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PREFACE 

This doc ument i s  the f ina l report o f  research undertaken in 

FIRTA project 85/57. The pro ject result ed in the coll ection of 

a very l arge quant ity o f  data o n  particul a rl y  t he reproductive 

bio l ogy o f  the wes t ern roc k  l o bst er . The tagging studies also 

resulted in i n c i dent a l  informatio n  on growth rates a nd movements 

of  rock lobster s . Onl y the more important results and 

conc l usions relating to reproductive bio logy and the method for 

estimat ing spawni ng sto ck abundanc e have been inc l uded in t his 

report . The more detail ed bio l ogica l information and ana l yses 

wi l l  be submitted for publ ication in ref ereed internationa l 

journa l s  and the Wes t ern Aust ra l ia n  Fisheries Department's 

Report series a s  appropriate .  Ac knowl edgement o f  the funding 

source wil l made in eac h  articl e .  
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EXECUTIVE SUMMARY 

AREAS COVERED BY THE RES EARCH PROGRAMME 

S t udies on t h e  bre edi ng sto c k  o f  the we ste rn roc k  lobste r, 

Panulirus cygnus Geo rge, were conducted to examin e  the 

appropriateness o f  the cu rrent measure of the abu ndanc e  of the 

bree ding stock. 

Researc h  c ruise s ,  c o mmerc ial monitoring and laboratory studie s  

were undertaken between 1984 a n d  1988 . Data f ro m  t hese studies 

have re sul ted i n  a s igni f i cant i mprovement in t he understanding 

o f  t h e  reproduct i ve bio l ogy o f  this spec ie s. S ize-relat e d  

repe t it ive bre e ding i s  now known to be an important f eature o f  

reproductive activity i n  P. cygnus . In addition, an improved, 

c urvilinear f e c undity-carapac e  l ength relat ionship now replaces 

the linear one reported in t he earl y  1970s . The interpretation 

of researc h  log book data has also been enhanc ed 

The c urrent spawni n g  sto c k  index was reviewed and found to be 

unrepresentative o f  the stoc k as a who l e . The basis for the 

deve l opment o f  a n e w  index (or indic es) has been provided by t he 

s tudy. 

THE CURRENT SPAWNING STOCK INDEX COMPONENTS AND THEIR VALIDITY 

The c urrent spawning stock index is ba s e d  upon the cal c ulation 

of the egg product ion f rom t wo tradit ional "coast a l "  regions of 

the we stern roc k  l o bster f ishe ry . For each of the two coastal 

regio n s  egg produ c t ion is derived f rom log boo k  catch rates o f  



vi 

be rried f e males f ro m  t h e  20-3 0 fathom depth range in December 

and January each sea son . The catch rates are multiplied by a 

constant a rea va l ue to give relat ive nu mbers o f  bree ding 

females. This number is f urther multiplied by an average 

f e cundity f igure for the bree ding f e males in each region,  

re sulting in an est imat e  o f  the n umbers o f  eggs produc e d  

annually . A constant, minor corre c t ion facto r  is t h e n  applied t o  

a ccount f o r  t h e  contribut ion to egg product io n  by t he population 

at the Abrolhos Is l a n ds .  

A number o f  probl ems have be en identif ied with the use o f  log 

book cat c h  rates o f  berrie d f e male s: 

(i) peak cat c h  rat e s  o f  berried f emales oc cur in t h e  

No vember to Dec ember period but t he re is virtua lly no 

sampl ing of the breeding stock by t h e  commerc ial f leet 

be fore mid to l a t e  De c e mber; 

(i i )  some f i s h erme n  count berrie d f ema l es in their c at c h  

while others o n l y  est i mate the nu mber; 

(i ii) variabi l ity in  t h e  indi vidual catch rates is high 

whic h may rende r  t h e  index inse n s it i ve to changes in 

a bundance;  

(i v) t h e  peak breeding peri o d  may a l ter due to variations 

in environmenta l condi t i ons, thus, gi ven that the 

f ish i n g  pattern remains relat ive l y  c o n stant , log boo k  

c a t c h  rat e s  may falsely indicate changing densitie s  of 

breeding f ema le s; 
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if catc h e s  of anima l s  whi c h  may be l e ga l l y  retained 

are s ma l l  and l arge number s  o f  berr i e d  f e ma l e s  are 

be i ng caught, f i s h ermen qui c k l y  move to o th e r  are3s ,  a 

pra c ti c e  wh i c h  l ea ds to unde r e s t imate s o f  s pawner 

a bundanc e ;  

c atchabi l i ty (q) i s  a s s umed to r e ma i n  c ons tant over 

the who l e  f i s hery and not to vary between spawning 

s ea s o ns ,  howeve r ,  a number o f  f a c to r s  a f f e ct 

catc habil ity and this a s sumpt ion i s  unl ike l y  to be 

va l id; 

inc r e as e s  in f is h ing ge ar e f f ic ienc y  over time and i ts 

e f f e c t  on abundanc e e s ti mate s have not bee n  taken i nto 

ac c o unt (re s earch in this f ie l d  i s  being undertaken) ; 

there are no research log boo k  data f or the Abro l h o s  

Is l a nds duri ng t h e  breeding s eason s i nc e  the region is 

c l ose d  to fi shing at this time, ther e f ore, c ompa r i s o ns 

betwee n  th is region and the c oa s t  us i ng spawner catc h  

rate s a r e  not possi bl e .  

S inc e the previous fec undity-c arapa c e  l ength r e l ations h ip was 

l i near, and the mean s i ze of bre eding f e ma l e  on a regiona l ba s is 

di d not appear to vary greatl y, a c onstant fec undity va l ue was 

cons idered appropr iate . Size-re lated doubl e spawning and a 

curvil i near f e c undi ty r e l ationship now make thi s  approach 

inadequate . 
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The e s timate of  s urface a r e a  betwee n  20 and 3 0  f athoms has been 

revis ed by Mr R.  Mahone y  of the Western Aus tralian Department of 

Marine and Harbour s .  The r e vis ed value s var y  c ons iderably from 

the f ir s t  e s timate s ,  howe ve r ,  they are c ons tants and 

r e calc ulation of the c ur r e nt index using the new values did not 

af f e c t  the trends but merely altered the magnitude of the 

dif f erenc e s  between years . Inf ormation f rom f is hermen on the 

dis tribution of  breeding f e male s  has s hown that data f rom a 

wider depth range needs to be cons idered f o r  an index o f  

abundan c e  to be repr e s entative . 

The contribution o f  the Abr o l h o s  Is lands to egg production was 

e s t imated at 14% from r e s e a r c h  c r uis e s  in January and February 

of 197 9 (near the the end of the breeding s e a s o n) . The view is 

now h e l d  that th e Abro l ho s  Is land s  c ontributes at l eas t half of 

the tota l number of larvae c urrently hatc h ed annually in this 

f is h ery. 

THE NEW S PAWNING STOCK MODEL - BAS IC FORM 

The new mode l ut il is e s  five geographic r egion s .  For each region 

e s timate s of  the s ize o f  the s to c k  of  mature f e ma l e s  wil l be 

made us ing the range of data bas e s  that are avail abl e for that 

region. Estimate s  wil l be made of the area of  habitat within 

eac h  region for th e depth range that is cons idered . The s ize ­

f r e quen c y  dis tributions o f  mature f e ma l e s  wil l be reas s e s s ed and 

the new repetitive breeding and f e c undity re l ations hips applied 

to yie l d  egg production. Egg produc tion from the four coasta l  

a r e a s  a n d  the Abro l ho s  Is l ands wil l be c o mbined to provide a 

Re vis ed S pawning Stock Index. 
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FUTURE RESEARCH FOR MANAGEMENT 

Th is programme of res e ar c h  has achieved its aim o f  as s e s s ing the 

appl ic abil ity of the c urrent index of abundanc e of the bre eding 

s tock of the western r o c k  lobster . Furthermor e ,  it h as provided 

the bas is for the c al c ul ation of a more repres entative spawning 

stock index .  However, some additional res earch is required to 

al low for the new index to be e s timated from the historic al data 

bas e s o  that the spawning sto c k-r e c ruitment r elationship f or the 

wes tern roc k  lobster c an be re-examined . This r e s earch wil l 

invo l ve: 

(i) the devel opment of methods for the e stimation of the 

abundanc e of mature f e male s at the Abrolhos Islands, 

many of which are below the legal minimum size f or 

c apture; 

(ii) f urther inves tigation of the breeding biology and 

abundanc e of s pawners in the f ar northern and f ar 

s o uthern regions of the f is hery, inc luding the 

enhanc e ment of c ommercia l  data f rom the se regions 

(i . e .  log book c overage , monitoring data, etc . ) ;  

(iii) e s timating the area of avail abl e roc k  lobster habitat 

within the depth r anges where spawners oc c ur in e ac h  

r egion; 
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(i v) an exami nation o f  annual var i a bil ity in the 

catchabi li ty o f  mature females ,  parti cularly in the 

c oa s ta l  regions o f  the fi s h ery . 



1. INTRODUCTION 
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Res pons ible f is h er ies management a ims to maximis e yield 

from a f is h er y  while at the s ame time maintaining the 

s pawning s toc k at a level that ens ures adequate rec ruitment 

to the exploited s toc k each year . It is therefore 

es s ential that any index of the s ize of the s pawning s tock 

ac c urately ref lec ts the real abundanc e of breeding females , 

and henc e larvae produc e d . 

The index o f  abundanc e  of the s pawning s tock c urrently us ed 

in the management of the wes tern r oc k  lobs ter fishery was 

fir s t  developed by Morgan (1980a) and later refined by 

Morgan, Phil lips and Joll (1982) . This index was 

developed to r epres ent the approximate number of r oc k  

lobs ter larvae hatc hed during a breeding s eas on following 

uns uc c es s ful attempts by CSIRO Fis herie s  to es timate 

phyllos oma (larval) abundanc e direc tly (Morgan et al. 

1982) . 

The Morgan et al. (1982) s pawning s tock index (SSI) 

c ombines data from a number of s ourc es and has the f orm: 

SSI = C[ (CR x A x  AF) n + (CR x A x  AF) s ] 

where f or the regions north (n) and s outh (s ) of 3 0°s 

latitude: 

CR is the average c atch rate of berr ied (ovigerous ) 

f emales caught in depth s of 20 to 3 0  fathoms during 

January and February. 
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A i s  the a pproxi mate sea sur f ac e  area betwee n  the 20 

and 3 0  fathom i so baths r epres e nti ng a gro ss estimate 

of the area of s pawni ng ground. 

AF i s  the mean f e c undity of the a verage-sized berri e d  

f e ma l e  i n  the regi o n, e stimated f rom comme r c i a l  

monitori ng data and the fec undity r e l ationship 

reporte d  by Morgan (197 2) . 

C i s  a cons tant appl i e d  to the s um to adjust f o r  the 

contribution to egg pro duc tion by the Abr o l hos Isl ands 

breeding popul ati o n. Thi s  contr i bution was set at a 

constant 14% bas e d  o n  r e s earch ve s s e l  c r ui s e s  to the 

Abro l hos Is lands i n  January and February of 197 9 .  

Morgan et al. (1982) us e d  the average o f  berried f e ma l e  

c atc h rate s  fro m  l og books f o r  January and February a s  the 

ba s i s  for the i r  i ndex. However, after a l a ter revi e w  of 

the a vailabl e  data, th e average o f  the Dec e mber and January 

c atch rate s  in  20 to 3 0  fathoms wa s cons i dered to be a 

better repr e s e ntation o f  s pa wner abundance (R. Brown per s .  

c o mm. ) .  Thus i n  the mi d 1980 s the Morgan et al. i ndex was 

a l te r e d  s l ightl y to produc e the modi f i ed i ndex c urrentl y i n  

us e .  Thi s ch ange in vo l ve d  the s ubstitution o f  the Dec e mber 

and Ja nuary catc h rate c o mbi natio n  for the January to 

February average c atc h rate and a reca l c ulation of  the 

index for the per iod 1966 to th e pre s ent. 

Thi s i ndex i s  ba s ed upon data f rom fis hermen's catche s 

whi c h  are biased towa rds tho s e  areas that are s ubjected to 

a reasonable amo unt o f  f is hing e f f ort. Cons equentl y it 

doe s  not f ul ly take into a c c ount those regions that are 
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either l ightly fis h e d  or unf is hed but which may s upport 

s ignificant numbers of bre eding fema l e s; f or e xa mpl e ,  the 

northern and s outhern l imits of the f ishing grounds and 

areas partia l l y  c l o s e d  to f is hing . 

A review of the data and assumptions upon which the SSI has 

been bas ed revea l e d  that a l though a great dea l  is known 

about the reproductive biol ogy of this species (Sh e ard 

1949, 1962; George 1958; Morgan 197 2; Chittl eborough 197 4 ,  

197 6; George, Morgan a nd Phil l ips 197 9; Morgan 1980 b; 

Morgan, Phil l ips and Jol l 1982; Phil l ips et al. 1983 ) a 

number of aspects requir e d  reas s e s s ment or c larif ication . 

For e xampl e,  the avail abl e evidenc e from previous r e s earch 

s ugge s ted that repetitive breeding wa s important a nd thus 

woul d have a c ons iderabl e impac t  on e stimates of e gg 

production by this spe cie s .  Secondl y, considering that 

Chittl eborough (197 6) hypothesis ed that a major part of the 

c oa s ta l  recruitment (puerul us )  c oul d be derived f r om the 

Abrol ho s Is lands s pawning s tock, the apparentl y sma l l  

contribution o f  this spawning population to total larva l  

produc tion (a s us ed in the c urrent index) neede d  f urther 

investigation . Furthe rmore, the Abrol hos Is lands zone is 

c l os ed to f is hing during the breeding season with the 

resul t that detail ed r e search l og book and commercia l 

monitoring data are not availabl e  during this period . 

A research programme was therefore deve l oped to e xamine 

these and other aspects of we s tern rock l obs ter 

reproduc tive bio l ogy .  It was cons idered that the r e s ul ts 

of the propos ed res e ar c h  woul d either markedl y  improve the 
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c urrent mea s ur e  of the a bundance of the spawning stock, or 

fac ilitate the s e le c tion of the mos t appropriate bases from 

which a l ternative indic e s  may be derived. This in turn 

would enhanc e  the under s tanding of the stock and 

r e c ruitment r e lation s h ip f or this spe c ie s .  Thus f unding 

was sought to undertake s tudie s on the bre eding stock of 

the we s tern roc k  lobs ter with the spe c if ic objec tives of: 

(i) inve s tigating the degree to whic h repetitive spawning 

oc c ur s  in wild popul ations throughout the range of the 

we s tern roc k  l obs ter; 

(ii) re-examin ation of th e fe c undity of this spe c ies 

througho ut its range; 

(iii) examining ovarian maturation and ooc yte development; 

(iv) undertaking on-board moni toring of c ommercia l  catc hes 

in s el ec ted location s inc luding the Abrolhos Is lands; 

(v) more a c c urately delineating the s pawning/bre eding 

grounds o f  the we s tern roc k  l obs ter.  

The s e  s tudies were c omme n c e d  in 1984 with funding from the 

We s tern Aus tra l ian Fis herie s  Department's Re s earch and 

De velopment Trus t Fund. Financ ia l  s upport from F. I. R. T. A. 

c ommenc ed in July 1985 and c e a s ed at the end of June 1988 . 
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2. MATERIALS ARD METHODS 

2. 1 TAGGING AND SAMPLING PROCEDURES 

Mul tiple tag and recapture experiments were c onducted f rom 

the Fis herie s  Department's Research Vess e l  "Flinders", 

vari ous c harter vessels and occ a si onally Departmental 

Patrol Ve s s els , at thr e e  location s repr e se nting the three 

major management zones of the f ish ery. These locations 

were the Easter Group of the Abrolh os Islands (1984 /85) and 

Two Roc ks (1985/86) and Dongara (1986/87) both in the 

central c oastal part of the f isher y  (Fig . 1) . The c e ntral 

c oastal region extends from a bout Geraldton south to 

Mandurah. In genera l ,  month l y  c r ui se s  of a bout two weeks 

duration were undertaken at each location f r om Augus t or 

September through to February the f ollowi ng year . The 

tagging experiments were designed to follow individual 

female roc k  l obs ters through the i r  breeding c y c le to 

e s timate the proporti on of f emales breedi ng r e petitively, 

and the number of broods of eggs an i ndividual may hatc h  in 

a si ngle breeding s ea son. 

Roc k l obs ter s  were caught in c ommercially made pots using a 

c ombi nati on of baits used wi dely i n  the f is h e ry. The 

carapac e length (CL) of each lobster was measured, then i t  

was sexed, a s signed a breeding state (if f emale) , tagged 

and released. Tagged roc k  lobsters were recaught and re-

release d  duri ng the series of research cruise s .  Recapture s  

of tagged roc k  lobster s  were also made by the c omme r c ia l  

f l eet dur i ng the rock lobster s eason (Nov. 15 to Jun . 3 0). 
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While measuring rock lobsters at sea on board commer cial 

vesse ls the s a me pro c e dures wer e  adopt e d  except that 

tagging wa s not c o ndu c t e d. 

Samples for gonad exa mination and f ecundity analyses were 

collected during re se a r c h  cruises a nd on c ommerc ial 

vessels. 

2.2 MAPPING OF THE BREEDING GROUNDS 

To det e rmine the e xtent of the breeding grounds, f ishermen 

were sent a copy o f  a c hart on which to mark their 

individual f is hing areas and within those a re as the 

locations whe r e  berrie d  f e male rock lobsters were regularly 

c aught. Approximately 220 fishermen (28% o f  the fishing 

f leet) returned chart c opies. These data were digitised 

and overlaid with accurately drawn depth contou r s  to 

provide a more detailed description of the rock lobster 

breeding grounds than wa s previou sly pos sible. The 

digitized depth contour data wer e  provided by Mr Ric k 

Mahoney, Chie f Cartographer, Engineering Division of the 

Western Au s tralian Department o f  Mar ine and Harbo urs. 
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3. RESULTS 

3.1 REPRODUCTIVE BIOLOGY 

3 . 1 . 1 BREEDING S EASON 

For the purpose o f  thi s report the bre e ding seaso n  i s  

defined a s  t hat per i od i n  which ber r i ed f e male rock 

lob s t e r s  a r e  present in the popu lat ion. In general, 

i n  the c e ntral coastal regions o f  the f ishery, 

ovigerou s f e males were only found in si gn i f i cant 

numbers i n  waters deeper than about 20 f athoms. In 

contrast t o  t h i s, ber r i ed rock lobs ters were found i n  

all dept h s  at the Abrolhos Islands situated near the 

edge o f  the conti nental she lf appro xi mately 60 

kilometr e s  f rom t he coast (Fig. 1) . 

In s u mmary, berri ed f e males f irst appeared i n  the 

catc h e s  in either late S eptember or early October at 

al l locat ions . The sin gle exc eption to this general 

observation was at the Abrolhos Islands. There, 

mature f e male rock lobsters were f ound to spawn in 

late Augu s t  to ear l y  S eptember,  approximate l y  one 

month prior to the coast al breeding popu lati on. Newly 

spawned (bright orange )  eggs were n ot usually seen on 

f e ma le s  after January and the hat chi n g  o f  all eggs was 

generally complete by the end of  February in all 

locatio n s .  
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S in c e  the west ern rock lobste r  f ishery extends over 

about eight degre e s  o f  latitude, spawnin g  times f or 

roc k  lobs t ers might be expe c t ed to vary du e to 

dif f erences in wat e r  temperatures alo n g  the coast . 

However, the e vide n c e  collec ted during this and other 

studies (George 1958; S heard 1962) suggests that there 

is no apparent lat it udinal trend in spawning times .  

This is tho ught t o  be due t o  the warming e f f e ct of the 

Lee uwin Cu rrent that f lows so ut hward along the edge o f  

t he Western Au stralian continental shelf during 

autumn ,  wint er a nd spring . H owever, t he anomalous 

earlier spawning by rock lobsters at t he Abrolhos 

Islands may r e f le c t  the c loser pro ximity o f  these 

grounds to the Le euwin Current . 

The research c r u ises u n dertaken in t his study 

indic ated that t he highest catch rate (abundance) o f  

berried f emale r o c k  lobsters o c c urred during November 

at Two Rocks (1986) , Dongara (1987) and the Abrolhos 

Islands (1988) . The 1985 Abrolhos Islands sampling 

whic h was undertaken in late November and extende d  

int o  early Dec e mber also pro vided the highest cat c h  

r ate o f  berried f e males in that season . Catch rates 

in De c e mber and January at a ll locations were also 

relatively high but on the coast were well below 

No vember valu es (Fig . 2) . 

Pea k  monthly sample catch rate s  of 3 .57 and 6. 13 

berried f emales per pot lift were recorded at the 

Abrolh o s  Is lands in 1984/85 and 1987/88. These far 
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e xc e eded the 0 . 24 and 0.13 berrie d  f e ma le s  per pot 

lif t at Two Rocks in 1985/86 and Dongara in 1986/87 

r e spe c t ive ly (Fig . 2) . 

S IZE AT MATURITY 

The s ize distribution s  o f  bre eding f e ma le rock 

lobs ter s  r e corded f o r  the coa s tal s ites of Dongara and 

Two Roc k s  were ver y  s imilar (Fig . 3) . Althou gh 

s exually mature f e ma le s  in both r egion s ranged in s ize 

from about 80 to 140 mm CL, tho s e  found in the 

northern region (Do n gara) wer e  s lightly smaller than 

tho s e  f rom the mor e  s ou thern locality (Two Rocks ) .  

The mean s ize s o f  bre eding f e male s  at Dongara and Two 

Roc ks wer e  99 mm and 104 mm r e s pe c tively . In contras t  

to this , the bre edin g  f e male rock lobs ter s  at the 

Abrolhos Is lands , with a s ize range o f  44 to 94 mm and 

a mean s ize of 73 mm, were mu c h  s maller than their 

coastal counterparts (Fig. 3) . In gen eral ter ms the 

larger f e male s  in all regio n s  were found to commence 

spawning before the s maller o n e s .  

The s ize a t  50% matu rity (S AM) f o r  the population in 

each of th e thr e e  r e gion s  wa s e s timated from a 

logis tic curve f itted to the c o mbined monthly samples .  

S AM  valu e s  of 66 mm, 93 mm and 97 mm were estimated 

f o r  the Abrolhos Islands, Don gara and Two Rocks 

popu latio n s  r espe c tive ly . 
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An i mportant and distinc tive f eatur e  o f  the se xually­

matu re female r o c k  lobsters at the Abrolhos Islands is 

that many o f  the m  (76%) were below t h e  legal minimum 

size for capture o f  7 6  mm CL. The smaller size at 

maturity of  Abrolhos Islan ds rock lobst e r s  has bee n  

hypothesized to b e  a r e su lt of  density-dependent 

growth e f f ec t s  du e to the mu c h  greate r  a bunda n c e  of 

rock lobsters there,  c oupled with high f ishing 

mortality o n  the legal-sized an i mals . This 

hypothe s i s ,  h o we ve r, requ ires investigation. 

The size ranges and valu e s  f o r  mean size and S AM  

pre s ented h e re fo r rock lobsters a t  t h e  Abrolhos 

Is lands and the c o as tal areas are c o n sist ent with 

tho s e  re ported earli er by Chittleborough (1976) , and 

more rec ently i n  the ser ies of publications by Morgan 

and Barker, and Brown and Barker (s e e  e.g .  Brown and 

Barker 1987) . 

REPETITIVE BREEDING 

The data sugge s t  that all s exually mat ure female 

we s tern roc k  lob s te rs bre e d  eac h  s e as on. In addition 

repe t i t i ve s pawn i ng by i ndi vidual ro c k  lobsters dur ing 

a s ingle s e as o n  has been s hown to be a wides pread 

f eature of th e bre eding sto c k  of thi s spec ies. These 

c o nc lu s i o n s  we re reac hed following the analysis of  the 

re s u lts fro m the tagging programme s at Dongara, Two 

Roc k s  and the Abro lh o s  Is land s ;  i nformation gathered 

fro m re s earch ve s s el catc h e s  of rock lob s ters and 
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comme rc i al c at c h  monitoring o pe rati on s f rom Rottnest, 

Augusta and Kalbarri . The f re que ncy of repetit ive 

spawn i ng was e st ablis h e d  u s i ng c rit e ria similar t o  

tho s e  employe d  by Berry (197 1) i n  a stu dy of Panulirus 

homarus . Using t his method, repe titive spawners were 

identifi e d  as f e males c arrying e ggs or bearing an 

e roded s permatophore, while posse ssing bright-or ange 

ripe ovari es t hat were e asily visible t hrough t he 

thoraco-abdominal mu scu latu re . An e ro de d  

spermatophore is indicati ve o f  a f e male having 

fertili zed a batc h  o f  eggs whic h have subsequently 

hatc h e d . The validity of t h is method was 

su bst antiated by observations made on rec aptured 

tagged indi viduals and histologi cal examination o f  

ovari an development in  roc k  lobst e rs .  

The be s t  estima t e s  o f  t h e  f re que n cy of repetitive 

breeding were provi de d by t h e  Nove mber samples at e ac h  

loc ation (Table 1) . These dat a s u ggest t hat 

approxi mately 7 0% o f  mature female we st e rn roc k  

lobs ters are c apable of spawning repetit ively eac h  

seaso n . Th i s  est imat e appears to be relat ively 

c o n s i st ent betwe e n  years and loc ations . The decline 

in t h e  pe rcentages of f e ma l e s  showin g  e videnc e  of 

repet iti ve spawning later in t he bre eding season 

s u gge s t s  that most f e mal es were carrying t he ir s econd 

brood, and thus showing no e videnc e  of f urther 

reprodu ctive a c t ivity . 

Repe t it i vely-spawning roc k  lobsters in the wild do not 

appe ar t o  produc e more t han t wo broods of eggs each 
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bre e d i ng season. Thi s c on c lusion is supported by t he 

observat i on that t he egg inc ubat ion t imes 

(Chittle borough 1976) at the wate r  t emperatures 

measured would have, in  most cases, only permitted t he 

hat c hi ng o f  two broods of eggs e ac h  spawning season . 

It i s  poss ible, howe ver, t hat some o f  t he larger 

female s that begi n spawning very e arly in the breeding 

season may produ c e  a third batch but t here was no 

dire c t  e viden c e  from the taggi ng experiments t hat t his 

o c c u rred in the wi ld. This c o nc lus ion i s  in agreement 

wit h  Chittle borough's (1976) o bservat i o ns of t hree 

mat ure female roc k  lobst ers held i n  aquaria at 2s0c 

wit h  abu ndant food. Of the seventeen continuous 

breeding cycle s  Ch i ttleborough obs e rved over a 2 year 

period, o ne female produ c ed t hree broods o nc e . Two 

broods were produ c ed i n  fourte e n  of the cyc le s .  

Re petiti ve bre eding i n  the we stern roc k lobster 

appe ars s ize related, with the proporti on of f e males 

spawning twi c e  at e ac h  loc ation i n c reasing wit h  t he 

size o f  matu re female (Fig. 4) . This feature i s  

cons i s tent with the o bservat ion that larger roc k 

lobsters comme n c e  to bre ed in  each season bef ore the 

smalle r one s ,  and there fore have more time to hatch 

two broods o f  eggs . 

FECUNDITY 

A deta i led re-exami nati on of t he fec undity of t hi s  

spe c i e s  has shown that t he re i s  no s ignifi c ant 
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d iff erence (P>0 . 05) in the number of eggs produc ed in 

c onsecutive broods by a singl e f e ma l e  during a single 

breeding season . Thus variation in brood size is not 

a c omplicating factor in determining the f ec undit y­

carapac e length rel at ionship f or t his spec ies . 

Although th ere is an indic ation that a n ima l s  in the 

southern coastal portion of the breeding stock produce 

f e wer eggs than their northern c ou nterparts (Fig . 5) , 

no significant geographic variation in f ec undity with 

l ength was f ou n d  (P>0 . 05) . The fec undity-carapa c e  

l ength relationship is cu rvilinear, with t he f ol l owing 

equation relating t he number of n e wl y  spawned eggs (F) 

t o  carapac e l ength (CL): 

F = 1.92 CL2·69 

BREEDING GROUNDS 

Rec ent in f ormat ion provided by Mr Ric k Mahoney of t he 

Western Australian Department of Marine and Harbours 

has shown that Morgan et al. (1982) u nderestimated the 

se a su rf ac e area betwee n  the 20 and 3 0  fathom 

isobath s .  Their estimates of 6690 and 3 500 krn2 f or 

the northern and southern regions re spect ively 

c ontras t with the c orresponding new c omputer-generated 

valu e s  of 9500 and 6500 krn2. 

Mature P. cygnus do not appear t o  migrat e  to, or 

c ongregate in, spec if ic isolated areas to spawn and 

hatc h their eggs as some other species do; for 
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example, P. ornatus (MacFa rlane and Moore 1986) . 

Instead breeding f e male P. cygnus are f ound in t his 

species preferred limestone/coral ree f  habitat 

t hroughout it s range . 

A de s cription of t he roc k lobst er breeding grounds has 

bee n  obtained f rom inf ormation provided by commercial 

f ishermen (Fig . 6) . This has s hown t hat in t he 

central coastal regions t he bree ding grounds of t he 

we stern rock lobst e r, as observed by t he f is hermen, 

lie betwe en t h e  20 t o  40 fathom isobaths .  In this 

se ctor, a s  in most ot her regions, breeding rock 

lobsters were not re corded on t h e  flat sandy or silty 

bottom in the ve ry deep waters (70+ fathoms ) near the 

continental shelf e dge . In t hese a reas fis hermen 

re corded only migrat ory immature white rock lobsters .  

Although the majority of breeding fe males in t he 

central coastal regions oc c ur in the deeper water 

off shore (20-40 fathoms) , t he shallow wat e rs along t he 

cliffs north o f  Kalbarri and at the Abrolhos Is lands 

are also prolif ic breeding grounds . In addition 

ins hore reefs and islands in t he Jurien-Cervant es and 

Cape Naturalist e -Cape Leeuwin regions are areas in 

whic h a moderate n umber of berried females are 

r egularly caught . 
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4 . 1 LOG BOOK CATCH RATES OF BERRIED FEMALES 

The average o f  berried f emale c atch rates f rom log books 

for Dece mber and January f orms the basis f or t he current 

index of the abundance of the spawning stock. S ince t hese 

c at c h  rates are f undamental to the inde x, a careful 

evaluation of both t he cat ch rat es and t he assumptions made 

in using them is necessary . In this c ontext t he patt ern of 

f ishing in the f irst part o f  the roc k  l obster season needs 

to be caref ully c onsidered . 

The roc k l obster f ishing season f or t he c oastal f ishery 

commenc e s  on No vember 15 each year with a ll of the f ishing 

e f f o rt be ing c onc e ntrated initially in shallow wat er (0-10 

fat homs) . The annual migration of juvenile ("white") 

lobsters comme nc es in lat e  November and f ishermen f ollow 

these migratory a nimals from t he shore out as far as the 

edge of the c ont inental shelf . Incidenta l  catches of 

"resident red" roc k lobsters are taken at the same t ime . 

Thus f ishing in the deeper wat er (20-4 0 f at homs), where a 

large proport ion of the coastal spawning stock is located, 

doe s not oc cur until about mid to late December t hrough t o  

early Janu ary, whe n  the f ishi ng f leet passes through t his 

dept h  zone . Depe nding on t he ir catc hes, t he f ishermen 

gene rally return to t he shallow waters f rom the edge of the 

she lf during mid to lat e January . 
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This st udy h as s hown t h at peak c a t c h  rat es of berried 

females oc cur in t h e  November t o  December period; however, 

there is very limited sampling of the breedin g  st oc k (i . e . 

fishing in 20-40 fath oms) by the c ommercial f leet unt il 

mid-Dec ember . Fu rth ermore, t h e  berried f emale catch rates 

from t h e  log books are derived f rom a moderat ely low 

sampling intensity, sin c e  generally only 25 t o  3 0 %  of t he 

fleet a re involved in the voluntary log book programme, and 

only short periods are spent f ishing in the 20 t o  30 fathom 

depth range. 

The re are addition al problems assoc iated with the use of 

log book spawner c atc h rates as the bas is for a spawning 

stock inde x. For example, s ome fis hermen actually c ount 

berried female s in the ir c atc h while oth e rs only estimate 

their numbers . In addition, variabi lity in the individual 

c atch rates is high wh ic h may render the index insensiti ve 

to changes in abundan c e. It may also be poss ible for the 

peak breeding period to change f rom year to year with 

variat i ons in environ mental c onditions . Thus, given that 

the f ishing pattern o f  the fishermen remains relatively 

c onstant, variatio n s  in log book catch rat es for Dec ember 

and January may fals ely indic ate c h anging densiti es of 

breeding females wh en abundanc e  is actually s table, or vic e 

vers a .  

One sourc e o f  bias in the c atc h rat es leads directly t o  

u ndere s t i mate s o f  population s ize . Th is aris e s  from t he 

non random manner in wh ic h fishermen set the ir pots across 

the fishing grounds . Fishermen searc h for and concentrate 
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on areas with loc al aggregatio n s  o f  roc k lobsters; but it 

is commonly mentioned by fi s he rmen that they qui c kly move 

away from are as yieldi ng large numbers of berri ed f e males 

if c at c he s  o f  an imals whic h  may be legally retained are 

small . (Ovigerous females h ave to be returned to the water 

and repre s ent no c ommerc ial gain for effort expended) . 

Thi s practi c e  introduc es bi as into the spawner c at c h  rates 

and leads to undere s ti mates o f  s pawne r  abundance . 

In addition to the spec i f i c  problems with breeding stoc k 

c atc h rate s a number of general problems i n  the use o f  

catc h  rat e s  need to be c onsidered . For example, t he 

pre sent spawn ing index assumes that c at c hability (q) 

remain s  c o n s tant betwee n  loc atio ns and between spawning 

seas o n s .  However, Morgan (1974) i n  h i s  re s e arch at the 

Abrolho s  Is lands doc umente d  variatio n s  i n  c atch ability due 

to mou lt s tage,  water temperatu re and sali nity . 

Catchability als o s ee ms to vary with moon phase and the 

pre s e n c e  or abs en c e  o f  s we ll i n  an are a .  S in c e  spatial and 

temporal differenc e s  o c c ur i n  water condi tions a c ross t he 

fi s h ing ground s ,  it i s  li kely that short term catc habili ty 

vari atio n s  wi ll o c c u r  betwee n  loc ati ons . There are also 

i ndi c atio n s  that c atc habi lity c hanges with s ize (R. Brown 

pers . c omm . ) a fe atu re that may be i mportant i n  produ c i ng a 

n e w  S SI in  vi ew o f  the large di fference i n  the size of 

bre ed i ng female s between the c oast and the Abrolhos 

Is lands . Inc rease s i n  fi shing gear eff i c i en c y  over time 

need als o to be taken i n to ac count . Furthermore, 

c ompetiti on between pots plac ed i n  c lo s e  proximity t o  one 

anoth e r, e ithe r  by the same fi s he rman or a number of 
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dif ferent f i s he rmen re s ul t s  in bias in cat ch rates. Such 

compet ition yie l ds reduced cat ch rate s  and hence 

underes t i mate s  o f  roc k  l o bs t e r  dens i tie s .  The l evel s of 

c ompet ition bet we e n  unit s  of f is h ing gear in this f is h ery 

are not known but unl e s s  t h e y  remain re lat i vel y constant 

during and betwe e n  s ea s ons, the catch rat e s  may not provide 

a us e f ul index o f  abundance . 

The choi c e  of  the statis t i ca l  method of combining the catch 

rates a l s o  requi re s care f ul cons ideration . For the current 

i ndex, gro s s  combinat ions of t ot a l  s pawne r catch and total 

re l a t e d  f i sh i n g  e f fort o ve r  very large a re a s  have been 

u s e d .  Average s  based on catch rat e s  f ro m  s ma l l er area s 

sho uld provide mor e  r e l i a bl e  mea s ure s of  abundance . 

It i s  important to r e i t e ra t e  here that the r e  are no 

re s earc h  l o g  book data f o r  t h e  Abro l h o s  Is l ands during t he 

b r e e ding season si n c e  th e region i s  c l o s e d  to f is h i ng at 

t his t i me . The r e f o r e ,  direct c o mpar i sons between this 

important region a nd t h e  coast us i ng log boo k catch rat es 

of berri ed f e ma l e s  a r e  not pos s ibl e . 

4 . 2 AVERAGE FECUNDITY 

Morgan (1972) r e ported t he f e c undity-carapa c e  l ength 

re l a t i o ns h i p  for t h e  western roc k  l o bs t e r  to be a straight 

l ine . In addition bot h  Chitt l eborough (1976) and Morgan 

(1980b) c ons i dered that r e petit i ve bree ding oc c urred onl y  

t o  a very l i mited ext e nt i n  t h e  wil d populat ions of P. 

cygnus . Gi ve n  t h e se c o n c l u s i o ns ,  the f ecundity of  an 
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average sized breeding female was all that was required to 

transform relative numbers of breeding females (catch rate 

x area) into numbers of eggs produced in a season. This 

calculation is used in the current index of abundance of 

the breeding stock. 

Although Morgan's (1972) linear relationship of fecundity 

to carapace length was appropriate over the range of data 

he examined, the more extensive sampling undertaken in this 

study has revealed that a curvilinear relationship exists. 

Notwithstanding this, individual fecundities for lengths 

over the same range as that studied by Morgan (1972) are 

very similar, suggesting that egg production by individuals 

of a particular size has not altered. 

Another important result from this study is the much higher 

incidence of repetitive spawning in the rock lobster 

breeding stock than was previously thought and the fact 

that it is size related. In conclusion, these factors, in 

addition to the curvilinear fecundity relationship, need to 

be considered in the future calculation of the number of 

eggs produced by the breeding stock. 

4.3 ABROLHOS ISLANDS CONTRIBUTION TO EGG PRODUCTION 

The contribution of the Abrolhos Islands breeding 

population to total egg production from the whole stock was 

assessed by Morgan et al. (1982) at 14%. However, their 

sampling was conducted during January and February of 1979 

to obtain catch rates that were comparable to those used to 
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represent the abundance of the coastal breeding stock. 

January and February were considered to provide the most 

representative catch rates of spawners on the coast. This 

conclusion was based on berried female catch rates from 

the research log book programme and has subsequently been 

found to be inaccurate. It must be remembered that the log 

book catch rates at this time apply only to the coastal 

fishery, since the fishing season at the Abrolhos Islands 

does not commence until March 15. Furthermore, it has now 

been shown from research sampling that peak catch rates for 

berried females occur in November to December over the 

whole fishery and breeding activity is usually at a low 

level by late Febr uary. Th us, an assessment of the 

contribution by the Abrolhos Islands breeding stock to 

total egg production based on Jan uary-Febr uary survey catch 

rates is likely to signif icancly underestimate the true 

situation. 

It is important to note that research vessel catch rates of 

berried females at the Abrolhos Islands in November and 

December far exceeded comparable val ues from coastal 

regions. Furthermore, Abrolhos Islands breeding females 

are much smaller than their coastal co unterparts, with a 

large proportion being undersize and therefore spawning at 

least once before recruiting to the commercial fishery. 

This is in marked contrast to the coastal breeding 

pop ulations where females mature about two years after 

recr uiting to the fishable stock. These feat ures strongly 

suggest that the contrib ution of the Abrolhos Islands 

breeding stock to total egg prod uction is significantly 
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greater than previously thought and now considered to be of 

the order of at least 50%. Moreover, their contribution to 

total egg production is likely to be variable from season 

to season with changing population size. 

4.4 AREA 

The previous estimate of the area between the 20 and 30 

fathom isobaths used in the current index has been shown to 

be inaccurate. However the area values used to calc ulate 

relative numbers of breeding females from catch rates are 

constant. Recalculation of the current index using the new 

area values did not affect the trends shown by the index, 

but merely altered the magnitude of the differences between 

years. 

The breeding ground maps have shown that there are no 

distinct areas in which breeding females aggregate. 

Breeding rock lobsters are generally caught throughout the 

middle ground of the continental shelf (20-40 fathoms) in 

the central coastal regions. Morgan et al. (1982) reported 

that an average of 90% of the total catch of spawning 

females were caught in the 20-30 fathom depth range during 

1966-1980. However, in recent years, the introduction of 

larger, faster vessels equipped with more sophisticated 

echo sounders and other electronic devices, has enabled 

fishermen to explore the deeper waters in more detail. 

Conseq uently, this has resulted in greater log book 

coverage of the deeper waters which in turn has led to a 
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revised understanding of the location of the breed ing 

grounds. 

The breeding ground maps, from fishermen, and the research 

log book information, have provided a reasonable ind icat ion 

of which areas, or combination of areas, and their 

associated catch and fishing effort data should be used in 

any new index of abundance of the spawning s tock along the 

coast. Since the Abrolhos Islands zone is closed to 

fishing d uring the breeding season, no breeding female 

distribution maps are available from the fishermen for th is 

region. However, research cruises to the Abrolhos Islands 

have indicated that breeding females can be found in all 

depths. 

5. CONCLUDING REMARKS 

This study has shown that a number of the assumptions on 

which the calculation of the existing index of abundance of 

the breeding stock of the western rock lobster is based are 

invalid. For example, berried female catch rates from log 

books are dependent upon the pattern of fishing and thus 

there are a n umber of problems associated with catch rates 

as a measure of average abundance. At the present time 

only catch rate s from 20-30 fathoms are used whereas a more 

representative index may use data from a wider depth range. 

Certainly this wo uld be the case at the Abrolhos Islands 

where large den si ties of spawners are found in virtually 

all depths of wa ter. 
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Catchability between locations and from year to year has 

been assumed constant because there has been little 

research into this aspect except at the Abrolhos Islands. 

Little is known about spatial and temporal variations in 

catchability on the coast and an invest igation of changes 

in this parameter is required. Sensitivity analyses will 

assist in assessing the effects of catchability variations 

on any index utilising catch rates. Morgan's ( 1974) 

equation may be used as a first approximation for 

catchability in coastal regions. 

The results of this detailed investigation into repetitive 

spawning and fecundity in the western rock lobster have 

shown that the calculation of egg production from various 

regions of the fishery is not simple and requires a new 

approach. 

This research programme aimed to either improve the current 

index of abundance of the breeding stock or provide a 

quantitative base from which a new index (indices) could be 

derived. This objective has been achieved. 

The existing spawning stock index (Fig. 7) combines data 

from a depth range of only 20 to 30 fathoms. In addition, 

the average fecundity, in both of the coastal reg ions, and 

the Abrolhos Islands' contribution to egg production are 

treated as constants, together with the area values used in 

the index. The only variables in the current index are the 

log book catch rates of berried females for the northern 
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and southern coastal regions. Thus it is variations in 

these catch rates between seasons that drive the index. 

Given the problems associated with the logbook catch rates 

of berried females on which the current index is based, the 

absence of berried female catch rates from the Abrolhos 

Islands and the knowledge that the Abrolhos Islands 

breeding population makes a significant and vary ing 

contribution to egg production, it is concluded that the 

current index is inappropriate. 

A new biological model is presented to show the components 

that future indices should contain ( Fig . 8). This model 

provides bo th a summary of conclusions for the FIRTA funded 

studies on the breeding stock of the western rock lobster, 

and at the same time the basis for continuing research in 

this field. 

Although the berried female catch rates will not be 

totally disregarded, other data sources will provide 

independent es timates of breeding stock abundance. These 

sources are the research log book catch rates of all legal­

sized rock lobsters, monitoring and commerci al catch (ABS) 

data. Whereas only three regions were considered for the 

existing index, five regions are now recognised in the new 

model. Furthermore, depth ranges from which d ata will be 

utilised will be widened, based upon the distribution of 

spawners, and the new rel ationships for fecundity, double 

spawning and size at maturity will be input into the new 

model ( Fi g . 8) . 
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Since managers are now requesting information on the 

effects of management options on the fishery on a regional 

basis, the division of the fishery into five, rather than 

three units, is justified. In doing so, however, it has 

become apparent that minimal data are available for the far 

northern and far southern regions. Because of this, the 

Revised Spawning Stock Index for the fishery will combine 

egg production from the Abrolhos Islands and the B Zone and 

C Zone coastal regions and, initially, use broad estimates 

for the two remaining coastal zones ( Fig. 8) . 

Continuing research in four areas is required to enhance 

stock and recruitment analyses �hich are now under 

consideration. These are the development of methods to 

estimate spawner stock size at the Abrolhos Islands (e. g. 

depletion estimates); the expansion of the far northern and 

far southern data bases; the estimation of the available 

rock lobster habitat within the depth ranges to be 

considered for each region; and an evaluation of annu al 

variation in the catchability of mature females, 

particularly for the coastal regions. The addit ion of these 

data will consoli date the new index (or indices) as a 

robust measure (or measures) of the abundance of the 

breeding stock of the western rock lobster. 
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Table 1 The percentage of breeding females showing evidence 
o f  producing two batches of eggs in a single season. Sampling 
at the Abrolho s I slands was conducted both in the lagoon 
region and out side the main reef. In 1984 /85 experimental 
f i shing was conducted at monthly intervals ex cept for one 
cruise during which sampling was conducted in late November 
and extended into ear ly December. NS - not sampled. 

PER CENTAGE BREED IN G  TWICE 

LO CA T ION O CT NOV DE C JAN FEB 

ABROLHOS (84 /85) INS IDE 76 7 3  16 1 3 
OUTS IDE 74 75 16 2 

ABROLHOS (8 7 /88) INSIDE 1 4 50 4 2  NS NS 
OUTS IDE 3 3  7 2  5 7  NS NS 

TWO RO CKS (85 /86) 3 3  7 7  27 0 0 

DONGARA (86 /87) 0 60 61 31 0 
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3 1  A map showing the areas along the 
west coast of Western Australia where 
commercial f ishermen reguarly catch 
berried female rock lobsters.  The 1 O 
(yel low) ,  20 (orange) ,  30 (green) ,  40 
(red), and 1 00 (blue) fathom isobaths 
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Note : This map does not indicate 
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densit ies of breeding females and little 
i nformation is  available for the Abrolhos 
Islands zone (oblique shading ) which is 
closed to fishing during the breeding 
season .  
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