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PREFACE 

"ECCE GUBERNATORff 

Vergil VI. 

The legend of Palinurus, who was the helmsman of Aeneas' 

ship ~d pilot of the small fleet of Troj an ships which fled from 

from the sack of Troy, is to be found in Vergil's Aeneid, Books 3, 

5 and 6. 

While at the helm and ostensibly watching the stars, 

Palinurus was overcome by the god Sleep and hurled into the sea 

at the comm""d of Neptune. After three days, he was washed ashore 

on the Lucanian coast of Italy near Sicily, only to be attacked and 

killed by barbarians. ~t having received burial, his ghost could 

not cross the Styx into Hades. Aeneas, on his official visit to 

Hades, cane across the shade of Palinurus, miserably haunting the 

banks of the river and being chased away by the ferryman, Charon. 

Palinurus begged pe1'l1lission to cross to the Under~rld, protesting" 

his innocence, but this was refused by the Sibyl. However, in re-

conciliation, the barbarians who killed him were prevailed upon by 

the gods to build a tomb to his memory and the Cape where he died 

was ordained evermore to bear his nan'e. 

The obscure Cape Punto Pelinuro in Italy, where some ruins 

are popularly called the Tomb of Palinurus, still retains its ancient 

nana. 

More recently, the nerne of the luckless pilot was given to 

a genus of xock lobsters by Fabri,cius, in 1798 and fxom it the fanily 

Pa:1inuridae is derived. 
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INTRODUCTION 

During the ~irst half of this century, studies of rock 

lobsters o~curring along the east coast of southern Africa wera 

limited to taxonomy and distribution, the most notable contribu­

tions having been mede by T.R.R. Stebbing and K.H. Barnard. 

The possibility of commercial exploitation of Panulirus 

homarus off the Transkeian coast resulted in a preliminary study 

of the life history of this species by the South Africen Division 

of Sea Fisheries (Heydorn, 1969a). This was concentrated in 

Transkeien watars, but also extended into Natal and the Eastern 

Province. 

Rapid expaneion of a trawl fishery for tha deep-water 

species Palinurua delagoae (aP. gilchristi var. natalenais and 

var. delogoae) during 1965 off the Natal coast and the urgent 

need for modification of conservationary measures for P. homarus 

off Natal, led to inception of the East Coast Rock Lobster Research 

Programme in 1961/68. The author and a technical assistant were 

appointed to undertake this programme, the object of which was to 

expand Heydorn's work on P. homarus and to initiate a study of 

the biology of P. delag08e. The project, which forma part of 

the South African National Programme for Oceanographic Research, 

was undertaken by the Oceanographic Research Institute, Durban, 

in collaboration with the Division of Sea Fisheries and the Natal 

Parks, Game and fiah Preservation Board. 
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This theai. is based on published and unpublished results 

of research conducted by the author from mid-1967 to 1970 and is 

presented in five sections. In Section 1, features of the marins 

environment of the south-east African eegion are outlined and an 

account is given of the species of rock lobstera occurring, with 

notes on the habitat preference and behaviour of each. Section 

2 deals with variation in Panulirus homarus and a taxonomic study 

within the genus Puerulus. In Sections 3 and 4 respectively, the 

results of investigation of the life histories of Panulirus homarua 

and Palinurus delagoae are presented, while Section 5 comprises a 

comparativa study of the spermatophoric masses and mechanisms of 

fertilization in southern African rock lobsters. 



1. 

3 

SECTION 1 

FEATURES Of THE MARINE ENVIRONMENT OF THE SOUTH-EAST 

AfRICAN REGION. THE ROCK LOBSTERS OCCURRING AND NOTES 

ON HABITAT PREfERENCE AND BEHAVIOUR Of EACH 

INTRODUCTION 

In the cour.e of the Eest Coast Rock Lobster Project, 

an intensive diving programme was undertaken both in the surf 

zone and on offshore reefs. This was concentrated in Natel and 

Zululand weters, but diving in the surf zone was extended into 

southern Mozambique on five field trips. The programme hes 

reeulted in extension of records of distribution of several speciee 

of the shallow-watar genus Panulirus and provided an excellent 

opportunity to make observations on habitat preference and behaviour 

in the five species recorded. Commerciel trawlers operating down 

to dapths of about sOOm off Natal and Mozambique provided information 

on distribution and hsbitat of various deep-water rock lobsters and 

several new species have been recognised on the basis of material 

they obtained. 

The region covered and referred to as the south-east 

African coast in the present investigation extends from Port Edward 

in the south, to Barra Falsa in the north, (see fig.l), In this 

Section, the features of the marine environment of the region are 

outlined end an account is given of the rock lobsters recorded, 

their habitat preferences and behaviour. 
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2. ENVIRmJMENTAL fEATURES Of THE SOUTH-EAST AfRICAN REGION 

Currents 

The National Physical Research Laboratory and the 

National Institute for Water Research of the C.S.I.R. have been 

investigating the currents off the Natal coast for several years 

and the description given below of currents in the area, as well 

as the simplified eccount of water circulation in the western 

Indian Ocean, is based on a publication summarizing the work of 

these departments (Oliff, 1969). Additional information was 

supplied by Anderson and Oliff (pers. comm.). 

Circulation of water in the western Indian Ocean is 

largely determined by two wind systems. The south-east trades 

drive surface water from the central Indian Ocean towards the 

African coast forming the Equatorial current, while the monsoons 

of the north-west Indian Ocean determine the water flow along the 

coast. 

In the southern summer the Somali current flows south 

along the coast, driven by the north-east monsoon. It joins the 

Equatorial current, which reaches the African coast just south of 

the Equator, to produce the strong southward flowing Mozambique 

current, known as the Agulhas current off the eastern coast of 

South Africa. 
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In the southern winter, the 8out~est monsoon reverses the flow 

of the Somali current and the Equatoriel current move. further 

north. This results in a diminished flow southwerds which in 

turn reduces the flow of the Mozambique and Agulhae currents and 

according to the findings of Menach& (1963), these appear to form 

rather discrete circulatory systems at this tima _of year, with 

little confluence between them. 

The Agulhas Current 

Off the Natal coast the Agulhas current usually flows at 

8 speed of between land 2 m/second. The distance of its western 

edge offshore is variable, but in broad terms it may be said to 

follow the edge of the continental shelf. Thus off the Zululand 

coast, where the shelf is very narrow, it flows within a few 

kilometres of the shore and off the Natal coast, where the shelf 

reaches s maximum of 45 kilometres, the current is consigerably 

further offshore. The western edge of the current appears to 

have a sinuous motion which undulates southward and generates 

eddies between it and the shore. As a result of these undulations, 

the distance of its western edge from the shore may vary over a 

short period. Mean surface temperature is approximately 230 C in 

winter end 28°C in summer (Anderson pers. comm.). 
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Inshore Currents 

On the Natal coastal shelf, between the Agulhas current 

and the shore, there is a system of short term reversing currents 

which change direction of flow at fairly regular intervals of ons 

to three days. This repeated reversal is thought to be due to 

movement of eddies generated by the sinuous motion of the western 

edge of the southward flowing Agulhas current. The speed of flow 

of these inshore currents averages between 0.1 and 0.4 m/second 

and despite the elternations of direction, there is a slow nett 

movement northwards. Temperature of the inshore water mass has 

e range of approximately IB - 260 C, and is generally somewhat 

less than that of the Agulhas. This is attributed to upwelling 

of cooler subsurface water in the centre of the eddies. 

The inshore current system is most pronounced in the 

region of the Tugela Bank between Port Durnford and Umhlanga where 

the shelf is widest, but it probably also occurs along the Natal 

South Coast. Off the northern Zululand and southern Mozambique 

coasts, no regular current measurements have been mede, but it 

seems likely that a similar system of inshore currents generated 

by the Mozambique - Agulhas current may exist, particularly where 

the shelf is comparatively wide. 
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Northward flowing inshore currants were noticed while diving 

throughout these regions and MacNae (1962) comments on a 

northward going current and cool water at Xai Xai (Mozambique), 

which is probably the result of upwelling caused by eddy currents. 

The Surf Zone 

The following account of circulation in the surf zone 

is based on the work of Harris et al (1962). 

In this area water movement results mainly from wave 

action and circulation is dependant on the angle at which waves 

strike the shore. When wave-approach is normal to the shore. 

'cells' of circulation are set up, each being composed of longshore 

currents, rip currents and recycled water. The rip currents 

flow seaward at intervals of about 600m and are fed by longshore 

currents. The water of one 'cell' is discharged in approximately 

one hour. When wave approach is oblique to the shore the same 

system operates but the cells of circulation become asymmetricel. 

Water temperatures taken in the surf zone during 1968 and 

000 1969 ranged from 16.1 - 26.1 C and the mean temperature was 21.4 C. 

Oxygen content was usually in the region of saturation point and a 

mean of 6.9Bml/l was obtained. Oliff (pers. comm.) found the 

salinity to range between approximately 3S.00Ao and 35.30Ao but 

after flooding of rivers in midsummer, salinity dropped temporarily 

o to about 34.0 ~oo in some localities. 
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Influence of Currents on the Coast 

MacNae (1962) hes discussed the relation of flora and 

fauna of the south-east African coast to Ocean currents and poses 

the problem: " •••.•• how cen the Mozambique - Agulhas current effect 

e shore it does not actually bathe?" He continues "it runs along 

the edge of the continental shelf, and between it and the shore 

is the cooler water of the counter current: water sufficiently 

cool to kill off larvae drifting in the warmer water of the stream 

current." The present concept of a reversing inshore system 

generated by eddies of the Agulhas current now offers an explanation 

ae to how larvae may enter the inshore water where the continental 

shelf is wide, such 8S in Natal. This reversing inshore water may 

elsa form a sufficiently distinct and permanent system for local 

repopulation of some species with pelagic larvae to occur. Off 

the Zululand coast and some of the southern Mozambique coast, tha 

continental shelf is narrow and the absence of a well developed 

inshore current ayatem,as is found off Natal, may result in tha 

Agulhas current having a more direct influence on the coast north 

of the Cape St. Lucia area. This might account for the more 

tropical fauna found in these regions as exemplified by fairly 

extensive coral growth. 
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Effects of Swell and Tidal Range 

Up the east coast of southern Africa the south-west swell 

generated in the 'roaring forties t becomes deflected and progressively 

weake~re8ulting in low energy swells striking the Natal, Zululend 

and Southern Mozambique coasts from the south-east (George et al, 1970). 

This expanse of coastline is subjected to continuous surf breaking 

on the shore, which becomes reduced in intensity northwards, in 

southern Mozambique. 

The entire east coast of southern Africa has a semi-diurnal 

tidal pattern (Patullo, 1966) and the tidal range increases considerably 

northwards as illustrated by an increase in the mean spring range 

from 1.Bm at Durban to 3.3m at Lourenco Marques, a distance of only 

350km. It was observed in this investigation that tidal range is 

an environmental feature which becomes progressively more important 

elong the southern Mozambique coast than surf action. 

Influence of Topography of the Hinterland on Water Turbiditx 

In N~tal, the interior rises to an altitude of more than 

2000m over a distance of only some 200km from the coast. The rivers 

have been subject to flash flooding in a summer rainfall area and 
• 

have scoured inland from the coastal belt, giving rise to the present 

day eroded topography. 
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As seven major and fifteen minor rivera drain into the see along 

a coastline of only about 330km, it seems likely that the inshore 

marine environment has baen subject to some degree of turbidity 

even before the situation was aggravated by modern agricultural 

practice. In Natal the width of the shelf and distance of the 

Agulhas current offshore does not result in quick removal of turbid 

water. 

A somewhat different situation is found in Zululand and 

southern Mozambique, where there are flat, sandy, coastal plains 

and extensive local run-off into the sea does not occur. Moreover, 

fewer rivers flow into the sea over B much longer coastline than 

in Natal, resulting in predominantly clearer water conditions. 

It therefore appears that the biota occurring off Natal may be 

limited by the requirement of aome degree of tolerance or adeptation 

to turbid water conditions. 

A generalised summary of the main physical features which 

may affect the marine environment of Natal and Zululand is givan 

in Table 1 overleaf. 



Table 1. Generalised summary of the major physioal features which 
may affect the marine environment of N~tal, Zululand 
and southern Mozambiquo 

Physical features Natal (approx. 330 km) Zululand and southern Mozam-
bique (from Cape St. Lucia tc 
Barra FaJ.sa) 

(Approx. 1060 km) 

Rivers entering sea 7 major, 15 minor 5 major, 4 minor 

Inland topography Steep, highly erode~ Ftat, coasts.l plain with 
little runoff and erosion 

Continental shelf ,.,ide (max. 45 km) V'try Jl.E rrow in some regions 

Inshore water Turbid Clear 

Tidal Range Low High, becoming progressively 
higher northwards 

i 
Surf Action Continuous, strong Continuous becoming progres&j 

ively weaker northwards I 

--- --- - - -- --- --- - - ------ -----

t: 



3. THE ROCK LOBSTERS RECORDFD OFr THE EAST COA~T 

OF SOUTHERN AFRICA 

12 

The Palinuridaa are currently divided into two 9roups~ 

namely the 'Stridentes' end the 'Silentes', on the basis of the 

presence or absence of a stridulating apparatus. The palinurid 

list consisting of the following eight genera, recognised by 

George and Main (1967), is followed in this investigation: 

Silentes Group: Jaeus and Projasua. 

Stridentes Group: Panulirus, Palinurus, Linugarus, Puarulus, 

Justitia and Palinustus. 

All thesa genera are represanted off tha coast of Africa, 

south of the Tropic of Capricorn, with the exception of Justitia 

whi"ch occurs off Mauritius. An account of the genera and species 

recorded from the east coast of southern Africa is given below 

with notes on habitat-preference and behaviour of each. 

GENUS PANULIRUS WHITE, 1847 

George and Main, (1961) recognise nineteen species 

within this genus. in tropical and aubt~opical waters of the 

Indian, ~acif~c and Atlantic Q~een •• 
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Seven of these occur in the Indian Oceen and five have been 

recorded off the east coast of South Africa, namely P. homarus, 

P. penicillatu;~ P, longipesA P. ornatus and P. versicolor. 

Panulirus homaru8 

Holthuis (1946) proposed that P. bOrgeri was a synonym 

of P, homarus and somewhat doubtfully recognised the identity 

of P, dasvpus. P. homarus was referred to P. burgari by 

Barnard (1950) who expressed the opinion that the closely similar 

species P. dssvpus should be recorded merely as a Variety of 

P. bOrgeri. Subsequently, as a result of examining the specimens 

of P, homerus and P, dasypus in the British Museum, Gordon (1953) 

stated "I am forced to conclude that these twelve specimens 

belong to a single variable species, P. burgeri (de Haan), which 

according to Holthuis must now be called P. homerus (l.)". Her 

view has now been widely supported and in the present investigation 

all specimens were assigned to the single species, P, homerus l 

However, it is considered that the possibility that more than 

one species is represented in the Indian Ocean cannot be discounted 

and this is discussed in Section 2. 

In the south-east African region P. homarus is distributed 

from Part Elizabeth in the south (Heydorn 1969a),st least 8S far 

north ae Barra ralsa in Mozambique, where it was recorded in 

this inveetigation. 
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However it is most abundant ~ the Natal coast and reduction 

in numbers is evident southwsrds along the Transkeian cosst 

and is particularly marked northwards along the Zululand and 

Mozambique coasts, where it is so scarce that adaquate samples 

could not be collected for study of the life history. 

Notes on habitat and behaviour 

The following notes on habitat preference refer 

specifically to P. homarus occurring in Natal waters, where 

its abundance suggests that conditions are particularly fevourable. 

This species is essentially an inhabitant of reef 

in the surf zone and immediately beyond. It is a robust rock 

lobster with stout, strong legs which enable it to cling to 

rocks under extremely turbulent conditions. The water it inhabits 

is often highly turbid during the summer months, due to suspended 

silt carried down by rivers and even in winter some degree of 

turbidity is maintained by storms which periodically churn , settled 

silt into suspension. It is also particularly tolerant of coarse 

sand particles, churned up end held in suspension by the surf 

which breaks continuously in the shallow water it inhabits. 

Animals were frequently observed completely buried by sand except 

for the frontal cephalothorax and a~tennae. 
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The optimal depth range is 1 - Sm, and vertical 

distribution and abundance 8eema to be correlated with the 

availability if its chief food organism, the brown mussel 

(Perna perna)~ which is most prolific in the surf zone. With 

increase in depth this mussel becomes less abundant end is seldom 

found deeper than 10m, which may account for the small numbers 

of P. homer us encountered below this depth. The deepest record 

of this species was from 35m on the Tugela Bank where three 

specimens were obtained in a prawn trawl. However, these had 

curiously elongated antennae, perhaps due to reduced light 

penetration and were obviously not living under typical conditions. 

P. homarus is essentially a nocturnal species and 

during daylight it inhabits cracks, crevices and overhangs in 

reef. Its habitat in the surf zone is subject to substantial 

shifts of sand with the result that reef regularly becomes 

covered, only to have the sand scoured away a few days later. 

This has a marked effect on the local concentration of rock 

lobsters and as cover becomes reduced, shelters containing dense 

aggregations occur, whereas when send has been scoured away the 

animals are more dispersed, though still gregarious. 

During the day the animals may usually be observed 

with their antennae protruding from their shelters. 
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The antennee are directed towards any moving object and if 

danger threatens, the abdomen and tail fan are held extended, 

reedy to propel the animal rapidly into cover. Fish and other 

rock lobsters may be warded off with the antennae whose armature 

of forward directed spines acts as a deterrant. When approachad 

with a gloved hand, P. homarus remains at the edge of its shelter 

and tries to touch it with outstretched antennae. On contact 

with the glove the animal darts beckwards with a few flaps of 

its ebdomen and withdraws into a closely fitting recess with 

its abdomen folded beneath it. If the floor of the shelter 

is sandy, clouds of sand are shot out by flapping of the tail 

fan, temporarily obscuring the animal as it braces itself against 

the roof of its shelter with its legs. (Similar behaviour has 

been described in Jasus lelandii by Heydorn (1969b),who suggests 

that the cloud of murkiness acts es a deterr~nt to predators). 

Attempts to dislodge the animal by gripping the antennae or 

legs may result in autospasy or autotomy of these appendages. 

Meanwhile loud stridulation is emitted which causes all other 

rock lobsters in the vicinity to withdraw into their shelters. 

Stridulation was never heard on any other occassion. 

On being confronted by an octopus which appears to 

be its chief natural pradator, P. homarus reacts completely 

differently, and insteed of withdrawing into cover it comes out 

and stands ready to abandon its shelter. 
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If the octopus advaneee the animal immediately takes flight 

by backward propulsion with its tail. This reaction is 

obviously due to the fact that a rock lobster i. easy prey 

for an octupus when trapped in ita shelter. The method 

of using a dead octopus tied to a stick to flush Pc homarus 

out of inaccessible shelters was used with great effect in 

this inveatig,tion. 

Moray eels (Lvcodontus sp.) are frequently found 

living in association with p. homarys and it is a common sight 

to see a specimen of P. homarys at the mouth of its shelter 

with an eel'a head protruding from beneath it, (see Fig. 2). 

Any attempts by a diver to disturb the rock lobsters in the 

vicinity resulted in immediete attack by the eel. The method 

of using an octopus to flush out rock lobsters has been mentioned 

above and it was noticed that if a moray was present, it 

immediately attacked the octopus and devoured it. That eels 

prey on octopuses naturally was substantiated by several instancee 

where eels were found feeding on dead octopuses which they had 

obviously killed. Moray eels are attracted by the stridulation 

of rock lobsters and aven if not actually present in a shelter 

with them, may appear and attack an intruder. 



fig 2. Moray eel and rock lobster sharing the 
sama shelter on "Limestone Reef". 
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Octopus sp. appears to be the chief natural predator 

on P. homarus and on several occasions octopuses were found 

devouring rock lobsters which they had presumably captured. 

Judging by the piles of empty shells outside their shelters, 

octopuses also seem to feed on substantial quantities of the 

mussel Pc perna and as this is the chief food organism of 

P. homarus, some degree of competition must exist for food. 
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Predation between bYcodontus sp., Octopus SP.1 P. homarus 

and P, perna is summariaed diagrammatically below. 

Octopuses ~~~-!!!!-
~------~~ Rock Lobsters 

mussels ' 

phytoplankton 

It is suggested that further study would probably show that this 

forms the basis of a self-regulatory situation which maintains 

e numerical balance between mussels, rock lobsters, octopuses 

and eels. 

Panulirus penicillatuB 

According t George (1968), P. eenicilletus is the most 

widely distributed member of the genus and occupies 240° of longitude, 

from the Red Sea (300 E) to the Gelapogos Islands (90oW). 

Barnard recorded a specimen from Mozambique Island, but 

had no records from the coast of South Africa. 
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During the present investigation only three immature specimens 

were collected in Natal over a three yeer period, but a further 

twenty-one were obtained from the Zululand coast and two from 

the Mozambique coast, the majority of which were sexually mature 

and breeding. 

Notas on habitat and behaviour 

P. penicillatus was most abundant at a locality off 

northern Zululand known as Island Rock, where it was the only 

species occurring. This is a large mussel covered outcrop measuring 

approximately 100m x 25m with a flattish top, but which falls 

away steeply into deep water on the seaward side. It is situated 

about 180m from the shore and there is e deep channel and very 

strong current running between it and the beach. It is almost 

entirely covered at high tide, but its top becomes exposed at 

low tide and P. penicillatus can be caught in shallow gullies 

end hollows in the walls of pools left as the tide recedes. This 

species was also occasionally found living on reef in the surf 

zone at various other locslities on the northern Zululand and 

southern Mozambique coasts, within a few metres of P. homarue. 

Occurrence of both these species living in close proximity in the 

surf zone has also been recorded in Ceylon by De Bruin (1962) end 

on the south~ea8t coast of Madagascar by Charbonnier and Crosnier 

(1961). 
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In this investigation P. penicillatus wes found to occur near the 

seaward edge of the reef in holes and cracks in ths roofs of lerge 

inaccessible caves at a depth of 1 - 4m. The floors of these 

caves were either rocky or covered with rounded pebbles and it 

was never found near sandy bottoms. It thus appears that 

P. penicillatuB occupies a habitat where suspended sand does not 

occur in quantities, whereas P. homarus occurs where it may be 

subjected to a considerable amount of sand in suspension. 

Examination of the stomach contents of P. penicillatus showed 

that mussels were the predominant food organism. 

P. penicillatus has extremely robust legs which are an 

adaptation for clinging to the rock in turbulent water. As 

mentioned by George (1968) it doas not retreat from a gloved hand 

but clings to the rock and large specimens are difficult to pull 

off. The oliva-black coloration also provides excellent camouflage 

in the dark recesses this species inhabits and it is easily over­

looked if the protruding antennaa ere not saen. 

Panulirus longipa. 10ngipes 

Barnard (1950) referred to this species as P. japonicua 

and had a single record from Mozambique but none from South Africa. 

In their revision of ths P. japonicus group, George and Holthuis (1965) 

have shown that Barnard's specimen was probably the spotted legged 

variety, P. longipea lonsipss. 
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In the present investigetion this species has been found 

in various localitiea off the Zululand and ·Natal coasts and while 

it is by no means common, it is the second most abundant species 

in the region next to P. homarus. Twenty-five spacimens, all 

of the spotted legged variaty were collacted, but P. longipes 

proved difficult to capture and many more were seen. 

Notes on habitat and behaviour 

George, (1968) commented on the wide variety of environmental 

conditions and depth range at which P, longipes occurs and this has 

been substantiated in the present investigation. In Natal, this 

species was most abundant on offshore reef, and particularly the 

Aliwal Shoal, where it was recorded at a depth of IBm in clear 

Agulhas current water. However, it was also obtained in the 

turbid conditions of Durban Harbour and seven specimens were 

recorded at a depth of only 1m from the Isipingo tidal swimming 

pool. 

Off the Zululand coast, breeding specimens were obtained 

on offshors corel covered reef, in clear water at a depth of 12m. 

In addition, nina specimens (including ovigerous females) ware 

found at a depth of 1m in a deep cave, only about 10m from the 

shore. In this case they were sheltered from direct wave action 

Bnd the habitat was similar to that in the Isipingo tidal pool. 
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P. longipes was found to s how preference for deep, in­

accessible caves, making capture most difficult. An interesting 

morphological feature of this species is the large size of the 

cornea when compared with true surf dwelling species such es 

P. homarus end this may be en adaptation to living in deeper 

water or else to reduced light intensity in tha caves it inhabits. 

From the observations made, it appears that P. longipes prefers 

clear water but can tolerate slightly turbid conditions, and where 

it occurs in the surf zone it inhabits protected areas not subjected 

to wave action. That it is not a true surf inhabiting species 

is substantiated by its less robust build and thinner legs then 

either P, homarus or P. pencillatu~. 

Panulirus 2rnatus 

P. ornat~s is the predominant rock lobster in East 

Africa where it constitutes the bulk of the commercial catch (Hall, 1960). 

Barnard (1950) recorded it from Delagoa Bay and also from Durban 

Bay (probably Durban Herbour), where it wes found to be rare in 

this investigation but the predominent rock lobster occurring, 

The only other record of this species from South Africa is e single 

specimen caught off Tongaat. 

In Mozambique P. ornatus was found in Delegoa Bay and 

Inhambane Bay. 
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Note. on habitat 

In Durban Herbour juvenile specimene of P. ornatus were 

found living gregariously amongst rock piles at a depth of 1 - 4m, 

whereas adults wars found sheltering singly or in pairs on a muddy 

substratum between large concrete blocks at a depth of 5 - 8m. 

No evidence of breeding was obtained and the origin of this 

population is puzzling. However it is interesting to note that 

in May and June of 1966 and in May 1969, large numbers of puerulus 

larvse of p, ornatus were found on the offshore shark nets at 

Durban, 

In Delagoa Bay, Mozambique, five breeding specimens of 

P. ornatu8 were found on s fine sandy bottom, sheltering under 

coral on the reef off the west side of Inheca Island at a depth 

of 3m. Another specimen from Delagoa Bay was obtained from a fish 

kraal on muddy, Cvmodocea coverad flats outside a mangrove swamp. 

No sign of rock or corel for shelter was evident end according 

to fishermen they are frequently captured in these kreals off the 

mangrove-lined south end of Delagoa Bay. Specimens obtained from 

Inhsmbane Bay were also captured in fish kraals and this species 

was never encountered by the euthor while diving off the shore 

in Mozambique. 
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George (1968) noted that P. ornatus is tolerant of fairly 

turbid conditions and in fact appears to prefer them. This i8 

confirmed by its occurrence in Delagoe Bay, Inhambane Bay and 

Durban Harbour where turbidity is caused by fine, suspendad organic 

material, much of which is washed out of mangrove swamps at low 

tide. However the striking feature of the occurrence of this 

species in these three localitias and its apparent absence offshore, 

is its preference for non-turbulent conditione. 

Panulirus versicolor 

P. versicolor was recorded by Barnard (1950) from Durban 

Bay and Port St. Johns. This investigation has shown that the 

adults are the rarest species of Panulirus occurring on the east 

coast of South Africa and only two specimens were captured, both 

on the outside of Durban Harbour's North Pier. Surprisingly, 

juveniles with a carapace length ranging between 7.0mm and 2S.0mm 

ere common, particularly on wrecks or rock feces where they live 

in closely fitting holes with their conspicuous white antennae 

protruding. It appears that after attaining a certain size, 

environmental conditions are not auitable, moreover specimens 

kept in captivity did not survive for long after attaining a 

carapace length of about 25mm. 
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In Mozambique, one adult specimen was collected (although 

others were seen) from the estuary mouth at Barra Falsa. The 

animals were living on the undercut bank of the deep channel 

leading from the see into the estuary. The bank was composed 

of compacted lagoonal sediment which was breaking off in large 

clods and the rock lobsters were found in shelters amongst these 

clods at a depth of about 3m. The channel was about 4m deep 

and on the incoming tide clear sea water flowed into the channel 

at a considerable speed, On the outgoing tide the weter tended 

to carry organic matter resulting in more turbid water conditions. 

Adult P. versicolor were also found at Ponts Torres on 

Inhaca Island at a depth of 6m where it inhabits a steep rocky 

slope on the edge of a channel. Extremely fast currents sweep 

along this channel which connects Delagoe Bey with the Indian 

Ocean and et the outgoing tide the water may be fairly turbid. 

GENUS PALINURUS FABRICIUS, 179B 

Four extant species of Palinurus are currently recognised, 

three of which occur in the eastern Atlantic, namely P. eleehas, 

P. mauritenicu. and P. charlatoni. The fourth species, P, gilchristi 

was originelly describsd from false Bay in the Cape (Stebbing 1902), 

but Barnard (1926) recognised two further varieties of this species 

from Mozambique and Natal i.e. var. delaqoae and var. natalensis. 



27 

However, in this investigation it has been found that specimens 

from both Mozambique and Natal showed variation in the criterie 

on which Barnard distinguished his varietie~ and specimens which 

could be assigned to either var. delagoae or natalensis were obtained 

from both regions. 

In e taxonomic revision of the genus Palinurus in the 

Indian Ocean currently being undertaken by the present author and 

Dr. R.W. George, two distinct species are recognised, namely 

P. gilchristi occurring off the south coast of the Cape and 

P. delagoae from off Mozambique and Natal. It should be noted 

that Barnard (1926) himself commented that "The examination of a 

large amount of material might show that natalensis should be 

msrged into de1agoae, end the latter raised to specific renk". 

for the purpose of this thesis the species of Palinurus 

occurring off Mozambique and Natal has therefore been referred 

to as P. delagoae. 

The following material wal examined in this stUdy: 

Natal and Mozambique 

(1) Several thousand specimens from various localities obtained in 

the course of an investigation of the life history of this 

species, represented by O.R.I. Specimens no. B1 - BIO. 
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(2) S.A. Museum no. A6Bll, off Delagoa. Bay • 

.k.!2.!. 

(l) S.A. Museum no. A970 - A9BO, off False Bay, Nanguas Pk., 

Fish Point Lighthouse, Cape Infanta, Cradock Bay and 

Mossel Bay fishing grounds. 

(2) O.R.I. specimens no. Al and A2, off Skoenmakers Kop, Algoa 

Bay and False Bay. 

Palinurus delagoae 

Distribution. notes on habitat and behaviour 

Information on the distribution of P, delaqoae was obtained 

in interviews with trawler skippers and from trawling by the 

Oceanographic Research Institutets research vessel, DAVID DAVIES, 

This speciss has been recorded from various localities between 

Moms (st. l1°S) in northern Mozambique snd Umkomaas in Natel. 

Knowledge of its distribution is limited to trawlable areas, but 

it appears to extend continuously over this rsnge, on trawlable 

grounds. South African based vessels have not trawled north 

of Moma and its extreme northern most limit of distribution is 

unknown. In the south, no specimens of Palinurus heve been 

obtained betwaen Umkomaae and Port Elizabeth and this rag ion 

appear. to seperate P, dalagoae and P, gilchristi. 
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P. dela90ae inhabits the edge of the continental shelf 

o where the temperature ranges betwaen about 12 - 14 C. In 

northern Mozambique waters its optimum depth is about 300m, 

whereas in Natal it ia about 260m. Sexually matura specimens 

have been recorded over a depth range of lBO - 324m. However 

juveniles are often trawled aomewhat daeper with Nephrops, at 

depths of down to 400m. 

P. delagoae occurs on extensive open areas devoid of 

rock. on 8 substratum consisting of mud with e high organic content 

and varying quantities of sand or coral fragments. It appears 

to be gregarious and migratory so that at times, presumably 

during migrations, such dense local aggregations occur that a 

single trawler may fill its net with a 'jackpot' of tons of rock 

10beter~whereas others working alongside catch nothing. Such 

exceptionally large catches are usually made during the breeding 

season toward. the shallow extreme of the depth range. As they 

consist predominantly of ovigerous females this'mey indicate a 

movement towards the edge of the Agulhas current before hatching 

of the larvae. 

Observations on captive specimens of P, delaggae kept 

at the Oceanographic Research Institute, Durban, help to substantiate 

the irr.~ressions of the habits of this species gained from trawling, 
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The sMimals were very active walkers and remained on the open 

floor of the tank avoiding all obstructions. When confronted 

by rocks they showed no inclination to take shelter but climbed 

over them in a somewhat ungainly manner until the highest point 

was reached, where they remained perched, sometimes one on top 

of another. When disturbed they made no attempt to shelter 

under rocks and formed a tightly packed group, each animals 

abdomen protected by the cephalothorax of the one behind it. 

The antennae were directed upwards thus giving protection from 

attack from above. This behaviour is not unlike the single -

file migrations of Panulirus argus recorded by Herrnkind (1969) 

and must be an important means of protection on the exposed areas 

P. delagoae inhabits. 

Palinurua gilchristi 

DiBitribution-, notes on habitat and behaviour 

P. gilchristi has been recorded off the south coast 

of the Cape in false Bay and at various localities on the Agulhas 

Bank as far east 8S P~~t Elizabeth. It is rare however, and 

does not support a commercial fishery. Although this species 

does not occur on the east coast, an account of its habitat end 

behaviour is given, to illustrate the differences betwaen it and 

P. delsgoae. 
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In false Bay P. gilchristi has been captured in traps 

by the Division of Sea Fisheries on Rocky Bank and according to 

Day et al (1910) occurs at a depth of 55 - 102m, On the Agulhas 

Bank specimens are occasionally ceught by trawlers fishing for 

soles at a depth of about 10m and specimens have also been obtained 

from the stomach of a Cape Fur Seal. On the basis of the data 

available the depth range of this species cannot be adequately 

established, but the indications arB that it is considerably 

shallower than that of P. delagoae, 

It was noticed that specimens of P, gilchristi in the 

East London Aquarium shelter in crevices in rocks and prevent 

themselvBs from being withdrawn by bracing against the roof of 

the crevice with their legs in the manner typical of Jasus 

lalandii or P. homarus. This behaviour, the fact that they 

occur on Rocky Bank and are not trawled in quantities suggests 

that Pc gilchristi may inhabit rocky areae. 

GENUS PROJASUS GEORGE AND GRINDLEY, 1964 

A single male specimen of Projs8us parkeri (carapace 

lsngth 53mm) was trawled at a depth of 407m on the Nephrops fishing 

ground off tha Durban Bluff. As the previous recorde are from 

off East London, this extends the known limits of distribution 

northwards to approximately 300 5. 
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However, as no other specimens have been recorded from Natal 

waters despite intensive trawling, this record probably reflects 

an extreme fringe of distribution. 

GENUS PALINUSTUS A. MILNE-EDWARDS, 18BO 

There are three named species of PalinustuB, including 

P. mossambicus which was described by Barnard (1926) from Mozambique 

(250 S, 330 10'E). However, this position must be incorrect, 

being on land, and as no further specimens have been obtained, 

despite intensive trawling off Mozambique, the distribution of 

this species remains unknown. 

GENUS PUERULUS ORTMAN, 1891 

Numerous specimens of the genue Puerulu8 have been obtained 

from commercial trawlars operating in southern Mozambique waters 

and two specimens were trawled off Durben. Two apecies are 

repreaented in this material and have been identified as P. angulatus 

(Bate) and P. carinatus Borradaile. As P. carinatus was only 

previously known from a single specimen, briefly described and 

subsequently lost, 8 neotype has been selected and described 

(Berry 1969b). In addition, the differences between P. carinatus 

and P. angulatu8, which were synonymised by Holthuis (1966), have 

been enumerated in the former publication which forms the basis 

of the second half of Section 2. 
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Notes on habitat 

All the specimens ware obtained at a depth range of 

2BO - 320m by trawlers fishing for Palinurus delaQoae. Although 

an overlapping distribution is indicated, it should be noted that 

this ia the lower extreme of the depth range of this species and 

the optimal depth for Puerulus appears to be somewhst deeper. 

Data on substratum are lacking other than that the 

specimens were trawled on soft mud containing some sand particles. 

Although breeding populations of both P. angulatus and 

P, carinatus ware found in close proximity, the two species were 

naver obtained together in the same trawl. Subsequent to the 

material initially described (Berry 1969b),many mora spacimens 

of P. angulatus have been trawled further north along the Mozambique 

coast, particularly off Bazaruto Island, whereas only four more 

specimens of P. carinatus have been obtained from north-east of 

Inhaca Island at a depth of 290m. p. angulatus therefore appears 

to be the more widespread and more abundant species of this genus 

off the east coast of southern Africa and P. carinatus, which 

seems rare in this area, is possibly a more tropical species es 

indicated by Borradaile's specimen from the Saya de Malha Bank. 
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GENUS LINUPARUS WHITE, 1841 

There are two namsd species of Linuparus: L. trigonus, 

originally described from Japan and L. eordidue from the South 

Chins Sea, Barnard (1950) recorded a specimen taken at 320m 

off Inhambana, Mozambique which he assigned to L. trigonus. 

However, George and Main (1961) suggested that the east African 

and north-eastern Australian specimens may be distinct species, 

in which case four geographically isolated species might exist. 

The south-eest African speciea of Linuparus does in fact differ 

from the descriptione of L. trigon us and L. sordidus and its 

status ia baing investigated in a revision of the genus currently 

being undertaken by Dr, R.W. George and the present author. 

A totel of twenty-two specimens were obtained from 

the following localities: North of Bazaruto Island (approx. 210 30 15 

and 350 40'E, depth 234m), off the Limpopo (approx. 250 20'S, 

330 55'E, depth 212m), "the corner" (approx. 250 50'S, 340 35'E, 

)
00 depth 234 - 243m , off Tongaat (approx. 29 40'S, 31 E, depth 

288 and 298m) and S.E. of the Bluff, Durban (approx. 300 15'5, 

o 31 10'E, depth 324m, 

Notes on habitat 

Single specimens of Linuparus ap. were occasionally 

obtained in trawls for Palinurus delagosa and it appeared to b. 

More abundant in Mozambique than in Natal. 
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Its rarity in trawls suggests that it was probably not obtained 

in its typical habitat which may well be rocky areas, avoided 

by trawlers. This view is substantiated by the fact that no 

ovigerous females were obtained and several reliable fishermen 

report that they have never seen one. Linuparus sp. has never 

been obtained deeper than 324m and appears to be totally absent 

on the NephroQs and prawn trawling grounds (i.e. deeper than 350m), 

whereas the shallowest record was at 234m. 

DISCUSSION 

Dispersal in rock lobsters is achieved by phyllosoma 

larvae which have a relatively long pelagic life, and it is 

particularly necessary to distinguish between distributional limits 

of breeding populations and fringe distributions where struggling, 

non-breeding populations may occur in habitats which are far from 

optimal. This is evident off the east coast of southern Africa 

where distributional limits of rock lobstere are greatly extendad 

by the southward flowing Mozembique - Agulhae currents and of the 

five species of Panulirus occurring, four ware recorded breeding 

off southern Mozambique, threa off Zululand and one off Natal, 

(see Table 2). It has been noted previously that the inshore 

marine environment of the Zululand eoaet showe ~ore similarity 

to thet of the southern Mozambique coast than that of the Natal 

coast. 
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from the present obsarvations on rock lobsters it is suggested 

that a more generalized ecological study may show that there ia 

a transition from a more tropical fauna to the typical fauna of 

the Natal coast in the region of Cape St. Lucia, on the Zululand 

coast. 

On the basis of abundance and records of breeding of 

the deep water palinurid species obtained in this investigation, 

it appears that P. anqulatus and Linuparus sp. have a more tropical 

distribution than P. delaqoae. The overlap in depth distribution 

of these three genera is possibly associated with adaptation to 

specific typee of substratum, as over the depth ranga they inhabit 

the substratum changes progressively from being predominantly send 

of terrestial origin, with a low organic content in the shallower 

extrema, to mud with a high organic content of marine origin in 

the lower depth range. Occurrence of P. angulatus in the deepest 

extreme of the depth range inhabited by P. delagoae therefore 

indicates e possible preference for e softer more muddy substratum 

than P. delagoee. The indications ara that LinuparuB sp. inhabits 

a muddy substratum in the vicinity of rocks which would account 

for its rarity in trawls on clear grounds from whence P. angulatu8 

and P. delagoae are obtained. 
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Ecological separation of the five species of Panulirus 

recorded off the east coast of southern Africa is considered below 

in terms of turbidity, temperature, depth and tidal range and is 

summarised in Table 2. 

Occurrence of P, homarus under somewhat different 

environmental conditions off the Natal and Zululand coasts enables 

the type of turbid water it inhabits to be more critically assessed. 

In Natal turbidity is caused by sand held in suspension in the 

surf zone and also by suspended silt carried into the see by 

flooding rivers. This differs from the situation off northern 

Zululand and much of the southern Mozambique coast, where there 

is little or no suspended silt originating from rivers, and turbid 

conditions are restricted to churning sand in the surf zone. 

The extension of a breeding population of P. homaruB into Zululand 

and southern Mozambique therefore suggests that this species is 

adapted primarily to turbidity caused by sand in the surf zon8. 

In the comparatively silt-free water of the Zululand 

and southern Mozambique regions, another surf inhabiting species, 

P. penicillatu8, displaces P. homarus in some areas where suspended 

sand is absent. However, in Natal P. penicillatus is only known 

by a few specimens and the absence of a breeding populatio~even 

in areas where there is no sand movement, sU9gests that this species 

is unable to tolsrate turbidity caused by silt. 
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Thus it appears that clear water is a prerequisite for this species, 

which is in agreement with the views of George (1968), who considers 

that P. penicillatus is found in optimal conditions around oceanic 

islands. 

Distribution end abundance of P. homarus off the east 

coast of Africa indicates that this species occurs optimally in 

subtropical water with a temperature below 24°C. However, perhaps 

a factor more important than temperature in determining its 

distribution may be tidal range. Off Natal end Pondolend where 

P, homarus is abundant, tidal range is low and the surf zone it 

inhebits remains virtually localised at all tides. This is not 

the case in the lower latitudes of Eaet Africa where tidal range 

is high, resulting in some distance between high and low water 

marks and reduction of a localised, permanent surf zone. Thia 

reduction of suitable habitat is probably a major factor contributing 

to the falloff in abundance of P. hamarus observed in the lower 

latitudes of Mozambique. 

On first consider8ti~environmental factors separating 

P. lanqipea and P. ornatus are difficult to distinguish as both 

apecies are commonest in tropical waters end are usually found in 

association with madreporine corals, However, in this study 

P, ornatus was only found in non-turbulent conditions where the 

water was rather turbid and clouded with organic sediment. 
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This species might therefore be expected to inhabit the inside 

of coral reefs and P, longipes the outside, where clearer more 

turbulent conditions occur, 

On the basis of the small numbers of adult P. versicolor 

obtained and absence of a breeding population, it is not possible 

to characterise the optimal habitat of this species, other than 

that in the localities where it was found, conditions were 

rather turbulent and invariably turbid due to fine suspended 

organic matter. This tolerance of turbidity and turbulence 

by P, versicolor has been noted by Postel (1966) and it is 

therefore suggested that it may occupy a habitat too turbulent 

for P, ornatus and too turbid for P. lonqipes in the tropical 

regions where these three species are sbundant. 

In considering the depth distribution of the five 

Panulirus species summarised in Table 2, the influence of tidal 

range seems to be e rslevant factor. In this investigation 

P. penicillatus and Pc homarus have been found to be shallow water 

species living optimally in areas subjected to substantial water 

movement caused by continuous wave action. Occurrence of such 

a habitat appears to be best developed in regions of low tidal 

range such as the Natal coast in the case of P., homarus and 

oceanic islands in the case of P. penicillatus. 
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Occurrence of P. longipes, P. versicolor and p. ornatus at a 

greater depth might therefore be associated with the high tidal 

range where these species are abundant. 

The above discussion has dealt only with possible 

factors relating to ecological separation of the adults of various 

species of rock lobsters. As yet information on ecology and 

behaviour of the larvae of these species is virtually non-existent, 

but it is obvious that the relative abundance and distribution 

of adults is dependant on adaptation of the larval life of each 

epecies to specific hydrological conditions, and current systems 

in particular. Investigation ~f phyllosoma larvae in relation 

to these factors is therefore particularly necessary before the 

effinities between populations of rock lobsters in the Indian 

Ocean can be fully understood. 



Table 2. Summary of some environmental factors which appear to constitute the optimal habitat of the fi~e 
species of PaoulifUS occurring off south-east Africa, together with their southernmost breeding and 
distributional range recorded. 

Species Depth Temp. Water Water Tidal 
Southernmost Distribution 

(m) Clarity Movement Range Breeding Non-breeding 

P. homjU'lJs l-S{optimal) mean 21 QC I turbid 
continuous low 

Quoha Port Elizabeth 
1-36 17Q-240C , surf Mouth, 

Transkei 
E. Province 

p "11 I 1-4 1 clear surf low Island Rock, Umhlanga • Den;c; atus (1 10 F . - , ourmano;r 230 - 25°C N. Zu1uland Natal 
et a1, 1960) 

PI ~gn!iliLge§ 1-16 
no direct high 

Sordw an a A1iwal 
23° 25°C clear surf; some Bay Shoal -

turbulence N. Zululand Natal 

1-8 I Delagoa 
p. Ql!!iiI:tus 7 :;"2S IlC high Durban 

(1 - ) 25 turbid calm Bay, 

I Postel, 1964) Mozcvnbique 
Harbour 

I 

• p, versicolor I 1-16 with 
7 .> 2SoC I turbid/el."" 

strong nil 
Port St. 

optimal at current 
high Johns, 

4-12 (Postel, Transkei 
1964) 

, ; 
~~~ ------

I 

, 
I 

, 
I 

~ 
IoJ 
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SECTION 2 

VARIATION IN PANULIRUS HOMARUS AND A TAXONOMIC 

STUDY ~ITHIN THE GENUS PUERULUS 

VARIATION IN PANULIRUS HOMARUS 

On the Transkeian coast of South Africa, Heydorn (1969a) 

found that rock lobsters fitting Barnard's description of "P, burgeri" 

predominated, but a specimen clearly fitting the description of 

"p, dasvpu," as well as two specimens intarmediate between these 

two "species" were also found. In the present investigation of 

p, homarus in Natal waters, the population sampled was also found 

to consist of specimens which could be assigned to these three 

categories. However, in order to initially avoid any taxonomic 

or evolutionary implications in the following text they have been 

referred to as 'forms', 

The predominant form (see figa. land 2) occurring in 

Natal, Zululand and southern Mozambique has no median interruptions 

in the abdominal transversa grooves which bear particularly well 

developed, rounded squamae of fairly uniform size along the 

posterior margins. In some specimens there may be a number of 

smaller, poorly defined squamae immediately behind these large 

ones and there may also be a few present on the posterior margins 

of the transverse grooves, but these ere variable features. 
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The overall colour is red which becomes slightly browner and 

darker as the individual approaches a moult. On the basis of 

the well developed abdominal squamae, this will be referred to as 

the 'megasculpta' form, following the terminology used by Gordon 

(1953). 

Quite distinct from the megeaculpta form, are green­

coloured specimens in which the squamae on the abdominal grooves 

range from being at best poorly developed, tending to be truncate 

and irregular in size, to so minute as to be virtually indistinguishable 

(see Figs.3 and 4). When present these are best developed laterally 

end become reduced in size and usually disappear medianly, where 

the abdominal grooves are often interrupted. These median interrup-

tiona are normally present in at least one segment end sometimes 

in up to four, although in occasional specimens where the small 

squamae persist medianly, interruptions may be indistinct or absent 

in all segments. These specimens, which will be termed the 

"microsculpta" form, are always bright olive-green in colour and 

the ones with well defined median interruptions conform to what 

was previously regarded as a distinct species, namely P, dasvpus. 

These two forms are easily distinguishable because of 

the linking of green and red colouration with microsculpta and 

megasculpta morphology respectively. 



Fig. 1. Typical example of the megasculpta 
form of P. homC!rus from Natal. 

~ 

fig. 2 • . Well developed squamC!e on the ab­
dominal transverse grooves of the 
megesculpta form. 

llo 
$:00 



fig. 3. Typical exanple of the microsculpta 
fom of P. bomorus fmm Natal. 

fig. 4. Minute squSTIee on the abdominal 
transverse grooves of the micro-
sculpts form. Note the median 
interruptions of the groove in 
segments 2 and 3. 

~ 
U'I 



Fig. 5. Example of a s~ecimeIT ~~termediate 
between the megasculpta and micro­
sculpta forms in colour and degree 
of development of the squamae on 
the abdominal transverse grooves. 

Fig. 6. Intermediate specimen between the 
megasculpta and microsculpta forms 
showing poorly developed squamae on 
the transverse abdominal grooves. 

~ 
0\ 
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No red microsculpta or green megaeculpta specimens ware found in 

over 5,800 specimens examined but there wae a third, extremely 

emall category of spec~mens which could not be essigned to either 

the megasculpta or microsculpta forms, being intermediate both 

in colouring and degree of development of the abdominal squamae 

(see rigs 5 and 6). During the course of two years sempling 

only 6 out of a sample of 5,800 specimens from Natal, 3 out of 

a sample of 120 specimens from Zululand and 4 out of a sample 

of 51 specimens from Mozambique, obviously bridged the gap between 

the red megasculpta and green microsculpta forms. Although thie 

classification of specimens into seperate categories is artificial 

and tends to be subjective, it was considered that the megasculpta 

and microsculpta forms were sufficiently distinct to enable valid 

comparison to be made between frequenciee of each in samplae 

from Natal, Zululand and Mozambique, (see Table 1) and for the 

frequencies to be determined on a monthly baais in Natal, (eee 

Table 2). 

These two tables show a very constant, low proportion 

of the microsculpte form in Natal waters, but in Zululand and 

Mozambique a somewhat higher frequency is evident. 
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Using e chi-squared test, it was found that the frequencies of 

the megasculpta and microsculpta forms in samples from Zululand 

did not differ significantly from those in samples from 

Mozambique. However, a highly significant difference was 

evident between the frequencies of the two forms from Natal 

and from Zululand/Mozambique combined. 

Table 1. The frequency of specimens with megasculpta, 
microsculpta and intermediate morphology and 
colouration in the total samples from Natal, 
Zululand and Mozambique. 

! I 

Megasculpta ! Intermediate I Microsculpta 
! 

Locality form , specimens form Total 

No 'J{. I No ~ No % 

I Natal 5832 98.3 
! 

6 0.1 92 1.6 5930 

I 106 BB.3 3 2.5 11 9.2 120 I Zululand 

I ~OZambiqUe 63 79 .. 7 4 5.1 12 15.2 79 
i 

! 

A comparison of counts of the number of joints in the 

exopod flagella of samples of megasculpta and microsculpta specimens 

from south-east Africa with counts from East Aden (George, 1964b) 

and Ceylon (De Bruin, 1962) is presented in Table 3. These 

authors noted variation in counts on the left and right flagella 

of single specimens which was also found in the present investiga-

tion. 



Table 2. Monthly frequency of the microsculpta form in samples from Natal. 

1-
1968 - 1969 1969 - 1910 

I , 

I
' I -, I 

; 

-I 

Month I Numbers of 
microsculpta 

form 

Numbers of j Percentage of Numbers of Number~ of 

I 
I 

i 

meg8sculpta I microsculpta microsculpta megasculpta 
fum ! furm fum furm 

I ~ : 
~ t ~ 

feb. , 3 1 282 1.1 I: 4 
March ; 2 I 159 1.3 i 7 

I April I 1 'I 122 Q.8 d 3 

I May ' 0 I 155 0 i I 5 
June I 4 I 154 2. 5 ; I' 6 

I July ! 1 180 O. 5 i 4 
Aug.. ! 2 352 0.6!1 6 
Sept. i 8 251 3.2 f 3 
Oct. I 7 315 2.2' 7 
Nov. : 5 458 1.1 3 
Dec. 6 318 1. 9 1 

116 
300 
182 
216 
165 
259 
259 
214 
325 
303 
261 

Jan. 2 184 1.1 2 214 
! 

-~--~----

Percentage of 
microsculpta 

form 

2.3 
2.3 
1.6 
1.8 
3.6 
1.5 
2.3 
1.4 
2.1 
1.0 
0.3 
0.1 

~ 
\0 
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Table 3. Number of joints in the flagellum of the exopod of the 
third maxi11iped in samples of Paou1iry6 homarys from 
South-east ,';frica, Aden and Ceylon. 

, I . 
I E. Aden i Ceylon 

South-east Africa i 

No. t (George 1964) : (De Bruin 1962) 

of megasculpta j microsculpta 1 megasculpta 
. I 

microscu1pta 

joints No. % INc % I No % No 'fa , I 

I 102 
f 

0 271 86 76 
, 

I 74 35 101 43 

1 36 11 i 27 20 29 14 98 42 . 
2 7 2 0 0 I 50 24 19 8 

3 1 0.3 5 3.7 27 13 6 3 

4 0 0 0 0 15 7 6 3 

5 1 0.3 0 0 I 11 5 3 1.3 
i i 

6 0 0 1 0.7 3 1.4 I 3 1.3 

7 0 0 0 0 1 0.5 0 0 
I 

I 
. Totals 316 135 i 210 236 

I 

U1 
o 
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The sample of the megasculpta form from south-east Africa showa 

considerable reduction in the number of joints compared with the 

samples from Aden and Ceylon. Counts on the sample of the 

micro6culpta form from south-east Africa are also considerably 

lower than in the Aden or Ceylon samples, but show a tendency 

to be somewhat higher than the south-eaat African megaeculpta 

semple. However due to the small size of the south-eaat African 

microsculpta sample, no meaningful comparison seems possible with 

samples from the other localities. 

World Distribution and Possible Geographical Variation 

The world distribution of P. homerus is presented in 

Table 4, where an attempt has been made to assess the predominance 

of specimens conforming to either the megasculpta or microsculpta 

morphology in each locality. from most regions it has not been 

possible to examine specimens, making it necessery to rely on 

photographs, personal communication end whether specimens have 

been assigned to HP. desvpua" or liP. burgeri" in the literature, 

these two being taken to represent the microeculpta and megasculpte 

form respectively, unless otherwise stated. 



~ 
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Table 4. Distribution and relative abundance of the 
megasculpta and microsculpta forms of 
Panulirus homarus. 

MEGASCULPTA MI CROSCULPTA 

S.E. AFRICA +++ ++ 

S.E. MADAGASCAR ++ 

N.E. MADAGASCAR + 

E. AFRICA + 

SOCOTRA + 

S. AllABIA +++ 

INDIA S.W. COAST + +++ 

CEYLON +++ 

JAPAN + + 

W. THAILAND ++ 

SUMATRA + + + 

JAVA ++ 

N.W. AUSTRALIA + 

+ + + = Occurring in commercially 
exploitable quantities; the 
dominant rock lobster in the 
region. 

+ + = Occurring regularly in small 
quantities, not the dominant 
rock lobster in the region 

+ = Rare, irregular occurrence 
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Three specimens from Mukalla, East Aden, collected by 

Dr. R.W. George, were compared with megasculpta specimens from 

Natal. These differed morphologically from Natal specimens only 

in being more distinctly pitted on the posterior rim of the 

carapace and on the abdominal tergites, but a marked differenca 

in colouration is evident betwee.n specimens from the two regions 

(see George 1963, fig. 2a). In the Aden specimens the carapace 

is a more bluish-red giving it a darker appearance, while the 

overall colour of the abdomen is dark yellowish-green with 

numerous conspicuous yellow dots on the tergites; the posterior 

margins of the squamae and abdominal segments are distinctly edged 

with yellow, This Aden population is adapted to the local climatic 

influence of the south-west monsoon which results in cool, upwelled 

water, turbid conditions and heavy surf in summer, and clear water 

with no surf in winter. (George 1963 and psrs. comm.). This 

is a very different situation from the conditions which prevail 

off the south-east African region. 

The only other regions where megasculpta P. homarus 

appears to have been recorded in reasonable abundance are the 

west coast of India (Miyomato and Shariff 1961), Socotra (George 

pers. comm.) and the south east-coast of Madagascar (Charbonnier 

end Crosnier, 1961). 
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It has not been possible to determine the natural coloration of 

the specimens from Socotra or India but the specimens from south­

east Madagascar resemble the Natal megasculpta specimens in 

colour pattern as far as can be determined from the figure given 

by Charbonnier and Crosnier. 

Off the east coast of equatorial Africa P, homarus is 

extremely rare and according to Postel (1966) and Hall (1960) 

only "P, dasvpus" (i.e, presumably the microsculpta form) has 

been recorded. The reduction in abundance of the megasculpta 

form observed along the northern Zululand and Mozambique coasts 

found in this investigation suggests that it might dissappear 

somewhere off the northern Mozambique coast, where only the 

microsculpta form appears to occur. It is interesting to note 

that at a similar latitude in north-east Madagascar only 

tiP. dasvpus" (i.e, presumably the microsculpta form) has been 

recorded (Postel 1966), A similar reduction in numbers of 

the Aden megasculpta form southwards along the Somali coast is 

also suggested by its apparent absence off the coast of 

tropical east Africa, indicating that there is probably no 

continuous distribution batween the megasculpta populations of 

Aden and the Natal/Mozambique region. 
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On the south-west coast of India both "P. dasvpus" 

and "P. burgeri" are recorded by Miyamoto and Shariff (1961) 

and it seems possible that "P. bOrgeri", which they indicate 

as being rarer than P. dasypus, may represent the eastern 

distributional range of the Aden magaeculpta form. 

In Ceylon, De Bruin (1962) apparently had no hesitation 

in assigning all his specimens to "P. dasxpus" and on the basis 

of his comprehensive description, 232 out of 235 specimens could 

only have belonged to the microscu1pta form as they had the 

abdominal tranverse grooves intsrrupted medianly. 

all the specimens as being olive-green in colour. 

He also describes 

It haa not been possible to examine specimens from 

Thailand, Sumatra or Java, but according to George (pers. comm.) 

tha green microsculpta form is represented. 

Specimens from N.W. Australia, in colour transparencies 

taken by Dr. R.W. George, were indietinguishable in colour or 

morphology from southern African green microsculpte P, homarus. 

P. homarus is apparently so rare in Japan that the few 

specimens obtained there must be regarded as strays, although 

this is the type locality of liP, bOrgeri". Kubo (1963) recorded 

two specimens which he assignad to lIP. burgeri" and notes that 

thare ara only three other records of this species from Japan, 

viz, De Haan (1841). Herklots (1861), and Doflein (1906). 
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However from Kubo's figure there can be little doubt that the 

specimen illustrated was green in colour and while there are 

squamae on the abdominal transver8e grooves, they are small, 

unequal and diminish in size medianly, where there is an 

indication of an incomplete median interruption in one segment. 

Thi8 specimen would thus appear to conform to the microsculpta 

form and not the megasculpta form, as ia suggested by its 

having been assigned to P. burgeri. There are several other 

localities in the eastern Indian Ocean listed by Holthui8 (1946) 

where P, homarus has been recorded, but whethsr these specimens 

would conform to the megaaculpta or microsculpta forma on the 

basis of colour and morphological criteria is difficult to assess. 

Based on aveilable evidence of abundance of the various 

forms, the overall distrubutional pattern which emerges is that 

the megasculpta form occurs predominantly in the western Indian 

Ocean, where two discontinuous and possibly dietinct popUlations 

appear to be represented, one being most abundant off Natal and 

the other off Adan. Although there are records of what may be 

the megasculpts form from the eastern Indian Ocean, this form 

is certainly exceedingly scarce there, whereas the microsculpta 

form appears to occur in abundance, supporting commercial fisheries 

in Sumatra, Java and Ceylon. This form seems to have a wider 

distributional range than the megasculpta form, extending into the 

western Indian Ocean in 8mall but fairly constant numbera. 
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Possible Explanations of Variation 

Georgs (l964b)statea " ••• it might be considered that 

the Eaat Aden and Ceylon populations of P. homarus are sufficiently 

distinct in their abdominal grooving to poetulate that little 

mixing of larvae occurs. On the other hand, if it could be 

shown that larval mixing is extensive thBn the difference in 

these populetions is merely the result of local phenotypic expression 

of a geneticelly mixed and widespread species." 

On examinetion of variation in the south-east African 

population, the striking colour differences associated with the 

megasculpte and microsculpta forms might be considered to suggest 

a phentoypic response to particular environmental conditions. 

However the two forms were found to be distinct even in the 

smallest juvenilss and both retained their colour and associated 

morphology when kept in tanks, indicating that these features 

are probably not gradually expressed in response to environment, 

Moreover, the fact that the megasculpts and microsculpte forms 

occur side by side in the same habitat in remarkably constant 

proportione is difficult to explain in terms of phenotypic 

expression. 
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In considering possible explanations of the megasculpta 

and microsculpte forms in terms of genetic differences, which 

seems to be more plausible than in terms of phenotypic expression, 

it was at first thought that P, homarus in Natal might exhibit 

polymorphism. It seemed possible that the microsculpta and 

megasculpta forms could simply reflect the expression of genetic 

factors determining morphology and colou~in which case natural 

selection could account for their frequency in samples. However, 

the presence of small numbers of in t ermediate specimens indicates 

that the microsculpta and megesculpta phenotypes are not discountinuous, 

but intergrade extremely steeply. Moreover, polymorphism ia 

an intra-population phenomenon and if variation of P. homarus 

in tha whole Indian Ocaan is considered, regional distribution 

with virtually exclusive occurrence of a particular form (e.g. the 

megasculpta form in Aden or tha microsculpte form in Ceylon) 

detracts from this hypothesis. 

A more plausible alternative explanation of the various 

phenotypes of P, homarus off the east coast of southern Africa 

seems possible in terms of geographic isolation and intergradation. 

According to Mayr (1963) there are two types of intergradetion 

which are rather different from the evolutionary viewpoint; in 

"primary intergredation", gradual development of the character 

gradient between two units occurred while the populations involved 

ware in continuous contact, whereas in "secondary intergradation" 
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the units, now connected by a steeply sloping character gradient, 

were sepereted completely at one time and have now come into 

contact again, after a number of differences have evolved. 

On the available evidence, the microsculpta form seems 

to occur in abundance in the esstern Indian Oceen but extends 

throughout the range of the species, whereas the two megesculpta 

forms each appear to have a more localised distribution one with 

a centre of abundance off the east coast of Aden and the other 

off Natal (see Table 4). This distribution pattern suggests 

that the larval life of the microsculpta form might be adapted 

to widespread dispersion in 'open' current systems, whereas the 

larvae of the megasculpta forms might be adapted to 'closed' 

local circulatory eyetems. However, at present there is no 

direct evidence of this and the more widespread distribution of 

the microsculpte form could also be due to its having e greater 

tolerance of environmental conditions. 

The eest coaet of southern Africa probably represents 

a limb of distribution of P. homarus and it seems likely that 

gene flow has occurred in the past and atill does occur southwards 

in the Mozambique/Agulhas current. It might be suggested therefore, 

that continuous recruitment of P. homaru8 stock, possibly similar 

to the present day microsculpta form, took place into the south-east 

African region where there wae a suitable inshore habitat for 

the edults to survive. 
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However virtually no local repopulation would be expected to have 

occurred if the larvae were adapted to wide dispersion and not 

to conditions on the narrow shelf. tn this casa thaif ability 

to return to the Bame region after entering the Agulhas current 

would seem improbable. Environmental change, such as possibly 

the broadening of the shelf and development of the inshore 

reversing current system would have resulted in strong selection 

pressure for larval life to bacoma adapted to local hydrological 

conditions and for local repopulation to occur, as there could 

be no adaptive selection of the adults to their inshore niche 

before this evolved. Once larvae evolved which were adapted 

to local repopulation, the potential for simultaneous selection 

of adults which were edapted to local environmental conditions 

would have been provided, ae wall as the potential for reproductive 

isolation and speciation. This could have resulted in evolution 

of the megasculpta form which, it is suggested, is adapted to 

environmental conditions typica1 of the Natal region and probably 

hes a high degree of geographic isolation. 

The occurrence of the micros cui pta form in a low, fairly 

constant proportion in samples may aimply reflect the rata of 

continuous larval recruitment into the south-east African region 

in the southward-flowing Agulhas current, as was postulated for 

the hypothetical ancestral stock. 
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The increese in the proportion of microsculpta specimens in 

samples from Zululand and Mozambique might ba explained by the 

marked decreese in numbers of the megasculpta form due to 

reduction of suitable environmental conditions for the adults. 

Occurrence of microsculpta specimens in Natal with 

deposited spermatophoric masses and fertilized eggs is considered 

to be strongly indicative that hybridization occurs, aa the 

rarity of this form makes the probability of two specimens mating 

seem remote~ In addition, interbreeding between megasculpta 

and microsculpta specimens has recently been demonstrated in 

captive specimens at the Oceanographic Research Institute. Two 

microsculpta females were introduced into a tank containing ten 

male and nine female megasculpta specimens. At the time of 

writing, which is at the beginning of the breeding season, both 

microsculpta females have mated with a megaseulpta male and 

* produced fertilized eggs. These have not yet hatched, but if 

they do, ae certainly seems likely, interbreeding between these 

two forms will be conclusively proved. While it might be argued 

that there is no proof that the larvae would be viable, the 

presence of intermediate specimens in the feral population 

provides strong circumstantial evidence that hybrids are viable 

and do survive to adulthood. If in fact . the intermediates 

are hybrids, their presence provides strong evidence that local 

repopulations occurs in the south-east African region. 
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The higher proportion of intermediates in samples from the 

Zululand/Mozambique region (see Table 1) compared with Natal 

possibly reflects a higher rate of hybridization due to falloff 

in abundance of the megasculpta form. This level of inter-

gradation between the megaspulpta and microsculpta forms is 

probably maintained by a low level of repopulation and continuous 

recruitment of the megaeculpta form from Natal. 

If the above hypothesis accounting for the steep 

gradient between the megesculpta and microBculpta forms of 

P, homarus in south-east African weters is valid, the problem 

is to assess how far the megasculpts form has progresssd towards 

full biological species status, According to Mayr (1963), the 

extent to which the following species characteristics are fulfilled 

must be considered: Reproductive isolation, ecological difference 

and morphologicel distinguishability, The present evidence 

suggests that no reproductive, isolating mechanisms exist and 

that the megssculpts and microsculpta forms interbreed freely 

in the south-east African region. 

Ecological distinction between the Natal megasculpta 

and microsculpta forms is suggested by the climatic differences 

between the inshore marine environment of Natal, and conditions 

under direct influence of the monsoonal system elsewhere in the 

Indian Ocean, where the microsculpta form occurs in abundance. 
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Moreover, the falloff in abundance of the megasculpts form off 

Zululand and Mozambique and its absence off tropical East Africa, 

where only the microsculpta form appears to occur, might also 

indicate ecological separation. However, the fact that both 

megasculpta and microsculpta forms survive side by side in the 

same habitat indicates that ecological separation, if it does 

exist, is probably not particularly well developed. It must 

also be pointed out that the five species of Panulirus recorded 

from the south-east African region, namely P. homarus, P. penicillatus, 

P. 10n9ipes, P. ornatus and P. versicolor, show distinct ecological 

separation, described in Section 1, and on no oCC8ssion were any 

two of these found living together. 

In the case of the third species criterion, there can 

be no doubt 8S to the morphological distinctness of the megasculpte 

and microsculpta forms and the steepness of intergradation between 

them. This can probably be attributed to a high degree of 

geographic isolation of the megasculpta form in south-east African 

waters. It must be stressed, however, that geographic isolation 

is not an isolating mechanism in terms of the definition of the 

latter. According to Mayr (1963), isolating mechanisms always 

have a partially genetic basis and are "biological properties of 

individuals that prevent the interbreeding of popUlations that 

are actually or potentially sympatric"_ 
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Rscognition that there is a difference between the 

species as a category and the species aa a taxon ia essential 

in application of the biological species concept. Mayr (1963) 

outlines thia as follows. "The species as category is 

characterised by the biological species conc.pt. The practicing 

taxonomist, however, deals with taxa, with populations and groups 

of populations, which he has to assign to one category or another, 

for instance either to the category species or to the category 

subspecies. The non-arbitrary criterion of the category species, 

biologically defined, is that of interbreeding or non-interbreeding". 

On the besis of the aveileble evidence it is therefore 

concluded that the megasculpta form, occurring off south-east 

Africa, does not adequately fulfill the requirements to be placed 

in the category of full biological species, distinct and separate 

from the microsculpta form. 

Bearing in mind that the "subspecies" is not an evolutionary 

unit and is a purely arbitrary taxon used for practical taxonomic 

purposes, it is considered that further study of geographical 

variation and possible intergradation of populations of P. homarua 

elsewhere in the Indian Ocesn would be necessary, before it could 

be assessed whether aubspecific recognition would serve any useful 

taxonomic purposes. 
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REDISCOVERY OF THE ROCK LOBSTER PUERULUS CARINATUS 
BORRADAleE (DECAPODA. PALINURIDAE) 

(Published - Berry, 1969b) 

During 1968, twenty-eight specimens of the genus 

Puerulus Ortmann, 1691 were obtained by commercial trawlers in 

southern Mozambique waters. Two more specimens were trawled 

off Durban, Natal and a further dried specimen from an unknown 

locality near Mauritius was available for examination. Twelve 

of the specimens from Mozambique, the specimen from Mauritius and 

one specimen from Durban, conform to the description of Puerulus 

angulatus (Bate, 1888), However, the holotype was not seen and 

identification of these specimens as P, angulatus is largely based 

on the description of this species from the Phillipines given by 

Holthuis (1966), Subsequently this identification has been 

confirmed by Dr~ Holthuis who kindly examined a specimen sent to 

him. The other eighteen specimens are assigned to Puerulus carinatus 

Borradaile, 1910. 

Puerulus carinatus was only previously known by a single 

specimen from Saya de Malha, briefly described by Borradaile, which 

has subsequently been lost. In a revision of the genus Puerulus, 

Holthuis (1966) considered P. angulatus and P. carinatus to be 

synonyms. Two species are undoubtedly represented in the South 

African material and having had the opportunity of comparing 

specimens which conform to Borradailels description of P. carinatus 

with specimens which fit the description of p. angulatus, 
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it ie proposed that P. carinatus is a good species. A neotype 

has been selected and with two other specimens has been presented 

to the Rijksmueeum van Natuurlijke Historie, Leiden. The remaining 

series of fifteen specimens hae been retained at the Oceanographic 

Research Institute, Durban. 

In view of the rediscovery of P. carinatus, four specie. 

may be recognised within the genus and the key devised by Holthuis 

(1966) has been modified accordingly: 

1. Post-orbital spine present. No teeth but 6 post­
cervical and 6 intestinal tubercles on the median 
keel of the carapace. Tubercles on carapace low 
and largely obscured by pubescence. Eyee large, 
much broader than long ••••••• P. velutinue 

Post-orbital epine absent. Median keel of 
carapace with 3 or 5 post-cervical and 2 to 4 
intestinal teeth. Tubercles of carapace usually 
distinct and not obscured by the pubescence. 
Eyes emaller, longer than broad • • • • • • • • 2 

2. Three or more teeth between supra-orbital horns and 
the cervical groove. Median keel of carapace with 
3 post-cervical and 2 intestinal teeth. Fifth 
pereiopod of male not chalat. • • •• P. angulatuB 

Two taeth betwaen supra-orbital horns and the 
cervical groove • • • • • • • • • • • • • • • • • 3 

3. Median keel of carapaca with 3 post-cervical and 2 
(occasionally 3 or 4) intestinal teeth. Fifth 
pereiopod of mala chelate. • • • • • P, carinatus 

- Median keel of carapace 
or 3 intestinal teeth. 
not chelate ~ • • • • • 

with 5 post-cervical and 2 
Fifth pereiopod of mele 

• • • • • • • • P. sewell! 
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The morphology of P, carinatus is described below end 

as the colour pattern of PueruluB has not previously been described, 

a detailed description is given for both P. carinatus and P. angulatus~ 

Puerulus carinatuB Borradeile. 1910 

Puerulus carinatus Borradeile, 1910: 261, pl. 16 fig. 
5 (Saya da Malha, East Africa), (not seen); Holthuis, 
1946: 110. 

Puerulua angulatus - Holthuis, 1966: 267 (pertim). 

non PueruluB carinatus - Ramadan, 1938: 133, fig. 6,7; 
McNeill, 1949: 337, fig. 

Materiel examined (details and measurements are recorded 
in Tables 5 and 6). 

1. N.E. of Ouro Point, southern Mozambique, approx. 
o 0 26 50'5 33 OO'E; depth 320 metres; "Tracy-Jon"; 

May 1968. Neotype (O.R.I. No. 12, now Rijksmuseum 
van Natuur1ijke Historie, Reg. No. Crust. D 25535; 
male, lacking the distal portions of the antennal 
flagella; propodus and dactylus of fifth pereiopod 
of left side detached) and O.R.I. specimens 1-5, 
7-11, 13-18 (specimens 10 and 14 now Rijksmuseum 
van Natuurlijke Historie, Reg. No. Crust. D 25536). 

2. S.E. of the Bluff, Durban, Natal, S. Africa, o 0 approx. 30 00'5 31 09'E; depth 320 metres; July 1968; 
"Illovo"; O.R.I. No.6. 

Description of neotype. - A small rock lobster showing 

all the characteristic features of the genus as described by Ortmann, 

1897 (Plate I, Fig. 1; Plate II, fig. 1). 

The supre-orbital horns are spaced wide apart and between 

each horn and the cervical groove ere two teeth which decreese in 

size posteriorly ... 
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On either side of the anterior margin of the carapece at the base 

of each supra-orbital horn, e sharp 2-topped tooth is present. 

Between these teeth the anterior margin of the carapace is straight. 

A well developed infra-orbitel tooth projecta antero-laterally and 

is continuous with a shorter stout tooth below it. Posterior to 

the infra-orbital tooth is a longitudinal row of 3 small teeth, 

decreesing in size posteriorly. On the left side there is e 

slight interruption between the first of these teeth and those 

posterior to it. Between the supra-orbital end infra-orbital rowe 

of teeth there are two longitudinel rows of minute spinules; the 

anterior half of the upper of theee rows is double, slightly curved 

and the spinules are irregularly spaced; the lower row is single, 

short and consists of only two spinules which are not characteristic 

in the neotype, being closer together than is normal. Extending 

anteriorly from the cervical groove are two slightly converging 

submedial rows of 5 blunt knob-like teeth. Of these teeth, 2 are 

much larger than the others which are poorly developed and flattened. 

Between the large teeth there is a wide interruption approximately 

the eame distance 8S between the rows which gives the imprassion 

of 4 knobs forming a equare as described by Borradaile. In front 

of the anterior tooth in each row there is an interruption followed 

by 8 cluster of irregularly arranged tubercles. Behind the cervical 

groova the carapace is angular with a median keel bearing 3 large 

gestric Bnd 2 smaller intestinal teeth. 
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All these teeth are blunt and resemble elongate tubercles. The 

median keel slopes ' laterally to branchial kaels, each bearing 

irregularly spaced teeth which are largest anteriorly and become 

progressively smaller and blunter until they ara reduced to 

tubercles posteriorly. The entire dorsal surface of the carapace 

behind the cervical groove is evenly covered with small pointed 

tubercles. 

a b 

, , 
, , 
'" 

c 

fig. 1. Distal portion of the left fifth pereiopod. 
a, Puerulus carinatue Borradaila, femele; 
b, Puerulue carinatus Borradaila, male; 
c, Puerulus angulatus (Bate), mala. 

Latarally the branchiostegite is covered with rows of 

blunt tubercles, but on the edge of tha cervical groove adjacent 

to the last infra-orbital tooth, there is a region where the 

tubercles are enlarged and pointed. 
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The eyes are longer than broad; the peduncle is constricted 

in the middle and the cornea is kidney-shaped. 

The antennular plate bears 2 minute, sharp spinules on 

either side of the mid-line. The lateral edges of the antennular 

plate form e stridulating organ with a process of the third segment 

of each antenna. There is a blunt angular elevation on the dorsal 

surface of the third aegment of the antennal peduncle, just above 

the stridulating process, which is represented by a sharp spine 

in P. anqulatus. A small spine is present just anterior to the 

stridulating process and almost on the inner margin of the segment; 

this spine is well developed on the left side only. On the outer 

margin of this segment there are 2 posterior teeth and 1 anterior 

tooth. On the lower surface of the segment there is 1 tooth on 

the inner margin, 1 on the outar, a large blunt subdietal tooth 

end numerous minute blunt tubercles. 

On the left side, the fourth segment of the antenna 

bears 4 well developed, hooked teeth on its outer margin while 

5 are present on the right side; the dorsal surface bears two oblique 

rows of teath, tha outer consisting of 3 teeth which decrease in 

size posteriorly, the inner consisting of 4 teeth of uniform size. 

Two terminal teeth are present on the inner antarior margin, the 

dorsal ona being largest. 
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Table 5. Measurements of Puerulus carinatus Borradaile and 
Puerulue anqulatu8 (Bate) (in mm) 

*pre- *post-
carapace cervical cervical 

abdomen 
total without catalogue 

number sex length width width length telson telson 

1 M 
2 M 
3 F 
4 F 
5 F' 
6 f 
7 M 
B M 
9 M 

10 M 
11 M 
12 neotype M 
13 M 
14 f 
15 f 
16 f 
17 f 
18 f 

19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 

M 
f 
M 
F 
M 
f 
f 
M 
M 
f 
F 
f 
F 

Pueru1u8 carina tUB Borradaile 

48 
50 
51 
52 
52 
53 
54 
SB 
sa 
60 
60 
62 
64 
69 
69 
10 
12 
14 

48 
53 
54 
51 
51 
59 
uO 
60 
61 
63 
61 
61 
13 

19 
20 
21 
20 
21 
22 
21 
25 
24 
24 
25 
26 
26 
21 
28 
30 
31 
30 

31 
28 
30 
31 
32 
31 
30 
34 
35 
34 
35 
3S 
31 
40 
40 
42 
42 
42 

euerulus angulatus (Bate) 

11 
18 
11 
20 
20 
21 
21 
21 
21 
22 
24 
25 
2S 

24 
21 
21 
30 
29 
31 
32 
30 
31 
32 
35 
36 
38 

135 
142 
149 
150 
151 
155 
153 
164 
164 
164 
166 
165 
118 
190 
192 

200 
195 

131 
144 
150 
151 
155 
161 
166 
164 
164 
114 
113 
IB5 
201 

62 
66 
69 
69 
12 
74 
70 
16 
77 
14 
1S 
13 
83 
81 
89 
97 
91 
81 

61 
65 
71 
73 
74 
79 
11 
16 
15 
82 
75 
86 
98 

2S 
26 
2B 
29 
27 
2B 
29 
30 
29 
30 
31 
30 
31 
34 
34 

31 
34 

22 
26 
25 
27 
24 
29 
29 
28 
28 
29 
31 
32 
36 

* Precervical width was measured between the posterior bases of the 
supra-orbital horns; postcervicel width was measured between the 
anterior extremities of the branchial keels. 
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On the lower surface of the segment there is a longitudinal row 

of 5 poorly defined, small teeth. The outer lateral margin of the 

fifth segment bears 3 spines, the anterior ona being prominent; the 

inner lateral margin baara 3 small spines; there is a dorsal and a 

ventral spine on the anterior margin. The flagella are broken. 

The peduncle of the antennule is approximately 0.75 times 

as long as the carapace. The flagella are short and the outer is 

broader and shorter than the inner one. 

The epistome ends in a single strong median tooth. 

The merus of the third maxilliped bears 5 poorly developed 

teeth; there is no sign of spination on the merus of the first or 

second peraiopods. The first two pereiopods are the stoutest and 

both bear scattered hairs particularly on the ventral surface of the 

propodus. The relative proportions of the pereiopods are given in 

Table 6. 

The dactyli of the fifth pareiopods are chelate and are 

approximately 1/5 of the length of the propodi; the chela is formed 

by a process of the propodus which opposes a process of the dactylus 

(Fig. 7). 
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Table 6. Pereiopod measurements of 
Puarulus carinatus Borradaile 

catalogue pereiopods 
No. 1 2 3 4 5 

1 41 55 14 92 
2 
1 50 64 84 103 112 
B 56 70 .. 111 120 
9 55 14 

10 54 69 82 109 
11 55 74 95 119 125 
12 (neotype)68 15 94 115 124 
13 57 14 93 115 123 

3 46 59 76 93 97 
4 44 60 86 101 104 
5 47 60 79 95 99 
6 49 63 81 98 101 

14 61 81 96 115 115 
15 62 80 102 117 116 
16 
17 77 82 
18 

The thoracic sternum bears a median tooth on all segments. 

At the bases of the second pereiopods a sharp spine is present and 

at the bases of the third, fourth and fifth pereiopods there are 

additional minute, blunt spines. 

An elongate, tapering protrusion extends from each genital 

aperture. 

The median keel of the first abdominal segment is poorly 

developed and is represented by a slight elevation. The broad transverse 

groove is filled with a short pubescence. The pleura bear a large 

single flattened tubercle and numberoua poorly defined smaller ones. 
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In segments 2 to 5 the median keel is better developed 

than in the first segment and is twice interrupted to form three 

elongate flattened ridges; the middle ridge is largest and the 

anterior and posterior ones are small and ill-defined. While 

the middle ridges of segments 3 to 5 are slightly produced posteriorly 

they could not be described as being produced into poateriorly 

directed teeth as described in P. angulatus. The posterior 

ridge of the second segment shows signs of being divided into two. 

An anterior and a posterior transversa groovs, filled with a short 

pubescence, runs adjacent and parallel to the anterior and posterior 

margins of the segment rsspsctively. Two shallow oblique grooves 

without pubescence, extend from the anterior transverse groove to 

the posterior transverse groove on either side of the dorsum. 

The first of these grooves runs from approximately midway along 

the anterior transverse groove to about three quarters of the distance 

along the posterior transverse groove from the midline; the second 

connects the two transverse grooves along the base of the pleuron. 

The oblique rows of tubercles present on the dorsum in P. anqulatus 

are almost indistinguishable. Tha pleura bear an oblique row of 

1 to 4 ill-defined flattened tubercles running almost parallel to 

the oblique grooves on the tergite end terminate in two sherply 

pointed spurs. The anterior margins of the pleura of segment 2 

beer two slight protuberances which correspond to the denticles 

described in P. angulatus. 



75 

The sixth abdominal segment has 2 poorly defined submedien 

rows of denticles which increase in size posteriorly. After a 

short interruption, these are followed by a posterior submedian 

denticle on either side of and just anterior to a single median 

tooth which is situated on the posterior margin of the segment. 

The lateral margins of the dorsum terminate in a large spine 

posteriorly. Along the base of the pleuron are 3 indistinct tubercles 

whiCh increase in size posteriorly and there is a curved row of 3 

flattened tubercles which are better defined than in segmants 2 to 

5. The pleura of the segment terminate in a well developed, anterior 

spur and a smaller posterior tooth. 

The lateral margine of the calcified portion of the telson 

terminate posteriorly in a sharp spine and a minute blunt spine is 

present midwey along each margin. On the dorsal surface there are 

two diverging rows of 3 blunt spines of irregular aize. There 

is a single pair of submedian spines slightly anterior to the rows 

of spines. 

The first abdominal sternite hss two submedian and two 

lateral spines. In the second to the fifth segment. only the 

submedian spines are present. The sternite of segment 6 has a 

poorly developed anterior pair of submedian tubercles, a wall 

developed posteriorly directed posterior pair of submedial spines 

and slightly posterior to these and slightly wider apart, a posteriorly 

directed pair of spines on the posterior margin. 
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Thera are traces of a transverse row of minute tubercles. 

No pleopods are present on the first abdominal segment. 

The pleopods are very similar an segments 2 to 5 and the exopods are 

leaf-shaped with rounded tips. 

The calcified portions of the uropods tarminate in a 

sharp spine and the inner margins bear irregular spines. 

Colour pattern (Plate III, Fig. 1). - The supra-orbital 

horns are orange except for the distal third and lateral margins 

which are white. At the bases of each horn the white margin is 

expanded medially. The anterior teeth between the supra-orbital 

horne are bright red with white tips and the anterior margin of the 

carapace between these teeth is orange with a median red spot. 

Immediately posterior to this spot, a white patch extends to the 

anterior cluster of precervical tubercles. The besic colour of 

the dorsal surface af the carapace in the pre cervical region is 

orange. The two teeth between each supra-orbital horn and the 

cervical groove ere bright red. The area immediately surrounding 

and between the two anterior large knob-like spines is red; medially 

the region between the posterior large knob-like spines is white. 

The tubercles af the anterior cluster are bright red. 
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Laterally, in the precervical region a longitudinal band 

of orange extends from the cervical groove to the orbit between 

the upper and lower longitudinal rows of spinuleB which are bright 

red. The area between the upper longitudinal row of spinules and 

the supra-orbital row of teeth is white. The region between the 

lower longitudinal row of spinules and the row of infra-orbital 

teeth . is also white. The two large infra-orbital teeth are orange 

while the longitudinal row of small infra-orbital teeth is red. 

The basic colour of the dorsal surface of the carapace 

posterior to the cervical groove is orange while the tubercles 

covering it are bright red. The median keel ia white but the 

three.gastric and two intestinal tubercles era bright red. Running 

above each branchial keel there is a narrow white strip. The teeth 

of the branchiel keels are bright red. Continuous with the oblique 

regions on either side of the cervical groovs and 8xtending posteriorly 

on either side of the median keel to the level of the third gastric 

tubercle, is 8 broad white strip about the same width as the cervical 

groove. Running parallel to this is a narrow white strip which 

curves inwards and the strips of either side Df the carapace meet 

behind the posterior gastric tubercle, to give a saddle-like effect. 

Below each branchial keel, the colour merges from orange dorsally 

to white at the ventral margin of the branchiostegite. 
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The tubercles on the branchiostegites merge similarly from orange 

dorsally to white in the ventral region. The enlarged tubercles 

adjacent to the posterior tooth in the infra-orbital row are bright 

red merging to orange posteriorly. 

orange. 

The peduncular segments of the second antennae are basically 

Just anterior to the stridulating process on the dorsal 

surface of the third peduncular segment thera is a white spot. 

The colour on either sida of the row of teeth on the outer margin 

of the fourth segment is white. All the teeth on the peduncular 

segments are bright orange or red. 

is plain red with no markings. 

The colour of the flagellum 

The antennular plate is orange with a wedge-shaped area 

of white in the midline. The spinules are bright red. 

The antennule is uniformly pinkish-orange. 

The cornea is dark brown; the peduncle is white with 

orange margins. 

The segments of the pereiopods are white with a trace of 

orange which becomes darker distally. The orange is most extensive 

on the merus and i8 conspicUOUI on the teeth of maxilliped 3. A 

bright orange spot is situated proximally on the dorsal surface of 

the propodus and carpus in pereiopods 2-5. 
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The mouthparts and ventral surfaca of the carapace are 

white. 

The anterior portion of the first abdominal segment, which 

elidee under the carapace, and the transverse groove are orenge. A 

transverse red band runs along the entire poeterior margin of the 

transverse groove, through the ridge of the median keel. Immediately 

behind this red band is a transverse white band of approximately the 

sama width which extends along the entire posterior margin of the 

segment. The pleura are white with red anterior margins end the 

large flettened tubercles are red. The pleural spurs are white. 

In segments 2 to 5 the region between the anterior transverse 

groove and the anterior margin of the segment is red but where it 

slides under the preceding segment it is white. The anterior and 

posterior transverse grooves and the two oblique grooves on either 

side of the targite are light orange. The entire dorsum between the 

anterior and posterior transvarse grooves and the first oblique 

grooves is bright red, including the ridges of the median keel. 

On either eide of the tergite the area between the transverse grooves 

and the first and second oblique grooves is also red. The colour 

pattern between the posterior margin of the transverse groove and 

the posterior mergin of the segment is identical to that in the 

seme region in segment 1. 
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The pleura are white, bordered by red on their anterior and 

posterior margins; the larger tubercles are red. 

The enterior margin of segment 6 is white. The base of 

each pleuron is red, merging to orange medially. The teeth of 

the submedial rows and the area surrounding the rows are bright 

red. Running between the submedial rowe of teeth from the anterior 

margin of the segment to the median tooth on the posterior mergin 

ie a white strip. The posterior margin of the segment is red 

except for the white median and lateral terminal spines. The red 

extends anteriorly on either side of the median white strip and 

merges into s broad transverse white band mottled with red which 

extends below the peir of submedian spines. 

The lateral margin, two diverging rows Df spines and the 

submedian spines of the calcified portion of the telson ere red. 

The anterior margin and the area between the lateral margins and 

the diverging rows of spines are white, mottled with orange. The 

calcified portions of the uropode are red except for a white outer 

margin and terminal spine. The non-calcified regions of the teleon 

and uropods are pale brownish-orange. 

Varietion within tha series~ - Little significant variatiDn 

is present, the main differences being in the degree of development 

of the spinee. 
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Small specimens have sharper, better developed spines than large 

specimens in which they tend to become flattened, tuberculate or 

even degenerate. The teeth on the anterior margin of the carapace 

at the base of the supra-orbital horns, which are normally two-

topped may be one-topped or three-topped. The supra-orbital horna 

are normally followed by two teeth posteriorly but in one specimen 

a small third tooth is present on one side only. Rarely, an 

additional one or two minute teeth posterior to the two large 

intestinal teeth are present. The number of teeth on the outer 

margin of the fourth antennular segment is rather variable and up 

to six may be present. The flagella of the antennae are extremely 

long in specimens where they are unbroken, being approximately 

12 times the carapace length. The carapace length averages 2.5 

times the pre cervical width (measured between the posterior bases 

of the supra-orbital horns) and 1.5 times the poetcervical width 

(measured between the anterior extremities of the branchial keels). 

The fifth pereiopods (when intact) of all male specimens are chelate. 

Description of female. - The fourth and fifth pereiopods 

are approximately the same length, due to reduction of the dactylus 

of the chelate fifth pereiopod (fig. 78), which is only approximately 

1/7 the length of the propodus. In the male the dactylus of the 

fifth pereiopod is not reduced so that the fifth pereiopod is 

longer than the fourth. 
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The pleural spurs are larger than those of the male and 

the anterior one is almost twice the length of the posterior one. 

This discrepancy in size between the anterior and posterior spurs 

is not as pronounced in the male. 

No submedian spines are present on the sternite of abdominal 

segments 3 to 5 and they are poorly developed in the second abdominal 

segment. On the sternite of the sixth abdominal segment, the anterior 

tubercles are poorly developed or absent; the spines on the posterior 

margin of the sternite are better developed than in the male. 

Pleopods are present on segments 2 to 5, but the exopods 

are larger than those of the male. Very slender endopods are present 

and a slightly shorter, wider stylamblys arises from the base of 

each. 

freshly spawned ova are bright orange, with a diameter of 

approximately 0.6mm. 

Puerulus angulatus (Bate, 1888) 

Material examined (details and measurements are given 
in Table 5). 

l.~ "The cgrner", southern Mozambique, approx. 
2535'S 35 OO'E; depth 280 metres; "Tracy-tJon"; 
September 1968; O.R.I. specimens 19~25, 28, 30 
and 31. 

2. N.E. o~ Milibaggalala, southern Mozambique, 
approx. 26 17 1 5 33 07'E; depth 320 metres; "Tracy­
Jon"; May 1968; O.R.I. specimens 26 and 29. 

3. S.E. of the Bluff~Durban, Natal, 5* Africa, o 0 
approx. 30 10'5 31 07'£; depth 310 metres; "Tracy-
Jon"; December 1968; O.R.I. specimen 27. 
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As far a8 can be determined from Bate's short description 

of the holotype of P, angulatus (a juvenile of 36mm total length) 

and photographs of the specimen kindly supplied by the British 

Museum, the present specimens conform with the holotype in 

number and position of spines~ but not in degree of development 

of spination. In the latter, the spinee of the median thoracic 

keel and abdominal keel, are enormously developed in relation to 

the body size when compared with the South African specimens which 

is probably a juvenile characteristic. 

As the South African specimens conform closely to the 

extensive description of P. angulatus from the Philippines given 

by Holthuis (1966), only aspects which differ from Holthuis' descrip­

tion, variation within the series and some additional observations 

on the South African specimens are described below. 

Description (Plate I, fig. 2; Plate II, fig. 2). - The 

supra-orbital horns ara sharply hooked and the outer distal margins 

are crenulate (ae in the holotype). The anterior margin of the 

carapace between the supra-orbital horns is concave. Between 

each horn and the cervical groove are 3 or more teeth decreasing 

in size posteriorly. The posterior tooth is considerably smaller 

than the preceding two teeth. The position and size of this 

posterior tooth is variable and in some specimens 2 or (as in the 

case in the holotype) 3 minute teeth are present instead of a single 

emell tooth. 
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The carapace length averages 2.9 times the precervical 

width (measured between the posterior bases of the supra-orbital 

horns) and 1.9 times the postcervical width (measured between the 

anterior extremities of the branchial keels). These proportions 

of the carapace ere the same es those of the holotype, although the 

measurements of the latter were taken from a photograph. 

The median keel of the first abdominal segment is interrupted 

to form two elevated ridges. In abdominal segment 2, the median 

keel is divided into 4 elevated ridges, the second being the largest; 

the posterior ridge is very small. In segments 3 to 5 the median 

keel is divided into J elevated ridges; the second is the largest 

and is produced into a posteriorly directed tooth; the posterior 

ridge is aleo produced into a spine posteriorly, which is well 

developed in the fifth segment only. 

The spinules on the anterior margins of the second pleura 

are minute. 

The third segment of the antenna bears 4 to 6 (usually 5) 

teeth on its outer margin. On the ventral surface Holthuis describes 

two longitudinal rows of denticles, but only one row is clearly 

distinguishable in the South African specimens. 

The fifth pereiopod of the female is chelate; in the male 

it is not. 
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Colour pattern (Plate III, fig. 2). The basic colour 

of the carapace is dull white with small scattered patches of 

dark red. The red of P. angulatus is darker and not as bright 

IS it is in P. carinatuB. 

The supra-orbital horns are white with a faint pink tint 

along the inner margins. 

The teeth between the supra-orbital horns on the anterior 

margin of the carapace are white. At the base of each supra-

orbital horn is an irregularly shaped red patch which extends to 

the anterior margin of the carapace between the anterior teeth. 

The white of the dorsal surface of the carapace extends 

to the midline of the anterior margin, separating the two red 

patches. The three teeth posterior to each supra-orbital horn 

are white with a little red posteriorly on their bases. The . 

teeth of the two converging submedial rows are white with irregular 

red markings running along the outside of the rows. A red patch 

extende obliquely forward from each posterior supra-orbital tooth. 

The tubercles are white or pink. 

laterally the precervical region is white except for three 

red patches; a longitudinal red band axtends below the upper 

longitudinal row of spinules; the spinules ere pink or white; the 

lower longitudinal row of spinules is entirely surrounded by an oval 

red patch and the spinules are red; 
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the posterior tooth in the infra-orbitsl row is surrounded by another 

oval red patch. The large infra-orbital spine i. white with a 

red base posteriorly while the lower infra-orbital spine and the 

anterior two spines in the infra-orbital row are white. 

Posterior to the cervical groove the dorsal surface of 

the carapace is dull white with a slight orange tint surrounding 

the three gastric teeth. The gastric and intestinal teeth are 

white. The tubercles covering the dorsal surface are predominantly 

white with red and pink ones randomly interspersed. The teeth of 

the branchial keels are white. A strip of red extends dorsally 

along the length of the branchiostegite immediately below each 

branchial keel. Below this a second longitudinal red strip arisee 

from near the posterior corner of the branchiostegite and extends 

along the ~iddle of the branchiostegite for approximately half its 

length. The remainder of the branchiostegite is dull white. The 

tubercles are predominantly white with a few pink ones randomly 

interspersed; those in the region adjacent to the last spine in the 

infra-orbital row are red. 

The peduncular segments of the second antennae are red, 

merging into pink and white. The teeth on these segmente are 

white with a varying amount of red extending along their outer 

margins. 
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The entire spine on the dorsal surface of the third segment just 

above the stridulating p~ocess is white. Alternating irregularly 

shaped red and white bands extend along the length of the flagellum. 

The antennule is uniformly pink. 

The segments of the pereiopods are pinkish-orange, becoming 

darker distally. The mouthparts and ventral surface are dull white. 

The portion of the first abdominal segment which slides 

under the carapace is white, mottled with pink. The transverse 

groove is white. The posterior margin of the segment is red 

except for two submedian white bands. The anterior ridge of the 

median keel is white with a red base; the posterior, less pronounced 

ridge is entirely red. The pleura are white except for a single 

red spot and red margins. 

In segments 2 to 5 the ·anterior margin8 ere white mottled 

with red. The anterior and posterior transverse grooves and the 

oblique grooves are white. A narrow red band (narrower than the 

anterior transverse groove) extends along the entire posterior 

margin of the anterior transverse groove except for an interruption 

on either side of the tergite where the first oblique groove runs 

into the transverse groove. The red extends posteriorly along the 

first and second oblique rows of tubercles as far as the posterior 

transverse groove. 
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The region between the posterior transverse groove and the posterior 

margin of the segment is red. The remainder of the dorsal surface 

of the tergite is white. The ridges of the keel are white except 

for the posterior ones in segments 2 to 5 and the anterior ones 

in segments 4 and 5 which are red. The pleura are white with a 

few red tubercles; the anterior margins are red and there is a 

small patch of red on the posterior margins; the spurs are white. 

The teeth of the two submedial rows in segment six are 

red with white tips. A patch of red extends laterally from each 

row. The lateral margins of the tergite are mottled red which 

extends inwards. The posterior margin of the segment is red except 

for the median and lateral terminal spines which are white. The 

colour of the pleura is as in segments 2 to S. 

The calcified portion of the telson is white except for 

the two red submedien spines, the lateral margins and the area 

surrounding the two diverging rows of spines which is also red. 

The spines of these rows are white. The calcified portions of 

the uropods are orange with white outer margins and terminal spines. 

The non-calcified portions of the telaon and uropods are pale brown 

with a bluish-white mergin. 
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Differences between P. carinatus and P. angulatu8 

1. P. carinatuB has two teeth behind the supra-orbital horns 

whereas P. anqu1atus has three. 

2. The outer distal margins of the supra-orbital horns of 

P. angulatus are crenulate whereas in P. carinatus they are smooth. 

3. The anterior margin of the carapace of P. carinatus is streight 

(as figured by Borradaile, 1910) whereas in figures of P. angulatus 

by Kubo (1939) and Ramadan (1938) it is slightly concave as it is 

in the specimens of P. angulatus obtained off south-east Africa. 

4. Although the spination of the two species corresponds closely, 

the spines of P. carinatus tend to be blunt, tuberculate and in some 

cases degenerate as opposed to the sharp well developed spines of 

P. anqulatus. This is particularly marked in the gastric and intestinal 

tubercles and the ridges of the median keel where the median keel 

is almost non-existent in the first abdominal segment and the 

posterior ridge of the second segment is not divided into two as 

in P. angulatus. In P. carinatus the middle tubercles of segments 

4 and 5 are not produced into posteriorly directed teeth as in 

P. angulatus. The oblique rows of tubercles on the tergites of 

the abdominal segments of P. anqulatus are almost indistinguisheble 

or absent in P. carinatus. 



90 

5. In P. angulatus there are two submedian converging rows of 3 

to 5 large, and numerous small teeth on the dorsal surface of the 

carapace in the precervical region. In P, carinatus the two sub­

median rows consist of only 4 to 6 blunt knob-like teeth of which 

4 (rarely 6) are well developed and the others are small and degenerate. 

This arrangement gives the impression of a square of 4 knobs as 

described by Borradaile. Anteriorly, quite isolated from the 

rows of knob-like teeth is a cluster of blunt tubercles. In small 

specimens of P, carinatus it is possible to distinguish that the 

spination has been derived from two converging rows of teeth as in 

P, angulatus. 

6. The colour pattern of P, carinatus is basically orange with 

bright red spines while P. angulatus is basically white with dark 

red patches and red at the bases of white spines. The difference 

in colour pattern is so striking that commercial fishermen distinguished 

them as two species (Plate III). 

7. The dactylus of the fifth pereiopod is chelate in male 

P. carinatus which it is not in P. anqulatus (fig. 7) 

8. The disparity in size of the anterior and posterior pleural 

spurs in female P. carinatus is greater than in females of P. angulatus. 

9. The carapaca length averages 2.5 times the precervical width 

in P. carinatus wherees it averages 2.9 times the precervical width 

in P. angulatus. 
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The postcervical region of the carapace is also rel atively wider 

in P. carinatus (see TableS), the carapace length averaging 1.5 

times the postcervical width in P. carinatus and 1.9 times the 

postcervical width in P. angulatus. 

Discussion 

Comparison of specimens of P. angulatus from the various 

widely separated localities where it has been recorded seems 

necessary in order finally to establish the taxonomic identity of 

this species. However, while the South African specimens 

designated as P. angulatus and P. carinatus appear to be closely related, 

the stability of distinguishing characteristics and lack of intermediate 

forms seems to eliminate the possibility that two varieties of a 

single species are represented. 

Ramadan (l938) assigned a specimen of Puerulus from the 

Zenzibar area to p. carinatus but unfortunately in his description 

he does not define its measurements. However, the proportions of 

ite carapace, measured from hie figure, conform to those of the South 

Africen epecimens of P. angulatus and as his specimen also has 3 

spines between each supra-orbital horn and the cervical groove, it 

seems likely that it is P. angulatus 8S concluded by Holthuie (1966). 

Puerulus gracilis Kubo (1939) has been synonymisad with 

P. angulatus by Holthuis (1966). 
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Kubols specimens differ from P. carinatus in that the fifth 

pereiopod of the male is not chelate and there are three teeth 

between each supra-orbital horn and the cervical groove. According 

to Kubo, the antennae of the preserved specimens show signs of having 

red bands which are characteristic in the South African P. anguletus, 

whereas P. carinatus hae uniformly red antennae. From his 

description, Kubofa specimens cannot be P. carinatus and appear to 

conform to P. angulatus. 

• 
Although P. angulatus and Pc carinatus were never taken in 

tha same haul, the proximity of the localities where they were obtained 

poses the problem of explaining the mechanism of isolation between 

them, but in view of the lack of physical data from these localities, 

any explanation is purely speculative. As reptantian decapoda are 

very specific as to the substratum they inhabit and the nature of 

the bottom may change considerably within a short distance, it seems 

most likely that the two species occur on different types of substratum. 

The chelate fifth pereiopod of male P. carinatus, which is 

the most striking distinguishing feature of this species, appears to 

be unique not only within the genus but within the Palinuridae. While 

no definite explanation for this adaptation can be put forward, it 

seems possible that the chelae may be used in mating or courtship 

behaviour, in which case a behavioural isolating mechanism may exist 

between P. carinatus and P. angulatus. 
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An unusual feature _ ~f both P. carinatus and ~. :angulatus 

is the remarkably long flagella of the antennae (12 timea - th~- caraDace 

length). 

The occurrence of P, angulatus in the western 1ndian Ocean 

is en interesting extension of its range. The extreme southern 

latitude distribution of the genus Puerulus given by George ~ Mein 

(1961) is approximately 1105 and the specimena taken off Durban at 

300 5 extend this to the limits of the equatorial belt. 

Appendix 

A world revision of the genus Puerulus is currently 

being undertaken by Dr. R. W. George and the present author. The 

identity of P. angulatus and p. carinatus, described above, hae 
; 

bean confirmed after examination of an assemblage of material 

which included the neotype of P. angulatus and all named species 

within the genus except P, gracitis (Kubo, 1939). 
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Plate II. 
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Fig. 1. Puerulus carinatus Borradaile, mala 
naotype, lateral view. 

Fig. 2. Puerulus angulatus (Bate), female, 
no. 2B, lateral view. 



Plate III. Fig. 1. (left), Puetulu8 carinatus Borradaile, male in 
dorsal view. 

Fig. 2. Puerulus angulatus ·(Bate), male in dorsal view. 

1.0 
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SECTION 3 

THE BIOLOGY Of PANULIRUS HOMARUS 

This section deals with a study of the biology of the 

"megasculpta" form of Panulirus homes in Natal waters, carried out 

du%ing 1968, 1969 and 1910. Results are based on twenty-four con­

secutive monthly ssnples of the feral population, comprising a total 

of approximately 5,800 specimens. In addition, observations were 

made on rock lobsters kept in captivity at the Oceanographic Research 

Institute, Durban. 

MAJERIAL AND METijODS 

Sampling 

All samples were collected by diving and each specimen was 

captured by hand. Due to the rough conditions in the surf zone, 

where the majority of specimens were obtained, it was not possible 

to employ any underwater breathing apparatus and basic skin-diving 

equipment was used; viz, mask, snorkel, flippers, a "wet" type 

sponge-neoprene suit, weight belt and gloves. In addition, each 

diver carried e beg around his waist in which to hold captured rock 

lobsters. SCUBA (Self Contained Breathing Apparatus) could only be 

used in deeper water outside the surf zone which waS not subjected 

to strong wave action. 

Collection of samples by diving eliminated selectivity 

inherent in various trapping methods, but in order to reduce possible 

subjectivity by the diver, a rule that every possible rock lobster 

should be captured wi thin a shelter before moving on, was strictly 

complied with. As P. homarU5 is extremely gregarious, this system 

worked well and it is considered that provided sufficiently large 

numbers of specimens were captured, the samples obtained were adequate­

ly representative of the population. 
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All esnples used for determination of biological cycles 

of P. romarus originated from the Natal coast, between Tugela River 

in the north and Umhlangamkulu River at Port Edward in the south. 

Ssnples collected in Zululand and Mozambique and ""*'ile diving from 

the research vessel MEIRING NAUDE were used for distributional end 

environmental studies only,8s they were not obtained regularly and 

did not comprise large numbers. 

Before this investigation was started, there were no 

sanctuaries for rock lobsters along the Natal coast, but in 1968 and 

1969 certain areas were temporarily closed to exploitation for the 

period of a year, and one area was closed indefinitely. By con­

fining research activity to these closed areas, the possibility of 

sanpling invnediately subsequent to exploitation by skin-divers was 

precluded. However, one year W88 insufficient time for the rock 

lobster stocks to return to a natural level end, particularly in the 

shallow water of the surf zone, where most diving for rock lobsters 

is cbne, the ssnples were affected to a greater or lesser extent by 

previous exploitation. The effect of exploitation on ssnples taken 

from offshore reefs was considered to be negligible, as depths 

greater than about 5 m are beyond the range of operation of the 

average skin-diver and use of artificial breathing apparatus is pro­

hibited for cepture of rock lobsters. 

Collection of adequate samples from offshore reefs outside 

the surf zone necessitated use of SCUBA and ckJe to the noxmally un­

favourabie diVing conditione encountered along the Natal coast, 

only a single reef deeplr than 5 m could be adequataiy, or regularly 

ssnpied. 



99 

This was "limestone Reef" off Durban; en elongated flat-topped 

sandstone outcrop about 8 m deep at its base, with vertical sides . 
rising up about 3 m to 4 m in height. It covers a considerable 

area, being at least 300 m long and about 25 m wide and has the 

advantage of being protected from the south-westerly wind by the 

Durban Bluff, making it possible to dive there on a few days each 

month. The fact that regular intensive ssnpling of offshore reefs 

had to be confined to a single locality is a limitation of this in­

vestigation. However, it is cotlsidered that the population of 

P. hgma;us on Limestone Reef is typical of that on other offshore 

reefs, as no difference was apparent between samples obtained there 

and the small samples taken from other reefs beyond the surf zone. 

The Limestone Reef area was proclaimed a rock lobster sanctuary 

for the duration of the sampling programme and collection of 

sanples each month had no apparent effect on the population structure, 

probably due to continuous recruitment from extensive areas nearby, 

which are inaccessible to exploitation. 

Although dives were made on reefs at depths of between 

11 m and 42 m, very small numbers of P. homarus were encountered, 

thus suggesting that the scrnpling at Limestone Reef was done at a 

depth approaching the maximum at which P. homarus is still sufficient­

ly abundant to make collection of a representative sample possible. 

It is therefore considered that the areas sernpled in this investi­

gation adequately cover the optimal vertical depth range of this 

species. 

Treatment of Samples 

Each monthly sample wae stored in a deep-freeze until it 

was subjected to biometric analysis. 
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Unless otherwise stated, all observations were made on freshly 

thawed material end extensive periods in the deep-freeze. were 

avoided to minimize weight loss due to dehydration. 

MeaSUrement and Recording of Data 

Meesurements were made to the nearest millimetre 01' 

gran and are defined as follows: 

Caraeace Length: The distance along the cbrsal midline from the 

transverse ridge between the supra-orbital horns to the posterior 

extremity of the cephalothorax. This was used as the standard 

measurement of length. 

Second Abdominal Segment Length: The minimum distance between the 

anterior and posterior extremities of the tergum. 

Second Abdominal Segment Width: The maximum distance between the 

pleural spurs. 

Total Length: The distance from ths transverse ridge between the 

supra-orbital horns to the tip of the telsen, measured along the 

dorsal midline. This measurement was made with a specially de­

signed measuring board which held the animal straight, in order to 

minimise error due to the extensible abdomen. 

Total Weight: Weight of the fully-thawed whole animal, excluding 

eggs in ovigerous females. 

Tail Weight: Weight of the abdomen cut off flush with the anterior 

edge of the first abdominal segment. 
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The degree of development of the overies and external 

8g9s • es well as the state of the exoskeleton in the moulting cycle 

and the state of the spermatophoric mess were each classified accord­

ing to arbitary scalee and recorded ae numerical values. 

Although morphological relationships were detexmined 

largely for the applied aspects of this project, they are described 

below, as they demonstrate sexual dimorphism. 

MORPHOLOGICAL RELATIONSHIPS 

Heydorn (1969s) described the following morphological 

relationships in P. hamarus. but due to the small size of sanple& 

he had available, imperfect specimens with missing appendages were 

incorporated. 

(1) . Carapace length/total weight, 

(2) Carapace length/tail weight , 

(3) Tail weight/total weight. 

The regression equations expressing the relationships in 

1 and 2 above were recalculated in this investigation, incorporating 

data over a wider size range and using perfect specimens only. The 

following relationships were calculated in addition: 

(4) Carapace length/total length. 

(5) Carapace length/second abdominal segment length. 

(6) Carapace length/ second abdominal segment width. 

(7) Carapace length/length of the third walking legs. 

The relationship in 4 faeili tates comparison of results in 

this investigation with those of other "Orkers. in which total length 

was taken as the standard measurement and 5,6 and 7 were included as 

they demonstrate sexual dimorphism. 



102 

Theile relationships, with the exception of carapace length! 

leg length, were determined using a method of weighted regression 

described by Steffens end D'Aubrey (1961). The equation y • m.x + c 

was used in the cese of 4,5 and 6 while the exponential equation 

y a m.xB was used in its lcgrithmic form log y = log m + B. log % 

in 1 and 2. The relationship between carapace length and leg 

length wee computed by the National Institute for Mathematical 

Sciences of the C.S.I.R. 

1. Carapace Length (x) / Total weight (v) 

Males y I: 0.00243 x 2.7767 

(281 observations over a carapace length range of 37 mm to 

109 mm). 

Females y • 0.00111 x 2.8590 

(216 observations; carapace length range 35 mm to 105 mm). 

These relationships conform closely with the re­

gressions calculated by Heydorn (1969a, Fig~ 3). Total weight 

increases at a rate slightly less than the cube of the carapace 

length and becomes progressively heavier in females than in 

males of the same length. 

2. Ca;IFac;e Length / Tail Weight 

~ Y ... 0.0009141 x 2.707 

(293 observations over e carapace length range of 31 mm to 

109 mm). 

Females y • 0.0007473 x 2.7945 

(201 observations over a carapace length range of 35 mm to 

105 nm). 
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The •• alsa confoxm closely with the regreeaions cal­

culated by H.ydorn (1969a, Fig.4). Tail weight increases at • 

rate slightly leslS than the cube of carapace length and becomes 

pJ:Ogressively heavier in females than in males of the Bane length. 

3. The relationship between tail weight/total weight was determined 

by Heydorn (1969a) and wes not recalculated in this investigation. 

4. Carapace LengtWTotal Length (Fig. 1) 

l1Il!§. y • 17.7625 + 2.5819 • x 

(291 observations over a carapace length range of 40 mm to 111 mm). 

Females y • -0.2780 + 2.949l.x 

(211 observations over a carapace length range of 43 mm to 99 mm). 

Total length increases in direct proportion to increase 

in carapace length. The total length of females is greater than 

in males of the SlIIIe carapace length. 

5. CarFFe Lengtty'Sesond Abdominal Segment length (Fig 2) 

~ Y • 1.4913 + O.3206.x 

(326 obaervations over a carapace length range of 32 1M! to 117 mm.) 

Females y • 1.2625 + 0.3372.x 

(310 observations over a carapace length range of 29 mm to 105 mm). 

Th~ ~BCond abdominal segment is slightly longer in 

females than in males of the Billie carapace length. 

6. CoFapace length/Second Abdominal Segment width (Fig. 3). 

Males y = 3.4980 + 0.6173.x 

(331 observations over a carapace length range of 32 mm to 117 mm). 
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Females y • 0.1838 + 0.7177. x 

(311 observations over e carepace length range of 29 mm to 105 RIll). 

The eecond abdominal segment i8 wider in females than 

in malea of the 85fte length. 

7. CatSDac!!! Length/Leg Length (Fig. 4) 

Male specimens of P. hgmes exhibit striking allometric 

elongation of the walking legs, particularly the second and third 

pairs, whereas in females leg length increases in direct pro­

portion to increase of catc;Jace length(see Fig. 4~ This has also 

been noted in P, grnatYs (Gordon 1960) end in P. i aponicus (Kubo 

1936). It will be shown that this adaptation probably enables 

males to withdraw females from their shelters and also plays an 

important part in overturning the femals for copulation. 

Males y • 61.9189 - 0.6469'X + 0.02234·X
2 

The number of observations was 300 and the standard deviation about 

the regression line was 8.9629. 

Female. y = 5.4429 + 1.5867.X 

The number of observations was 309 and the standard deviation about 

the regression line was 3.9090. 

The two regression lines differ at a 5'10 level of signi­

ficance for carapece lengths exceeding 48 mm. 

Heydorn (1969a) showed that whereas tail weight decreases ,in 

relation to total weight with increased size in males, a slight in­

crease is evident in females. The relationships between carapace 

length and second abdominal segment width and length show that the 

relatively heavier abdomen in females, as compared with males of an 

equivalent size, is due to increased dimensions of tha abdomen. 
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This substantiates Heydorn' s suggestion that the dimorphism may be 

related to egg-bearing in females. Elongation of the legs and en­

largement of the cephalothorax would account for the decrease in tail 

weight relative to total weight with increased size in males. 

CHARACTERISTICS Of THE POPULATION 

The Sex Ratio 

The sex ratio in each size class, determined in the two 

years' samples combined, is shown in Table 1. Over the very small 

size range, in the 20 - 29 mm and 30 - 39 mm size classes, numbers 

are insufficient to be representative. from the 40 - 49 mm class 

to the 70- 19 mm class, it is considered that a 50/50 ratio is re­

flected and the slight preponderence of females is attributed to a 

sampling artifact. Thereafter, a marked progressive increase in the 

proportion of males is evident, probably due to deceleration in the 

growth rate of females associated with egg production, and the 

larger maximum size attained by males. 

The sex ratio on a monthly basis, combining the samples of 

the two years and incorporating the entire size range, shows little 

f l uctuati:3o ::onQ approximate;:; close~ tQ a 50/50 i!' atl.n~ (TaDle 2) ., 
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Table 1. The sex ratio within each size class in the two years' 
samples combined. 

Size Class 
Numbers Percentages 

Males females Males females 

20 - 29 3 9 25 75 

30 - 39 38 61 38 62 

40 - 49 188 219 46 54 

SO - 59 622 673 48 52 

60 - 69 786 860 46 52 

70 - 79 738 733 50 50' 

80 - 89 338 269 56 44 

90 - 99 151 73 67 33 

100 - 109 52 9 85 15 

110 - 119 30 . 1 97 3 

120 - 129 1 0 100 0 

TOTAL 2947 2907 
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Table 2. The monthly sex ratio in the two years' samples combined. 

Month 
Number Percentages 

Males Females Males Females 

Feb. 250 211 54 46 

March 271 189 59 41 

April 138 163 46 54 

May 219 211 51 49 

June 141 170 46 54 

July 208 230 47 53 

August 299 282 51 49 

Sept. 235 226 51 49 

Oct. 307 332 48 52 

Nov. 362 210 49 51 

Dec. 291 282 51 49 

Jan. 220 241 48 52 

TOTAL 2947 2901 50 50 

No difference in the sex retio of ssnp1es from the surf 

zone or Limestone Reef was evident and it appears that no segregation 

of the sexes or movement of either sax from deeper to shallower water, 

or visa versa, occurs. This is substantiated by the fact that ovi­

gerous females over the entire reproductive size range wara obtained 

at all depths. 
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Size Compgsition 

The size composition of samples from shallow water in the 

surf zone and deeper water at Limestone Reef waS found to differ 

considerably. This is shown in Table 3 and Fig. 5, which are based 

on the total catch of the two year sampling period. 

An important consideration in comparing the size frequency 

distributions shown in Fig. 5, is that the one in the surf zone re­

flects a certain degree of exploitation, whereas it is considered 

that exploitation has had a negligible effect on the Limestone Reef 

sCfllPle. The minimum legal size limit in the fishery for P. homarus 

falls in the 60 - 69 mm class and it seems likely that selection by 

skindivers for large rock lobsters, over the legal size limit, has 

resulted in e decrease in the proportion of large specimens in the 

surf zone compared with an unexploited situation. The rapid 

fall-off in numbers in the catch composition below the 50 - 59 mm 

class is a sanpling artifact, due to inability to catch more than 

a small proportion of small rock-lobsters wi. th gloved hands. Tns 
fall-off in numbers in the Limestone Reef catch composi. tion cannot 

be attributed to the sane cause as the majority of specimens are 

well above the size where this sanpling artifact occurs. 

The conclusion drawn from comparison of these size 

grequency distributions is that in the surf zone the entire size 

range is represented, whereas on Limestone Reef and probably all 

reefs beyond the surf zone, the majority of specimens are in the 

upper range of the size distribution. This is apparently not dve 

to preference of deeper water by large rock lobsters, but seems 

rather to be due to confinement of small specimens predominantly 

to the surf zone. The reasons for this are not clear, but will 

be discussed further in the chap"'- dealing with feeding. 
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Table 3. Frequencies in each size class at Limestone Reef and from 
the surf zone over the entire two year sampling period. 

I ~O 30 40 50 60 70 80 90 100 UO 
29 39 49 ~9 69 ~9 89 99 109 U9 

\t-
ID 
II) No 0 9 29 159 568 899 407 168 50 30 an:: 

c 
0 
+' 

~ 0 0.4 1.3 6.8 24.5 38.8 17.5 7.2 2.2 1.3 14 
II) 

.~ 

II) 

No 12 97 399 1142 1075 562 196 62 7 c 
0 

N 

\t- % 0.4 2.7 11.2 32.1 30.2 15.8 5.5 1.7 0.2 J.t 
:J 
Ul 

The numbers of males and females in each size class, in 

samples from Limestone Reef and the surf tone were recorded on a 

monthly basis, (Tables 4 - 11) and are illustrated in Figs. 6 - 9, 

expressed as percentages. 

2 

0 

In samples from the surf zone, examination of Figs. 6 and 1 

show that the modal size class is the same for both sexes in most 

months, and varies between the 50 - 59 mm and 60 - 69 mm classes. 

Attainment of a larger maximum size by males is evident virtually 

every month. 

Figs. Band 9 show that at Limestone Reef, the 70 - 19 mrn 

size class is the mode in both sexes in most months. Attainment of 

e larger maximum size by males is evident virtually every month. 
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Table 4. Numbers of females in each size class in monthly ssnples 
from Limestone Reef, (1968/69). 

Size pO-39 ~0-49 50-59 60-69 10-19 80-89 90-99 100-109 Total 
Class 

Feb. 4 11 11 2 2 30 

Mar. 2 5 4 4 10 4 1 30 

Apr. 2 2 3 8 3 1 1 20 

May B 13 24 10 3 58 

Jun. 5 9 9 6 2 31 

Jul. 3 4 1 5 1 20 

Aug. 1 28 33 20 B 90 

Sep. 3 16 26 12 3 60 

Oct .. 1 5 21 24 12 5 2 10 

Nov. 1 9 17 30 11 4 12 

Dec. Na 5amp e 

Jan. 7 9 5 1 22 

Total 4 1 44 133 191 90 31 3 503 . 
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Table 5. Numbers of females in each size class in monthly 
samples from Limestone Reef, (1969/10). 

Size 30-39 40-49 50-59 
Class 

~O-69 ~O-79 80-89 90-99 100-109 

Feb. 2 9 17 2 6 1 

Mar. No ~~1 

Apr. 2 2 14 6 3 1 

May 1 5 28 31 7 2 

Jun. 6 12 19 3 7 

Jul. 1 2 10 29 33 6 1 

Aug. 2 16 30 13 4 

Sep. 2 11 26 40 1 4 

Oct. 4 22 32 8 1 

Nov. 3 16 26 19 4 

Dec. 4 12 31 16 2 1 

Jan. 1 1 lS 14 10 6 

Total 2 7 50 199 219 94 38 2 

Total 

31 

28 

74 

47 

82 

65 

90 

67 

68 

66 

41 

671 
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Table 6. Numbers of males in each size class in monthly 
samples from Limestone Reef, (1968/69). 

Size 30-39 40-49 50-59 60-69 70-79 80-89 90-99 100-109 
Class 

Feb. 4 6 9 5 1 1 

1'-1ar. 2 5 1 5 5 5 3 

Apr. 1 2 5 14 9 2 1 

May 1 1 4 10 26 9 4 1 

Jun. 1 1 13 6 4 

Jul. 1 1 5 8 6 4 1 

Aug. 2 6 16 24 6 4 

Sep. 3 22 19 12 10 4 

Oct. 4 7 12 11 2 1 

Nov. 8 18 25 9 6 4 

Dec. Na 5 :rnple 

Jan. 9 7 4 5 1 

Total 3 8 36 100 154 100 47 18 

110-119 

1 

1 

3 

2 

2 

2 

3 

14 

Total 

21 

26 

34 

56 

38 

26 

61 

12 

39 

72 

29 

480 
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Table 7. Numbers of males in each size class in monthly 
samples from Limestone Reef (1969/70). 

Size 40-49 50-59 60-69 70-79 BO-89 90-99 100-109 110-119 
Class 

Feb. 1 14 24 11 10 2 2 

Mar. No Ssnp e 

Apr. 2 6 20 5 2 • 1 

May 4 15 27 B 4 3 

Jun. 2 7 19 5 2 1 2 

Jul. 4 3 19 31 9 11 

Aug. 1 2 15 40 14 2 4 1 

Sep. 1 6 13 29 15 3 1 

Oct. 1 6 16 18 15 4 6 1 

Nov. 2 15 28 16 6 5 5 

Dec. 1 10 26 12 5 2 2 

Jan. 7 13 13 3 3 2 

Total 7 29 137 275 123 52 27 16 

120-129 Total 

64 

36 

61 

38 

77 

79 

68 

67 

1 78 

58 

41 

1 667 
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Table B. Numbers of females in each size class in monthly 
samples from the surf zone, (1968/69). 

Size 20-29 30-39 40-49 50-59 60-69 10-19 80-89 90-99 Total 
Class 

Feb. 1 12 11 IB 45 14 6 107 

Mar. 3 B 8 9 16 5 1 50 

Apr. 1 10 5 7 3 3 35 

May 1 4 5 4 14 

Jun. 6 9 15 13 4 41 

Jul. 3 14 25 19 15 4 80 

Aug. 4 25 35 13 11 3 1 92 

Sep. 7 32 11 5 55 

Oct. 5 38 34 18 8 1 104 

Nov. 2 6 21 13 34 23 6 165 

Dec. 2 11 67 40 26 10 2 158 

Jan. 2 34 18 B 4 66 

Total 6 42 121 349 251 145 49 4 913 
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Table 9. Numbers of females in each size class in monthly 
samples from the surf zone, (1969/70). 

Size 
20-29 30-39 40-49 50-59 60-69 70-79 BO-89 90-99 Total 

Class 

Feb. 1 9 lB 6 1 35 

Mar. 7 27 20 38 12 4 lOB 

Apr. 1 9 21 38 11 2 B2 

May 7 12 34 6 6 1 66 

Jun. 1 10 11 9 4 41 

Jul. 5 10 16 14 4 49 

Aug. 10 20 21 11 2 1 65 

Sep. 1 6 6 1 1 15 

Oct. 3 2 10 28 29 16 4 92 

Nov. 3 B 29 24 8 4 16 

Dec. 1 1 34 24 3 63 

Jan. 5 15 42 21 16 1 106 

Total 3 20 109 250 260 lOB 32 2 604 
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Table 10. Numbers of males in each size class in monthly 
samples from the surf zone, (1968/69). 

Size 
~0-39 40-49 50-59 60-69 70-79 8O-B9 90-99 100-109 

Class 
. 

Feb. 6 15 24 42 16 12 4 

Mar. 3 13 9 13 11 3 1 

Apr. 2 9 6 9 3 1 1 

May 4 4 5 B 4 2 

Jun. 4 10 8 9 6 1 

Jul. 1 6 18 12 11 5 1 

Aug. 3 18 47 18 16 4 3 

Sep. S 29 19 6 4 1 

Oct. 7 44 24 15 10 2 

Nov. 4 10 80 32 14 5 :3 

Dec. 3 5 55 46 31 8 10 2 

Jan. 2 25 21 8 B 3 

Total 22 98 351 249 148 10 31 3 

Total 

119 

53 

31 

27 

38 

54 

109 

64 

102 

148 

160 

61 

972 
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Table 11. Numbers of males in each size class in monthly 
samples from the surf zone, (1969/10). 

Size 
20-29 30-39 40-49 50-59 60-69 10-19 ~0-89 90-99 100-109 

Clf)s6 

Feb. 1 4 18 12 3 2 

Mar. 19 33 84 28 16 11 1 

Apr. 5 6 11 8 5 1 

May 4 11 29 13 6 5 1 

Jun. 3 4 16 8 2 

Jul. 3 12 19 14 1 2 

Aug. 3 9 11 15 4 2 

Sep. 2 1 6 1 2 2 
, 

Oct. 2 8 22 40 21 6 

Nov. 1 5 23 22 16 2 2 

Dec. 1 6 23 28 13 2 

Jan. 2 4 10 20 17 14 3 

Total 3 13 73 199 298 151 46 23 4 

Total 

40 

192 

36 

15 

33 

51 

50 

20 

99 

71 

73 

70 

810 
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The mean carapace length, the size range and the modal 

size class are summarieed on a monthly basis in Tables 12 and 13. 

Comparison of these Tables shows that the mean carapace length 

of samples from Limestone Reef is considerably larger than 

in samples from the surf zone and in both areas it is slightly 

higher in males than in females. Over the two years sampled, 

the carapace length was found to range from 7 mm in postpueruli 

to a maximum of 102 mm in females and 127 mm in males. 

It is considered that the composition of the monthly 

samples shows no evidence of migratory behaviour, although 

P. homarus probably does undertake short movements associated 

with eanding up of shelters and local availability of food. 

Comparison of characteristics of the population of 

P. homarus obtained from Natal waters in the present investigation 

with those obtained in Transkeian and Eastern Province waters 

by Heydorn (1969a~ is limited by difference in sampling methods. 

The majority of samples used by Heydorn were obtained from 

local Africans and are probably only representitive of shallow 

water in the surf zone, where it is possible to catch rock 

lobsters on lines beited with limpets, or by wading out and 

catching them by hand. These samples are therefore best com­

pared with those taken in the exploited surf zone in Natal, 

and examination of Fig. 10 shows that a higher incidence of 

large specimens, and a larger maximum size was recorded from 

Natal waters. However, in view of the difference in sampling 

methods, this does not necessarily mean that P, homarus is 

smaller in Transkeian waters, although a decrease in maximum 

size attained might be expected near its distributional limits. 
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Table 12. A summary of the mean carapace length, size range ~d 
modal size class in monthly samples from Limestone Reef. 

Number Mean carapace Modal carapace Size Range 
length length 

M F M F M F M F 

Feb. 1968 27 30 75 70 70-79 60-79 51-117 pO-96 
1969 64 37 78 75 70-79 70-79 57-115 p5-102 

Mar. 1968 26 30 68 64 60-79 70-79 38-98 ~8-95 
1969 

Apr. 1968 34 20 75 72 70-79 70-79 47-101 44-105 
1969 36 26 76 69 70-79 60-69 57-102 41-93 

May "·.1966 56 58 73 72 70-79 70-79 31-104 50-97 
1969 61 74 75 71 70-79 70-79 59-102 45-93 

Jun.. 1968 38 31 74 71 70-79 60-79 50-112 :J1-93 
1969 38 47 76 72 70-79 70-79 51-114 50-98 

Jul. 1968 26 20 74 73 70-79 70-79 47-108 52-96 
1969 77 82 74 69 70-79 70-79 46-97 P5-90 

Aug. 1968 61 90 83 75 80-69 10-79 58-115 58-96 
1969 79 65 76 74 70-79 70-79 40-119 50-99 

Sep. 1966 72 60 11 13 60-69 10-19 53-114 52-95 
1969 68 90 14 10 10-19 10-79 47-111 45-96 

Oct. 1968 39 69 74 73 70-79 10-79 51-112 30-102 
1969 67 67 76 71 70-79 70-19 43-116 52-90 

Nov. 1968 72 72 75 72 10-79 70-79 52-116 38-94 
1969 77 68 60 75 70-79 70-79 51-127 52-96 

Dec. 1968 
1969 58 66 79 84 70-79 70-79 50-114 52-102 

Jan. 1969 29 22 81 74 60-69 70-79 62-113 60-91 
1970 41 47 62 15 10-79 60-69 64-110 38-93 
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Table 13. A summary of the mean carapace length, size range and 
modal size class in monthly esnples from the surf zane. 

feb. 1968 
1969 

Nar. 1968 

1969 

Apr. 1968 

1969 

May 1968 
1969 

Jun. 1968 
1969 

Jul. 1968 
1969 

Aug. 196B 
1969 

Sep. 1968 
1969 

Oct. 1968 
1969 

Nov. 1968 
1969 

Dec. 1968 
1969 

Jan. 1969 
1970 

Number 

M f 

119 107 
40 35 

53 50 

192 108 

31 35 

36 82 

27 14 
75 66 

38 47 
33 41 

54 80 
51 49 

109 92 
50 65 

64 55 
20 15 

102 104 
99 92 

148 165 
71 16 

160 158 
13 63 

61 66 
10 106 

Mean carapace 
length 

M F' 

61 55 
60 54 

59 50 

66 58 

54 49 

60 60 

60 58 
67 64 

66 47 
65 62 

64 59 
67 68 

59 57 
53 61 

61 57 
65 61 

63 63 
66 60 

71 68 
62 59 

65 61 
61 59 

66 61 
59 58 

Modal carapace Size Range 
length 

M F' M F' 

60-69 6>-69 32-90 29-87 
50-59 50-59 23-81 34-70 

. ~40-49 60-69 31-100 26-84 
60-69 
60-69 60-69 40-100 33-81 

(40-49 40-49 38-99 39-80 
(60-69 
50-59 60-69 39-98 38-86 

70-79 60-69 41-94 46-78 
60-69 60-69 40-103 41-90 

50-59 60-69 46-91 40-85 
60-69 60-69 41-83 41-85 

50-59 50-59 39-97 34-85 
60-69 60-69 42-104 48-81 

50-59 50-59 33-97 32-90 
60-69 60-69 40-99 40-99 

50-59 50-59 44-95 43-75 
50-59 50-69 48-92 48-83 

50-59 50-59 40-98 43-92 
60-69 60-69 30-89 20-83 

50-59 50-59 31-99 56-89 
50-59 50-59 32-95 35-89 

50-59 50-59 35-104 31-98 
60-69 50-59 32-82 36-96 

50-59 50-59 45-98 46-81 
50-59 50-59 23-80 38-81 
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Fig. 10. A comparison of the s i z e frequency di st ribution of samples from 
the Eastern Province, Tran s kei area (Heydorn, 1969a) and the 
surf zone in Natal. 
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Comparison of the size of P. homarus from Natal, 

Aden and Ceylon is presented in Table 14. This shows a 

very similar situation in these three regions and if in fact the 

same species is represented, the samples from Natal do not 

appear to show signs of reduction in size which might be 

attributed to occurrence in marginal conditions, as suggested 

by Heydorn (1969a). 

Table 14. 

Locality 

Natal 

E. Aden 

Ceylon 

Comparison of carapace length in samples 
of P. homarus from Natal, Aden (George, 
1963) and Ceylon (De Bruin, 1962). 

Carapace length Moe'al size 
size range (mm) class 

7 - 127 50 - 59 (Surf) 
70 - 79 (Limestone) 

. 30 - <120,':).130 80 - B9 

39 - 112 . 70 - 79 

MATING BEHAVIOUR, OVIPOSITION AND fERTILIZATION 

The following account of mating behaviour, oviposition 

and fertilization has been published in the Investigational Report 

Series of the Oceanographic Research Institute, Durban (Berry, 1970~ 

Little has been written of reproductive behaviour 

within the Palinuridae and from the brief descriptions in the 

literature, summarised by Fielder {l964a)and Heydorn (l969a),it 

eppears that deposition of the spermatophoric mass has not 

previously been observed. 
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Fortunately, p, homarus thrives in captivity, and during 1961 

and 1968 a study of mating behaviour, oviposition and 

fertilization was possible in rock lobsters kept in tanks 

at the Centenary Aquarium, Durben. During this period 

spermatOphoric messes were deposited on seventeen females, 

courtship behaviour was observed on eleven occasions, mating 

on three occasions and oviposition on five occasions. 

Method 

Thirty rock lobst~rs, comprising fifteen of each sex 

were maintained in a tank msasuring 3 m x 1.5 m x 1 m with 

a natural setting of rocks under which they could take refuge. 

A continuous flow of filtered sea water was pumped into the 

tank from an offshore well-point system and seasonal tamperature 

changes offshore were reflected in the tank. In order to 

minimise algal growth on the exoskeletons of the lobsters, 

infra-red insoletion was reduced by covering the tank with 

translucsnt sheets of green fibreglass. Copper sulphate 

ie toxic to rock lobsters and cannot be used as an algicide. 

The lobsters were fed on live black mussels (Perna perna) and 

chopped fish. Observations were made through a large glass 

viewing window and mating behaviour was recorded on cin~ film 

which Was used for subsequent analysis. 

Courtship behaviour and mating 

In the present investigation all seventeen matings 

took place with the exoskeleton of both the male and female 

in a hard condition, but most of the females were recorded 

to have moulted a short while prior to mating(Table 15). 
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Table 15. Interval (in days) between moulting, mating and oviposition 

I Interval Spermatophoric Spermatophoric Interval 
between mass in mass in between 

Specimen moulting postcopulatory prefertilization mating and 
and mating stage stage oviposition 

A 30 42 2 44 

B 24 38 1 39 

C 32 5 2 7 

D 27 7 1 8 

E 24 6 2 8 

F 33 6 3 9 

G 24 8 1 9 

H 24 3 2 5 

I 22 4 2 6 

J 32 1 2 3 
I( 28 1 5 6 

L ? 3 2 5 

M 7 10 2 12 

N ? 6 1 7 

0 ? 6 2 e 
p 1 11 5 16 
Q ? 5 5 10 

Male lobsters were observed to show sudden attraction 

to particular sexually mature females, two of which were dissected 

and found to have ripe ovaries. Moreover, as the other attractive 

females oviposited shortly after mating, their ovaries must also 

have been ripe end it appears that the males were only attracted 

by females which had attained a reproductively receptive condition. 
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The presence of an attractive female resulted in the 

formation of a reproductive hierarchy of males in which one 

was dominant and showed aggression to all other males. During 

the breeding seasons of both 1967 and 1968, all mating was done 

by the same dominant male which was the largest perfect specimen 

in the tank and had a carapace length of 94 mm in 1967, and 95 mm 

in 1968. Two larger males were present which were subordinate, 

probably as they had missing and eegenarated legs. Although the 

dominant male showed aggression of varying intensity towards 

different subordinate individuals, these exhibited no aggression 

towards one another and no ranks could be detected amongst them. 

The reproductive hierarchy of males is distinct from 

the dominance order for shelter observed in P. homarus, which includ­

ed both sexes and in which a basically straight line order of 

dominance existed (where specimen A was dominant to B which was 

dominant to C etc.), largely determined by size. 

Courtship behaviour can be divided into two phasss of 

activity_ 

1 Pre-copulatory phaee 

On the eleven occasions that courtship behaviour was 

observed, the dominant male took up a position in front of a 

particular female which remained in her shelter. All malee in 

the immediate vicinity of the female were ejected from their 

shelters, but non-attractive females were ignored. 
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The mala constantly flicked his antennules over the exposed frontal 

portion of the female and occasionally scraped at her tentatively 

with the dactyls of his t hird legs. Subor dinate males showed 

attraction to t he female but were vigorous ly driven off by the 

dominant male who immediately recognised their sex if they 

chanced to come into contact with his antennae or legs. No 

visual recognition appeared to be shown. 

The attendant male scraped at the female with increasing 

frequency which usually resulted in the female leaving her shelter. 

However, if she would not move the male attempted ·to withdraw her 

by hooking the dactyls of his second and third legs under her 

coxae and branchiostegites and pulling her out. Once in the 

open, the male walked at the female's side, keeping close contact 

with her and often straddled her with his legs, while constantly 

brushing her with his antennules and scraping her lightly with 

the dactyls of his third legs. The female walked with her 

abdomen tightly flexed and her sternum close to the ground 

giving a "hunched" appearance, whereas the male walked with abdomen 

uropods and p1eopods extended. The female showed little inclination 

to remain in the open and after a few minutes would return to her 

original shelter or enter a new one. The male would then take 

up a position in front of her and the sequence would be repeated 

until the intensity of the male's scraping again drove the female 

out. This phase of behaviour lasted for 5-13 houre and the 

periods for which the male allowed the female to remain "holed 

up" became increasingly shorter. 

If the dominant male came into contact with another male 

while following the female, he would immediately drive it off for 

several feet, thus losing contact with the female. He would then 

return to where the female had been, coursing from side to aide 

with antennules flicking violently until he had located her again. 
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2 Qopulatorz Phase 

This phase which lasted for 3-12 hours was characterised 

by extreme activity of t he attentive mal e which ex-t l'icated the 

attractive female as soon as she entered a shelter~ Aggression 

towards subordinate males was intensified. Three basic 

patterns of actiVity can be recognised. 

The moving female i 1. l1cited a following response 

in the male as described in the precopulatory phase. However, 

the male did not remain at the female's side but made repeated 

attempts to move ahead of her and confront her head on, where­

upon the female immediately stopped with her anterior 

cephalothorax and antennules lowered and touching the ground. 

This position usually culminated in an attempt at copulation, but 

should the female have stopped in such a position that the male was 

preven~ed from making a frontal approach by some obstruction. he 

approached her from the side and began to scrape and claw at her 

dorsum, while constantly brushing her with his antennules. After 

a brief period the ma1e gripped the female's legs with his and pulled 

her towards him. Alternatively he placed his legs over the 

female's carapace, hooking the dactyls under her branchiostegite 

and pulled her towards him, sometimes almost turning her over in 

the process. The side approach of the male did not appear to 

be an attempt at copulation but an attempt to dislodge the female 

prior to manoeuvring her for a frontal approach. 

After stopping the female by confronting her head on, 

the male took up a position i n front of her with his legs widely 

extended laterally. If the female remained stationary for about 
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30 seconds the m4le drew back a few inches and assumed a position 

with abdomen elevated and the frontal region of the cephalothorax 

and the antennules lowered. After 2-5 seconds during which the 

male showed progressively more intense egi t ation by cla't'ring at 

the grcund, he rushed at the female with legs stretc~ed forwards 

and lifted her frontal cephalothorax with his rostral plate and 

antennae, while gripping her legs with his second and third legs 

and pulling them towards him. In this way he lifted the female 

up and exposed her sternum. The female was driven backwards by 

this rush and usually escaped by giving a few flaps with her 

abdomen. Such attempts at copulation failed repeatedly but as the 

male's activity became progressively more intense, the temale 

appeared to become more submissive. 

On the three occasions when mating was observed, the male 

made a frontal rush, driving the female backwards and lifting her 

up with her tail flexed beneath her. In one case the female was 

forced into a corner and in the other two cases the female's 

abdomen caught against rocks. These obstructions stopped her 

backward progress and enabled the male in each case to "embrace" 

her, bringing the two animals sternum to sternum in an almost 

vertical position, although on one occasion the female was completely 

overturned. In this embrace, which lasted approximately 5-8 
seconds, the male flapped his abdomen Violently before releasing 

the female, who darted across the tank with a freshly deposited 

spermatophoric mass on her sternum. 

Oourtship activity continued apparently unaffected through 

daylight and darkness whichis surpriSing as P, homarus is normally 

nocturnal. 
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On attainment of sexual maturity, male specimens of 

P. homarus exhibit striking allometric growth of the second and 

third legs, (see page 104). This is apparently an adaptation 

which enables large males to withdraw females from deep crevices 

and also plays an important part in overturning the female f~r 

copulation. It seems unlikely that males are capable of cop­

ulating with females larger than themselves and it is significant 

that males attain a considerably larger size than females. 

The suddenness with which females became attractive to 

males and the ability of males to locate an attractive female has 

led the author to suspect that reproductively receptive females 

exude a sex attractant. Ryan (1966) has demonstrated the 

production of a sex attractant pheromone in the urine of pre-

moult female crabs of the species Pottunus sanguino1entus. He 

found that male crabs responded with characteristic searching 

behaviour when placed in water in which sexually attractive 

females had been kept. If the excretory openings of attractive 

females were plugged, the water did not induce searching activity 

in males. Attempts to repeat Ryan's experiments with P. homarus 

during 1969 were inconclusive due to the fact that specimens which 

were isolated in small experimental tanks (measuring 150 em X 57 cm 

X 47 cm) did not become sexually attractive or mate. Water taken 

from the large tank (described previously), in which a sexually 

attractive female was present, failed to induce searching behaviour 

in males, isolated in a small volume of water. This could have 

been due to dilution of the attractant in the large tank or lack of 

sexual response in closely confined males. Moreover, when sexually 

attractive females were removed from the large tank they became 

unattractive to males for at least a day, even if replaced immediately 
into the same tank. This was probably due to trauma resulting from 

catching/ 
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them which was extremely difficult as they would take refuge in a 

shelter and it was almost impossible to extricate them without 

damage. Thus no meaningful results could be obtained by plugging 

the excretory openings. Sexually attractive females were, 

however, found to be continuously producing urine, much in excess 

of that produced by non-attractive females. This urine was 

collected in capillary tubes but failed to induce a sexual response 

in males, even when a tube was attached to a non-attractive female. 

It must be concluded therefore, that if a sex attractant pheromone 

is released in the urine, the female must be able to arrest its 

production. Ryan's findings, in fact, suggest that this 

occurred in P. sanguino1entus. although production of the attractant 

was resumed after only about two hours. 

In P. homarus, the dominant male is able to distinguish 

between subordinate males, non-attractive females and attractive 

females on contact with his antennae or legs. Moreover the 

impression was gained that actual contact was necessary before 

recognition occurred and contact with any part of another animal 

enabled the dominant male to make this recognition. This indicates 

that the sex attractant may not be localised in a particular area. 

If this is so the tegumentary glands seem to be possible sites for 

release of a substance involved in chemo-recognition, &8 according 

to Yonge (1932), they are scattered unevenly over the body, they 

open to the exterior by ducts, and being involved in cuticle 

secretion, their activity is presumably under hormonal control. 

Thus although there is strong circumstantial evidence 

that P, hOm&ru! produces a sex attractant, conclusive proof of its 

existence and its site of production has yet to be obtained. 
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The Spermatophoric Mass 

The spermatophoric mass of the genus Panulirus is 

typically composed of a matrix in which are embedded two highly 

convoluted tubules, the spermatophores, containing the 

spermatozoa. The mass is formed from the products of the 

paired gonads of the male and a single spermatophore with its 

surrounding matrix is extruded simultaneously from each gonopore 

during copulation. The component from each gonopore is 

plastered to the female's sternum and the two coalesce medially, 

giving the spermatophoric mass a bilaterally symmetrical 

appearance (Fig. 11). 

The only detailed study of the spermatophoric mass of 

a rock lobster is that by Matthews (1951) on P. penicillatus. 

Heydorn (1969a) has briefly described the spermatophoric mass of 

P. homarus immediately after deposition and subsequent to 

fertilization. He also compares its gross morphology and colour 

with descriptions of spermatophoric masses of other species 

within the genus, and agrees with Matthews that spermatozoa are 

liberated by mechanical means. The spermatophoric mass of 

P, hOmarus has been studied in more detail in the present investi­

gation and further observations on the mechanism of liberation of 

spermatozoa have been made. 

In sexually mature females the posterior two sternal 

plates each has a sort uncalcified "window" on either side of the 

midline (Fig. 14). The anterior uncalcified windows are 

smaller and more rounded than the posterior ones which are oval 

and cover a large area of the sternal plate. An elevated 
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calcified ridge extends along the base of each posterior window. 

These unca1cified regions appear similar to those described in 

P, interruptus by Lindberg (1955) who states n ••• the PQsterior 

segments of the sternum of mature females are soft and fleshy, 

presumably as an adaptation for reception and retention of the 

spermatophore". Sexually immature females do not have these 

uncalcified areas but at puberty the posterior windows begin to 

develop and only after a certain size is attained do the anterior 

windows appear. At present their function is still open to 

conjecture but Lindberg's suggestion that they are an adaptation 

for retention of the spermatophoric mass seems unlikely, as a 

soft surface seems less suitable for adhesion of the spermatophoric 

mass than the calcified portions with elevated ridges and grooves. 

A more plausible explanation seems to be that the soft areas 

enable the male to locate the oorrect position for deposition 

of the spermatophoric mass with his copulatory organs, both of 

which are supplied with tufts of sensory setae. 

Large ma1eshave sufficient spermatophoric material 

within their~ deferentia for several matings. Observations 

on mating behaviour suggest that they are polygamous and are probs. 

ably only able to mate with females smaller than themselves. 

As the size of the spermatophoric mass relative to the size of 

the female bearing it is approximately the same in all females, 

with the exception of some very small ones, it seems probable that 

male. are able to control the size of the spermatophoric mass 

deposited. It is possible therefore, that the degree of 

development of the windows, which shows a positive correlation 

with the size of the female, may supply the stimulus for this 

regulation. If males oan only mate with females smaller than 

themselves, presumably the situation would not arise where too 
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small a spermatophoric mass is deposited relative to the size of 

the female. It seems unlikely that very large males would be 

able to mate successfully with very small females, and an extreme 

difference in size of animals involved may account for occasional 

small females which were found with an excessively large 

spermatophoric mass covering the entire sternum, coxopodites and 

gonopores. This appears to be exceptional and regulation of the 

size of the spermatophoric mass probably failed to occur. 

The spermatophoric mass undergoes considerable changes 

in appearance subsequent to deposition on the female and the foll­

owing three stages are recognised in the present investigation. 

(1) An unscraped post-copulatory stage. 

(2) A scraped pre-fertilization stage. 

(3) A fragmented post-fertilization stage. 

The freshly deposited spermatophoric mass covers the 

entire surface of the posterior two sternal plates of the female's 

cephalothorax, and although it may extend further forward, the 

position of the spermatophores is always posterior to the gonopores. 

When freshly deposited it is dull white and extremely sticky, but 

hardens atter four to siX hours. This stage is characterized by 

the fact that the spermatophoric mass shows no Signs of having 

been scraped by the female. The duration it remains unscraped 

varies from twenty-four hours to forty-two days, (see Tablel5) 

which is similar to the findings of Sutcliffe, (1922) who reported 

Oviposition to occur a few days to a month after mating in P. argus. 
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Difficulty was experienced in sectioning the spermatophoric 

mass and the best results were obtained from frozen sections. 

Transverse frozen sections cut to a thickness of lOp were stained 

with haemalum and eosin. The deposited spermatophoric mass of 

P. homarus was found to be composed of the following three distinct 

horizontal matrix layers (ses Fig. 12). 

(1) An outer crust-like layer, termed the protective 

matrix in this investigation. 

(2) A middle layer bearing the spermatophore, termed 

the spermatophoric matrix. 

(3) A basal spongy layer, termed the adhesive matrix. 

The protective matrix is composed of minute granules and 

shows a tendency to fracture in a vertical plane when sectioned, 

giving it a striated appearance. It is strongly eosinophilic 

and a few agarophilic granules scattered sparsely throughout it 

indicate the possible presence of a calcium salt. 

The spermatophoric matrix is clearly demarcated from the 

overlying protective matrix. It is slightly eosinophilic but 

shows a strongly positive agarophilic reaction, suggesting more 

calcification than the protective matrix. It also has a more 

highly compacted granular appearance than the protective matrix, 

and as it does not fracture in the same manner, it is likely that 

it is of a different consistency. Embedded in the spermatophoric 

matrix are the spermatophores, which are remarkable in that they 

lie in one plane with their tops just projecting into the overlying 

matrix. 
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Spermatophoric mass in the post-copulatory 
stage showin~ (a) the unpicked matrix 
(x 1 approx.). 

~~ ____ a 

The adhesive matrix cements the spermatophoric mass to 

the sternum of the female. Where it comes into contact with the 

female it is composed of compacted granules which are, however, 

larger than those of the protective and spermatophoric matrices. 

These granules become progressively larger and more .globular to­

wards the junction with the epermatophoric matrix. The adhesive 

matrix tends to have a striated appearanoe and as it is also strongly 

eosinophilio on its basal margin it shows similarities with the 

proteotive matrix. 

(2) Prefertilization Stage (Fig. 13) 

Shortly before oviposition, the female starts scraping 

at the outer protective matrix of the spermatophoric mass with the 
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dactyls of the fifth legs, so that just prior to oviposition the 
spermatophores are exposed as two highly convoluted open grooves, 

situated posteriorly to the gonopores (see Fig. 13). This stage 

is characterised by the scraped appearance of the mass. The 

remarkable ability of the female to scrape away the overlying 

matrix and perfectly expose the spermatophores is explained by 

the layered structure of the spermatophoric mass. By scraping 

the protective matrix away until the underlying spermatophoric 

matrix is reached, the tops of the spermatophores are opened, thus 

exposing the spermatozoa to the exterior (see Fig. 12). Whether 

the female is able to differentiate between the matriX layers by 

some sensory means, and thus remove the protective matrix to leave 

the spermatophoric matrix exposed, or whether the physical 

properties of the spermatophoric matrix prevent her from removing 

it, is open to speculation. However, the latter explanation 

seems more likely as the spermatophoric matrix is more compacted 

than the protective matrix and therefore probably has a harder 

consistency. Once the spermatophores have been completely opened 

the female is ready to oviposite. However the spermatophores are 

not exposed evenly, and up to three days may elapse with portions 

of the spermatophores exposed to the exterior while the female is 

still opening the remainder. During this period it seemed puzzling 

that the exposed spermatozoa did not wash out of the spermatophore, 

particularly as p. hOmarus lives in turbulent water. However 

microscopic examination showed that the spermatozoa are embedded 

in a gel, which retains them within the spermatophore until 

fertilization. 
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Fig. 12. Transverse section through the deposited spermatophorio 
mass in the region of the s~ermatophore showing 
(a) the ~rotective matrix, {b) the s~ermatophoric 
matrix, {c) the spermatophore and (d) the adhesive 
matrix. The spermatozoa have been lost from the 
spermatophore during sectioning (x 50 approx.) 

(3) Post-fertilization Stage (Fig. 14) 

This stage is characterised by the empty spermatophores 

and fragmented nature of the matrix. The female continues to 

scrape at the spermatophorio mass after oviposition, resulting 

in partial removal of the spermatophore-bearing and spongy 

layers of matrix. Ultimately the sternum is scraped clean, except 

for small pieces of matrix which adhere to the concavities between 

the sternal plates and are lost with the exoskeleton at ecdysis. 
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Fig. 13. Spermatophoric mass in the prefertilization 
stage showing the picked matrix and 
(a) exposed spermatophores (x 1.5 approx.). 

Fig. 14. SpermatophOric mass in the post-fertilization 
stage showing the remnants of the matrix and 
(a) the uncalcified "windows" (x 1 approx.). 
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2Iipositioq 

Oviposition has been described in both P. interruptus 

(Lindberg, 1955) and P, argus (Orawford and De Smidt, 1922). 

Both these species are said to assume a normal "erect" posture 

and to pick intermittantly at the spermatophoric mass during 

oviposition. The eggs are reported to be carried over the sperma­

tophoric mass from the gonopores to the exopodites, by a current 

set up by the pleopods. Similarly Von Bonde (1936) states: 

~n Jasus the female does not lie on her back when laying her 

eggs". Presumably it remains in an upright posture. 

These observations differ in various respects from ovi­

position in P, homarus, which was observed on five occasions. 

In the first observation the female stopped picking at the sperm­

atophoric mass, which she had been doing intermittently since about 

a day after it had been deposited, but continued combing her ovigerous 

setae for abo~t twenty minutes. She then climbed up the side of 

a rock, thus assuming a vertical pOSition with her abdomen bent 

under her body and the tail fan spread and held tightly against the 

thoracic st~rnum (see Figs. 151 and 15B). The first signs that 

ovipoSition had commenced were given by a tew ova which eBcaped 

No movement 
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some presumably unattached or unfertilized eggs. 

In the second observation a female was noticed. l:i:f.ng 

on her back and was presumed dead. On removal f~om the tank 

she was found to be alive and in the process of spawning. When 

replaced in the tank, she again turned onto her back by climbing 

up the wall and lay with her legs stiffly held upwards at an angle 

of about 30 degrees to her body. In this position it was possible 

to obtain a ventral view of the lobster as she oviposited. The 

abdomen was bent, with the talson and inner uropods pressed against 

the first pleopods, which were directed forward and lay covering 

the posterior portion of the spermatophoric mass (Fig. I5B). 

The outer uropods curved round the brancbiostegites laterally. 

Thus an entirely enclosed brood chamber was formed, being closed 

above and below by the tail fan and abdomen respectively, and 

laterally by the overlapping pleopods. In this position most of 

the spermatophores remained exposed. Three to five batches of 

15-20 ~va were extruded alternately, first from one gonopore, and 

then after about two to three minutes from the other. The ova 

rolled slowly over the spermatophores and passed into the brood 

chamber through a channsl formed between the extended first 

pleopods and the junction of the telson and inner uropods (see 

Fig. I5B). They were apparently drawn in by a current set up by 

the endopodites of the posterior pleopods which could be seen 

beating rhythmically through the tel son. The exopodites of the 

pleopods moved slightly with the beating of the endopodites and at 

no time did the female scrape the spermatophoric mass. The 

horizontal position assumed by this female was probably due to the 

fact that no rocks were present in the tank and the smooth concrete 

walls prevented her trom assuming a vertical position. This view 

ie substantiated by the tact that in the other three observations 
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the females assumed vertioal positions to oviposite. The exaot 

duration of oviposition was only noted in the first observation. 

Fig. 15&. Diagrammatio lateral view of ovipositing female 
showing (a) the position of the gonopore, 
(b) ova, (0) spermatophorio mass and (d), the 
position of the first pleopod. 
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Three specimens caught during field sampling were found 

to be in the process of spawning. In these specimens only the 

endopodites of the posterior pleopods bore the full number of 

eggs while the anterior ones bore very few, and it appears there­

fore, that eggs became attached from the fifth pair of pleopods 

progressively forwards. This is unlike Jasus in which Von Bonde 

(19,6) reports that egg attachment is in the opposite sequence. 

It appears that mating is not a necessary stimulus for 

oviposition as five specimens oViposited in the tank without any 

deposited spermatophoric mass. The ova became attached in the 

normal manner but within a week had all been picked from the 

ovigerous setae. Sutcliffe (1953) records the same phenomenon 

in P, argus. 

Fertilization 

Since the early accounts of the morphology of the cray­

fish spermatozoon, such as Huxley's (1896), the typical rayed 

structure of reptantian decapod spermatozoa has caused speculation 

amongst zoologists. Opinions as to whether the spermatozoa are 

actively motile or not are conf1ic1ting and no entirely satis­

factory explanation of the function of the spines has been put 
forward. 

The spermatozoa of P. homaruS are similar to those of 

J. lalandii described by Heydorn (1965). Sme4rs of seminal fluid 

taken from spermatophores within the spermatophoric mass, revealed 

numerous spermatozoa (Fig. 16 ) t which are roughly spherioal in 

shape with a diameter of 10-15U. Using phase contrast microscopy, 

it was possible to distinguish a olear, oval, peripheral body and 

the spermatozoa tended to become orientated with this body faoing in 
the same direction. 
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Diagrammatic ventral view of ovipositing female 
showing the spermatophores (a), first p1eopods (b), 
and gonopores (c). 

Preparations of spermatozoa stained with haema1um revealed this 

peripheral body to be the nUCleus, which showed an intensely 

basophilic reaction; the rest of the cell showed only a slight 

basophilic reaction. Up to seven pointed spines radiate from 

the mature spermatozoon. These are rigid but moveable at their 

bases and can protrude at various angles from the spermatozoon. 

Matthews (1951) reports seeing motile spermatozoa in preparations 

taken from the spermatophoric mass of P. penici11atus, but despite 
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examining numerous preparations of living spermatozoa of P, homarus, 

no active movement was ever observed; movement and orientation 

of the spines relative to the cell body appeared to be caused by 

Brownian movement and water currents. 

• 
The sequence of scraping at the spermatophoric mass and 

then systematically combing the ovigerous setae l~d the author to 

postulate that the female might be transferring spermatozoa from 

the spermatophores to the ovigerous setae -before oviposition. 

The spined structure of the spermatozoa seemed a possible adaptation 

for their entanglement in the bristle-like setae . of the dactyls of 

the fifth legs and subsequently the ovigerous setae. 

Fig. 16. Phase contrast microphotograph of living 
spermatozoa (x 500 approx.). 
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However, this hypothesis was abandoned when it was noticed that 

females ceased scraping at the spermatophoric mass as soon as the 

spermatophores were fully exposed and smears taken at this stage 

revealed abundant spermatozoa within them. Also, despite 

eXamining numerous females immediately prior to oviposition with 

exposed spermatophores, no spermatozoa were found on the ovigerous 

setae. 

It has been mentioned that the spermatozoa are contained 

in a gel within the spermatophores, which probably prevents them 

from being washed out in turbulent water. In order for the 

spermatozoa to be released, the consistency of this gel must change. 

As the spermatcphcres are empty on completion of oviposition, it 

seems probable that release of the spermatozoa is brought about by 

an enzyme exuded by the female at oviposition which changes the gel 

to a sol. Attempts to bring about this change artifically were 

not successful and evidence for the existence of such an enzyme 

remains circumstantial. 

Microscopic examination shows that spermatozoa adhere to 

freshly exuded ova with their spines and there can be little doubt 

that many spermatozoa stick to ova as they rollover the open 

spermatophores. However, the spermatophoric grooves are deep 

relative to the size of spermatozoa and as they are also narrower 

than the diameter of the ova, this must preclude all but the topmost 

spermatozoa in the grooves from coming into contact with ova. 

For this reason, it is suggested that the spines of the spermatozoa 

serve to increase their surface area, making them more susceptible 

to being carried by water currents. As the current which draws 

the relatively heavy ova from the gonopores to the brood chamber 

is localised directly over the exposed spermatophOr8s, it probably 
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draws in spermatozoa at the same time. In this case, ova and 

spermatozoa must come into contact primarily in the br?od chamber 

as they are swirled about together by the beating endopodites of 

the pleopods. Fertilization must occur before the egg capsules 

are eecreted by the tegumentary glands of the pleopods as 

suggested by Burkenroad (1947). 

Discussion 

Although observations on mating behaviour were primarily 

confined to the activities of a single dominant male specimen, 

subordinate males reacted in the same way to receptive females 

when allowed to do so. No variation in the pattern of mating 

behaviour was observed and there is no reason to believe that 

it was in any way unnatural, although substantiation by field 

observations would be desirable. 

The time recorded between mating and oviposition was 

variable (Table 15), but in most cases oviposition occurred within 

about one week. The considerably longer period taken by speci-

mens A and B may be due to their having been transferred to another 

tank after mating. In all the specimens there is a possibility 

that trauma, caused by daily examination of the spermatophoric 

masses, may have delayed oviposition. 

As noted by Heydorn (1969a), the spermatophoric mass of 

P. homanls appears to be unique in that it does not turn black 

to form the characteristic "tar spot" described in other members 

of the genus. Examination of the spermatophoric mass of a specimen 

of P. penicillatus showed that the black appearance of the mass 

was due to an additional outer layer and that if this was scraped 
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away the typical white co1ouration of the spermatophoric mass of 

p, hgmarus was reached. In P,sygnus the interval between mating 

and oviposition is considerably longer than in p, hOmarus (George, 

pers. comm.). It is possible, therefore, that the black layer 

may give additional protection to the spermatophoric mass in species 

with a longer period between mating and oviposition • 
• 

P. homarus is extremely gregarious and observations on 

mating behaviour suggest that dominant males are polygamous and 

prevent subordinate males from mating. However, it seems unlikely 

that small males would be physically capable of withdrawing females 

larger than themselves from their shelters or overturning them for 

copulation. Dominance and polygamy by large males may therefore 

result in intensification of selection for characters involved 

in successful mating, i.e. allometric elongation of the second 

and third pairs of legs of males and their attainment of a larger 

size than females. While limited, observations on mating 

behaviour in P. homarus indicate that the reproductive potential 

and contribution of large males may be considerably greater than 

that of small males, a fact that bears consideration in fisheries 

management. 

In all cases that oviposition was observed the eggs were 

fertilized. It must therefore be concluded that oviposition in 

p, hOmarus naturally takes place with the female in a vertical 

position and that the one occasion when a female oviposited while 

lying on her back was due to her inability to assume a vertical 

position, While Lindberg (1955) and Crawford and De Smidt (1922) 

respectively reported P. interruptus and P, argus to oviposite in a 

normal "erect" position, they do not specify whether the female was 

vertical or not. This seems likely as it is difficult to believe 
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that the current set up by the endopodites of the pleopods could 

be sufficiently strong to draw ova, which are denser than water, 

from the gonopores to the brood chamber if the female was in a 

horizontal position. 

GONADS AND THEIR PRODUCTS 

The reproductive organs conform to the typical palinurid 

pattern. The morphology of the vas deferens is described and 

illustrated in Section 5, together with an account of the sperm­

atophoric material it contains. The structure of the deposited 

spermatopho~~emass prior and subsequent to fertilization and the 

morphology of/rayed spermatozoon has been described on pages132-l36 

and 146. 
Female 

The ovaries resemble an elongated H, with the vertical 

lobes joined by a transverse bridge just anterior of the heart. 

In the majority of animals the right posterior lobe does not 

extend as far posteriorly as the left one, as it is folded ventrally 

at the level of the posterior end of the heart. 

Development of the ovaries was initially classified into 

fi ve stages, but when it became apparent that P. hOmarus may breed 

more than once a year it became necessary to make a finer distinction 

as to when the ovaries started to develop, and an extra stage, 

namely stage 2A, was defined and added. Development of the ovaries 

was therefore classified into the following six macroscopically 
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distinguishable stages, the validity of which was confirmed 

histologically: 

Stage 1. Immature • 
Ovaries flattened and strap-like; ova when seen with a 

hand-lens tend to be uniform in diameter; overall colour white with 

a slightly granular appearance. 

Stage 2. Inactive. 

Ovaries flattened dorso-ventrally; ova not uniform in 

diameter when seen with a hand lens, the smaller ones being white 

and the larger ones being pale pink or light orange, giving an 

overall pinkish-orange colouration. 

Stage 2A. Active. 

Ovaries slightly swollen, tending to become rounded in 

cross section; ova just visible to the naked eye and not of uniform 

diameter; colour deep orange. 

Stage ,. Active/ripe. 

Ovaries swollen to fill most of the available space in 

the cephalothoracic cavity; ova easily visible to the naked eye and 

not uniform in diameter; colour bright coral red. 

Stage 4. Ripe • 

Ovaries grossly swollen filling all available space in 

the cephalothoracic cavity; ova easily visible, tending to be 

uniform in diameter and some are usually present in the oviducts; 

colour bright coral red. 

Stage 5. Spent. 

Ovaries similar in appearance to stage 2, but may be 

distinguished macrosoopically by the presenoe of a few large 

residual ova from stage 4, usually retained at the extremities 

of the ovary lobes and in the oviducts. These ova are soon resorbed, 

in which case this stage is indistinguishable macroscopically from 
stage 2. 
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Ovaries in stage 1 occur only in sexually immature rock 

lobsters. At the onset of sexual maturity the ovaries develop 

progressively through the stages from 2 to 5. after which the cycle 

begins again from stage 2. Development may begin immediately if 

the animal is shortly going to breed again but if no further 

breeding is imminent the ovaries remain quiescent in stage 2. 

In order to avoid confusion between the ova within the 

ovary and those carried externally on the ovigerous setae of the 

female, the latter will be termed d eggs" and they have been class­

ified into four macroscopically distinguishable stages according 

to their degree of embryonic development. However, to give a 

complete piCture of the stage of a female in her egg-bearing cycle, 

two additional stages were added, denoting whether she was 

actually carrying eggs and if not, whether this was because she 

had not yet oviposited or because her eggs had hatched. 

Stage O. Not yet oViposted. 

No eggs on ovigerous setae which are clean, pale yellow 

and Silky, denoting that oviposition has not yet occurred. 

Stage 1. Freshly oviposited eggs. 

Eggs round and bright orange; no embryonic development 

visible macroscopically; mean diameter 0.54 Mm. 

Stage 2. Early embryOnic development. 

Eggs round and deep orange; embryo first visible; mean 

diameter 0.56 mm~ 

Stage 3. Well formed embryo. 

Eggs slightly oval in shape and light brown due to growth 

of the embryo and reduction of the quantity of orange yolk; eyes 

of the embryo, which now occupies two thirds of the egg, are 

conspicuous; mean diameter ot long ax1s 0.58 Mm. 
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Stage 4. About to hatch. 
Eggs brown and oval in shape; little or no yolk 

present, the whole egg capsule being occupied by the embryo; 

mean diameter of long axiS 0.58 Mm. 

Stage 5. Eggs hatched. 

Initially the ovigerous setae are matted by a mass 

of egg stalks and empty capsules. These are detached by the 

female within a few days,after which this stage can only be 

distinguished from stage 0 by the dark colour of the ovigerous 

setae and absence of a clean silky appearance. 

ATTAINMENT OF SEXUAL MATURITY 

Female 

A female capable of carrying fertilized eggs was 

regarded as being sexually mature. However in specimens not 

carrying eggs, ovary state can also be used as a criterion of 

attainment of sexual maturity as sexually immature females have 

ovaries in stage 1. 

The incidence of egg-bearing in each size class is 

presented in Table 16 in which it may be seen that there is a 

gradual progressive increase in the inCidence of egg-bearing, 

with no marked increase at any particular size and even in the 

larger size classes egg-bearing does not reach a particularly 

high level. This is in contrast to the situation recorded 

by Heydorn (1969b) in Jasus lalandii. which showe a sharp increase 

in frequency of egg-bearing after a certain size has been 

attained and over 90 percent of the females in the larger 

size classes are egg-bearing. The results obtained for 



TABLE 16. Incidence of egg-bearing females in each si'.e class during the two years of sampling. 

Carapace 50 51 52 53 54 55 56 57 58 59 60-69 70-79 00-89 90-99 100-109 110-1191 length £ 
No. 60 37 63 68 57 92 74 eo 74 68 860 733 269 73 9 examined 

No. 
egg-bearing 2 5 11 13 17 24 24 37 35 28 374 388 174 48 2 

Percentage 
3 14 17 19 30 26 32 46 47 41 43 53 65 66 22 

egg~bearing 
• 

TABLE 17. Incidence of females in each size class in which the adult ovarian cycle 
has started (stages 2-5). 

-Carapace 47 48 49 50 51 52 53 54 55 56 57 58 
length 

No. of 23 38 31 60 37 63 68 57 92 74 80 74 
females 

No. in stages 
3 5 8 13 17 32 37 35 56 55 61 62 

2-5 
Percentage 13 13 26 22 46 51 54 61 61 74 7b t54 

I 

1 I 

59 

68 

60 

88 
.... 
\Jl .... 
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P. homarus can probably be attributed to repetitive breeding 

during the course of a year, which does not occur in J. lalandii. 

This would have the effect of lowering the overall frequency 

of egg-bearing and masking the true incidence in eaCh size class. 

Nevertheless, on the basis of these results, it is considered 

that while some females are capable of breeding at a size ot 
50 mm, the majority probably only attain sexual maturity at a 

carapace length of about 54 mm and greater. 

The incidence of females in each size class in which 

the adult ovarian cycle has started (i.e. those animals with 

ovaries in stages 2-5), is presented in Table 17. Examination 

of these data shows that the majority of tema1es have developing 

ovaries indicating approach of sexual maturity at a carapace length 

of 51 mm and greater. This is a somewhat smaller size than the 

estimate of size at onset of sexual maturity based on the 

incidence of egg-bearing, but it will be shown that oviposition 

is invariably preceeded by a moult, so that an animal would 

be expected to be slightly larger when actually carrying eggs. 

Using ovary development as a criterioaof attainment of sexual 

maturity has the advantage of being unaffected by repetitive 

breeding and the results obtained substantiate the view that 

the majority of females are capable of egg-bearing at a carapace 

length of about 54 mm. 
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The Natal population ot P. homarus appears to attain 

sexual maturity at a slightly larger size than the Transke1an 

population investigated by Heydorn (1969a), who estimated 

the population as a whole to become sexually mature at a 

carapace length of 50 Mm. Breeding also appears to start at 

a smaller size in Transkeian waters as the smallest berried 

female recorded by Heydorn had a carapace length of 43 ma as 

opposed to 50 mm, which was the smallest recorded from Natal. 

De Bruin (1962) estimated that the Ceylon population 

attains sexual maturity after a carapace length of between 55 

and 59 mm is reached, which is similar to the Natal population. 

George (1963), working on the East Aden population, had in­

sufficient data to make an accurate assessment, but suggested 

that sexual maturity might be attained between a carapace 

length of 60-70 Mm. 

On the basis of a study of development of the vasa 

deferentia and mating organs of P. homarus in Transkeian 

waters, Heydorn (1969a) considered that sexual maturity is 

attained at a carapace length of between 50 and 59 mm. In 

the present investigation the mating organs of 209 specimens 

from Natal were examined and it was concluded that they also 

become fully developed within the same size range. Examination 

of the seminal fluid revealed the presence of spermatozoa in 

animals trom 47 mm upwards and it is therefore concluded that 

males are capable of mating between a carapace length ot 50-
59 Mm. 
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Another morphological change in males, associated with 

the onset of sexual maturity, is elongation of the legs and in 

Fig. 4 it can be seen that divergence of the male and female 

leg lengths first becomes marked at a carapace length of about 

55 mm. However, as it is not known Qy how much the. leg length 

of males must exceed that of females before successful mating 

can take place, this cannot be used as a criterion of attainment 

of sexual maturity. Observations on captive animals suggest 

that extreme elongation of legs in males plays an important role 

in aggressive behaviour, courtship and mating. Therefore 

unlike females, which probably breed at the smallest size at 

which they are physiologically capable of doing so, males may 

have to attain a considerably larger size before they are 

capable of making any reproductive contribution to the pop­

ulation. 

INCUBATORY PERIOD 

The period of incubation, during which the eggs were 

carried attached to the ovigerous setae of the females, was 

~corded in fifteen specimens which oviposited and produced 

larvae in captivity. There was no protracted interval between 

the start and completion of hatching as recorded in J. lalandii 

by Paterson (1969) and, in each case, hatching was completed 

overnight, except in one outsize female with a carapaoe length 

of over 90 mm, in which a few eggs were still hatching the 

following morning. It seems likely that release of larvae at 

night may reduce predation by reef fish. 
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Water temperature was taken daily in the tanks contain-

ing the experimental animals. Determinatiou8 of oxygen leye1s reYealed 

values varying from 4.5 to 6.0 mg/l. This was somewhat lower 

than in the surf zone inhabited by P. hOmarus where the water is 

usually slightly supersaturated (approx. 7.0 mg/l). It there-

fore appears that under natural conditions oxygen content would 

not be as important a factor influencing the incubatory period 

as water temperature. 

The results obtained appear in Table 18 and show a 

marked reduction in the incubatory period with increase in water 

temperature. This can probably be attributed to an increased 

metabolic rate at higher temperatures. It is not known to what 

extent these results were influenced by the low oxygen content 

of the tank water, but the incubatory period obtained is 

compatible with observations on the intermoult period and also 

indirect estimates of its length based on samples of the feral 

population. 

TABLE 18. The incubatory period of eggs in captive rock lobsters. 

Mean temp.oO Incubator,t ~)riOd 
(days 

carapaCmmjength 

20.2 59 95 
20.9 54 66 
21.0 5' 70 
21.0 54 61 
21.4 5' 71 
21.7 56 76 
22.4 46 75 
22.5 50 96 
23.9 41 78 
24.4 43 72 
24.5 38 65 
25.6 '4 70 
25.9 29 67 

? 50 93 
? 47 94 
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Paterson (1969) found that in J. lalandii the incubatory 

period in small females showed a tendency to be shorter than 

that of large ones. A similar tendency is not obvious in the 

present results except in the case of one outsized female 

with a carapace length of over 90 mm which appeared to have. 

rather longer incubatory period than smaller Ones. 

Based on the present results the incubatory period 

of P. homarus appears to be similar to that recorded in some other 

sub-tropical palinurid species; it is thought to be about one 

month in P. japonicus (Terao, 1929 and Nakamura, 1940) and 

P. argus (Sutcliffe, 1952). However, it appears to be somewhat 

shorter than in some colder water speeies in which an incubation 

of about nine to ten weeks was recorded by Allen (1916) in 

P. interruptus and about three months by Paterson (1969) in 

J. lalandii. 

THE REPRODUCTIVE CYCLE 

Observations on the breeding cycle of P. hOmarus are 

based on twenty four consecutive monthly samples, comprising a 

total of 2608 females within the reproductive size range. It 

will be shown that in Natal, females breed more than once per 

season, which has also been recorded in P. japopicus (Ino, 1950) 

and P. argus (Sutcliffe, 1953). 

Frequengy of Egg-bearing 

Heydorn (1969a), found that in Transkeian waters no eg~ 

bearing occurred in July but that the incidence increased until 

a peak was reached in January. He concluded that the peak 
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period of spawning was during the summer months and on the basis 

of his four seasonal field trips, found no indication of more 

than one spawning during the year. 

In this study, the numbers of egg-bearing females in 

each size class were determined every month over the two years 

sampled. Examination of Tables 19 and 20 shows that small 

females had a different seasonal pattern of egg-bearing from 

larger ones. Those with a carapace length of 50-59 mm were 

therefore grouped and considered separately from the ones with 

a carapace length of 60 mm and over, in determination of the 

monthly frequency of egg-bearing. This grouping is artificial, 

as with increase in size, females become capable of breeding 

more times per year, which progressively extends the breeding 

season. However, this will be elaborated later and the 

present division of the females into two groups suffices in 

giving an overall picture of the seasonal 1.ncidence of breeding. 

In both years sampled, the number of egg-bearing females each 

month was expressed as a percentage of the total number of 

sexually mature females (taken as all females excluding those 

with immature ovaries). 

Examination of Figs. 17 and 18 shows that in the larger 

size group (carapace length of 60 mm and greater), the lowest 

incidence of egg-bearing was in Autumn and early Winter. In 

both years sampled, the first marked increase in the incidence 

of egg-bearing was in June. Egg-bearing reached its highest 

levels during the summer months and thereafter, an extremely 

rapid drop-off was recorded in March. 



TABLE 19. Numbers ot egg-bearing females in each size class in the monthly samples 
ot 1968/69. 

Month Size 51 52 53 . 54 55 56 57 58 59 60 70 80 90 100 TOTAL 
Class 69 79 89 99 109 

FEB 1 1 1 1 1 3 42 22 6 2 eo 
MAR 1 14 7 3 25 

APR 1 ; 4 
MAY 1 1 

.roN 1 4 3 1 9 
JUL 6 10 6 22 

AUG 12 17 14 7 50 
SEP 1 14 21 9 1 46 

Ort 1 2 1 4 3 3; 32 19 5 100 

NOV 1 2 2 71 6 8 3 40 42 1; 4 128 

DED 5 1 6 2: 6 5 5 28 18 10 1 fn 

JAN 1 , 4 2 2 4 6 2 21 15 7 1 65 

TOTAL 2 7 10 12 12 21 22 15 211 189 9' 23 617 
.... 
~ 



TABLE 20. Numbers of egg-bearing females in eaoh size class in the monthly samples 
of 1969/70. . 

Month Size 
50 51 52 5' 54 55 56 57 58 59 60 7) ~ ~ 100 TOTAL Class 6q 79 109 

FEB 1 7 , 1 10 12 2 6 1 4' 
MAR 2 2 2 2 8 I 
APR 2 2 4 

MAY 5 4 1 U 

.roN 11 4 4 19 

JUt 16 23 9 1 49 

AUG 1 8 Z7 10 , 49 

SBP 1 1 18 15 5 1 42 

OCT 1 2 , , 23 22 8 1 6' 

NOV 1 , 1 1 2 , , 1 2 24 25 17 , 81 

DEC 5 1 2 2 , 2 4 , 'Z1 26 10 1 86 

JAN 1 1 4 , , 5 , 4 5 1 " 26 10 5 104-

TOTAL 2 5 9 6 7 12 12 16 13 l' 16, 199 81 25 2 565 

~ 

~ 
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In both years sampled, inflection occurs in the graphs 

after July, although it is not as distinct in 1968/69, marking 

a sudden change in the rate of increase in egg-bearing. This 

can probably be attributed to hatching of a sufficiently 

large number of eggs to result in a drop in the overall freq~ 

ency of egg-bearing females. Repetitive breeding and the gradual 

increase in the number of females ovipositing, has a masking 

effect so that it is not possible to distinguish how many times the 

majority of females breed per year from these graphs. 

Breeding in the smaller size group (carapace length 

50-59 mm) starts about three months later than in the larger 

specimens and examination of Tables 19 and 20 shows that females 

within the group appear to start breeding ten bloc' with no 

differentiation in timing according to size. Figs. 19 and 20 

show that egg-bearing also builds up to its highest level in the 

summer months and a peak was recorded in January in both years. 

Slight inflection is evident in the graphs for both years, but 

is particularly distinct in Fig. 20. It is attributed to the 

same cause as in the larger size group. 

Repetitive Breeding 

Evidence of repetitive breeding during the year was 

obtained both in the feral population and in captive specimens. 

The reproductive activity of ten captive females is 

summarised in Table 21. Of these, four oV1posited once in twelve 

consecutive months, four twice; one three times and one four times. 
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TABLE 21. A record of oviposition in ten captive rock lobsters, over a period 
of twelve consecutive months. 

1 I t I Initial SPRING SUMMER AUTUMN WINTER 
Carapace 
Length -S lOTN 1. D ! J F I M A M J J A Total number 

I • of broods ; 

61 i , 
i + + + 

6, I + 1 I 

I 
I 

6, + 1 

65 + ! + 2 

,68 + 1 

',7' + i + I 2 

74 + + 2 

75 I ! 

+ 1 

75 I + + 2 

9' + i + I 
i + + 4 i 

TOTAL I 1 2 1 
, 

4 5 J, 1 r 1 I 2 0 1 0 0 I I -- . . , I ' 

-

! 
: 

I 

~ 
~ 
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In the feral population, evidence of repetitive breed­

ing is based on a combination of three criteria; namely the 

degree of development of the ovaries, the state of the sperma­

tophoric mass and the presence or absence ot externally carried 

eggs. Consider a temale which has recently oviposited for the 

first time in the breeding season. Its ovaries will be spent 

(st~ge 5) or may have recovered to an inactive stage (2). The 

spermatophoric mass will be in a post-fertilization stage and the 

eggs will show no macroscopic signs of embryoniC development 

(stage 1). However, a female with eggs in an advanced state of 

embryonic development with a post-fertilization spermatophoric 

mass and ~ ovaries will clearly breed again when her eggs have 

hatched. The criteria on the basis of which a temale which 

vas considered to show signs of repetitive spawning are summarised 

in the third category of Table 22. In the case where a female's 

ovaries are just starting to become active (stage U), it might 

be argued that ovarian development has not advanced sufficiently 

to be sure that repetitive breeding will take place, as reversion 

to an inactive state could occur due to resoibtion, as was 

reported in captive J. 1alandii by Heydorn (1969b). However, 

while resorbtion ot ova might occur in P. hOmarus it seems that 

the number of cases in the feral population would be negligible. 

It must be pointed out, however, that on the basis of the 

criteria outlined in Table 22, it is not possible to distinguish 

whether a female is about to breed tor the first, second, third 

or fourth time in the year. 

The monthly proportion of egg-bearing temales shoving 

signs of producing another brood is presented in Tables 2, and 24 :.' 

and Figs. 17-20. As in the previous section, an arbitrary 



TABLE 22. Summar" ot the combinations of criteria by whioh a femGle which has yet to 
oviposite, has oviposited, but shows no signs of producing another brood or 
haa ovipoaited and does show signa of producing adOther brood, may be 
deteoted. 

Clasa 1 2 , 
Yet to oviposi te Oviposited with no signs Oviposited with , evidenoe 

ot further breedi'lg of repetitive breeding 

Ovary stage Inaotive to ripe 
(2,2A,' and 4) 

Inactive or spent 
(2 or 5) 

Aoti ve to ripe 
(U" or 4) 

Jilgg stage None (0) Just oviposited t) With egga or recently 
reoently hatohed hatched 
(l,2",4,and 5) (1,2",4 and 5) 

Stage in moult- Premoult, inter- In.ermoul t or pre- Intermoul t or premoul t 
iog cyole moult or jOstmoult moult (A,B or D) 

(A,B or C (A,B orD) 

State of Postoopulation or Postfertilization Postfertilization 
apermatophorio frefertilization (,) (,) 
mass 0,1 or 2) 

, 

I , 

.... 
~ 
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distinction has been made between small specimens (c.l. 50-59 mm) 

and the larger specimens (c.l. 60 mm and over) •. 

During March, April and May of 1969 there was no 

evidenoe of repetitive breeding in the larger group, although 

a low incidenoe was reoorded during these months in 1968 (see 

Figs. 17 and 18). It seems likely however,that these speoimens 

in 1968 represent late breeders of the previous years cycle 

which had not yet moulted prior to their first spawning in the 

new oycle. During the winter months a slight increase of the 

incidence of repetitive breeding was recorded followed by a 

marked increaee in spring, building up to a peak in summer 

(November in 1968 and December in 1969) and followed by a rapid 

falloff during February. 

In the case of the small females, no signs of repetitive 

breeding were recorded from February to October in 1968 and 

February to September in 1969 (see Figs. 19 and 20). 

Thereafter there was a rapid increase until a peak was reached 

in Januar,y followed by a complete drop off to nil in Februar,y. 

It is interesting to note that in both years, the first 

evidenoe of what must be second breeding wae obtained two months 

after egg-bearing was reoorded for the first time in the season. 

This agrees with the minimum interval between breeding reoorded in 

oaptive specimens. Also the peak frequenoy of ema11 females 

showing evidenoe of repeti ti ve breeding ooicides with 

the peak month of egg-bearing. 



TABLE 23. Numbers of females in which there is evidenoe of repetitive breedlng 
each month 1968/69. 

Month Size 51 52 53 54 55 56 57 58 59 60 70 80 90 100 
Class 69 79 89 99 109 

FEB 12 8 3 1 

MAR 1 

APR 1 

MAY 3 1 

JUN 1 1 

JUL 2 2 

AUG 1 5 4 4 

SEP 1 7 4 

OCT 8 19 9 , 
NOV 1 2 3 1 1 23 19 3 1 

DEC 1 1 4 2 1 , 9 10 6 1 

JAN 3 2 1 , 1 9 8 3 

TOTAL 1 5 6 5 4 4 5 63 83 35 12 ,- -

TOTAL 

24 

1 

1 

4 
2 

4 

14 

12 

39 

54 

38 

30 

223 

, 

~ 
~ 
\It 



TABLE 24. Numbers of females in which there is evidence of repetitive breeding 
each month 1969/70. 

- '--- --- ----.----r--- --- - ._--
Month Size 50 51 52 53 54 55 56 57 58 59 60 70 80 90 100 TOTAL 

Class 69 19 89 99 109 
t---+- -- r----.- .-----

FEB 2 3 5 5 
MAR - _._f- .- . .. 

~---+------f---+-.....f--'--.-+--f--"---I--""---I---I---I---~~'-f---'-i---- - --'."- ­
APR 

I----i----.-t----t--i--.-I---f---+--+---ir-- -- - '----- - . --- ---- . 
MAY 

.-------i-----·---+----I----I----I---I---I---+-~~-+--+_-- - -- ----1-----+------
JON 2 1 3 

.- -- --I--I---I----I---I---I-----r---
JUt 1 6 2 1 10 - . _... - -~- . - -.-
AUG 2 1 3 

. -.---- .. _ . __ ._- '.' -_ .... .... . - _ .-- - .. ,- 1- .- "-" _. __ . - -- .. -- '--- 1"-'- ' 1- '- ' - ' -- - - .- .... - ...•..• -~--- - '-' _. _. 

SEI? 121 4, 
-. .---. - '-" - r- '- 1--- -- I---- - 1--- - ---- - .--.--- f- - '- --' -----. 

OCT 1 11 15 6 1 34 ! 

1---- -+-----1--.--1--+--+--.... 1---1--- 1-- ' -- r--- --. f-- ._. - f-- - -- - i 

NOV 1 2 1 1 10 14 1 3 33 ' 
- - -- --- ---- ~-- - - - . 1-- - ---- - r --- -·----j 

DEC 2 1 1 12 14 8 38 i 

""" " --1--- - - .--- -- . - - 1---- --- . - - - ------- --._--- - ---·- .. 1 

JAN 2 3 1 1 2 2 2 13 14 4 1 45 , 
----.-- 1---- - - - -- --.. - - I-- - .--_. _ .. -- r- ' "-'- - . -- .. - 1---- --r- -- - -" -" --_ .. --.1----1 

__ ~TAL _.:. 5 3 ~~.~ _ . ~ '-~ . "-_~ _~ _~8 _~ __ 24_. __ ~ .. _ _ _I~~_1 
.... 
0\ 
0\ 
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The monthly frequency of egg-bearing in each size class, 

expressed as a percentage of the total number of sexually mature 

females in each, is presented in Table 25 Dud 27. These data 

demonstrate a tendency for the frequency of egg-bearing and the 

length of the breeding season to increase, as female become 

larger. This can almost certainly be attributed to the ability 

of females to produce more broods per year as size increases. 

Observations on breeding frequency in captive animals show that 

there is no doubt as to the feasibility of females producing 

three broods a year and the eggs of even a fourth may be produced, 

although in the single case recorded in captivity they did not 

hatch until early in the following year. 

The problem posed by repetitive breeding in P. homarus 

is how to determine what proportion of females in each size 

class produce one, two, three or even perhaps four broods per 

year. 

In the case of the 50-59 mm class the evidence of 

repetitive breeding can safely be regarded to indicate production 

of a second brood,as the short duration of the breeding season 

precludes the possibility of any but perhaps a few exceptional 

animals producing three broods. By determining the difference 
in areas beneath the graphs illustrating the frequency of egg­

bearing and the frequency of repetitive breeding, in Figs. 19 

and 20 it was possible to obtain an estimation of the proportion 

of females producing one or two broods in each year sampled. 
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The results are as follows: 

196aJ69 
2 

Area beneath graph of frequency of egg-bearing = 215 units (from 

" 11 "" repetitive breeding = 65 units
2 

Fig.19) 

The difference between A and B gives the area covered by those 

breeding once = 150 units2• Therefore approx. 57% bred once and 

approximately 4~ bred twice. 

1969/70 
2 

Area beneath graph of frequency of egg-bearing - 297 units (from 

" 11 "" repetitive breeding = 96 units
2 

Fig. 20) 

The differenoe between A and B gives the area covered by those 

breeding once a 201 units2• Therefore approx. 5~ bred onoe and 

4~ bred twice. 

On the basis of these data it is thus concluded that 

within this size class, almost half of the reproducing females 

produoe two broods per annum. This is not surprising, as examina­

tion of Tables 23 and 24 shows that even the smallest females are 

oapable ot producing a second brood. 

In the larger size olasses t .he breeding season is 

suffiCiently long for more than two broods to be produoed. How­

ever, as demonstrated by breeding in captive animals, the number of 

times females breed cannot necessarily be inferred from the length 

of the period in which a particular size class is egg-bearing, as all 

females may not breed in every intermou1t period (see Table 21). 

In view of these considerations only an approximation ot the number 

of broods produoed each year by the majority of females in eaah 

size class was considered to be possible. 



TABLE 25. 

.. 
I FEB 

I SO-59 i ,6 

i 60-69 I 76 

J 70-79 I 85 

100-891 75 
190 + I 1100 ; , 

TABLE 26. 

FEB 
. ! 
ISO-59 .1 22 

! 60-69 55 
i 70-79 I 26 

i 00-89 8 

~ 90 + 2 
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The monthly percentage of egg-bearing females in each 
size class during 1968/69 (corrected to the nearest 
decimal point). The total numbers of sexually mature 
females from which this was calculated, are presented 
in Table 23 below • 

. . - . . -
MAR APR ! MAY JUNIJUL AUG ; 

I 
SEP I OCT NOV DEC JAN 

8 I I • , 26 , '5 45 62 ; 
67 I 4\ 27 30 \ 52 . 60 En 70 84 

47 9 I 18 48 38 : 68 76 88 72 88 

60 SOl 30 67 61 82 95 76 100 78 
, 

! 3' I SOl 78 , 100 ~ 50 I 100 I " 8, 
I ! ! ! ! , , 

The total numbers of sexually mature females in each 
size class during 1968/69. 

MAR APR MAY JUN JUt AUG SEP OCT NOV DEC JAN 

13 8 U 14 I 29 18 '5 42 82 67 34 
20 10 17 24 22 40 -n 65 46 40 25 
15 11 29 22 21 45 '1 42 48 25 17 

5 . 6 11 10 9 2, 11 20 17 10 9 
1 I 1 'J 2, 1 9 ' , 6 , 4; 2 1 

• t 

I 
I 

I 



TABLE ~. 

I FEB 

; 50-59 50 
, 
160-69 67 

! 70-79 67 

80-89 100 

190 + 1 100 I 

TABLE 28. 

FEB 
, 50-59 22 

60-69 15 

70-79 18 

80-.89 2 

90+ 7 
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The monthly percentage of e~-bearing females in each 
size class during 1969/70, (corrected to the nearest 
decimal point). The total numbers ot sexually mature 
females from which this was calculated, are presented 
in Table 25 below. 

MAR APR MAY JUN JUt I AUG SEP OCT i NOV DEC JAN i 
10 5 22 28 5' 59 70 i , 4 ,6 22 59 45 61 75 79 1 

I 

8 12 16 '9 49 6, 46 46 74 74 87-' 
50 I 

, 
i '1 57 90 66 6, 67 74 6, 91 1 

I I ,, ' 55 100 ! 60 , 25. 100 . 75 " 8, ] 
I ,~f I 

The total numbers of sexually mature females in each 
size class during 1969/70. 

MAR APR MAY JUN JUt AUG SEP OCT NOV DEC JAN 
20 2:5 16 14 19 22 18 ,2 82 '7 4' 
'8 52 62 29 45 :57 32 51 40 ,6 42 
12 17 :57 28 47 41 41 48 :54 :54 :50 
4 5 l' 7 10 15 8 12 2:5 16 11 

0 1 1 , 7 1 \ 5 4 , 1 1 4, ' i 6 ! I 
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The number of months of the year in whioh the frequenoy 

of egg-bearing was over 50 peroent of the maximum frequenoy 

reoorded during the year was determined from Tables 25 and 27. 
Females only oarry eggs between moults and using the duration 

of intermoult periods reoorded for eaoh olass in a study of 

moulting in oaptive animals, (desoribed on page194) it was 

possible to estimate whether over 50 peroent of females in eaoh 

olass were breeding for a suffioient period to suggest that one, 

two or three broods were produoed in the year. For example, 

in the 60-69 mm oarapaoe length size olass, over 5Q% of temales 

were found to be egg-bearing for approximately 190 days ot the 

year. Therefore, as the mean intermoult period for this class 

(the period during which eaoh brood of eggs is produoed), was 

found to be about 80 days, there would be suffioient time for 

the majority to produoe two broods, but not three. The results, 

based on the combined data from two years sampled are presented 

in Table 29. 

TABLE 29. A tentative estimate of the proportion ot females in 
each size class produoing one, two, three or four 
broods per year. 

Size I Approx. no. I Approx. duration Number of broode 
class l of days when of intermoult produoed per year 
(mm) ! over ~ are period (see I egg-bearing/' Table 36) 

year 1 2 , 
50-59 I 120 70 liajority very few some 

I 

60-69 I 190 eo some maj. few 

70-79 
! 

255 eo few some maj. 

80-89 300 100 few asome maj. 
l 
I j 

I 

4 

nil 

nil 

few 

few 
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Examination of Table 27 shows that the 70-79 mm class, 

is the smallest class in which females were recorded breeding 

throughout the year (although this was in 1969/70 only), 80 it 

appears possible that a fourth brood may be produced by a few 

females in this class. Production of a fourth brood almost 

certainly occurs in the 80-89 mm class but the intermoul t period 

is probably too long for the eggs to hatch in the same year. 

The 90-99 mm class was omitted from the estimate due to insuffi­

cient data, but it seams probably that the situation in these 

large females would be as suggested in the 00-89 mm class, 

possibl1 with a higher frequency ovipositing in the fourth inter­

moult period each year. 

The Ovarian evcle 

The monthly frequency of sexually mature females in 

each stage of ovarian development was determined and the results 

are presented in Figs. 21 and 22. It must be pointed out, how­

ever that the majority of females complete several ovarian cycles 

during the course of one year and the pattern of ovarian develop­

ment shown in these figures over a twelve month period reflects 

a oomposite picture of repetitive breeding activity. 

The general seasonal pattern of breeding activity which 

emerges from the ovarian development during the two years ot 

samp~ng is as tollows: Breeding is at its lowest level during 

Autumn (March-May) when tor two to three months the majority ot 

temales have inactive ovaries (stage 2) and the low incidence of 

spent ovaries (stage 5) indicates that there is little or no 

breeding. Thereafter, during the winter months (Jun~ugust) 

the ovaries start to develop rapidly and the tirst high incidence 

of spent ovaries shows that a significant level of brHding activity. 



Fig. 21. Frequency of each stage of ovary development, expressed as a 
percentage of the total monthly catch of sexually mat ure 
females. (1968/69). 
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4 

STAGE 
fig. 22. frequency of each stage of ovary developmen t , expressed as a 

percentage of the total monthly catch of sexually mature 
females. (1969/70 ) . 
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has started. Throughout the spring and summer the monthly pattern 

of ovarian development remains rather constant, apart from minor 

fluctuations. This constancy and the persistence of inactive 

ovaries reflects repetitive development of the ovari~ cycle over 

the period of highest breeding activity. 

Seasonal Changes In The Spermatophoric Mass 

In order to distinguish between females which had not 

yet mated, a stage 0 was introduced in addition to stages 1, 2 

and 3, denoting the postcopulatory, prefertilization and post­

fertilization stages of the spermatophoric mass, which have been 

described on pages 132-136. 

The frequency of occurrence of each of these stages 

was determined on a monthly basis in both years sampled and the 

results are presented in Figs. 23 and 24. 

The highest incidence of females with no spermatophoric 

mEsses. (stage 0) coupled with the lowest incidenoe of stages 1, 

2 and 3 was recorded in autumn and early winter, indicating the 

period of least reproductive activity. A low frequency of stage 0 

was recorded throughout the year and the presence of this stage 

even in the peak months of breeding oan be attributed to frequent 

moulting and loss of the spermatophorio mass between production of 

consecutive broods of eggs. For eight to nine months of the year, 

when breeding activity is at a high level, the proportions of stages 

1-3 remained fairly constant with a low frequency in stages 1 and 

2 and a somewhat higher frequency in stage 3. This is attributed 

to the short period in which the spermatophoric mass remains in 

stages 1 and 2, a mean pericd of five and two days respectively, 



Fig. 23. Frequency of each stage of the spermatophoric mass and the incidence 
of females in which it was absent, (stage 0), expressed as a percentage 
of the total monthly catch of sexually mature females, (1968/69). 
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Fig. 24. Frequency of each stage of the spermatophoric mass and the incidence 
of females in ~hich it ~as absent (stage 0), expressed as a percentage 
of the total monthly catch of sexually mature females, (1969/70). 
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based on observations on captive animals, whereas the mean period 

it remains in stage 3 was ten days. 

Development Of The Eggs 

The frequency of females in stages 0 to 5 as defined on 

page Ja.9 was determined on a monthly basis and the results of the 

two years of sampling are presented in Figs.25 and 26. 

The first increase in the frequenoy oviposited eggs 

(stage 1), indioating initiation of the breeding seaeon is evident 

in June of the first year sampled and in May the following year. 

The rapid embryonio development observed in oaptive animals is 

substantiated by the first appearanoe of eggs about to hatoh 

(stage 4) only one month later in both years. Thereafter, through­

out the spring and summer months, the frequenoies of stages 1 to 

4 remained rather constant, due to repetitive breeding. The 

gradual decrease in the frequency of females with no eggs 

(stage 0) from the start of the breeding season to the lowest 

level in January and February. reflects the gradual increase in the 

frequency of egg-bearing which reaches a peak in these months. 

The masking effects of repetitive breeding makes it 

impossible to determine the exact length of the incubator.y period 

or how many broods are produced per year. The high frequency of 

eggs in stage 1, relative to the other stages indioatesuneq~al 

distribu tion in time t due to inabili ty to detect in:1 tial embryonic 

development in the yolky eggs macrosoopioally. 
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STAGE 
Fig . 25 . Frequency of each stage in the egg- bearing cycle , expressed as a percentage of the total monthly catch of 

sexuall y mature femal es , (1968/6 9) . (Stages 0 and 5 represent females withou t eggs , i.e . before oviposition 
and after hatching) . 
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Fi g. 26 . Frequency of each stage in the egg - bearing cycle , expressed as a percentage of the total monthly catch of 
s exually mature females , (1969/70) . (Stages 0 and 5 represent females with no eggs , i . e . those before 
oviposition and subsequent to hatching) . 
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FECUNDITY 

Egg counts were made on thirty-nine randomly selected 

specimens over the sexually mature size range using the following 

method: 
Approximately 1 gm of freshly spawned eggs was removed from the 

ovigerous setae and counted. They were then carefully dried on 

filter paper until they no longer stuck to it or left any signs 

of moisture, before they were weighed to an accuracy of O.Olg. 

All the remaining eggs left on the female were then carefully 

stripped off and dried as described above,before being added to 

the small sample to obtain the total weight. The total number of 

eggs carried was then calculated by simple proportion. 

For practical purposes, the number of eggs carried may 

be taken to increase in direct proportion to increase in carapace 

length (see Fig. 27). The relationship of egg number to carapace 

length is given by the equation y = -52344' + 11905.% which was 

calculated using Bartlett's method (Simpson et al, 1960). 

The egg oounts on P, homaruS are similar to counts made 

in other members of the genus Panulirus; e.g. p. japonigus of cara­

pace length 71 mm producss approximated, 524,000 eggs (Ino, 1950) 

and in P, 1ntQrruptus between 50,000 and 800,000 eggs are carried 

(Lindberg, 1955). In comparison with the egg counts of various 

species of JalUs quoted by Kensler (1967), P. hOmarus appears to 

be considerably more fecund for its size, particularly when it is 

oonsidered that it may produce several broods per year as opposed 

to the single brood recorded by all investigators of Jasus so far. 
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Fig. 27. The relat ionship between carapace length and the estimated number 
of eggs carried on the abdomen. 
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Ino (1950) found that four out of 61 captive specimens 

of P. japonicus produced second broods of eggs and that these 

averaged less than half the size of the first brood. No direct 

comparison was made of the size of the first and subsequent broods 

produced during the year by captive specimens of Pc homarusJ but 

there was no obvious reduction in size, nor was there any obvious 

reduction in egg counts made late in the breeding season on what 

must have been second, third or fourth broods. 

It was possible to make an approximation of the relative 

fecundity of different sized females, taking into account the 

number of eggs produced in each size class (see Fig. 27), the 

number of broods produced by the majority of animals in each size 

class per year (see Table 29) and the approximate proportion each 

size class constitutes within the sexually mature section of the 

population. The proportion which actually breed within each size 

class per year was taken to be constant, as it seemed unlikely that 

it would vary significantly, exoept perhaps in the 50-59 mm class. 

An accurate determination of this factor was not possible due 

to the complications of repeti~ive breeding. 

The proportion eaoh size class constitutes within the 

population as a whole is not known and relative fecundity was 

estimated from Limestone Reet and surf zone samples separately. 

The size frequency distributions, based on random samples taken 

over the entire two year sampling period were used, (see Table 30) 

and it seems reasonable to assume that over the sexually mature 

size range, (taken as the 50-59 mm class and larger), the proportion 

of females in each size class in the samples bears a close approxi­

mation to that in the actual population sampled. Relative 

fecundity of each size class was calculated as shown in Tables 

31 and 32. 
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TABLE 30. Frequency of females in each size class at 
Limestone Reef and the surf zone. 

Size class SO-59 60-69 70-79 I 00-89 90-99 100-109 

Limestone No 94 332 470 184 69 5 
Reef ~ 8.1 28.8 40.7 15.9 6.0 0.4 

Surf No 599 537 253 81 6 -
zone ~ 40.6 36.4 17.1 5.5 0.4 -

! ! ! 

Examination of thsse Tables shows that both in the 

Limestone Reef and the surf zone populations, the 70-79 mm 

size class was estimated to be the most fecund. In actual fact, 

the relative fecundity of the 80-89 mm and larger classes would 

be higher than is shown, as an unknown proportion of each probably 

produces four broods per year. Nevertheless even if the 

majority produced four broods, they would still be relatively 

less fecund than the 70-79 mm class which, according to this 

estimate, make the major contribution to the reproductive potential 

of this species in Natal. 
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Table 31. An estimate of relative fecundity of each size class 
in the Limestone Reef population, taking into account 
the proportion each constitutes within the population, 
the numbers of eggs produced by each and the number of 
broods produced by the madority in each class per year. 

Size class (11IlI ) 50-59 60-69 10-19 80-89 90-99 ~00-109 

Percentage each class 
A constitutes in the sexually 8 29 41 16 6 0.4 

mature size range. 

B 3 Number of eggs (X10 ). 131 250 319 488 608 121 

C Number of broods produced 
1 2 3 3 3 3 

by the majority per year 

3 AxBxC (xlO ) 1048 14500 46617 23424 10944 875 

Percentage contribution 
1 15 48 24 11 1 i.e. relative fecundity 
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Table 32. An estimate of relative fecundity of each size class 

A 

B 

C 

in the surf zone population, taking into account the 
proportion each constitutes within the population, the 
number of eggs produced by each and the number of broods 
produced by the majority in each class per year. 

Size class brm) 50-59 ~0-69 70-79 80-89 90-99 

Percentage each class 
constitutes in the sexually 41 36 11 6 0.4 
mature size range. 

3 
Number of eggs (xlO ). 131 250 319 488 608 

Number of broods produced 
1 2 3 3 3 

by the majority per year. 

3 
AxBxC (xlO ) 5311 118000 19329 8184 130 

Percentage contribution 
10 34 37 11 1 i.e. relative fecundity 
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~{ARY OF REPRODUCTION 

Mating behaviour was studied in thirty captive specimens. 

Females became sexually attractive to males, whose behaviour 

suggested that a pheromone sex attractant was produced. Presence 

of a sexually attractive female resulted in dominance of one 

male over all others and observations suggest that males are 

polygamous and prevent subordinates from mating. 

The structure of the spermatophoric mass prior and 

subsequent to fertilization is described. Changes are brought 

about by the female which picks away an overlying matrix layer 

to expose the spermatophores as two open, highly convoluted 

grooves containing the spermatozoa. 

Oviposition was observed on five occasions and it is 

suggested that spermatozoa and ova are drawn into the brood 

chamber by a water current set up by the abdominal endopods. 

Based on observatione on samples of the feral pop­

ulation it is considered that sexual maturity is attained by the 

majority of females at a carapace length of about 54 mm, although 

some females are capable of reproduction at a carapace length 

of only 50 mm. Males are considered to become physically capa­

ble of reproduction at a carapace length of between 50 mm and 

~~ 

The duration of incubation of eggs ranged between 29 
and ~9 days in fifteen captive females. Water temperature 

appeared to be an important faotor in determining the incubatory 
period. 
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Observations on the breeding cycle were based on 24 

consecutive monthly samples, comprising a total of 2608 females 

over the sexually mature size range. Egg-bearing was recorded 

throughout the year but maximum breeding activity was recorded 

in the summer months (November, Deoember, January and February) 

P, homarus was found to breed repetitively during the year and 

wi th inoreased size, females beoome capable of produoing more 

broods. The estimated number of broods of eggs produced per 

year by the majority of females in each size class is as follows: 

50-59 mm, 1 brood 

60-69 mm, 2 broods 

70 mm and larger, :3 broods, 

Large females were found to be capable of producing a maximum 

of four broods. In the upper extremes of the size range, 

breeding appears to be independant of seasonal environmental 

cha1188. 

Cyolioal development of the ovaries and eggs, as well 

as the frequency of the various struotural stages of the sperma­

tophorio mass, confirm the seasonal pattern of breeding observed 

in the frequency of egg-bearing. However, repetitive breeding 

had a masking effeot so that it was not possible to determine 

the frequenoy of breeding from these observations. 

Egg counts were made on thirty-nine randomly selected 

females over the sexuallY mature size range. The smallest size 

olass (SO-59 mm) was estimated to produce about 100,000 eggs 

and the largest clas8 (90-99 DIll) about goO, 000 egg8, 
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An estimate of relative fecundity was made taking 

into account the number of eggs produced by each size class and 

the proportion each olass constitutes in the total of sexually 

mature females. It was ooncluded that the 70-79 mm olass makes 

the major contribution to the reproductive potential of P. homarus 

in Natal. 

MOULTING 

Comprehensive descriptions of the aotoof moulting 

(eodysis) in rook lobsters have been given by Travis (1954), 

Thomas (1966), and Paterson (1969). The aooount given here 

deals mainly with aspeots observed during moulting in P. homarus 

whioh differ slightly from aooounts given for other species. 

Maul ting was observed in captive rook lobsters on 

nine oooasions and was recorded on cine film twice. 

In the premoult oondition, a longitudinal resorptive 

line extends obliquely along the length of eaoh branohiostegite. 

In addition to this line there is another shorter resorptive 

line from the longitudinal one to the margin of eaoh branohiostegite, 

at the level of the third maxilliped. As reoorded in P, argus 

(Travis, 1954), P, cygnus (Thomas, 1966) and J. lalandii (Paterson, 

1969), the exoskeleton of P, homarus does not break along the 

long! tudinal reeorpti ve line, as has been reported by some 

observers and this line serves as a pliable area which allows 

the normally rigid edge of eaoh branohiostegite to bend outwards 

during the moult. The short perpendioular resorptive lines 

do break during the moult, however, and by doing so they split 

the edge of eaoh branchiostegite into two portions which is 
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clearly visible in a photograph of moulting in P, cygnus (Thomas, 

1966, Fig. 2). This facilitates the outward bending of the 

curved branchiostegites which could not otherwise bend far out­

wards in one piece. 

The first indication that moulting was imminent was 

the bulging appearance of the arthrodial membrane, between the 

carapace and the first abdominal segment. According to Drach 

(1939) this is caused by water absorption which increases 

pressure in the perioardial pouches. This appears to be a 

gradual process in P, homarus, as slight swelling was usually 

noticed the afternoon before moulting and in one animal swelling 

was evident three days prior to moulting. It appears also to 

be irreversible, as the normal sequence of moulting continued in 

two animals after being captured and transferred to other tanks 

for photographic purposes. Similarly two animals captured while 

sampling at sea, moulted in the divers holding bag. 

During the period of im tial swelling of the arthrodial 

membrane, the animals were observed to avoid contact with other 

rock lobsters and continuous and varied movement of the append­

ages was evident, such as flexing the legs, scratChing the dactyls 

on the substratum and running the fiagella of the antennules 

between the opposed third maxillipeds. No particularly violent 

movements were observed, as have been recorded by some workers 

and it is considered that the extent and type of movement, is 

probably dependant on the degree of difficulty experienced in 

loosening the old exoskeleton from the new, underlying one. 

The arthrodial membrane between the carapace and abdomen 

eventually became so swollen that the posterior edge at the old 
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exoskeleton of the carapace separated from the new one. At 

this stage the arthrodial membrane ruptured dorsally and the old 

exoskeleton of the carapace started to rise, hinged from the 

anterior end, slowly and imperceptibly at first, but at a progress­

ively increasing rate. The abdomen now started a rhythmic tele­

scoping movement and its foreshortening by muscular contraction 

probably served to increase hydrostatic pressure within the 

cephalothorax and its appendages. When the old cephalothor-

acio exoskeleton had risen to an angle of about 60 degrees, the 

eyes were withdrawn from it. At this stage the sternum became 

detached and the legs started to be withdrawn from the old exo­

skeleton, held hanging loosely downwards. As has been reported 

in other palinurid species, no muscular movement was apparent 

in the rising of the cephalothoracio exoskeleton, but once the 

peduncles of the antennae became visible it was evident that the 

animal was using them with alternate pushing motion to force the 

old exoskeleton forwards. In the absence of any other muscular 

movement visible in the cephalothoracic region it is therefore 

considered probably that the process of raising the old cephalo­
thoraoio exoskeleton is largely brought about by muscular move­

ment of the antennae, once loosened within the old exoskeleton. 

When the peduncles of the antennae were almost tully 

withdrawn, the animal increased the frequenoy of telescoping 

movement of the abdomen, resulting in its partial withdrawal from 

the old exoskeleton. This was probably facilitated by reduction 

in the pressure within the abdomen and a resultant reduotion 

in its size, due to the almost complete release of the cephalo­

thorax from its old exoskeleton. At this stage with the legs 

partially withdrawn, the animal tell onto its side. The extre­

mities of the legs and abdomen were now withdrawn simultaneously, 
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as the animal gave a few flaps with its abdomen, "jackknifed" out 

of the old exoskeleton and swam off a short distance. 

The whole process of shedding of the exoskeleton, from 

initial rupturing of the arthrodial membrane took approximately 

three to seven minutes. This duration is similar to the findings 

of Paterson (1969) in large species of J. 1al8Pdii and is slightly 

shorter than duration given for P. argus (Travis, 1954), 
P. interruptus (Lindberg, 1955) and P. cygnus (Thomas, 1966). 
All nine observations of moulting in P. hotparus were made on 

sexually mature specimens and it is not known whe~her the 

duration is shorter in juveniles as was found in J. lalandii 

(Paterson, 1969) and in P. argus (Travis, 1954). 

It was noticed that rock lobsters would congregate 

round an animal in the act of moulting but would quickly retreat 

on contact with it. However, as soon as moulting was completed 

they would eagerly devour portions of the discarded exoskeleton. 

No instance of cannibalism was ever recorded in P. homarus 

unlike other speoies, such as J, la1and1i (Paterson, 1969) 
and it seems that some form of inhibitory mechania exists, which 

prevents cannabalism during moulting when animals are tempor­

arily defenseless. 

THE MOULTING CYCLE 

The moulting cycle in rock lobsters is a continuous 

process with which metabolism, the reproductive oycle, sensory 

acuity and behaviour are clo.ely associated. The crustacean 

moulting cycle has been diT14ed into four basic stages by Drach 

and Tchern1goutzeff, (1967) who subdiT1ded these further into 

a total of thirteen stages. This subdivision was considered to 
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be beyond the requirements or scope of this investigation in which 

the intention was only to be able to distinguish animals in which 

moul ting was just about to occur or had just occurred. Bearing 

in mind the large number of specimens to be examined in monthly 

samples, the moulting cycle of P. hOmarus was divided into only 

four macroscopically distinguishable stages which are de~ined 

below. Although this a coarse division, transition from stage 

A to B and C to D takes place quickly making stages A and D 

reasonably well defined. 

TABLE ". Classification of the moulting cycle into four stages. 

Stage Description Approximate 
duration 

A Immediately after moulting; 24-48 hrs. 
exoskeleton sott and pulpy. approx. 

Shortly atter moulting; 
exoskeleton hardening but 

B the upper branchiostegal 2-10 days 
regions of the carapace and approx. 
the pleural spurs can be 
depressed. 

Exoskeleton tully hardened; 
not depressible as in B; if 

C the exoskeleton is cut there Varies 
ia no tully pigmented under- acoording 
lying layer evident. to aise. 

Moulting imminent; exoskeleton 
thin and brittle; an undeI'-

D lying tully pigmented layer 11-15 daya 
oan be exposed by cutting the approx. 
carapaoe or breaking otf the 
tip of an antenna~ 
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Information on the frequency of moulting and on 

growth was based on a study in captive animals, due to inabil­

ity to obtain satisfactory results on these aspects from the 

monthly samples. Although the incidence of stages A and D 

was determined in these samples, the level of moulting tended 

to be very constant throughout the year, with no marked peaks 

of activity, maldng accurate interpretation of moulting 

frequency impossible. This was considered to suggest that 

P. homarus moults several times per year, probably in 

association with repetitive breeding. In contrast to this 

situation, Heydorn (1969b) found that in J. lalan41i, sampling 

of the feral population gave a clear indication of a single 

moult per year with a well defined period of moulting aotivity. 

onprous Setae 

Paterson (1969), working on oaptive J. lalandii, 

found that in most mature females there was an almost regular, 

biannual development and loss of ovigerous setae. Similarly, 
in the genus Panulirus, Nakamura (1940) on P. japonious, 

Sutcliffe (1953) on P. arcus, and George (1962) on P. cvgnus 

indicate that females moult twioe annually and shed the ovi­

gerous setae at the moult following breeding. No evidence, 

however, was obtained of 10s8 of Ovigerous setae in P. hgarua 

either from field observations or observations in captive 

animals. 
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MOULTING AND GROWTH IN CAPTIVE ANIMALS 

Material And Methods 

Many practical difficulties would be involved in 

growing rock lobsters in captivity from post-puerulus to the 

maximum size attained, as such an experiment would bave to 

last for the full life-span of the species. Moreover, after 

such a prolonged period in captivity it seems doubtful whether 

a natural rate of growth would be recorded. 

A more practical approach attempted in this investi­

gation, was to start a study of growth with a number of animals 

in several size classes, suitably spaced over the size range. 

The intention was to record growth until eaoh class bad 

ov.rlapped the initial size of the one above, thus ebaling a 

composite estimation of growth rate to be made over the 

entire size range in the period of approximately one year. 

It was considered that this would have the advantage of 
reducing effects of prolonged capt! vi ty on growth. 

The oarapace length of P. hgmarus ranges from about 

7.0 mm to approximately 100 mm and a total of 47 experimental 

animals were divided into three separate size groups for this 

study. Group 1 consisted of 7 animals, in which carapac. 

length ranged between 7.1 and 8.2 mm, Group 2 consisted of 

10 animals with a carapace length range of 18.4 to 22.8 mm 
and Group' was composed of 15 animals of each sex ranging in 

carapace length from 61 IIIIIl to 9' mm in females and 65 mm to 
87 DIll in ma1.s. 
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The sexes were not distinguished in the first two groups, 

as they were composed entirely of juveniles. The numbers 

of experimental animals used was determined by the availability 

of suitable tanks. 

Details of the tank in which the animals in Group 3 

were kept and the methods used are given on page 122. 

Identification of each animal was made possible by coded 

punch marks in the tail fan. Quick drying, acetone-based 

paint was also daubed on the carapace of each animal, so that 

one which had moulted was conspicuous by the absence of a 

paint spot. Over a fourteen month period a record was kept 

of the date of moulting of each specimen and linear increase 

in carapace length was measured to the nearest tenth of a 

millimeter with vernier calipers. 

The animals in Group 1 were kept in a tank measuring 

75 mm X 58 DUD X 50 mm and the dimensions of the tank in 

which Group 2 were kept were 150 DIll X 58 DUll X 50 m. Both 

tanks operated on the same water circulatory sy.tem as the 

large tanks used for the adults. The juveniles were identified 

wi th paint marks until they were large enough to have a code 

punched in the tail fan. 

The animals were fed on as natural a diet as possible, 

which consisted of ground fresh mussels (Perna perna) for 

very small juveniles and whole, live mussels for larger animals, 

supplemented with chopped fish. Particular care was taken 

to ensure a supply of mussels as it had been noticed previously 

that animals deprived of them for several intermoult periods 

gradually lost their pigmentation and eventually died while 
moulting. 
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Although extreme caution was exercised when handling 

animals, loss of appendages was unavoidable due to autospasy, 

particularly in juveniles. Growth records of animals which 

had lost more than one leg or any other appendage were dis­

carded, but as loss of a single leg appeared to have no 

discemable effect cn grouth, and this was considered to be 

a fairly frequent natu~$l occurrence, growth records were included 

where regeneration of only leg was involved. 

Mortalities and loss of appendages seriously dis­

rupted the original design of thi.s experiment. No animals 

in Group 1 survived for more than a few moults, probably due 

to some dietry defioiency. In Group 2 the animals were able 

to feed on whole mussels and grew well. However, of the 

original ten animals only three survived without serious loss 

of appendages for the full duration of the study and of the 

original thirty animals in Group 3 , . eight males and nine 

females were alive at the end of the study. 

These setbacks necessitated filling in gaps in the 

data by capturing suitable sized animals and recording growth 

increment after a single moult in mOlt cases, or one inter­

moul t period. However, it is considered that this probably 

provided a better approximation of the natural growth rate 

than in animals kept for longer, as during the short period, 

adverse effects of confinement and inadequacies in diet would 

have been minimal. Newly captured animals fed within hours 

of being placed in a tank and the moulting cycle appeared to 

remain unaffected. 
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Although the results of this study are based on 

rather composite data, some animals were kept for up to sixteen 

months in captivity and these continuous reoords serve as a 

useful cheok on the accuracy of the estimated growth rate 

made. 

InCrease In Carapace Length 

The carapace length was measured only when the exo­

Skeleton had completely hardened after moulting and a record 

of growth in individual animals was obtained by comparing the 

premoult and postmoult carapace lengths. 

Growth increments per moult in juvenile specimens, 

in which the sexes were considered together, and of adult 

males and females are presented in Tables 34, 35 and 36, 
respectively. Mean percentage increase per moult is illustr­

ated in Fig. 28. 

In post-pueruli and very small juveniles the initial 

low growth increments may possibly be associated with morph­

ological and physiological change involved in transition 

from pelagic to benthic life. However, as these specimens 

did not survive long, there is the possibility that the low 

growth rate might reflect unfavourable environmental conditions 

in capt! vi ty • 

It is of interest to note that the sharp drop in 

mean carapaoe length inorement per moult between the 45-49 mm 

and the 50-54 mm size classes corresponds to the size of initial 
onset of sexual maturity. 
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TABLE 34. Average carapace length increment per moult in 
juveniles of both sexes. 

Carapace Number Range of Mean Mean % 
le:fh of increase increase increase 
(mm moults (mm) (mm) (DUD) 

7 - 9 11 0.3 - 1.0 0.7 9.7 

10 - 14 4 0.6 - 1.9 1.3 9.7 
15 - 19 8 0.6 - 4.4 2.5 13.5 
20 - 24 8 2.9 - 4.2 3.6 16.6 

25-29 4 2.8 - 4.3 3.7 15.2 
30-34 6 3.6 - 6.2 4.6 14.2 

35 - 39 7 2.1 - 6.0 3.7 9.5 
40 - 44 11 2.2 - 5.9 3.5 8.4 
45 - 49 5 2.7 - 5.4 3.7 8.3 

TABLE 35. Average oarapaoe length increment per moult in 
adul t males. 

Carapaoe Number Range of Mean Mean % 
1e:fh of increase increase increase 
(11m moults (DID) (mm) (DIm) 

50 - 54 3 1.6 - 3.5 2.3 5.3 
55 - 59 3 1.2 - 2.9 2.1 4.8 
60 - 64 2 1.4 - 3.5 2.5 4.0 
65 - 69 8 1.4 - 3.0 2.2 3.2 
70 - 74 13 1.3 - 3.5 2.2 3.0 
75 - 79 10 1.4 - 3.5 2.3 2.9 
80-84- 6, 1.1 - 3.6 2.4 2.9 
85 - 89 8 0.9 - 3.5 2.3 2.6 
90 - 94 1 1.4 1.4 1.5 
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TABLE 36. Average carapaoe length increment per moult 
in adult females. 

Carapaoe Number Range of Mean Mean % 
lenfh of increase increase increase 
(mm moults (mm) (mm) (mm) 

50 - 54 5 1.4 - 3.2 2.0 3.8 

55 - 59 1 2.1 2.1 3.6 

60 - 64 5 0.6 - 3.8 2.3 4.0 

65 - 69 13 0.4 - 3.2 1.7 2.6 

70 - 74 8 1.1 - 3.8 2.2 3.0 

75 - 79 8 0.8 - 3.5 2.0 2.6 

80 - 84 2 2.0 - 2.1 2.0 2.5 

85 - 89 1 1.1 1.1 1.3 
90 - 94 :3 0.6 - 0.8 0.7 0.7 
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A feature of these results is that to some extent within the 

juveniles, and particularly over the entire adult size range 

except the very largest classes, a tendency is eviden~ for the 

mean amount by which the carapace length increases each moult 

to remain fairly constant. This means that the progressive 

decrease in the mean percentage size increment per moult 

which occurs as animals become larger, is basioally a fUnction 

of the animals' size and is not due to a progressive decrease 

in carapace length increments each moult, as might have been 

expected. A slightly lower mean increment per moult is 

evident over the siu range of adult females when compared 

with males which is attributed to an energy drain in females, 

associated with egg production. 

The results of Paterson's (1969) study of growth in 

captive J. lalapdii show a similar tendency for the amount by 

which the mean carapace length increases per moult to remain 

constant, and in fact the growth increments Paterson recorded 

in sexually mature animals are of the same order as those 
obtained in this study. In juveniles however', the increments 

She recorded were considerably lower than in juvenile P. homaruSt 

Frequency Qf Moulting 

Duration of the intermoul t period is recorded in 

Tables '37 t 38 and 39. These results show that there is a 

tendency for progressive increase in the mean intermoult period 

with increase in carapace length and that the mean intermoul t 

period of females is slightly longer than in males. 
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TABLE 37. Intermou1 t periods over the juvenile size 
range with the sexes combined. 

Carapace No. of inter- Range of Mean duration 
lenfh moult periods duration of of intermoult 
(mm recorded intermoult periods (days) 

periods (days) 

7 - 9 5 30 - 43 36 
10 - 19 3 21 - 34- 26 
20-29 7 21 - 28 24 
30 - 39 5 25 - 39 33 
40 - 49 6 36 - 47 44 

1 50 - 59 13 59 - 86 68 

TABLE 38. Intermoult periods over the sexually mature 
size range of males. 

Carapace No. of inter- Range of Mean duration 
1e:rh moul t periods duration of of intermou1t 
(mm recorded intermoult periods (days) 

periods (days) 

60 - 69 2 74 - 75 75 
70 - 79 22 61 - 69 73 
80 - 89 10 67 - 103 85 
90 - 99 - - -
TABLE 39. Intermoul t periods over the sexually mature 

size range of females. 

Carapace No. of inter- Range of Mean duration 
le:fh maul t periods duration of of intermoul t 
(mm recorded intermoult periods (days) 

periods (days) 

60 - 69 10 66 - 96 79 
70 - 79 18 61 - 91 79 
80 - 89 4 79 - 127 99 
90-99 3 88 - 124 107 
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Paterson (1969) recorded a similar progressive 

increase in the intermoult period with increase in size in 

J. lalandii, but the duration of the intermoult period she 

recorded was consistently longer than that of P. homarus and 

she suggests that in mature animals a recurrent, regular 

biannual moul ting ~thm is established. This is not, 

however, in accord with Heydorn's (1969b) findings, based on 

samples of the feral population of J. lalapdii, in which he 

concludes that moulting occurs only once per year. In any 

event, a very much slower rate of moulting than in P. hOmarus 

is indicated, which has been recorded in other palinurid 

species which inhabit colder water than P. hpmarus, such as 

P. interruptus (Lindberg, 1955) and P. qvgnus (George, 1962). 

This can probably be attributed to their having a lower 

metabolic rate, associated with low water temperatures. 

A continuous record of moulting in the specimens 

kept over a period of between eleven and sixteen months is 

SUlllDarised in Tables 40, 41 and 42. These results confirm 
those above and show that the majority of sexually mature 

animals moulted four tilles per annum. 
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TABLE 40. Records of moul ting and growth in sexually 
mature females kept in captivity. 

Initial Final Time No. ot Mean Mean 
carapace carapace (days) moults intermoult frequency 
1e:fh 1e:fh fenod of 
(mm (mm days) moulting 

per annum 

64.8 72.4 446 5 89 4.1 
65.0 7'.7 458 5 92 4.0 
66.5 80.0 '98 

I 
5 , 80 4.7 

66.7 76~2 '44 5 I 69 5.2 
68.2 80.3 421 6 84 4.4 
76.2 80.4 409 5 82 4.5 
74.4 77.8 '51 4 88 4.1 
76.4 85.3 461 5 92 4.0 
93.2 97.1 419 4 108 3.4 

TABLE 41. Records of moulting and growth in b3xua~ly 
mature males kept in captivity. 

Initial Final Time No. of Mean Mean . 
carapace carapace (days) moults intermoult frequency 
le:fh lenfh r

etiOd of 
{mm (mm days) moulting 

per annum 

68.0 rr5.4 '381 5 76 4.8 
71.0 79.2 413 5 82 4.5 
71.1 81.4 489 7 67 5.4 
77.5 89.8 '34 4 83 4.4 
77.0 87.2 376 5 75 4.9 
88.0 90.2 '67 4 92 4.0 
84.5 91.4 409 5 82 4.5 
f!7.7 92.8 340 4 85 4.' 
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TABLE 42. Reoords of moulting and growth in juvenile 
specimens kept in captivity. 

Initial Final Time No. of Mean Mean 
carapace oarapace (days) moults intermoult frequenoy 
le:fh 1e:fh feriod of 
{mm (mm days) moulting 

per annum 

21.1 52.1 381 8 47 7.8 

23.0 54.0 251 7 36 10.0 

34.3 55.6 343 7 49 7.4 
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The moulting cyoles of the specimens referred to in 

Tables 40 and 41 appeared to be unaffected by breeding and 

the only alteration observed in the intermoult periods was 

a slight increase in length during the winter months, 

which is similar to the findings of Travis (1954), working 

on P. argus. This can probably be attributed to a decrease 

in metabolic rate associated with lower water temperatures 

in that season. It was also found that moulting did not take 

place at the same time in consecutive years, apparently being 

continuously displaced by increase in the duration of the 

intermoul t period as the animal increased in size. Thus 

moul ting does not appear to be a seasonably synchronised 

event in P. homarus. 

Growth 

A tentative estimate of the linear growth rate was 

made by cumulatively adding the mean carapace increment per 

moult in eaoh sige olass and doing the same with the mean 

intermoult periods. The resulting growth ourve is presented 

in Fig. 29. in whioh eaoh point represents the estimated 

Bige attained in eaoh oonsecutive moult. This estimate is 

subject to the limitation that any inaccuracy, particularly 

OVer the smaller siZe range where data were somewhat meagre, 

will have been oarried forward and have adversely affeoted 

the estimate in the larger sige olasses. However, because of 

the large carapace inorements and short intermoult periods 

in juveniles, it is considered that inaccuracy over this size 

range would have had very slight adverse efteot on the overall 

estimate. Moreover, the fact that the growth rate of indiTi­

dual speCimens, most of which were kept in captivity for at 
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least a year, conform to the above estimate of the mean growth 

rate, adds reassurance that the degree of accuracy achieved 

is at least within the possible range of variation in growth 

rate in P. homarus. 

Fig. 29 shows that the most rapid rate of growth 

occurs at a carapace length in the region of between 15 and 50 

1111. The marked inflection recorded at a size of 50 mm corre­

sponds to the size at initial onset of sexual maturity, after 

which growth rate appears to remain constant over the sexually 

mature size range until the upper e2+.reme of the range is attained 

and a slight decrease in growth rate is evident. 

The majority of females appear to become sexually 

mature at a carapace length of approximately 54 mm, although 

a few may breed at a carapace length of 50 mm (see pagel50 ). 

According to the estimated growth rate, the majority would 

therefore attain sexual maturity early in their third year, 

although it does Beem possible that some females may breed 

late in their second year. 

Although P. homarus breeds throughout the year there 

is a definite peak of breeding activity in the summer months. 

It theretore seems probable that after the pelagic larval life 

there is oorresponding peak period of larval settlement. As 

the breeding season of small adul tB is short, starting later 

and ending earlier than in larger animals it seems probable 

that the time of year at which larval settlement occurred 

would determine whether sexual maturity was attained during 

this comparatively short breeding season and thus whether 

females bred in their seoond or third years. 
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As small females start breeding in September/October 

when the majority have a carapace length of about 54 mm, it is 

possible to interpolate from Fig. 29 that the peak of larval 

settlement occurs in the same months two years earlier. 

As the peak of hatching of eggs is in March/April this would 

mean that the larval life lasts for six to seven months. This 

is however, a very tentative estimate and it is hoped that it 

will be possible to determine the length of larval life and peak 

period of settlement more accurately from the study of phyll~soma 

and puerulus larvae, currently being undertaken. If this is 

possible it will serve as a useful check on the time scale shown 

in Fig. 29. 

According to the estimate of relative fecundity described 

on page 176, females within the 70-79 IDDl size olass make the largest 

contribution to the reproductive potential of this species, and 

this size would be attained in the fourth year after settle-

ment according to the present estimate of growth rate. It is 

interesting to note in Fig. 29 that in this size range, females 

would be appreciably older than males of the same size. This 

is apparently due to deceleration of the growth rate in females 

which becomes evident soon after the size of attainment of sexual 

maturi ty and results in an increasing divergence of the growth 

ourves of males and females with increase in size. Assuming the 

level of predation to be equal in both sexes, this probably accounts 

for the larger maximum size attained by males, as females would 

have to be subjected to predation for a longer period in order to 

attain the same maximum size. 
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~J~IARY OF MO~nNG AND GROWTH 

The act of moulting ill described, based on obser­

vations made on captive rock lobsters. 

The number of moults per year could not be determined 

trom monthly samples of the feral population, as moulting was 

reoorded at a fairly constant level throughout the year with 

no peaks of activity. 

There ill no evidence that P. hOmarus sheds its 

ovigerous setae after breeding, ashas been reccrded in other 

members of the Palinuridae. 

A study of moulting was made in captive animals, 

in which it was found that the mean intermoul t period became 

progressively longer with increase in carapace length and 

over the sexually mature size range it was slightly longer 

in females than in males. Sexually mature animals moulted 

tour or tive times per year. 

Over the juvenile and adult size range there was a 

tendency for the mean carapace increment per moult to remain 

tairly constant, but a marked drop was evident at the size of 

attainment ot sexual maturity. The mean percentage increment 

per moul ~ reached a peak in the 20-24 mm size class. There­

after it decreased progressively with increase in size and was 

slightly higher in males than in females. 

The study shows that moulting is a continuous 

cyclical process and that ecdysis does not take place at the 
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same time in consecutive years, being continuously displaced 

by the increase in intermoult duration. Thus moulting does not 

appear to be synchronised with seasonal environmental conditions, 

al though a slightly longer intermoul t period was evident over 

the winter months. The moulting cycle appeared to be unaltered 

by breeding acU vi ty • 

A tentative estimate of the linear growth rate was 

made by cumulatively adding the mean carapace increment per 

moul t in each size class and doing the same with the mean 

intermoult periods. The most rapid rate of growth was found 

to be between a carapace length of 45 m and 50 mm.. At 50 mm, 

which corresponds to the size of first onset of sexual maturity, 

a marked deorease in the growth rate was evident and throughout 

the sexually mature size range it remained fairly constant, 

except in the upper extreme of the size range in which the 

rate decreased slightly. Over the sexually mature size 

range the growth rate of males is slightly higher than that 

of females. 

It is estimated that the majority of females attain 

sexual maturity at the beginning of the third year after settle­

ment of larvae, although some may breed late in the second year. 

Females in the 70-79 am size class, which appear to make most 

reproductive contribution to the population are estimated to 

aohieve this size in the fourth year after settlement. 

The majority of females appear to attain sexual maturity 

in September/October and by interpolation from the growth rate it 

was possible to estimate when the peak of larval settlement 

occurs. Knowing the peak months of hatching of eggs it is 
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suggested that the larval life lasts 8ix ~ seven months. However, 

this requires confirmation of a study ot the phyllosoma and 

puerulus larvae. 

15. CORRELATION AND DISCUSSION OF THE MOULTING AND REPRODUCTIVE 
CYCLES 

Development of the ovarian cycle in relation to the 

moulting cycle is summarised in Table 43. Although a tendency 

ot progressive development of the ovaries to maturity in the 

pr8moult and postmoult stages is evident, the ovarian cycle 

does not appear to be particularly closely synchronised with the 

moulting cycle. This is well illustrated by the tact that 

moulting can clearly take place with the ovaries varying in 

degree ot development from stage 2A to 4 (see stage A in the 

Table). 

Analysis of the stage of exoskeleton in the moulting 

cycle in all females with freshly deposited spermatophoric 

masses showed that 94 percent mated with the exoskeleton fully 

hardened and in stage C and only 8 percent mated with the exo­

Skeleton not yet fully hardened and in stage B. This analysis 

was based on 111 observations, made over the two year period 

of field sampling. In all observations of captive animals, 

mating took place with the exoSkeleton in stage C. 



TABLE 43_ Summary of the relationship between the moulting ani ovarian oyoles. 

Premoult Pos·tmoult Intermoult 

Stage 
in the 
moul tine D A B C 
oyole -'O~ 

Ovary 
~ , 4 5 2A 3 4 5 2A 3 4 5 2A 3 4 5 stage 

No. ~9 f1T 54 1 5 31 21 - 10 39 44 - 178 261 289 298 

% 22 48 30 1 9 54 '7 - 12 42 47 - 17 25 28 29 
~ - - -- - - - -- ~~~ -~-- ~~~ '--------

~ 
VI 
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The relationship between the moulting and reproductive 

cyoles i8 summarised in Table 44, based on the direst observat­

ions made on captive rock lobsters and evidenoe obtained by 

sampling the feral population. 

TABLE 44, Summary of the relationship between the moulting 
and reproductive O1cles. 

rmoul t moult 
intermoult period I 

~(----------------------------------------~) 
* t 

oviposite incubation period eggs 
hatch 

The timing of reproductive aotivity in relation to 

the intermoult period is shown in Table 45, based on observations 

on captive rock lobsters. An example of the timing of the 

reproductive ~d moulting cyoles in a females, which bred in 

five consecutive intermoult periods, is presented in Table 

46. 

TABLE 45. Timing of reproductive aotivity in relation to the 
intermoult period, based on observations on captive 
rock lobsters. 

Duration Hoult1ng to Mating .0 Incubatory Hatching to 
(days) uting , Oviposition period moulting 

Mean 21 8 47 10 

Range 17 - 42 3 - 16 29 - 59 6 - 33 
No. of 
observa- 23 21 15 12 
tions 
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TABLE 46. The actual interrelationship between the moulting 
and reproductive cycles and their synchronisation 
recorded from single female which bred during five 
consecutive intermoult periods. The animal grew 
from a carapace length of 93 mm - '1T mm during 
this Feriod (each vertical line represents a 
moult). 

Moult number 1 

Intermou1t duration 
(days) 

Incubation jeriOd 
(days 

Interval between moult 
and oviposition (days) 

Interval between 
hatching and moult 

(days) 

Month of moult 

'II' i.( 

June 
1969 

? 

50 

? 

24 

2 3 4 5 

92 88 123 

47 ? 59 

25 ? 31 

20 ? 33 

... w , " " ~ '"" V 

Sept Dec Mar July 
1969 1969 1970 1970 

128 

50 

36 

42 

6 

"!o V 

Nov 
1970 

Examination of Tab16 45 shows that the interval record­

ed between moulting, and Oviposition varied considerably. As 

females moult with the ovaries in varying stages of development, 

(see Table 43), it seems possible that this interval might 

depend upon their degree of development when moulting occurs 

and their subsequent rate of maturation. 

The incubation period of eggs appears tc be dependant 

on environmental conditions and probably also the size of the 

female carrying them, although clear evidence of variation with 
size was not obtained. 



The interval which elapses between hatching of the 

eggs and moult~ng is greatest in summer as the length of the 

incubatory period is shortest at this time. Although no 

females moulted while ovigerous, two did strip off fertilized 

eggs prematurely and one moulted three days and the other four 

days later. The date of oviposition was unknown in these speoi­

mens but the intermoult period in both oases appeared to be ot 

normal duration which suggests that the eggs might have been 

removed due to the impenaing moulto 

That the moulting cyole is a continuous process is 

demonstrated in Fig. 29 ~ where progressive increase in the 

intermoult period is evident with progression of time. It was 

found that the intermoult periods do not appear to be s,ynchronised 

with the seasonal environmental events and as a rock lobster 

grows, they are progressively displaced in consecutive years 

relative to any given time in the year. For example in Table 

46, it may be seen that the animal did not moult in the same 

months in 1970 as it did in 1969. This would be expeoted to 

have the effect of a gradual change in the timing of the inter­

moult periods in relation to the seasons and thus prevailing 

enVironmental conditions. It therefore seems possible that 

the number of times an animal breeds per year might be deter­

mined by the degree of synchronisation of the intermoult periods 

(and thus potential breeds cycles) with favourable environ­

mental conditions. Increase i n the number of broods produced 

per year seems to be associated with the ability to start 

breeding earlier in the season and continue later as females 

increase in size. It appears therefore, that timing of the 

moulting cyole at the beginning and end of the season when 

conditions for breeding are marginal would determine whether 
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a female bred and thus how many broods she produced. Very 

large females, however, ifhich breed in consecutive intermoul t 

periods throughout the year appear to be unaffected by seasonal 

environmental changes. This suggests that breeding occurs as 

often as females are physiologically capable of doing so and not 

neoessarily at a particula~ time when environmental conditions 

for phyllosoma larvae are optimal. 

It seems likely '~hat ~Lf more data had been available, 

a slight seasonal change in the length of the mean intermoul t 

period might have been detected throughout the year besides the 

prolongation observed during winter ~onths. Nevertheless the 

results of this investiga~ion clearly demonstrate that the 

moulting cycle is not synchronised with seasonal environmental 

events, and moreover, it appears to be the basic cycle, with the 

sequence of activities involved in reproduction "superimposed" 

upon it. 

P. homarus appears to be the only palinurid species 

which has been recorded to breed more than twice a year. This 

high fecundity suggests that larval mortality might be high, 

perhaps due to the local current systems. However, incidental 

observations made on the reproductive biology of P. 10PBipes 

and P. penicillatus in this investigation indicate that they 

breed several times a year. It therefore seems probable that 

the situation regarding moulting and reproduction described in 

p. homaNs, may prove to be typical of other tropical and sub­

tropical spiny lobsters. 
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FEEDING 

Identificati~n of the food items eaten by P. homarus 

was restricted by the f act that they are masticated both by the 

mandibles and in the g!'.stric mill. Moreover, as feeding takes 

place at night, stom.~c;h contents of animals C1lught during the 

day are usually ss:::c:tdi2:eS"r;cclo F,)l' these reasons, identification 

was largely limited to :T!.'2.!5D.\t:mts of mollu.scan shell and calcareous 

crustacean remains. 

The content s of th'3 S3.s t::"i.J mills of samples of P. homaru8 

were lumped together, li2. ;.:h c cl in n TIL"'l:tng water and then sorted 

into various groups of f·)oi orgardsms. The percentage by volume 

of each classified group was then determined. A large 

proportion of the gastric mills W6!'e empty, probably due to 

regurgitation of the contents aftar capture, and large samples 

were needed before an adequate quantity of stomach contents 

was obtained for examination. The result of analysis of the 

gastric mills of over 1000 randomly selected specimens is 

presented in Table 47. 

TABLE 47. Food items recorded in the gastric mill. 

Food Items Entire size Carapace length 
ra~ lARR than 150 DIll 

Phylum Grot .... p ~ ~ 

Mollusca .f£.rna ~rnJ!. 76 17 
other Pelecypoda 
and Gastropoda 1 5 

Crustacea Cirripedia (Thorac1ca 12 47 
Decapoda 5 e 

Other Semi-digested tissue 
and sand particles 6 23 
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Examination of the Table shows that the gastric mills 

of small roCk lobsters contained a higher proportion of barnacle 

remains and a lower pro~ortion of mussel remains than in large 

lobsters. It appaars that this might be due to inability of the 

small animals to open mussels, as in oaptivity it was noticed 

that they were only abla to open the very smallest mussels and 

appeared to subsist t o a l arge ~)xtent on the barnacles covering 

the mussel shells. This might explein why small rock lobsters 

are confined to the surf zone, as barnacles are particularly 

numerous there. 

P. hOm£ru~ a,pears to be essentially carnivorous and 

although some traces of plant remains were recorded, it seems 

likely that they were ingested inCidentally, cn pieces of mussel 

shell. Although it may feed on almost any dead animal, P. hPM'W' 

cannot be regarded as a true scavenger, as its chief food organie 

is live brown mussels (ferM ;Olma). In addition, barnacles, 

probably mainly growing on mussel shells, are an important food 

ite~ It seems probable that the majority of fragments of deca­

pod crustacean exoskeleton originate from exuviae eaten for their 

calcium content, as feral rock lobsters have been obserYed ea'lDg 
the exuviae of their own species. 

Feeding behaviour was obserYed in both feral and captive 

animals. p. perpa occurs in dense aggregations in which the 
attachlDg byssus threads are protected by the neighbouring 

mussels. Rock lobsters usually select a muBsel separated from, 

or on the edge of a group and detach it by severing the bysaus 

threads with the dactyls of their stout third ~z1111peds. The 

mussel 1s then turned with the max1ll1peds and first walking 

legs and any large barnacles are bitten off With the mandibles 



212 

and ingested. The mussel is manipulated until the flattened 

end is brought between the mandibles with which the edge of the 

shell is crushed. When a suff1c~_ently large apperture has been 

made in the shell, the dactyls of the third maxillipeds or the 

first walking legs are inserted, the adductor muscle is severed 

and the two valves are levered apart exposing the flesh for 

ingestion. On occasions when mussels are eaten without being 

detached from the rock, the same method of opening them is 

employed. Large numbers of mussel shells opened by P. homarus 

are washed up on Natal beaches. 
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SECTION 4 

THE BIO.1QGY OF PALINURUS DELAGOAE 

INTRODUCTION 

, 
The investigation of the biology of Palinuruo 4elago88, 

on which this section is based, was of a preliminary nature and 

wal not as intensive as that of P, homarus. However, it appears 

that no previous study of the life history of a member. of th~ 

genus PalinU[Us has been undertaken which therefore makes 

comparisDn between P. delagoae and other comparatively. well 

known genera, such as Jasus and Pawlirus, particularly interest­

ing. 

MATF.~IAL AND METHOD~ 

SamPling 

Monthly samples were obtained using the standard 

ottertraw1 employed in the commercial fishery for P. delaggae. 

This had a 24 m headrope and 7.6 cm stretched mesh in the cod­

end. In the initial pha~es of the programme, the Oceanographic 

Research Institute's research vessel DAVID DAVIES, a stern trawler 

of 72 gross tons was used for sampling, However, this ves.el 

was later sold tc a commercial fishing concern which undertook 

to trawl for P. de1agoae each month and to retain complete 

drags of rock lobsters for research purposes. A total of eight­

een monthly samples were obtained of which sixt.en were considered 

to be adequately large for study of the life history. Of 

these sixteen samples, which comprised a total of 4830 speoimens, 
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CHARACTERISTICS OF THE POPULATION 

A brief aooount of the habitat where P. delagoae ooours, 

its depth distribution and behaviour is given on pages 28 and 29. 
in Seotion 1. 

Interpretation of the population struoture of this 

speoies from a single sample eaoh month is diffioult, due to 

the very variable oatoh oomposition. This is attributed to 

segregational behaviour and some samples oonsisted predominantly 

of sexually immature specimens, sexually mature speoimens 

or egg-bearing females. Moreover, although sampling was 

concentrated as far as possible to the optimal depth at whioh 

sexually mature rook lobsters ocour, the constant looal movement 

of P. delagoae made it impossible to ensure that the same seotion 

of the population was sampled consecutively. This segregational 

behaviour and movement is not understood at this stage but a 

tendenoy for small, sexually immature rook lobsters to occur in 

the deepest extreme of the depth range was evident, whereas 

sexually mature animals and particularly dense aggregations of 

egg-bearing females tended to occur in shallower water near the 

edge of the oontinental shelf. While it seems probable that 

looal movement and segregation may be determined by availability 

of food and reproductive behaviour, an extremely intensive 

sampling programme would be neoessary before any oorrelation 

between distribution and behaviour of the various seotions of 

the population would be possible. 
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Size Frequenoy Distribution 

The size frequenoy distributions of males and 

females on a monthly basis are presented in Fig. 1, whioh 

illustrate the variability in oomposition of the samples. 

However, it is considered that the sexually mature section of 

the population was adequately sampled in sufficient number 

of months for interpretation of the breeding cycle. 

The size frequency distributions of the total oatoh 

of males and females taken over the entire sampling period are 

presented in Fig. 2. The absence of juvenile specimens smaller 

than the SO - 59 mm size class from the oatch is conspicuous. 

This suggests that they have a different distribution or occur 

in a different habitat, as at least small numbers would be 

expected to have been caught if they were present with the adults, 

due to clogging of the meshes of the trawl. Moreover, no 

juveniles were obtained even by using a prawn trawl with a 40 om 

mesh in the cod-end. The low numbers of the smallest size 

class (SO - 59 m) caught may be attributed partially to their 

ability to escape through the trawl mesh, but may also reflect 

their scarcity on the trawling grounds as it is in this size 

range that reoruitment to the adult population appears to occur. 

The only hint of where the juveniles may occur is g1 ven by the 

exolusive presence of specimens in the 50 - 59 mm size class in 

the lower extreme of the depth range down to 400 m, which suggests 

that the bulk of the juvenile population may inhabit a still great­

er depth. 

Over the larger size range, from the 70 - 79 mm sice 

class upwards, fishing charaoteristics of the trawl seem unlikely 
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Table 1. Monthly frequency of males in each size class. 

Size 50 60 70 80 90 100 110 120 130 140 150 
Class 59 . 69 79 89 99 109 119 129 139 149 159 

Total 

No % No % No % No '10 No % No % No '1~ No % No % No % No % 
Apr. 1968 5 2.4 53 25.9 109 53.4 29 14.2 7 3.4 1 204 

Jul. 1968 7 16.7 17 40.4 10 23.8 5 11.9 1 2.4 1 2.( 1 2.~ 42 

Dec. 1968 1 6 1 1 1 16 

Jan .. 1969 2 1.9 17 15.7 47 43.5 37 34.3 5 4.6 108 
! 

Feb. 1969 N 0 Sam p 1 e. 
Mar. 1969 249 43.3 206 35.8 51 8.9 34 5.9 20 3.5 4 0.7 4 0.7 5 0.9 2 575 

Apr. 1969 0 0 1 5.0 6 3.0 8 4.0 13 1.5 1 5.0 0 1 5.0 20 

May. 1969 34 17.3 102 52.3 45 23.0 8 4.1 0 0 2 1.0 1 .5 2 1.0 1 .5 1 .5 196 

Jun. 1969 24 15.7 66 43.1 39 25.5 12 7.8 3 2.0 2 1.3 1 0.7 3 2.0 1 0.7 2 1.3 153 

Jul. 1969 12 9.4 59 46.4 37 29.1 17 13.4 2 1.6 0 0 127 

Aug. 1969 2 2.3 9 10.2 21 23.8 26 29.5 18 20.4 8 9.1 3 3.4 0 0 1 1.1 88 

Ssp. 1969 11 7.1 76 49.0 35 22.6 14 9.0 8 5.1 4 2.6 1 0.6 1 0.6 0 3 1.9 2 1.3 155 

Oct. 1969 19 7.1 50 18.8 35 13.2 53 19.9 19 7.1 22 8.3 8 3.0 29 10.9 19 7.1 11 4.1 1 266 N 

!::J 
Nov. 1969 a 5.1 25 16.1 32 20.6 36 23.2 21 13.5 12 7.7 2 1.2 3 1.9 7 4.5 5 3.2 4 2.6 155 

Dec. 1969 0 3 2.6 34 29.8 37 32.5 11 9.6 5 4.4 7 6 .. 1 6 5.2 6 5.2 5 4.4 a 114 

Jan. 1970 10 4.8 130 62.2 48 23.0 13 6.2 5 2.4 0 1 0.5 0 1 0.5 1 0.5 0 209 

Feb. 1910 0 3 3.9 30 38.9 24 31.1 13 16.9 5 6.5 1 1.3 0 0 1 1.3 0 77 



Table 2. Monthly frequency of females in each size class. 

Size 
Total I Class 50 60 70 80 90 100 110 120 130 140 150 

I 
I 

No % No ~ No " ~ " No % No ~ No % No IJ1 No" No% No% I 

Apr. 1968 3 4.! 25 37.9 35 53.0 1 1.5 1 1.5 1 1.5 0 0 0 0 0 66 
, 

I 

Jul. 1968 9 11.l 13 16.C 44 54.3 14 11.3 0 1 1.2 0 0 0 0 0 Bl 

Dec. 1968 0 3 1.9 20 52.6 13 34.2 2 5.3 0 0 0 0 0 0 38 

Jan. 1969 5 17.2 10 34.4 11 31.9 3 10.3 0 0 0 0 0 0 0 29 

feb. 1969 N 5 • m p 1 e 

Mar. 1969 269 61.1 151 35.1 10 2.3 2 0.5 0 0 2 0 0 0 0 440 

Apr. 1969 0 6 2.1 13 25.3 11 24.1 64 22.2 58 20.1 15 5.2 1 3.5 0 0 a 288 

May. 1969 54 98 55 6 2 0 0 0 0 0 0 215 

Jun. 1969 14 8.6 63 38.9 65 40.1 11 10.5 2 1.2 0 1 0.6 a 0 a 0 162 

Jul. 1969 16 1.9 41 23.4 102 50.7 36 11.9 0 a 0 0 0 0 a 201 

Aug. 1969 0 15 22.1 20 29.4 12 11.6 7 10.3 10 14.7 4 5.9 0 0 0 a 68 

Sap. 1969 7 6.2 70 61.9 21 18.6 B 1.1 4 3.5 3 2.7 0 0 a 0 a 113 

Oct. 1969 10 10.3 31 3B.l 23 23.1 14 14.4 6 6.2 5 5.2 1 1.0 1 1.0 a 0 a 91 ~ 
Nov. 1969 ~3 1l.6 16 14.3 34 30.4 21 18.8 19 16.1 5 4.5 4 3.6 0 a a 0 112 

Dec. 1969 1 1.4 2 2.B 20 21.B 30 41.1 10 13.9 6 B.3 3 4.2 0 a 0 0 12 

Jan. 1970 ~ 21.1 119 41.B 131 45.9 23 B.l 2 0.1 0 3 1.1 1 0.35 0 0 0 285 

feb. 1910 ~ B 12.9 15 24.2 19 30.6 12 19.4 6 9.7 1 1.6 1 1.6 0 0 0 62 
.~ - - --- ~ - - - - -
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to have affected the size composition of the catch. The 

presence of what appears to represent almost an extension of the 

extremely large males in the catch composition graph, Buggests 

that once a certain size is attained there may be a reduction in 

natural predation on them. Their occurrence in the population 

could also be interpreted to sugsest that it has been little 

affected by exploitation. However, this is not consistent with 

the decrease in catch per unit effort in the fishery reported 

by trawlermen in recent years and the persistence of these 

extremely large specimens is possibly due to concentration of the 

fishery on the large aggregations ot small speoimeus, which can 

be trawled in 8rea1rer quanti ties and which usually occur in 

deeper water than the extremely large animals. 

The Sex Ratio 

The proportions of the sexes in each size class in 

the combined catch of sixteen months show what approximates 

to a SO/50 ratio over most of the size range (Table 3). 
However, in the 120-129 mm size class the larger size ~ttain.d 

by males results in a sudden increase in their proportion and 

their exclusive occurrence in 130-139 mm size class and those 
above. 

The ratio of sexes on a monthly basis shows marked 

fluctuation which is interpreted to reflect segregation ot the 

sexes, possibly aseociated with reproductive behaviour, (see 

Table 4). For instance the sample in April, 1969 waa composed 

virtually entirely of sexually mature females, over 90 percent of 
which were ovigerous. 
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TABLE,. The sex ratio in each sime class, based on the 
combined monthly samples. 

Numbers Percentages 

Size Males Females Males Females 
class 

50- 59 '84 407 48.5 51.5 

60- 69 82, 689 54.4 45.6 

70 - 79 586 679 46.3 5'.7 

80- 89 '54 290 55.0 45.0 

90- 99 137 1'1 51.1 48.9 

100 - 109 66 95 40.9 59.1 

110 - 119 29 '4 46.0 54.0 

120 - 129 50 4 92.5 7.5 

130 - 139 39 - 100 -
140 - 149 28 - 100 -
150 - 159 8 - 100 -
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TABLE 4. Sex ratio on a monthly basis. 

Numbers Percentages 

Month Males Females Males Females 

April 1968 204 66 75. 24.4 

July 42 81 34.1 65.9 

Dec 16 38 29.6 70.4 

Jun 1969 108 29 78.8 21.2 

Mar 575 440 56.7 43.3 

A.pr 20 288 6.5 93.5 

May 195 215 47.6 52.4 

June 153 163 48.4 51.6 

July , 127 201 38.7 61.3 

August 88 68 56.4 43.6 

Sept 155 113 57.8 42.2 

Oct 266 97 73." 26.7 

Nov 155 112 58.1 41.9 

Dec 114 72 61." 38.7 

JaB 1970 209 285 4.,.1 56.9 

Feb 77 62 55.4 44.6 
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Size Range And Mean Carapaoe Length 

The marked absence of juveniles smaller than the 

50 - 59 ' mm size class in samples (with the exception of the 

single specimen with a carapace length of 39 mm) is evident in 

Table 5, which shows size range on a monthly basis. Over the 

entire period sampled, the carapace length of males ranged from 

53 to 158 mm and in females it ranged from (39) 51 to 123 Mm. 

The mean carapace length is also presented in Table 

5 and again reflects the variability of the catch composition. 

Considering the maximum size this species attains, the mean 

oarapaoe length seems to be particularly low. 

GONADS AND THEIR PRODUCTS 

The general external morphology of the male reproductive 

organs conforms to the typical pa1inurid pattern. An acoount 

of the morphology of the spermatophorio mass is given below, 

based on a pub1ioation recording its ooourrenoe in this speoies, 

(Berry, 1969a). At the time this was the only reoord ot 

produotion of an external spermatophoric mass in a pa1inurid 

genus, besides Panulirus. 

A total of 54 temales were found carrying spermatophorio 

masses. The exoSkeleton, in ever,y oase, was fully hardened and 

the intermou1t stage in the moulting oyo1e had been attained. 
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TABLE 5. Size range and mean carapace length on a monthly 
basis. 

Size ~ange 
{mm' 

Mean carapa~e length 
(m 1) 

Month Males Females Males Females 

Apr 1968 5~ - 100 58 - 108 75.0 72.0 , .. 
Jul 55 · - 136 51 - 101 72.0 72.0 

Dec 59 - 95 67 - 90 70.4 78.0 

Jon 1969 56 - 98 53 - 87 76.7 68.5 

March 55 - 136 53 - 115 00.6 67.5 

April 68 - 139 66 - 116 84.6 89.2 

May 54 - 146 51 - 94 67.6 64.9 

June 55 - 149 39 - 119 71.0 71.0 · 

Jul 54 - 98 54 - 88 70.0 72.0 

Aug 58 - 153 60 - 117 84.6 83.3 

Sept 54 - 155 54 - 108 73.9 69.0 

Oct 55 - 150 54 - 123 91.3 74.7 

"OT 53 - 158 55 - 116 f!7 .. 7 78.9 

Dec 67 - 144 57 - 119 91.7 85.2 . 

Jan 1970 56 - 99 55 - 122 68.6 71.4 

Feb 68 - 146 62 - 120 . 84.2 84.7 
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The spermatophoric mass, which is opaque-white, soft and 

jelly-like, is spread evenly over the entire surface of the 

last sternal plate of the thorax and extends anteriorly onto 

the preceding sternal plate, posteriorly onto the arthrodial 

membrane of the abdomen, and laterally onto the coxopodites of 

the fifth pereiopods. It is roughly bilaterally symmetrical 

and the portions extruded from each gonopore of the male are 

clearly distinguishable as two rounded patches (Fig. 3). The 

seminal fluid within each ~ deferens consists of a clear matrix 

in which is coiled a white tube-like spermatophore containing 

spermatozoa. This is typical of descriptions of the seminal 

fluid in other pa1inurid genera (Heydorn, 1965). Microscopic 

examination of the external spermatophoric mass, however, shows 

that the spermatozoa are spread diffusely throughout the je11y-

like matrix. It appears, therefore. that the delicate spermato-

phores rupture when the spermatophoric mass is spread onto the 

sternum of the female, thus releasing the spermatozoa. In 

Panu1ir~s the external spermatophores do not rupture and the 

spermatozoa remain localized within them. 

The thoracic sternum of the female lacks setae and the 

only apparent adaptation for attaohment of the spermatophoric 

mass is the absenoe of a median tooth on the last sternal plate, 

thus making the surfaoe flatter than in the preceding segments. 

The spermatophoric mass is sticky and adheres strongly to the 

sternum of the female. 

In Panulirus the spermatophoric mass may be carried for 

several days or even weeks before fertilization and the hard 

proteotive matrix is probably an adaptation for shallow, turbulent 

water where an ~protected spermatophoric mass would be washed off. 
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Fig. 3. Palinurus delagoae, ventral view of the thoracid 
sternum of the female carrying an external spe~tophoric 
mass. 

In a deep-water environment it is unlikely that the 

spermatophoric mass of P. delagoae would require a specialised 

protective matrix, particularly if fertilization and oviposition 

occurred sooner after mating than in Panulirus. The apparently 

unspecialised spermatophori~ma8.S of P. delagoae may well represent 

a primitive condition, which would be in keeping with the views 

expressed by George and Main (1967), that the deep-water palinurid 

genera of the Stridentes group are primitive and the genus 

Panulirus, which has invaded shallow water, is the most recently 

evolved genus. 
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Female 

The ovaries resemble an elongate H and the right poster­

ior lobe is folded ventrally at the level of the heart with the 

result that it does not extend as far posteriorly as the left 

lobe. 

Development of the ovaries was initially classified 

into five stages but one of these was subsequently subdivided 

so that initial ovarian development could be more accurately 

distinguished, resulting in the following 91% macrosoopically 

distinguishable stages. 

Stage 1. Immature. 

Ovaries flattened and strap-like, terminating posteriorly in the 

thoracic cavity; general colour white with a slightly granular 

appearance. Ova as seen with a hand-lens tend to be uniform in 

diameter. 

Stage .2. Inactive. 

Ovaries flattened, showing no signs of swelling with usually one 

lobe extending into the first abdominal segment; ova not uniform 

in diameter when seen with a hand-lens, the smaller ones being 

white and the larger ones being pale yellOW, resulting in a general 

cream or light yellow colouration. 

Stage 2A. Active. 

Ovaries showing first signs of swelling, tending to become more 

rounded in cross-section; the shorter lobe usually extends into 

the first abdominal segment and the longer one into the second 

abdominal segment; ova are not uniform in diameter and barely 

distinguishable to the naked eye; colour yellow. 

Stage 3. Active/Ripe. 

Ovaries obviously swollen; ova not uniform in diameter and easily 

distinguishable; lobes usually as in stage 2A but the longer one 
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may extend into the third abdominal segment; colour bright yellow­

ish orange. 

Stage 4. Ripe. 

Ovaries grossly swollen, filling all available space in the 

cephalothoracic cavity; ova uniform in diameter and some may be 

present in the oYiducts; the shorter ovary lobe usually extends 

into the second abdominal segment and the longer one into the 

third abdominal segment; oolour deep orange. 

Stage 5. Spent. 

Ovaries similar in appearance to stage 2 but distinguishable 

macroscopically by the presenoe of a few large, residual ova 

which are retained at the extremeties of the ovary lobes and in 

the oviducts. These ova are soon resorbed and this stage is 

then macroscopically indistinguishable from stage 2. 

Ovaries in stage 1 are found only in sexually immature 

specimens. On attainment of maturity they develop from an inactive 

state (stage 2), through stages 21, " 4 and 5 before returning 

again to stage 2, in which they remain quiescent until the 

following breeding cyole. 

At oviposition the ova pass to the exterior where they 

beoome attached to the ovigerous setae on the endopods of the 

females pleopods. Onoe attached to ovigerous setae they have 

been termed "eggs" in this study to faoilitate their distinction 

fro. ova within the ovaries. 

The egg-bearing cyole was divided into six stages 
described below. 
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Stage Q. 
No eggs on ovigerous setae which are clean, pale and silky, 

indicating that oviposition has not yet occurred. 

Stage 1. 
Eggs present on ovigerouB setae; no embryonic development visible 

macroscopically; eggs rounded and light yellow; mean diameter 0.87 ma. 

Stage 2. 

Embryos just visible; eggs rounded and deep yellow; mean diameter 

0.89 mm. 

Stage '. 
Embryos well developed with conspicuous pigmented eyes; eggs 

oval in shape and light brown due to reduction of yellow yolk 

and growth of the embryos; mean diameter 0.92 mm. 

Stage 4. 

Embryos occupy most of the egg capsule with little or no yellow 

yolk present, eggs oval in shape; colour light brown; mean 

diameter of long axis 0.94 mm. 

Stage 50 

Eggs hatched; ovigerous setae dark in colour and matted by egg 

stalks and empty egg capsulesu After these have been detached 

by the female this stage is distinguishable from stage 0 by the 

darker colour of the ovigerous setae. 

A!TAIHI4EIf'l OF SEXUAL MA'l'URI'fY 

Femal • 

The incidence of egg-bearing in each size class was 

determined over the peak months of breeding. Although a gradual 

increase in the frequency of egg-bearing is evident, sexual maturity 

appears only to be attained by the population as a whole at , 
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size of 70 mm and greater (see Table 6). 

It was also possible to determine the frequency of 

specimens with reproductively active ovaries (stage 2-5) in each 

si~e class in order to estimate size at onset of sexual maturity 

(see Table 7). This shows a gradual increase in the frequency 

of females with reproductively active ovaries, and the majority 

appear to attain sexual maturity at a carapace length of about 

65 Mm. This is ~ considerably smaller size than is indicated 

using the incidence of egg-bearing as a criterion, but can 

probably be attributed to moulting and subsequent growth prior 

to matiDg and oviposition. 

Unlike P. homaruS, males of P. delagoae do not develop 

fleshy copulatory organs and no satistactory method was found 

for accurate determination ot the size of attainment of sexual 

maturity. 

Heydorn (1965) was able to estimate size of attain­

ment of sexual maturity in male J. lalandii by making sperm 

counts in smears of the seminal nuid · from the DB deterentia. 

This method was tried, but proved unsatisfactory in P. delagoae 

as it was not possible to obtain an even spread of spermatozoa on 

a slide. This was probably due to a difference in properties 

of seminal fluid in the two species which will be described in 

the next Section. 
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TABLE 6. 

Carapace 
length (mm) 

Number 
examined 

Number 

240 

Incidence of egg-bearing in small females over 
the peak breeding period (Dec-April). 

60 61 62 6, 64 65 66 67 68 p9 70 r71 72 7' 74 

14 12 22 l' 19 27 " '1 '5 ~ 41 ~ :30 46 25 

egg-bearing 0 1 5 2 5 10 11 15 17 ,,' 26 29 21 " 17 

Percentage 
egg-bearing 0 8 23 15 26 n " 48 49 +5 6, ~3 70 ~2 681 

TABLE 7. 

Carapace 
length (mm) 

Number 
examined 

Number in 
stages 2-5 

Percentage 

Incidence of females in each size class in which 
the adult ovarian cycle has started (stages 2-5) 

60 61 62 6, 64 65 66 67 68 69 70/79 

57 42 77 56 60 80 5' 67 68 58 632 

4 12 20 17 24 47 ,2 51 52 48 619 

7 29 26 30 40 59 60 76 77 83 98 .-
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The smallest male in which mature spermatozoa were found 

had a carapace length of 57 mm but spermatogenesis probably 

occurs at a considerably smaller size than that at which males 

are physically capable of mating. 

TH1i.l REPRODUCTIVE CYCLE 

The frequeney of egg-bearing was expressed as a percent­

age of the total number of sexually mature females each month. 

Fig. 4 shows that breeding starts in spring (September) and 

egg-bearing builds up to its highest level in late summer and 

early Autumn (February to April). Thereafter, in May, there is 

a sharp decline in the incidence of egg-bearing, presumably due 

to hatching of the eggs, which appears to continue at a very low 

level un+,il July. The sharp decrease in the incidence of egg­

bearing recorded in March is probably the result of inadequate 

data, as only fourteen female specimens were obtained that month. 

The seasonal pattern shown in the egg-bearing eycle above 

is substantiated by the monthly development of the eggs (see 

Fig. 5). Freshly spawned eggs (stage 1) were first recorded in 

September and the low incidence of eggs in advanced stages of 

development probably represent the remnants of the preVious 

years breeding cycle. Eggs about to hatch (stage 4) were first 

recorded in April and the first eVidence of hatched eggs (Stage 5) 

was eVident in May and continued until July. The reason that 

the incidence of eggs recorded in the more advanced stages was 

low is because they do not remain for the same period of time in 

each stage. As early embryOnic development is difficult to 
detect macroscopically in such yolky eggs, they would therefore 

have been classified as being in stage 1 for a longer period. 
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Fig. 5. Frequency of each stage in the egg- bearing cycle , expressed as a percentage of the total monthly c atch o f 
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The ovarian cycle is recorded in Fig. 6, and in 1969, 

in which February was the only month not sampled, gradual develop­

ment of the ovaries is evident from April, when over 90 percent 

of sexually mature females had inactive ovaries (stage 2), to 

November/December, when the highest incidence of ripe ovaries 

(stage 4) was recorded. Spent ovaries (stage 5). indicating 

spawning, were recorded from September to April in 1969, with a 

peak in December, which corresponds to the first high incidence 

of freshly spawned eggs (see Fig. 4). The patterns of ovary 

development in the three months sampled in 1968 conform to those 

of the same months in 1969, except in July, in which a higher 

inoidence of ripe ovaries (stage 4) was recorded. These ripe 

ovaries seem very early in the season, as the 1969 samples 

indicate that first egg-bearing occurs in September. It there­

fore seems likely that this small sample consisted of late 

breeders in t~e previous year's breeding cycle. 

No evidence of breeding more than once a year was ob­

tained, nor was there any indication that small females 

commenced breeding later in the year than large ones which is 

the case in PAAUlirus homarus. 

The monthly incidence of egg-bearing suggests that the 

incubatory period is long and in the region of five to six months. 

Some confirmation of this was obtained by keeping ovigerous 

females in a tank specially cooled to the temperature of their 

natural environment (120 
- 140 0). Although five of the six 

specimens studied were already ovigerous when obtained and one 

specimen which oviposited in captivity died before its eggs 

hatched, at least some indication of the length of the inoubatory 

period is evident from the results presented . in Table 8. By 
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considering the time taken by the eggs of specimen F to develop to 

stage 2 and those of specimens B to progress from stage 2 to 

hatching, an incubation of approximately 180 days is indioated. 

TABLE 8. Incubatory period recorded in captive specimens 
of P. delagoae. 

Speoimen Initial stage of development of eggs ~nterval between 
and number of days elapsed before start and end of 
start of hatching ~ tching (days) 

A stage 1 (21.10.69) 144 (14.3.70) 11 

B early stage 2 (10.12.69) 101 (21.3.70) 8 

<1 stage 2 (10.12.69) 65 (13.2.70) ? 

D stage 2 (10.12.69) 51 (30.1.70) 8 

E stage 3 (10.12.69) 45 (24.1.70) 6 

F stage 1 (spawned) 86 (died in 
stage 2~ 

(2.11.69) (27 .1.70 

The considerable time recorded between the start and 

completion of hatching in Table 8 is interesting, as in 

Panulirus hoIMms it was found that hatching was completed ovel'­

night (see page 154).. However, in J. lalandii Paterson (1969) 

reoorded a mean interval of 32 days between start and completion 

of hatohing which is particularly long. considering that her 

results suggest a total incubatory period of about two to three 

months duration. The factors influencing variability in the 

incubation of palinurids require study and it seems likely that 

availability of oxygen to the developing embryos might be found 

to be a cn tical factor in view of the constant movement of the 

eggs, apparently to obtain a ciroulation of water around them, 
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observed in both P. delaspae and P. hoDlArus. This may account 

for the most exposed eggs near the surface of the egg mass 

hatching before the ones in the middle, particularly in females 

wi th very large broods. 

EGG COUNTS 

Egg counts were made on twenty four females over the 

sexually mature size range. The method used is described on 

page l751n Section 3 and the results are presented in Fig. 7, 

where it may be seen that the number of eggs carried inoreases 

in direct proportion to increase in carapace length, although 

in the extreme upper size range data were inadequate. The 

relationship of egg numbers (y) to carapace length (x) is 

given by the equation y = -147200 + 282O.x which was calculated 

using Bartlett's method (Simpson et al, 1960). 

P. dt1agoae carries far fewer eggs tor its size than hae , 
been recorded in any other member of the Palinuridae,which is 

probably associated with the great depth at which it lives and 

the comparatively large size of its eggs. 

SUMMARY 

Production of an external spermatophoric mass is 

recorded in P. delagpae. This is the first record of an external 

spermatophoric mass in a palinurid genus, other than PUuliNS 

and a description is given of its morphology. 

I~ is estimated that sexual maturity is attained by the 

female population, as a whole, at a carapace length of 70 mm and 
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greater. No satisfaotory method vas found for determination of 

size at attainment of sexual maturity in males. 

P. delamae breeds onoe a year. Egg-bearing starts in 

spring (September), builds up to a peak in late summer and early 

autumn, (February-April) and falls off sharply in May. 

The monthly inoidenoe of egg-bearing in samples of the 

feral population indioate that the inoubatory period of the eggs 

is at least four months and probably somewhat longer. Observations 

on oaptive animals suggest that it is at least 144 days and 

possibly as long as 180 days. An interval of 6-11 days vas reoord­

ed between start and oomp1etion of hatohing. 

It was found that fewer eggs were carried, relative to 

the size of the animal, than seem to have been reoorded in any 

other member of the Pa1inuridae. A small female with a 

carapace length of 70 mm was estimated to produoe about 50,000 

eggs and a large one of 120 mm about 190,000. The oomparative1y 

low number of eggs produced is thought to be due to their large 

size. 

THE MOULTING CYCLE 

The moulting oyc1e was divided into four macroscopically 

distinguishable stages, described below. 
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TABLE 9. Description of the four stages in the moulting 
cycle. 

Stage DesonptioD 

A Immediately subsequent to moulting; exoskeleton 
soft and pulpy. 

B Shortly after moulting; exoskeleton hardening but 
depressible on dorsum of carapace; pleural spurs 
depressible. 

C Exoskeleton fully hardened; not depressible as in 
stage BJ no fully pigmented layer underlying exo-
skeleton. 

D Preparation for moulting evident; exoskeleton thin 
and brittle; an underlying fully pigmented layer 
can be exposed by au tting the carapace or breaking 
off the tip of an antenna. 

The monthly frequency of sexually mature rock lobsters, 

(with a carapace length of 70 mm and greater) in stages A, B and 

D of the moulting cycle is shown in Table 10 and Fig. 8. This 

gives an indication of the approximate period when moulting 

occurs. In females, moulting was recorded from July to 

December, with a single, well defined peak in September. In 

males, the pattern of moulting activity was very similar to that 

of females, with a peak in September, but a smaller peak 

vas also recorded in May. 
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TABLE 10. Frequency of sexually mature specimens moulting 
each month. 

MALES FEMALES 

Number Number 
Percentage examined Percentage examined 

JAN 0 69 0 160 

FEB 0 72 0 54 

MAR 0 120 I 0 14 

APR 1 165 0 320 

MAY 17 60 c 63 

JUN 0 63 0 65 

JUL 4 74 2 , 197 

AUG 0 77 2 73 

SEP 31 '4 51 ~ 

OCT 4 197 , 50 

NOV 4 122 2 63 

DEC 2 120 1 104 

These results suggest that adult females moult once 

per year, and adult males twioe. This however, hardly seems 

likely and examination of Fig. 6 shows that the two peaks of 

moulting recorded in males are only four months apart and not 

more or less equally space4., as might be expected if moulting 

occurred biannually. It therefore seems possible that the 

smaller peak represents a continuation of the sub-adult moulting 

cycle, in which several moults probably occur per year. More­

over, eXamination of the data showed that those males moulting in 

May were all small, the largest having a carapace length of 78 Mm. 

That a similar secondary moul~ing peak was not recorded in females, 

oould be due to dece1eration of growth rate asspciated with egg 
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production, and attainment of sexual maturl ty at a slightly 

smaller size than males. 

Specimens of P. delagoae did not surn ve long enough 

in captivity to enable determination of whether one or tw. moults 

occur per year. On the basis of the samples of the feral 

population it therefore appears that after attainment of sexual 

maturity this species moults once annually. 

The OvigeroUS Setae 

No sexually mature female was recorded without long 

Q~serous sotae and it appears that they are never lost in 

P. delagoae. 

10. CORRELATION AND DISCUSSION OF THE l«)ULTING AND BREEDTWG CYCLES 

On the basis of the results obtained from samples of 

the feral population, timing and interrelationship between the 

moulting and breeding cycles is summarised in Table 11. 

TABLE 11. SUmmary of the moulting and breeding cycles of 
Pa1inurus de1agoae • 

.mating 
moulting oviposition h,tching 

egg-bearing 

,I; , 
" 

, 
~ 

Aug Sap Oct Nov Dec Jan Feb Mar Apr May June July 
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The duration of the incubatory period in this Table is 

based on the frequency of egg-bearing in samples of the feral 

population, but according to observations on captive specimens, 

it seems that this may be a slightly conservative estimate of 

its length. 

Considering the large numbers of females examined, the 

54 specimens found oarrying spermatophoric masses ~present 

a particularly low proportion compared with the high proportion 

recorded carrying spermatophoric masses in P. hoJarus. This 

is taken to indicate that the spermatophorio mass is oarried 

by the female for only a short time in P. 4e1agoae, a view 

which is substantiated by its jelly-like consistency. 

Due to segregation and migration, the possibility 

oannot be preoluded that a second peak of moulting occurs atter 

hatching of the eggs, which was not deteoted due to sampling 

only once a month. However, examination of Table 11 shows 

that the intermou1t period would be at least seven months long, 

even if a second moult took place immediately after hatChing of 

the eggs. Maul ting so soon after hatching of the eggs would 

certainly not be in keeping with the long interval between the 

first moult and oviposition and the extremely long incubatory 

period, bcth of which seem t~ indicate a low metabolio rate 

possibly associated with the deep, cold water habitat of this 

species. Moreover, if there is a second moult after hatohing 

of the eggs, this non-breeding interaoul t period would have to 

be shorter than the one in which breeding occurs. HOlfever, the 

shorter intermoult period would extend over the winter months 

whioh would be expected to prolong it, if anything, as is the 

oase in P. homarus. It therefore seems reasonable to conolude 
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that a second moult does not occur, and sexually mature specimens 

of P. d elagoae moult only once a year. 

Information regarding frequency of moulting and breeding, 

and loss of the ovigerous setae in some members ~f the 

Palinuridae is summarised in Table 12. 

This shows that the majority of species appear to moult 

biannually, produce one brood of eggs per year and lose the 

ovigerous setae at the maul t subsequent to hatching of the eggs. 

However, this is by no means always the oase as shown by repetitive 

moul ting and breeding in P. hpmarus with no lOBS of setae, or 

p:..~duction of two broods of eggs in P. arBU', with no moult 

between eaoh brood and loss of setae after the second brood only. 

It appears therefore, that the variability recorded probably 

reflects adaptation of each species to particular climatic con­

ditioLs. 

In P. delagpae the deep, cold water environment it in­

habits appears to result in a low metabolio rate with only one 

moult per year and production of a single brood of eggs. 

Obviously no loss of ovigerous setae would be possible if females 

breed in consecutive intermoult periods. In addition, moulting 

and breeding activity see~ to be closely synchronised with 

seasonal environmental events in this species. This is very 

different from the situation in P. hoeru" which inhabits 

shallow, subtropical water and, probably associated with a higher 

metabolic rate, moults and breeds repetitively virtually through­

out the year. 
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TABLE 12. Summary of information regarding frequency ot moulting 
and breeding, and loss of ovigerous setae in 80_ 
members ot the Pa1inuridae. 

Species and Number of Number of Ovigerous 
author mou1 ts/year brood a/year aetae lost 

PalinuNs d'lagoae 1 1 N. 
present author 

PanuliNS~ 2 2 Y,s 
Sutcliffe 1953 

P. japoni~a 
12 2 Yea Nakamura 1940) 

Ino (1950) 

f. 'a~!~t)~1 2 
Lindb,rg-!955) 

1 ? 

P. cy~a 2 
George-1962) 

1 Y,a 

p. hpprul 4 1-4 No 
present author 

J. lalantfi 
Beydorn1969 ) 

1 1 ? 

J. 1alan~i 
Pater;;;-1969) 

2 1 Yea 

J. noyae~11andiae 
2 1 No Fielder 1964& a: 

1964b) 

~:U:'ff~~:tg 2 1 No 
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Despite the 41fferences in environment to whioh the 

adults of these two speoies respond, they both produce pelagio 

larvae whioh occur in the same offshore oiroulatory 87stea. 

It is interesting to note therefore, that the larvae are produoed 

at the same time cf the year in both species and the peak of 

hatching is in April/May. In addition, Berry (1969c) found 

that in the lobster Nephrpps IPde"P'cu' which occurs at a 

depth of 400 m off south-east Africa, the peak of hatching was 

also in May atter an incubatory period of nine months. In this 

case, however, the larvae do not appear to be pelagic and 

probably settle soon after hatchingl This suggests that there 

is some basic climatio or nutritional faotor in the offshore 

wa~er mass to which these three species of decapod crustacea 

are responding. As yet there is no indication of what this 

might be, but it is hoped that the recently started investigation 

of the phyllosoma larvae, whioh is being conduoted in conjunotion 

with hydrological and primary productivity studies by the C.S.I.R., 

will provide the answer. 

FEFlDING AND PREDATORS 

The oontents of the gastric mills of 40' randomly 

seleoted specimens were examined and an estimate by volume was 

made of the proportion each of the major food items oonstituted 

(see Table 1'). 
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TABLE 13. Analysis of the contents of the gastric mills of 
403 randomly selected speCimena. 

Group Percentage 
volume 

Cephalopod 46 

Teleost 33 

Crustacean 6 

Calcareous grit 7 

Unidentified 8 

The cephalopod remains could be matched with a small 

unidentified cuttlefish, which is caught in abundance in the 

same trawls as P. delagoae. The teleost remains could not be 

identified and the fragments of crustacean material consisted 

largely of fragments of Brachyuran exoskeletons. 

The only predators of P. delagoae recorded were the 

dogsharks Dalatiu§ 11gh."" and Cephaloscyllium ap. 
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A COMPARATIVE STUDY OF THE SPERMATOPHORIC 

MASSES AND MECHANISMS OF FERTILIZATION IN 

SOUTHERN AFRIC AN ROCK LOBSTERS 
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This section is based on work published in the Investiga­

tional Report Series of the Oceanographic Research Institute, 

Durban (Berry and Heydorn, 1970). 

In many decapod crustaceans, the male is known to 

produce discrete aggregations of spermatozoa embedded in some 

form of protective covering. The entire structure, termed the 

spermatophoric mass is transferred to the female whi~h then 

carries it externally or in s~me cases internally. This enables 

the spermatozoa to be retained in a viable state by the female 

until such time that her ova are ready for fertilization • . 

In the Palinuridae, the method by which fertilization 

is achieved is only known with certainty in two of the eight 

genera, namely Panulirus and Palinurus and both these genera 

produce spermatophoric masses which are carried externally by 

the female. The only other genus in which the mechanism of 

fertilization has raceived attention is Jasus and most workers 

have postulated that fertilization must be internal due to the 

apparent absence of an external spermatophoric mass (Von Bonde 1936, 

Fielder 1964a, and Heydorn 1969b). However, Paterson (1968), 
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working on J. lalandii considered that internal fertilization 

was unlikely to occur and has recently reported what is believed 

to be an external spermatophoric mass in a single specimen 

(Paterson 1969). This consisted of a transparent gelatinous 

substance, which unfortunately disintegrated rapidly in sea water 

before its structure could be investigated. The methods of 

fertilization in the remaining five palinurid genera do not 

appear to have been described. 

In the present investigation a comparative study has 

been made of the products of the male reproductive systems of 

representa~ive species of five palinurid genera, namely Panulirus 

homarus, Palinurus delagoae, Puerulus angulatus, Linuparus sp. 

,nd Jasus lalandii. The paired ~ deferentia of these speciee 

conform to the typical palinurid pattern, consisting of a tube 

which is narrow and coiled proximally, but which becomes enlarged 

distally. In this enlarged distal portion, the male reproductive 

products are accumulated and stored ready to be extruded during 

mating. The object of this investigation has been to relate 

the arrangement of the spermatophoric material within the ~ 

deferentia ~f P. homarus and P. delagoae to the structure of the 

external spermatophoric masses as deposited on the female's sternum. 
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By comparison of the contents of the ~ deferentia of these 

two species with the contents of the ~ deferentia of J. lalandii, 

P. angulatus and Linuparus sp. it hal been possible to assess 

whether in fact external spermatophoric masses are produced by 

these three species or whether fertilization is internal. This 

comparative study also affords an opportunity to determine 

whether changes in the mechanisms of fertilization have occurred 

in association with invasion of new environments and if so, 

whether they substantiate the evolutionary scheme for the 

Palinuridae postulated by George and Main (1961). 

The first detailed investigation of the spermatophoric 

mass of a palinurid was that of Matthews (1951) working on 

Panulirus penicillatu9, in which he concludes that it is formed 

by accumulation of materials derived from various regions of 

the male reproductive system. Subsequently, Berry (1910) has 

studied the structure of the external spermatohporic mass in 

relation to the mechanism of fertilization in Panulirus homarus 

(see Section 3). The morphology of the external spermatophoric 

mass of Palinurus delagoae has been described in section 4, and 

the mechanism of fertilization in this species is discussed in 

this section. The terminology originally used by Matthews has 

been adhered to in order to facilitate comparative description. 
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The spermatophoric masses of P. homarus and P. delagoae 

show the same basic organisation. In broad terms they mey be 

described as consisting of a matrix in which are embedded two 

highly convoluted tubules, the spermatophores, which contain the 

spermatozoa. In all Panulirus species examined this matrix is 

granular and hardens in sea-water, whereas in P. delagoae it remains 

soft and gelatinous. The mass is derived from the products of 

the paired gonads of the male and a single spermatophore with 

its surrounding matrix is extruded simultaneously from each 

gonopore during mating. The component from each gonopore is 

plastered to the female's sternum and the two coalesce medially 

giving the spermatophoric mass a bilaterally symmetrical appearance, 

(see Section 3, fig lland Section 4, fig. 3). 

1. MATERIALS AND METHOD 

Three sexually mature specimens of P. homarus, two of 

P. delagoae and J. lalandii and one each of P. angulatus and 
t 

Linuparus sp. were used for study. Both ~ deferentia were 

removed from each specimen immediately after it had been killed 

with the exception of the specimen of P. angulatus which was frozen. 

fixation in Bouin'. fluid and Heidenheints Suza resulted in the 

~ deferentia becoming very brittle and a 5% formaldehyde aolution 

was found to be an adequate fixative without hardening the tissue 

to the same extent. 
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The tissue was embedded in paraffin wax and transverse sections 

were cut at 10 microns thickness. Good results were obtained 

by staining with Mayer's haema1um end eosin and periodic acid 

Schiff's reaction stain was also usad as an aid in tissue 

differentiation. 

DESCRIPTION OF THE ~ DEFERENS OF EACH SPECIES 

Panulirus homarus 

Two distinct portions may be recognised in the ~ 

deferens; a proximal portion consisting of a narrow, coiled tubule 

and a distal portion in which the tube is greatly enlarged. The 

external morphology of the ~ deferens and the regions where the 

illustrated sectiona were cut are shown in Fig. 1. 

The proximal ~ deferens (figs. land 2) is given a 

dull white colour by the matrix it contains. Transverse sections 

show that within its thin, muscular wall, the entire periphary<of 

the tubule is lined by glandular epithelium which is slightly 

proliferated dorso-laterally. The epithelial cells are columnar 

and secrete a strongly eosinophilic granular matrix, which surrounds 

a core of tightiy packed spermatozoa. This comprises the 

spermatophoric tubule or spermatophore described in P. penicillatus 

by Matthews (1951). Most active secretion of matrix is from the 

dorso-lateral epithelium which may account for the pear-like shape 

of the spermatophora when seen in cross-section. 
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Within the spermatophore the spermatozoa are embedded in a 

gelatinous substance (Section 3, page 135). 

Fig. 1. 

Fig. 2. 

a 

b 

Diagram of the right portion of the male reproductive 
organs of Panulirus homarus, showing (a) the anterior 
testis lobe, (b) portion of the transverse bridge (c) 
the posterior testis lobe, (d) the proximal ~ deferens, 
(e) the distal ~ defererts, (f) the region containing 
grey matrix. (g) the region containing white matrix, 
(h) the'hyaline line t and (i) the terminal portion of 
the ~ deferens containing no matrix. The illustrated 
sections were cut in the regions marked x,y and z. 

O·Sm m 

Diagram of a transverse section through the proximal 
~ deferens of Panulirus homarus (see Fig. 1, x), 
showing (a) muscle and connective tissue, (b) glandu­
lar epithelium, (c) spermatozoa and (d) matrix. 
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The distal ~ deferens (figs. 1,3 and 4) is dull white 

in appearance due to the matrix it contains, except for the ventral 

region which is light grey and the short muscular portion leading 

to the exterior which contains no matrix and is pale yellow. A 

pale yellow line runs dorsally along the entire length of the enlarged 

portion, termed the "hyaline line" by Matthews (1951). 

Transverse sections show that the dorsa-lateral proliferation 

of the glandular epithelium lining the proximal ~ deferens becomes 

progressively more dorsal towards its distal enU. In the region 

where the hyaline line first becomes visible externally, these 

proliferations merge to form a dorsal bilobed projection into the 

lumen of the tubule (Fig. 3). This structure is termed the "typhlosole" 

by Matthsws (1951) and it runs dorsally along the length of the 

distal ~ deferens, although its bilobed structure is lost towards 

the terminal end (Fig. 4). The typhlosole therefore, is formed 

by proliferation and invagination of the dorsal epithelial lining 

of the ~ deferens and it continues to secrete a strongly eosino-

philic, granular matrix into the lumen. Although this matrix 

appears to be similar to the matrix which surrounds the spermatophore. 

it is not as highly compacted and the spermatophore remains as a 

discrete tubule within it. From its point of entry into the 

enlarged distal ~ deferens, the spermatophore becomes arranged 

in regular convolutions (Fig. 5) and is also forced towards the 

ventral periphery by the extensive dorsal production of the matrix 

by the typhlosole. 
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Diagram of a transversa section through the upper region of 
the distal vas deferens of Panulirus homarue (see Fig. l,y), 
showing (a)~scle and connective tissue, (b) glandular 
epithelium, (c) spermatozoa, (d) the wall of the spermato­
phore, i.e. matrix secreted by the proximal ~ deferens 
(e) matrix secreted by the typhlosole, (f) matrix secreted 
by the peripheral epithelium and (g) the bilobed typhlosole. 

The glandular epithelium of the ventral periphery of the ~ deferens 

is composed of cells which are smaller and squarer than those of 

the typhlosole and they secrete a thin matrix layer of large, strongly 

eosinophilic granules below the spermatophore. This thin matrix 

layer is represented externally by the grey ventral portion of the 

~ defer~ (Fig. l,~ ) and it will be shown that its function ia to 

cament the external spermatophoric mass to the sternum of the female. 
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Transverse sections through the middle region of the 

distal ~ deferens show the spermatophoric mass in a state ready 

to be extruded and deposited on the female's sternum (Fig. 4). 

At this stage it has the same basic strucutre as in the upper 

region, but the spermatophore is more convoluted and the convolutions 

are so tight that the wells of the spermatophore tend to coalesce, 

probably due to compression (Fig. 6). As the matrix secreted 

by the typhosole, the wall of the spermatophore and the ventral 

globular matrix layer are all eosinophilic, they tend to become 

indistinguishable when stained and are only visible when unstained. 

This may be the reason why Matthews (1951) did not distinguish 

a ventral adhesive matrix layer in P. enicillatus. 
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deferens of Panulirus homarue (See Fig. 1,z),ehowin9l(a) 
muscle and connective tissue, (b) glandular epithelium, 
(c) spermatozoa, (d) the wall of the spermatophore, i.e. 
matrix secreted by the proximal vas deferens (e) matrix 
secreted by the typhlosole, (f) ;;trix secreted by the 
peripheral epithelium and (g) the typhlosole. 
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Diagram showing the arrangement of the spermatophore 
(c) within portion of the proximal ~ deferens (a), 
and the distal ~ deferens (b) of Panulirus homarus. 
The ~ deferens is shown dissected dorsally. 

In Section 3 , it was shown that the external spermatophoric 

mass of P, homarus is composed of the following three horizontal 

layers; an outer protective matrix layer; a middle spermatophoric 

matrix layer in which the spermatophores are embedded; and a basal 

adhesive matrix layer which cements the spermatophoric mass to the 

female's sternum (Fig. 7). This layered structure can be derived 

from the crescent-shaped arrangement of the spermatophoric material 

within the ~ deferens (fig. 4). 

The matrix secreted by the typhlosole forms the outer 

protective layer; the matrix secreted in the proximal ~ ·deferens, 

which forms the wall of the spermatophore, coalesces to form the 

the spermatophoric matrix. The layer secreted by the epithelium 

on the ventral periphery of the distal ~ deferens forms the basal 

adhesive layer. 
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Photograph of portion of an unstained transverse section 
through the distal ~ deferens of Panulirus homarus 
showing (c) spermatozoa, (d) the wall of the spermatophore, 
i.e. matrix secreted by the proximal ~ deferens, (e) 
matrix secreted by the typhlosole and (f) matrix secreted 
by the peripheral epithelium (x 25 approx.). 

In the deposited spermatophoric mass the top of the 

spermatophore just projects into the overlying protective matrix 

(Fig. 7). This 18 probably due to pressure of the protective 

matrix which causes the spermatophore to protrude beyond the level 

of the spermatophorjc matrix. This unique arrangement enables 

the female to pick away the overlying protective layer until the 

spermatophoric matrix is reached and thus expose the spermatophore 

as an open furrow (Section 3, Fig.13 ). 
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Photograph of a transverse section through the deposited 
spermatophoric mass of Panulirus homarus in the region 
of the spermatophore showing (a) the protective matrix, 
(b) the spermatophoric matrix, (c) the spermatophore 
and (d) the adhesive matrix (x 50 approx.). The spermat­
zoa were lost from the spermatophore during sectioning. 

Palinurus delagoae 

The external morphology of the ~ deferens is basically 

similar to that of P. homarus and the sections illustrated were 

cut in the corresponding regions to those shown in fig. 1. A 

proximal region, which is coiled and narrow and a distal region 

which is longer and not as wide as that of P. homarus can be 

recognised. 
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The proximal ~ deferens (fig. 8): Transverse sections 

through this region reveal an arrangement which is besically 

similar to that found in p, homarus, The spermatophore is tri­

angular in cross section and its well is composed of a homogenaous 

eosinophilic substance quite unliks the granular wall of the 

spermatophore of P, homarus, Thera is a dorso-lateral 

region of thickened epithelium but this thickening is due to 

elongation of the cells and not due to proliferation of cells 

as in P, homarus. The wall of the spermatophore is thickest 

opposite these enlarged cells, In the ventral region it is 

thin and between it and the ventral epithelium i8 a narrow layer 

of large eosinophilic globules, similar to those composing the 

adhesive layer in P. homarus. The matrix filling the lumen 

between the well of the spermatophore end the epithelium is 

gelatinous and not granular as in P. homarus. There are ecattered 

dense areas of agglutination within thie gel which etain identically 

with the spermatophoric wall and in 80me instances can be seen 

to coalesce with this well. It therefore eppears that the 

gelatinous matrix moves from the glandular epithelium inwards 

to coalesce and form the wall of the spermatophore aurrounding 

the spermatozoa. 

The distal ~ deferens (fig. 9 and 10): This portion 

of the ~ deferens is an opaque white c~lour and unlike in P. homarus, 

a terminal muscular portion without eeminal fluid cannot be 

differentiated externally. 
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Diagram of a transverse section through the proximal 
~deferens of Palinurus delagoae. showing (a) muscle 
and connective tissue, (b) glandular epithelium, (c) 
spermatozoa, (d) the wall of the spermatophore, (e) 
gelatinous matrix with denae areas of agglutination and 
(f) the globular matrix layer. 

Diagram 0 a ransverse see~1 ~nrougn ~e-~~~-v~~----~ 

deferens of Palinurus delagoaa showing (a) muscle and 
connective tissue, (b) glandular epithelium, (e) 
spermatozoa, (d) the wall of the spermatophore, (e) 
gelatinous matrix with dense areas of agglutination 
secreted by the typhlosole, (f) globular matri~ 
secreted by the peripheral epithelium and (g) the 
typhlosole. 
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Photograph of portion of a transverse section through 
the distal vas deferens of Palinurus delaqoae showing 
(c) spermat~a, (d) the wall of the spermatophore, 
(e) the gelatinous matrix secreted by the typhlosole, 
(f) the globular matrix secreted by the peripheral 
epithelium and (9) portion of the typhlosole (x 15 approx.). 

A well developed hyaline line runs dorsally along its length and 

transverse sections cut in the region of the beginning of the 

hyaline line show a bilob~d typhlosole and initial convolution 

of the spermatophore. However the typhlosole shows no extensive 

proliferation of the epithelium as in P. homarus and it consists 

of a central core of muscle and connective tissue which is 

merely lined with glandular epithelium. As in P. homarus the 

typlosole loses its bilobed structure towards the terminal end of 

the ~ deferens. 
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The spermatophore becomes highly convoluted in this region and 

still retains its triangular shape in cross section. At its 

apex the well of the spermatophore extends dorsally into the 

overlying gelatinous matrix secreted by the typhlosole. This 

matrix fills the entire lumen dorsal to the spermatophore and as 

in the proximal ~ deferens, scattered dense areas of agglutination 

are present. Ventral to the spermatophore there is a layer of 

eosinophilic globules secreted by the adjacent epithelium, which 

corresponds to the adhesive layer of P. homaruB. 

Jasus lalandii 

The morphology and histology of the male reproductive 

organs has been described by Paterson (1969) and the nature of the 

seminal fluid by Heydorn (1965). Both the externel morphology 

and anatomy of the ~ deferens appears to be identical with that 

of Jasus novaehollandiae described by Fielder (l964b). The sections 

illustrated were cut in corresponding regions to those of p. homarue 

and P. delagoae and a proximal and a distal region of the ~ deferens 

can also be recognised. 

The proximal ~ deferens (Fig. 11) is essentially similar 

to that of P. delagoae, consisting of an outer covering of muscle 

and connective tissue, lined internally by glandular epithelium. 
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Diagram of a transverse section through the proxi mal 
vas deferens of Jasus lalandii showing (a) muscle 
and connective tissue, (b) glandular epithelium, 
(c) spermatozoa and (e) gelatinous matrix. 

Dorso-laterally, tha epithelium is composed of extremely high 

columnar cells which are more glandular than the cells around the 

rest of the periphery. The lumen is filled with a gelatinous 

matrix which is more homogeneous than that of P, delaQoae and does 

not heve the same dense areas of agglutination. Embedded in 

the matrix is the spermatophore which is a thin continuo18thread 

bf spermatozoa with no surrounding wall as in P. de1agoae and 

P. homarus. It is apparent that this thread-like spermatophore 

is somewhat convoluted in the matrix even in this portion of the 

~ deferens. 

The distal ~ deferens (fig. 12 and 13) is not as enlarged 

al that of p, delagoae and has only a small wedge-shaped typhlosole 

projecting into its lumen. 
~ 

The columnar epithelial cells lining 

the typhlosole are higher than those around the rest of the 

periphery and secrete • gelatinous matrix which fills tha lumen 

of the ~ deferens, 
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The thread-like spermatophore is not localised ventrally as in 

P. homarus and P. delagoae, but is convoluted randomly through-

out the matrix. Adjacent to the peripheral epithelium is a 

thin layer of strongly eosinophilic globules, similar in 

appearance to the somewhat thicker adhesive matrix layer 

underlying the convoluted spermatophore of P. delaooae. 

Fig. 12. 

a 

Imm 

Diagram of a transverse section through the distal 
~ deferens of Jasus lalandii showing (a) muscle 
and connective tissue, (b) glandular epithelium, 
(c) spermatozoa, (e) gelatinous matrix secreted 
by the typhlosole in the upper regions of the 
distal ~ deferens (f) the globular matrix secret­
ed by the peripheral epithelium and (g) the 
typhlosole, The thickness of the spermatophore 
and globular matrix layer is exaggerated in this 
diagram. 
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Photograph of portion of a transverse section through 
the distal vas deferens of Jasus lelandii showing (e) 
the gelatin; matrix, (c) the t hread-like spermatophore 
and (f) the globular matrix layer secreted by the peri­
pheral epithelium (x 80 approx.). 

~uerulus anqulatus and Linuparus sP. 

Sections through the vasa deferentia of P. angulatus and -
Linuparus sp. were cut in the regions corresponding to those of the 

preceding species (Fig. 1). 

The external morphology and anatomy of the ~ deferentia 

of these two species resembles that of P. delagoae and the spermato-

phores show the same characteristic peripheral arrangement, with an 

underlying adhesive layer. The matrix is gelatinous but has a homo-

geneous consistency as in Jasus and the dense areas of agglutination 

found in the protective matrix of P. delagoae are not present. In both 

P. angulatus and Linuparus sp., the spermatophore consists of a large, 

tightly compacted core of spermatozoa, embedded in an eosinophilic 

mucous which forms a distinct interface with the protective matrix. 

However, there is no wall surrounding the spermatophore as in P. delagoae. 

The spermatophore of P. angulatus is roughly triangular in cross section 

and the underlying matrix layer has a similar consistency to that of 

P. delagoae (Fig. 14 and 15). 
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fig. 14. Diagram of a transverse section thr~ugh the distal 
~ deferens of Puerulus angulatus showing (a) muscle 
and connective tissue. (b) glandular epithelium, (c) 
spermatozoa, (e) gelatinous matrix secreted by the 
typhlosole, (f) globular matrix secreted by the peri­
pheral epithelium and (g) the typhloso1e. 

fig. 15. Photograph of portion of a transverse section through 
the distal ~ deferens of Puerulus angu1atu9 showing 
(c) spermatozoa, (e) gelatinous matrix and (f) globular 
matrix secreted by the peripheral epithelium (x 25 apprax.). 
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The spermatophore of Linuparus sp. is more oval and extends 

almost to the typhlosole through the protective matrix (Fig. 16). 

The consistency of the peripheral matrix layer resembles that of 

Jasus and is similar to the mucous in which the spermatozoa are 

embedded. 

fig. 16. Photograph of portion of a trensverse section through 
the distal ~ deferens of Linuparus sp. showing (c) 
spermatozoa, (a' gelatinous matrix and (f) globular 
matrix secreted by the peripheral epithelium. 
(x 2S approx.). 

OTHER OBSERVATIONS 

Although the matrices of the spermatophoric masses of 

P. dalagoae, J. lalandii, P. angulatus and Linuparua sp. have a 

similar gelatinous consistency, their properties differ in some 

cases on exposure to sea-water. 
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The matrix of the spermatophoric mass of P. delagoae 

changes from a viscous mucous-like consistency to a stiff gel 

when exposed to sea-water and smears on microscope slides remained 

intact for five days in running sea-water. 

In J. lalandii the thread-like spermatophore is 

distinguishable in smears of the spermatophoric mass examined 

microscopically. If the coverslip is gently depressed the 

spermatozoa become dispersed but reform in a thread when the 

pressure is released, due to the viscosity of the surrounding 

matrix. However, if a drop of ssa-water is placed on the 

seminal smear befora a coverslip is put on and pressure is 

again exerted, the spermatozoa disperse as before but do not 

reform again in a thread when the pressure is released and can 

be seen moving freely according to water movement. This demonstrates 

that at least portion of the matrix is soluble in sea-water. 

Unfortunately these experiments could not be repeated 

on the spermatophoric masses of Linuparus sP. and P. angulatus 

as living specimens were not obtainable. 

DISCUSSION 

The arrangement of the spermatophoric material within 

the ~ deferentia of P. homarus, P. delagoae, P. angulatus 

and Linuparus sp. shows a basic similarity, and the following 

features are common to all these species: 
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There is a distinct thin matrix layer around the ventro-lateral 

periphery of the ~ deferens, known to have an adhesive function 

in P, homarus and P. delagoae; the spermatophore is highly convoluted 

in a longitudinal plane and is arranged peripherally with its base 

resting on this adhesive matrix layer. It is enclosed laterally 

and above by a thick protective matrix layer which is gelatinous 

in P. delagoae, P. anqulatus and Linuparus sp. but is granular, 

with a putty-like consistency in P. homarus. The spermatophoric 

masses of P. angulatus and Linuparus sp. show a close resemblance 

in structure and although they are also similar to the spermatophoric 

mass of P. delagoae they do not have a wall surrounding the sperma­

tophore, a feature that P. delagoae has in common with P. homerus. 

In the original description of the external spermatophoric 

mass of P. delagoae (Section 4) it was stated that the wall of the 

spermatophores was ruptured and that the spermatozoa were spread 

diffusely through the matrix. However, the specimen on which this 

description was based had been deep frozen and numerous unfrozen 

specimens with freshly deposited spermatophoric masses have subsequently 

been found with the dpermatophores intact. It has now beGn confirmed 

that repeated freezing and thawing of the spermatophoric mass can 

rupture the wall of the spermatophore which accounts for the structure 

of the mass as initially described. 
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In view of these observations and the present study of the 

spermatophoric mass within the ~ deferens, the deposited 

spermatophoric mass of P. delagoae has now been found to &onsist 

of a basal adhesive layer which cements the mass to the female's 

sternum and resting on this layer is the spermatophore which 

is highly convoluted in a longitudinal plane, and is covered 

by a thick, gelatinous, protective matrix. Prior to fertilizstion 

this overlying protective matrix is not evenly scraped awsy to 

expose the spermatophore as in P. homarus, but was found to be 

broken up by deep scratches, presumably mads by the dactyls of 

the fifth legs. This must break opsn the spermatophore and 

expose the spermatozoa. 

As the peripheral matrix layer undoubtedly cements the 

spermatophoric mass to the female's sternum in P. homarus and 

P. delagoee, the presence of this layer in Pc enqulatus and 

Linuparus sp. indicates that external fertilization also occurs 

in these species. Their external spermatophoric masses probably 

closely resemble that of P. delagoae in view of the similarity 

of the masses withi~ the ~ deferentia, and are probably also 

insoluble in sea-water. 

In J. lalandii the arrangement of the contents of the 

~ deferens is quite distinct from the other four species in 

that the spermatophore is thread-like and has no specific 

orientation, being convoluted randomly throughout the matrix. 
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This matrix is gelatinous as in P, delagoae, P. angulatus and 

Linuparus sp" The presence of a basal matrix layer in J, lalandii 

which is similar to, though much thinner than the basal 

adhesive layer of P. delagoae, now provides further evidence 

for external fertilization in Jasus, Remains of a spermatophoric 

mass have not been evident in Jasus except for a single record 

by Paterson (1969) and this may be accounted for by the fect 

that the mass disintegrates in sea-water. Because of this, 

oviposition must occur immediately after mating and presumably 

the spermatozoa are released as the matrix disintegrates. 

To summarise, three basic types of spermatophoric 

masses can be distinguished among the species axamined in the 

present investi~ation: 

(i) 

(ii) 

(iii) 

A spermatophoric mass which is gelatinous, and 
which dieintegrates in see-water. The highly 
convoluted spermatophore is randomly distri­
buted throughout the protective matrix and is 
thread-like with no specific shape (e,g. 
J, lelandii). 

A spermatophoric mass which is gelatinous but 
does not disintegrate in sea-water. The 
8permetophor~ has a chracteristic shape and 
a definite orientation end distribution within 
the protective matrix (e.g. P. delagoae, 
P, angulatus and Linuparus sp.) 

A spermatophoric mess which is granular with a 
putty-like consistency that hardens in sea­
water. The spermatophore has a characteristic 
shape and a definite orientation and distribu­
tion within the protective matrix (e.g, 
P, homarus). 
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Characteristic convolution of the spermatophore, 

found in P. homarus, P. delagoae, P. engulatus and Linuparus ap. 

starts in the upper region of the distal ~ deferens where 

the typhlosole first becomes bilobed and large in relation to 

the diameter of the tube. This convolution is apparently 

brought about by a combination of factors: Extensive production 

of the protective matrix by the typhlosole forces the spermato­

phore to the ventral periphery of the ~ deferens and restricts 

its arrangement to the longitudinal plane. Thus as the 

spermatophore is accumulated within the relatively wide distal 

~ deferens, convolution is caused by this confinement to 

the longitudinal plane and the restriction of movement along 

the tube by its relatively short length. Apparently progress 

of the spermatophore towards the terminal end of the ~ deferens 

is brought about by peristaltic movement, as the wall of the 

~ deferens contains both longitudinal and circular musculature. 

In J. lalandii the typhlosole is small in relation 

to the diameter of the distal ~ deferens. Thus the spermato-

phore is not restricted to a longitudi nal plane by extensive 

dorsal production of matrix, which accounts for the random 

arrangement and lack of orientation of the spermatophore. 
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According to George and Main (1967) divergence into 

two line • namely the Silentss to which Jasus belongs and the 

Strident 8 to which Panulirus, Palinurus, Puerulus and Linuparus 

belong, ;ook place at an extremely early stage in the course of 

palinuri I evolution. This is therefore a basic consideration 

when corrlaring the spermatophoric masses of species belonging 

to the t~o groups. 

It is significant that P, delagoae, Linuparus sp. and 

P. angulatus which have a similar type of spermatophoric mass, 

are all deep-water species. George and Main (1967) postulate 

that these species represent surviving forms of a deep-water ance­

stral palinurid line and in their evolutionary scheme, these 

authors postulate that Puerulus and Linuparus diverged from a 

common ancest~al stock on the Cretaceous. This is supported 

by the close similarity of the spermatophoric masses of P. angulatus 

and Linuparus sp. 

They also believe that Palinurus and Panulirus diverged 

from a common ancestral stock in the Miocene and propose that 

Panulirus is the most recently evolved genus which has invaded 

the sublittoral environment in the tropics. 
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This hypothesis is supported by the structure of the spermatophoric 

mass of p. delagoae which although it shows affinity to the 

spermatophoric masses of the other deep-water species P. angulatus 

and Linuparus sp., has the spermatophore enclosed in a wall, a 

feature found in Panulirus. The adaptive significance of this 

wall in the spermatophoric mass of P. delagoae remaine obscure in 

view of the fact that it is a deep-water species. 

According to George (Pers. comm.) Jasus is an extremely 

old genus which has inhabited shallow temperate water in the southern 

oceans where the species have been adapted to the current s ystems 

controlled by the mid-latitude westerly winds. The extant species 

are similar morphologically and show a relict distribution pattern. 

It may therefore be expected that the reproductive systems and 

mechanism of fertilization would show little difference amongst 

the species and evidence of this is given by the identical structure 

of the spermatophoric mass within the ~ deferens of J. novaehollandiae 

figured by Fielder (l946b) and J. lalandii described in this 

investigation. In accord with the supposed antiquity of this genus, 

the spermatophoric mass shows an unspecialised level of development 

and in extant species the mechanism and timing of fertilization is 

probably geared to environmental conditions very similar to those 

inhabited by the ancestral line. 
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On first consideration it would appear that the hard 

spermatophoric masa of the genua Panulirus evolved in response 

to shallow, turbulent water conditions where a soft spermatophoric 

mass would be liable to be washed off. However, development 

of a hard spermatophoric mass is apparently not a prerequisite 

for invasion of shallow water, as is illustrated by Jesus. 

In the case of P. delagoae,(and probably also Linuparus sp. and 

P. angulatus) the gelatinous spermatophoric mass is insoluble 

in sea-water indicating a trend towards prolonging the interval 

between mating and oviposition. It is suggested therefore that 

in the Stridentes group, selection pressure resulting in prolonga­

tion of the interval between mating and oviposition originally 

led to the development of an insoluble spermatophoric mass, such 

as that of P. delagoae and turbulent conditions found in shallow 

water was a secondary factor leading to evolution of the resistant 

spermatophoric mass of Panulirus. 

The mechaniam of fertilization must be adapted to 

prevailing env~ronmental conditions and in sublittoral waters 

Panulirus would have been subjected to severe environmental stresses 

during the Pleistocene ice ageste~g. falling and rising of sea 

levels, changes in area of continental shelves, changes in water 

temperatures and strengthening and weakening of oceanic circulation 

(George and Main 1967), 
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Possession of a hard spermatophoric mass enabling great l atitude 

of the interval between mating and oviposition may have contributed 

to the success of the genus during this period. The structure 

of the spermatophoric masses of the various Panulirus species 

could be expected to show structural differences determined by the 

prevailing climatic environment and water circulation systems, to 

which their reproductive cycles are geared. Little comparative 

work has been done on the spermatophoric masses of the species but 

a difference is exhibited in the spermatophoric mass of P. homarus 

which lacks the additional outer layer found in such species as 

P. penicillatus. The presence of the additional l ayer may well 

indicate a longer interval between mating and ov~position than 

occurs in P. homarus. 

The similarity of the spermatophori c masses of P, delagoae 

Linuparus sp. and p. angulatus may indicate that development of 

an insoluble spermatophoric mass originally developed early in 

the course of evolution of the Stridentes group and that in the 

deep-water environment of the basic structure of the spermatophoric 

mass has probably changed little over B great period of time. 

It seems reasonable to assume that the unspecialised internal 

arrangement of the spermatophoric mass of Jasus and its solubility 

in sea-water are primitive features. 
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While the ancestral Stridentes line may never have had a spermato­

phoric mass quite like that aT Jasus, it seems likely that the 

mass must have passed through a similar level of development. 

It is only possible to speculate as to what selective forces 

originally led to the evolution of an insoluble spermatophoric 

mass, but the obvious result of its development is a greater 

flexibility in the period between mating and oviposition which 

makes the female independent of the presence of a male during 

oviposition. This could have had a selective advantage where 

po?ulation density was low. It could possibly also have had some 

survival value under particular climatic conditions, e.g. delay 

of oviposition until conditions were suitable. 



285 

REfERENCES 

ALLEN, B.M., 1916. Notes on the spiny lobster (Panulirus interruptus) 

of the California coast. Univ. Calif. PubIs Zool., Ji: 139-152. 

BARNARD, K.H., 1926. Report on a collection of Crustacea from 

Portuguese East Africa. Trans. R. Soc. S. Afr., 11(2). 

--, K.H., 1950. Descriptive catalogue of South African Decapod 

Crustacea (Crabs and Shrimps). Ann. S. Afr, Mys., ~: 1-837. 

BATE, C.5., 1888. Report on the Crustacea Macrura collected by 

H.M.S. Challenger during the years 1873-76. Rep. Voy. Challenger, 

Zool., ~: i-xc, 1-942. 

BERRY, P.f., 196ge, Occurrence of an external spermatophoric mass 

in the spiny lobster Palinurus gilchristi. (Decapoda, Palinuridea). 

Crustaceana, 11(2): 223-224. 

--, P.f., 1969b. Rediscovery of the spiny lobster Puerulus cari­

natus Borradaile (Decapoda Palinuridea). Crustaceana, 11(3): 

239-252. 

--, P.f., 1969c. The biology of Nephrops andamanicus Wood-Mason 

(Decapoda Reptantia), Invest. Rep. oceanoqr. Res. Inst., (22): 

1-55. 

--, P.F., 1910. Mating behaviour. oviposition and fertilization in 

the spiny lobster Panulirus homarus (Linnaeus). Invest, Rep. 

Res. Inst., (24): 1-16. 

--, P.f. and HEYDORN, A.E.f., 1910. A comparison of the spermato­

phoric masses and mechanisms of fertilization in southern 

African spiny lobsters (Palinuridae). Invest. Reo. oceanogr. Res. 



286 

Inst., (25): 1-18. 

BORRADAILE, L.A., 1910. Penaeide~, Stenopidae, and Reptantia 

from the western Indian Ocean. The Percy Sladen Trust Expedi­

tion to the Indian Oceen in 1905, under the leadership of Mr. 

J. Stanley Gardiner. Trans. Linn. Soc. Lond •• Zool., 1(2): 

173-176. 

BOVBJERG, R.V., 1956. Some factors affecting aggressive behaviour 

in crayfish. Physiol Zool., ~(2): 127-136. 

BURKENROAD, M.D., 1947. Reproductive activities of decapod crusta­

cea. Am. Nat., ~: 392-398. 

CHARBONNIER, D. and CROSNIER, A., 1961. Quelques donnees sur la 

peche des langoustes a Madagascar. PSche marit., (994): 16-18. 

CRAWFORD, D.R. and DE SMIDT, W.J.J., 1922. The spiny lobster, 

Panylirus argus, of southern Florida: its natural history and 

utilization. Bull. Bur. Fish •• Wash., ~: 281-310. 

DAY, J.H., FIELD, J.G. and PENRITH, M.J., 1910. The benthic fauna 

and fishes of False Bay, South Africa. Trans. R. Soc. 5. Afr., 

l2.(1): 56. 

DE BRUIN, G.H.P., 1962. Spiny lobsters of Ceylon. Bull. Fish. Res. 

Stn Ceylon, (14): 1-28. 

DRACH, P. 1939. Mue et cycle d'intermue chez les crustac~s decapodes. 

AnnIs Inst. oceanogr., Monaco, ~: 103-391. 

--, P. and TCHERNIGOUTZEff, C., 1967. Sur la methode de determina­

tion des stades d'intermue et son application general eux crustaces. 



287 

Vie Milieu, (A}~(3-A): 595-610. 

fIELDER, D.R., 1964a. The process of fertilization in the spiny 

lobster Jasus lalandei (H. Milne-Edwards). Trans. R, Soc. S. Aust., 

M,: 161-166. 

--, D.R., 1964b. The spiny lobster, Jasus lalandsi (H. Milne-Edwards), 

in South Australia. II. Reproduction. Aust. J. mar. rreshwat. Res., 

.1[: 133-144. 

--, D.R., 1965. A dominance order for shelter in the spiny lobster 

Jasus lalandei (H. Milne-Edwards). Behayiour, l!: 236-245. 

foURMANoIR, P., CRoSNIER, A. and CHARBONNIER, D., 1960. P~che a la 

langouste dans la region de Fort Dauphin (S.E. de Madagascar). 

Colloque CCTA/CSA de biologie marine et de peches maritimes sur 

les cotes orientales de l'Afrique, Le Cap, septembre 1960, ~. 

Mar. BioI. (60) 5, mimeo. 

GEORGE, R.W., 1962. Description of Panulirus cygnus sp • . nov., the 

commercial crayfish (or spiny lobster) of western Australia. dl 

R. Soc. West. Aust., ~(4): 100-110. 

--, R.W., 1963. Report to the Government of Aden on crawfish 

resources of Eastern Aden Protectorate. r.A.D. E.P.T.A. Rep., 

(1696): 1-23. 

--, R.W. and GRINDLEY, J.R., 1964a. Prpjasus - a new generic name 

for Parker's crayfish, Jasus pqrkeri Stebbing (Palinuridae: 

!tsilentes"). Jl R. Soc. West. Aust.,..4l: 87-90. 



286 

--, R.W., 1964b. Variation and possible geographic populations 

in the Indo-west Pacific scalloped crayfish Panulirus homarus. 

CSA specialist meeting on Crustaceans, Zanzibar, April 1964, 

(64) 11: 1-5. 

--, R.W. and HOLTHUIS, L.B., 1965. A revision of the Indo-west 

Pacific spiny lobsters of the Panulirus japonicus group. 1£2!. 

Verh •• Leiden, 1£: 1-36. 

--, R. W. and Main, A.R., 1967. The evolution of spiny lobsters 

(Palinuridae): a study of evolution in the marine environment. 

Evolution, ~: 803-820. 

--, R.W., 1968. Tropical spiny lobsters, Panulirus spp., off 

Western Australia (and the Indo-west Pacific). J1 R. Soc. West. 

Aust., ~(2): 33-38. 

--, R.W., HEYDORN, A.E.F. and BERRY, P.F., 1970. Climatic events, 

coastal zonation and the biology of marine animals in South 

Africa. Paper presented at the Oceanographic symposium, Durban, 

August 1910, (G3): 1-17. 

GORDON, I., 1953. On the Puerulus stage of some spiny lobsters 

(Palinuridae). Bull. Brit. Mus. nat. Hist., (D)l(2). 

--, I., 1960. On the genus Justitia Holthuis (Decapoda, Palinuridae), 

with a note on allometric growth in Panulirus ornatus (Fabricius). 

Crustaceana, ~(4): 295-306. 

GRUA, P., 1964. La cycle sexuel at l'ev01ution des soies ovigeres 

des femel1es de Jesus paulensis (Pa~inuridee). lu: Carrick, R., 



269 

Holdgate, M. and Prevost, J., ~. Biologie antarctigue (Premier 

symposium, Paris, September 1962). Paris, Herman: 471-480. 

HALL, D.N.f., 1960. A note on the Zanzibar rock-lobster fishery. 

Rep. E. Afr. mar. fish. Res. Org., 32-38. 

HARRIS, r.f.W., JORDAAN, J.M., McMURRAY, W.R., VERWEY, C.J. and 

ANDERSON, f.P., 1962. Mixing in the surf zone. ill: International 

conference on water pollution research. London, Pergamon Press; 

117-198. 

HERRNKIND, W., 1969. Queing behaviour in spiny lobsters. Science, 

164: 1425-1427. 

HEYDORN, A.E.f., 1965. The rock lobster of the South African west 

coast Jasus lalandii (H. Milne-Edwards). 1. Notes on the repro­

ductive biology and the determination of minimum size limits for 

commercial catches. Investl Rep. Div. Sea fish S. Afr., (53): 

1-32. 

--, A.E.f., 19698. Notes on the biology of Panulirus homarus and 

on length/weight relationships of Jasus lalandii. Investl Rep. 

Div. Sea fish S. Afr., (69): 1-26. 

--, A.E.f., 1969b. The rock lobster of the South African west 

coast Jasus lalandii (H. Milne-Edwards). 2. Population studies, 

behaviour, reproduction, moulting, growth and migration. Inyestl 

Rep. Div. Sea Fish S. Afr., (71): 1-52. 

HOLTHUIS, L.B., 1946. The Stenopodidee, Nephropsidae, Scyllaridae 

and Palinuridae. The Decapod Mecrura of the Snellius Expedition. 

Biological results of the Snellius Expedition. XIV. Temminckia, 



290 

~: 1-118. 

__ , L.B., 1966. On spiny lobsters of the genera Palinurellus, 

Linuparus and Puerulus (Crustacea Decapoda, Palinuridae). ~. 

Symp. Crustacea India, ~(2): 261-218. 

HUXLEY, T.H., 1896. The crayfish - an introduction to the study 

of zoology. London, Kegan Paul. 

INO, T., 1950. Observations on the spawning cycle of Ise-ebi, 

Panulirus japonicus (v. Siebold). Bull. Jap, Soc. scient. fish., 

li(ll): 125-121. 

KENSLER, C.B., 1961. fecundity in the marine spiny lobster Jasus 

vereauxi (H. Milne-Edwards) (Crustacea: Decapoda : Palinuridae). 

N. Z. Jl mar. freshwat. Res., ~(2): 143-155. 

KUBO, I., 1939. A new spiny lobster, Puerulus gracilis. Bull. Jap. 

Soc. scient. fish., ~: 316-318. 

--, I., 1938. Notes on the sexual dimorphism of the spiny lobster, 

Panulirus iaponicuB (v. Siebold). J. imp. Fish. Inst.! Tokyo, 

11(1}: 101-106. 

--, I., 1963. Systematic studies on the Japanese Macrurous Decapod 

Crustacea. 6. A new and imperfectly known species of palinurid 

lobster. J. Tokyo ColI. Fish., ~(l): 68-11. 

LINDBERG, R.G., 1955. Growth, population dynamics and field behav­

iour in the spiny lobster, Panulirus interruptus (Randall). 

Univ. Calif. PubIs Zool., ~: 151-248. 



291 

MACNAE, W., 1962. The fauna and flora of the eastern coasts of 

southern Africa in relation to ocean currents. S. Afr. J. Sci., 

~(7): 208-212. 

McNEILL, F.A., 1949. Two crustacean oddities. Aust. Mus. Mag., 

i: 331-339. 

MATTHEWS, D.C., 1951. The origin, development and nature of the 

spermatophoric mass of the spiny lobster, Panulirus pencillatus 

(Olivier). Pacif. Sci., ~: 359-371. 

MAYR, E., 1963. Animal species and evolution. London, Oxford 

university press: 1-797. 

MENACHE, M., 1963. Premiere campagne oceanographique du "Comman­

dant Robert Giraud" dans Ie canal de Mozambique 11 octobre -

28 novembre 1957. Cah. oceanogr., ~(4). 

MIYAMOTO and SHARIff, A.T., 1961. Lobster fishery off the south-west 

coast of India. Anchor hook and trap fisheries. Indian J. Fish., 

~(l): 252-268. 

NAKAMURA,S., 1940. Ecological studies of the spiny lobster, 

Panulirus japonicus (v. Siebold), with special reference to its 

conservation. J. imp. Fish. lnst.! Tokyo, ~: 101-113. 

OLIFf, W.D. ~., 1969 • • The disposal of effluents into the sea 

off the Natal coast. Pietermaritzburg, The town and regional 

planning commission: 1-140. 

ORTMANN, A., 1891. Die Abteilungen der Reptantia Boas: Homaridea, 

Loricata und Thalassinidea. Die Decapodenkrebse dee Strassburger 



292 

Museums, mit besonderer Berucksichtigung der Herrn Dr. D~derlein 

bei Japan uns den Liu-Kiu-Inseln gesammelten und z.Z. im Strass­

burger Museum aufbewahrten Formen. III. Theil. Zool. Jb. Syst., 

i: 1-58. 

PATERSON, N.F., 1968. The anatomy of the Cepe rock lobster, Jasus 

lalandii (H. Milne-Edwards). Ann. S. Afr. MUI., ~: 210~215. 

--, N.f., 1969. The behaviour of captive Cape rock lobsters, Jasus 

lalandii (H. Milne-Edwards). Ann. S. Afr. Mus., ~(10): 225-264. 

PATUlLO, J., 1966. Tides. In: fairbridge, R.W., ~. The encyclo­

paedia. New York, Reinhold: 913-923. 

POSTEL, E., 1966. langoustes de la zone intertropicale Africaine. 

CSA specialist meeting on Crustaceans, Zanzibar, April 1964, (77). 

RAMADAN, M.M., 1938. Tho Astecura and Palinura. Scient. Rep. John 

Murrey Exped., ~(5): 123-145. 

RYAN, E.P., 1966. Pheromone: Evidence in a Decapod Crustacean. 

Science, ~: 340-341. 

SIMPSON, G.G., ROE, A. and LEWONTIN, R.C., 1960. Quantitative 

zoology. New York, Harcourt Brace. 

STEBBING, T.R.R., 1902. South African Crustacea. Mar. Invest. S. Afr., 

~: 31-32. 

STEffENS, f.E. and D'AUBREY, J.D., 1967. Regression analysis as an 

aid to shark taxonomy. Invest. Rep. oceenogr. Res. Inst., (18): 

1-16. 



293 

SUTCLIffE, W.H., 1952. Some observations on the breeding and migra­

tion of the Burmuda spiny lobster, Panulirus argus. Proc. Gulf 

Caribb. fish. Inst., ~: 64-69. 

--, W.H., 1953. further obs~rvationB on the breeding and migration of 

the Burmuda spiny lobster, Panulirus argus. J. mar. Res., ~: 

113-183. 

TERAO, A., 1929. On the embryonic development of the spiny lobster, 

Panulirus japonicus (v. Siebold). Jap. J. Zool., l: 381-449. 

THOMAS, L.R., 1966. Moulting behaviour of the western Australian 

crayfish Panulirus cygnus George (Decapoda Reptantia). Crustaceana, 

Jbi: 111-112. 

TRAVIS, D.f., 1954. The molting cycle of the spiny lobster, Panulirus 

argus Latreille. I. Molting and growth in laboratory maintained 

individuals. Biol. Bull. mar. biol. Lab., Woods Hole, JJ[L: 453-450. 

VON BONDE, C., 1936. The reproduction, embyology and metamorphosis 

of the Cape crawfish (Jasus lalandii) (H. Milne-Edwards) Ortmann. 

Inyestl Reo. fish. mar. biola Sury. Div. Un. S. Afr., i: 1-25. 

YONGE, C.M., 1932. On the nature and permeability of chitin. I. 

The chitin lining the foregut of Decepod Crustacea and the function 

of the tegumental glands. Proe. R. Soc., (B)l: 298-329. 



294 

ACKNOWLEDGEMENTS 

I am very grateful to all those who gave assistance 

in this investigation and my sincere thanks are expressed to 

the following people in particular: 

My supervisor, Dr. A.E.F. Heydorn, Director of the 

Oceanographic Research Institute, for his advice and encourage­

ment throughout the project and also his criticism of the 

manuscript. 

Dr. R.W. George, of the Western Australian Museum, 

for stimulating discussions and criticism of parts of the 

manuscript. 

Dr. N.F. Paterson, formerly of the South African MuBeum, 

who encouraged investigation of fertilization within the 

Palinuridae. 

Mr. G. Newman, of the Division of Sea Fisheries, for his 

helpful criticism of Section 5 of the manuscript. 

Dr. L.B. Hol thule, of the Rijksmuseum Van Natuurlijke 

Historie, who gave excellent advice in preparation of the paper on 

Puerulus. 

Dr. A. Alexander, Senior Lecturer 1n the Department of 

Animal Biology, University of Natal, for her criticism of the 

paper on mating behaviour in P. homarus. Also Mr. D. Sm! th of the 

sam. Department for his advice on photography, 



295 

Mr. D. Yoxall for his capable assistance both in the 

diving progrrumne and processing of data. Also Mr. T.P. More 

and N. Holliday, without whose frequent help as co-divers, 

many of the samples of P. homarus would have been smaller. 

Prof. A.J. Burton and Prof. T.A. Villiers for the 

facilities provided in the Departments of Animal and Plant Biology. 

All my colleagues at the Oceanographic Research Institute 

for their cooperation and assistance. 

I am extremely grateful for the facilities provided and 

the administrative support of the Oceanographic Research Institute. 

I wish also to acknowledge the cooperation of the Coastal Fisheries 

Department of the Natal Parks, Game and Fish Preservation Board and 

the Division of Sea Fisheries. 

Financial support of the East Coast Rock Lobster Programme 

was provided by the South African National Committee for Oceanographic 

Research. 


	Berry_Patrick_F_1970.front.p001
	Berry_Patrick_F_1970.front.p002
	Berry_Patrick_F_1970.front.p003
	Berry_Patrick_F_1970.front.p004
	Berry_Patrick_F_1970.front.p005
	Berry_Patrick_F_1970.front.p006
	Berry_Patrick_F_1970.front.p007
	Berry_Patrick_F_1970.front.p008
	Berry_Patrick_F_1970.p001
	Berry_Patrick_F_1970.p002
	Berry_Patrick_F_1970.p003
	Berry_Patrick_F_1970.p004
	Berry_Patrick_F_1970.p005
	Berry_Patrick_F_1970.p006
	Berry_Patrick_F_1970.p007
	Berry_Patrick_F_1970.p008
	Berry_Patrick_F_1970.p009
	Berry_Patrick_F_1970.p010
	Berry_Patrick_F_1970.p011
	Berry_Patrick_F_1970.p012
	Berry_Patrick_F_1970.p013
	Berry_Patrick_F_1970.p014
	Berry_Patrick_F_1970.p015
	Berry_Patrick_F_1970.p016
	Berry_Patrick_F_1970.p017
	Berry_Patrick_F_1970.p018
	Berry_Patrick_F_1970.p019
	Berry_Patrick_F_1970.p020
	Berry_Patrick_F_1970.p021
	Berry_Patrick_F_1970.p022
	Berry_Patrick_F_1970.p023
	Berry_Patrick_F_1970.p024
	Berry_Patrick_F_1970.p025
	Berry_Patrick_F_1970.p026
	Berry_Patrick_F_1970.p027
	Berry_Patrick_F_1970.p028
	Berry_Patrick_F_1970.p029
	Berry_Patrick_F_1970.p030
	Berry_Patrick_F_1970.p031
	Berry_Patrick_F_1970.p032
	Berry_Patrick_F_1970.p033
	Berry_Patrick_F_1970.p034
	Berry_Patrick_F_1970.p035
	Berry_Patrick_F_1970.p036
	Berry_Patrick_F_1970.p037
	Berry_Patrick_F_1970.p038
	Berry_Patrick_F_1970.p039
	Berry_Patrick_F_1970.p040
	Berry_Patrick_F_1970.p041
	Berry_Patrick_F_1970.p042
	Berry_Patrick_F_1970.p043
	Berry_Patrick_F_1970.p044
	Berry_Patrick_F_1970.p045
	Berry_Patrick_F_1970.p046
	Berry_Patrick_F_1970.p047
	Berry_Patrick_F_1970.p048
	Berry_Patrick_F_1970.p049
	Berry_Patrick_F_1970.p050
	Berry_Patrick_F_1970.p051
	Berry_Patrick_F_1970.p052
	Berry_Patrick_F_1970.p053
	Berry_Patrick_F_1970.p054
	Berry_Patrick_F_1970.p055
	Berry_Patrick_F_1970.p056
	Berry_Patrick_F_1970.p057
	Berry_Patrick_F_1970.p058
	Berry_Patrick_F_1970.p059
	Berry_Patrick_F_1970.p060
	Berry_Patrick_F_1970.p061
	Berry_Patrick_F_1970.p062
	Berry_Patrick_F_1970.p063
	Berry_Patrick_F_1970.p064
	Berry_Patrick_F_1970.p065
	Berry_Patrick_F_1970.p066
	Berry_Patrick_F_1970.p067
	Berry_Patrick_F_1970.p068
	Berry_Patrick_F_1970.p069
	Berry_Patrick_F_1970.p070
	Berry_Patrick_F_1970.p071
	Berry_Patrick_F_1970.p072
	Berry_Patrick_F_1970.p073
	Berry_Patrick_F_1970.p074
	Berry_Patrick_F_1970.p075
	Berry_Patrick_F_1970.p076
	Berry_Patrick_F_1970.p077
	Berry_Patrick_F_1970.p078
	Berry_Patrick_F_1970.p079
	Berry_Patrick_F_1970.p080
	Berry_Patrick_F_1970.p081
	Berry_Patrick_F_1970.p082
	Berry_Patrick_F_1970.p083
	Berry_Patrick_F_1970.p084
	Berry_Patrick_F_1970.p085
	Berry_Patrick_F_1970.p086
	Berry_Patrick_F_1970.p087
	Berry_Patrick_F_1970.p088
	Berry_Patrick_F_1970.p089
	Berry_Patrick_F_1970.p090
	Berry_Patrick_F_1970.p091
	Berry_Patrick_F_1970.p092
	Berry_Patrick_F_1970.p093
	Berry_Patrick_F_1970.p094
	Berry_Patrick_F_1970.p095
	Berry_Patrick_F_1970.p096
	Berry_Patrick_F_1970.p097
	Berry_Patrick_F_1970.p098
	Berry_Patrick_F_1970.p099
	Berry_Patrick_F_1970.p100
	Berry_Patrick_F_1970.p101
	Berry_Patrick_F_1970.p102
	Berry_Patrick_F_1970.p103
	Berry_Patrick_F_1970.p104
	Berry_Patrick_F_1970.p105
	Berry_Patrick_F_1970.p106
	Berry_Patrick_F_1970.p107
	Berry_Patrick_F_1970.p108
	Berry_Patrick_F_1970.p109
	Berry_Patrick_F_1970.p110
	Berry_Patrick_F_1970.p111
	Berry_Patrick_F_1970.p112
	Berry_Patrick_F_1970.p113
	Berry_Patrick_F_1970.p114
	Berry_Patrick_F_1970.p115
	Berry_Patrick_F_1970.p116
	Berry_Patrick_F_1970.p117
	Berry_Patrick_F_1970.p118
	Berry_Patrick_F_1970.p119
	Berry_Patrick_F_1970.p120
	Berry_Patrick_F_1970.p121
	Berry_Patrick_F_1970.p122
	Berry_Patrick_F_1970.p123
	Berry_Patrick_F_1970.p124
	Berry_Patrick_F_1970.p125
	Berry_Patrick_F_1970.p126
	Berry_Patrick_F_1970.p127
	Berry_Patrick_F_1970.p128
	Berry_Patrick_F_1970.p129
	Berry_Patrick_F_1970.p130
	Berry_Patrick_F_1970.p131
	Berry_Patrick_F_1970.p132
	Berry_Patrick_F_1970.p133
	Berry_Patrick_F_1970.p134
	Berry_Patrick_F_1970.p135
	Berry_Patrick_F_1970.p136
	Berry_Patrick_F_1970.p137
	Berry_Patrick_F_1970.p138
	Berry_Patrick_F_1970.p139
	Berry_Patrick_F_1970.p140
	Berry_Patrick_F_1970.p141
	Berry_Patrick_F_1970.p142
	Berry_Patrick_F_1970.p143
	Berry_Patrick_F_1970.p144
	Berry_Patrick_F_1970.p145
	Berry_Patrick_F_1970.p146
	Berry_Patrick_F_1970.p147
	Berry_Patrick_F_1970.p148
	Berry_Patrick_F_1970.p149
	Berry_Patrick_F_1970.p150
	Berry_Patrick_F_1970.p151
	Berry_Patrick_F_1970.p152
	Berry_Patrick_F_1970.p153
	Berry_Patrick_F_1970.p154
	Berry_Patrick_F_1970.p155
	Berry_Patrick_F_1970.p156
	Berry_Patrick_F_1970.p157
	Berry_Patrick_F_1970.p158
	Berry_Patrick_F_1970.p159
	Berry_Patrick_F_1970.p160
	Berry_Patrick_F_1970.p161
	Berry_Patrick_F_1970.p162
	Berry_Patrick_F_1970.p163
	Berry_Patrick_F_1970.p164
	Berry_Patrick_F_1970.p165
	Berry_Patrick_F_1970.p166
	Berry_Patrick_F_1970.p167
	Berry_Patrick_F_1970.p168
	Berry_Patrick_F_1970.p169
	Berry_Patrick_F_1970.p170
	Berry_Patrick_F_1970.p171
	Berry_Patrick_F_1970.p172
	Berry_Patrick_F_1970.p173
	Berry_Patrick_F_1970.p174
	Berry_Patrick_F_1970.p175
	Berry_Patrick_F_1970.p176
	Berry_Patrick_F_1970.p177
	Berry_Patrick_F_1970.p178
	Berry_Patrick_F_1970.p179
	Berry_Patrick_F_1970.p180
	Berry_Patrick_F_1970.p181
	Berry_Patrick_F_1970.p182
	Berry_Patrick_F_1970.p183
	Berry_Patrick_F_1970.p184
	Berry_Patrick_F_1970.p185
	Berry_Patrick_F_1970.p186
	Berry_Patrick_F_1970.p187
	Berry_Patrick_F_1970.p188
	Berry_Patrick_F_1970.p189
	Berry_Patrick_F_1970.p190
	Berry_Patrick_F_1970.p191
	Berry_Patrick_F_1970.p192
	Berry_Patrick_F_1970.p193
	Berry_Patrick_F_1970.p194
	Berry_Patrick_F_1970.p195
	Berry_Patrick_F_1970.p196
	Berry_Patrick_F_1970.p197
	Berry_Patrick_F_1970.p198
	Berry_Patrick_F_1970.p199
	Berry_Patrick_F_1970.p200
	Berry_Patrick_F_1970.p201
	Berry_Patrick_F_1970.p202
	Berry_Patrick_F_1970.p203
	Berry_Patrick_F_1970.p204
	Berry_Patrick_F_1970.p205
	Berry_Patrick_F_1970.p206
	Berry_Patrick_F_1970.p207
	Berry_Patrick_F_1970.p208
	Berry_Patrick_F_1970.p209
	Berry_Patrick_F_1970.p210
	Berry_Patrick_F_1970.p211
	Berry_Patrick_F_1970.p212
	Berry_Patrick_F_1970.p213
	Berry_Patrick_F_1970.p214
	Berry_Patrick_F_1970.p215
	Berry_Patrick_F_1970.p216
	Berry_Patrick_F_1970.p217
	Berry_Patrick_F_1970.p218
	Berry_Patrick_F_1970.p219
	Berry_Patrick_F_1970.p220
	Berry_Patrick_F_1970.p221
	Berry_Patrick_F_1970.p222
	Berry_Patrick_F_1970.p223
	Berry_Patrick_F_1970.p224
	Berry_Patrick_F_1970.p225
	Berry_Patrick_F_1970.p226
	Berry_Patrick_F_1970.p227
	Berry_Patrick_F_1970.p228
	Berry_Patrick_F_1970.p229
	Berry_Patrick_F_1970.p230
	Berry_Patrick_F_1970.p231
	Berry_Patrick_F_1970.p232
	Berry_Patrick_F_1970.p233
	Berry_Patrick_F_1970.p234
	Berry_Patrick_F_1970.p235
	Berry_Patrick_F_1970.p236
	Berry_Patrick_F_1970.p237
	Berry_Patrick_F_1970.p238
	Berry_Patrick_F_1970.p239
	Berry_Patrick_F_1970.p240
	Berry_Patrick_F_1970.p241
	Berry_Patrick_F_1970.p242
	Berry_Patrick_F_1970.p243
	Berry_Patrick_F_1970.p244
	Berry_Patrick_F_1970.p245
	Berry_Patrick_F_1970.p246
	Berry_Patrick_F_1970.p247
	Berry_Patrick_F_1970.p248
	Berry_Patrick_F_1970.p249
	Berry_Patrick_F_1970.p250
	Berry_Patrick_F_1970.p251
	Berry_Patrick_F_1970.p252
	Berry_Patrick_F_1970.p253
	Berry_Patrick_F_1970.p254
	Berry_Patrick_F_1970.p255
	Berry_Patrick_F_1970.p256
	Berry_Patrick_F_1970.p257
	Berry_Patrick_F_1970.p258
	Berry_Patrick_F_1970.p259
	Berry_Patrick_F_1970.p260
	Berry_Patrick_F_1970.p261
	Berry_Patrick_F_1970.p262
	Berry_Patrick_F_1970.p263
	Berry_Patrick_F_1970.p264
	Berry_Patrick_F_1970.p265
	Berry_Patrick_F_1970.p266
	Berry_Patrick_F_1970.p267
	Berry_Patrick_F_1970.p268
	Berry_Patrick_F_1970.p269
	Berry_Patrick_F_1970.p270
	Berry_Patrick_F_1970.p271
	Berry_Patrick_F_1970.p272
	Berry_Patrick_F_1970.p273
	Berry_Patrick_F_1970.p274
	Berry_Patrick_F_1970.p275
	Berry_Patrick_F_1970.p276
	Berry_Patrick_F_1970.p277
	Berry_Patrick_F_1970.p278
	Berry_Patrick_F_1970.p279
	Berry_Patrick_F_1970.p280
	Berry_Patrick_F_1970.p281
	Berry_Patrick_F_1970.p282
	Berry_Patrick_F_1970.p283
	Berry_Patrick_F_1970.p284
	Berry_Patrick_F_1970.p285
	Berry_Patrick_F_1970.p286
	Berry_Patrick_F_1970.p287
	Berry_Patrick_F_1970.p288
	Berry_Patrick_F_1970.p289
	Berry_Patrick_F_1970.p290
	Berry_Patrick_F_1970.p291
	Berry_Patrick_F_1970.p292
	Berry_Patrick_F_1970.p293
	Berry_Patrick_F_1970.p294
	Berry_Patrick_F_1970.p295
	Berry_Patrick_F_1970.p296
	Berry_Patrick_F_1970.p297
	Berry_Patrick_F_1970.p298
	Berry_Patrick_F_1970.p299
	Berry_Patrick_F_1970.p300
	Berry_Patrick_F_1970.p301
	Berry_Patrick_F_1970.p302
	Berry_Patrick_F_1970.p303
	Berry_Patrick_F_1970.p304
	Berry_Patrick_F_1970.p305
	Berry_Patrick_F_1970.p306
	Berry_Patrick_F_1970.p307
	Berry_Patrick_F_1970.p308
	Berry_Patrick_F_1970.p309
	Berry_Patrick_F_1970.p310
	Berry_Patrick_F_1970.p311
	Berry_Patrick_F_1970.p312
	Berry_Patrick_F_1970.p313
	Berry_Patrick_F_1970.p314
	Berry_Patrick_F_1970.p315
	Berry_Patrick_F_1970.p316

