may not 

be as crucial as one might expect to the reproductive potential of the stocks. Most mature 

females that were examined had spermatophores in their spermathecae, indicating that they 

had successfully mated. This occurred despite the finding that less than a third of the males 

caught had mating scars. These results support evidence from aquaculture studies (Kuo, 

NTDPIF pers. comm.) that males mate more than one female and were able to mate within 

two weeks of a previous mating. Finally, although it was usually adults that mated, adolescent 

were able to mate. Thus, it may not be necessary to protect adult males to the same extent as 

females. If one was to adopt less rigorous protection levels for males, however, females 

should be monitored to ensure that fertilisation levels do not suffer as a consequence. 
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4.5 FIGURES, TABLES AND PLATES 
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Figure 4.1 Maturity of female mud crabs in Adelaide River: a) Plot and regression lines 

of abdominal flap width (mm) against carapace width (mm) of mature c• -)and 

immature (o ---) female crabs; and b) Logistic regression of the percentage of 

mature females in Smm CW classes-% Mature =100 I (1 + e 0.238 x (136.1 -

CW)). 
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Figure 4.2 Maturity of female mud crabs in Roper River: a) Plot and regression lines of 

abdominal flap width (nun) against carapace width (nun) of mature (• - ) and 

immature (o ---) female crabs; and b) Logistic regression of the percentage of 

mature females in 5mm CW classes - % Mature =100 I (1 + e 0.244 x (138.8 -

CW)). 
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Figure 4.3 Maturity of female mud crabs in McArthur River: a) Plot and regression 

lines of abdominal flap width (mm) against carapace width (mm) of mature c• -) 
and immature (o ---) female crabs; and b) Logistic regression of the percentage of 

mature females in 5mm CW classes-% Mature =100 I (1 + e 0.201x (131.9- CW)). 
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Figure 4.4 Maturity of female mud crabs pooled over all river systems: a) Plot and 

regression lines of abdominal flap width (mm) against carapace width (mm) of 

mature (•-) and immature (o ---) female crabs; and b) Logistic regression of 

the percentage of mature females in 5mm CW classes - % Mature =100 I (1 + e 

0.232 X (136.1 - CW)). 
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Figure 4.5 Maturity instars of female mud crabs in the Adelaide River. a) Size 

frequency of all female crabs collected from samples of the commercial catch; b) 

Logistic regressions of the percentage of first and second mature instars against 

carapace width, used to estimate c) size frequency of immature, 1st mature and 2nd 

mature instars. 
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Figure 4.6 Maturity instars of female mud crabs in the Roper River. a) Size frequency 

of all female crabs collected from samples of the commercial catch; b) Logistic 

regressions of the percentage of first and second mature instars against carapace 

width, used to estimate c) size frequency of immature, 1st mature and 2nd mature 

instars. 
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Figure 4. 7 Maturity instars of female mud crabs in the McArthur River. a) Size 

frequency of all female crabs collected from samples of the commercial catch; b) 

Logistic regressions of the percentage of first and second mature instars against 

carapace width, used to estimate c) size frequency of immature, 1st mature and 2nd 

mature instars. 
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Figure 4.8 Mean ova diameter (± SD) against ova stage for female mud crabs from 

Adelaide River. 27 of the largest ova in randomly chosen areas of the gonad of each 

crab were individually measured and staged. 

Figure 4.9 Mean Gonad Index (± SD) against gonad stage for female mud crabs from Adelaide 

River. Gonad stage was gauged from the predominant stage of the largest ova . 
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Figure 4.10 Regressions of gonad weight against total weight for: a) all female mud 

crabs sampled (gonad weight= 0.062xTW- 2.79, r=0.09, FI,303 = 28.9, P<O.OOOI) 

and b) female crabs with Stage V gonads . (gonad weight = 0.086xTW + 9.67, 

r=0.22, FI,94 = 26.27, P<O.OOOl). 
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Figure 4.11 Maturity of male mud crabs in Adelaide River. a) Bimodal frequency 

distribution of chela height I carapace width (CH/CW), with the solid lines 

representing the normal distribution of each mode. The critical CH/CW ratio was 

0.37, which was used to classify male crabs as either adolescent or adult. b) Plot and 

regression lines of chela height (mm) against carapace width (mm) of adult crabs (• 

- ) and adolescent crabs ( o ---). c) Logistic regression of the percentage of adult 

crabs in Smm CW classes: %Adult =100 1 (1 + e 0.150 x (148.7- CW) ). 
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Figure 4.12 Maturity of male mud crabs in Roper River. a) Bimodal frequency 

distribution of chela height I carapace width (CH/CW), with the solid lines 

representing the normal distribution of each mode. The critical CH/CW ratio was 

0.36, which was used to classify male crabs as either adolescent or adult. b) Plot and 

regression lines of chela height (mm) against carapace width (mm) of adult crabs c• 
- ) and adolescent crabs ( o ---). c) Logistic regression of the percentage of adult 

crabs in Smm CW classes: % Adult =I 00 1 ( 1 + e 0.171 x ( 146.2 - CW) ). 
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Figure 4.13 Maturity of male mud crabs in McArthur River. a) Bimodal frequency 

distribution of chela height I carapace width (CH/CW), with the solid lines 

representing the normal distribution of each mode. The critical CH/CW ratio was 

0.36, which was used to classify male crabs as either adolescent or adult. b) Plot and 

regression lines of chela height (mm) against carapace width (mm) of adult crabs c• 
- ) and adolescent crabs ( o ---). c) Logistic regression of the percentage of adult 

crabs in 5mm CW classes: %Adult =100 I (1 + e 0.175 x (145.3- CW) ). 
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Figure 4.14 Maturity of male mud crabs pooled over all river systems. a) Bimodal 

frequency distribution of chela height I carapace width (CH/CW), with the solid lines 

representing the normal distribution of each mode. The critical CH/CW ratio was 

0.36, which was used to classify male crabs as either adolescent or adult. b) Plot and 

regression lines of chela height (mm) against carapace width (mm) of adult crabs c• 
- ) and adolescent crabs ( o ---). c) Logistic regression of the percentage of adult 

crabs in 5mm CW classes: %Adult =100 1 (I + e 0.160 x (146.4- CW) ). 



a 
500 

400 

...... 300 
CD 

~ z 200 

100 



Figure 4.15 Size distribution of male mud crabs from: a) Adelaide River; b) Roper 

River; and, c) McArthur River, indicating the number of adolescent and adult as well 

as the number of individuals with mating scars. 
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Figure 4.16 Regression ofln(total weight) against ln(carapace width) for adult male mud 

crabs. The two lines represent scarred crabs ( • - ) and unscarred crabs ( o - --) 

from: a) Adelaide River (ln(TW) = 3.105 X ln(CW)- 8.846, r = 0.87, and ln(TW) = 

3.086 X ln(CW)- 8.788, r = 0.87 respectively); b) Roper River (ln(TW) = 3.262 X 

ln(CW)- 9.645, r = 0.90, and ln(TW) = 3.158 X ln(CW)- 9.154, r = 0.85); and c) 

McArthur River (ln(TW) = 3.262 X ln(CW)- 9.645, r = 0.90, and ln(TW) = 3.158 X 

ln(CW)- 9.154, r = 0.85). 
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Figure 4.17 Regression of In( chela height) against In( carapace width) for adult male 

mud crabs. The two lines represent scarred crabs ( • - ) and unscarred crabs ( o - -

-) from: a) Adelaide River (ln(CH) = 1.241 x ln(CW) - 2.375, i = 0.80, and 

ln(CH) = 1.230 X ln(CW)- 2.375, r = 0.79 respectively); b) Roper River (ln(CH) = 

1.203 X ln(CW)- 1.934, r = 0.79, and ln(CH) = 1.196 X ln(CW)- 1.900, r = 0.76); 

and c) McArthur River (ln(CH) = 1.292 X ln(CW)- 2.380, r = 0.76, and ln(CH) = 
1.246 X ln(CW)- 2.152, r = 0.76). 
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Figure 4.18 Percentage of female mud crabs in monthly samples from commercial 

catches in: a) Adelaide River; b) Roper River; and c) McA.rthur River. Dashed lines 

span months where no sampling occurred and solid lines connect consecutive 

sampling periods. Samples with significant (P<0.05) deYiations from a 1:1 male : 

female ratio are represented by •, and 0 indicates no significant difference. 
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Figure 4.19 Mean ± SD of the percentage of female mud crabs in monthly samples 

pooled over year from commercial catches in: a) Adelaide River; b) Roper River; and 

c) McArthur River. 
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Figure 4.20. Mean ± SD of the percentage of female mud crabs in monthly commercial 

catch samples pooled over year and river system. 
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Figure 4.21 Mean GI ± SD of female mud crabs in the Adelaide River between May 

1991 and February 1994. 

Figure 4.22 Percentage of the monthly sample of female mud crabs from Adelaide River that had 

Stage V gonads. 
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Figure 4.23 Mean GI ± SE of female mud crabs in the Adelaide River between May 

1991 and February 1994, pooled over year. 
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Figure 4.24 Percentage of male mud crabs with mating scars in monthly samples of the 

commercial catch between 1991 and 1995 for a) Adelaide River; b) Roper River; and 

c) McArthur River. 
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Figure 4.25 Mean percentage (± SD) of immature female mud crabs in monthly samples 

of the commercial catch between 1991 and 1995 for a) Adelaide River; b) Roper 

River; and c) McArthur River. 



a 

b 

c 

80 

~ 60 
ca 
E 
.E 
~ 40 

.::I ...... ca 
E 
E 
~ 20 
0 

80 

~ 60 
-ro 
E 
.E 
~ 40 
:::1 ...... ca 
E 
E 
~ 20 
0 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct ·Nov Dec 

J ... -- . 
' -

... 

-
·. • ••• •• ... -0+---r-~---.--.---.-~---.--.---~···~··-··~···~···~.--, 

80 

~ 60 
-ro 
E 
.E 
~ 40 ...... 
ca 
E 
E 
~ 20 
0 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

: 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

121 



Figure 4.26 Mean percentage (± SD) of immature female mud crabs in monthly samples 

of the commercial catch between 1991 and 1995, pooled over years. 
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Plate 4.1 The ventral aspect of a male mud crab showing the narrow triangular 

abdominal flap. 

Plate 4.2 The ventral aspect of a male mud crab with the abdominal flap lifted to show the 

paired, modified pleopods, used to transfer the spermatophores during copulation. 





Plate 4.3 The ventral aspect of a recently moulted pubertal female mud crab showing 

the unpigmented triangular abdominal flap of the juvenile exuvia above and the 

rounded, highly pigmented abdomen of the mature instar below. 

Plate 4.4 The ventral aspect of a mature intermoult female mud crab. Note the brown setae 

surrounding the rounded abdominal flap. 





Plate 4.5 The ventral aspect of a female mud crab with the abdominal flap lifted to 

show the five pairs of biramous pleopods with long setae used to carry the eggs. 

Plate 4.6 Ventral view of an ovigerous or "berried" female mud crab. The eggs mass is orange 

immediately after the eggs are extruded due to their large amount of yolk. The egg mass turns 

black during the month of incubation as the embryo develops within the egg and the yolk is 

depleted. 





Plate 4. 7 Antero-ventral view of a male mud crab showing the paired mating scars on 

the sternum (circled) the merus ofthe first ambulatory leg 

Plate 4.8 Expanded anterior view of the mating scar on the merus of the first ambulatory leg. 



.. 



Plate 4.9 Histological sections of the ovary of a mud crab showing the development 

of ova from: a) Stage I (Undeveloped) and Stage II (Pre-vitellogenesis); b) Stage III 

(Primary vitellogenesis); c) Stage IV (Secondary vitellogenesis: secondary yolk 

platelet state); d) Stage IV (Secondary vitellogenesis: pre-maturation); e) Stage V 

(Ripe) and; f) Stage VI (Post-spawning). 





Table 4.1 Equations and statistics of regressions of abdominal flap width (FW) against 

carapace width (CW) for immature and mature female mud crabs from Adelaide 

River, Roper River and McArthur River. 



·River system Maturity Stage Regression equation R2 F- value p 

Adelaide River Immature FW = 0.43 x CW- 16.36 0.69 F1.173 = 384.96 p < 0.0001 

Mature FW = 0.51 x CW- 18.78 0.81 Fl.IS26 = 6474.53 p <0.0001 

Roper River 'Immature FW = 0.37 X cw- 9.82 0.33 F1.38o = 189.55 p < 0.0001 

Mature FW = 0.51 X cw- 22.15 0.15 FI.2SJJ = 464.95 p < 0.0001 

McArthur River Immature FW = 0.50 X cw- 25.5 0.60 F1.161 = 244.29 p <0.0001 
...... 

Mature FW = 0.53 X cw- 21.76 0.75 FI.2B71 = 8733.53 p < 0.0001 N 
00 

All rivers Immature FW = 0.41 X cw- 14.01 0.46 r •. m = 603.78 p < 0.0001 

Mature FW = 0.51 X cw- 20.74 0.32 FI.692B = 3329.56 p < 0.0001 



Table 4.2 Summary of the size at which 50% of male mud crabs reached adult 

morphometry (CWso%Adu0 and the size at which 50% of female mud crabs reached 

their first mature instar (CW50%Mat) in Adelaide, Roper and McArthur Rivers and 

pooled over all rivers. 



Male Female 
River system 

CWso%Adult CW 50%Mature 

Adelaide River 148.7 136.1 

Roper River 146.2 138.8 

McArthur River 145.3 131.9 

All rivers 146.4 136.1 
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Table 4.3 Equations and statistics of regression of chela height (CH) against carapace 

width (CW) for adolescent and adult male mud crabs from Adelaide River, Roper 

River and McArthur River. 



River system Maturity Stage Regression equation R2 F- value p 

Adelaide River Adolescent CH = 0.37 x CW -7.67 0.58 F1•169 = 507.74 p < 0.0001 

Adult CH = 0.52 x CW- 18.05 0.81 F1•718 = 3108.73 p < 0.0001 

Roper River Adolescent CH = 0.36 x CW- 5.86 0.54 FI,2JI = 273.98 p < 0.0001 

Adult CH = 0.47 x CW- 10.16 0.77 FI,SS9 = 1835.19 p < 0.0001 

McArthur River Adolescent CH = 0.36 X cw - 4.88 0.51 F1,431 = 443.06 p < 0.0001 
VJ 
0 Adult CH = 0.51 x CW- 15.53 0.77 F1•786 = 2569.26 p < 0.0001 

All rivers Adolescent CH = 0.36 x CW- 5.72 0.54 FI,JOJS = 1209.57 p < 0.0001 

Adult CH = 0.50 x CW- 14.83 0.79 FI,207J = 8019.06 p < 0.0001 



Table 4.4 Moult stages of scarred and unscarred adolescent and adult male mud crabs 

in Adelaide River, Roper River and McArthur River. Group totals are provided for 

all males and all rivers. The percentage figures given in the scarred columns 

represent the percentage of scarred males which were in late intermoult in each 

group. The percentage figures in the total rows, represent the percentage of the total 

number of males in each group that were scarred. 



Adolescent Males Adult Males All males 

Unscarred Scarred Total Unscarred Scarred Total Unscarred Scarred Total 

Postmoult 45 0 45 55 0 55 100 0 100 
Adelaide River Intermoult 198 8 206 209 10 219 407 18 425 

Late Intermoult 131 29 160 155 251 406 286 280 566 
78% 96% 94% 

Total 374 37 9% 411 419 261 38% 680 793 298 27% 1091 

Postmoult 49 0 49 79 0 79 128 0 128 
Roper River Intermoult 231 1 232 490 10 500 721 11 732 

- Late lntermoult 194 32 226 736 353 1089 930 385 1315 
VJ 97% 97% 97% 

Total 474 33 7% 507 1305 363 22% 1668 1779 396 18% 2175 

Postmoult 31 0 31 118 1 119 149 1 150 
McArthur River Intermoult 263 4 267 332 6 338 595 10 605 

Late Intermoult 221 64 285 392 291 683 613 355 968 
94% 98% 97% 

Total 515 68 12% 583 842 298 26% 1140 1357 366 21% 1723 

Postmoult 125 0 125 252 1 253 377 1 378 
All rivers Intermoult 692 13 705 1031 26 1057 1723 39 1762 

Late Intermoult 546 125 671 1283 895 2178 1829 1020 2849 
<JI% <J7% 96% 

Total 1363 138 9% 1501 2566 922 26% 3488 3929 1060 21% 4989 



Table 4.5a The percentage of female mud crabs (by number) in monthly samples of the 

commercial catch between I99I and I995 in Adelaide River. Data were obtained 

from 3 sources: I - Research officers; 2 - Crab measurers; and 3 - commercial 

crabbers' daily logbooks. Numbers within boxes were not significantly different from 

a I: I male:female ratio (P<0.05). 



-VJ 
N 

Adelaide River 
Year Source 

1991 2 

3 

Total 

1992 2 

3 

Total 

1993 2 

3 

Total 

1994 

1995 

Total 2 

3 

Total 

JAN 

45 
244 

50 
51 

46 
302 

12 
49 

12 
49 

39 
293 

50 
51 

41 
lSI 

FEB 

I 1 
72 

II 
72 

9 
114 

27 
149 

19 
263 

28 
53 

28 
53 

17 
64 

15 
}OJ 

27 
14• 

19 
452 

MAR 

7 
57 

16 
217 

14 
274 

16 
57 

16 
51 

II 
114 

16 
217 

15 
331 

APR 

16 
102 

16 
102 

17 
143 

20 
Ill 

19 
324 

20 
54 

20 
54 

17 
299 

20 
Ill 

18 
410 

MAY 

41 
316 

42 
211 

41 
~97 

40 
17 

32 
96 

32 
96 

23 
10 

37 
579 

42 
2XI 

38 
X60 

JUN 

37 
161 

64 
551 

58 
719 

42 
13 

49 
51 

27 
75 

21 
100 

34 
47U 

64 
551 

JUL 

57 
141 

53 
191 

47 
221 

41 
119 

44 
417 

44 
114 

lsOl 
I 10 I 

AUG 

55 
Sl 

54 
74 

44 
341 

46 
415 

f4311471 
1 100 1 1 103 1 

48 51 
663 221 

47 44 
380 341 

SEP 

60 
172 

60 
172 

62 
16 

61 
211 

61 
374 

78 
4S 

78 
45 

65 
4\1 

64 
352 

61 
211 

62 
640 

ocr 

65 
99 

0 
u 

67 
55 

80 
164 

77 
219 

90 
41 

90 
41 

74 
10 

72 
215 

73 
179 

72 
454 

NOV DEC TOTAL 

56 66 47 
204 93 1411 664 

58 56 
195 1240 619 

61 51 
211 2651 llll 

74 22 39 
34 54 1259 493 

51 
14077 1054 

74 22 56 
34 54 15336 1547 

63 41 
41 601 245 

63 41 
41 601 245 

72 74 47 
71 43 500 236 

41 
H2 144 

62 55 43 
357 1110 3211 1402 

58 57 
195 15317 1743 

62 57 55 
357 315 18511 10145 



Table 4.5b The percentage of female mud crabs (by number) in monthly samples of the 

commercial catch benveen 1991 and 1995 in Roper River. Data were obtained from 3 

sources: 1 - Research officers; 2 - Crab measurers; and 3 - commercial crabbers' 

daily logbooks. Numbers within boxes were not significantly different from a 1:1 

male: female ratio (P<O.OS). 



VJ 
VJ 

Roper River 
Year Source 

1991 2 

3 

Total 

1992 2 

3 

Total 

1993 2 

3 

Total 

1994 

1995 

Total 2 

3 

Total 

JAN FEB MAR APR 

19 
61S 

19 
496 

19 
II II 

25 
14 

8 28 
IS7 Ill 

8 27 
IS7 26S 

8 
100 

6 
67 

6 18 
67 160 

8 28 
IS7 Ill 

19 
496 

8 20 
IS7 1446 

MAY JUN 

42 
S66 

44 48 
lOS 162 

44 43 
lOS 721 

46 53 
631 640 

6 
3S6 

31 
987 

25 49 
IS6 116 

25 49 
IS6 116 

152lrs61 
Lzoo 1 I so I 

30 60 
77 100 

46 
277 7-1'• 

42 52 
717 826 

14 48 
461 162 

31 
1241 

JUL AUG 

52 
673 

52 
673 

49 65 
113 192 

55 69 
42S 373 

68 
S6S 

82 
90 

65 
100 

65 
IUU 

49 65 
113 192 

53 69 
1098 373 

68 
S6S 

SEP OCT NOV DEC TOTAL 

82 98 58 
320 Sl 937 541 

92 28 45 
IS S23 IS41 694 

84 34 50 
40S S74 241S 1242 

19 
61S 129 

84 74 68 59 
117 41S 142 2390 1399 

85 86 59 
440 Ill 2971 1739 

85 82 68 54 
627 1296 142 6046 3267 

25 
14 21 

60 75 81 90 52 
140 179 144 161 1304 674 

60 15 81 90 so 
140 179 144 161 1388 695 

95 90 62 
91 100 668 414 

44 
344 IS2 

95 82 93 47 
•• 320 lSI Z71l. 1264 

74 74 74 90 56 
327 594 216 161 ]694 207] 

85 87 28 54 
440 966 S23 4519 2433 

80 82 47 90 52 
767 1110 860 161 9919 S204 



Table 4.5c The percentage of female mud crabs (by number) in monthly samples of the 

commercial catch between 1991 and 1995 in McArthur River. Data were obtained 

from 3 sources: 1 - Research officers; 2 - Crab measurers; and 3 - commercial 

crabbers' daily logbooks. Numbers within boxes were not significantly different from 

a 1:1 male:female ratio (P<O.OS). 



-VJ 
~ 

McArthur River 
Year Source 

1991 2 

3 

Total 

1992 2 

3 

Total 

1993 2 

3 

Total 

1994 

1995 

Total 2 

3 

Total 

JAN 

39 
75 

39 
75 

FEB MAR APR 

13 
ns 

13 
11S 

34 
149 

45 
242 

41 
391 

26 
337 

19 
6S4 1051 

21 
654 1311 

6 
100 

14 10 22 
10 77 100 

27 13 21 
229 952 537 

45 
242 

19 
6<4 HI~ I 

41 8 21 
391 1529 1381 

MAY JUN JUL 

65 
311 

60 
141 

53 76 68 
1440 16U 1209 

53 74 67 
1440 2003 llSO 

26 
263 

27 40 
2)3 174 

63 58 55 
1193 3120 4614 

56 57 55 
2319 1994 4614 

72 
142 

72 
142 

39 64 44 
505 41>11 100 

27 54 60 
2J3 316 141 

59 63 58 
HJJ 54H ~ICJJ 

55 63 58 
lt29 6139 6034 

AUG SEP 

69 
431 

70 
1659 

70 
2097 

49 
320 

68 80 
IS2 m 

60 66 
220S 79S 

60 68 
2677 920 

66 83 
95 100 

78 
16 

53 81 
415 116 

69 80 
5911 12~ 

64 66 
3K64 795 

64 68 
4174 920 

OCT 

80 
161 

80 
161 

67 
7S 

67 
75 

80 
lbK 

67 
75 

76 
243 

NOV 

68 
199 

60 
149 

64 
341 

50 
191 

rTol 
I 191 I 

59 
]90 

60 
140 

86 
539 

DEC TOTAL 

73 45 
710 1973 116 

72 70 
199 946 666 

69 
S923 4112 

73 64 
909 1142 S664 

44 
931 411 

61 51 
171 12Sl 643 

59 
13472 7914 

61 57 
171 U656 1961 

35 
528 Ill 

72 
142 102 

12 
1705 209 

21 
2175 494 

51 
540 277 

38 
595 227 

73 43 
710 3432 1410 

67 60 
J77 2341 1411 

58 
111UU ll2lS 

71 56 
1017 26173 15126 



5. GROWTH 

5.1 INTRODUCTION 

The two previous chapters described aspects of the Northern Territory Mud Crab Fishery that 

are readily observable. Sex ratios, size at maturity, gonad condition, width-frequencies and 

catch and effort data are all apparent from the monthly time-series of information collected 

throughout this study. These, however, provide only "snapshots" of a dynamic system. To 

fully understand the dynamics of the fishery it is important to integrate these pieces of 

information. This can be done by identifying the processes regulating the population 

dynamics of the fishery. The most important of these are growth, mortality and migration and 

these will, ultimately, determine the extent to which fishing will deplete the resource. I have 

already shown that, apart from offshore spawning, migration is of limited consequence to the 

fishery. This chapter and the next focus on the growth and mortality of mud crabs 

respectively. 

Growth is important in two ways. First, as individuals in a population grow, the increase in 

weight improves the yield that can be obtained from that resource. Second, the growth rate 

determines how quickly animals attain a catchable size (often termed as the size of 

"recruitment"). In a stock with limited immigration or emigration, these two aspects of 

population dynamics - growth and recruitment - are recognised as the principal components 

of production ( eg. Schaefer 1954, Pella and Tomlinson 1969). 

In this chapter, I outline the various methods that have been used to describe growth in 

crustaceans. Those practical within the resources of this study were used to develop models 

describing the growth of mud crabs. These models will subsequently be incorporated into a 

larger model which endeavours to describe the seasonal dynamics of the fishery. 

5.1.1 Growth in crustaceans 

Growth in crustaceans is characterised by continuous growth of the inner soft tissue and the 

periodic shedding of the hard outer shell or "exoskeleton" (Easton and Misra 1988). The 

latter process is known as moulting or ecdysis. During moulting, a crustacean's water content 

increases to expand the inner soft tissues, crack open the exoskeleton and attain a larger size 

(Drach 1939; Russell-Hunter 1979). The animal then extracts itself from the old shell or 
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"exuvia" and the new shell begins to harden at the larger size. In larger mud crabs, moulting 

requires an average of about 2.5 hours and the full increase in size is achieved after 3 days 

(Lavina 1977b ). Thus, unlike the continuous growth observed in most animals, crustacean 

growth is a discontinuous process. This has important implications when modelling their 

growth. 

5.1.2 Growth models 

Ricker ( 1979) reviewed many models developed to describe growth. The most commonly 

used in fisheries is that of von Bertalanffy (1934,1938), predominantly because it was 

incorporated into the widely used yield-per-recruit (YPR) model of Beverton and Holt 

( 1957). The von Bertalanffy growth function (VBGF) is widely used today because it is 

simple, it adequately describes growth in many types of animals, and the parameters are easy 

to understand. The function is 

where Lr is the size (length or width) at time t; 

L. is the asymptotic maximum length; 

K is the Brody growth coefficient defining growth rate; and, 

to is the theoretical age at zero length. 

For the purpose of fisheries assessment, the increase in weight associated with growth is 

important because it reflects the yield that can be obtained. Weight can be adequately related 

to length using the simple exponential model: 

where w is the weight; 

a is a constant; and, 

b is the allometric growth parameter. 

This model can be used with any growth model to describe the change in weight of an 

individual over time. 
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Thus, to model growth in animals such as fish, which grow continuously over their lifespan, 

all that is required are data on length and/or weight of animals over a range of ages. In the 

case of animals with discontinuous growth, such as crustaceans, further consideration is 

required. First, unlike fish, a crustacean's repeated moulting invalidates many of the ageing 

methods commonly used in fish, such as ring counts on otoliths, scales, vertebrae and other 

hard parts. Second, the VBGF describes continuous growth, so a range of assumptions and 

different methods have been developed to model crustacean growth which, as mentioned 

previously, is not continuous. 

5.1.3 Modelling crustacean growth 

Moulting is an integral part of a crustacean's life history. As Caddy ( 1987) described: "The 

ecdysis cycle is closely correlated with a range of important factors including growth, 

reproduction, natural mortality, migration and recruitment, as well as to abiotic variables". 

For this reason, specific models of crustacean growth have been developed. Two aspects of 

crustacean growth need to be incorporated in such models: the size increment at each moult 

and the time interval between moults. Many of these models and equations are based on 

length measurements. For simplicity, I have retained the term "length" {1), although the 

dimension measured in the present study was carapace width. The size before (premoult) and 

after ecdysis (postmoult) is easily measured and has been studied extensively in laboratory

reared animals and in tagged individuals in wild populations. Early studies (eg. Hiatt 1948) 

discovered a linear relationship between postmoult and premoult size. Kurata ( 1960; 1962) 

confirmed that this relationship was present in many crustaceans. These studies also revealed 

that the slope of the line changed during the transition from larval to juvenile stages and at the 

onset of sexual maturity. Although other methods of describing moult increment have been 

suggested (eg. Hewett 1974; Mauchline 1976, 1977), the use of straight lines to fit moult 

increment data is the preferred method (Somerton 1980) and is commonly referred to as the 

Hiatt growth diagram. 

The time interval between moults, or "intermoult period", is less easily measured. Although it 

can be observed in captivity, factors such as temperature (Kurata 1962; Botsford 1984), 

nutrition (Kurata 1962) and salinity (Ong 1966) can substantially affect the length of the 

intermoult period and limit the application of laboratory studies to growth estimates in the 

natural environment. A general finding, however, is that the intermoult period increases with 
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increasing size or age (Kurata 1962; ). Le Foil et a/. ( 1989) used the unique method of 

measuring the 228Th I 228 Ra ratio in the exoskeleton of crustaceans to determine the time 

elapsed since the preceding moult, but this method was beyond my resources. Tagging 

experiments can be used, but are confounded by the difficulty of not knowing the time of 

moult (Botsford 1984 ). 

Whilst the above methods provide good models of crustacean growth, it is often difficult to 

obtain sufficient data to describe both the moult increment and intermoult period adequately. 

As a consequence, many crustacean biologists still use the VBGF. They argue that, although 

each individual grows in discrete steps, the average growth of a number of individuals in a 

cohort will be reasonably well represented by a continuous curve because of individual 

differences in moult increment and frequency (eg. Garcia and Le Reste 1981). The difficulty 

of ageing crustaceans remains a problem, however, but has been overcome to some extent by 

a range of "length-based" methods of examining growth. 

5.1.4 Estimating growth from length-frequency data 

Length-based methods of estimating growth were initially developed for tropical fish stocks 

whose otoliths did not appear to have clear annual growth rings due to a lack of marked 

seasonality in growth. These methods are described in Sparre and Venema (1992) and Pauly 

and Morgan ( 1987) and have been suitably applied to crustacean growth. Basically, length

based methods rely on the assumption that a group of animals from the same year-class will 

be about the same size, and this recognisable "cohort" of similar sized animals can be 

followed as they increase in size through time. Thus, length-frequency data can be used to 

estimate growth. 

There are two basic methods of estimating growth from length-frequency data. Peterson's 

method ( 1892, cited in Ricker 1979) used a single set of data where different ages are applied 

to fish comprising the prominent modes of the sample. The other method, called modal class 

progression analysis, uses a time-series of length-frequency samples to follow the changing 

size of a single mode over time. One of the problems associated with both these methods is 

the subjective identification of modes within each sample. Bhattacharya (1967) overcame this 

by developing a technique of splitting composite length-frequencies of cohorts from multiple 

age groups into separate normal distributions. This technique has since been incorporated into 
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a variety of fisheries computer programs, many of which combine the two methods above (see 

Pauly and Morgan 1987 for a review). ELEFAN (Electronic length-frequency analysis) is a 

computer program commonly used by fisheries biologists to analyse growth patterns from 

length-frequency data (Gayanilo eta/. 1988). The growth model incorporated into ELEFAN 

is based on the von Bertalanffy growth equation, but also contains parameters to account for 

seasonal oscillations in growth. 

It is important to realise that length-frequency data may not be representative of the entire 

population, especially if they comes from fishery-based information. The selectivity of the 

gear, spatial heterogeneity in size within the population, and the non-randomness of fishing 

fleet dynamics can combine to influence the number and size of individuals in a sample. 

These factors must be given due consideration. 

Another difficulty with the length-based methods is that one has to decide whether the 

length-frequency modes occur at annual intervals or over some other time period. Multiple 

recruitment events within a year, or highly variable annual recruitment events, can affect the 

interpretation. For this reason, it is often necessary to validate the results gained from length

frequency analyses with other growth information. The use of tagging information is often 

valuable in this respect. 

5.1.5 Estimating growth from mark-recapture experiments 

Tagging is one of the oldest methods of studying growth in animals. It is based on marking an 

individual of known size and then recapturing the same individual after a certain time period 

and measuring the change in size. One of the problems is that tags may alter the individual's 

behaviour (see Ricker 1975) and, more importantly, affect its growth (eg. Smith 1957; 

DeRoche 1963; Carline and Brynildson 1972, Penn 1975). Other considerations are that 

recapture of tagged animals should not be influenced by the size of the animal and that size 

specific recruitment can be accounted for (Ricker 1975). Finally, all measurement errors need 

to be taken into account. 

Tagging is useful, especially in crustaceans, because it can provide estimates of growth but 

does not require knowledge of age of the individual. Fabens (1965) developed a modified 

form of the VBGF so that it could be used in mark recapture experiments: 
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where I is the size increment; 

L is the size at release; 

d is the time at liberty; and, 

K and L_ are as described previously. 

The term to is not present in this form of the VBGF, because tagging data alone do not 

indicate the age of the animal. Supplementary data, for example from hatchery-reared crabs, 

can be used to relate an age with a size and thus obtain t0 , otherwise t0 is often assumed to be 

zero. 

In this chapter, I use both tag/recapture data and modal progression analysis of length

frequency data to investigate growth in mud crabs. Growth is described using the von 

Bertalanffy growth function. 

5.2 MATERIALS AND METHODS 

5.2.1 Weight 

Differences in the size-weight relationships of mud crabs living in different river systems 

were examined using analysis of the linear regression of ln(weight) against carapace width for 

males and females separately. Weight was then regressed against carapace width using the 

exponential model w = a(l)b to describe the general size-weight relationships for males and 

females. Only commercial-sized crabs (CW > 130 mm) were used in the comparisons of the 

regressions and damaged crabs, or crabs in the post-moult stage were not included. 

Coefficients of variation are provided for parameter estimations. 

5.2.2 Width-frequency data 

Width-frequency data were collected from the commercial catch of mud crabs from the three 

river systems as outlined in Chapter 2 and used to estimate K and L_. Because the biggest 

crabs are considered to be fully exploited by commercial pots and the large number of crabs 

measured during the study (::::: I 6,000) provided a representative sample of the commercial size 

range, initial estimates of L_ for both male and female crabs in the three river systems were 
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obtained from the average size of the largest 1% of crabs sampled during the study. Other 

estimates of K and L_ were obtained from the same length-frequency data using the modified 

Wetherall's method (Pauly 1987). This method is based on Beverton and Holt's (1957) Z-

equation: 

where: 

L -L 
Z=K---

L- L' 

L is the mean length of fish of length L' and longer; and 

L' is the minimum length at which all fish are under full exploitation. 

Pauly ( 1986, I 987) modified Wetherall' s method (Wetherall 1986; Wetherall et al. 1987) so 

that plotting L- L' against L' yielded a straight line 

where: a is the intercept; 

b is the slope; 

L_ = -a I b ; and, 

L- L'=a+bL' 

7{=-(1 +b)/ b (see Sparre and Venema 1992; King 1995). 

Modal progression analysis 

Length-frequency data were formatted so they could be read into the ELEFAN computer 

package (Gayanilo et al. 1988). Using the various fitting and estimation techniques provided 

in ELEFAN, VGBF growth parameters were estimated from the data. Estimates for males 

and females in each river system were made separately and no seasonally oscillating 

parameters were included. Whilst only commercial length-frequency data were used for the 

Roper and McArthur Rivers, both commercial and research data were used in the Adelaide 

River. The data were pooled over various combinations of time interval (monthly, bi

monthly and quarterly) and size class (1 mm, 2 mm, 5 mm and 10 mm) to overcome possible 

shortcomings of monthly sample sizes relative to the size distributions and test if this had a 

significant influence on the results. 
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5.2.3 Growth estimates from tagging experiments 

Details of the tagging trials and subsequent tagging methods adopted in the growth studies are 

provided in Chapter 2. 

Moult increment and moult frequency information was calculated from recaptured crabs and 

crabs from the initial tagging trials (see Chapter 2). The low number of tags returned in the 

present study limited the application most methods of determining moult frequency. I did, 

however, plot the time-at-liberty of tagged crabs against the percentage of crabs which had 

moulted on recapture. This provided a rough estimate of the moult frequency or intermoult 

duration. 

Moult increment was represented by a Hiatt growth diagram showing linear regression of 

postmoult against premoult carapace width. Comparisons were made between the regressions 

for males and females. The onset of maturity has been shown to affect moult increment of 

mud crabs (Heasman 1980) and other crustaceans (Kurata 1962) so within each sex, I also 

compared the moult increments of crabs which had moulted into a mature instar against those 

of immature crabs. Crabs that were missing limbs were not included in the regression 

analyses. The Hiatt growth diagrams obtained in the present study were compared against 

those developed in previous aquaculture studies of post-larval mud crabs likely to be of the 

same species (Heasman 1980; Kuo 1996). Qualitative comparisons were made because 

information from the other studies represented the average premoult and postmoult widths of 

the different crabs instars, and thus did not include enough information to enable multiple 

regression analyses. 

To model the growth of crabs over time, a non-linear least squares minimisation technique 

was used to solve the Fabens ( 1965) version of the VBGF equation. K and L~ were estimated 

separately for males and females from tag recaptures of wild-caught crabs only. The standard 

VBGF was used to estimate K, L~ and to from aquaculture growth studies where appropriate 

information was available ( Heasman 1980; Kuo 1996). These estimates and the resulting 

growth curves were compared with those from the present study. 
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5.3 RESULTS 

5.3.1 Weight 

There was no significant difference in the slopes of the regressions of ln(weight) against 

width in the different river systems for females (Fs.3308 = 1.91, P<0.1483) but there was a 

significant difference in slope for males (F5.4 119 = 1.91, P<0.0001). There was a significant 

difference in the regression intercepts of females (F3.33IO = 29.63, P<0.0001). These 

differences were attributable solely to the crabs from Roper River, but the differences were 

small, a maximum of about 5% of the weight for a given length, and were detected due to the 

large sample sizes. These differences were considered to have no biological significance and, 

consequently, general length-weight relationships were determined for males and females 

from data pooled over the different river systems. Using the form w = a(l)b, where l is the 

CW, the regression equations were w = 1.4148 x w-5 l 3
·
54960 and w = 2.8914 x 10-4 1 2·88207 

for males and females, respectively. The standard errors for a and b were 1.36270 x 10-6 and 

1.89090 X 10-2 respectively for males, and 2.3744 X 10-5 and 1.6147 X 10-2 for females (Fig 

5.1 ). Although there was no apparent difference between the mean carapace widths of the 

largest males and females, males were generally heavier than females for a given carapace 

width, especially at larger sizes (Fig 5.1). Few (0.05%) males exceeded 2000g in weight and 

most females (99.8%) were less than 1200g. 

5.3.2 Parameter estimates from length-frequency data 

As an initial estimate of L_, the average size of the largest 1% of male and female crabs from 

each river system was calculated and is shown in Table 5.1. These sizes ranged between 185 

and 194 mm CW. Of this sub-sample, there was no apparent difference in carapace width of 

males and females but differences between the river systems were apparent with Adelaide 

river crabs larger than those from the Roper River which were larger than McArthur River 

crabs. 

Wetherall's Method 

Based on the modified Wetherall method, plots of L- L' against carapace width ( L' mm) are 

shown for each sex from each river system (Fig. 5.2 a-f). Only values of L' that are over the 

minimum size of full exploitation ("" 160 mm CW) and not close to L_ were used in the 
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regression. These limits are represented on each graph by the two vertical lines. The 

estimated value of L_ was usually between 200 and 210 mm CW. The regression equations, 

statistics and estimates of L_ and ZJK are shown in Table 5.2. 

Modal length-frequency analysis 

I endeavoured to apply modal length-frequency analysis to the time series of monthly length

frequency data obtained from each of the river systems. Although I tried numerous 

combinations of data pooled over time intervals, carapace width classes and sex, in no case 

was there any obvious modal progression over more than a 2-3 month time period that could 

be attributed to the growth of a cohort of crabs in any of the river systems. 

As an example, the monthly length-frequency data for each of the river systems pooled over 

sex are shown in Fig. 5.3 (data for Adelaide River include crabs caught with research pots in 

Blockoff Creek between May 1993 and April 1994 ). In most samples, especially commercial 

samples, there was only one major mode, usually around 150- 160 mm CW, regardless of the 

sampling time. Further efforts to analyse the data by splitting the monthly length-frequency 

distributions into their composite age/size distributions using Bhattacharya's (1967) method 

were ineffective so I abandoned modal length-frequency analysis as a means of estimating 

growth parameters. 

Since many of the samples contained only one major mode, I plotted the mean size of crabs 

each month in each river system (Fig. 5.4 a-c). This approach revealed that there was a quick 

increase in mean size over the first few months of the year in both Adelaide and McArthur 

Rivers and a gradual decrease of 5- 10 mm over the remaining months of the year. Crabs 

from Roper River were not measured in January and February because the river is inaccessible 

by road during the peak of the wet season. 

5.3.3 Parameter estimates from tagging 

A total of 930 crabs (60% of which were male) were tagged and released in to the wild 

consisting of 395 individuals taken from commercial catches and 535 caught in research pots 

set in Blockoff Creek. Of these, 138 crabs were recaptured, mostly from the Blockoff Creek. 

Multiple recaptures were recorded for 39 crabs, with a few being caught during four or five 

different sampling periods, which brought the total number of tag recaptures to 205. The size 

144 



frequency of crabs that were tagged and recaptured is shown for males (Fig. 5.5 a,b) and 

females (Fig. 5.6 a,b) and sexes combined (Fig. 5.7 a,b) and show that the size ranges of both 

tagged and recaptured crabs was similar for both sexes. Frequency histograms of the time-at

liberty of recaptured males, females and sexes combined are also provided (Fig. 5.8). More 

males were recaptured (137) than females (65) and whilst 16 males were recaptured after 100 

days at liberty, this was only the case for 2 females. The median time at liberty was 30 days 

and 90% of crabs were recaptured within 90 days. The longest time at liberty of a recaptured 

crab was 305 days; it was a male which grew from 82 mm CW to 162 mm CW. 

An estimate of intermoult period was obtained by plotting percentage of crabs which had 

moulted against time at liberty. Although most crabs had moulted after 100 days at liberty, 

there were six crabs which had not. Closer inspection of the data revealed that four of these 

either had limbs missing or limb buds at the time of tagging or recapture. Limb loss has been 

noted to delay ecdysis (Lavina 1977b) so these crabs were removed from the analysis. The 

other two crabs had been tagged whilst in the post moult condition (shell stage 1, see Chapter 

2) and they were both large, one being 162 mm CW. These two crabs were retained in the 

graph of percentage moulted against time at liberty (Fig. 5.9). This plot only used data from 

the final recapture of crabs with multiple recaptures. 

In the tagging trials, the minimum moult increment was 9 mm, with a possible measurement 

error of +1- 1 mm. I therefore assumed that a crab had not moulted in the wild unless the 

increment was at least 5 mm. Regressions of postmoult width (CW2) against premoult width 

(CWJ) for males and females were cw2 = 1.12 X cwl + 6.11 (F1,33 = 483.4, p < 0.0001, R2 = 

0.94) and CW2 = 1.20 X CW1 + 1.09 (FI,35 = 142.9, P < 0.0001, r2 = 0.80), respectively (Fig. 

5.1 0). There was no significant difference in the slopes of these regressions (F3,68 = 160.0, P > 

0.47), but the moult increment of females was significantly larger than males (about 3 mm) 

for a given premoult width (F2,69 = 4.59, P < 0.035). The regression pooled over sex was CW2 

= 1.14 X cwl + 6.36 (Fi,7o = 397.9, p < 0.0001, r2 = 0.85). Based on data from the 

experimental tanks, in which it was known that increments resulted from only one moult, four 

crabs which had moulted in the wild were excluded from the regressions because they had 

probably moulted more than once; these points are circled (Fig. 5.10). 

145 



Comparison of the increments of crabs that had moulted i11to a mature instar with those of 

immature crabs revealed there was no significant difference (F3.31 = 2.07, P > 0.16), between 

the slopes of immature males (CW2 = 0.86 x CW1 + 30.98, F1.7 = 72.1, P < 0.0001, r2 = 0.92) 

and mature males (CW2 = 1.03 x CW1 + 19.07, Fu6 = 311.8, P < 0.0001, r2 = 0.93), but there 

was a significant difference in the intercepts of these regressions (F2,32 = 369.36, P < 0.0001, 

Fig. 5.11a). Similarly for females, there was no significant difference (F3,33 = 0.02, P > 0.89), 

between the slopes of immature females (CW2 = 1.06 x CW1 + 9.26, F1.4 = 24.1, P < 0.0162, 

r2 = 0.89) and mature females (CW2 = 1.09 x CW1 + 16.1, F1,31 = 107.5, P < 0.0001, r2 = 

0.78), but there was a significant difference in the intercepts of these regressions (F2,34 = 
141.33, P < 0.0001, Fig. 5.11b). These regressions have also been displayed with those 

obtained from aquaculture studies (Fig. 5.12 a,b ). 

I tried to fit the Fabens form of the VBGF to recapture data for males and females separately. 

Although a solution was reached for males (K = 1.26 year-' and L_ = 183.7 mm) which was 

consistent with the biology of the species, estimates for females (K = 0.3 year-• and L_ = 
530.7 mm) were obviously not biologically valid. I considered that this was because few 

recaptured females were at liberty for long periods of time. resulting in data from which the 

model was unable to estimate L_. Consequently, the combined tag recaptures of males and 

females were pooled and K and L_ were estimated as 1.14 year-• and 193.6 mm respectively. 

By assuming that CW of crabs is zero at to , the relationship of CW against age for male and 

female mud crabs combined can be represented as 

L = 193.6 { 1- e -u•<r-o>) 

where tis the relative age in years (Fig. 5.13). A plot of this equation is displayed with those I 

have estimated from data in aquaculture studies by Heasman ( 1980) and Kuo ( 1996). The 

growth equation from the current study (sexes combined) has been combined with the length

weight regressions for males and females to show the increase in weight over time for both 

males and females (Fig. 5.14). 
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5.4 DISCUSSION 

Most information on the growth of mud crabs has been derived from experiments conducted 

in hatcheries or pond culture where the animals are easier to measure than in natural 

populations. Although extensive tagging experiments have been undertaken (Lee 1979), there 

is no published information on the growth of mud crabs in the wild. It is a significant 

achievement, therefore, that the present study determined the growth rate of crabs in their 

natural environment. These results are discussed in relation to growth information from 

aquaculture studies and their implications for the population dynamics of the Mud Crab 

Fishery. 

Although aquaculture studies of mud crabs often include an examination of growth, many 

have only investigated larval growth (eg. Ong 1964; Brick 1974; Dominisac and Dejarme 

1974; Simon 1975; Motoh et al. 1977; Marichamy and Rajapackiam 1984; Chang and Wu 

1985; Kasry 1986; Chen and Jeng 1980). Of those studies on post-larval growth, many 

represent ad hoc experimental culture trials with their findings based on too few crabs over 

too small a size range or time period to be considered as reliable studies of growth (eg. 

Dickinson 1977; Lavina 1977a,b; Perrine 1978; Srinivasagam et al. 1984; Bensam 1986). 

There have been a few more extensive studies, but most of these are likely to have been on the 

smaller race of mud crabs ( eg. Arriola 1940; Raphael 1972; Ong 1966) which are now 

probably a different species (Keenan et al. 1995, see Chapter 4). Heasman's (1980) 

concluded that one race/species was characterised by a relatively small size at sexual maturity 

and/or a relatively slow optimal growth rate (crabs from Malaysia, the Philippines, Sri Lanka, 

India, Thailand and Guam); whilst the other had a relatively large size at sexual maturity and 

fast optimum growth rate (Australia, South Africa, Ponape and Taiwan). Recognising this, I 

have only made comparisons with studies likely to have examined the same species. These 

include aquaculture trials undertaken in South Africa (Du Plessis 1971) and Queensland 

(Fielder and Heasman 1978; Heasman 1980; Fielder et al. 1989) and the Northern Territory 

(Kuo NT DPIF pers. comm.) in Australia. 

A figure by Fielder and Heasman ( 1978) portrayed crabs from southern Queensland reaching 

130 mm within 15 or 18 months, depending on whether the juvenile crabs settled in summer 

or winter, respectively. The difference was attributed to inactivity and lack of moulting 

during winter. Similarly, Heasman (1980) found that mud crabs reached 80- 120 mm after 
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their first year and 130 - 160 mm after two years. He also found a strong positive correlation 

between growth rates and seasonal temperature, noting that optimal growth rates were only 

achieved around 27° C. The growth rate in these studies is slightly slower than that predicted 

in the present study ( 130 mm in the first year). This may be expected given the southern 

latitude of these aquaculture trials(::::: 23° S) where water temperatures fall below 20° C during 

winter. Differences in growth have been often correlated with geographic variations and, 

generally, crustaceans which inhabit cooler waters or higher latitudes are slower growing than 

their tropical conspecifics, but grow to, and reproduce at, larger sizes (eg. Templeman 1936; 

Cambell and Eagles 1983). Further, grow-out studies in northern Queensland, at a latitude of 

about 17° S with waters around 27° C, found the fastest growing crabs reached 120 mm in 6 

months (Fielder, et al. 1989). Similar results have been found in Darwin where crabs reached 

120 mm after eight months (Kuo 1996) in temperatures generally ranging between 25 and 

30° C (Michie et a!. 1991 ). These growth rates are higher than those estimated in the present 

study under a similar temperature regime. Based on my estimates of growth rates, crabs reach 

130 mm CW after about 12 months. 

Whilst estimation of the von Bertalanffy growth parameters from tag recaptures of male crabs 

yielded plausible results (K = 1.26 year-1 and L_ = 183.7 rnrn), this was not the case for 

females (K = 0.3 year-1 and L_ = 530.7 mm). There were fewer recaptures of females (65) 

than males (137) and all but three of the tagged females were recaptured in under 100 days 

(Fig. 5.8). In contrast, 16 males were recaptured after more than 100 days at liberty and 4 

after 200 days. This possibly caused a lack of contrast in the female data, with a high estimate 

of L_ resulting from no long-term recaptures and the strong inverse correlation between K and 

L_ (eg. Gallucci and Quin 1979; Pauly 1987; Xiao 1994) causing the estimate of K to be low. 

Biologically realistic estimates of the von Bertalanffy growth parameters were obtained when 

the male and female data were combined (K = 1.14 year-1 and L_ = 193.6 mm). 

The estimate of L_ obtained from tagging data was less than those obtained from Wetherall's 

method. In a purely theoretical sense, the estimates from Wetherall's method may be more 

correct, as they are greater than the size of any of the crabs measured. But, for use in a 

deterministic model, an L_ value of around 210 rnrn is too large to realistically represent the 
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growth of the majority of crabs. For this reason, the K and L_ value obtained from the tagging 

data was used in further modelling and discussions. 

Comparison of the plots of the VBGF from the present study with those from two aquaculture 

studies reveals the slower initial growth rates predicted from the present study (Fig. 5.13). It 

should be noted, however, that the data used from Heasman ( 1980) in this figure represents 

projected optimal growth rates (at 27° C) and does not incorporate the drop in growth rates 

associated with winter. Nevertheless, the results of Kuo (1996) are from actual 

measurements of mud crab growth and show significantly higher initial growth rates, with 

crabs reaching 100 mm after 5 months compared to the 8 months predicted in the present 

study. It is important to be cautious in estimating von Bertalanffy growth parameters and 

fitting growth curves based on data from a limited age- or size-range of animals. The 

aquaculture studies monitored the growth of large numbers of small animals whose numbers 

declined over time so that none remained of a size close the maximum observed in natural 

populations. Thus, although they may provide reasonably robust estimates of K, their 

estimates of L_ are likely to be unreliable. This is evident in the estimate of about 140 mm 

CW for L_ obtained from Kuo's (1996) data which is vastly different from estimates for the 

same species in the same region of about 190 mm CW (present study). Equally problematic, 

however, is that growth estimates in the present study were based on recaptures of large crabs, 

very few of which were less than 100 mm when tagged. As such, reasonably sound estimates 

of L_ have been obtained, but estimates of early growth are based entirely on extrapolation. It 

is difficult to postulate, therefore, whether differences in the growth rate between the present 

study and that of aquaculture trials in similar latitudes and temperatures is real, or results from 

the deficiency of growth data from smaller crabs in the present study. 

Differences in growth rates determined from crabs raised in aquaculture situations and those 

in natural populations are not unexpected. A pertinent observation is that aquaculture, as a 

farming technique, endeavours to maximise yield over time. As such, slower growing 

individuals are regularly culled or graded out (Kuo pers. comm.) and growth rates are based 

on the fastest-growing animals (Heasman 1980; Marichamy and Rajapackiam 1984; Kuo 

1996) usually supplied with an excess of food ( eg. Heasman 1980; Fielder et al. 1989). Also, 

cultured mud crabs tend to be maintained in a predator-free environment and with abundant 

shelter which reduces mortality from cannibalism and consequently increases juvenile growth 
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and survival (Fielder et a/. 1989). In contrast, I have measured average growth in a natural 

population where there is likely to be significant competition for both food and shelter, and an 

abundance of natural predators, such as crocodiles (Taylor 1979), birds (Mukherjee 1971) and 

larger mud crabs. Presumably, energy needed for foraging, agonistic and defensive behaviour 

in the wild is at the expense of somatic growth. This may explain the lower growth rates 

evidenced in the present study, compared to aquaculture trials in similar latitudes. Other 

factors may also be important. Tagging has been found to retard growth in crustaceans (eg. 

Penn 1975) and although mud crabs did not appear to be unduly effected by tagging, a 

detailed comparison of the growth of tagged versus untagged crabs would need to be 

undertaken to determine whether their growth rates were affected. 

I have used the VBGF to represent the growth of mud crabs and compare it with other studies. 

As mentioned previously, such a growth model can only provide an estimate of average 

growth in a crustacean, as it does not incorporate any underlying information on moult 

increment or moult frequency. Such information, however, is pivotal to understanding 

crustacean growth, so it is worth interpreting the results of the present study in this respect. 

There was a significant increase in moult increments of both male and female crabs that had 

moulted into a mature instar compared to those of immature crabs. Heasman (1980) also 

noted a larger increment accompanying the pubertal moult of females. Although Heasman did 

not observe a similar trend in males, comparison of the Hiatt growth diagrams revealed that 

the moult increment of Heasman's males was very similar to those of mature males in the 

present study. An increase in moult increment with maturity contrasts to the depression in 

size increment often associated with the onset of maturity and attributed to the energy required 

for gonad development (Kurata 1962). Mud crabs are very aggressive animals and Knuckey 

(1996, Appendix 3) showed that larger, heavier males are more likely to mate. Possibly, there 

are selective advantages in increasing energy requirements at maturity in order to grow to a 

larger size as well as committing more energy to gonad production. 

It was interesting to note that in comparison to the particularly high r2 values (generally 

greater than 0.98) in Heasman's (1980) study, r2 values ranged between 0.78 and 0.93 in the 

present study, suggesting greater variation in the moult increments of crabs in the wild. 

Nevertheless, in contrast to previous studies which have shown that moult increments of 

captive crabs are less than that of wild crabs (eg. Drach 1939; Hiatt 1948; Kurata 1962), moult 
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increments in the present study were either similar to (Kuo 1996) or less than (Heasman 1980) 

those from reared crabs. Such comparisons suggest that the conditions in which a mud crab is 

raised can affect the moult increment by up to about 10 mm, at least in crabs greater than 100 

mm CW. Growth rates, however, can also be affected by moult frequency as well as moult 

duration. 

It has been well established that intermoult duration of crustaceans increases with increasing 

age or size (eg. Pearson 1908; Drach 1939; Hiatt 1948; Kurata 1962). This relationship is 

also apparent in mud crabs (Arriola 1940; Ong 1966; Raphael 1972 Du Plessis 1971; 

Heasman 1980) and has been extensively reviewed by Heasman (1980). Heasman (1980) 

fitted a quadratic equation to the relationship of intermoult duration against carapace width of 

Y = 2.996 + 2.747X + 0.254X2 and both male and female crabs conformed closely with this 

curve. It showed that the intermoult duration ranged between about 60 days for crabs of 100 

mm CW to 120 days for crabs of 150 mm CW. Most of the crabs tagged in the present study 

were between these sizes and had moulted within I 00 days, and half of the crabs had moulted 

after about 60 days. The difficulty with tagging studies in the wild is that a crab may be 

tagged or recaptured at nearly any stage in its intermoult period and the actual time of 

moulting is unknown. As a result, it is difficult to obtain accurate estimates of intermoult 

duration without a far larger number of tag returns from a greater size range of crabs than was 

achieved in the present study. An exception is that crabs in the soft-shelled postmoult 

condition are probably within 1-2 weeks from moulting (Knuckey unpublished data) and two 

crabs in the present study were both tagged and recaptured whilst in this condition. These 

crabs provide reasonably accurate information on the intermoult duration and have been 

plotted against the curve developed by He as man ( 1980). As mentioned in the results, two of 

the larger crabs tagged were recaptured after about 150 days and had not moulted. One of 

these, at 162 mm CW, is approaching L_ and would be expected to have a long intermoult 

duration and may not even moult again. 

Use of length-based methods to estimate growth were unsuccessful in the present study. 

Because variation in growth causes overlapping of yearly size-frequency modes, especially in 

long-lived species, the use of length-based methods alone to estimate growth is often easier 

in younger animals where modes are well separated (eg. Kurata 1962; Csirke et al. 1987; 

Sparre and Venema 1992). As mentioned in Chapter 2, I had little success in my many 
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attempts to collect small crabs and none of the methods caught enough crabs to construct a 

size distribution. I was, therefore, restricted to the use of pots to collect the length-frequency 

data, and even with the use of the research pots with smaller mesh, it was rare to catch crabs 

smaller than 100 mm and the monthly length-frequency distributions rarely had a mode of 

less than 150 mm. Herein lies the difficulty in using modal progression analysis in the present 

study. Given that mud crabs do not usually grow to more than 190 mm, either the selectivity 

of the pots or the limited abundance of small crabs (or a combination of both) only allowed a 

relatively small window of size over which a modal progression could be observed. This was 

a serious limitation and is the likely reason for the inconclusive results. Hill et al. 1982 also 

noted the lack of modal progression on monthly size-frequency distributions in crab 

population in Queensland. 

Since the field work for this study was completed, many dozens of juvenile mud crabs (10-

20 mm CW) have been caught in habitat traps consisting of hoop nets with large tufts of 

frayed rope in the middle as a shelter. They were actually set to catch barramundi in the salt

marsh wetlands behind the mangroves during the wet season when the entire areas is 

inundated from the monsoon rains (Paul Johnson NT DPIF pers. comm. Feb 1997). At that 

time of year, such areas can only be reached feasibly by helicopter and were not sampled in 

the present study. Admittedly, due to the intolerance of larvae to freshwater (Hill 1974), I did 

not consider these wetlands, which are predominantly freshwater (Roland Griffin NTDPIF 

pers. Comm. Feb 1997), would be a likely place for small juveniles. Nevertheless, if large 

numbers of juvenile crabs could be caught by a relatively non-selective method such as these 

traps, length-frequency analysis may be able to be used to determine the early growth of mud 

crabs in a natural population. 

5.4.1 Growth implications on population dynamics 

An important finding of this study was that mud crabs will reach a minimum legal size 

(130 mm) after about 12 months. If, as discussed in Chapter 4, the major spawning event 

begins in the early months of the year, new recruits will begin to be caught by the fishing gear 

around the same time the following year and will be fully vulnerable to the gear after about 18 

months (mid-year). These results indicate that the increase in catches in the first half of each 

year (see Chapter 3) may result from an influx of new recruits into the fishery. This is 

supported by the increase in mean size of crabs caught in the first half of each year. 
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Furthermore, the highest catches and catch rates (see Chapter 3) occur in the mid-year 

months when these recruits would become fully vulnerable to the gear. 

The information on growth also clarifies certain a.c;;pects of the reproductive cycle. The 

pubertal moult of most females occurs when they are between 135 and 145 mm CW and 

males reach functional maturity at a slightly larger size (see Chapter 4). The growth data 

indicate that sexual maturity therefore, will be after about 15 months, perhaps around May, 

with the second moult of maturity occurring about 6 months afterwards, in November. Such 

results are in agreement with the timing of the onset of the major spawning period. 
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5.5 FIGURES, TABLES AND PLATES 
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Figure 5.1 Non-linear regressions of weight (g) against carapace width (nun) in the 

form w = a(l/, yielded the equations w = 1.4148 x 10-5 CW 3
·
54960 and w = 2.8914 x 

10-4 CW 2
·
88207 for males (0,-) and females (x,-- -)respectively. Crabs that were 

damaged or in post-moult shell condition were not used in the regressions. 
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Figure 5.2 Plots of the difference between the mean carapace width and the minimum 

width at full exploitation against the minimum width at full exploitation (Wetherall 

1986) for male and female mud crabs from the three river systems. Data were pooled 

over year. To estimate L:o and Z/K, regressions were undertaken on the data falling 

between the minimum width at full exploitation and a width which was at least 

10 mm less than the maximum measured (indicated by the two vertical lines). 
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Figure 5.3 Width-frequency distributions (CW mm) of mud crabs from monthly 

samples of the commercial catches in the three river systems. Data are from males 

and females combined and grouped into 1 0 mm carapace width classes. Crabs 

caught in the research pots set in "Blockoff Creek" between May 1993 and April 

1994 are included in the data for Adelaide River. The dashed vertical lines represent 

the minimum legal ·width of 130 mm CW. 
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Figure 5.4 Mean carapace width (mm ± S.E.) of male and female mud crabs from 

monthly samples of commercial catches in a) Adelaide River; b) Roper River; and c) 

McArthur River. Data are pooled over year. 
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Figure 5.5 Width-frequency (CW mm) distribution of male mud crabs that were: a) 

tagged, and; b) recaptured in the wild. The unshaded portion of the histograms 

represent those crabs that were tagged but not recaptured. Data are grouped into 

5 mm CW classes. 
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Figure 5.6 Width-frequency (CW nun) distribution of female mud crabs that were: a) 

tagged, and; b) recaptured in the wild. The unshaded portion of the histograms 

represent those crabs that were tagged but not recaptured. Data are grouped into 

5 mm CW classes. 
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Figure 5.7 Width-frequency (CW nun) distribution of male and female mud crabs that 

were: a) tagged, and; b) recaptured in the wild. The unshaded portion of the 

histograms represent those crabs that were tagged but not recaptured. Data are 

grouped into 5 nun CW classes. 
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Figure 5.8 Frequency histogram of the number of a) male; b) female; and c) all mud 

crabs recaptured against the time at liberty (days) grouped into lO~ay periods. 
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Figure 5.9 Plot of the percentage of recaptured crabs that had moulted against time at 

liberty (days) grouped into 10-day periods. Data from damaged crabs are excluded, 

and only data from the final recapture of crabs with multiple recaptures are used. 

The data points marked "a" and "b" result from a crab that was tagged at 162 mm 

CW and a crab that was tagged at 143 mm CW in a post-moult shell condition 

respectively. 
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Figure 5.10 Linear regressions of postmoult carapace width (CW2 mm) against premoult 

width (CW1) for male ( o-) and female mud crabs ( x - ). The regression 

equations are CW2 = 1.12 X CWI + 6.11 and CW2 = 1.20 X CWI + 1.09 and for males 

and females respectively. Data points circled were not included in the regressions as 

they were considered to have resulted from crabs which had moulted more than once. 

The regression equation for data pooled over sex was CW2 = 1.14 x CW1 + 6.36. 
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Figure 5.11 Linear regressions of postmoult carapace width (CW2 mm) against premoult 

width (CW1) for mature ( •-) and immature ( o-) a) male; and, b) female mud 

Crabs. The regression equations for maleS are CW2 = 0.86 X CW! + 30.98 and CW2 = 

1.03 X cwl + 19.07 for immature and mature crabs respectively. The regression 

equatiOnS for femaleS are CW2 = 1.06 X CW! + 9.26 and CW2 = 1.09 X CW! + 16.1 for 

immature and mature crabs respectively. 
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Figure 5.12 Comparisons of the linear regressions of postmoult carapace width against 

premoult width for: a) male; and, b) female mud crabs from the present study with 

those obtained from previous aquaculture studies. 
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Figure 5.13 Plot of carapace width (mm) of mud crabs against relative time (months). 

Data calculated from non-linear estimation of K and L«) using the Fabens (1965) 

form of the von Bertalanffy growth function applied to tag recapture data from males 

and females combined. t0 assumed to be zero. 

Figure 5.14 Plot of weight (g) against relative time (months) for male(-) and female (---)mud 

crabs. Data calculated by combining estimates of K and Loo from the Fabens (1965) form of 

the von Bertalanffy gro\vth function (males and females combined) with length-weight 

regressions calculated for each sex. The parameter, t
0 

was assumed to be zero. 
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Table 5.1 Estimation of La;) (mm) for male and female mud crabs from Adelaide River, 

Roper River and McArthur River based on measurements of the carapace width of 

the largest 1% of all crabs sampled during the study. Estimates pooled over sex and 

river system are also provided. 



River system Sex n n L<rJ SD 
Total 1% Largest 1% 

Adelaide River Male 2417 25 193.4 3.5· 

Female 1927 24 191.5 3.2 

Both sexes 4344 51 192.4 3.5 

Roper River Male 1529 17 188.4 3.1 

Female 1280 15 189.7 3.1 

Both sexes 2809 79 189.6 2.9 

McArthur River · Male 2762 29 185.3 2.8 

Female 2214 29 186.7 4.6 

Both sexes 4976 58 186.0 3.8 

All rivers Male 6708 71 190.1 3.6 

Female 5421 53 190.9 3.0 

Both sexes 12129 124 190.4 3.3 
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Table 5.2 Equations and statistics of regression ofL- L' (mm) against carapace width 

(mm) for male and female mud crabs from Adelaide River, Roper River and 

McArthur River. Estimates of Lao and ZJK based on the modified Wetherall's (1987) 

method are provided and compared toLl¥) of the largest one percent of crabs. 



River system Sex Regression equation R2 F- value p 'ZJK Lao Lao 
We !hera! I Largest J% 

Adelaide River Male Y= 55.10- 0.27X 0.99 Frro = 3336 p < 0.0001 2.7 203 193 . 
Female Y= 45.32- 0.22X 0.97 Frs=256 . p < 0.0001 3.6 208 192 

....... Roper River Male Y= 44.16- 0.22X 0.96 Frl2=307 p < 0.0001 3.6 205 188 0\ 
\0 

. 
Female Y= 49.15- 0.25X 0.99 Fr9 = 4059 . p < 0.0001 3.0 199 190 

McArthur River Male Y= 40.04- 0.19X 0.96 Fr9=218 p < 0.0001 4.1 206 185 . 
Female Y= 44.05- 0.22X 0.99 Fr,6 = 601 p < 0.0001 3.6 201 187 



6. POT SELECTIVITY AND MORTALITY 

6.1 INTRODUCTION 

Whilst growth contributes to production in a fishery, mortality processes have the opposite 

effect: that of removing biomass from a fishery. Alrhough deaths through natural causes such 

as predation, cannibalism, disease and old age represent a potential loss in yield, they are 

generally beyond the control of man and are typically difficult to identify and quantify. 

Fishing mortality, on the other hand, provides a direct yield from the resource that can be 

measured and it is totally controlled by man. As highlighted in the General Introduction, 

fishing pressure by increasing human populations using improved technology has the potential 

to cause the collapse of fish stocks. It is important, therefore, that we understand the factors 

influencing both the intensity and characteristics of the fishing pressure and how they control 

fishing mortality. The former was addressed to a certain extent in Chapter 3, where potential 

fishing intensity in the Mud Crab Fishery was shown to be limited, predominantly by 

restrictions in both licence and pot numbers. The characteristics of the fishing gear, however, 

have yet to be investigated. Like any type of fishing gear, crab pots will be biased towards the 

capture of a certain size-range of animals and this can have a significant bearing on fishing 

mortality rates. In this chapter, I first investigate the selectivity of commercial crab pots to 

determine the size at which mud crabs first become vulnerable to fishing mortality and 

compare this with the minimum legal size limit. I then use a variety of methods discussed 

below determine the fishing and natural mortality rates of mud crabs once they have entered 

the fishery. 

6.1.1 Gear selectivity 

As mentioned previously, a minimum legal size limit of 130 mm CW is enforced in the 

Northern Territory Mud Crab Fishery. A simplistic assumption would be that once crabs 

reach 130 mm they become fully vulnerable to fishing mortality. In reality, when using traps 

or most other fishing gear for that matter, such length-based "knife-edge selection" (Beverton 

and Holt 1957) is unlikely. Investigations of the capture of crustaceans in baited traps (eg. 

Thomas 1954; Bennett 1974; Miller 1979, 1980, 1983a; Robertson 1989) have shown that the 

design and deployment of the trap and the behaviour of the animal towards that trap combine 

to determine whether an animal is caught or not. The size of the entrance funnel, the size of 
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mesh used in pots and the presence of "escape gaps" are critical factors in determining the 

minimum size of a retained animal (Brown 1982). What tends to happen is that although 

smaller animals enter a trap, they can easily exit through the pot mesh and may not get caught. 

In effect, they are not vulnerable to fishing mortality. As they get larger, however, animals 

become more likely to be retained by the trap and finally reach a size when, theoretically, they 

can not escape. This is the size above which animals are said to be "fully vulnerable" to the 

fishing gear. This "gear selection ogive" is a characteristic of the mesh size used in both trawl 

nets (eg. Paloheimo and Cadima 1964; ICES 1995) and traps (eg. Munro 1974; also see 

reviews by Pope et al. 1975; Sparre and Venema 1992) and is often well described by a 

logistic curve. Mesh size is not the only factor affecting the efficiency of traps, however. 

Construction material, trap size, entrance size and placement, bait placement, etc. have all 

been shown to affect the fishing capability of a trap (Miller 1980). The physiology, 

morphometry and behaviour of the targeted species are also important because they determine 

how animals will try to enter and escape from traps, and how they behave towards other 

animals in the trap. Ultimately, the type and size of animals that enter and are retained by 

traps involves a complex interaction of many factors. Whilst it is possible to resolve the 

relative importance of pot design and animal behaviour through a range of gear trials and 

behaviour studies, it is often sufficient to consider their combined affect on the size range of 

the catch and attribute this to the "gear selectivity". This was the approach I adopted in 

investigating the selectivity of commercial pots. Having established the size at which mud 

crabs become vulnerable to fishing mortality and relating this to the minimum legal size limit, 

I then proceeded to determine the mortality rates. 

6.1.2 Mortality rates 

Typically, mortality rates are the most difficult parameters to determine in the study of any 

fishery but a variety of estimation methods have been developed. Those that I considered 

most applicable to the data I had on the Northern Territory Mud Crab Fishery are explained 

below. 

With respect to population processes, it is often assumed that the number of animals that die 

during a given period is in proportion to the initial number. Thus, this "mortality rate" 

exhibits a standard "exponential decay", often represented as: 

N, = No exp(-Zt) 
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where: N" is the initial number at the beginning of the time period; 

N, is the number surviving after time t; and, 

Z is the instantaneous total mortality rate. 

The linear form of the above equation is: 

In (N,) = In (No)- Zt 

If fish can be aged, it is possible to estimate their mortality using the above equation. Because 

the catch of fish of a certain age may be assumed to be in proportion to the abundance of that 

age-class, once the fish are fully vulnerable to the fishing gear the negative slope of the 

logged "catch-at-age" (K,) against age will provide an estimate of total mortality such that: 

ln ( C, ) = g - Zt 

where: g is a constant represented as the intercept; and, 

Z can be calculated from the slope of the regression. 

This "linearised catch curve" is one of the oldest and most common methods of estimating 

total mortality in fisheries ( eg. Edser 1908; Heincke 1913; Baranov 1918 as reviewed by 

Beverton and Holt 1957; Ricker 1975). It may be applied to the catches of a certain year class 

or cohort over time (longitudinal) or to the catches of different year classes at a single point in 

time (horizontal). These simple methods are underpinned by the broad assumptions that 

cohorts are adequately identified; populations are closed to migration; samples are 

representative of the true age composition; mortality rates are relatively constant between 

cohorts; and there are no compensatory relationships between stock level, fishing mortality 

and natural mortality (Vetter 1988). The horizontal method also assumes that recruitment in 

each period is constant. Although any period may be used in these equations, it is common to 

use the period of one year when referring to Z, as has been done in the current study. 

In species such as crustaceans, which are difficult to age, numerous length-based derivations 

of linearised catch curve models have been developed by incorporating von Bertalanffy 

growth parameters to estimate catch-at-age from length-frequency data (Jones and van 

Zalinge 1981; Pauly 1983, 1984; Sparre and Venema 1992). Such a "length-converted 

linearised catch curve" was applied to the Mud Crab Fishery to estimate total mortality, where 

ageing was not possible but length-frequency and growth data were available. 
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As mentioned previously, total mortality in a fishery will consist of animals that die due to 

fishing as well as those that die from natural causes. This is usually expressed algebraically 

as: 

where: 

Z=F+M 

Z is the total mortality rate; 

F is the fishing mortality rate; and, 

M is the natural mortality rate. 

The inherent difficulties in quantifying the number of animals that die from natural causes, 

even once they are recruited to a fishery, typically makes calculation of natural mortality very 

difficult. Consequently, a number of indirect methods have been developed (reviewed by 

Vettier 1988). Many of these are based on the observation that natural mortality is often 

strongly correlated with other life history parameters such as maximum age, length or weight, 

size or age at maturity (eg. Beverton and Holt 1957; Rikhter and Efanov 1976; Blinov 1977; 

Hoenig 1983; Gunderson 1980; Pauly 1980; Roff 1986). Most of these methods have been 

used on teleost fish stocks, but a few have been applied to crustaceans (Beverton and Holt 

1957; Rikhter and Efanov 1976; Pauly 1980; Baelde 1994). Vettier (1988) considered that 

although such methods did not provide precise estimates of natural mortality, they required 

minimal data and were useful to demonstrate broad trends across species. I have used these 

methods to estimate natural mortality in the Mud Crab Fishery. 

Typically, it is easier to measure fishing mortality than natural mortality because crabbers' 

logbooks usually provide a record of the catch. Two general methods of estimating fishing 

mortality rates in the Mud Crab Fishery were investigated in this chapter. Another more 

refined estimate was derived in the following chapter through the development of a 

recruitment-adjusted seasonal depletion model of the fishery. One of the general methods 

presented in this chapter, adopts the simple approach of estimating total mortality from length 

converted catch curves and subtracting estimates of natural mortality to determine the fishing 

mortality. The other estimates fishing mortality by dividing the annual catch by an estimate of 

the annual stock size. To estimate stock size, a standard Leslie depletion technique (Leslie 

and Davis 1939) was deployed. This method was tried because it has been used successfully 

in a number of different crab fisheries (eg. Methot and Botsford 1982; Elner and Bailey 1986). 
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It assumes a closed population (no emigration or immigration) in which CPUE is proportional 

to the population size, ie.: 

CPUE1 =qNr 

where: q is a measure of the catchability. 

It was recognised that in applying this method to the mud crab fishery, these underlying 

assumptions may not be met. Nevertheless, it was considered a useful process because it 

would provide at least a minimum estimate of stock size. and the these assumptions are 

discussed. The implications of violating assumptions underpinning the Leslie method to 

estimate stock size and hence fishing mortality are discussed, as are the implications of the 

mortality rates on the fishery. A more extensive discussion is provided in the next chapter, 

where a comparative estimate of fishing mortality is derived. 

6.2 MATERIALS AND METHODS 

6.2.1 Gear selectivity 

Two methods were used to determine the selectivity of commercial crab pots. The first 

method was by extrapolation of Z obtained from length-converted catch curves to provide 

estimates of the numbers of crabs in the smaller size classes which were not fully vulnerable 

to the pots (Pauly 1984; Sparre and Venema 1992). The percentage of these smaller crabs that 

were caught by the pots was used to obtain a selection ogive. I assumed that although Z may 

vary between river systems, the selectivity of the pots should not change, so the length

frequency data used in the analysis were pooled over river system and year. 

In the second method, I compared the size composition and effort data from the smaller

meshed research pots set in Blockoff Creek between May 1993 and May 1994 (see Chapter 5) 

and to those from commercial catch sampling undertaken in the Adelaide River over the same 

period. Here, I was assuming that the research pots provide a relatively non-biased sampling 

method against which the selectivity of the commercial pots can be gauged. I divided the 

research and commercial catches into 5-mm size classes and determined the effort (£, 

potdays) that had been used throughout the year to obtain each catch. I assumed that the 

effective effort of both research and commercial pots was the same. The number of crabs in 

each size class of the research catch was multiplied up by the ratio Ecommercial I Eresearch for 
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comparison. The percentage of crabs in each research size class that were caught by 

commercial pots was used to obtain a selection ogive of the commercial pots. 

In both methods, the selection ogive was modelled with the logistic curve using non-linear 

estimation techniques. 

6.2.2 Mortality 

Natural mortality estimates from life history parameters 

I used three methods based on life history parameters to estimate the natural mortality of mud 

crabs: Beverton and Holt (1957); Pauly (1980); and Rikhter and Efanov (1976). Originally 

used on teleosts, these methods have also been applied to crustaceans - though not usually 

crabs (mainly prawns)- to provide reasonable estimates of M (Pauly eta/. 1981; Baelde 

1994). The equations used in the three estimation techniques are given below. 

Beverton and Holt ( 1957): 

Lso%mat = 3 xL_/(3+M IK) 

where: Lso%mur is the length at which 50% of the population is mature; and, 

L_ M and K are as defined previously. 

Pauly ( 1980): 

log10 M = -0.0066- 0.279 log10 L_ + 0.6543 log10 K + 0.4634 log 10 T 

where: T is the water temperature in oc. 

Rikhter and Efanov ( 1976): 

where 

M = 1.521 I (t,so) 0·
720

- 0.155 

t,50 is the age (years) at which 50% of the population is mature. This value was 

calculated from conversion of L50%mur from the von Bertalanffy equation derived 

in the previous chapter. 
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Total mortality estimates from length-converted linearised catch curves 

Using the inverse von Bertalanffy equation given below, the estimates of K (1.14 year-1
) and 

L_ ( 193.6 mm) obtained from the previous chapter were used to convert the length

frequencies into age classes by assuming that t11 was zero. Length-frequencies of mud crabs 

were obtained from the monthly commercial catch samples in the three river systems. They 

were pooled over year and grouped into 5-mm size classes to which the catch curve analyses 

were applied to estimate total mortality. 

The inverse von Bertalanffy equation is: 

where: 

I L 
t<Ll = t .. - ln(l--) 

K I-

L is the size of the crab; and 

t(LJ is age of the crab at size L. 

Combination of this equation with the linearised catch curve equation ultimately provides the 

length-converted linearised catch curve: 

where: 

In C(L1,L2) = c-z(t(L1)+t(L2)) 
flt(L1,L2) 2 

L1 is the size of the crab at the beginning of the size class; 

L2 is the size of the crab at the end of the size class; 

Llt is the period of time; and, 

C and Z are as described previously. 

This provides a linear equation for which the slope is -Z. 

Estimates of fishing mortality 

The first method of estimating fishing mortality was by subtracting the estimate of natural 

mortality from estimates of total mortality determined by the catch curve analyses in each of 

the river systems. 

The second method was applied to data pooled across river systems. It involved dividing the 

annual catch by estimates of the total stock size as determined by the Leslie method (Leslie 
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and Davis 1939). The Leslie method was applied to commercial catch and effort data from 

the total fishery following the procedure of Elner and Bailey ( 1986). Monthly CPUE was 

plotted against cumulative catch for the total fishery for each year from 1985 to 1994 

inclusive. A regression line was fitted to the data using the equation: 

CPUE, = qBo- qiC, 

where: CPUEt is the mean catch rate over the time period t; 

XC, is the cumulative catch; 

q is the catchability (proportion of the commercial biomass caught by a single 

potday); and, 

qB11 is the y-axis intercept. 

Because new recruits probably begin to enter the fishery in the early months of the year 

(Chapter 5), April was defined as the beginning of each year and the subsequent six months 

(to September) were not included in the analyses because recruitment could maintain high 

monthly CPUE. The regression, therefore, was only performed on the data from October to 

March. 

The estimate of stock size for each year (April - March) was combined with the catch during 

that period to provide an estimate ofF using the following equation: 

F = -ln(1 catc~ I 
stock stze J 

6.3 RESULTS 

6.3.1 Gear selectivity 

Comparison with research pots 

The size composition of the catch from research pots set in Blockoff Creek showed a bimodal 

distribution with the major mode at 135 mm CW and a smaller mode at 160 mm CW. The 

commercial catch from Adelaide River revealed only a single mode at 160 mm CW and far 

fewer crabs below 140 mm CW (Fig. 6.1 a, b). The effort used to obtain these catches was 

466 potdays of research gear and 874 potdays of commercial gear. The number of crabs in 

each research size class was therefore multiplied up by 874/466 = 1.876 and the percentage of 
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this number that was caught by commercial pots were calculated. A plot of the percentage 

retained against carapace width suggested that crabs under 100 mm CW were not caught by 

commercial gear but they became more vulnerable to capture as they grew larger, and were 

fully vulnerable upon reaching 150 mm CW. The resulting selectivity ogive for commercial 

pots indicates that 50% retention occurred at about 140 mm CW (Fig. 6.2). The equation for 

the logistic curve is: 

%Retained =1001(1 + e 0.128 x(138.4- CW)). 

Extrapolation of length-converted catch curves 

Estimates of the selectivity of commercial pots based on the back-extrapolation of Z from 

length-converted linearised catch curves were applied to data pooled over river system and 

year (Fig. 6.3), and produced a selection ogive with the logistic form: 

%Retained =1001(1 + e 0.156 x(146.3- CW)). 

Plots of the selectivity ogives calculated from the two methods (Fig. 6.4) show that although 

the latter predicted a slightly larger (10 mm) size at 50% retention, both methods indicated 

that crabs were not fully vulnerable to commercial pots until they reached 150 to 160 mm 

CW. Mud crabs less than 120 mm CW were unlikely to be caught by commercial gear. 

6.3.2 Mortality estimates 

Natural mortality estimates from life history parameters 

Estimates of natural mortality using the methods of Beverton and Holt (1957), Pauly (1980) 

and Rikhter and Efanov (1976) were 1.31, 1.16 and 1.18 year·' respectively. As I had no 

particular preference for any of these methods, the mean value of 1.21 year·' was used in 

subsequent analyses and modelling with a range of ±5% to include the variation associated 

with the different estimation methods. 

Total mortality estimates from length-converted catch curves 

Length-converted linearised catch curves for the three river systems show that crabs were 

fully vulnerable to the commercial gear after about 16 months (150 mm CW), (Fig. 6.5 a-c). 

Results of the regressions of the log of the number of crabs in each time interval (ln(Count/dt) 

against relative age (once they were fully vulnerable) in the form: ln(Count/dt) =a+ b x Age, 
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are given in Table 6.1. Total mortality estimates for the Adelaide River, Roper River and 

McArthur River were 2.55, 2.92 and 3.65 year·1 respectively. 

Estimates of fishing mortality 

An initial estimate ofF in each river system was made simply by subtracting natural mortality 

from the total mortality estimates above. Fishing mortality estimates for the Adelaide River, 

Roper River and McArthur River were therefore 1.34, 1.71 and 2.44 year· 1 respectively. 

The Leslie method (Leslie and Davis 1939) of estimating stock size was applied to data from 

the whole fishery rather than individual river systems because there was often many months 

over the wet season in which no-one fished in particular rivers - mainly the Roper and 

McArthur Rivers. The regressions of monthly CPUE against cumulative catch (Fig. 6.6) 

highlighted the general trend of decreasing CPUE between October and March. Apart form 

1986 and 1987, however, these regressions were not significant and resulted in 

correspondingly low r2 values (Table 6.2). Nevertheless, the method was used to provide 

estimates of stock size and F (Table 6.3). Overall, the estimated stock sizes increased from 

between about 100- 150 t in the late 1980's to between 200- 250 t since 1991. Fishing 

mortality averaged 2.15 year-1 with a maximum of 3.77 year-1 in 1990 and a minimum of 

1.18 year-1 in 1991. Given a natural mortality rate of 1.21 year-1
, exploitation rates were 

calculated to be between 75% and 49% with a mean of 64%. Catchability (q- estimated from 

the negative slope) ranged between 4.45xl0-6 in 1988 to 3.28x10-5 in 1990 with a mean value 

of 1.12xl0-5
. 

6.4 DISCUSSION 

The major crab fisheries around the world are managed using a minimum size limit to prevent 

overfishing by ensuring that a certain proportion of the population attains sexual maturity and 

reproduces (eg. Brown and Bennett 1980; Jamieson and Caddy 1986; Bailey and Elner 1989). 

Because most crab fisheries use traps, crabs smaller than the size limit can be removed from 

the traps and returned to the sea. This process is time consuming, however, and has the 

potential to damage these "undersized" crabs. Consequently, trap designs often incorporate 

escape gaps or mesh sizes, which reduce the capture of undersized crabs (Brown 1982). Such 

trap designs have important implications for the level of fishing mortality in a fishery. 
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The Northern Territory Mud Crab Fishery has a minimum size limit of 130 mm and, although 

capture methods which entangle crabs are forbidden because of the potential capture and 

damage to undersized crabs, there is no stipulation for a minimum mesh size or incorporation 

of escape gaps in commercial pots (NT DPIF- Mud Crab Fishery Management Plan). It is 

pertinent, therefore, that the mesh size used throughout the fishery has been adopted by 

Industry without the need for legislation. Constructed of 75 x 50 mm 10 gauge weld-mesh 

with the longest dimension in a horizontal plane (see Chapter 3 for details), most small (<120 

mm CW) crabs were not retained by commercial pots and, in fact, crabs were not fully 

vulnerable to the gear until they reached a size of 150 to 160 mm CW. Williams and Hill 

( 1982) also noted the bias of the commercial pots used in Queensland towards larger crabs but 

did not state the mesh size of the pots. 

Given that the research pots used in the present study were identical to commercial pots but 

with smaller weld-mesh, mesh size appears to be a critical aspect of the design of commercial 

pots which makes them selective towards larger crabs. Although many mud crabbers are 

concerned about conservation of the stocks, this is probably not the only factor that has lead 

them to use the mesh size seen in commercial pots. It is a standard mesh size readily available 

from major steel distributors at a reasonable cost and the gauge is sufficient to construct a 

sturdy pot by hand, which will last for a whole season, or longer with the use of sacrificial 

anodes. Smaller mesh of the same gauge is significantly more expensive, far more difficult to 

work by hand, and makes the pots more than twice as heavy. Presumably, the possibility of 

catching more crabs closer to the size limit is outweighed by these disadvantages. Market 

demand for a certain size range of mud crabs is a factor which should not be ignored in 

considering the use of a particular mesh size and its resultant selectivity. If smaller crabs 

commanded far higher prices than larger crabs, it would be reasonable to assume that a 

smaller mesh size may be introduced into the fishery. 

Mesh size may not have been the only factor that influenced selectivity of commercial pots, 

however. In tank experiments with the crab Cancer productus, Miller (1978) found that if 

crabs accumulated around a trap entrance, the more aggressive crabs chased others away. 

Mud crabs are very aggressive animals and the presence of a large crab in or around a baited 

trap may have deterred smaller crabs from entering. Anecdotal reports from commercial 

crabbers suggest they rarely set their pots in the same position for more than 2 consecutive 
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days because of the diminished catch rate of large crabs after this time. The position that pots 

are set may also be important. Commercial pots are usually only set in areas readily 

accessible by small dinghies. This is usually below the mangrove line and often out on the 

mud flats, not high up in small creeks. This may preclude capture of juvenile mud crabs 

reported to be resident in the upper intertidal areas of the mangrove zone (Hill et al. 1982) and 

target the larger crabs which range over the mud flats and are resident in deeper channels. 

One difference in the deployment of the research pots compared to commercial pots was that 

the latter were emptied at 24 hour rather than 12 hour intervals. Whilst this was not 

considered to have a significant affect on the size of the crabs that were retained, it is 

conceivable that given this longer "soak time", smaller crabs may have been more likely to 

escape from commercial pots. Other effects of soak time on the effective effort of pots are 

discussed in Chapter 3. 

Regardless of whether the selectivity commercial pots towards the capture of larger crabs was 

determined solely by the size of the mesh used or a combination of this with both animal and 

the crabbers' behaviour, mud crabs are afforded considerable protection from fishing 

mortality by this selectivity. This is probably fortunate, as it appears that once the crabs are 

fully vulnerable to commercial pots, fishing mortality is particularly high. 

Lack of previous research on the mortality rates of mud crabs prevents comparisons of the 

estimates gained in the present study. Natural mortality rates are very dependent on a 

particular animal's life history strategy, so it is also of dubious value making comparisons 

with other crab species. Furthermore, mortality rates are not constant throughout an animal's 

life cycle. Most fisheries target highly fecund teleost and invertebrate species which produce 

large numbers of small planktonic larvae. Larval and early juvenile life phases of such species 

usually experience high natural mortality (eg. Hjort 1914; May 1974; Bradford and Cabana 

1997), but this declines and stabilises during the adult phase (see Blaxter 1974 and Chambers 

and Trippel 1997 for reviews). It is extremely difficult to measure natural mortality during 

these phases as the animals are not usually caught as part of commercial fishing operations 

and sampling with research gear is often impractically time-consuming and expensive. As 

mentioned previously (Chapter 5), all attempts to sample larval and early juvenile .phases of 

the mud crab population were unsuccessful. Nevertheless, it is usually more common to 

estimate animals' mortality rates once they begin to enter a fishery. Apart from being more 
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practical, this is the point at which a significant number of animals start being caught, so it is 

important to distinguish fishing and natural mortality. 

A natural mortality rate of around 1.2 year- 1 reflects the relatively short life-span of mud 

crabs. Fisheries based on such short-lived species tend to display a few similar 

characteristics. One of the most apparent of these is that often, they are subject to large 

variations in annual catch. This is largely due to variations in annual recruitment levels. 

Unlike fisheries based on longer-lived species which have a build-up of year-classes which 

tends to buffer the effects of recruitment variations, fisheries for short-lived species are 

largely governed by recent recruitment. This characteristic is not yet evident in the Mud Crab 

Fishery. 

The two methods of estimating fishing mortality investigated in this chapter yielded notably 

different results. Fishing mortality estimates derived from catch curve analyses ( 1.3 to 2.4 

year- 1
) were considerably lower than those based on the Leslie method (2.2 to 3.8 year- 1

). 

Considering the natural mortality estimate (1.21 year- 1
), the latter method indicated extremely 

high exploitation rates. Estimates of stock size and fishing mortality based on the use of the 

Leslie method, however, should be regarded with caution. The Leslie depletion method 

required regression of monthly CPUE4 against the cumulative catch to provide an estimate of 

total stock size (N) where the regression line crosses the x-axis (ie. where the relative 

abundance drops to zero; Ricker 1975; Methot and Botsford 1982; Hilborn and Walters 1992). 

Nevertheless, monthly CPUE has to be proportional to the stock size and the decline in CPUE 

should predominantly result from fishing. This is not necessarily the case in the Mud Crab 

Fishery on two accounts. First, new recruits probably begin to enter the fishery by April 

(Chapter 5), and maintain relatively stable CPUE's while the crabs grow and recruit to the 

fishery until September. This problem was overcome, however, by restricting the regression 

of monthly CPUE against cumulative catch to the months after the annual recruitment event 

into the fishery was completed (October to March). The second problem is not as easily 

4 Whilst annual CPUE was not considered to be a good measure of abundance in the Mud Crab Fishery due to 

expansion of the fishery over the last decade, this factor was considered to be negligible when applied to the 

monthly CPUE within each year (see Chapter 3). 
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overcome. To meet the assumptions of the Leslie method, the decrease in monthly CPUE 

apparent at the end of each year (and the first few months of the next year) should only result 

of depletion of the stock due to fishing. This is not the case, because: 1) mature females 

migrate out of the fishery over the Wet season; and 2) in a relatively short-lived species, there 

may be considerable natural mortality over this period. Both of these factors will result in 

underestimates of stock size and hence an overestimate of fishing mortality. This would 

explain the very high fishing mortality estimates and exploitation ratios (FIZ up to 0.9) 

compared to those from the catch curve analyses. Nevertheless, even the estimates of fishing 

mortality from the catch curve analyses indicated significant fishing pressure, with 

exploitation ratios of between 0.5 and 0.7. These are similar to the estimates obtained from 

the recruitment-adjusted seasonal depletion model (Chapter 7). A more detailed discussion of 

the implications this level of fishing mortality is provided in the following chapter. 

The point at which animals enter a fishery is largely determined by the gear that is used to 

catch them. It is quite feasible that fishing practices or the current design of commercial pots 

could be easily changed so that a greater number of smaller crabs are caught. This possibility 

should be considered by the fishery managers as it could be achieved quite legally through a 

simple reduction in the mesh size used in commercial pots and may have significant 

implications for the fishery. 

That mud crabs could become vulnerable to the commercial fishery at a smaller size has the 

potential to impact on the fishery in two ways. First, based on size at maturity (See Chapter 

4), more crabs would be caught before they had a chance to breed, which, although no stock

recruitment relationship has been established, has the potential to reduce the reproductive 

capacity of the stocks. Second, yield-per-recruit is considerably influenced by the size (age) 

at first capture balanced against mortality rates (Beverton and Holt 1957). Both of these 

potential impacts are investigated in the following chapter by using a yield-per-recruit model 

to compare yields and attainment of maturity under the current pot selectivity regime against a 

theoretical knife-edge recruitment at the minimum legal width of 130 mm. 
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6.5 FIGURES, TABLES AND PLATES 
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Figure 6.1 Length-frequency distribution of mud crabs caught in: a) research pots set 

in Blockoff Creek between May 1993 and May 1994; and, b) commercial pots set in 

the Adelaide River over the same time period. Data are presented in 5-mm size class 

intervals. 

Figure 6.2 Percentage (weighted by effort) of mud crabs in each 5 mm size class that were 

retained by commercial pots in comparison to research pots. The logistic equation 

%Retained =100 I (1 + e 0.128 x (138.4- CW)) is used to describe the selection ogive for 

commercial pots estimated by this method. 
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Figure 6.3 Log of the number of mud crabs in each time interval defined by 5-mm size 

classes (Count/dt) plotted against relative age (years) to produce a length-converted 

linearised catch curve for mud crabs. Back-extrapolation of the regression of the 

points subsequent to the size/age at full vulnerability (16 months I 150 mm) and 

below Leo (marked by the dashed lines) is used to estimate the expected number of 

crabs in each size class prior to full vulnerability. Data pooled over river system and 

year. 

Figure 6.4 Percentage of mud crabs in each 5 mm size class retained by commercial pots 

compared to estimates of the total number expected in each size class through back

extrapolation of Z from a length-converted linearised catch curve. The logistic equation 

%Retained =100 I (1 + e 0.156 x (146.3- CW)) is used to describe the selection ogive for 

commercial pots estimated by this method (--) and is compared against that of the previous 

method ( --- ). 
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Figure 6.5 Length-converted linearised catch curves and regression lines (-) for a) 

Adelaide River; b); Roper River; and, c) McArthur River. Crabs were considered 

fully vulnerable to the commercial gear after about 16 months (150 mm CW). 

Estimates of Z were 2.55 year·1
, 2.92 year·1 and 3.65 year·1 respectively. 
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Figure 6.6 Plots of monthly CPUE (kg potday-1
) of mud crabs against cumulative catch 

(tonnes) for the total fishery between 1985 and 1994 with regression lines for the 

Leslie depletion estimates between the months of October and March. 
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Table 6.1 Statistics for the regressions of the length-converted linearised catch curves 

(see Figure 6.5) for a) Adelaide River; b); Roper River; and, c) McArthur River. 

Estimates of Zwere 2.55 year·1
, 2.92 year·1 and 3.65 year·1 respectively. 



a b 

Adelaide River 12.40 -2.55 

Roper River 12.44 -2.92 

McArthur River 14.25 -3.65 

F value p 

FI,S = 709 p < 0.0001 0.99 

FI,S = 560 p < 0.0001 0.99 

FI,S = 693 p < 0.0001 0.99 
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Table 6.2 Statistics for the regressions of CPUE against total catch for monthly catch 

and effort figures for mud crabs from October to March during 1985 to 1994. These 

regressions were used for the Leslie depletion estimates (see Figure 6.6). 



Year Model df ss MS F p R2 

1985 
Regression 1 0.0267 0.0267 1.2414 0.3276 0.24 
Residual 4 0.0860 0.0215 
Total 5 0.1127 

1986 
Regression 1 0.0086 0.0086 11.3665 0.0280 0.74 
Residual 4 0.0030 0.0008 
Total 5 0.0116 

1987 
Regression 1 0.0585 0.0585 11.1408 0.0289 0.74 
Residual 4 0.0210 0.0052 
Total 5 0.0795 

1988 
Regression 1 0.0026 0.0026 0.1782 0.6946 0.04 
Residual 4 0.0577 0.0144 
Total 5 0.0602 

1989 
Regression 1 0.0325 0.0325 3.1756 0.1493 0.44 
Residual 4 0.0409 0.0102 
Total 5 0.0734 

1990 
Regression 1 0.0396 0.0396 7.5890 0.0705 0.72 
Residual 3 0.0156 0.0052 
Total 4 0.0552 

1991 
Regression 1 0.0182 0.0182 1.5806 0.2771 0.28 
Residual 4 0.0460 0.0115 
Total 5 0.0642 

1992 
Regression 1 0.0148 0.0148 1.4115 0.3005 0.26 
Residual 4 0.0419 0.0105 
Total 5 0.0567 

1993 
Regression 1 0.0391 0.0391 3.6089 0.1303 0.47 
Residual 4 0.0434 0.0108 
Total 5 0.0825 

1994 
Regression 1 0.0140 0.0140 1.9254 0.2376 0.32 
Residual 4 0.0290 0.0073 
Total 5 0.0430 
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Table 6.3 Equation parameters and estimates of stock size and fishing mortality for the -

entire Northern Territory Mud Crab Fishery between 1985 and 1994 based on Leslie 

depletion estimates of CPUE against total catch for monthly catch and effort figures 

from October to March (see Figure 6.6). 



Year Intercept Slope Estimated Actual Estimated 
Stock size catch F 

(t) (t) (year"1
) 

1985 2.155 -2.20E-05 98 90 2.51 

1986 0.966 -7.05E-06 137 101 1.33 

1987 1.891 -1.39E-05 136 128 2.83 

1988 0.702 -4.45E-06 158 117 1.35 

1989 1.385 -7.00E-06 198 177 2.27 

1990 4.225 -3.28E-05 129 126 3.77 

1991 1.021 -4.71E-06 217 150 1.18 

1992 1.494 -7.13E-06 209 189 2.32 

1993 1.926 -7.28E-06 264 229 2.01 

1994 1.289 -5.58E-06 231 196 1.89 
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7. MODELLING THE FISHERY 

7.1 INTRODUCTION 

A model is a set of mathematical or logical relationships which endeavour to simulate real 

systems and provide some understanding of how they behave (Law and Kelton 1991 ). The 

dynamics of fish stocks, like most other natural systems, are inherently complex and there can 

be great benefit in using models to understand and help explain their underlying processes. 

Whether simple or complicated, models consist of inputs, processes and outputs (Walters 

1986; Sparre and Venema 1992). The inputs in fisheries models include variables which can 

be measured such as length, weight, catch and fishing effort, or parameters such as growth 

rate or mortality which may be estimated from other models. Initial assumptions about the 

system being modelled are another type of input. The processes in a model are often 

expressed as mathematical equations and portray how these variables and parameters interact 

to produce the output. There is usually some mechanism by which the output of the model 

can be tested against reality. In this manner the model processes can be modified and tuned 

via feedback to gain a more realistic output. This feedback and modification is an integral 

part of developing a "good" model, as it not only improves the model, but it forces one to 

think clearly about the system that is being modelled. In this respect, the actual process of 

modelling is often just as important than the model itself (Walters 1986). As such, modelling 

was an important tool used throughout this study. 

7.1.1 Description of fisheries models 

Hilborn (1992) outlined three distinct families of models used in the stock assessment of 

exploited fish populations -biomass dynamic models; age structure~ models; and analysis of 

size-frequency data - each with their separate data requirements, assumptions, advantages 

and drawbacks. All of these have been variously reviewed and modified (eg. Beverton and 

Holt 1957; Hilborn and Walters 1992). A brief description is provided here. 

Biomass dynamic models 

The principles underlying these simplest of fisheries models were established by Russell 

( 1931) who hypothesised that in a closed (no immigration or emigration) fish population, the 

biomass would increase from the addition of young fish as they reach an exploitable size 
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(recruitment) and the growth of fish already in the exploited phase, and decrease due to death 

(natural mortality) and capture by man (fishing mortality). In its simplest form, this may be 

described as 

next biomass= last biomass+ (recruitment+ growth)- (catch+ natural mortality) 

This concept was modified by the idea that a population tends towards stability in a logistic 

manner and will have a potential rate of increase determined by its existing size (Pearl and 

Reed 1923; Hjort et al. 1933) and is the basis of biomass dynamic models (Graham 1939; 

Schaefer 1954; Fox 1970). Based on work by Graham (1935), Schaefer (1954) developed a 

commonly used differential form of the biomass dynamic model 

where: 

dB ( B) = rB 1-- -C 
dt k 

B is the biomass of stock; 

r is the intrinsic rate of population growth; 

k represents the unfished equilibrium stock size; and, 

C is the catch rate. 

These models are also called surplus production models, where the surplus production is the 

difference between production (recruitment and growth) and natural mortality, and represents 

the amount the unfished biomass will increase, or the catch that can be taken if biomass is 

maintained at equilibrium. Biomass dynamic models require a measure of the population size. 

Unfortunately, there are virtually no marine fisheries in which the biomass can be measured 

directly, and consequently one often needs to rely on an index of abundance. CPUE is often 

used in fisheries as an index of abundance. Catch rate is assumed to be proportional to stock 

size and fishing effort 

C=qEB 

where: E is the fishing effort; and, 

q is the catchability (vulnerability of the fish to the fishing gear). 

This implies that CPUE is proportional to stock size 
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CPUE=Cft:=qB 

The Leslie depletion method used in the previous chapter to gain estimates of mortality, is a 

version of a biomass dynamic model, but it was only applied to monthly CPUE data within 

individual years, where CPUE was considered to be a reasonable measure of abundance. As 

discussed in Chapter 3, however, I did not consider annual CPUE to be a good index of 

abundance for the Northern Territory Mud Crab Fishery over time, as there has been 

considerable expansion of the fishing grounds since the early 1980's. As such, the 

assumptions underlying the above equation are violated, so biomass dynamic models were not 

considered an appropriate method to model the fishery over many years. 

Analytic models 

Whilst biomass dynamic models are based on the concept of a unit population, other models 

consider populations as a combination of groups or "cohorts" of individuals of various ages 

and/or sizes which are affected differently by the processes of growth, natural mortality and 

fishing mortality. Megrey ( 1989) provides a comprehensive review of these methods, which 

are collectively termed as age/size structured or "analytic" models. The advantage of these 

models is that they elucidate the changes that may be occurring within the stocks. In terms of 

population dynamics, these changes can be a very informative. 

Basically, the theories and assumptions of age and length-based models are similar. 

Historically, fisheries stock assessments concentrated on temperate water species which could 

be readily "aged" by counting annual rings on their otoliths or scales. Consequently, age

structured models were the norm. During the 1980's however, length-based methods were 

developed for stock assessment of tropical species and crustaceans which are much harder to 

age (Pauly and Morgan 1987; Sparre and Venema 1992). Although sometimes considered as 

inferior to age data, length-based data can be used in most types of analyses (Rosenberg and 

Beddington 1988), although there may be an associated increase in levels of uncertainty. 

Some advantages in the use of length-based data compared to age data are that it is relatively 

easier and cheaper to collect and it is often more biologically meaningful than age, having -

greater influence on both fishing and natural mortality (Rosenberg and Beddington 1988). 

There was no attempt to undertake ageing work in the present study, thus, in developing 

analytic models of the Northern Territory Mud Crab Fishery, I used length-based approaches 
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and applied the inverse. von Bertalanffy growth equation (See Chapter 5) to convert size to 

age. 

That age distributions might be affected by varying fishing rates was established relatively 

early (Baranov, 1918) and applied to catch statistics (Derzhavin 1922 in Me grey 1989; Ricker 

1971 ). The basic theory behind age structured models is that by summing the catches taken 

from a single cohort as it is progresses through the fishery over time, the population size of 

the cohort when it first entered the fishery can be determine.d. In early models, there was no 

inclusion of fish that died naturally so estimates represented the minimum population size of a 

cohort- commonly termed the "virtual population". As these models developed, inclusion of 

catch and effort data provided a way of estimating natural mortality rates. In the classic work 

by Beverton and Holt ( 1957), the affects of growth, natural mortality and fishing mortality on 

a year-class after recruitment into a fishery were described mathematically which enabled 

estimation of the yield-per-recruit. 

Typically, yield-per-recruit analyses are undertaken to determine the optimum yield from a 

cohort given the selectivity of the fishing gear and a range of fishing mortalities. Basically, 

this is done by calculating the increase in weight associated with growth and balancing it 

against the decreases associated with mortality. A number of age-based yield-per-recruit 

models have been developed (eg. Thompson and Bell 1934; Ricker 1945; and Beverton and 

Holt 1957), all of which require information on growth and mortality as a function of age. A 

major advantage of such per-recruit models is that they do not depend on information about 

the actual levels of recruitment in a fishery (Sainsbury 1992). Recruitment, however, is one of 

the main sources of variability in the total yield from a fishery (MacLennan 1993) and can be 

related to spawning stock size, so it is important to realise that optimising yield-per-recruit 

does not necessarily protect a stock from over fishing. 

In this chapter, information on growth, mortality, gear selectivity and maturity gained from the 

previous chapters is incorporated into a yield-per-recruit model. A scenario of knife-edge 

selection at the minimum legal size limit ( 130 mm CW) is compared with the current gear 

selectivity to investigate possible impacts on optimal yield and the percentage of mature crabs 

in the catch. The yield-per-recruit model is then incorporated with the monthly catch, effort 

and CPUE data to develop a seasonally adjusted model of the fishery. 
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7.2 MATERIALS AND METHODS 

7.2.1 Yield-per-recruit model 

All parameters used in the per-recruit analyses were based on analyses of data pooled over 

river system. Separate parameters were used in the length-weight and size-at-maturity 

equations for males and females, but otherwise, the same parameters were used for both sexes. 

The equations and parameter estimates used in the yield-per-recruit modelling are given in 

Table 7 .1. Calculations of yield and biomass were made separately for males and females but 

the results were pooled to model the effects of different size limits, fishing mortality and gear 

selectivity on the fishery as a whole. 

A Microsoft Excel ™ spreadsheet was used to undertake the per-recruit modelling in a 

manner similar to Sanders ( 1995). Two week time intervals were used to model the recruit 

over a period of four years. M was assumed to be constant and was applied from age zero. F 

was also assumed to be constant, but was only applied after the first time interval in which the 

width was greater than the minimum legal size limit. After the recruit reached the minimum 

legal size limit, F was applied in proportion to the selectivity of the gear such that the full 

impact of fishing mortality was not introduced until crabs were of a size that was fully 

vulnerable to the gear. To model the effect of knife-edge selection, no gear selectivity 

parameters were included and F was applied directly after the first time interval in which the 

width was greater than the minimum legal size limit. 

Given knife-edge selection at the 130 mm size limit, a family of yield-per-recruit curves 

were initially calculated for a range ofF and M values around those predicted in the present 

study. The sensitivity of the model to different M values was tested by seeding the model 

with the estimate of M (1.21 year-1
) as well as values 20% and 50% higher and lower. 

Ultimately, however, size limits and fishing mortality levels are the only two variables that 

can be altered by fisheries management. Consequently, natural mortality was set at 1.21 year-

1 and the effect of a range of fishing mortalities and minimum size limits was modelled to 

provided an overall view of their effect on yield-per-recruit. In reality, the fishery actually 

operates in only a small region on these curves, so further analyses of yield-per-recruit and 

biomass-per-recruit were restricted to a smaller range of minimum legal size limits ( 110 mm 

CW to 150 mm CW) and fishing mortalities (F = 0.0 to 4.0). The influence of the current 
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gear selectivity on yield-per-recruit was investigated by comparisons with a scenario of 

knife-edge selection at the minimum legal size. 

7.2.2 Development of a recruitment-adjusted seasonal depletion model 

The same parameters were used in the seasonal recruitment model as the yield-per-recruit 

model above, but monthly rather than fortnightly time intervals were used. Gear selectivity 

parameters were included in the model. In addition, the seasonal model incorporated monthly 

catch and effort data from the total fishery from 1985 onwards to which the outputs were 

"tuned". To model the fishery over the ten-year period an annual recruitment factor was 

included which, based on the expected timing of recruitment from Chapter 5, initially had one 

third of the recruits introduced into the fishery in each of March, April and May. It is 

important to note that no stock-recruitment relationship was used to determine the total 

number of recruits in each year, in fact, the total number of recruits (R) was one of the 

variables used to tune the model and was initially kept constant over the ten-year period. The 

other variable used to tune the model was the catchability (q) which was also assumed to be 

constant over time and remain the same for each sex and over the entire size range of crabs. A 

least-squares minimisation technique using the Excel Solver TM routine was used to tune the 

model outputs based on the individual or combined sums-of-squares (SS) of predicted versus 

actual catch (SScntch), predicted versus actual CPUE (SScPuE) and predicted versus actual 

size-frequency (SSsize, pooled over the 1995 year). A weighting factor of 10,000 was applied 

to the SScPuE. which values ranged between 0 and 1, so that it had a similar or greater 

influence on the SSrotnl as SScntch and SSsize· 

Given that little information was available on pre-recruits, the model was initiated with crabs 

that were 12 months old (1+ crabs) in 1985. Catch and effort data from 1983 and 1984 were 

not included in the model. Thus, the model does not have 2+ and 3+ crabs available to the 

fishery in 1985, nor does it have 3+ crabs available in 1986. For this reason, model fitting 

procedures preclude 1985 and 1986 data. The initial model structure can be summarised as 

follows: 

• R/3 recruits were introduced in each month (t) of March, April and May for each year from 

1985 to 1995. It was assumed that there were an equal number of male and female recruits. 

(R was an estimated variable) 
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• After each month, the number of survivors in each monthly "group" was calculated: 

where: 

N _ N X e (-qEx s .. ,. -MJ 
t+/ - I 

Nt+1 is the number of crabs in the current month; 

N, is the number of crabs in the previous month; 

q is the catchability (an estimated variable); 

E is the Effort (xlOOO potdays) expended in the previous month; 

Sr1,,. is the selectivity of the pots towards crabs of a given sex (J) of width (w) at 

month t; and, 

M is the monthly natural mortality. 

• This process was repeated for each monthly group for 48 months and with annual cohorts 

of R crabs over a period of 11 years from January 1985 to December 1995. 

• The predicted catch for each month of each year ( C0.) was then calculated by summing the 

catches of each monthly group of crabs from each annual cohort that was available to the 

fishery in that particular month. This may be represented as: 

C,y= I e (-qE X sa) 

• The predicted CPUE for each month of each year was calculated by dividing the predicted 

monthly catch by the actual effort used in that month. 

Based on the results of repeated modelling "runs", modifications of this basic model structure 

were introduced to provide a more realistic representation of the fishery. This feedback 

process was an important aspect of the development of the model, and as such, it is detailed in 

the results section. 

One of the major modifications to the basic model was inclusion of female offshore migration. 

A distinct lack of quantitative information on the offshore migration of females made it 

difficult to incorporate this aspect of the fishery into the model. As such, I made some broad 

assumptions which need to be outlined. Only female migration was included in the model and 

in line with the GI and sex ratio data, it was assumed that offshore migration began between 

November and January inclusive. Migration only occurred over a 3 month period and the 
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same proportion of females migrated from the fishery in each month. The females could 

remain offshore for between 3 and 6 months during which time they were only subjected to 

natural mortality. Migration back to the fishery also occurred over a three month period, in 

the same proportion as they moved offshore. 

7.3 RESULTS 

7.3.1 Yield-per-recruit 

Given knife edge selection at the 130 mm CW size limit, the range in M values at F = 2.0 

could produce a five-fold difference in relative yield-per-recruit (Fig 7.1). A 20% and 50% 

decrease in M produced a respective 40% and 130% increase in the relative yield-per-recruit, 

whilst a 20% and 50% increase in M lowered the relative yield-per-recruit by 27% and 55% 

respectively. It was also apparent that under this management regime, an increase in fishing 

mortality above 2.0 produces minimal improvement in relative yield-per-recruit at any of the 

Mvalues. 

With M set at 1.21 and assuming knife-edge recruitment at the size limit (ie. gear selectivity 

not incorporated), the family of curves for different size limits and fishing mortalities shows 

that the fishery is currently operating at close to the optimal yield-per-recruit (Fig. 7 .2). 

Yield-per-recruit drops off significantly at size limits greater than about 150 mm CW and 

there is a steady reduction if the minimum size is smaller than 120 mm. Furthermore, whilst 

reduction of yield-per-recruit is apparent at fishing mortalities less than 1.5, there is minimal 

gain beyond F = 2.0. 

Inclusion of the current gear selectivity into the models has a noticeable effect on yield-per

recruit. Because crabs are not fully vulnerable to the pots until they reach about 150 mm CW, 

the impact of minimum legal size limits which are less than this size on yield-per-recruit is 

reduced. This is evident in the increased similarity of the size limit curves when selectivity is 

introduced (Fig. 7.3a,b). Yield-per-recruit curves for the smaller size limits are, in effect, 

forced to approach those of the 140 - 150 mrn size limit, where crabs are becoming fully 

vulnerable to the gear. As would be expected, fishing a population reduces the biomass per 

recruit and this effect will be increased if fishing begins at a smaller size (Fig. 7 .4a). Again, it 

can be seen that the introduction of the current pot selectivity into the model reduces the effect 

of size limits that are smaller than 140 - 150 rnm CW (Fig. 7 .4b ). 
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7.3.2 Seasonal recruitment model 

In describing the outputs of the various runs of the models, all references to predicted catch, 

predicted CPUE, predicted width and predicted sex ratio are relative to the actual data and as 

such, the words predicted and actual have been omitted. Descriptions do not refer to the 1985 

and 1986 years, because model initiation during these years precluded the presence of 2+ and 

3+ crabs. 

The initial model "run" included equal recruitment during March to May and a uniform 

recruitment index for each year (Fig. 7 .5). It was not fitted to CPUE, but provided a relatively 

good fit to catch (SScatch = 1998). This minimisation resulted in a high recruitment level (R ) 

but low fishing mortality (F) and catchability (q) estimates. The length-frequency was 

bimodal with peaks at 155 and 175 mm CW. 

Inclusion of CPUE in the minimisation (Fig. 7 .6) reduced the estimates of R and q and 

resulted in a correspondingly higher estimate of F. The fit to CPUE (SScPuE = 14556) was 

poor, however, and did not reflect the large seasonal peaks and troughs. The length-frequency 

was still bimodal, but a reduced proportion of crabs were in the larger mode. 

The model achieved a better fit to CPUE (SScPUE = 9628) when the restriction of a constant 

recruitment index was removed (Fig. 7.7). This resulted from an overall increase in the 

recruitment index between 1985 and 1995. Further improvement of the fit of both catch 

(SScatch = 1198) and CPUE (SScPuE = 7656) resulted from allowing the model to determine 

the monthly recruitment levels (Fig. 7.8), rather than having them set at 33% in each of March 

April and May. In this run, the model predicted that most (90%) of the recruitment was 

occurring in February and March only. Interestingly, it also had a small mid-year recruitment. 

Nevertheless, despite the improved fit of the model in these runs, it was still unable to reflect 

the large drops in CPUE during December to March. The mode of larger crabs in the length

frequency distribution, although still present, was greatly reduced and overall, the distribution 

better reflected that in the observed population. 

It was possible to improve the fit to the length-frequency data (Fig. 7.9) but this always 

resulted in poorer fits to the catch and CPUE. The improvement resulted from the model 

predicting more uniform recruitment throughout the year, rather than one main recruitment 
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season at the start of the year. For a number of reasons discussed in the next section, I decided 

not to continue with the inclusion of fits to the length-frequency data. 

In all of the model runs to this point, recruitment of males and females has been 1 : 1, no 

female migration has been included and the same catchability has been assumed for both 

males and females. As a consequence, the predicted proportion of females in the catch 

remained at 50% throughout the year. This is in contrast to the observed seasonal cycles of 

the sex ratio in commercial catches. To address this, an offshore migration of females during 

the Wet season was incorporated into the model, primarily to determine its effect on the sex 

ratio. The initial sex ratio of recruits was retained at 1 : 1, and without any quantitative 

information on differential catchability of males and females, q was kept the same for both 

sexes. 

In general, it was difficult for the model to reflect the seasonal change in the sex ratio. Apart 

from the drop in the proportion of females as they moved offshore, once the large number of 

new recruits entered the fishery in March, the proportion of females immediately returned to 

about 50% and did not reflect the steady increase from 10% to 70% during March to October 

seen in actual catches. Changing the months in which recruitment occurred to later in the year 

slightly improved the sex ratio fit during February and March but resulted in far worse fits to 

both catch and CPUE. Under the current model constraints (equal catchability, selectivity and 

growth rates for both sexes) proportions of females much greater than 50% could not be 

modelled. The inclusion of offshore migration, however, did enable the model to better fit the 

low CPUE at the end of the year (SScPUE = 6704). An example of a run which included 

female migration is provided in Fig. 7.10. 

Based on the assumption that females left in the population by December could move offshore 

to spawn, the model was also used to calculate the number of 1 + females remaining in the 

population in December as an approximation of the spawning stock. Numbers of 2+ females 

remaining in December were negligible. On average, the model predicted that about 20 -

25% of newly recruited females remain to spawn at the end of the year. A plot of the 

percentage of female 1 + recruits surviving to December over the different years, however, 

revealed a steady decrease from 26% to around 20% (Fig. 7.11) over the last decade. This is a 

direct result of the increasing effort applied to the fishery over this time. 
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Using the 1995 year as an example, model outputs of the age structure of the catch from 

January to December indicate that the bulk (85% by weight) of the catch consisted of 1 +crabs 

(Fig. 7 .12). The rest of the catch consisted of 2+ ( 13%) and 3+ (2%) crabs. 

Final runs of the model were conducted to investigate the seasonal biomass of the stock both 

with and without fishing effort. In both cases, biomass of the stock (1 + and older crabs) was 

seasonal, reaching a maximum during the middle months of the year (Fig. 7.13). Note the 

slight drop in biomass in each year around March results from the cessation of females 

migrating back into the fishery after spawning. Comparison of the annual trends of fished and 

unfished biomass over the years, indicates that by the end of year, fishing has removed an 

increasing percentage of the biomass in each year over the last decade, from around 25% in 

the early years of the fishery to around 60% in later years. 

7.4 DISCUSSION 

Overall, the development of the seasonal model went a long way to help understand and 

explain many of the dynamics observed in the Northern Territory Mud Crab Fishery. Based 

on a main recruitment period in the early months of the year, and the previously established 

estimates of growth rate, length-weight relationships, gear selectivity and natural mortality, 

the seasonal oscillations of catch and CPUE evident in the fishery were reasonably well 

explained given the dynamics of the population and actual effort occurring in the fishery. 

One of the important aspects of the fishery is that catches over the last decade have increased 

in direct proportion to effort. Throughout the modelling, the monthly catch data were always 

easy to fit, presumably because they nearly always directly related to effort. In the initial 

model runs, monthly catch was the only variable used to fit the model and although a good fit 

was obtained (Fig. 7.5), it was achieved by converging on a high recruitment (4.56 x 10\ low 

F (0.01 year-1
) scenario. This was reflected in the low catchability (1.55 x 10-5

) and the 

relatively high number of crabs that were able to reach a large size. In effect, the model "saw" 

that the increased effort over the years resulted in a corresponding increase in catch, so it 

predicted that fishing was having negligible impact on the stocks. It was able to do that 

because the model was not endeavouring to fit the seasonal CPUE depletion data. When 

altered to fit the CPUE data (Fig. 7.6), the model predicted R-values almost 100 times lower 

(6.13 x 10\ and correspondingly higher q (1.55 x 10-5
) and F (0.88) values. As a 

202 



consequence, the proportion of larger crabs in the catch was also significantly reduced and a 

better fit to size-frequency data was obtained. By removing the constraint of constant 

recruitment in each year, the model predicted a variable, but overall expansion in the fishery 

since 1987 which is reflected in the model's recruitment "expansion" parameter. In this 

scenario, in which there is significant fishing pressure, the model is forced to attribute the 

overall increase in catches with increasing effort to an expanding resource. Such a scenario 

can be supported by assuming that recruitment has improved with the development of the 

fishery. One explanation of this could be that cannibalism is reduced because more larger 

crabs are being taken by fishing, which prevents intraspecific . competition from restricting 

recruitment. This mechanism has been suggested where similar expansion occurred in 

another crab fishery (Waiwood and Elner 1982). Another explanation, and one that is 

supported by the fishery data (Chapter 3), is that over the last decade, the fishery has moved 

into areas that were previously unexploited, thus increasing the available stock. Whatever the 

mechanism, the modelling indicates that compared to the start of the fishery, there is now 

almost double the amount of crabs available to the fishery. 

With model parameters that provided a reasonable fit to the data, further information on the 

fishery was gained by conducting a model run in which fishing effort was removed. In such a 

scenario, the model still predicted a significant seasonal fluctuation of stock biomass in each 

year which usually almost doubled from a wet season minimum. In doing so, the model 

indicated that the seasonal cycle of effort in the fishery was directly reflecting the abundance 

of the mud crabs. Importantly, this indicates that the dynamics of the fishery are largely 

driven by the inherent dynamics of the mud crab population rather than vice versa. It is 

worthwhile therefore, to discuss the details of the model outputs with respect to their 

implications on the population dynamics. 

In Chapter 4, it was established that the main spawning season was probably in the early 

months of the year, as this was after the main peak in GI and when females became absent 

from inshore catches, presumably because they were spawning offshore. When fitting the 

seasonal model to catch and CPUE data only, it also converged on a scenario with a single 

main recruitment period in February I March comprising around 90% of all recruits. This is 

understandable, because only an increase in the available stock, through recruitment in this 

case, can explain how large increases in catch towards mid-year can be derived from 
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increasing effort during these months with an associated rise in CPUE. A small mid-year 

recruitment was also predicted. These may have been caused by the model trying to fit the 

double peaks of both catch and CPUE evident in some years. Whilst the February I March 

recruitment regime provided a good fit to the catch and CPUE data, it always predicted a 

bimodal size-frequency in the catch caused by a lack of crabs around 160-165 mm CW 

period. This was occurring because the model predicted that crabs reached this size during the 

wet season, when no fishing was occurring. 

When the model fitting included the size-frequency distribution, it converged on a scenario 

with major recruitment periods throughout the year. Although this effectively "filled" the gap 

in the size-frequency distribution, the scenario was considered unlikely. From my other 

studies, secondary peaks in GI were apparent and growth data indicated that the first mature 

instar would occur 4-5 months prior to the second mature instar. This information supports 

the possibility of multiple recruitment periods, but they always appeared to be secondary in 

nature and there was certainly no corresponding indication of a secondary movement offshore 

by females in the sex ratio data. Hill (1994) linked offshore spawning with the inability of 

mud crabs larvae to withstand the lower inshore salinities which occur during the monsoon 

period. Such conditions are not present mid-year, and it is plausible the spawning could 

occur inshore. No ovigerous females were ever caught inshore to support this, however. Ong 

( 1966) observed female mud crabs to spawn up to three times in 5 months during a single 

intennoult period producing successively smaller larval numbers, which may explain a 

somewhat protracted spawning period. Another difficulty in a scenario with protracted 

recruitment throughout the year is that the better fit to the size-frequency data, was always at 

the expense of the fit to CPUE, which ceased to display an annual cycle with a low during the 

wet season. 

An alternative scenario is that the use of a deterministic growth model did not allow for any 

variation in the growth rate of crabs. Such variability would reduce the bimodal characteristic 

of the size-frequency predicted from a single recruitment period because there would not be 

just one specific size of crabs present during the wet season. It is difficult to determine to 

what extent this would improve the fit to size-frequency data without any information on the 

level of growth variability. Although such information could have been gained if there were 

larger numbers of tag recaptures, the lack of it does point to a shortcoming in the model 
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design. Nevertheless, with the data that were available, the scenario with one maJor 

recruitment period in the early months of the year was preferred. Consequently, although 

size-frequency data were used in other fits of the model, they were not used to fit the monthly 

recruitment levels. 

Despite difficulties in providing a good fit to the size-frequency data, the model explained 

most of the major aspects of the fishery by altering monthly recruitment levels, expansion and 

catchability. There were two significant aspects of the fishery, however, that were still not 

adequately described: predicted CPUE did not match the large troughs in actual CPUE during 

the wet season; and, there was no variation in the sex ratio throughout the year. Inclusion of 

offshore migration of females in the model addressed both of these issues. 

As outlined in Chapter 4, the offshore migration of females to spawn is a well reported 

characteristic of mud crab populations. There was not, however, any information available in 

the literature or from the present study to quantify the rates of migration or how long the 

females remain at sea. As such, large assumptions had to be made to incorporate a 

quantitative migration factor into the model. In a purely mathematical sense, it is difficult to 

justify its inclusion in the model, for risk of over parameterisation, but it did provide a means 

of learning how migration may affect the fishery. In response to the significant decrease in 

CPUE during December and the significant drop in proportions of female in catches between 

December and January, the model invariably predicted that a significant offshore migration 

began in December. As a result, there was an improved fit to CPUE. The fit to the observed 

sex ratio data in the early months of the year depended mainly on what proportion of females 

moved offshore in each month, but reasonable fits were obtained with proportions between 

0.5 and 0.8. Most notably, regardless of the proportion migrating or the month in which the 

migration back inshore to the fishery began, the model would not predict proportions of 

females more than a few percent above 50% in the latter months of the year. This appeared to 

be because the new influx of large numbers of 1 + recruits at an even sex ratio overshadowed 

the sex ratio difference that resulted from the 2+ females returning to the fishery. This poses 

the problem: what is causing the high percentage of females (60- 70%) in catches around 

September -October? 

One possible answer is that the crabbers actually target the migrating females later in the year 

by setting more pots out across the coastal mudflats and sandbars rather than in the creeks and 
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rivers. Anecdotal reports from crabbers supports this. It is also possible that migration makes 

the females more vulnerable to capture, ie. their catchability increases. Baited pots have a 

limited effective radius determined by the scent plume (Brethes et al. 1985). If the crabs are 

actively moving, they are more likely to encounter this plume than if they remain relatively 

sedentary. Of course, it is also possible that the increased proportion of females after mid

year could also result from decreased catchability of males. In the model, catchability is 

assumed to be constant, both between sexes and over time. Both of these assumptions are 

likely to be incorrect. An animal's vulnerability to a baited trap depends on whether the 

animal is actively feeding and in crustaceans, feeding rates and catchability have been shown 

to be significantly effected by a variety of factors including lunar phases, moulting, 

reproduction, water temperature, salinity (eg. Morgan 1974; Williams and Hill 1982; Bennett 

and Brown 1979; Krouse 1989; Miller 1983a, 1990). Although impractical to include in the 

model, it is highly likely that such factors influence the fishery. Crabbers regularly reported 

slower catches in August/September in the Northern Territory, which they attribute to cooler 

water temperatures and this is supported to some extent by the mid-year drop in catches and 

CPUE evident in some years, especially since 1993. Williams and Hill (1982) found a 

positive correlation between temperature and catch rates for mud crabs in Queensland. In the 

present study, however, catch rates were lowest during the Wet season when water 

temperatures were highest. Nevertheless, whilst it is possible to hypothesise about the factors 

which may have affected catchability, there were insufficient data to incorporate variable 

catchability into the model. It also should be realised that estimates of catchability are highly 

correlated with other life history parameter estimates. For example, in the current model, 

equally good fits may have been obtained with increased recruitment levels, but lower 

catchability would be predicted. Such a situation implies that there is a larger population 

which, for some reason, is not vulnerable to the crab pots. This may be possible due to the 

highly cryptic nature of tropical mangrove estuaries or if behaviours such as moulting 

preclude entry into pots. One way to resolve such questions is to obtain alternative estimates 

of mud crab stock size- preferably without using pots. As mention previously, however, this 

has proved very difficult. Further research to specifically determine mortality rates, 

recruitment indices or catchability would go a long way to reducing many of the uncertainties 

in the current model. 

206 



Accepting all of the assumptions and possible shortfalls in the recruitment-adjusted seasonal 

depletion model, one of the major outcomes in developing this model was that it confirmed 

that fishing mortality is high. With an exploitation ratio (E = FIZ) probably around 50%, 

most (between 85 and 90%) of the catch in any year consists of 1 + crabs that have recruited to 

the fishery between February and April of that year. This being the case, the fishery is very 

dependent on good recruitment in each year, not the accumulation of crabs from previous 

years. At present, it is not known what factors determine recruitment levels and without a 

good method to catch significant numbers of undersized crabs, a quantitative means of 
I 

assessing year-class abundance prior to the entry of crabs into the fishery is unavailable. 

Thus, if a poor year-class occurred, it would be realised in the fishery within eighteen months, 

but there would be little chance of detecting it prior to the resultant diminution of the fishery 

due to a lack of 1 + crabs. This situation is undesirable in terms of fishery management and 

highlights the importance of conducting further research into recruitment processes in the 

fishery. 

The yield-per-recruit modelling demonstrated that the influence of natural mortality levels on 

the outcomes of these models can be significant. As discussed in the previous chapter, a 

reliable estimate of M is one of the most difficult parameters to obtain in fisheries science. 

Furthermore, like most fisheries models, the present study assumes M is constant after 

recruitment to the fishery. This is likely to be incorrect, but as Vetter ( 1988) states, inherent 

difficulties in accurately determining M leave few viable alternatives for most models. 

Estimates of the sensitivity of the yield-per-recruit model to natural mortality revealed that 

within the range of M values produced by the different methods (Chapter 6), a variation of the 

relative yield-per-recruit of about 8% could be expected. Acknowledging this, the results of 

the yield-per-recruit analyses can be discussed in terms of the relative effects of different size 

limits and fishing mortality. 

Using the fishing and natural mortality estimates obtained in the previous chapter, the model 

predicts that the capture of crabs at less than 110 mm CW will produce a rapid decrease in 

relative yield-per-recruit in all but the lowest fishing mortality scenarios. This is because the 

crabs are effectively fished down before their potential increase in weight through growth is 

realised. This scenario has important implications for recruitment overfishing as none of the 

small crabs have reached maturity. On the other hand, there is also a significant reduction in 
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relative yield-per-recruit if crabs are not fished until they are greater than 160 mm. This 

results because the reduction in stock biomass through natural mortality outweighs the gain in 

yield that can be achieved from catching larger, heavier crabs. Relatively good yields-per

recruit were predicted if the size limit was between 120 and 150 mm CW, and the current 

minimum legal size limit of 130 mm CW appeared to be optimal for the fishery in its current 

status. The situation was complicated by the introduction of pot selectivity effects, however, 

as detailed examination of the effects of size limits between 110 and 150 mm CW revealed. 

The size range of crabs captured in the fishery has a mode around 155 em CW and 80% of 

crabs are between 140 and 175 mrn CW. So, most crabs are considerably larger than the size 

limit. In effect, pot selectivity is over-riding the minimum legal size limit and forces the 

capture of larger crabs. By doing so, the fishery is probably operating at slightly less (around 

10- 15%) than the optimal yield-per-recruit. Thus, it could be argued that the fishery would 

be more efficient if the gear was modified so that more of the catch was around 130 mrn CW. 

There is, however, the need to consider other aspect of the mud crab's population biology 

which probably have greater implications for the long-term viability of the fishery, such as the 

size at maturity and stock biomass. 

Less than 30% of female mud crabs are mature at 130 mm CW and even less males are 

functionally mature (Chapter 4). Thus, the number of crabs that reach maturity is reduced if 

more crabs are caught at smaller sizes and a lower size at first capture also leads to a decrease 

in the biomass-per-recruit (Fig. 7.4). The combination of these two effects has the potential 

to lower the reproductive capacity of the stocks which, in tum, increases the likelihood of 

stock-recruitment failure. Based on the model outputs, at current fishing levels it appears that 

around 20% of the recruited 1 + females remain in the population near the end of the year. It is 

uncertain, however, what proportion of the reproductive capacity of the stock these females 

represent. Growth rate information suggests that the females at this time of the year would be 

in their second mature instar, so presumably they have already had the chance to spawn at 

least once. Yet, if this is the case, spawning of females in their first mature ins tar would be 

outside the main spawning period. This may account for the low levels of spawning noted at 

other times of the year. Obviously, the relationship between the timing of a female moulting 

into the first and second mature instars and their offshore migration is still unclear and 

warrants further investigation. 
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A stock-recruitment relationship has yet to be established for mud crabs, but as a highly 

fecund animal, the relationship is less likely to be apparent unless the parent stock is at an 

extremely low level. In many crustacean stocks, recruitment levels are also largely 

determined by environmental factors such as rainfall (eg. Ruello 1973; Driver 1976; Vance et 

al. 1985; ) or ENSO events (Pearce and Phillips 1988). As yet, there is little understanding of 

what mechanisms determine recruitment levels in mud crabs, but fortunately, there is also no 

evidence of recruitment failure in the Northern Territory Fishery. Nevertheless, as the fishery 

continues to expand, and levels of unaccounted effort rise, there will be an increasing need to 

establish some stock-recruitment relationship and ensure that the stocks are not threatened by 

the levels of fishing. 
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7.5 FIGURES, TABLES AND PLATES 
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Figure 7.1 Relative yield-per-recruit of mud crabs at a range of fishing (F) and natural 

(M) mortalities. Scenario includes a minimum size limit of 130 mm CW and the 

current pot selectivity. 

Figure 7.2 Relative yield-per-recruit for mud crabs for a range of fishing mortalities and 

minimum size limits. Scenario assumes M = 1.0 and includes knife-edge selection at the 

minimum size limit. The arrow indicates the approximate region at which the current fishery 

is operating. 
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Figure 7.3 Relative yield-per-recruit for mud crabs for a range of fishing mortalities 

(0.0- 4.0) and minimum size limits (110- 150 mm CW) assuming: a) M = 1.0 and 

knife-edge selection at the minimum size limit; and b) M = 1.0 and the current pot 

selectivity. 
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Figure 7.4 Relative biomass-per-recruit for mud crabs for a range of fishing 

mortalities (0.0- 4.0) and minimum size limits (110- 150 mm CW) assuming: a) M 

= 1.0 and knife-edge selection at the minimum size limit; and b) lvf = 1.0 and the 

current pot selectivity. 
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Figure 7.5 Outputs produced from the recruitment-adjusted seasonal depletion model 

of the Northern Territory Mud Crab Fishery. In this run. the annual recruitment 

index was kept constant and monthly recruitment was set at 33% in each of March, 

April and May. Offshore migration of females was not included. Minimisation of 

SScatch only was achieved by adjusting q and R. The values of parameters used for the 

von Bertalanffy growth curves, length-weight relationships, selectivity and maturity 

ogives, and natural mortality are as described previously. 
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Figure 7.6 Outputs produced from the recruitment-adjusted seasonal depletion model 

of the Northern Territory Mud Crab Fishery. In this run, the annual recruitment 

index was kept constant and monthly recruitment was set at 33% in each of March, 

April and May. Offshore migration of females was not included. Minimisation of 

sscatch and SScPUE was achieved by adjusting q and R. The values of parameters used 

for the von Bertalanffy growth curves, length-weight relationships, selectivity and 

maturity ogives, and natural mortality are as described previously. 
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Figure 7.7 Outputs produced from the recruitment-adjusted seasonal depletion model 

of the Northern Territory Mud Crab Fishery. In this run, the annual recruitment 

index was allowed to vary but monthly recruitment was set at 33% in each of March, 

April and May. Offshore migration of females was not included. Minimisation of 

sscatch and SScPUE was achieved by adjusting q, R and the annual recruitment index. 

The values of parameters used for the von Bertalanffy growth curves, length-weight 

relationships, selectivity and maturity ogives, and natural mortality are as described 

previously. 
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Figure 7.8 Outputs produced from the recruitment-adjusted seasonal depletion model 

of the Northern Territory Mud Crab Fishery. In this run, both annual recruitment 

index and monthly recruitment was allowed to vary. Offshore migration of females 

was not included. Minimisation of sscatch and SScPUE was achieved by adjusting q, 

R, the annual recruitment index, and levels of monthly recruitment. The values of 

parameters used for the von Bertalanffy growth curves, length-weight relationships, 

selectivity and maturity ogives, and natural mortality are as described previously. 
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Figure 7.9 Outputs produced from the recruitment-adjusted seasonal depletion model 

of the Northern Territory Mud Crab Fishery. In this run, the monthly recruitment 

was allowed to vary in order to achieve a beter fit to the length frequency 

distribution. Thus, minimisation of sscatch ' SScPUE and sswidth was achieved by 

adjusting q, R, the annual recruitment index, levels of monthly recruitment. The 

values of parameters used for the von Bertalanffy growth curves, length-weight 

relationships, selectivity and maturity ogives, and natural mortality are as described 

previously. Note: for reasons discussed in the text, fitting of the length frequncy 

distribution was not included in any other model runs. 
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Figure 7.10 Outputs produced from the recruitment-adjusted seasonal depletion model 

of the Northern Territory Mud Crab Fishery. Offshore migration of females was 

incorporated in this run. Minimisation of sscatch and SScPUE was therefore achieved 

by adjusting q, R, the annual recruitment index, levels of monthly recruitment and the 

female migration parameters. The values of parameters used for the von Bertalanffy 

growth curves, length-weight relationships, selectivity and maturity ogives, and 

natural mortality are as described previously. 
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Figure 7.11 Prediction from the recruitment-adjusted seasonal depletion model of the number of 

female 1 + recruits remaining in the population by December of each year as a percentage of 

the number of initial female recruits in that year. It was assumed that these remaining females 

may be an indication of the potential spawning stock. 

Figure 7.12 Prediction from the recruitment-adjusted seasonal depletion model of the weight of 

1+, 2+ and 3+ mud crab year classes in monthly commercial catches during 1995. 
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Figure 7.13 Prediction from the recruitment-adjusted seasonal depletion model of the 

monthly biomass of mud crab stocks (1+ and older) in Northern Territory, both with 

and without fishing effort. 
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8. CONCLUSIONS 

"The essential biological feature of any fishery is the dynamics of the fish population" Hilborn 

and Walters 1992. 

The Northern Territory Mud Crab Fishery is characterised by a seasonal pattern of high 

catches during the dry season months of June to October followed by lower catches during the 

wet season, when the fishery virtually closes down. The present study has elucidated aspects 

of the population dynamics of the mud crab resource that explain this pattern. 

Whilst a low level of spawning may occur throughout the year, the main spawning period 

appears to be during the peak of the wet season (December - February), when the females 

move offshore to spawn, and beyond susceptibility to the inshore fishery. The months 

following spawning and the early life history of mud crabs are the least well known of the 

mud crab life-cycle. Although it appears that most mature females move offshore to spawn, it 

is unclear how long they remain offshore, what proportion of females undergo multiple 

spawnings, or what is the batch size and viability of subsequent spawns. Little is also known 

of the timing or mechanisms by which the larvae or small juveniles move back into the 

inshore mangrove regions or of their growth and survival during this period. Nevertheless, it 

appears that about one year after spawning, the crabs have reached a size of around 130 mm 

CW at which stage they begin to become vulnerable to the fishery. This recruitment to the 

fishery begins in February/March but because of their small size, only a low proportion will be 

caught by the pots at this stage. The fishery builds up during the following months as these 

new recruits grow become increasingly vulnerable to capture by the commercial gear, which is 

biased towards the larger crabs. Effort increases rapidly as crabbers return to the fishery after 

their break during the relatively unproductive months of the wet season. CPUE also increases 

during this time and by mid-year the effort, catches and CPUE in the fishery have usually 

reached their maximum. There may be a slight drop in catches in July to August possibly 

because lower water temperatures reduce the catchability of the crabs, but catches generally 

remain high until November. Catches in the early months of the year consist mainly of males, 

but by mid year, the sex ratio of catch~s is even, and moves to an increasing predominance of 

females during the latter months of the year. This is probably because crabbers specifically 

target the females as they begin to migrate offshore, but it is also possible that female's 

catchability increases during this time. At the end of the year, however, catch rates drop 
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rapidly, females virtually disappear, catches decline and the fishery closes down. The timing 

and extent of this annual decline is probably determined by the complex interplay of the 

dynamics of the resource, the behaviour of the fishing fleet and the onset of the wet season. It 

appears that one of the major reasons is that extensive fishing has significantly reduced the 

number of crabs remaining in the stock from the recruitment pulse early in the year. This 

effect is compounded by the movement of spawning females away from the inshore fishery 

and possibly reduced catchability of males during the wet season. Combined with these 

inherent stock dynamics, the onset of the wet season reduces road access to many of the major 

fishing areas and living in tents or shacks and working from small dinghies becomes most 

impractical and unpleasant. Consequently, the crabbers, who have been working virtually 

seven days a week for up to nine months in these isolated conditions are ready to stop fishing. 

There is three months of little activity in the fishery. Crabbers begin to return to the fishery as 

early as February I March, as much to ensure a "claim" on good fishing areas as to begin 

fishing; because catches at this time are generally low. Catches are mainly comprised of the 

few remaining crabs from the previous season and males dominate the catches because most 

mature females are probably still offshore. Catches begin to improve as the next season's 

recruits begin to enter the fishery and the females return from offshore. The annual cycle in 

the fishery then repeats. 

Within this seasonal regime, the fishery has undergone significant development since 1983. 

Details of this development were elucidated through analysis of catch and effort data from 

commercial fishing logbooks. Logbook catch records were validated using airline cargo 

figures and revealed that under-reporting did occur but was not consistent and usually below 

10%. Effort has expanded from 100,000 potdays/year to nearly 600,000 and has resulted in an 

increase in annual reported catches from around 30 t in 1983 to 260 t in 1995. This expansion 

occurred despite the introduction of input controls in 1985; basically through the uptake of 

latent effort. The 49 licences in the fishery when it became limited entry are now being 

worked more days each month and more months of the year. Furthermore, the maximum of 

60 pots per licence is now being fully utilised. During this period of expansion, the use of 

"potday" has remained as a relatively stable measure of effort. Technology creep does not 

appear to have been a major issue in the fishery. Double checking of pots has become more 

common, however, possibly resulting in about a 10- 15% increase of the effective effort of a 

potday over the last decade. This figure is of a similar magnitude to the level of under-
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reporting, so overall, CPUE figures were considered to be reasonably valid. They were not, 

however, necessarily a good index of abundance over the years. 

As the fishery developed, it also expanded into new and more remote regions of the Northern 

Territory. As such, the stock available to the fishery has effectively increased over time. 

Consequently, we have seen annual catches increase in almost direct proportion to the 

significant increase in effort. Accordingly, annual CPUE has remained relatively stable. 

Whilst this could be interpreted as the fishery having little impact on the stocks, this was not 

supported in the model of the fishery or by other data. The more likely hypothesis was that 

annual CPUE was not a good index of abundance. Within individual years, however, it was 

considered that expansion was negligible and the selective use of monthly CPUE could be 

used as an index of abundance. Analysis and modelling of monthly catch and effort figures 

suggested that the regular seasonal decline in CPUE during the wet season reflected a decline 

in mud crab abundance and/or catchability during this period. Furthermore, it was apparent 

that the fishery was exerting considerable pressure on the stocks. With exploitation rates 

around 50%, most of the crabs are caught during their first year in the fishery. Although most 

of these crabs are mature when they are caught, they may not have necessarily spawned, so the 

high exploitation rates have the potential to significantly reduce the reproductive capacity of 

the stock. Model predictions indicate that only about 20% of 1 + females are left in the stock 

at the time of the main offshore spawning migrations. Whether this could result in 

recruitment over-fishing is uncertain, because as yet, no stock-recruitment relationship has 

been established. However, when considering the potential impact of fishing on the spawning 

stock size and the likelihood of recruitment over-fishing in the Northern Territory, it is 

important to remember that there is negligible fishing pressure across vast regions of the 

isolated northern Amhem Land coastline and in southern Joseph Bonaparte Gulf. Mud crabs 

are found throughout these regions and although stock sizes are unknown, the offshore 

migration of the highly fecund females, combined with the planktonic larval stage and large 

tides and currents around the Northern Territory suggests that there is significant potential for 

these regions to act as refuge areas from which recruitment to other parts of the fishery occur. 

Nevertheless, the potential for recruitment over-fishing always exists, and this has important 

implications for a fishery dependent on input controls. These are discussed below. 
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The main management controls in the commercial Mud Crab Fishery in the Northern Territory 

are the minimum legal size limit (130 mm) and the restrictions on the number of licences (49) 

and the number of pots operated by each licence (60). These input controls were introduced in 

1985, but in the following decade, developments in the fishery have had important 

implications of the effectiveness of these controls. 

Minimum size regulations are common in invertebrate fisheries and, as Jamieson and Caddy 

( 1986) state " ... are often justified to protect the reproductive capacity of the stock, even if a 

clear stock-recruitment relationship is not known, and/or to restrict the harvest of size 

categories to those sizes most amenable to processing or market demand." This was the case 

in the Mud Crab Fishery, where a size limit was initially introduced based on marketing 

requirements and only minimal understanding of the animal's biology and population 

dynamics. Unbeknown to managers at the time, the adoption of a relatively standard pot 

construction and mesh size (75mm x 50mm) by commercial crabbers, introduced a gear 

selectivity which effectively increased the size limit and has provided protection for a greater 

proportion of the mud crab population to reach maturity than the legislated size limit. This 

highlights the importance of understanding the interaction of size limits and gear selectivity. 

In many crab and lobster fisheries, introduction of minimum-sized mesh or escape gaps into 

the traps has been required so that these undersize animals do not get caught (Brown 1982; 

Methot 1986; Elner and Bailey 1986). It is fortunate in the Northern Territory Mud Crab 

Fishery, that the standard gear has a selectivity well suited to both the size at maturity and 

yield-per-recruit of mud crabs. The controls on this selectivity are not legislated, however, so 

there is potential for a reduction in capture size if gear designs change. Recognising this, in 

1995 managers introduced a higher size limit for female mud crabs (140 mm) in the Northern 

Territory. This corresponds to a size at which about 70% of female crabs are mature. 

Although there was no evidence of recruitment overfishing, there was negligible opposition to 

this introduction, as it was seen as a precautionary measure which would protect the 

reproductive stock and have little impact on catches. The size limit for males remained at 130 

mm. This was justified because crabbers expressed that small males were important for their 

markets, and based on the present study, there appeared to be less of a need for the same 

protection as females (see Chapter 4). 
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In the Northern Territory Mud Crab Fishery, both male and female crabs are retained. Many 

crab fisheries, (Methot 1989; Bailey and Elner 1989) including the mud crab fishery in 

Queensland (Heasman and Fielder 1977), do not allow females to be retained. This is a 

conservative measure which assumes that the size limit protects sufficient mature males to 

adequately fertilise the unfished female population. The validity of this assumption has been 

questioned ( eg. He as man 1980; Hill 1982) and research into the fertilisation rates of female 

mud crabs in Queensland revealed that between 70 and 90% of females were fertilised. This 

is lower than fertilisation rates in the Northern Territory, which were around 90%, but the 

relative proportion of females in catches in Queensland (Wayne Sumpton pers. comm. 

Queensland Department of Primary Industry) is higher than the Northern Territory, 

presumably because they are fully protected. Also, the present study found that only about 

one third of male mud crabs had mating scars, although there was the potential for other males 

to mate. Thus, it may be concluded that, to a certain extent, the sex ratio of a population could 

be significantly biased towards females without the risk of increasing the levels of unfertilised 

females. Nevertheless, there is ultimately a trade-off between a management strategy that 

totally protects females at the risk that a proportion of these females may not be fertilised and 

another that allows females to be taken at an increased risk of recruitment overfishing. These 

two management regimes are evident in Queensland and the Northern Territory respectively. 

Whether one proves to be more successful in maintaining the long-term viability of the fishery 

remains to be seen. The input controls and restrictions on fishing effort in Queensland are far 

less restrictive than in the Northern Territory (Bartleet et al. 1993), so it is possible that the 

Queensland fishery requires more stringent controls on the size limit (which is 150 mm CW) 

and the taking of females. Nevertheless, there are indications that recent developments (see 

below) in the Northern Territory fishery may be undermining the current input controls. 

Limitation of potential fishing effort through pot and licence restrictions is the other major 

aspect of the management controls in the Northern Territory Mud Crab Fishery. During the 

term of this study, the fishery appeared to be developing within the bounds of these 

restrictions. The practice of hauling pots more than once a day, began to be more prevalent in 

the later years of the study and indicates a means of "getting around" these restrictions. 

Apparently, this practice is now very common and is not just restricted to spring tides (Chris 

Calogeras pers. comm. NTDPIF, 1997; also see Chapter 3). Calogeras (pers. comm. 1997) 

also reports that based on enforcement activity undertaken in 1997, large numbers of illegal 
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pots (above the maximum of 60 per licence) were evident in the fishery and crabbers use their 

"crew" to assist working these extra pots. All of these practices reduce the effectiveness of 

input controls. Similar problems are encountered in most fishery managed by input controls 

(Hilborn and Walters 1992). The ways in which such problems are addressed, however, are 

extremely varied and depend on the specific circumstances in the fishery; not just the factors 

affecting stock dynamics, but also the economic, sociological and ethnological aspects of the 

fishery. As mentioned in the General Introduction, this is the role of fisheries management 

and outside the scope of this thesis. Nevertheless, in concluding this thesis, it is worthwhile 

discussing the management implications of the research and the potential areas of future 

research. 

Due to the cryptic nature of mangrove habitats and the vast and isolated coast over which the 

Northern Territory Mud Crab Fishery operates, enforcement of the number of pots which 

crabbers use will always be difficult. As such, the potential for effort to increase beyond that 

envisaged in the initial management restrictions will exist. In contrast, the size limit is an 

aspect of the management controls which is easily enforceable because nearly all of the mud 

crabs caught in the Northern Territory are air-freighted out through Darwin. This being the 

case, if input controls are to remain as the main management tool, the requirement for an 

adequate size limit is essential to protect the stocks from recruitment overfishing. Despite the 

work undertaken in the present study, there are still components of the mud crab life-cycle and 

population dynamics which require further research if this protection is to be ensured. High 

among these is the establishment of a stock-recruitment relationship (see Chapter 4). 

Underpinning this is the need to develop a means of determining the size of the female 

spawning stock and an index of recruitment. Neither of these is simple. 

Determination of spawning stock size will require a better understanding of the reproductive 

outputs by the two or more mature female instars, and this will be influenced by incidence of 

multiple spawnings within each instar, their relative fecundity and fertilisation rates, and 

timing relative to the seasonal fishing pressure. The percentage of the mature stock which 

migrate offshore and spawn will also be important, as will be the length of time they remain 

offshore and their movement back into the inshore environment. 

The difficulties in developing a recruitment index based on larval abundance or 0+ crabs have 

already been highlighted. Although continued research into these areas may be fruitful, it is 
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expensive and alternative measures may be more appropriate. Other invertebrate fisheries 

have used methods such as pre-season catch rates or surveys of larvae or juveniles ( eg. 

Phillips and Hall 1978; Okutani and Watanabe 1983) as recruitment indices. In the Northern 

Territory Mud Crab Fishery, commercial catch rates between March and May combined with 

information on the percentage of immature females may be useful in this manner, although 

allowance for the selectivity of the commercial gear would have to be included. 

In conclusion, despite the large amounts of research that have been undertaken on mud crabs 

throughout the Indo-west Pacific region, information on their population dynamics is sparse 

and there has been virtually no detailed analyses of fisheries catch and effort data. The 

research undertaken in this thesis has successfully combined these two types of information to 

explain mud crab population dynamics in the Northern Territory and their relationship to the 

commercial fishery. Fisheries are dynamic systems, however, and this needs to be reflected in 

fisheries management and the science that supports it. It should be remembered that the data 

available in this research only spanned a decade during the developing stages of the fishery. 

This is a relatively short time period and in the future, as more data are collected, 

interpretations of the information may change. Like most research, in providing a better 

understanding of the system being studied, I have, in tum, raised more questions and 

highlighted aspects of mud crab biology and population dynamics that require further 

research. Nevertheless, the research in this thesis has contributed to our general 

understanding of crustacean biology and ecology, and more specifically, to our knowledge of 

mud crab fishery dynamics. In doing so, it has important implications for the management of 

the Northern Territory Mud Crab Fishery and other mud crab fisheries. I hope the research 

will be used by fisheries managers to support and guide management decisions to ensure the 

long-term viability of these fisheries. 
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Appendix 1 

Area codes reported in Northern Territory 
commercial catch and effort logbooks 

and 
Classification of areas into river systems 



Code Area Code Area 

10 W.A.-CAPE LONDENDARY 161 BATHURST ISLAND 
11 W.A.-KIMBERLEYS 162 TIMOR SEA 
20 WEST V ANDERLIN 163 ARAFURASEA 
21 SOUTHERN GULF 164 MOSS SHOAL 
31 FRANKLIN SHOALS 165 BUFF SHOAL 
32 NWBATHURST 166 PARRY SHOAL 
40 BLACKWOOD SHOAL 171 NORTH MEL VILLE 
41 TIMOR SEA SHOAL 172 GOODICH BANK 
42 FLINDERS SHOAL 173 MARIE SHOAL 
50 WEST OF CAPE FORD 174 COOTAMUNDRASHOAL 
52 LITTLE MOYLE 175 TIMOR SEA 
53 EMU REEF 181 SHELLY BANK 
54 BATEMAN SHOAL 182 ARALGBEACH 
55 CAPE SCOTT 183 POINT FAREWELL 
56 PORTDOMBY 184 CRAB CREEK 
60 TIMOR SEA 201 SHOAL BAY 
71 TIMOR SEA 202 QUAIL ISLAND 
121 VICTORIA RIVER 203 FOG BAY 
131 HYLAND BAY 204 DARWIN AREA 
132 NEW MOON INLET 205 CHARLES POINT 
133 FITZMAURICE 206 FINNIS RIVER 
134 MOYLE RIVER 207 BASS REEF 
135 PORT KEATS 208 GROSSE ISLAND 
136 INJIN BEACH 209 BYNOE HARBOUR 
137 ANDIMELEE BEACH 210 LORNA SHOAL 
138 ANDIMURRAI BEACH 211 CLARENCE STRAIGHT 
139 NARDIDDI 212 TAA/ADAMS BAY 
140 DOCKERTY ISLAND 213 TAPA BAY 
141 DALY 214 FISH REEF 
142 ANSON BAY 215 ADAM BAY 
143 PERRON ISLANDS 216 CAMARONS BEACH 
144 CAPE FORD 217 NATURE POINT 
145 HYLAND BAY 218 MIDDLE ARM 
146 RED CLIFF 219 WEST POINT/MANDORAH 

147 BONAPARTE GULF 220 MUD ISLAND 
148 MOYLE RIVER 221 WEST ARM 
149 CAPE FORD AREA 222 EAST ARM 
151 POINT BLAZE 223 CAPE CRAWFORD 

152 FOG BAY 224 KALALUK BEACH 

153 POINT JENNY 225 PORT PATERSON 

154 FLAT TOP BANK 226 NATIVE POINT 

155 TIMOR SEA 227 POINT PIPER 
156 SHEPPARTON SHOAL 228 NORTH GUTTER 



Code Area Code Area 

229 ROCHE REEF 368 VOSHIAN HEAD 
230 INDIAN ISLAND 369 CAPE DON 
231 DALY RIVER 370 BEAGLE SHOAL 
232 ANSON BAY 371 BRENTON BAY 
233 FINNIS RIVER 390 SALTWATER ARM 
234 CHANNELL POINT 391 MARY RIVER 
235 CLIFF HEAD 392 FRIGHT POINT 
236 DOCKERTY CREEK 393 ALLIGATOR HEADS 
237 SALMON CREEK 395 SHOAL BAY 
238 REYNOLDS RIVER 398 WILDMAN 
239 PERRON ISLANDS 451 WEST ALLIGATOR 
261 BATHURST ISLAND 452 COOPERS CREEK 
262 CAPE FOURCROY 453 SOUTH ALLIGATOR 
263 ROCKY POINT 454 EAST ALLIGATOR 
264 CAPE KEITH 455 WILDMAN 
265 GORDON BAY 456 FIELD ISLAND 
266 NGUIU 457 ALLIGATORS UNSPECIFIED 
267 CAPE VAN DIEMAN 458 MOUNTHORIES BAY 
268 GARDEN POINT 459 GRANT ISLAND 
269 APSLEY STRAIT 460 SANDY ISLAND 
274 SHARK BAY 461 MURGANELLA 
301 CHAMBERS BAY 462 CROKER ISLAND 
302 LEADERS CREEK 463 PORT ESSINGTON 
303 ADELAIDE RIVER 464 MINI MINI 
304 GUNNPOINT 465 VAN DIEMAN GULF 
305 TOMMYCUT CREEK 466 GREENHILL 
306 POINT STEPHENS 467 MTNORGSBAY 
307 HOPE INLET 468 FINKE BAY 
308 SAMPAN CREEK 469 TREPANGBAY 
309 RUBY ISLAND 470 MALAY BAY 
310 POINT STUART 471 POINT ESSINGTON 
311 CAPEHOTHAM 472 lOANS 
312 MEL VILLE ISLAND 473 CROKER ISLAND 

313 VERNON ISLAND 474 OXLEY ISLAND 

320 THRINGS CREEK 475 MONEY SHOAL 

321 pORT DALY 480 SMITH POINT 

360 MURGANELLA CREEK 551 HOGMANDYSHOAL 

361 MEL VILLE ISLAND 552 JUNCTION BAY 

362 TREPANGBAY 553 GOULBOURN ISLAND 

363 YAMANTIBAY 554 GRANT ISLAND 

364 JOHNSON RIVER 555 GUMADIR 
365 COOPER HEAD 571 NEW YEAR ISLAND 
366 COBURG PENINSULA 572 MONEY SHOAL 
367 SOLDER POINT 601 CAPE WESSELS 



Code Area Code Area 

651 GLYDERIVER 811 HUMECREEK 

652 BOUCAUTBAY 812 TAWARILA 

653 BLYTH RIVER 813 PINE CREEK 

654 HOWARD ISLE 814 MULE CREEK 
655 MILLINGIMBI 815 LIMMEN RIVER 

661 BOUCHETBAY 816 CENTRE ISLAND 

662 MILLINGIMBI AREA 817 SHARKER POINT 

711 LIMMEN BIGHT 818 DAVIES CHANNEL 

720 ROPER RIVER 819 LOUSY CREEK 
731 ROPER RIVER 820 SALT BAY 

732 TOWNS RIVER 821 LABU ISLET 

733 LIMMEN BIGHT 826 BING BONG 

734 ROPER RIVER FLATS 831 SOUTH GROOTE 

735 SPILLEN CREEK 832 CUMBERLEDGE REEF 

736 ROSE RIVER 833 TASMAN POINT 
741 BENNET BAY 834 GROOTE REEF 
742 WALLAR RIVER 841 NORTH GROOTE 

743 FOWLER ISLAND 842 BLUE MUD BAY 

744 KOOLATONG 843 BRUMMET BAY 

745 DIRTY CREEK 844 GROOTE EYLANDT 
746 GRINDALL BAY 845 DUDLEYS 
751 BUCKINGHAM BAY 846 NORTH EAST ISLAND 
752 CASTLEREIGH BAY 847 BURNS SHOAL 

753 HOWARD RIVER 848 BUSTARD ISLAND 

770 CADELL STRAIT 849 WINCHELSA 

771 STEPHENS ISLAND 850 CALEDONBAY 

772 ELCHO ISLAND 851 MEL VILLE BAY 

773 GILGILIA STRAIT 852 ARNHEMBAY 
774 DALMAN A 853 DOYLE ROCKS 
775 HOWARD ISLAND 854 SIR RODERICK ROCKS 

776 GAMPINAMIRR 855 PORT BRADSHERE 

777 WURRPAN 856 CAPE GREY 

778 TIMOR SEA 857 COREDONBAY 

779 DURRANALPI 858 CAPEARNHEM 

801 McARTHUR RIVER 859 GOROMURU 

802 SIR EDWARD PELLEW 860 PETER JOHN RIVER 

803 CROOKED·RIVER 861 MARCHINBAR ISLAND 

804 PORT MCARTHUR 862 GOVE 

805 WEARY AN RIVER 863 ENGLISH CO. ISLANDS 

806 BORROLOOLA 864 TRUANT ISLAND 

807 CARRINGTON CHANNEL 865 BROMBY ISLAND 

808 DUGONG CREEK 866 WESSELS 

809 LITTLE LUCKY 867 CAPE WILBERFORCE 
810 HARNEY ISLAND 868 CUMBERLAND STRAIT 

869 JENSEN BAY 



Code Area Code Area 

870 HABGOOD 

871 CATORIVER 
872 GIDDY CREEK 
873 BREMER ISLAND 
874 WIRRAWAWUY 
875 GOVE 
876 BUNNER ROCK 

880 ANGURUGU RIVER 
881 BRADY ROCK 
882 CAPE GREY 

901 ROBINSON RIVER 
902 MASSACRE INLET 
903 CAL VERT REEFS 

911 WEARY AN RIVER 
912 PELICAN SPIT 
913 VANDERLINS 
914 MACKEREL HILLS 
915 NORTH ISLAND 
916 PEARCE AND THE ROSE 
917 THE MOUNTAINS 
918 ROBINSON RIVER 
919 SHARK CREEK 
920 MCARTHUR RIVER 
925 EAST OF BORROLOOLA 
941 GULF AREA 
942 DALUMBABAY 
943 GROOTE REEF 
950 GOVE 
970 KEEP RIVER 
971 LIVERPOOL RIVER 
972 ELCHO ISLAND 
973 LOEE PATCHES 
974 PINNACLES 
975 FENTON PATCHES 

976 CASUARINA 
977 POINT BLAZE 
979 TURNBULL BAY 
980 GUNNPT 
986 VERNON IS. 
988 MILNE INLET 
999 UNKNOWN 



Area code 

970 
121,95 
136, 133, 132 
148,134,52, 131,56,145,140,135 
142, 232, 144, 149, 235, 141, 231, 146 
206,233,152,203,151,977,153 
209,225,230,208,202,214,213,979 
976,205,204,222,218,219,220,221 
304,307,753,201,395 
215,313,311,211,980,392,302,390,212,303 
301,310,391,308,305,309 
468,455,398 
451 
453,456 
454,183,452,485 
461,360,464 
366,362,469 
553 
552 
971 
653,652 
651,775,654,655,662 
751 
852,863 
851,867,862,875,950 
858,850,856,882 
746 
743 
747,842,741,884 
736 
720,731,734,733,730,711 
732 
815 
801,804,806,807,816,817,818,920,802,803,85 
805, 911, 24 
918,901 
903,904 
143,239 
986 
161,261,361,312,274,919,265,269,272,277 
866 
844,943,834 
802 
826 
999; 

River system 

KEEP RIVER 
VICTORIA RIVER 
FITZMAURICE RIVER 
MOYLE RIVER 
DALY RIVER 
FINNISS RIVER 
BYNOE HARBOUR 
DARWIN RIVER 
HOWARD RIVER 
ADELAIDE RIVER 
MARY RIVER 
WILDMAN RIVER 
WEST ALLIGATOR RIVER 
SOUTH ALLIGATOR RIVER 
EAST ALLIGATOR RIVER 
MINIMINI/MURGANELLA Ck 
COBURG PENINSULA 
KING RIVER 
GOOMADEER RIVER 
LIVERPOOL RIVER 
BLYTHE RIVER 
GLYDERIVER 
BUCKINGHAM RIVER 
ARNHEMBAY 
MEL VILLE BAY 
C. ARNHEM - C. SHIELD 
DURABUDBOI RIVER 
MAIDJUNGA RIVER 
WALKER RIVER 
ROSE RIVER 
ROPER RIVER 
TOWNS RIVER 
LIMMEN BIGHT RIVER 
McARTHUR RIVER 
WEARY AN RIVER 
ROBINSON RIVER 
CAL VERT RIVER 
PERRON GROUP 
VERNON GROUP 
BATHURST/MEL VILLE Is. 
WESSEL GROUP 
GROOTE Is. 
PELLEW GROUP 
BINGBONGCk 
UNKNOWN 
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Loxothylacus ihlei Boschma, (Rhizocephala) and its effects 
on the mud crab, Scylla serrata (Forskai), in northern 
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P. J . F. DAVIE & L. R. G . CAN N 0 N Queensland Museum, South Brisbane, Queensland, Australia 

Introduction 

Abstract. Loxothylacus ihlei, a rhizocephalan parasite of the mud crab, Scylla serrata (Forskal), is 
reported for the first time in Australian waters. The parasite is described and found to be variable in a 
number of characters. Most infected S. serrata, collected from commercial catches in the Northern 
Tenitory, Australia, were significantly smaller than uninfected crabs, and their abdominal flaps were 
relatively larger than those of mature females. Annual prevalence of infection was low (2·1% ), with the 
monthly variation ranging from negligible early in the year to around 7% in November. 

Fisheries for the mud crab, Scylla serrata (Forskiil), have substantial commercial importance throughout 
the Indo-West Pacific region, with annual catches of around 23000 tin 1992 (FAO 1994). Loxothylacus 

ihlei was first described by Boschma (1949) as a parasite of S. serrata in Indonesian waters. He gave no 

details on its effects on S. serrata, and despite the host's extensive distribution and substantial commercial 

importance, the parasite has received no further study. In this paper, we report L. ihlei as a parasite of 

S. serrata in Australian waters for the first time. Its influence on the morphometry of the host and its 

prevalence in commercial catches from the Northern Territory is reported. 

Materials and methods 

Infected S. serrata were collected as part of a monitoring programme on the commercial mud crab fishery 

in the Northern Territory, Australia. Commercial catches were sampled over a 2-3-day period at monthly 

intervals between June 1990 and December 1993. During these sampling periods, fisherman were re

quested to keep their entire catch, including undersized and early post-moult crabs. 
Sex, carapace width (CW: width including posterolateral spines), total weight (TW: whole live weight, 

excluding crabs with missing chelae), moult stage and physical damage were recorded from each crab. 

The sixth abdominal segment width (SASW: widest part of the sixth abdominal segment, excluding 

setae) was measured for all females, a sub-sample of males, and most parasitized crabs, since parasitism 

causes broadening of the abdominal flap (Weng 1987; Hochberg, Bert, Steele & Brown 1992). The pres

ence of externae (Fig.! A), the scar from loss of the externae or distinctive morphological changes caused 

by parasitism were used as an indication of infected crabs, whilst all other crabs were considered as 

uninfected. Dissection for internae was not undertaken. 

Correspondence: Ian Knuckey, Fisheries Division, Department of Primary Industry and Fisheries, G.P.O. Box 990, Darwin, 
NT 080 I, Australia. 
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Maturity in male mud crabs, Scylla serrata (Forskal) 
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