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Disclaimer

This submission has been prepared by the Fisheries Division of the Northern Territory,
Department of Business, Industry and Resource Development. The views and opinions expressed
in this publication are those of the authors and do not necessarily reflect those of the Department
of the Environment and Heritage, the Minister for the Environment and Heritage or the
Commonwealth Government. The Commonwealth does not accept responsibility for the
accuracy or completeness of the contents, and shall not be liable for any loss or damage that may
be occasioned directly or indirectly through the use of, or reliance on, the contents of this

publication.
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TERMS OF REFERENCE
Description of fishery

The Northern Territory mud crab fishery is based on the taking of Scylla serrata by
pots for the live food trade, recreation and subsistence purposes.

The major stakeholder groups are the commercial wild harvest sector, recreational
fishers and those, such as the indigenous population, who utilise the mud crab as a
subsistence food as well as it having cultural significance. The aquaculture sector
has a long-term interest in the wild stock aspect of the fishery for broodstock
purposes. There is also a sector of the community who do not take, or consume
mud crab, but still have a significant interest in the health of the resource and the
impact of the fishery on the ecosystem and greater environment.

The fishery has been actively managed since the early 1980’s when formal
arrangements were put in place to ensure that the fishery had the opportunity to
develop within well defined management boundaries.

As such, the fishery has not been subject to the boom and bust cycle often seen in
developing fisheries, but has had a management regime that has sought to
continually refine the initial controls for the fishery.

Responsible agency

The NT Government has legislative control over the mud crab fishery and the
responsibility to manage the resource in a sustainable manner on behalf of the entire
community, for the benefit of all.

The Fisheries Division of the Department of Business, Industry and Resource
Development (DBIRD) is the primary government agency responsible for
management of all fish and aquatic resources that the NT has jurisdictional
responsibility for, including mud crab.

Administration is by way of the NT Fisheries Act (1988) and subordinate legislation,
such as the Fish and Fisheries Regulations (1995), various Gazette notices and
conditions of licence, but primarily through the Mud Crab Fishery Management Plan
(NTG 1991).

Species

The mud crab is a large portunid crab common throughout the Indo—West Pacific
area and is distributed from the mid coast of New South Wales, north, including
Queensland and the NT around to the south west coast of Western Australia.
However, the greatest catches are taken in the north of Australia (ABARE 2001).

Although there are four identified species of mud crab, (Keenan et al 1998) and all
four species are permitted to be taken in the NT, the catch is made up almost
entirely of Scylla serrata, the green mud crab (Figure 1) (Knuckey 1999).



This is because two of the species, S. paramamosan and S. trababequeta, are not
found in NT waters, and the other species, S olivacea, although found in small
numbers across the west of the NT, is seldom caught.

FIGURE 1: Green Mud Crab Scylla serrata

Identification and distribution of the species is well documented within the NT with a
sample of around 20,000 mud crabs revealing over 99.5% to be S. serrata and less
than 0.5%, S. olivacea (Knuckey 1999). Species composition has been reviewed
and the identification used by Knuckey confirmed by the work of Keenan et al in
1998.

Extensive biological studies have been undertaken on Scylla serrata in the NT and
background information on the species is contained in Appendix I.

Small numbers of other crab species and fish are sometimes caught during fishing,
but the quantities of non-target species are not significant. This is primarily due to the
fishing gear used and it's construction. Because of the depth in which fishing takes
place, those animals, which are caught, can be successfully released back into the
water unharmed. Bycatch species are discussed further in Principle 2.

Fishing method

The fishery is based on pots which are set in estuarine and coastal waters. The pots
may be up to 0.5m* in volume with two sides permitted to be up to one metre in
length.

However, a standard industry configuration has been used from the early days of the
fishery where the volume of pots is closer to 0.15m* (Figure 2). There is no plan to
legislate a reduced pot size at this stage, as different pot configurations may be more
efficient or effective in different areas being fished.



The pots are rectangular in shape and made of 75mm by 45mm weld mesh steel
with an entrance funnel at each end. The pots are very light, weighting around 2-3
kg each and are hand hauled aboard small dinghies, which are generally less than
5.5 meters in length. These characteristics are very similar for the commercial,
recreational and many of the subsistence fishers.

Figure 2: Typical pot for taking mud crab

Due to the effectiveness of the standard pot design, no other fishing method is used
by the commercial sector. Non-commercial fishers, in addition to the standard pot
design may also use dilly pots, and less commonly spears and crab hooks.

Dilly pots have a legislative restriction on the minimum size of netting that can be
used. This was put in place to minimise the chance of animals becoming entangled
in the netting material, or having a significant impact on the environment if fishing
gear is lost. Ghost fishing is not considered an issue for pots, because when not
baited, they do not attract animals into them, and as crabs, isopods and small fish
rapidly consume most bait, there is little chance of any negative interaction.

When using pots, the general technique is to bait the pots with fresh red meat or fish,
set the pots, and then check them each rising tide. This would generally equate to
two sets and retrievals a day, although this is not prescribed and may be more or
less, depending on circumstances, such as crab abundance, tides or weather
conditions.



Commercial fishers are limited to 60 pots per licence and non-commercial to 5 pots
per person, with no more than 10 per vessel, even if there are more than two
persons on the vessel.

Commercial crabbers are also allowed to use what is termed a restricted bait net to
catch bait for use in their pots. The major species taken are mullet, blue salmon,
catfish and shark. The use of this apparatus will be discussed in the later sections
on bycatch and byproduct; i.e. Principle 2, Objectivel.

Area fished

The fishery covers all tidal waters adjacent to the NT and includes rivers, bays and
the open sea (Figure 3). Most commercial activity is focused in the tidal flats
adjacent to the coast, out to five kilometres offshore, and within rivers in some areas.
Currently, the majority of commercial activity occurs in the southwestern areas of the
Gulf of Carpentaria with a smaller amount in the Darwin region.

Compulsory logbook information provided by commercial crabbers indicates that
approximately 40% of the catch is taken from the McArthur River area, 30% from the
Roper River area, 15% from Blue Mud Bay and 15% from the Darwin region which
includes Adelaide River, Bynoe Harbour and Chambers Bay (Hay et al. 2001)
(Tablel, Figure 3).

For the majority of non-commercial fishers, most activity occurs within the rivers and
creeks adjacent to areas of easy access, such as close to boat ramps, communities,
or towns such as Borroloola, Darwin, Shoal Bay, Bynoe Harbour, Gove and Fog Bay
areas (Figure 3) (DPIF 2001a). It is estimated that around 65% of the recreational
catch was taken from the Darwin region and 25% from the McArthur River area
(Coleman 1998).



Table 1: Commercial catch and Effort in the NT Mud Crab Fishery by Major
Area 1984 — 2000

Year Total Borroloola Roper Blue Mud West Darwin Arnhem

Catch | Effort |Catch | Effort |Catch [ Effort |Catch [ Effort |Catch [ Effort |Catch | Effort [Catch | Effort
00 [1037755 | 983524 [ 533992 | 453580 [277289 | 225120 | 73300 | 64860 487 1800 | 130202 | 207564 | 23410 | 30600

99 754812 | 981060 | 315175 | 430680 | 199903 | 253380 (115044 | 113700 70 540 | 99016 | 148080 | 25605 | 34680

98 528325 | 1042157 | 285983 | 543570 | 134301 | 222000 | 34380 | 43035 1933 | 10320 | 47842 | 171872 | 23886 | 51360

97 595014 | 936276 | 329518 | 407100 | 152847 [ 267102 | 18966 | 24780 4050 | 12360 | 58448 | 151494 | 31185 | 73440

96 572704 | 846204 | 333664 | 397315 | 169254 (280850 | 10587 19680 738 3945 | 40280 | 106839 | 18181 | 37575

95 264263 | 656329 | 115043 | 262118 | 74835 | 185170 | 12020 | 20880 706 3444 | 38715 | 129007 | 22945 | 55710

94 199060 | 622092 | 87547 (288145 | 55364 | 143980 4142 8520 3331 | 14400 | 26979 | 105127 | 21698 | 61920

93 226222 | 547794 | 129475 | 256860 |512000 | 127781 | 11295 | 25025 1029 1920 | 19964 | 80538 | 13259 | 55670

92 192722 | 510968 [ 95213 [ 193120 | 56881 | 125700 6754 | 19440 1601 | 12280 | 23594 | 135758 8680 | 24670

91 143064 | 410088 [ 47109 | 85860 | 53864 | 136380 0 0 1804 6570 | 31772 | 158858 8514 | 22420
90 134152 | 462920 [ 38701 | 84720 | 22275 | 61740 0 0 1222 3240 | 64264 | 281120 7690 | 32100
89 174498 | 417578 | 30568 | 45600 | 80385 | 142380 0 0 123 400 | 58377 | 213102 5046 | 16096
88 115757 | 369150 [ 25191 | 65160 | 46175 | 88025 0 0 2096 | 10855 | 40336 | 195214 1960 9896
87 129361 | 356136 [ 35091 | 72055 | 37463 | 62154 0 0 1045 4694 | 50361 | 185429 5402 | 31804
86 95496 | 235933 | 43309 | 73824 7021 | 12907 19 65 2640 5520 | 38273 | 129697 4234 | 13920
85 90260 | 193462 | 44707 | 65490 1811 4090 0 0 1382 4564 | 40051 (112278 | 23090 | 07040
84 18795 63568 4678 8810 3062 | 21406 146 450 0 0 [ 10909 | 32902 0 0

Data source: NT FISHDAT

1. Catch in kilograms whole weight

2. Effort measured in potlifts per day

3. Major areas for reporting purposes based on the fishing grids (see Appendix Il) below
Arnhem 1129, 1130, 1131,1132,1134,1229,1234,1235,1236

Darwin 1230,1231,1232

West 1529,1429,1329,1330,1530
Blue Mud  1335,1336

Roper 1434, 1435, 1535

Borroloola 1536, 1537,1636,1637

In most areas, the commercial and other sectors operate together. However in
recognition of the importance to non-commercial operators and the proximity to the
majority of the population in the NT, when the initial management arrangements
were developed, the commercial sector agreed to have Darwin Harbour and the
creeks in Shoal Bay closed to commercial crabbing (Figure 4).
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Figure 4: Map showing commercial closures in the vicinity of Darwin.



Large areas of the NT coast are not currently fished for mud crab, but over time
operators may move to some of these areas to minimise competition between other
commercial and non-commercial crabbers and to maintain catch rates at premium
levels by dispersing fishing effort. There is no intention at this stage to close areas
to crabbing until some level of equilibrium is reached in the fishery, or specific
research identifies that additional protection for the resource or the environment is
required and that closures are the most appropriate way to achieve this. It is
anticipated that the research work on fishery habitat currently being undertaken as
part of the National Research Strategy will provide a greater understanding of the
relationship between habitat and crab abundance.

Number of operators

The commercial sector has been subjected to limited entry since 1984, when 45
licences were granted. A number of operators appealed the decision to restrict
numbers to that level, and four additional licences were granted in 1985. In 1988 it
was legislated that there would be no more than 49 licences issued in the fishery and
that these licences would be fully transferable, but pot entittements were not to be
divisible.

In 2002, investment in a mud crab licence, and it's associated vessels and fishing
gear is estimated to be valued at approximately $330,000 (NTSC 2002).

As the non-commercial sector is not licensed in the NT, exact numbers in respect to
participation rates for these sectors can not be provided. Prior to 1985 recreational
fishers were required to register their pots with the Fisheries Division. The maximum
number of fishers registered to use pots was around 2,300 (DPIF 2001b).

However, in 1995 a survey conducted by the Fisheries Division estimated that
around 10,000 persons fished for mud crab during that year (Coleman 1998). It is
anticipated that the National Survey of Recreational and Indigenous Fishers (NSRIF)
currently being undertaken will provide estimates as to recreational participation and
for the first time indigenous participation.

Fishing Tour Operators (FTO), (fishing guides who take out paying clients to fish
recreationally), have been licensed in the NT since 1995 and all are permitted to
allow their clients to catch crabs as part of their operations. Around 180 licences
were issued in 2000/01, but a very small proportion of these operators reported
taking mud crab, with most targeting barramundi or blue water species.

Catch

Recreational catch has only been quantified once, during the 1995 FISHCOUNT
survey. That assessment estimated that non-commercial, non-indigenous fishers
caught around 75,000 mud crabs of which around 52,000 were retained (Coleman
1998). This equates to the removal of around 40t to 50t of mud crab (DPIF 2001a).

Researchers are unsure as to whether the recreational catch is relatively constant, or
if catches are proportional to the total available catch, and are therefore linked to the



rate of commercial catch. Itis anticipated that the NSRIF will cast further light on this
matter when results are available in 2002.

Based on compulsory logbook data, the commercial sector has reported increased
catches in this fishery from around 24t in 1984, to over 1,000t in the fifteen years till
2000 (Table 1). As can be seen in Figure 5, some of the increases in annual catch
have been substantial. For example the years 1995 to 1996, 1998 to 1999 and 1999
to 2000 all show significant jumps in catch (Hay et al 2001).

Based on logbook data for 2000, licensed FTO’s caught around one tonne of mud
crab of which 20% was released (DPIF 2001a).

Fishing effort

The 1995 FISHCOUNT survey is the only measure of effort for the recreational
sector. The survey indicated that mud crabbing was more important to residents
than visitors. It was estimated that effort expended for crab and other non-fish
organisms was 256,832 hours, with the vast majority of this effort directed towards
crab fishing. This high amount of effort relates to the time that pots are set in the
water. That means if pots are set for a 24 hour period, that equates to 24 hours
fishing effort, regardless if pots are checked once, twice or ten times in that period. It
is anticipated that the NSRIF will provide more precise details in respect to
recreational crabbing effort.

Commercial effort was historically measured in pot days (number of pots pulled per
day). However, due to changed fishing practices in the late 1990’s it was considered
prudent to change the measure of effort to pot lifts, (number of pots, by number of
times pulled per day) as this provides a more accurate representation of fishing effort
(Hay et al. 2001).

The fishery in its developmental phase in the early 1980's had a reported 63,500
potlifts annually and this progressed to over 1.7 million potlifts by 2000 as the latent
effort in the fishery was taken up, with all licences utilised, all pots and most
available days fished (Table 1, Figure 5).

The limited entry management regime has been in place for this fishery since 1985,
successfully anticipating a future increase in market driven fishing effort. This
prediction was factored into the management regime and followed a decision to
initially reduce licence numbers by utilising the ‘show cause’ provisions in NT
legislation and exclude a large number of potential entitlements.
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Figure 5: Reported commercial catch and effort in the NT mud crab fishery —
1983 -2000

FTO crabbing effort is negligible, and due to the patchy and opportunistic nature,
provides no real useful effort trends. However, due to the preciseness of the
reporting system in place, if there is a significant change, it will be readily identified
during the annual audits provided for the fishery status reports.

Compliance

The Marine and Fisheries Enforcement Unit (MFEU) of the Police and Emergency
Services undertake compliance on behalf of the Fisheries Division. This involves an
audit of the returns and other relevant paper work as well as extensive field patrols.
It is felt that this combination of approaches provides the best compliance strategy
available within available resources.

There has been a heavy focus on the mud crab fishery, especially in respect to
exceeding the maximum number of pots allowed. In the mid to late 1990’s there
where a significant number of charges laid for excess use of pots. Industry, with
support from the recreational sector, has identified this as an issue of major concern,
and have lobbied Government for a number of years to bring about increased
penalties, for licensed fishers caught exceeding maximum pot limits and recreational
fishers exceeding possession limits. Since that time, with the assistance of Industry
and increased enforcement presence, the number of persons charged has
decreased significantly.

Few other enforcement issues that impact directly on the resource, or associated
species have been identified, although new conditions relating to a prohibition on
what are described as "commercially unsuitable crab” has recently become a major
focus. This arose from a request from Industry to prohibit the commercial sector
from being in possession of crabs that do not meet certain minimum standards for
meat content. Further details on this matter can be found at Appendix Ill.



Existing Management Arrangements

The existing management plan does not have specific objectives. Instead the
Fisheries Act states that management plans must consider a number of general
provisions as a basis for the management of all NT fisheries. These should be
considered in achieving the overall goals of the Fisheries Act, which are to conserve,
enhance, protect, utilise, and manage the fish and aquatic life resources of the
Territory to:

Promote, develop and maintain commercial and amateur fishing;
Provide for optimum yields and maintain the quality of them;
Ensure that fisheries are not endangered or overexploited;
Encourage tourist and scientific interest; and

Ensure that the habitats of fish or aquatic life and the general environment are
not detrimentally affected.

These goals are read in conjunction with the legislative requirement to ensure
continued access to the resource for indigenous people.

The shortcomings of this lack of clear objectives and performance indicators related
to the mud crab fishery has been identified, and a public discussion paper has been
prepared which suggests a number of clear and measurable goals for the fishery
(DPIF 2001b) as identified in Table 2.

Table 2. Proposed objective and performance indicators for the Mud Crab
Fishery Management Plan

Objective Proposed Performance Indicators

To maintain long term - An annual review of catch and effort will be prepared as an

sustainability of the mud indicator by 1 May each year. If catch shows a downward trend

crab resource of greater than 10% per annum for two or more consecutive
years, MCFAC will review existing controls and advise the
Director.

An annual review of the monthly sample of the size of mud crab
harvested in the commercial catch will be prepared by 1 May
each year. If average sizes in the sample show a downward
trend of greater than 5 mm per annum for two or more
consecutive years, MCFAC will review existing controls and
advise the Director. (NB. this will require a substantial increase
in the number of mud crabs being measured).

A compliance report will be prepared by 1 May each year,
indicating all offences, but specifically instances of prosecutions
for over potting in the fishery.

The landings and proportion of total landings by all sectors
(recreational, traditional and commercial sectors) will be
estimated by 1 May 2003.

The current five year Strategic Research plan for Mud Crab will
be reviewed by 1 September 2003.

The final report on FRDC project 2000/142 “Methods for
monitoring abundance and habitat for northern Australia mud
crab Scylla serrata.” will be prepared by 1 May 2004.

To achieve the optimal and - The code of practice for catching, handling, storing and
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quality yield mix from the
resource

transporting mud crab has been developed in 2001 with a view
to minimising mortalities and maximising sustainability, quality
and value will be reviewed annually.

Effort levels will be monitored in the commercial and
recreational sectors and any significant increase in either
sector will be reviewed by MCFAC and advice provided to the
Director.

To minimise impact on
unretained catch, protected
wildlife, the environment
and the ecological
processes on which they
rely

A report will be prepared by 1 May 2003 which outlines the
impacts the fishery has on wildlife, especially that which is
protected and the environment.

The code of practice for catching, handling, storing and
transporting mud crab has been developed in 2001 and will be
reviewed annually, with a view to minimising mortality and
maximising sustainability, quality and value. The code also
encourages crabbers to release unwanted animals with as
much care as possible and to not discard environmentally
unfriendly products into the environment.

To create equitable, quality
fishing opportunities for all
stakeholder groups

The share of the 2000/01 annual catch, based on the National
Recreational and Indigenous Fishing Survey, fishing tour
operator and commercial catch statistics will be estimated, and
used as a benchmark for future management decisions.

To govern through a cost
effective, easily understood
and administered
management regime

The management plan will be produced in a form that has
explanatory notes provided.

Copies of the Plan will be produced in appropriate other
languages such as Viethamese and Khmer.

An education and information program will be developed for the
fishery by 1 May 2002 or to coincide with the implementation of
the new Management Plan.

A summary of the history of management arrangements and key matters that have
arisen for the NT Mud Crab Fishery is included as Appendix IV.

Stakeholder involvement in the development of a management program

The Mud Crab Fishery Advisory Committee (MCFAC) is the peak advisory body to
the Director of Fisheries and comprises representatives from key user groups and
Government (see Appendix V for committee structure).

MCFAC was established in 1990 and was responsible for the development of the
initial management plan in 1991 and subsequent amendments. MCFAC has
continued to supply advice to the Director of Fisheries since then, and has been the
key group responsible for the progressive changes that have taken place, or have
been proposed for the fishery.

Formal and informal discussions take place regularly with key stakeholders and
individuals within the various sectors.

As well as MCFAC, a series of regional coastal Aboriginal consultative committees
have been formed. These committees provide formal advice from the indigenous
constituents of the regions on all aspects of fishing, including mud crabbing.

Any significant change to the management plan must go through a full public
consultation process for a minimum of one month as prescribed under the Fisheries

1



Act. This period is generally extended to allow for a greater level of input, especially
from the general community and indigenous sector.

The recent Review of the Northern Territory Mud Crab Fishery Management Plan
Discussion Paper — Fishery Report #58 (DPIF 2001b) has had a two month public
comment period, plus a further one month extension, prior to the development of a
draft management plan which will undergo an additional public comment period.

Availability of Management Plans

Prior to participating in the commercial fishery, all new entrants are provided a copy
of the Management Plan when they undertake their compulsory interview with the
Management Officer responsible for the Fishery.

Copies of the Management Plan are provided to key stakeholder groups and are
available at the Fisheries Division, or via the Internet.

What has proved to be very effective as a supplement to an entire copy of the plan,
is the development of a series of informative Fishnotes (produced in other key
languages) that cover key matters affecting those involved in the fishery.
References for these are provided in the Further Readings — Fishnotes section of
this report.

Environment likely to be affected by fishery

As previously mentioned the mud crab fishery is focussed in the estuarine and
intertidal waters of the NT. The fishery is pot based and is believed to be relatively
benign in respect to its effect on habitat and environment in general.

Specific areas in the NT that have been identified as requiring protection are
generally dealt with by way of provisions in other fisheries legislation, not necessarily
in the Mud Crab Fishery Management Plan. At this stage those areas are restricted
to all areas of non tidal activity within rivers, plus commercial closures in the vicinity
of Darwin as indicated in Figure 4.

It is anticipated that the research program on fishery habitat currently being
undertaken as part of the National Research Strategy on Mud Crab will provide
recommendations on appropriate areas for closure. As part of the Administrative
and Working Arrangements in place between DBIRD and Parks and Wildlife
Commission of the NT (PWCNT), any areas of high conservation value requiring
protection are developed through cooperative management arrangements. No
specific areas have as yet been identified that require the prohibition on the taking or
fishing for mud crab.

The PWCNT is the NT Government organisation responsible for marine parks and
biodiversity considerations. Only one marine park, Cobourg, has been declared to
date. The fishery component for the Cobourg Marine Park Management Plan is well
developed with the controls proposed for the areas of high conservation value, as
identified by the Cobourg Fishery Management Area Advisory Committee



(CFMAAC), agreed to in principle by the crab fisher and Government representatives
on the committee. The draft plan is still with Committee and will most likely become
available for public comment in 2002, subject to any policy change that may come
about as a result of the new Northern Territory Government.

The fishery does not take place in areas of coral habitat and as such there is
negligible effect on coral reefs.

The fishery may take place in areas where there may be seagrass, but is almost
totally focussed in areas where there are mud and sand benthic communities. Due
to the benign nature of the fishery, where individual pots are retrieved by dinghy,
pulled vertically by hand off the substrate, there is little, if any disturbance to the
environment. Pots are designed and set so as to remain in place over the high tidal
ranges prevalent in the NT. This at times leads to a change in fishing patterns with
pots set in deeper water where tidal influence is less during spring tides when the
tidal flow is strongest.

The fishery only seeks to take mud crabs and as such would appear to have little
direct impact on other species. Although there are large numbers of crabs removed
annually, as catches are being maintained, or increasing, there is no evidence of any
detrimental effect on species that may utilise the mud crab as a food source such as
crocodiles, cod or grouper. Also, as only actively feeding crabs are vulnerable to
capture the bulk of the population will remain available for other species to utilise.
As such there is believed to be very few short or long-term concerns with respect to
impact on the environment and no need for any rehabilitation in respect to the
impacts of this fishery.

Proposed management arrangements for fishery

The Government’s aim in respect to the use of natural marine and aquatic resources,
is to ensure that resources are used in an ecologically sustainable manner whilst
maximising return to the community. This is achieved in respect to the mud crab
fishery by having a discrete input controlled commercial fishery that operates within
defined effort parameters and a recreational fishery that has possession limits and
gear restrictions.

The existing legislative framework for the fishery has been previously described. It
was recognised that although the existing management regime was considered
adequate to continue the sustainable use of the resource, it was timely to review the
Mud Crab Fishery Management Plan whilst the NT environment is in good condition,
stocks are healthy and the risk of overfishing is low. Also, it proved timely to assess
aspects of the fishery in light of the Commonwealth’s environmental audit.

This review was achieved by the preparation of a public discussion paper, Fishery
Report #58, that allowed consideration of future management directions in a
conducive and proactive environment. The report outlined a range of options
including output controls and closures, but due to the still unclear understanding of
recruitment, dispersal and stock size, they are not considered as valid alternatives at
this time.
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Report #58 was developed by MCFAC to stimulate discussion, prior to the
development of a formal draft management plan which will come into force for five
years before a full review is undertaken again. However, adjustments can be made
as required, or arising from assessments undertaken as part of the production of
annual status report.

There are no relevant international agreements with respect to this fishery and
jurisdictional responsibility is clearly ceded to the NT Government with the Director of
Fisheries responsible for licensing, research and good management of the fishery
under the Fisheries Act and subordinate legislation, especially the Mud Crab Fishery
Management Plan.

Research plan

A five year national research strategy for mud crab was developed at a workshop
held in Darwin in May 1999 and was endorsed by WA, NSW, Qld and NT with a view
to having an agreed phased approach to research. A summary of the strategy is
included in Appendix VI.

The key areas of national research identified were:

to develop a process to calculate relative productivity of mud crab habitat based
on satellite imagery and abundance estimation techniques.

to determine if validated commercial catch and effort data could be used as a
stock abundance indicator; and

to develop a fishery independent index of stock abundance based on juvenile
pre-recruit index.

The first phase of the project relating to relative productivity of mud crab habitat has
received Fishery Research and Development Corporation (FRDC), NT and Qld
Government financial support for a three year project to undertake assessment of
critical habitat and the development of fishery independent abundance estimates.

It is anticipated at the project completion that it will be possible to; identify major
fishing areas, determine long-term monitoring mechanisms for the health of the
fishery and identify critical mud crab habitat.

The NT has also had a strategic research program focussing on mud crab ongoing
since 1992 and this will continue with a number of long term monitoring programs
and short term projects including;
- annual review of catch and effort by area
tagging programs
annual review of the monthly sample of the size of mud crab harvested in the
commercial catch
assessment of the landings and proportion of total landings by all sectors
(recreational, traditional and commercial sectors) to be estimated by 1 May 2003
based on the National Recreational and Indigenous Fishing Survey, fishing tour
operator and commercial catch statistics
Final report, 1 May 2004 on the FRDC project “Methods to Estimate Abundance
and Habitat for Northern Australian Mud Crab”.
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A report by 1 May 2003 which outlines the impacts the fishery has on wildlife,
especially that which is protected and the environment.

The status of the research program is assessed annually by MCFAC and is reported
on in the annual status report.

This report now specifically addresses the EA guidelines in respect to the two key

principals for determining if a fishery adequately addresses the necessary
Environmental Assessment.
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Principle 1

A fishery must be conducted in a manner that does not lead to
over-fishing, or for those stocks that are over fished, the fishery,
must be conducted such that there is a high degree of probability

the stock will recover.

Objective 1. The fishery shall be conducted at catch levels that maintain

ecologically viable stock levels at an agreed point or range with
acceptable levels of probability.

1.1.1 There is a reliable information collection system in place appropriate
to the scale of the fishery. The level of data collection should be based

upon an appropriate mix of fishery independent and dependent
research and monitoring.

The NT mud crab fishery has a long time series of catch and effort data from the
commercial sector, since the commencement of the fishery, on which to base
assessments. There has also been a dedicated research program in place since
1990, which is considered and endorsed by MCFAC annually.

As management interventions, compulsory logbooks (see Appendix VII for an
example) and a research program were introduced to the fishery long before there
was a heavily exploited resource, the fishery has been monitored and been able to
develop within defined boundaries, and as such has not seen the overcapitalisation
and boom and bust cycles evident in many developing fisheries.

As the vast majority of product is shipped interstate, or overseas by air, it has been
possible to validate the accuracy of the log book system. Such a validation system
for an input control managed fishery occurs infrequently. The findings of this
ongoing exercise has been that in excess of 97% of the reported catch was
airfreighted from Darwin and this has supported the assumption that the crab catch
data is relatively accurately reported (Hay et al 2001).

The existing commercial logbook system is being revised to provide weekly
estimates of removal. This will more precisely determine the fishing activity within
each month. This will be co-ordinated to coincide with when the crabs are being
loaded and shipped to Darwin for processing.

FTO data has been collected via compulsory logbooks (see Appendix VIII for
example) since 1995 and can be interrogated to determine activity directed towards
mud crabbing.

Recreational information has been gathered from FISHCOUNT (1995 survey) and
will be enhanced by the data collected in the NSRIF survey currently underway.
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A number of fishery independent data collection activities have been undertaken with
a view to gaining a greater understanding of the biology of the species taken and the
workings of the fishery. The current research program continues the collection of a
time series of data collected since the early 1990’s, as well as focussing on the
research needs identified in the five year national strategy for mud crab research
endorsed in 1999.

Initial work on a habitat density and the development of estimate assessment
methodology, identified in the research strategy as a priority, has commenced. This
project combines a number of techniques including, mark/recapture, depletion
experiments and aerial and satellite habit mapping to derive density estimates per
unit of critical habitat with a view to estimating total mud crab population densities in
NT waters.

1.1.2 There is a robust assessment of the dynamics and status of the
species/fishery and periodic review of the process and the data
collected. Assessment should include a process to identify any
reduction in biological diversity and /or reproductive capacity. Review
should take place at regular intervals, but at least every three years.

Three major workshops as well as the preparation of a Ph.D. thesis have been
undertaken since 1996 to enhance the understanding of the status of the NT mud
crab fishery. Additionally, ongoing annual assessments are undertaken for reporting
purposes to MCFAC, the Director of Fisheries and the Minister.

Two workshops (1996 and 2000) have been lead by Professor Carl Walters of the
University of British Columbia, who is a recognised world leader in fishery stock
assessment and the development of research techniques to improve the precision of
assessments. These workshops considered all available data on the Australian mud
crab fishery, but especially information gained from the NT which has had a specific
mud crab research program in place since 1990.

Public input is an integral part of each workshop, particularly during the introductory
session and while preliminary findings are presented at the workshop’s conclusion.
Extensive public input is seen as an essential component of these workshop as it
allows input from stakeholders in to determine the direction the workshop will take
and also in critiquing any outcomes presented (Ramm, 1997).

Another major workshop, held in 1999, assessed all existing data and information as
part of the development of the agreed national five year research strategy for mud
crabs (Calogeras 2000).

There is also an annual assessment of the status of the fishery for consideration by
MCFAC, as well as the preparation of an annual status report which addresses key
areas such as catch/effort, stakeholder participation, research, compliance and
management as well as any other major issues that have occurred during the past
year, or are proposed for the future (DPIF 2001a). It is anticipated that all future
reports will also include key areas identified as being necessary for review by
Environment Australia during future assessments.
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The Ph.D. thesis (Knuckey 1999) was the cumulation of a six years research project
undertaken by the NT scientist responsible for the mud crab research program. The
thesis is an extensive work, with some findings briefly summarised in Appendix I.
This work provided a sound basis for understanding the fishery by providing
information on the dynamics of the fishery and selectivity of fishing gear, size and
biological information regarding, age at maturity, reproductive cycles, growth rates,
mortality rates and some population modelling.

The major findings of the research include:

That only 15% of female mud crabs were mature at the previous legal size limit
of 130 mm. This prompted an increase in the limit to 140 mm in 1996 to ensure
that over 70% of females had reached maturity before being vulnerable to
fishing mortality. This work also found that heavier male crabs were more likely
to have mated, although functional maturity occurred from around 120 mm
(Knuckey 1996).

NT mud crabs live for around 3 to 4 years.

NT mud crabs reach maturity and recruit to the fishery within twelve months of
age and a high percentage of these 1" recruits are harvested.

The current commercial pot design was extremely selective towards greater
than legal sized mud crabs with few undersized animals caught.

That CPUE data may not adequately reflect abundance. This became evident
in the assessment model when catches increased after 1995.

These findings set the basis for the formal workshops, as well as the development of
the ongoing research program. The major findings of the workshops supported
Knuckey’s research and confirmed that using existing standard catch/effort modelling
tools, it was not possible to develop models that accurately represented the stock
size of the fishery.

This was mainly due to the fishing techniques employed in the fishery which sees
crabbers move their pots on a regular non-random basis (at least daily) to maintain
catch rates. All crabs do not appear equally vulnerable to capture due to a number
of factors such as moult stage or possibly the presence of larger or more aggressive
crabs around pots. Therefore, there may be no discernible drop in catch per unit of
effort (CPUE). This is not to say that the catch and effort data does not provide a
good insight to the fishery, but it can not be confidently used at this stage to model
the fishery, or estimate stock size. It was, however, with a high level of confidence in
both the modelling by Knuckey and Walters, that utilising existing fishing methods,
and with the effort caps in place, there appeared to be no threat to the population of
mud crabs (Knuckey 1999, Ramm 1997, Buckworth in prep).

What has been recognised though is that the fishery does appear to have a high
annual exploitation rate, possibly higher than 70% (Knuckey 1999, Ramm 1997) in
areas fished, but was unlikely to suffer from recruitment overfishing. This was
because it was noted that high exploitation rates such as this are common for crab
fisheries that exhibit similar fishing practices and species characteristics to the mud
crab, such as short life spans, early maturity and high fecundity (Walters pers com.
2000).
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Walters best describes how this exploitation rate was reached in the 1999
assessment report as follows:

The exploitation rate ..... “has been estimated by the simple approach of recognising
that the fishing mortality rate (F), defined as F=(catch)/(stock size), can be estimated
directly by obtaining a stock size estimate from local fishery depletion and/or
depletion experiments, then dividing this stock estimate into the measured catch. To
obtain a stock size estimate for typical or average years, we use the fact that total
stock size consists of the product of two factors that can be independently estimated:

stock size = (crabs per unit habitat area) x (total habitat area).

..... rough estimates of total habitat area for several fishing locations along the coast
for which local catch statistics are available, and estimated crabs per unit area within
these locations by two methods that agreed quite closely:

and

(2) depletion and mark-recapture estimates....

Both these methods indicated mid-season densities in the vicinity of 150 catchable
crabs/km2 of creek/shallow coast water surface area. Taking these densities,
multiplied by the estimated total habitat area for several locations, then dividing this
total into measured catches, gives annual exploitation rates of around 70-90%.

Professor Walters continued:

“Further evidence of high exploitation rates was obtained by examining the seasonal
pattern of recruitment of new crabs to the fishery, and using this to predict changes
in average size of crabs through the season under alternative assumptions about the
numbers of larger, older crabs still alive at the start of the season.

If there were a substantial carryover of older crabs, average body sizes near the start
of each season should be considerably larger (170-200 mm carapace width) than
later in the season when new recruits enter the fishery at carapace widths of 140-
160 mm. Average body sizes from fishery sampling change from 152-153 mm
carapace width in the early February-March period prior to major recruitment, to
around 157 mm in the July-November period. The observed pattern is thus
indicative of extremely high exploitation rate, and very little carryover of larger crabs
from previous years' recruitments.”

The commercial catch has been monitored on a monthly basis since 1992 and
biological data has been collected from the three commercially most important
regions in the NT (McArthur, Roper and Adelaide River regions). Data on species,
carapace width, sex, weight, stage of moult and maturity are recorded.

The data has shown no obvious trend with respect to change in carapace width for
male or female crab from the regions over time. This is an indication that the
population is not being fished down towards the minimum size limits. In fact the data
indicates that the median sized crab taken is somewhere in excess of 15-20mm
above the minimum size limit. The preciseness of this analysis must however be
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treated cautiously and can only be used as one of a number of indicators about the
health of the fishery. This is because crab growth is not continuous and size
increase is achieved by a series of moults. Size and sex compositions also vary
throughout the year due to behaviour and reproductive phases and the sample size
is very small (Hay et al 2001).

Taking cognisance of the outcomes from the assessment workshops, in line with the
agreed national strategy and with the support of FRDC, a project entitled, “Methods
to Estimate Abundance and Habitat for Northern Australian Mud Crab (Scylla
serrata)”, has commenced and is being lead by NT Fisheries.

The methodology is simple and based on the assumption that the abundance of mud
crab is relative to the area of critical habitat by the density of mud crabs per unit of
critical habitat. This project has been developed through an assessment of the data
available for the NT fishery during the formal workshops, the ongoing research work
being undertaken, experience in other similar fisheries after discussions with
stakeholders and after assessment of the validity of the project by FRDC. A
fundamental component of this project is the mapping of critical mud crab habitat
across the NT. Areas to be investigated include mangroves, mud flats, and salt
marsh areas (Hay et al 2001).

Only two parameters therefore need to be calculated; the area for each critical
habitat type and abundance of crab per unit of critical habitat type. The benefit of
this program is that it combines two recognised assessment techniques, mark-
recapture and depletion.

1.1.3 The distribution and spatial structure of the stock(s) has been
established and factored into management responses.

The distribution of mud crab is well documented with most areas of mangrove lined
coast in the Indo-West pacific region having one, or more of the four species
present. In Australia the range extends from New South Wales, northerly around to
Western Australia. Scylla sp. also occurs in the western Pacific, through south-east
Asia as far north as Japan, and westerly through the sub continent to South Africa.

S. serrata is associated with mangrove forests that are inundated with fully saline
oceanic water for the greater part of the year, although the species tolerates reduced
salinity (Keenan et al 1998). This is the situation for most NT waters. This species
is the most widespread of the Scylla and occurs from South Africa to Tahiti in the
east, north to Okinawa, and south to Port Hacking in Australia, and the Bay of
Islands, New Zealand (Keenan et al 1998).

The other species in the NT, S. olivacea, is also associated with mangrove forests
and coastlines, but those which are inundated with reduced salinity seawater during
the wet season. In Australia, distribution is limited to embayments where salinity is
reduced (Keenan et al 1998). This species is moderately distributed and is common
in the South China Sea, but also occurs in specific locations across the Indo-West
Pacific, including the NT.



The size and growth of NT mud crabs was examined extensively from 1990 to 1996
using data obtained from tagging experiments and the collection of length-frequency
data. Analysis of this data found that there appeared to be no biologically significant
variance in the general length-weight relationships for male and female crabs from
the major areas sampled, Roper, McArthur and Adelaide River (Knuckey 1999).

The data showed for all areas sampled that L¥ (based on the largest 1% of the
sample) for males was 190.1 mm, for females 190.9 mm and for sexes combined,
190.4 mm (Knuckey 1999).

The average carapace size of the reported catch is around 155 mm for both sexes
(Knuckey 1999, Hay et al 2001). This is well in excess of the legislated minimum
size limits of 130 mm for males and 140 mm for females.

Experimental work in the tropical waters of the Territory have found that mud crabs
will reach around 130 mm after about 12 months. At that size, males are vulnerable
to the fishery and females will become vulnerable most likely after the next moult
(Knuckey 1999).

Sexual maturity is reached at around 15 months. Due to the selectivity of the fishing
gear, all crabs will become fully vulnerable to the fishery at about 18 months of age
(Knuckey 1999).

It was estimated that 50% of females had reached maturity at a carapace size of
136.5mm (Knuckey 1999). For this reason, in 1996 the female size limit was raised
from 130 mm to 140 mm, as the previous size limit only protected around 15-20% of
the female crabs. The new limit would result in protection of over 70%. It was also
found that over 90% of mature females had mated and contained sperm which could
be retained in the body for a number of months (Knuckey 1999).

Female mud crabs are highly fecund and can produce a large number of eggs (up to
8 million) per spawning, can spawn a number of times from one mating and
undertake spawning offshore late in the year, around December. The females are in
peak gonad condition at this time and disappear from the catches. It is believed that
the offshore movement occurs at this time because the larvae are intolerant of low
salinities caused by monsoonal rains that occur during the wet season, and the
offshore waters provide a more stable environment.

There is no offshore fishery for mud crabs, so those female crabs that are at sea are
not harvested. The period when the females migrate offshore (December to
February) coincides with the closure to the Northern Prawn Trawl Fishery so
incidental catch of female mud crabs is not an issue during that period. Female mud
crabs in berry (with eggs visible) are infrequently seen in the fishery, but are still fully
protected, and must be released immediately if caught.

During random measurements and checks of fishing operation during a six year
period from 1990 to 1996 only 5 berried female mud crabs were encountered by
research staff during at seas monitoring (Knuckey pers com). Chances of breaches
are unlikely as it appears that berried females do not generally enter pots. No
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crabbers have ever been detected by MFEU officers being in possession of berried
female mud crab.

As the larvae and zoea form part of the plankton, where settlement of the megalopae
occurs is most likely subject to environmental factors, such as tidal flow and wind
directions. Although the exact areas of settlement are not know at this stage, it is
considered prudent to continue to manage the fishery as a whole, not on a regional
basis as there is little evident to the contrary. Gopurenko, Hughes and Keenan
(1999) having determined the relationship between Scylla serrata populations over
the species wide geographic distribution, using mitochondrial DNA, are continuing
their work on regional patterns of genetic structure among Australian populations.
Their results should provide an insight into genetic make up of Scylla serrata in
northern Australia.

Preliminary testing by David Gopurenko of crabs from the Adelaide River, close to
Darwin, and Roper River in the Southern Gulf of Carpentaria found no discernible
difference between the two groups (Jane Hughes pers com.). Indicating that S.
serrata is a single genetic stock in the area covered by the commercial fishery.

Male mud crabs reach physiological maturity, based on the presence of sperm at
around 110 mm. Functional maturity, based on the evidence of mating scars was
reported from male mud crabs as small as 125 mm. Full adult morphometry, based
on the presence of large claws occurred on average at around 146 mm (Knuckey
1999).

Although all mature mud crabs, and even those at a much smaller size, had the
capacity to mate, less than one third exhibited any mating scars. It has been
reported that those males which are successful, will mate often with a number of
females.

The split size limits (males 130 mm and female 140 mm) would appear to be
effective in protecting the viability of the resource, as high fertilisation rates are
evident in the female catches, and large quantities of male crabs are still captured
exhibiting mating scars. The idea of full protection of females has been rejected in
the NT for a number of biological reasons, including; the risk of producing a sex ratio
imbalance, could lower male functional size, lead to insufficient males to fertilise
(Knuckey 1999) and result in greater competition by female crabs with males for
habitat.

Large areas of the NT, approximately 60%, which based on the species world wide
distribution and limited fishing activity contain mud crabs, are not fished due to a
range of factors, but most often related to access and the inability to transport crabs
to market.

On the basis of all the above information there would appear to be little risk of
overfishing occurring.



1.1.4 There are reliable estimates of all removals, including commercial
(landings and discards), recreational and indigenous, from the fished
stock. These estimates have been factored into stock assessments
and target species catch.

There is an excellent time series of data relating to catch and effort for the
commercial sector of the fishery, as log books have been compulsory completed
from well before there was any significant activity in the fishery. This data has been
validated by a comparison between processor/trader returns, commercial take and
with airfreight data.

All commercial fish traders or processors must be licensed with the Fisheries
Division and complete compulsory log sheets identifying quantities and from whom
the product was purchased. This information can be compared with the reported
landings from commercial fishers and other sources. This information is audited on
a regular basis by the Marine and Fisheries Enforcement Unit.

As previously mentioned, the vast majority of catch is airfreighted live from Darwin to
interstate or overseas market. This data has been compared with reported
commercial catches over a number of years and there has been a good correlation
(over 97%) between the two datas (Hay et al 2001).

There are no reports of quantities of mud crab being moved by means other than air,
and MFEU records, based on charges or convictions for non-commercial overfishing,
and information from other jurisdictions would indicate that there is not a high level of
illegal unreported catch.

Recreational catch data has come from one source to date, the 1995 Fishcount
survey, which gave an indication that catches were around 50t for the year. The
current NSRIF survey will provide a further data reference point, but this will not be
available until 2002.

No data is available for indigenous take, but it is not anticipated to be a high total
catch, although the eating of crab, especially for coastal communities may be a
significant part of their diet. The current NSRIF survey will provide some initial
information on the indigenous take, but this will not be available until 2002.

The unreported or illegal commercial catch is not considered great in this fishery as
there is good correlation between airfreight and commercial logbook data and there
has been negligible evidence to support that there is a black market of any quantity.
As such it is the assessment of the Fisheries Division that, all available information
has been factored into assessments to date and are considered as part of the total
removals from the fishery.

1.1.5 There is a sound estimate of the potential productivity of the fished
stock/s the proportion that could be harvested

The outcomes from all the workshops and the research work undertaken in the NT
for the last 12 years indicates that the current harvest strategy of capping potential



effort in the fishery has proved to be an effective management technique and has
allowed for natu