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THE F I SHERIES B I OLOGY OF SCAMP I (METANEPHROPS spp . )

SUMMARY 

1. There are three f i sher i e s  t arget ing s c amp i (Met anephrops
s pp )  .

The Nort h  W e s t  She l f  Deepwat er Trawl F i s hery (NWSDW TF )
whi ch i s  b ounded by the Au s t ra l i an F i shing S e rvi c e  in the
n o rth and the 2 0 0  m i s ob ath to the s outh between the
m e r idian s 114° E and 124° E .  Twe l ve ve ss e l s  are endo r s ed
f o r  thi s f i s hery ( 1 98 9 / 9 0 ) .

The Western Deepwater T rawl Fishery (WDWTF) between the 200
m and the out e r  boundary o f  the AFZ and from the edge o f
t h e  NWSDW T F  a t  1 1 4° E in t he north t o  the 1 15° E me r i d i an
i n  the s outh . T en ve s s e l s  are endo r s ed fo r thi s f i shery
( 1 9 8 9 / 9 0 )  . The NWSDWTF t arget s Met an ephrops andamani cus,

M. a ust ral i en s i s  and M .  b o s chmai and t he WDW TF M. 
andamani c us and M .  boschma i .

T h e  t h i r d  f i shery i s  a t  t h e  boundary between Au s t r a l i an and 
I ndone s i an wat e r s  t o  t he north o f  D arwin . F ourt een ve s s e l s  
from t h e  No rthe rn P r awn F i shery have f i shed thi s r e source , 
t arget ing M .  sibogae. 

2 . Annu a l  c at che s o f  s c amp i in the NWSDW TF ranged from 9 2  t o  
1 63 t between 1 985 and 1 9 8 8 . E f fo rt exp ended f o r  t he s e  
c at che s ranged between 1 1 , 0 0 0  and 1 9 , 0 00 t rawl hou r s . 
Annu a l  c atche s in the WDWTF we re 4 . 5  and 27.6 t in 19 8 7  and
1 98 8  f o r  90 0 and 4 , 0 0 0  t r awl hours respect iv e l y . In 1 988 , 
218 t o f  M .  s ibogae we re c aught f o r  9 , 00 0 trawl hou r s  in 
the area n o rth of Da rwin . 

C at che s o f  pr awns during the s ame f i s h ing op erat i on s  ranged 
from 1 75 t o  85 4 t in the NW SDTF , 3 9  t o  64 t in the WDWTF 
and we re 1 0 4  t i n  the M. sibogae fi s he ry . 

3 . S c amp i spe c i e s  o c cur in d i f f e rent depth zone s . M .  
andamani cu s  o c curs b etween 3 4 0- 4 4 0  m ,  M. a u s tral i ensi s 
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between 4 2 0 - 5 0 0  m, M .  bos chmai between 2 6 0-3 6 0  m and M .  
s ibogae from 2 5 0  t o  at least 3 2 0  m .  Th e di s tr ibut i on o f  
al l spec i e s  i s  pat ch y  and depends o n  the avail abilit y  o f  
s u i t able s ub s trat e . Met anephrops spp . p robably occur i n  
small quant i t i e s  all around Au stral i a . 

4 .  B i o l og i c a l  ch aract e r i s t i c s  of import ance are : 

a )  Th e c at ches o f  s c amp i c ompris e up t o  6 o r  more y e ar 
c l as s es , but do not include th e 0 -3 y e ar age group s . 

b ) S ex rat i o  in th e cat ch e s  i s  approx imat e l y  1 : 1 .  

c )  Alth ough th e an imal s  l ive in burrows, berr i e d  femal e s  
apparently d o  n o t  h i de and are vulne rabl e  t o  c apture . 

d )  Spawn ing may be annual, but eggs a r e  c a r r i e d  for a l ong 
per i o d  and berr i e d  femal e s  o c cur in the c at ch es 
th rough out th e year , ex cept in M .  sibogae wh i ch may 
h ave a more de f ined peri od of spawn ing . 

e )  F ecundit y  o f  Me tanephrops spp . range s between 2 0 0  and 
1 5 0 0  eggs per brood, depending on the s iz e  o f  the 
femal e . 

f )  L arvae h at ch i n  an advan ced s t ate o f  devel opm ent and 
th e l arval l i fe i s  probabl y  in the order of a few day s . 

g )  N o  evidence o f  migrat i on was obt ained . 

h )  No me asure o f  natural mort a l ity is ava ilabl e . H oweve r ,  
a p aras it i c  c opepod Ni c o t h o e  sp. whi ch att acks th e 
g i ll s  was detected in h i gh inc i dence in s ome are a s . 
Its impact is u nknown . 

5 .  A c ompul s ory l ogbo o k  program f or the NW SDW TF and WDW TF h a s  
been e s t abl i shed . A volunt ary l o gb o o k  pro gram h a s  been 
e s t ab l i sh e d  f or th e M. sibogae f i shery . 

The i n f ormat i on from the l ogbo ok s  i s  stored i n  a CSIRO 
c omput e r  dat ab as e . I t  will be trans ferred t o  the 
Aust r a l i an F ishing Z one Informat ion System (AFZI S ) as s o on 
as th e neces s ary c omput ing ch ange s c an be e f fected by the 
Aus t ra l i an F ish e r i es S e rvi ce . 

Est imates o f  st anding s t o ck s i z e for spec i f i ed are a s  o f  the 
NWSDWTF are 7 8 - 93 t f o r  M .  andaman i c u s  and 9 2  t for M .  
a ust ral i en s i s. Th e st anding s t o c k  e s t imat e  for th e M .  
sibogae f i shery i s  4 0 1 - 4 63 t. E s t imat ed i n s t ant ane ous 
t ot al mort a l ity rat e s  for thes e s ame areas were M .  
andaman i cus 0 . 04/m onth and M .  sibogae 0 . 1 5/month . T o t a l  
m ort al it y  rat e s  are pr ob abl y e qu ivalent t o  f i sh ing 
m ort al it y  rat e s  f or th e s e  spe c i e s, in the s e spe c i f i ed 
are as . 
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L imited f i shing in the WDW TF make s s at is fa ct o ry e stimat e s  
o f  stock si z e ,  etc . ,  imp o s sibl e  a t  t h i s  t ime .  

6 .  Conclu s i on s  

a )  In the NW SDW TF , M .  andamani cus and M. austral i en s i s  are 
fully expl o it e d ;  M. b o schmai i s  unde r expl o ited . 

b )  The M .  sibogae f i she ry i s  t o o  new fo r s ati s f act o ry 
e s t imate s  o f  expl oi t at i on rat e s . 

c) Expl oratory fi shing i s  needed in the NWSDWTF to 
det e rmine the di s t r ibut i on and ext ent of the prawn 
res ource s . 

d) Expl o r at o ry f i sh ing i s  needed in th e WDWTF t o  
det e rmine th e di s t ribut i on and ext ent o f  both the 
s c ampi and prawn res ource s . 

7. Managem ent 

The f i s he r i e s  o f  the NW SDW TF , WDW TF and the M .  sibogae 
f i sh e ry are all m ix e d  f i sh e r i e s  with c at ch e s  inclu ding, 
s c ampi , prawns, othe r c ru s t a c e an s  such as c r ab s  and bugs , 
s quid and f i n f i sh . 

Management opt i ons whi ch m i ght be cons idered i n  are a s  where 
s c ampi abundance has de clined include : 

a )  Cl o s u r e s  ( including t ot al ,  s e a s onal ,  rot at i on al ) , or 
other e ffort re s t r i ct i on s  in spe c i f i ed are a s . 

b) U s e  o f  alternat ive f i sh ing t e ch n i qu e s , su ch a s  pott ing 
for s c ampi . 

c )  F i shing o f  the prawn s t o c k s  u s ing mid-wat e r  t r awl s , 
the reby not int e rfering with the s c ampi s t o c k s . 

8. Re c ommendati ons 

a )  The l ogbo o k  and b i ol o g i c al c at ch s ampl ing progr ams for 
both the s c amp i and prawn s s houl d  be ma int a ined . Thi s 
progr am sh ould be ext ended t o  any ne w are a s  wh ere 
Metan ephrops f i s he r i e s  devel op around Au s t r al i a . 

b )  The i n f o rmat i on from the l o gbooks st ored in the 
c omput e r  dat ab a s e  s hould be t rans ferred t o  the 
Au s t r al i an F i shing Z one Inform at i on S y s t em (AFZ I S )  as 
a mat t e r  o f  urgenc y . 
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c )  Alt ernative h arvesting t e chni ques, s u ch as trapping for 
s campi and m i d-wat er trawling for pr awns, sh oul d  be 
t es ted . 

d )  Experiment a l  m anipul at i ons o f  e f f ort i n  s elected are as 
sh ould be ex amined t o  det ermine the r at e  o f  recruitment 
o f  s c ampi t o  the fishing grounds . 
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S c ampi, or speci es o f  cl awed lobs ters o f  the genus Metanephrops, 
occur on th e continent al sl opes o f  many countri e s  in th e world, 
h owever, pri or t o  1 9 8 5  were comm erci all y fish ed onl y  in deep 
wat er o f f  s outh e a s t  Afri c a, Metanephrops andamani c us (B erry, 
1 9 6 9 )  and experiment ally in the we st ern Atl anti c Oc e an and 
Car ibbe an S e a, Me t anephrops binghami (Ro e , 1 9 6 6 )  . 

Th e pres ence o f  s c ampi on th e north we s t  sl ope o f  Austral i a  wa s 
f irs t reported by the survey ste amer I nves t i gat or in 18 9 1  
(Al c o c k, 18 9 4 ) , but it was not unt i l  1 98 5  th at a c ommer c i a l  

fishery bas e d  o n  three speci e s  o f  s c ampi (Metanephrops 
andamani cus , M. a u s t ra l i ensi s and M. bos chmai) wa s devel oped . 

Th e s cant s ci e nti fi c  knowledge o f  th e s e  species us ed to es t ablish 
init i a l  management pl ans for the f ish ery prompt ed th e ini ti ati on 
o f  a C S I RO re s e arch program . This three year res e arch pro gram, 
whi ch c omme n c e d  in January 1 9 8 6, aimed t o  collect fundament al 
informat i o n  on the fisheri es bi o l ogy o f  th es e animal s  in order 
that a rati on a l  l ong t erm management s trat egy for th e fish ery 
coul d  be de si gned . 

OBJECTIVES 

1 )  T o  obt a i n  i n f ormat i on on the s iz e, fish ing and_n atur a l  
mort a l it y, growt h, reproduct i on and migrat i on o f  t h e  three 
s c amp i spe c i es - M. a u s t ra l i en s i s, M .  andamani cu s  and M. 
boschma i  - from the ex ist ing NW sl ope fisher i es . 

2 )  T o  do cument th e f ishing withdr awa ls from the grounds and 
the f is h i n g  e ff ort by t ype and quant ity . 

Th i s  report s ummar is es th e informati on c oll e cted on s c ampi 
bi ol ogy and d i s cuss es th e fish ery for thes e  spe c i es and the s u i t e  
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o f  deepwat er pr awn speci e s  whi ch now dominate the f i shery c atches 
(W al lner and Phi l l ips, 1 9 8 8 )  . 

THE FISHERY 

(i) Location and History 

P romi sing c at che s o f  sc ampi and deep wate r  pr awn s at depths 
between 300 and 5 0 0  met res we re made on the no rth-we s t  
cont i nent al s l ope o f  Australi a  in 1 9 8 2  by t h e  R V  "S o e l a" (Anon. ,  
1 9 8 3 )  . F o l l owing t ri a l  fi shing by the FV F i sh e ri e s  P t y  Ltd 
ve s s e l  "Courageous" in 19 8 3  ( C arter e t  a l . ,  1 9 8 3 )  and t he 
di s c ove ry o f  additi onal s c ampi grounds in 1 9 84 by S o e l a  (D avi s  
and W ard, 1 9 84 ) ,  the Au st r a l i an Fi sheri e s  S ervic e (AF S )  released 
a deve l opment p l an for the fi shery in Marc h  1 9 8 5. 

Ei ght t rawl e r s  began ope rat ing in a spec i fied D eve l opment Are a  
whi ch enc omp a s s e d  t h e  known c onc ent rati on s  o f  s c amp i. W ith 
exp l o r at o ry act ivity by the s e  ve s s e l s  si gni fi c ant s c ampi c at che s 
we re a l s o  made out si de the boundary o f  the D evel opment Area and 
on thi s basi s  sma l l  expan s i o n s  of the boundary and i n c re a s e s  in 
the number of endo r s ement s for the fi shery were mad e  annua l ly in 
19 8 6  and 1 9 8 7. 

Current l y ,  thi s f i shery i s  known as the North W e s t  Shel f 
Deepwat e r  Trawl Fi shery ( NWSDW TF ) and i s  bounde d  by the 800 met re 
i s obath to the north and the 2 0 0  met re i s ob ath to the s outh 
between the me ri di an s  of l ongitude 1 1 4°E and 1 24°E ( Fi gure 1 ) .  
Twe lve ve s s e l s  have en do rs ement t o  fi sh in thi s  f i shery 
( 1 9 8 9 / 9 0 ) . 

In May 1 9 8 7, the AF S gaz ette d  the W e s t e rn D eepwat e r  T r awl Fi shery 
(WDW TF ) ,  ( Fi gure 2 ) ,  fo l l owing reco rdings of good c atche s o f  

Me t an ephrops andamani c us and other deepwat e r  cru s t ac e an s  a t  about 
2 7°S. I n it i a l l y, a l l  9 8  appli cant s  we re endo r s ed f o r  thi s new 
f i shery for a one year peri o d, howeve r mo st o f  the s e  ve s s el s  did 
not s at i s fy t he s e l e cti on c r i t e ri a  f o r  c ont inued endo r s ement in 
the f i shery, thu s  2 0  ve s s e l s  had ac c e s s to t h i s  fi shery i n  
1 9 8 8 / 8 9  and 1 0  in 1 9 8 9 / 9 0 . 

During August 1 9 8 7, explorati on by the FV Fi sheri e s  P t y  Lt d 
t rawl e r  "Kingfi sher", on the b oundary o f  Au s t ral i an and 
Indone s i an wat e r s  t o  the north o f  D a rwin (F i gu re 3 ) ,  produced 
c omme rci al cat che s o f  anothe r s c ampi speci e s  Me t anephrops 
siboga e , prev i ous l y  not reported from Aus t ra lian wat e rs. Since 
thi s t ime 14 NWSDWTF o r  WDWTF t rawl e r s  hav e fished thi s r e s ource. 

(ii) Vessels and Harvesting Method� 

W ith t he except i on o f  the two dedi c ated Deep Se a F i s he r i e s  Ltd 
t r awle r s  the ve s s e l s  in th e NWSDW T Fi s hery are prawn t r awlers 
al s o  endo r s ed f o r  the No rthern P rawn Fi shery an d thus fi sh the 
s c amp i grounds s e a s on a l l y  during c l o sures o r  du ring p e ri ods o f  
l ow c at ch r at e  in the Gu l f  o f  Carpent ari a . 
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Al l ve s s e l s  are 'Ott e r' t rawl e r s  o f  steel const ruct i on between 23 
and 3 0  met r e s  LOA, powe r ed by engine s produ c i ng between 3 6 0  and 
8 0 0  BHP . The s e  ve s s e l s  are gene r a ll y  manned by a s k ippe r, 
eng ineer, mat e  and 3 o r  4 de ck hands. Suff i c i ent fue l and wat er 
is c a r r ie d  f o r  fi shing t r ip s  of one m onth durat i on . C at ch i s  
a lway s packaged and f ro z en at s e a  and he ld in r e f ri ge ra t e d  ho l ds 
o f  2 0 -5 0 t onne c ap a c it y . The s e  'prawn ' t rawl e r s  have been 
modi fi e d  for ope rat i on in wat e r  depths t o  1 0 0 0  met re s . 
Modi fi c ati on s  inc lude l arge - c apacity hydraulic winche s, and c atch 
handling equipment c ap ab l e  o f  proce s s ing l arge vo lume s o f  fragile 
product . 

Fi shing ge a r  i s  u s ua l l y  twin net s t owed ove r th e s t e rn from a 
s ingle o r  doub l e  warp and spread by two stee l b o ards, a c ent ral 
s ki d  c onnect s the t wo net s. Net de si gn i s  frequent l y  b a s e d  upon 
prawn net spe c i fi c ati ons such a s  the ' F l o r i da F ly e r' with 
ext ended wing pane l s  and are b etween 2 8  and 4 0  fathoms t ot al 
he adline l ength depending upon the siz e o f  t he ve s s e l. Me sh s ize 
i s  c ommonly 3 inch with 1 . 7 5 -2 inch cod- end when t argeting 
s c ampi, but 2 inch me s h  is used when t argeting the sma l l e r  
deepwat e r  penaei d  speci e s .  

T r awl ing f o r  s c ampi i s  c onducted c ont inuou s l y  o ve r  the 2 4  hour 
peri o d. T r awl ' shot s' are made paral l e l  t o  the bathymet r i c  
c ont ours ove r s o ft, muddy bott om. Shot durat i on s  vary between 3 
and 6 hours . During t a rget fi shing for the deepwat e r  penaei d  
Ari s t ae omorpha fol i a ce a  it i s  normal t o  reduce shot dur ati on t o  
1. 5 - 3 hours and t o  t r awl on l y  during dayli ght hours . Aft e r  
c omp l eti on o f  a t r awl the cod- end i s  winched aboard and the 
content s spi l l e d  int o a hopper fi l l ed with re f rigerat e d  s e awater 
t o  whi ch has been added a quanti t y  o f  an anti oxidant s uch as 
s o dium met abi s u lphat e. Cat ch is then s o rt e d  from a c onve y o r  
belt, s eparated by speci e s  a n d  s i z e. P roduct i s  then thoroughly 
washed to r emove any mud o r  eggs adh ering to the ple opods o f  
s c amp i and p a ckaged i n  waxed c a rdb o ard c art ons before snap 
free z ing in a fan- f o r c e d  b l a s t  free z e r. 

METHODS 

(i) Recording of Commercial Catch and Effort 

Al l ve s s e l s  in the NW SDW T and WDW T  F i she r i e s  are requi red t o  
c omp l e t e  and return a dai l y lo gb o o k  record o f  thei r  fi shing 
activi t y  and c at che s . The s e  re c o rds provide a shot by shot 
bre akdown of a l l  fi s hing activity ; giving po siti on, time of day, 
t r awl dur ati on, depth, fi shing ge ar u s e d, and catch ret aine d . 

Catch re c o rds are c onverted int o ki l ograms and veri fi e d  against 
actual l anded product reco rds provide d  by the p art i c ipat ing 
f i s hing c ompani e s . 

Thi s i n f o rmat i o n  i s  s t o red in a CS IRO c omput e r  d at ab a s e  and wil l  
be t ran s ferred t o  t h e  Au s t r a l i an F i shing Z one Informati on System 
(AFZ IS ) as s o on as t he nece s s ary c omputing change s c an be 

e f fe c t e d  by t he Aus t r al i an F i she r i e s  S e rvi ce . 
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An al y si s o f  t he s e  rec ords provided info rmati on o n  the c ompo sition 
o f  the c atch and r at e s  o f  c atch by speci e s , tim e , area and depth. 
F o r  all comp ar i s on o f  c atch rate s ,  actual e f f o rt h a s  been 
s t andardi s ed ac c o rding to the total length of net t owe d ,  by 
s c aling to a c ommon 4 0  f athom total headline length. 

The M .  sibogae area i s  within the boundari e s  and unde r management 
juri s dicti on o f  the Northern P r awn Fi shery ( NPF ) ,  although t o  
date , only NPF ve s s el s  who al s o  hol d  NWSDW T o r  WDW T fi shery 
endo r s ement s have been e quipped t o  fi sh the re s ou rc e . All 
ves s el s  fi s hing thi s  re s ourc e  have been a s ked t o  volunt aril y 
c ompl ete a deepwat e r  c r u s t ac e an l o gbo o k , in additi on t o  thei r  
n orthe rn pr awn l o gbook. 

Apart from th e requi rement that parti cipating v e s s el s  mu st hol d  a 
C ommonwe alth Fi s hing B o at Licenc e  and the app r op ri at e  endo r s ement 
f o r  the deepwat e r  t rawl fi shery the re are no re s t ricti on s  on 
ve s s el s  in any o f  the s e  fi sheri e s . No cl o sure peri ods o r  areas 
apply t o  the s e  fi sheri e s. Simil arly , the t ype o r  siz e o f  t rawl 
ge ar , o r  the G atch that c an be t aken are unre s t rict e d. 

(ii) Collection of Biological Data 

Twelve t rip s t o  s e a  aboard c omme rci al t r awl ers we re made between 
February 1 9 8 6  and Dec emb e r  1 9 8 8. Although the s e  t rips we re 
scheduled at bimonth l y  interval s  it was n ot always po s sibl e  t o  
maint ain the schedule due t o  l ack o f  ava ilable ve s s el s , 
e speci ally during peri ods such as the April -May ' B anana P r awn ' 
s e a s on in the G u l f o f  C a rpent aria. Simi la r l y , no c on t r o l  c ould 
be exerci s e d  ove r  the s amp l e  l oc ati on a s  the ho st ve s s el was at 
all time s unde r the di rec ti on of the s kipper who aimed t o  
maximi s e  c at ch rat e s. There fore , thi s  ad h oe s ampling produced 
' snap shot s ' of di ffe rent popul ati ons at di fferent time s and 
c ould not p r o vi de a c ontinuous time s eri e s  of dat a f o r  any single 
popul ati on. 

The mo st abundant speci e s  o f  scampi was s ampled from the 
c ommerci al haul aboard the ve s s el . The s ampl e was c ount ed and 
we'i ghed ,  the n  the indi v.i dual s  s exed, me a sured , and a s s e s s ed f o r  
spawning c ondi ti on ,  recent moulting: and pres enc e  o f  pa rasit e s . 

Th e me asure o f  l ength adopt ed for thi s  study wa s  ca rapace length 
a s  de fined b y  Berry ( 1 9 6 9) . Ve rni e r  c alipe r s  we re u s ed t o  
me asure , t o  the nearest millimetre , the c arapac e  from the ba s e  o f  
the maj o r  sup r a - o rbit a l  spine s t o  the p o s t e rior margin o f  t he 
c arapac e. The s e  me a surement s we re u s ed t o  c on st ruc t  length 
frequenc y  di s t r ibuti ons for the popul ati ons and sub j ected t o  
cohort di s s e cti on t e chni qu e s  for the e s timation o f  rat e s  o f  
growt h  and n atural mortali t y. The max imum li kelihood method 
( MacD onald and Pitche r ,  1 9 7 9 )  wa s used to e stimat e the age group 

p a r amet e r s  u sing t he pers onal c omput e r  s o ftware 'MIX' ( ve r si on 
2. 3 ) .  Thi s  i nt e r active c omput e r  program enabled rapi d 
det e rminati on o f  the paramet e r s  that c ould be estimat ed from a 
s et o f  dat a. The best fit s ometime s involved a t r ade -o f f  between 
st ati stic al p r eci si on and bi ol ogic al pl ausibilit y. 
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In order t o  try t o  time reproductive peri o di city and e s tim at e 
popul ati on fecundi t y , fema l e s  were examined by eye f o r  the 
pre s en c e  o f  a deve l oped ovary and o r  eggs a c c o rding to t he 
fo l l owing crit eri a ,  ( modi fied fr om Berry , 1 9 6 9) : 

Dev e l op e d  ov ary - ovary bright b lue , o ccupying who l e  o f  the 
thor a ci c c avi t y  dor s al ly , wit h  p o s t e ri o r  l obes extending int o the 
f i r s t  abdominal s e gment ( equiv a l ent t o  Berry ' s  st age 3- 4 ovary ) .  

E.g_g s t age I - r e cent ly spawne d  eggs , sma l l  spheri c a l  regu l ar 
si z e d  eggs wit h  even bri ght blue c o l orat i on . 

Egg s t age I I  - p a l er blue c o l o ration than s t age I, wit h  
deve l oping embryo just v i s ib l e  a s  a p a l e  p at ch o f  ti s sue a t  the 
p o l e  of the egg . 

Egg s t age I I I  - c o l o rati on vari ab l e , pink appendage s o f  the 
embryo v i sibl e  but some re s i du a l  b lue y o l k  remaining . 

Egg s t age IV � eggs ready t o  hat ch ,  l a rge , s li ght l y  ovoi d ,  embryo 
withi n  has vi sibl e  eye sp ot s, c o l o rati on pink red with no 
re si du a l  blue yolk remaining. 

4. RESULTS 

(i) Fishery Production 

( a )  NWSDWT FISHERY: 

The p a s t  three y e ar deve l opment phas e  o f  t hi s  fi shery has 
di spl ayed rap i d e xp ansions in the c orrun er ci a l  catche s  and e ffo rt 
expende d ,  ( re fer t o  TABLE I )  . Catch incr e a s e d  from 3 5 0  annual 
t onne s  i n  1 9 8 5- 8 6 t o  9 6 2 annu a l  t onne s i n  the mo s t  re c ent year , 
an i n c r e a s e  o f  1 7 5% . Thi s  was p roduced by a sma l l er 7 1% increase 
in e f f o rt from 1 0 , 8 0 0  trawl hours to 1 8 , 5 0 0  t rawl hours. 
However , the r e l ative import ance o f  the s c ampi c omp onent o f  the 
cat ch h a s  dec li ne d . In 1 9 8 5- 8 6 s c ampi c omp o s ed 4 7% of the total 
catch and a s i gn i fi c ant l y  gre at e r  prop o rt i on of the fi shery 
va lue , t hi s  dec lined progre s sive l y  to only 1 0% of the t ot a l  c at ch 
in 1 9 8 7- 8 8. 

Conver s e ly ,  the pr oporti onal prawn c omponent of the c at ch has 
incre a s ed from 5 4% of the c at ch in 1 9 8 5- 8 6 ( 1 75 t onne s ) to 8 9% in 
1 9 8 7- 8 8 ( 8 54 t onne s ) . Of thi s c at ch four deepwat er penaei d  
sp� ci e s  a r e  o f  c orrun e r ci a l  importance a c c ounting for 6 7% o f  the 
c at ch : Ari s t a e omorpha fol i a cea (r ed prawn ) , Hal iporoides siboga e 
(pink p r awn, o r  royal red p rawn in NSW ) , Ari s t eus vi ri l i s  (p ink 

s t riped prawn ) and Pl esi open aeus edwardsi an u s  ( gi ant s c arlet 
prawn ) . The r e d  p rawn , Arist ae omorpha fol i a cea , i s  the single 
mo s t  import ant speci e s  at pre s ent c ompri sing 4 9% of t he prawn 
cat c h  and 4 3% o f  the t o t a l  fi shery c at ch. Two c a ri d  speci e s , 
He t erocarpus wo o dmasoni ( red c a ri d  shrimp ) and He t erocarp us 
sibogae ( whi t e  c a ri d  shrimp ) , make up the balance o f  the 
c orrun er ci al pr awn c at ch. The white cari d  ( H .  siboga e )  is t he 
s e c on d  mo s t  domi nant pr awn speci e s  by wei ght but has ve ry l ow 
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value a s  the rec overy from c ommerci a l  peeling i s  only 2 0% and no 
r e li ab l e  market exi s t s  f or who l e  product. 

B y- c at ch include squ i d  ( mainly No t ododarus hawai i ensi s) , f i sh and 
other cru s t a c e an s  such as bugs Iba c u s  spp . and the spear l obster 
Linuparus t ri goni s .  Although the total o f  these c ompr i s e s  on l y  
between 2 %  and 7 %  o f  t h e  c at ch ,  much o f  t he mat eri al brought up 
in the tr awl i s  di s c arded , henc e  both the potenti a l  c at ch and the 
e ffect o f  t rawl ing are undere st imat ed . 

The s e  f i gure s are further re f l e c t e d  in the changes in catch rate 
or c at ch-per-uni t - e f f ort (CPUE) over the three years . Overa l l ,  
the aver age CPUE f or t ot a l  c at c h  has increased from 3 2  k g / h  in 
1 9 8 5 - 8 6 to 52 kg/h in 1 9 8 7 - 8 8. 

I n  order t o  more accurat e l y  c ompare catch rates f o r  s c amp i and 
prawn c omponent s a wei ght ing f a c t o r  for e ach fi s hing ve s s e l  was 
used . C at ch rat e s  f or prawns and s c ampi were wei ght ed a c c ording 
to the propo rti on of e ach in the t ot a l  annual c at ch for e ach 
ve s s e l  s o  a s  to r e f l e c t  the ve s s e l ' s  t arget pre ference or 
re l at ive c at ch e f f i ciency for e ach c omp onent of the catch . For 
ex amp l e , during 19 8 5 - 8 6 ,  KFV F i sher i e s  Pty Ltd trawl er s  
c oncentr at e d  a lmo st ex c lu s ive l y  upon s c amp i and di s c arded mo s t  of 
the prawn s c aught, whi l e  A .  Rapti s and Sons t rawlers t arget ed 
' red prawns ' and consequent ly showed very l ow c at ch rat e s  o f  
sc ampi speci e s .  The wei ghting app l i e d  i n  thi s  c a s e  we i ght s ' KFV ' 
v e s s e l s  h ig h  and ' R apt i s ' ve s s e l s  l ow in c a l cu l at ing t o t a l  s c ampi 
CPUE, and vi ce versa in c a lcu l at i ng prawn CPUE. As suming that 
rel ative prop o rt i on s  o f  s c amp i : prawn c at ch in a year re f l e ct 
t arget pre ference , t o t a l  annua l  s c amp i and prawn CPUE c an be 
expre s s e d  by t he f o l l owing equati ons : 

CPUE ( s c amp i ) = L SC (Vl Vn)/E(Vl Vn) * SW(Vl Vn)/LSW (Vl Vn) 

CPUE ( pr awn ) = L PC (Vl Vn)/E(Vl Vn) * PW(Vl Vn ) /L PW(Vl Vn )  

where : 
SC = t ota l annual s campi c at ch per ve s s e l  
PC = t ot al annual prawn c at ch per ve s s e l  
E = 
v = 
N = 

SW = 
PW 

annual e f f ort per ve s s e l  
a s pe c i fi e d  ve s s e l  
max imum number o f  v e s s e l s  in the 
s c ampi we i ghing fact o r = L SC(Vl 
prawn wei ghing f actor = L PC(Vl 

fi shing f l eet 
Vn)/L t o t a l  catch(Vl Vn) 

Vn)/L t ot a l  c at ch (Vl Vn )  

Cat ch rat e s  c a l cu l at e d  i n  thi s way indi c at e  s c amp i CPUE has 
dec lined from 1 3 . 7  kg / h  t o  9 . 1  k g / h and the prawn CPUE increased, 
ac c ount ing f or the incre a s e  in t ot a l  rate o f  catch . I n  1 9 8 7 - 8 8  
the prawn CPUE i s  l ower than f or the previous year, due mo s t l y  t o  
a signi fi c ant l y  l ower c at ch rat e  f or the ' red prawn ' . Thi s  may 
be attribut e d  t o  l owe r ove r a l l  e f fi c iency of the l arger numb er o f  
ve s s e l s  t arget ing thi s re s ource or may re f l e ct a l ower abundance 
of thi s spe ci e s  in the l atter year . 
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Th e f ormati on o f  the WDW T Fi shery i n  1 9 8 7  was b a s e d  upon the 
c at che s made during 8 4  b o at days o f  exp l orat or y  fi shing by 
ve s s e l s  endor s e d  f or the NW SDW TF during the pre c e e ding year . 
T he s e  are det ai l ed in TABLE 2 .  

Wit h  the appli c ati on o f  4 , 0 0 0  trawl hour s  o f  e ndor s e d  e f f ort 
during 1 9 8 7- 8 8  a c at ch o f  1 1 6  t onne s was obt ained . Thi s  c at ch 
was composed o f  2 4% scampi, 5 5% prawns and 2 2% other speci e s . 
S c amp i were predominant l y  M. andamani cu s  with a mi n or 
c ontributi on by M. boschmai (M. a u s t ral i ensi s has not been 
rec orded t o  date ) , and t he prawn s were the penaeid 'royal-red 
prawn' Hal iporoi des siboga e  and the ubi quitous ' whi t e  c ari d 
prawn' Het ero carpus siboga e . I n  additi on t o  squi d  other by- c at ch 
o f  note were a speci e s  o f  s c y l l ari d l ob s t er or 'bug' Iba cus 
al t ri crena t u s ,  and a l arge crab Geryon sp . ,  dubbe d  t he ' snow 
crab' f or m arketing purp o s e s . It  appears that the c ommerci al 
cru s t ac e an f auna is l e s s  diver s e  than f or the NWSDW T F . 

Average c at ch r at e s  obt ained during 1 9 8 6- 8 7  de c lined the 
f o l l owing year probab l y  due to the l ower aver age e f fi ci ency o f  
the new operat or s , many o f  whi ch had lit t l e  or n o  experi ence in 
de ep-wat er operati on s . 

( c )  METANEPHROPS SIBOGAE FI SHERY : 

Due t o  t he recent di s c over y  o f  thi s  s c amp i re s ource only a s ingle 
y e ar of fi s hing has been r e c orded ( s ee TABLE 3 )  . 

Over 9 , 0 0 0  trawl hour s  were app lied t o  thi s  sma l l  are a  t o  pro duce 
a t ot a l  c at ch o f  3 2 6 t onne s , of whi ch 2 1 8  t onne s was the s c ampi 
speci e s  Met an ephrops sibogae . Of the other 1 0 8  t onne s , 9 6% were 
prawn s , predominant l y  Pen a eop s i s  edu ardoi and a mixtur e  o f  c ari d 
speci e s .  

The s c ampi c at ch and average s c ampi CPUE o f  1 9 . 2  kg/h was greater 
than f or any y e ar in the NWSDW T or WDW T Fi sher i e s . I t , 
there f ore , c o n s t itut e s  an import ant s c ampi res ource f or 
Australia, that shou ld be considered when devel oping management 
opti ons f or a l l  s c ampi s t o c k s . 

Prawns and other species were apparentl y  less abundant than in 
the other s c ampi fi sheri e s  and the speci e s  comp o siti on a l s o  
di f fer s . F or ex amp l e , the prawns Plesi onika sindoi and 
Pena e opsis e duardoi , while present in other fishing areas, are 
c aught in s u f fi ci ent quantit y  t o  as sum e  c ommerci a l  import ance in 
this are a . 
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(ii) Distribution and abundance 

( a )  SPATIAL DI STRIBUTION AND ABUNDANCE: 

Sp at i a l  di s t r ibut i on 

St andardi s e d  c omme r c i a l  t rawl CPUE may be u s e d  as a me a s ure o f  
re l at ive abundanc e  for s ca.inp i. P l ott ing thi s i n f ormat i on on a 
map reve a l s  the geographi c a l  di stribut i on o f  t he s e  spe c i e s, 
( F i gure s 4 , 5 , 6 and 7 ) . All the spe c i e s  are di s t r ibut e d  in a band 

along the upper continental slope between depths of 260m - 500m. 

M .  andaman i c u s  i s  a by-product o f  deepwat e r  p rawn t r awl ing o f f  
the e a s t  c o a s t  o f  t he Afr i c an c ont inent and t h e  we st c o a s t  o f  the 
I ndi an c ont inent and di spl ays the mo st wide spread di s t r ibut i on in 
Aus t ra l i an wat e r s , ext ending from the boundary o f  the AFZ at 1 3°S 
in the n orth we st a round the W e s t ern Aus t r a l i an c o a s t l ine int o 
the Gre at Austr a l i an B i ght a s  f ar as Kangar o o  I s . o f f  S outh 
Aus t r a l i a. 

The di s t r ibut i on r ange for M .  bos chmai ext ends from the s ame 
nort he r l y  po int as M .  andamani cus to at l e a s t  2 9°S a l ong t he W . A .  
c o a s t. M .  a u s t ra l i en s i s  exhibit s the mo st rest r i ct e d  
di s t r ibut i on , be i ng found o n l y  between l at itude s  1 5°S a n d  2 0°S .  
Each spe c i e s  has a r e a s  o f  concentrat i on thought t o  be det ermined 
by sediment preference according to the burrowing abil ity of each 
species ,  as sugg e s t ed by Cart e r  et al . (1983). High abundances 
o c cur around the Rowley Sho a l s  and S c ott Ree f  sugge s t  that the s e  
iso lated oceanic atol ls may contribute t o  higher productivity in 
the surrounding benthi c  c ommun it i e s. 

Dens ity 

I n  are a s  of p r e f e r re d  sub s t rate c omme r c i a l  s c amp i t rawl ing for 
varying durat i o n s  produce fair l y  const ant c at ch rat e s. Thi s may 
indi c at e  that s c amp i t end t oward an even di s t ribut i on on the 
bottom r athe r than a high�y aggregat ed p at t e rn of di s tr ibut ion 
whi ch is common l y  ob s erved f o r  s ome deepwat e r  prawn spe c i e s  such 
a s Ari s t a e omorph a  fol i acea and He t erocarp u s  wo odmasoni . The s e  
prawns ex ibit marked fluctuati on in 'c at ch rate . 

B a s e d  on the s wept are a  o f  a t r awl and 1 0 0% c at chab i l it y  a cat ch 
rate o f  2 5  kg / h  repre s ent s a me an den s i t y  o f  only 0 . 00 125 /m

2
, or 

1 an imal per 8 0 0m
2

• I f  a c at chabi l it y  o f  20% i s  as sumed then 
dens i t y  is 0.00625/m2• 

D epth di s t r ibut i on 

Al l spe c ie s  o f  s c amp i have strong depth pre ference s. A p l ot o f  
commer c i a l  CPUE ( as a me asure o f  abundance ) f or e a c h  speci e s  
within 20 m depth interva l s  acro s s  t h e  c ont inent a l  s l ope ( F i gure 
8 )  shows a c o n s i st ent pattern . S c amp i o c cur from ab out 2 6 0 m to 
about 5 0 0  m on t he c ont inent al s l ope . M. bos chmai dominat e s  from 
260 m to 3 6 0  m with 3 0 0  m to 3 2 0  m the mo s t  preferred depth . M. 
andamani cu s  o c cu r s  from 3 4 0  m to 4 4 0  m with 3 8 0  m - 4 0 0  m the 
pre ferred depth c ont our. M. a u s t ra l i ensi s i s  the dominant 
spec i e s  in the deep e s t  are a s  between 4 2 0  m and 5 0 0  m, with peak 
abundanc e  o c cu r r ing between 4 4 0  m and 4 6 0  m depth . 
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Stock si z e  

TABLE 4, bel ow ,  shows e s timat ed minimum s t o c k  si z e s  f or small 
sub s t o ck are a s  o f  M. andaman i cu s  and M .  a u s t rali en s i s  and t ot al 
stock si z e  f or M. siboga e. Two methods were u s e d ;  fir stl y, the 
swept are a  method where initi al maximum c at ch r at e s  are appli ed 
t o  the t ot al area; and s e c ondly, a regre s si on method ( Le slie and 
D avi s, 1 9 3 9; De Lury, 1 9 4 7 )  whe re a p l ot of de c l ining CPUE 
aga inst cumul ative c at ch i s  extrapol ated t o  the x - axis p oint o f  
z e r o  CPUE . Potent i a l l y  l arge s ource s o f  error ex i st i n  both 
the s e  methods , t he r e f ore the e s timat e s  are not robu st . 

In u s ing the swept area method, 1 0 0% catch abi l i ty i s  a s sumed , 
thi s i s  almo s t  cert ain l y  not s o  f o r  th e s e  burrowing spe c i e s, thus 
under-e s timati on o c curs . A l s o, the maximum c at ch rat e  i s  applied 
t o  the t o t al are a, although in real it y  the t ot al are a  c ont ains 
pat che s of l owe r den sity as we ll . T hi s  s ource of error t ends to 
che ck the former . Erro r  ari s e s  with th e d epl et i on m eth o d  as 
c at chabilit y  may change with den si t y, and becau s e  c ommerci al 
fi shing u s u all y s t op s  at the point o f  unprofit abi lit y  well above 
a z ero c at ch rat e, thus c on s iderabl e extrapol at i on i s  o ften 
required . 

( b )  TEMP ORAL D IS TR IBUTION AND ABUNDAN CE 

S e a s o n a l  p at t e rn s  

Figure 9, s hows t he trends i n  abundance f o r  three speci e s  o f  
s c ampi . F or e a c h  speci e s  the aver age fleet CPUE w a s  c al cul ated 
for a spe c i fi c  sma l l  fi shing g round. The areas ex amined we re 
de fined as f oll ows : 

M .  andamani cu s  g r ound: - between l at itude s 1 7. 4 0° S - 1 8 . 4 0°8 
between depths 3 6 0  m - 4 2 0  m 

M. a u s t ra l i en s i s  ground : - between l atitude s 1 6 . 1 0° S - 1 7 . 1 0° S 
between depths 4 2 0  m - 4 8 0  m 

M . sibogae g r ound : - between l ongitude s  1 2 8 . 0 0°E - 1 3 2 . 0 0°E 
between depths 2 4 0  m - 3 2 0  m 

The M. andamanicus and M .  a u s t rali ensis curv e s  sh ow no c l ear 
patt e rn of f l u ctuat i on with s e a s on . O s c i l l at i ons are probab l y  
due t o  varying e f fi c i enci e s  o f  di f f erent oper a t or s  rather t han 

' change s in t he real abund ance o f  s campi . However, it i s  
not eworthy t hat i n  June / July dur ing 1 9 8 6  and 1 9 8 7  c at ch rat e s  
showed si gni fi c ant incre a s e s . I t  i s  l ikely that thi s i s  a real 
ph enomenon r e s u l t ing from a 2-3 month peri o d  o f  littl e  o r  no 
f i shing during Apr i l  t o  June wh en mo st t rawl ers return to th e 
Gul f o f  C arpent ari a f or t he ' banana prawn ' season . Re al 
abundanc e  may ri s e  during thi s  peri o d  due t o  recruitment or 
apparent abundanc e  may ri s e  due t o  incre a s e d  cat chabilit y  a s  
animal s, expo s e d  t o  l e s s  trawl di s t urbance emerge from burrows 
for gre at e r  peri ods . 
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D e spi t e  fluctuati ons i n  the C PUE, the curve s fo r both spe ci e s  and 
in p art i cul a r  M .  andamani cu s  t rend downward s . The me an c at ch 
rate f o r  M .  andamani cus f o r  t he f i r s t  7 month p e r i od o f  l ogbook 
rec o rds June to D ecemb e r  1 9 8 5  wa s 1 9. 3  ± 4. 5 kg p e r  hour, thi s 
dec l ined t o  5 . 8  ± 2.2 kg p e r  hour for the per iod S eptemb e r  19 8 7  
t o  March 1 9 8 8. Thi s t rend i s  more pronounced when i t  i s  
remembered that sporadic unrecorded fishing occurred from August 
1 9 8 3  when f i sh ing t r i a l s b y  th e KFV ' Courageou s ' p r oduced a c atch 
r at e  o f  3 5. 5 kg / h  u sing small prawn net s (Cart e r  e t  al , 1 9 8 3 ) ,  or 
a s t andardi s e d  c atch rat e o f  5 0. 7  kg / h . 

The M .  sibogae curve shows the f i rst 8 months ' CPUE a f t e r  t he 
di s c overy o f  thi s area i n  August 1 9 8 7 . Thi s sh o rt pe r i o d  i s  
i n s uf f ic ient t o  det ermine any s e a s onal t rends . Howeve r abundance 
i s  a l s o  seen t o  decl ine r ap i dly unde r f i shing p r e s sure . The 
init i al dat a po i nt i s  l ow as thi s repre s ent s the expl o rat o r y  
phas e  when ve s s el s  det e rmined t h e  opt imum a r e a s  a n d  depth r ange 
o f  t h i s new s pec i e s . 

D a i ly P atterns 

W ard and D avi s ( 1 9 8 7 )  ex amined the di e l  pe r i odi c it y  o f  c at ch 
rat e s  f o r  sc amp i. M .  a u s t ra l i ensi s was f ound t o  exh ibi t  h i gh e r  
c at ch r at e s  at du s k  and dawn, s imil a r  t o  t h e  p at t e rn de c r ibed for 
Nephrops norvegi cus (Chapman and Howard, 1 9 7 9 ) ,  whil e M .  
andamani cus s howed no di el peri odi c i t y . Although a full analys i s  
o f  th e dat a h a s  n o t  yet b e en c ompleted, conun erc i al logbo ok dat a 
sh ow no app arent di e l  fluctuat ion in c at ch rat e f o r  any sc ampi 
sp e c i e s . Con s e quentl y, ve s s e l s  t arget s c amp i t r awl c ont inuously . 

I n  c ont rast, catch rat e s  f o r  the penae id sp e c i e s  Ari s t a eomorph a 
foli a cea, Ari s t e u s  vi ri l i s  and Pen aeopsi s eduardoi and cari d  
spe c i e s  He t ero carpus wo odma s oni and H .  s ibogae s h o w  a ve ry cle ar 
nocturn al de cl ine in c at ch rate . Thi s  i s  att ribut ed t o  the s e  
spec i e s  und e rt aking a nocturnal ve rt ic al m i grat i on up int o  the 
wat e r  c olumn . Thus, ve s s el s  t arget ing deepwat e r  p rawn s, 
part icul arl y  A .  foli a cea, t rawl onl y  dur ing dayl i ght hours . 

(iii) Population Structure 
( a )  S IZE COMPOS I T ION : 

S i z e  frequenc y  d i s t r ibut i ons o f  di f fe rent s c ampi spec i e s  always 
a s s ume a spe c i e s  spec i f i c  shape . S ampl e s  of each are p re s ented 
in F igures 1 0, 1 1, 1 2  and 1 3. They are obviously p olymodal and it 
is a s s umed t h i s p o l ymoda l i t y  is the r e s ult of annual recruitment s 
f o rming ag e ( s i z e )  c ohort s . 

The f i gure s indic ate the 50% s el ect i on s iz e  for Nephrops 
n orve gi cus f o r  a 7 0  mm c od -end t rawl (Ma in and S an g s t e r, 1 9 8 4 ) .  
The t rawl nets u s ed in the NWSDWTF u s e  me sh o f  51- 9 0  mm in the 
wing p ane l s  and 4 5 - 5 1  mm c o d-ends, thus the mesh s el ect i on s iz e  
f o r  Au s t ra l i an sc amp i  spec i e s  could be small er t han indi c ated . 
I t  i s  cle a r  that small s i z e  cl a s s e s  that are ab ove the me sh 
s e l e ct i on s i z e  are not well repre s ent ed in t he s ampl e s . Thi s is 
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att ribut e d  t o  reduced cat chability o f  young an imal s, p o s sibl y  du e 
to greater proporti o n s  o f  time spent in burrows. The r e fore , 
although small s c ampi may abound on the fi shi ng grounds they do 
not r e c ruit ful l y  to the fi shery until about 3+ y e a r s , c oincident 
with reproductive maturit y .  

(b ) SEX RAT IO: 

F o r  M .  a us t ral i ensi s  and M .  bos chmai mal e s  and fema l e s  were 
a lmo s t  a lways equ a l l y  repre s ent ed in the catch . S amp l e s  of M. 
andamani c u s, howeve r , frequ entl y had si gni fi c antl y  great e r  
numb e r s  o f  femal e s  t han mal e s .  Thi s  u s ua l l y  o c cured during 
peri o ds when proporti ons of fema l e s  carrying b e rry wa s hi gh. 

I t  i s  hypothe si s ed that berri e d  fema le M .  andamani cus , a deeper 
burrowing anima l, eme rge fr om the bu rrow f o r  l onger peri ods to 
oxygenate the b r o o d  and there f o re suff e r  a h ig he r  c at ch abi lity .  
B e r ri e d  fema le s s ometime s acc ount ed for up t o  7 2% o f  the t ot a l  M. 
andaman i cus c at ch . 

(iv) Species Biology 

( a )  HABI TA T AND BEHAVIOUR: 

Metanephrops spp . are prob ab l y  s imi l ar t o  Nephrops n orve gicus in 
the fact that they expend cons i derab l e  energ y  in bui l ding burrows 
( Ri c e  and Chapman 1 9 7 1 )  and di sp l ay aggre s sive home ranging 

behavi ou r  (F arme r 1 9 7 5 )  . Con s e quently, s c ampi habit at is cl o s ely 
c o�rel at ed wit h  s e diment type and grain s i z e . McLaughlin e t  al. 
(1 9 8 8 )  f ound that areas of c al c areous muddy s ands supp o rt e d  the 

highe s t  concent r at i on s  of Me t anephrops spp . around the S c ott 
Ree f -Rowley S ho a l s  area . 

B a s e d  upon ob s e rvations o f  the fr equency o f  epi z o oi c  barnacl e s  on 
the c ar apace , t he degree of spinati on of the ex o sketeton and 
sediment adhering t o  c aptured animal s Cart e r  et a l .  ( 1 9 8 3 )  
sugge s t e d  that M .  a ustrali en s i s  pr e ferred c ompar atively firme r 
sub s t r at e, may not build ext e n sive burrows and may be active 
out si de the burrow f o r  consi de r able peri ods o f  time , whil e M .  
andamani cu s  and M .  bos chmai made deeper burr ows in s o fter 
sediment . Ob s ervati ons during thi s  study s upport thi s  
hyp o t he s i s . 

(b ) REPRODUCT ION : 

Rep r o du ctive Cyc l e  

Matin g  and rep r o ducti on i n  Me t anephrops spp. are probably simi l ar 
t o  t hat de s c ribed f o r  Nephrops n orvegi c u s  (Farmer, 1 9 7 5 )  and M .  
andamani cu s  ( B e rry, 1 9 6 9 ) .  I n  Nephrops, c opulati on o c c u r s  
between a mal e  a n d  a recentl y moulted femal e . The mal e  t ran s fer s 
sperm f r om the opening o f  the vas de ferens on the c ox a  o f  the 
fi fth p e ri opods vi a t he highl y  modi fi e d  fi r s t  abdominal 
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appendage s. The s e  appendage s form a p a i r  o f  gr o oved, p o inted 
stylet s  o r  pene s which are i n s e rt ed i nt o  the female gon i op o r e s  on 
the c ox a  o f  the t h i rd pere i opods. F e rt il i z at ion i s  prob ably 
internal, occurr ing during spawning o f  the ova . Fert il i z ed eggs 
are adherred to the ple opods whe re they are incub at ed for many 
months. The embryo i s  l ec ithotrophic , nour i she d  from the l a rg e  
yolky egg which i s  characte r i s t ic al l y  b r i ght blue when f i r s t  
spawned. Th e eg g gradually chang e s  t.: o  p ink then red a s  the 
embryo bec ome s p i gment ed and the y o lk is ab s o rbed. The l a rvae 
hatche s in an advanced s t age of devel opment and undergoes a few 
rapid mou l t s before adopt ing a b enthic hab i t  as a j uven i l e  
( Uch i da and D ot su , 1 9 7 3 , Wear , 1 9 7 6 )  . 

Reproduct ive l y  mature met anephrop ids probab l y  m oult and sp awn 
annuall y  ( Be rry, 1 9 6 9 ) , however, only c o ar s e  e s t imat e s  o f  the 
t iming of t he s e  event s c an be drawn from thi s study due to the 
inab i l it y  to regul a r l y  s ampl e a popu l at i on at one l oc at i on. It 
is thought t hat l at itudinal var i at i on in the t iming of spawn ing 
event s c on f o unded a cle a r  patte rn. 

F o r  M .  andamani cus and M .  a u s t ra l i ensis the proport i on o f  f emale 
animal s  i n  s amp l e s  c arrying egg s  (berry ) wa s l owe st in June and 
July ( 2 1 - 3 5% ) , although the inc i denc e  o f  devel oped ovar i e s  was 
h igh. P roport i on s  of berried femal e s  was highe st during the 
period from Oct ober to J anuary ( 5 0 - 9 4% )  . The dat a indic at e  that 
the s e  two spec i e s  sp awn during spring and s umme r months, 
incubat ing the egg s att ached t o  the pl e opods f o r  po s s ibl y  6 - 7  
months b e f o r e  the eggs hatch during the autumn - wint e r  p e r i o d. 
Thi s c yc l e  i s  s imil ar t o  that reported f o r  M .  andaman i cu s  i n  
S outh Afr ic an wat e r s  (Berry, 1 9 6 9 )  . Berry al s o  f ound that peak 
mou lt ing and sub s e quent mating occurred dur ing May to Jul y. 
Howeve r, i n  thi s study the numbers o f  rec ently moulted ( s o ft )  
animal s  in c omme rc i al c atche s was a l ways small and va r i abl e and 
it i s  be l i eved that an imal s  in s o ft c ondit i o n  we re l e s s  
suscept ibl e  t o  c apture. Therefore thi s finding c annot be 
c on f i rmed. 

· 

Insuffic i ent s ampl ing o f  M .  bos chmai was c onducted t o  e s t imat e 
the t iming o f  rep r o duct iv e  event s f o r  thi s spec i e s. 

T ime o f  spawn i ng appears t o  d i f f e r  f o r  M .  s iboga e  c ompared t o  the 
two NW s l op e  spec i e s  di scus sed. S amp l i ng of the rec ently 
di sc ove red p opul at i on during e a r l y  Oct ober 1 98 7  reve al e d  t hat the 
maj o r i t y  o f  f ema l e s  we re ovige rous but onl y  0 . 2% c ar r i e d  berry. 
By the end o f  J anuary 1 9 88 a c omparat ively s ynchronou s sp awn ing 
had occurred, with 8 0. 2% of femal e s  i n  berry. 
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CROSS SHELF PROFILE OF BOTTOM WATER TEMPERATURES (°C) 
S TAT ION NO 
DEP TH (M) 
W INTER TEMP 
SUMMER TEMP 

8 
4 0  

2 1 . 3 6 
2 7. 7 4 

9 
7 0  

2 1 . 8 2  
2 5 . 0 3 

10 
1 0 0  

2 3 . 0 9 
2 3. 1 7  

11 
1 10 

2 3 . 57 
2 3. 21 

1 2  
4 0 0  

9. 3 7  
9. 5 9  

13 
1 0 82 
4 . 68 
4. 57 

NO TE : W int e r  t emperature f rom S o el a  c ru i s e  AS04 - Augu st 19 8 2  
Summ e r  t emperature f rom S o el a  c ru i s e  AS Ol - February 1 9 8 3  

The c r o s s s he l f  t r ans ect i s  j us t  s outh o f  th e R owl e y  Shoal s. 

H i ghe r amb ient wat e r  temp e r ature s r e s ult ing f r om the shall ower 
depth and e qu at o r i a l  l at itud e  ( in f e rr ed f rom hyd rographic d at a  
f o r  t h e  NW She l f  c o llected by the RV S o e l a  - s e e  t abl e ) may 
c ont r ibut e to the del ay in spawning f o r  th i s  spe c i es and c oul d 
s ign i f i c ant l y  reduce the incub at i on p e ri od. 

S i z e  at S exual Maturity 

S exual matur i t y  f o r  femal e s  was t aken a s  the siz e at which 
spawning and egg incubat i on o c curs. TABLE 5 det a il s  the minimum 
s i z e s  at whi ch b e r ried f emal e s  were f ound and the s iz e  at whi ch 
5 0% o f  b e r r i e d  fema l e s  o c curred for ag greg ated s ampl e s  o f  e ach 
species. 

D i f f e rence s between the two me asure s r e flect the c ap a c i t y  o f  
o c c a s i onal small individu al s  t o  suc ce s s fully spawn a s  opp o s ed t o  
t h e  general t rend f o r  the p opul at i on. 

Apparent var i at i on in the s iz e  o f  f i r st s exual mat u r i t y  was 
obs e rved for M. andamani c us with re spect to l at it ud e. S amp l e s  
t aken from 2 6 - 2 7° S tended t o  have a s l i ghtly l arge r s iz e  a t  which 
5 0% we re be r r i e d  than s ampl e s  t aken f r om 1 7 - 18° S .  Howeve r, 
i n su f f i c i ent s ampl e s  we re t aken at the more s outhe rly l at itude t o  
s t at i s t i c a ll y  ve r i fy thi s ob s e rvat i on. 

Fecundity 

Met anephrop ids have l owe r f e cund it y  than Nephrops n orvegi cus . 
Femal e  Nephr ops sp. produc e s  between 8 0 0  and 5 0 0 0  eggs (Farme r, 
1 9 7 5 ) ,  whi l e  F i gure 1 4  ind i c at e s  that the numbe r o f  newly sp awned 
( S t age I )  eggs f o r  the mo s t  f ecund A u s t r a l i an s c ampi spec i e s  (M. 

austral i en s i s )  is between 4 0 0  and 1 5 0 0 . The effect ive fe cundity 
is mo re than 5 0% l owe r as shown by the S t age IV curve in F i gure 
1 4, due t o  egg l o s s  dur ing the incubat i on period. D e sp i t e  
c are ful s el e c t i on o f  fema le s for e gg c ount s , some o f  th i s  egg 
l o s s  c o u ld b e  att r ibuted t o  c aptu re and hand ling. Chapm an and 
B a ll antyne ( 1 9 8 0 )  s ugge st t rawl ing c aus e s  an 11 -2 2% l o s s  o f  eggs 
from Nephrops n orvegi cus c ompared to t rapped animal s .  Howeve r, 
during the l o ng incub at i on p e r i od natural att rit i on i s  probabl y 
re s pons ibl e  f o r  the maj o r i t y  o f  egg l o s s. For Nephrops egg l o s s  
a s  hi gh as 1 0% p e r  month o r  7 5% t o t a l  h a s  been re c o rd ed 
(Fi guei red o  e t  al . ,  1 98 3 ) . 
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Given the high rat e s  o f  egg l o s s  t hat seem t o  be a f e ature o f  
thi s genu s, c al c u l at i on o f  popul at i on fe cundit i e s  shoul d  be based 
upon animal s in the terminal st age o f  egg incub at i on o r  e f fect ive 
fecundity . 

F igure s 1 5  and 1 6  indi c at e  s imil ar pattern s  fo r M .  andamani cus 
and M .  bos chma i respect ive l y , a lthough the fecundit i e s  are lower 
in keeping with the i r  sma l l e r  s i z e  and r

2 value s indi cate mo re 
vari ab l e  dat a about the regre s s ion l ine s . 

( c )  GROW TH: 

P r e l iminary ana l y s i s  o f  l ength frequency dat a indi c at e s  that 
lengt h  frequency h i s t ograms fo r M .  a u s t ra l i en sis, M .  an damani cus 
and M. boschmai m ay be suce s s ful ly s eparat e d  into 6 ,  5 and 3 
c omponent coho rt s re spect ive l y . As suming that the p o l ymod al 
s t ructure o f  a l l  s c ampi len gth frequency hi stog rams r e f l e ct s  
annual c oho rts then it i s  l i kely that M .  bos chmai become ful l y  
recru it e d  o r  ava i lab l e  to the f i shery from abo ut age 3 y e a r s  and 
M. andamani cus and M. a u s t ra l i en s i s  from about age 4 .  The s e  age s 
are a l so the approx imate ag e s  o f  animal s  whi ch reach s exual 
matur ity or spawning s i z e. 

Thi s dat a i s  being furthe r analy sed fo r mo dal prog re s s io n s  in 
t ime to conf i rm rat e s  of growth and will be the s ubj e ct of a 
s eparat e  repo rt . 

( d) MOR TAL I TY: 

I n  me a s u r i ng the mort a l it y  in a f i shed popu l at ion, two 
component s of the tot a l  mo rt a l ity ( Z )  mu st be c on s i de r e d ,  n atural 
mo rt a l it y  (M) and f i shing mo rt a l ity ( F )  . 

F i sh ing M ort al ity 

I f  we a s s ume ove r  t ime that a popul at i on i s  in equ il ibr ium with 
recruitment to the popul at i on b al anced by n atural mo rt a l ity and 
no net migr at ion, then change s in the abundance o f  the popu l at ion 
are due to f i shing mo rt al ity . 

Change s in the n at u r a l  lo g o f  the abundanc e  fo r M .  andamani cus i n  
t h e  a r e a  f i r st t rawl ed b y  a comme r c i al ve s s e l  in 1 9 8 3  ( Cart e r  et 
al . 1 9 8 3) are p lot t e d  on F i gure 1 6. The a r e a  cons i de r e d ,  between 
1 7. 4 0° S and 1 8 . 4 0° S and 3 6 0  to 4 2 0  met res depth has been 
c on s i st ent l y  f i shed and it is b e li eved that CPUE st andardi sed for 
net s i z e  repre s ent s a rel i ab l e  index of abundance . z is de rived 
from Gull an d ' s ( 1 9 6 9 )  equat ion; 

zt Nt=No e - ; and i s  repre sent e d  on F i gure 1 7  by the s l ope o f  the 
reg re s s i on . 

The r e fo r e: 

f i she ry . 

-1 
F=Z= 0 . 00 1 3  ± 0. 0 0 0 1  da� 

= 0 . 04 ± 0 . 0 0 3  month , fo r the p e r i o d  o f  the 
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S imp l y , thi s approx imat e s  to the f i s h ing act ivit i e s  o f  the 
current f i s hing f l eet r e duc ing the popu l at ion b y  about 5% per 
month between S eptemb e r , 1 9 8 3  and Apr i l  1 9 8 8 . 

A s imi l a r  approach was unsucce s s fu l  fo r M .  a u s t ral i en s i s  in the 
area bounde d by l at itude s 1 6 . 1 0° S and 1 7 . 1 0° S ,  between depth s  o f  
4 2 0  and 4 8 0  met r e s  a s  t h i s area was l e s s  con s i stent l y  f i shed . 

Aft e r  the di sc ove ry o f  the M .  sibogae grounds in August 1 9 8 7 , 
thi s popul at ion was f i s hed unt i l  t he commencement o f  the ' Banana 
prawn ' s e a son in the Gu l f  of Carpent a r i a . The r e s u lt s  o f  thi s 
an a l y s i s  are s hown in F igure 1 8 . 

-1 
F=Z= 0 . 0 0 5 ± 0 . 0 0 0 4  day

� 
= 0 . 1 5  ± 0 . 0 1 2  month 

Thi s inst ant aneous mo rt a l ity rate approx imat e s  to a reduct ion in 
popu l at ion abundanc e , due to f i shing , at a rate o f  about 1 5% per 
month . 

Natur a l  M o r t al ity 

No re l i ab l e  e st imat e s  fo r natural mo rt al ity could be made dur ing 
thi s study . 

Attempt s to e s t imat e  natural mo rt a l it y  from dec l in ing frequenc i es 
on the r i ght hand t a i l  of the length frequency di st r ibut ion gave 
unre a l i st ic a l l y  h i gh e st imat e s .  Thi s i s  due to merging o f  
coho rt s  i n  the s e  s low growing age cl a s s e s. A r e s u lt u s ing thi s 
metho d wou l d  have re f l ected the M o f  a s enescent po rt ion o f  t he 
popul at ion and may not h ave been gene r a l l y  app l ic ab l e  to the 
who l e  st oc k . 

It i s  s u specte d  that M may vary widely between areas and 
di f fe rent spec i e s  due to the pre s enc e  or ab s enc e  o f  the para s it ic 
c opepod Ni c o t h o e  spp. (Kabat a ,  1 9 6 7 ) .  Thi s  para s ite att aches to 
the gi l l s  of the sc amp i eventu al l y  c au s ing ext ens ive gil l  damage 
and di s f igur i ng the c arapace . It wa s found only in M .  
andamanic u s  and M .  bos chmai, whi l e  M .  a u s t ral i en sis appeared to 
be free o f  it . Frequenc y  o f  infect ion was h i ghe r in sma l l er 
anima l s  indic at ing the po s s ib i l it y  o f  increased mo rt a l it y  o f  
infected ho st s . On the princ ipal M .  andaman i c us f i shing g round 
s outh of the Ro wley S ho a l s ,  up to 5 7% of the c atch was infect e d ,  
whi l e  no i nc idenc e  o f  infect i on wa s reco rded fo r t h e  s ame spec i e s  
c aught between 2 5° S and 2 7° S .  

( e )  MIGRATION: 

No evidenc e  o f  migrat ion was found dur ing thi s study . 

Expe r iment a l  ta gging o f  Nephrops n orvegi cus reve a l e d  l oc a l i s e d  
movement s g e ne r a l l y  l e s s  t h a n  5 mi l e s  (Farmer , 1 9 7 5 )  and it i s  
l ike l y  g iven the ene rget ic inve stment i n  burrow bu i l ding , that 
sc amp i  do not undert ake extens ive migrat ions , rathe r ,  l oc a l i s e d  
movement s within t he i r  home range fo r t h e  purpo s e s  o f  feeding ,  

I 



-2 0-

reproduct i on and de fence . Conunerci a l  c at ch and e f f o rt s t at i st i cs 
s upp o rt thi s v i ew . Concent rat i ons o f  s c amp i or are a s  pro duc ing 
h i gh CPUE did not shi ft, unl ike aggregati ons of the p rawn spe c i e s  
Aris t ae omorph a foliacea anp He t erocarp u s  wo odmas oni whi ch vary in 
p o si t i on and c an rapidly di spe r s e  unde r fi shing p re s sure. 

5. DISCUSSION 
(i) Stock Size Estimates and ExP-loitation: 

In the s e  s c ampi fi she r i e s  a s i gn i f i c ant proport i on o f  the t o t a l  
st anding sto c k  bi oma s s  i s  di s t r ibuted at l ow den s i t i e s . The main 
f i shing act i v i t y  i s  directed t oward a number of di s c rete sma ll 
are a s  that s upp o rt h i gher den s it i e s . I t  i s  the s t o c k  in the s e  
sma l l  a r e a s  that a r e  subjected t o  f i shing mort a l it y  a n d  t h e  sum 
o f  the s e  sma l l  product ive are a s  shou l d  be consi dered t o  be the 
" e f fective" s t o c k  si z e  for t he purpo s e s  of mana ging t he s e  
f i s he r i e s . 

In mo st new fi s he r i e s, abundance me asured a s  CPUE, f all s qui ckly 
a s  surplus s t an ding stock is removed. The f i she ry then 
st abil i s e s  at a l ower level part ly due t o  a den s i t y  dependent 
enh anc ement of rec ruitment above th e amount removed f rom th e 
popul at i on by mo rt a l it y, permitt ing. further removal s f rom the 
s t o ck by f i s h ing. It i s  not po s s ible t o  t el l  at thi s  t ime i f  
CPUE will s t abili s e  i n  th e areas th at have been fi s hed . However, 
in s ome are a s, s u ch as the M. andamanicus area ex amined f o r  CPUE, 
the c at che s are now be l ow what i s  currently vi abl e  t o  s uppo rt the 
ve s s e l s  by ex c lu s i ve l y  fi shing for s c amp i . 

NW SDW TF 

D avi s and W ard ( 1 9 8 4) e s t imat e d  st anding stock s i z e s  for three 
spe c i e s  b a s e d  on c at ch rat e s  obt ained for a given swept area and 
ext rap o l at ing t o  t he e s t imat ed t ot al area inhabited by each 
speci e s . The s e  were : 

M. andamanicus - 8 8 0  t onne s  
M .  aus t ra liensis - 3 0 0  t onne s 
M .  bos chmai - 6 6 0  t onne s 

Conun e r c i a l  f i s hing s ince that t ime indi c at e s  th at the areas 
inhab i t e d  by p r o fit able den s it i e s  o f  M. andamani cus and M. 
a u s t raliensis we re probabl y  overest imat e d, consequentl y  sto ck 
si z e  e s timate s  made i n  thi s s tudy app l y  on ly to small s e ct ions o f  
the f i shery . I n s u f f i c ient c onun e r c i a l  t r awl ing f o r  M .  b o s chmai 
has t aken p l a c e  t o  date t o  e st imate s t o c k  s i ze . 

The NWSDW TF f i shery fo r s c amp i i s  probab l y  fully exp l o it e d, with 
the ex c ept i on o f  t he M. bos chmai s t o c k s  whi ch have rece ived 
l it t l e  c onun e r c i a l att ent i on due to the di f f i cult i e s  invo lved in 
m arket ing t he smalle r  grade product . The f o llowing p o i nt s  
supp o rt thi s  v i e w:-
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Al l the t r awl e r s , with the ex cept i on o f  two ve s s e l s , are 
endo r s ed for other f i s he r i e s  and f i s h  the NWSDWTF during 
s e a s on a l  c l o sure in othe r f i s he r i e s . The r e f o re there i s  
c o n s i de rabl e  l at ent e f fo rt c apac it y  i n  the ex i st ing f leet . 

I t  has been demon strated th at the current f l eet c an rapidly 
reduce th e CPUE with only s e a s onal app l i c at i on of e f fort . 

Although s c amp i are wide spread (part i cula r l y  M .  
andamani c u s )  beyond the sma l l  product ive a r e a s  u s ed above 
in stock s i z e  e s t imat e s. Much o f  the addi t i on a l  areas 
apparent ly support l ow den s it i e s . 

The depth c ont ours favoured by s c ampi have been thoroughly 
expl o red in the NWSDWTF and there i s  l itt l e chanc e  that 
addi t i on a l  maj o r  concent r at i on s  of s c ampi wi l l  be found in 
future in thi s f i she ry . 

Howeve r , the NWSDWTF i s  a mix e d  f i sher i e s  with the great e st cat ch 
and value now t aken a s  prawns , part i cu l arly the ' red ' p rawn 
Ari s t a e omorpha fol i a cea ( Wal l n e r  and Phil l ip s , 1 9 8 8 )  . Cat ch 
rat e s  o f  ve s s el s  f i sh ing aggregat i ons of A .  fo l i acea and 
He t erocarpus wo odmasoni may be ve ry high t ending to indi cate a 
l arge s t anding s t o c k. Howeve r ,  the s i z e  and number o f  t he s e  
aggregat i on s  i s  s t i l l  unknown . 

The current f l eet has undert aken only l imit ed exp l o r at i on int o  
deep e r  wat e r s  bel ow 8 0 0  m concent rat ing i n s t e ad o n  known 
re s ou r ce s . Thu s , there i s  s ome mer i t  in the argument t o  increase 
the e f f o rt level s in the s e  f i s he r i e s  t o obt ain i n f o rmat i on about 
the ext e nt of the s e  c rust acean re s ource s . Thi s e f fo rt wou l d  only 
be e f fe c t ive in achi eving thi s aim if it we re wide l y  d i s t r ibut ed 
and c l o s e l y  cont r olled. As thi s may requ i r e  f i shing unp r o f i t able 
areas , f i shing c ompan i e s  wou l d  p o s s ib l y  requ i re finan c i a l  
as s i st an c e  a s  su gge s t e d  b y  Je rnak o f f  ( 1 9 8 8 ) . 

RECOMMENDED FUTURE RESEARCH 

Limit at i on s  imp o s e d  by th e s c ope , durat i on and s amp l ing 
ope rat i on s  du ring t h i s study have re sulted i n  s ome gap s in the 
bas e l i n e  knowl edge o f  the s c amp i f i s he ry. The f o l l owing point s  
indi c at e  are a s  wh ere furth e r  r e s e arch wou l d  b e  bene f i c i a l  i n  
det e rmin ing l ong t e rm management st rat e g i e s  for the exp l o i t at i on 
o f  Me t an ephrops spe c i e s . 

T o  r e f ine e s t imat e s  o f  the t iming and du rat i on o f  
spawn ing event s . E spe c i a ll y  t o  determine var i at i on 
between popu l at i ons for each spec i e s . 

E s t imat e natural mo rt a l it i e s , t o  permit y i e l d  mo de l l ing 
f o r  e a ch populat i on . 

E s t imate the cat chab i l ity ( g) o r  vulnerab i l i t y  o f  each 
spe c i e s  to t rawl f i sh ing , and det e rmine if q var i e s  
w i t h  s ex and s e a s on . 
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D et e rmine po s t - l arvae and juven i l e hab i t at s , and a s s e s s  
i f  t rawl ing impact s upon the s e  pre-re c ru i t s .  

D e t e rmine the r at e s  o f  recovery o f  he avi l y  f i s hed areas 
unde r di f ferent leve l s  of f i shing e f fo rt. 

D e t e rmine comme r c i a l  vi ab i l ity o f  alt e rnat ive f i shing 
met hods fo r s c amp i and s e l ected deepwat e r  prawn s . 

Thi s f i s hery has has o n l y  just st arted and the ext ent o f  
r e sources i s  l a rge ly unde t e rmined . 

M .  sib ogae F i shery 

Thi s f i shery produced 2 1 1  t with the e f fo rt o f  a smal l  number o f  
ve s s e l s  app l i e d  ove r  a 7 month per io d. P re l iminary s t anding 
s to c k  s i z e  e s t imat e s  on great e r  than 4 0 0  t ,  the re f o re , t h i s  
f i s hery repre s ent s  a s i gn i f i c ant s c amp i resource . 

Unde r p r e s en t  management arrangement s thi s f i shery i s  open to any 
No rthern P r awn F i shery ( NP F ) ve s s e l . S e r ious con s i de r at ion 
s hould be g i ven to prevent ing any rap i d  e s c a l at ion of f i shing 
e f fo rt into this new s c amp i f i shery from the NP F f l eet a s  t h i s  
woul d make cont inued a c cu r at e  collect ion o f  c at ch and e f fo rt dat a 
di f f i cu l t  and may be det riment al _ to the sto c k . 

(ii) Effects of Trawling 

D eme r s a l  t r awl ing i s  re l at ive l y  de st ruct ive and in the s e  deep , 
infrequent l y  di sturbed wat e r s  may have de let e r ious e f fe ct s  whi ch 
coul d reduce the product ivity o f  the f i shery . 

T rawl ing t ends to reduce the topograph i c  and st ructur a l  
comp l ex it y  on t h e  bottom , whi ch h a s  been shown to have a l t e red 
f i sh a s s emb l age s in she l f  wat e r s. Ob s e rvat ion s  made dur ing the 
p e r io d  o f  t h i s study indi c at e  s ome faunal change. Fo r example , 
i n i t i a l l y  common l a rge s i l i ceous sponge fauna have vi rtual l y  been 
e l iminat e d  f rom some he avi ly t r awled areas . The long t e rm 
e ffect s o f  t h i s t ype o f  change are not yet known. 

The b a l an c e  o f  food chain s c an be changed with co nt i nuous 
t r awl ing . I n  deep wat e r  nut r i ent s and foo d ava i l ab i l it y  t end t o  
be l imit ing t o  product ivity. Ex aminat ion o f  s c amp i gut cont ent s 
indi c at e d  a d i et con s i st ing a lmo st ent i r e l y  o f  f i s h  and 
c ru s t a c e an s . Many o f  the fragment s found ( eg . oto l iths and 
vertebra ) indi c ated a foo d spe c i e s  l arger than the s c amp i . 

The r e fo re i t  i s  probab l e  t hat s c amp i are oppo rtun i st i c  
s c avenge r s /predato r s , rap i dl y  swit ching from a predato r y  mo de in 
undi sturbed c i rcums t ances to s c avenge r, ut i l i s ing the l arge 
quant it i e s  o f  t rawl t rash di s c arded from the fi shing ve s s e l s  on a 
f i s hed g roun d . 
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The reproductive s t r at e gy o f  s c ampi involve s a ve ry b ri e f  pel a g i c  
l arval phas e . The refo re , it i s  probabl e  that s ettl e d  l a rvae and 
j uven il e s  up to s everal years ol d co-inhabit t he s ame grounds as 
adult stocks . Alt hough t he s e  animal s are not c aught di re ctl y  by 
t rawl ing act ivi t i e s  it is po s s ible that de s t ruct i on of burr ows 
etc . may re sult in a s i gn i f i c ant un s een mo rt a l i t y  of p r e - re c ru i t  
age cl as s e s . 

( iii) Harvesting and Man�ement Strategies 

It i s  apparent in areas whe re s c amp i abundanc e  has de clined due 
to f i shing that s ome management int e rvent i on may be de s i rabl e , 
with the a im o f  rec ove ry o f  the s t o cks . A probl em a r i s e s  in that 
many o f  the s e  areas al so suppo rt pro fit able pr awn catche s . 
There fo re , i s  i t  po s s ibl e  t o  f o s t e r  the harve s t ing o f  the s e  prawn 
spe c i e s  while prot e ct ing s c amp i through gear re s t r i ct i ons, depth 
b a s e d  clo sure s or change s in t rawl methods . 

Trawl ge ar could be compul s o r ily r e s t r i cted t o  f i sh l i ghtly 
on the bottom, fo r example, removal o f  t i ckl e r  chains and 
lengthening of drop chains . Whil e  thi s may reduce s c amp i 
c at ch but maint ain prawn catch it would b e di f f i cult t o  
enforce and may s t i ll pro duce sub s t ant i al t rawl rel ated 
s c ampi mo rt al it y . 

The ' re d '  pr awn A .  fol i a cea and M .  andaman i c us are c aught 
in the s ame geographi c al area. Howeve r aggregations o f  A .  
fol i acea t end t o  o c cur in depths o f  4 2 0 - 4 6 0  m, sli ghtl y 
de epe r than the peak abundance o f  M .  andaman i c u s . E f fo rt 
could be r e s t ri cted in depths l e s s  t han 4 20 m ,  howeve r the 
spat i al s eparat ion of depth c ont our s  on the sl ope i s  small 
so thi s me a sure would b e  di f f i cult to enforce . Al s o  it may 
prevent c at che s  of othe r prawn speci e s  such as H. 
wo odma s on i  which may aggregat e between depths o f  3 0 0 -5 0 0  m .  

S e a sonal Clo sure s : Usually s e a sonal clo sures are enforced 
to permi t  spawn ing to be max imi s ed . Femal e  s c amp i are 
repro ducti vely act ive throughout t he year e ither e a r ring 
berry o r  matur ing ovari e s . Thus , an appropri at e s e a sonal 
clo sure i s  not obvious .  At present a de facto s e a sonal 
clo sure ex i s t s  anyway as the ma jo r i t y  o f  the endo r s e d  
ve s s el s  do n o t  f i s h  the s e  deep-wat e r  f i she r i e s  dur ing th e 
Gul f o f  C a rpent ar i a  prawn s e a s on . 

Rot atio n al Clo s ure s :  I t  i s  po s sibl e  that yi el d coul d  be 
max imi s e d  when s c amp i grounds are f i shed intensivel y  for 
sho rt p e r io ds, reduc ing the popul at i on to a predet e rmined 
level , t hen clo sed to enable r e covery . An experiment al 
clo sure o f  a f i shed area i s  requ i red t o  enabl e  e st imat ion 
o f  the r e c ove ry pe r io d  requ i red . However, the recove ry 
perio d  could be in the o rder o f  y e a r s, given the b iolo g i c al 
feature s o f  s c ampi . The s e  being ;  du ration o f  s eve ral year s 
be fo re animal s  grow to recruitment s i z e ,  vulnerab il ity o f  
the spawn ing s t o c k , low fe cundi t y  and non-di spersive 
l a rvae . 
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Thi s  appro ach requ i r e s  that s u f f i c i ent grounds ex i st o r  are 
found to emp lo y the f i shing f l eet on a r o t at ional b a s i s, 
kn owledge o f  th e rate o f  recovery o f  a f i shed groun d and 
that the value o f  any prawn c at ch fo regone during t he 
c l o sure i s  l e s s  than the expected return from s c ampi 
c at ch e s . 

T r app ing : Deme r s a l  trawl ing with sma l l  me s h  net s t ends to 
be non - s e l e ct ive, de st ruct ive and expen s i ve . S u c ce s s ful 
t r ap o r  c r e e l  f i she r i e s  fo r Nephrops n orvegi c u s  p rompted 
the s ugge s t i on that met aneph rop i d  s c amp i c o u l d  a l s o  be 
t r apped . 

C S I RO co n s t ruct ed some S cott i sh Nephrops cree l s  and 
conducted gear t r i a l s  in Augu st 1 9 8 7 . The W . A .  F i sher i e s  
Department re s e arch ve s s e l  RV ' F l inde r s ' w a s  u s e d  to dep loy 
pot s in 4 0 0  m deep wat e r s  we s t  of Rot t ne s t  I s . Thi s 
ex e rc i s e  . indi c at e d  that l ong-l ined s et s  o f  2 0 - 4 0 pot s  c ould 
be succe s s fu l l y  operated i n  deep wat e r. 

No- s c amp i we re c aught during the t r i a l s  a s  the ve s s e l  wa s 
not equ ipped f o r  t rawl ing at th e s e  depth s , n o r  c ap ab l e  o f  
o f f shore p o s i t ion f ix ing, thu s  unab l e  to lo c at e  known 
c on c ent rat i on s  o f  s c ampi t o  s et t r ap s  upon . The t rap s 
appeared to f i sh e f fective l y  due to the c at che s o f  g i ant 
i sopo ds, ga l athe i ds Muni da sp . and quant i t i e s  o f  a sma l l, 
a s  yet un i dent i f ied , panda l i d  shr imp . The max imum c at ch 
rate o f  thi s shr imp wa s 1. 0 k g / t rap l i ft with a b e s t  
ave rage c at ch r a t e  fo r 1 0  t r aps o f  0. 5 kg / t r ap l i ft . The 
c omme r c i a l  s i z e  grade o f  t h i s spe c i e s  wou l d  have been 
c l as s e d  a s  very sma l l  at 9 0  animal s / kg . 

D u r ing 1 9 8 8, a f i s herman u s ed s imi l ar t rap s i n  deep wat er 
no rth we st o f  the Abrolho s I s l ands , and reported c at ching a 
few sma l l  s c amp i, probab l y  M .  boschma i  ( S . P e t e r s , pers . 
comm ) . 

I f  e s t imat e s  o f  den s ity b a s e d  upon t r awl c at che s are 
indi c at ive of t rue den s it i e s, a succe s s ful t r ap f i shery fo r 
s c amp i wou l d  requ i re ve ry l arge numbe r s o f  t rap s and th e 
ab i l it y  fo r a b a ited t rap to att ract s c amp i ove r  a 
re l at ive ly l arge di s t ance . Howeve r, the advant age s o f  
t r app ing in produc ing bet t e r qu al ity product with l e s s  
benthi c di s turb ance warrant further invest igat ion o f  th i s  
f i shing metho d . 

M i d-W at e r  T r awl ing : I f  ve rt i c a l l y migrat ing prawn spe c i e s  
such a s  A .  fol i a cea and H .  wo odma s on i  rema in aggregat ed and 
do not dipe r s e  wide l y in the wat e r  co lumn then mid-wat er 
t r awl ing at n i ght for the s e  spe c i e s  would achi eve the aim . 
Howeve r ,  con s i de rab le re s e arch i s  requ i re d  to det e rmine the 
ve rt i c a l  movement s of the s e  prawn s b e fo re a change i n  
f i shing pract i c e  could e f fect ive l y  t arget them . 
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SALARIES 

TRAVEL 

OPERAT ING 

TOTAL 

SALAR I E S  

TRAVEL 

OPERAT ING 

TOTAL 

- 2 8-

F I RTA 8 5 / 5 2  

STATEMENT OF EXPENDI TURE 1 . 7 . 8 8 - 3 0 . 9 . 8 8A 
DF2 4JAGAA/NAA 

PROVI S I ON EXPEND I TURE BALANCE 

2 4 3 2 7  2 4 3 2 7  N I L  

1 3 7 2  1 3 7 2  N I L  

1 3 0 0  1 3 0 0  N I L  

2 6 9 9 9  2 6 9 9 9  N I L  

STATEMENT OF EXPEND I TURE 1 . 1 0 . 8 8 - 3 1 . 1 2 . 8 8 
DF2 4JAGAA/QZ 

PROVI S I ON EXPEND I TURE BALANCE 

3 3 0 5 5  3 3 0 5 4  1 

2 2 8 4  2 2 8 4  N I L  

2 8 9 0  2 8 9 0  N I L  

3 8 2 2 9 3 8 2 2 8  1 



TABLE 1 :  Annua l  c at ch and e f f o rt s t at i s t i c s  f o r  the NWS DWT F i shery . 

S TAT I S T I C  1 9 8 5 - 1 9 8 6  

1 
T O TAL CATCH ( t onn e s  ) 

S CAMP I  CAT CH 
T o t a l  

% c at ch a s  t a i l s  

P RAWN CATCH 
T o t a l  

P enae i d  S p e c i e s  
Ari s t a e omorpha fo l i a c e a  
Hal iporo i de s  siboga e  
Ari s t e u s vi ri l i s  
Pl e s i open a e u s  e dwar ds i anus 

C a r i d  S p e c i e s  
He t er o c arp u s  siboga e  
He t ero carp u s  wo o dma s oni 

B Y - CAT CH 
T o t a l  

S qu i d  
F i s h 
S p e a r  l ob s t e r  ( L inup a r i s s p . )  

EFFORT ( l O O O ' s  t r awl h o u r s ) 
numb e r  o f  b o at day s f i s he d  

CATCH P E R  UN I T EFFORT ( kg / h )  2 
T ot a l  P r o du c t  
S 

. 3 
c amp i 4 

P r awn s 

NOTE 1 - a l l  c at ch in met r i c  t o nn e s  
2 - ave rage CPUE r a t e  f o r  f l eet 

3 4 8 . 6  

1 6 1 . 9  
4 . 9  

1 7 4 . 2  
9 0 . 7  
4 9 . 7  
2 7 . 1  
1 2 . 6  

1 .  7 
5 0 . 9  
2 2 . 5  
2 8 . 4  

1 2 . 5  
9 . 2  
2 . 3  
1 . 1  

1 0 . 8  
7 2 6 

3 2 . 4  
1 3 . 7  
2 5 . 2  

1 9 8 6 - 1 9 8 7  

5 5 3 . 2  

1 2 1 . 0  
7 . 2 

3 9 4 . 3  
2 8 7 . 0  
1 9 9 . 5  

6 0 . 8  
2 4 . 1  

2 . 6  
9 5 . 2  
5 5 . 3  
4 0 . 0  

3 7 . 8  
3 4 . 2  

2 . 4  
0 . 2 

1 3 . 0  
1 0 3 7  

4 2 . 6  
1 1 . 2  
4 1 . 4 

1 9 8 7 - 1 9 8 8  

9 5 9 . 9  

9 2 . 0 
1 1 . 6 

8 5 3 . 7  
5 7 5 . 5  
4 1 8 . 7  

5 9 . 7  
9 2 . 8  

4 . 4  
2 2 0 . 9  
1 3 5 . 5  

8 5 . 4  

1 5 . 2  
1 3 . 9  

0 .  6 
0 . 2 

1 8 . 5  
1 4 9 1  

5 2 . 2  
9 . 1  

3 5 . 8  

3 - ave r ag e  CP UE we i ght ed b y  p r op o rt i onal s c amp i cat ch p e r  ve s s e l  
4 - ave r age CPUE we i ght ed by p r op o rt i onal p r awn c at ch p e r  ve s s e l  

1 9 8 8 - 1 9 8 9  
(E s t imat e )  

5 8 3 . 8  

1 4 4 . 2  
1 5 . 2  

4 3 4 . 4  
2 8 2 . 2  
2 0 3 . 6  

4 8 . 1  
2 9 . 4  

1 . 1  
1 5 0 . 1  

4 2 . 2  
1 0 9 . 9  

5 . 3  
5 . 1  
0 . 0 2 
0 . 1  

1 6 . 3 5 
1 3 0 8  

3 5 . 7 2 
9 . 3 6 

2 9 . 1 3 



TABLE 2 :  Annu a l  c at ch and e f f o rt s t at i st i c s  f o r  the WDWT F i s hery . 

S TAT I S T I C  

1 
T O TAL CATCH ( t onne s ) 

S CAMP I  CATCH 
T o t a l  

% c at ch a s  t a i l s  

P RAWN CATCH 
T o t a l  

P enae i d  Spe c i e s  
Hal iporo i de s  sib o ga e  
Ari s t e us vi ri l i s  

C a r i d  S p e c i e s  
He t ero carp u s  siboga e  
He t er o carp u s  wo o dma s oni 

B Y - CATCH 
T ot a l  

S qu i d  
F i s h 
Bugs ( Ib a c u s  sp . )  
C r ab s  ( Geryon sp . )  

EFFORT ( l O O O ' s  t r awl hour s ) 
numb e r  o f  b o at day s f i shed 

CAT CH P E R  UNI T EFFORT ( kg / h )  2 
T o t a l  P r o duct 
S 

. 3 
c amp 1 

P r awn s
4 

1 9 8 6 - 1 9 8 7  

4 6 . 1  

4 . 5 
4 . 7 

3 8 . 6  

2 5 . 6  
0 

1 1 . 4  
0 

3 . 0  
1 . 1  
0 . 6  
1 . 3 
0 . 7 

0 . 9  
8 4  

5 2 . 2  
8 . 4  

5 1 . 7  

NOTE 1 - a l l  c at ch in met r i c  t onn e s  
2 - ave rage CP UE r at e  f o r  f l e e t  

1 9 8 7 - 1 9 8 8  

1 1 6 . 3  

2 7 . 6  
4 . 3 

6 3 . 6  

5 3 . 0  
0 

2 . 1  
0 . 1  

2 5 . 1  
1 0 . 8  

2 . 1  
7 . 0  
5 . 3  

4 . 0  
3 9 0  

2 8 . 9  
6 . 6  

1 5 . 2  

1 9 8 8 - 1 9 8 9  
( E s t imat e )  

4 . 3  

0 . 7 
1 1 . 3  

1 . 5 

1 .  4 
0 

0 . 1  
0 . 1 

2 . 2 
0 . 3  
1 . 1  
0 . 8  
0 

0 . 5 
7 4  

9 . 1  
4 . 1  

1 1 . 4  

3 - ave rage CP UE we i ght e d  by p r o p o rt i on a l  s c amp i c at ch per ve s s e l  
4 - ave r age CPUE we i ght e d  by p r op o rt i on a l  p r awn c at ch per ve s s e l 



TABLE 3 :  Annual catch and e f f o rt s t at i st i c s  f o r  the deepwat e r  
Me t anephrops sibogae grounds in the Arafura / T imor s e a . 

S TAT I S T I C  1 9 8 7 - 1 9 8 8 

1 
TOTAL CATCH ( t onnes ) 

SCAMP I  CATCH 
% c at ch a s  t a i l s  

PRAWN CATCH 
Penae i d  Spe c i e s  
P enaeops i s  e duardo i 
Carid Spe c i e s  
P l e s i on i k a  s indo i 
Het erocarpus s ibogae 
Het eroc arpus wo odma s on i  

BY-CATCH 
S qu i d  
F i sh 
Spe ak l ob s t e r  ( L inupar i s  sp . )  
Bugs ( Ibacus sp . )  

EFFORT ( l O O O ' s t rawl hours ) 
Number o f  b o at day s f i shed 

CATCH PER UN I T  EFFORT ( kg / h )  
T ot a l  P roduct

2 
• 3 

S c amp i 
P r awn s

4 

NOTE : 
1 - a l l  c at c h  i n  met r i c  t onne s 
2 - average CPUE rate for f l eet 

3 2 6 . 1  

2 1 8 . 4  
8 . 7 

1 0 3 . 5  
1 6 . 7  
1 5 . 7  
4 4 . 4  

1 . 5 
2 0 . 9  
2 1 . 9 

4 . 2 
0 . 8  
0 . 7  
1 . 3  
1 . 1  

9 . 2 
5 4 8  

3 5 . 6  
1 9 . 2  
1 0. 3  

3 - aver age CPUE we i ght ed by proport i o n a l  s c ampi c at ch 
per ve s s e l  

4 - average CPUE we i ght ed b y  p ropo rt i o n a l  prawn c at ch 
per ve s s e l  



TABLE 4 :  S t and i n g  s t o ck s i z e  e s t imat e s  and t onnage s actu a l l y  
removed f o r  three s c amp i a r e a s . 

M .  andamani cu s  M .  a u s t ra l i ens i s  

G e o graphi c a l  Are a  1 7 . 4 0 ° - 1 8 . 4 0 ° S 1 6  . 1 0 ° - 1 7  . 1 0 ° S 

D epth Range 3 6 0m- 4 2 0m 4 2 0 m- 4 8 0 m 

S wept Are a  E s t imat e 7 8 t  9 2 t  

D ep l et i on E s t imat e 9 3 t -

T o t a l  C at ch t o  D a t e  8 4 t 8 7 t 

M .  siboga e  

1 2 8 . 0 ° - 1 3 2 . 0 °E 

2 4 0 m- 3 1 0  

4 6 3 t  

4 0 1 t 

2 1 l t 



TABLE 5 :  S i z e  o f  berr i e d  femal e s . 

M .  a u s t ra l i en s i s  

No . o f  fema l e s  5 2 1 3  
i n  s amp l e  ( n ) 

No . o f  ber r i ed  2 7 7 4  
fema l e s  i n  s ampl e  

S i z e  o f  sma l l e s t  3 6  
berried femal e  ( mm  CL ) 

S i z e  at whi ch 50 % 5 4  
berried ( mm  CL ) 

M .  andamani cu s  M .  b o s chmai 

7 5 2 3  1 8 7 4 

3 6 7 5  8 7 8  

3 3 3 1  

5 1  4 2  



FIG 1. NORTH WEST SHELF 
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c., 
oY 

,� 

�$ 0 
0 

�o o 

f..,� 
�� c,O o 

'7 \# 

I 1 24°EAST 



FIG 2. WESTERN 
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FIG 3. METANEPHROPS SIBOGAE 
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FIG 4. DISTRIBUTION OF METANEPHROPS AUSTRALIENSIS 

MAXIMUM CATCH RATE PER SHOT 1985-1988 
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FIG 5. DISTRIBUTION OF METANEPHROPS ANDAMANICUS 

MAXIMUM CATCH RA TE PER SHOT 1985-1988 
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FIG 6. DISTRIBUTION OF METANEPHROPS BOSCHMAI 
MAXIMUM CATCH RATE PER SHOT 1985-1988 
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FIG 7. DISTRIBUTION OF METANEPHROPS SIBOGAE 

MAXIMUM CATCH RATE PER SHOT 1985-1988 
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F I GURE 8 .  D epth distr ibut ion of  
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F IGURE 9.  Abundance trends for  
Metanephrops species 
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FI G U R E  1 0 . S i ze f re q u e n c y  d i s t ri b u t i o n  
Metanephrops auatral iensla 

, 
v , 
v v v  

v v v v  
v v v v , 
v 
v v 
v 
v 

.... k 5 0"/o Me s h  v v v 
S e l e c t i o n  17 11 v 

P o i n t  11 11  II i, 

l 
11 11  v 

� 
v v  v v  

11 11  11 11  v 
v v  v v I/ 

II v 
v I/ 

n f] r II v 
_ n_nr Jr H H Jf lflf Jr 

v v  v v  

- . 

r:i 
- nr inr 1r 1r ir 1r ir ir 1r ir 1r 1r v I/ lrlrl. I I I I I I I I I 

25 30 35 40 45 50 55 60 65 

CARAPACE LENGTH (mm) 

FI G U R E  1 1 . S i ze f re q u e n c y  d i st ri b u t i o n  

_,_ 50% Me s h  

S e l e c t i o n 

P o i n t  

1 � 

r "  '" 
I I I 

25 30 35 

·'- S e e  T e x t  

Metanephrops andamanlcua 

I 

40 

� 
v 
v II 

v 

v v 11 11  

I 

II 
11 11  

11 11  

45 

" II  
v v v  
[/ (, (,  
v v v  
v v v  
v (, (, 
v v v 1, 
(, (, (, v 
Ldd.- t, 
i, i, 11 u 
(, 

11 1.- v 
v 
v I/ 
Il l/  

I 
50 

CARAPACE LENGTH (mm) 

v 

u 

.I 

m 1 r 1n I I I 
55 60 65 

I 
70 

I 
70 

I 
75 

I 
75 



FI G U R E  1 2 .  S i ze f re q u e n c y  d i s t ri b u t i o n  
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FI G U R E  1 3 .  S i ze f re q u e n c y d i st ri b u t i o n  
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FI G U R E  1 4 . Fe c u n d i ty p e r  s i ze 
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FI G U R E  1 6 .  Fe c u n d i ty pe r s i ze 
Metanephrops boschmal 
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