




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































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 turn, 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 VANDERLIN 163  ARAFURA SEA

21 SOUTHERN GULF 164  MOSS SHOAL

31 FRANKLIN SHOALS 165 BUFF SHOAL

32 NW BATHURST 166 PARRY SHOAL

40 BLACKWOOD SHOAL 171  NORTH MELVILLE
41 TIMOR SEA SHOAL 172 GOODICH BANK

42 FLINDERS SHOAL 173 MARIE SHOAL

50  WEST OF CAPE FORD 174  COOTAMUNDRA SHOAL
52 LITTLE MOYLE 175  TIMOR SEA

53 EMU REEF 181  SHELLY BANK

54 BATEMAN SHOAL 182 ARALG BEACH

55 CAPE SCOTT 183  POINT FAREWELL
56 PORT DOMBY 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 TAPABAY

141 DALY 214  FISH REEF

142  ANSON BAY 215 ADAMBAY

143 PERRON ISLANDS 216 CAMARONS BEACH
144  CAPE FORD 217  NATURE POINT

145 HYLAND BAY 218 MIDDLE ARM

146  REDCLIFF 219  WEST POINT/MANDORAH
147 BONAPARTE GULF 220 MUDISLAND

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 GUNN POINT 465 VAN DIEMAN GULF
305 TOMMYCUT CREEK 466 GREENHILL

306 POINT STEPHENS 467 MT NORGS BAY

307 HOPE INLET 468 FINKE BAY

308 SAMPAN CREEK 469 TREPANG BAY

309 RUBY ISLAND 470 MALAY BAY

310 POINT STUART 471  POINT ESSINGTON
311 CAPE HOTHAM 472  JOANS

312 MELVILLE 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 HOGMANDY SHOAL
361 MELVILLE ISLAND 552 JUNCTION BAY

362 TREPANG BAY 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 GLYDE RIVER 811 HUME CREEK

652 BOUCAUT BAY 812 TAWARILA

653 BLYTH RIVER 813  PINE CREEK

654 HOWARD ISLE 814 MULE CREEK

655 MILLINGIMBI 815 LIMMEN RIVER

661 BOUCHET BAY 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 LABUISLET

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 CALEDON BAY

772  ELCHO ISLAND 851 MELVILLE BAY

773  GILGILIA STRAIT 852 ARNHEM BAY

774 DALMANA 853 DOYLE ROCKS

775 HOWARD ISLAND 854 SIR RODERICK ROCKS
776  GAMPINAMIRR 855 PORT BRADSHERE
777  WURRPAN 856 CAPE GREY

778  TIMOR SEA 857 COREDON BAY

779 DURRANALPI 858 CAPE ARNHEM

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 WEARYAN 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
871
872
g73
874
875
876
880
881
882
901
902
903
911
912
913
914
915
916
917
918
919
920
925
941
942
943
950
970
971
972
973
974
975
976
971
979
980
986
988
999

HABGOOD

CATO RIVER
GIDDY CREEK
BREMER ISLAND
WIRRAWAWUY
GOVE

BUNNER ROCK
ANGURUGU RIVER
BRADY ROCK
CAPE GREY
ROBINSON RIVER
MASSACRE INLET
CALVERT REEFS
WEARYAN RIVER
PELICAN SPIT
VANDERLINS
MACKEREL HILLS
NORTH ISLAND
PEARCE AND THE ROSE
THE MOUNTAINS
ROBINSON RIVER
SHARK CREEK
MCARTHUR RIVER
EAST OF BORROLOOLA
GULF AREA
DALUMBA BAY
GROOTE REEF
GOVE

KEEP RIVER
LIVERPOOL RIVER
ELCHO ISLAND
LOEE PATCHES
PINNACLES
FENTON PATCHES
CASUARINA
POINT BLAZE
TURNBULL BAY
GUNN PT

VERNON IS.
MILNE INLET
UNKNOWN




Area code

River system

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;

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
GLYDE RIVER
BUCKINGHAM RIVER
ARNHEM BAY
MELVILLE BAY

C. ARNHEM - C. SHIELD
DURABUDBOI RIVER
MAIDJUNGA RIVER
WALKER RIVER

ROSE RIVER

ROPER RIVER

TOWNS RIVER
LIMMEN BIGHT RIVER
McARTHUR RIVER
WEARYAN RIVER
ROBINSON RIVER
CALVERT RIVER
PERRON GROUP
VERNON GROUP
BATHURST/MELVILLE Is.
WESSEL GROUP
GROOTE Is.

PELLEW GROUP

BING BONG Ck
UNKNOWN
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Loxothylacus ihlei Boschma, (Rhizocephala) and its effects
on the mud crab, Scylla serrata (Forskal), in northern
Australia

1. A. KNUCKEY Fiskeries Division, Northern Territory Department of Primary Industry and Fisheries, Darwin,
Northern Territory, Australia

P.J. F. DAVIE & L. R. G. CANNON Queensland Museum, South Brisbane, Queensland, Australia

Abstract. Loxothylacus ihlei, a thizocephalan 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
Territory, 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.

Introduction

Fisheries for the mud crab, Scylla serrata (Forskal), have substantial commercial importance throughout
the Indo-West Pacific region, with annual catches of around 23000 t in 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.1A), 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 0801, Australia.
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Maturity in male mud crabs, Scylla serrata (Forskal)
and use of mating scars as a functional indicator.
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