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fish out there but where God only knows ... 

what they used to be." 

Lyrics by Billy Joel 
The Downeaster 'Alexa' 
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ABSTRACT 

This thesis focused on two aspects of predation by the West Coast rock lobster (Jasus 
lalandii). These were (1) the problem of slow growth currently observed in adult male 
rock lobsters and the putative link between growth rate and food availability, and 
(2) the influence of rock-lobster predation on the benthos, but more specifically on sea 
urchins and juvenile abalone. 

Rock lobsters feed on a wide range of prey types, usually across several phyla. 
However, direct visual examination of gut contents is often hampered both by the 
reduction of prey items to small unidentifiable fragments, and the rapid digestion of 
soft prey. Because an accurate analysis of the diet of J lalandii was vital for both 
components of this thesis, techniques available for dietary analysis other than direct 
observation of gut contents were reviewed. An immunological technique, the ELISA, 
was selected as the most appropriate one to employ for accurate determination of the 
diet of this species. Species-specific antisera were developed against 26 potential prey 
species using New Zealand rabbits and cross-reactions between the different prey 
species were reduced to less than 4%. However, interference from rock-lobster 
digestive enzymes prevented application of the technique to determine the diet of 
J lalandii. Several methods used to remove these digestive enzymes from the gut 
samples proved unsuccessful. Thus, this immunological technique was ultimately 
unsuitable as a tool for determining the diet of J lalandii, although the reasons for its 
failure were of scientific interest in their own right. 

Based on the alternative visual technique of assessing gut contents, rock lobsters 
showed large differences in diet between large and small individuals. The diet of 
small rock lobsters (carapace length (CL) < 7Smm) comprised a wide range of species 
including, in order of importance, coralline algae, barnacles, sponges and ribbed 
mussels. By contrast, large rock lobsters (CL > 80mm) ate fewer species, with fish 
and ribbed mussels being the most abundant prey items. Diets of mature male rock 
lobsters (70 - 80mm CL) varied minimally with depth and season at two sites of 
contrasting growth rate, although cannibalism was highest at both sites during the 
male rock lobster moulting period. For the same large animals, the gut fullness index 
showed seasonal variability at the fast growth site only. The proportion of rock 
lobsters feeding showed similar trends at both fast-growth and slow-growth sites and 
was highest during the early intermoult and lowest during the pre-moult periods. 

Prey species composition of male J lalandii (70 - 80mm CL) was also determined 
from eight sites of contrasting growth rate. There was no difference in either stomach 
fullness or the proportion feeding between the eight sites. Bray-Curtis similarity and 
multidimensional scaling plots suggested that rock-lobster diets were also similar at 
all eight sites. An analysis comparing rock-lobster diet and benthic community 
composition at two sites of contrasting growth rate showed that despite vast difference 
in prey availability, the diet of adult male rock lobsters from these two sites was 
similar. An identical analysis conducted on immature rock lobsters at two different 
sites (also of contrasting growth rate) yielded the same result. It was concluded that 
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growth rate was not related to diet per se, but rather to the availability of preferred 
prey species. 

Laboratory experiments showed that rock lobsters are highly selective foragers with a 
preference for (l) mussels over sea urchins and winkles, and (2) juvenile abalone over 
sea urchins. When offered only sea urchins, small rock lobsters (CL < 68mm) were 
incapable of feeding on them, but larger rock lobsters could kill any size of sea urchin 
offered. All sizes of rock lobsters (CL > 68mm) preferentially ate small sea urchins 
rather than large ones when offered a choice. 

hI the field, the distribution of juvenile abalone was strongly linked to that of sea 
urchins and densities of juvenile abalone increased with sea urchin density below a 
threshold of 25 sea urchins.mol. Beyond this level, no further increases in juvenile 
abalone densities were recorded. It was estimated that a sea urchin density of 
5 sea urchins.mol would support 0.27 ± 1.92 juvenile abalone.mo2, but a density of at 
least 25 sea urchins.mo2 was estimated as being necessary to enhance the commercial 
abalone fishery. Sea urchin densities were strongly negatively associated with the 
density of large rock lobsters (eL > 68mm). A density of 5 sea urchins.m,2 
corresponded with a density of 0.08 large rock lobsters.mo2. The current rock lobster 
density in the commercial abalone fishing area is three times higher than this. To 
reduce the rock lobster density to a level at which sea urchin density will be high 
enough to support sufficient juvenile abalone to supply the commercial abalone 
fishery in future requires a massive initial rock-lobster harvest. 

In conclusion, it is suggested that (1) other variables (e.g. water temperature and 
dissolved oxygen content) be investigated as possible contemporary causes of the 
coastwide depression in rock-lobster growth rate; (2) long-term experiments on the 
relationship between preferred food availability and growth rate be conducted in 
captivity and (3) rock lobsters in the abalone fishing grounds be harvested (at an unyet 
determined level) sustainably, preferably by local, well organised and well controlled 
fishing groups, to offset any future losses due to the immanent collapse of abalone 
recruitment caused by rock-lobster predation. Re-seeding of abalone and sea urchins 
should only be considered when rock lobster densities are sufficiently reduced, either 
naturally or by exploitation. 
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GENERAL INTRODUCTION 

Spiny lobsters form the basis of important crustacean fisheries in nearly all of the 

world's oceans (Booth & Phillips 1994). Members of the cosmopolitan genus Jasus, 

which occur almost ubiquitously in cool, shallow-water habitats between 27° and 45° 

S (Heydom 1969, Pollock 1995) are certainly no exception to this rule. 

4 

The West Coast (spiny) rock lobster, Jasus lalandii (H. Milne Edwards), has been 

harvested for at least 10 000 years. Collections began with the Khoi-San as they 

scoured the coasts in search of food (Buchanan 1988). Since the turn of the 20th 

century, commercial exploitation of J lalandii has increased rapidly, and this species 

has formed the mainstay of South Africas' rock-lobster industry for many decades. 

Three other species (Panulirus homarus, Palinurus gilchristi and Palinurus delagoae) 

contribute about a third of the total annual rock-lobster catch (Cockcroft & 

Payne 1997). Commercially exploitable densities of J lalandii occur principally 

between Lilderitz (Namibia) and Cape Point, although the distribution of this species 

ranges from Walvis Bay (Namibia) in the North to just East of East London (Figure 1; 

Barnard 1950, Cockcroft & MacKenzie 1997). In South Africa, the fishing industry 

for J lalandii is regulated by a total allowable catch, a minimum legal size (75 mm 

carapace length) and a closed season. 

Commercial landings of about 10 000 tons were recorded in the early 1950's after 

which catches declined steadily to seemingly stable levels in the mid 1980' s 

(Cockcroft & Payne 1997). This represented a total catch of about 8.5 million 

individuals per annum (ca. 3700t) of which 90% were males (Pollock 1986). This was 

equivalent to about 15% of the total value of all South Africa's commercial fisheries 

(Payne and Crawford 1989). Today, the West Coast rock-lobster fIshery is valued in 

excess of R145 million per annum and provides jobs for upwards of 4000 people 

(Mr P Foley, West Coast rock lobster Sea Management Association, pers. comm.). 

However, this resource is continually under increasing threat. The current pressures of 

poaching, an enlarging recreational fishery (Cockcroft & MacKenzie 1997) and 

massive local mortalities from re~ tide events (Newman & Pollock 1974a, Matthews 
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Figure 1: Map of southern Africa to show the natural range of and extent of the 
commercial fishery for the West Coast rock lobster, Jasu~ lalandii. 
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the shallow oxygen-rich waters adjacent to the shore (which occurs as they try to 

avoid the low oxygen waters) may increase competition for food (Pollock & 

Beyers 1981). 

An alternate hypothesis is the postulation that prevailing environmental conditions, 

predominantly as a result of the 1990/1991 EI Nino, resulted in a failure of mussel 

recruitment (Pollock et al. 1997), and a consequent reduction in both the quantity and 

quality of mussels available as prey. Mussels are usually ~onsidered the prey of choice 

for J. lalandii. Numerous studies have shown (l) food 'availability to be important in 

determining growth rate (e. g. Chittleborough 1975, McKoy & Esterman 1981, Beyers 

& Goosen 1987), and (2) rock lobsters from areas with different growth rates to 

consume different prey (e.g. Newman & Pollock 1974b, Pollock et al. 1982, Joll & 

Phillips 1984). These are usually interpreted as a result of differences in benthic 

community structure. However, the relationship between diet, growth rate and food 

availability is not yet clearly established (Joll & Phillips 1984, Elner & Campbell 

1987). This triangular link, which has to date remained virtually unconsidered for 

J. lalandii, forms the first of two foci in this thesis. 

The South African commercial abalone (Haliotis midae) fishery is currently valued at 

around US$15 million (Oakes & Ponte 1996). The main fishing area lies between 

Cape Hangklip and Danger Point (Tarr 1992), and provides employment to several 

small towns along the Cape South Coast. In addition, this species supports an ever 

enlarging recreational fishery which also provides economic input into the same area. 

Abalone stocks have recently shown dramatic declines (Moloney 1997; Plaganyi & 

Butterworth 1997), primarily due to heavy poaching. Observations have shown 

encrusting coralline algae to be essential for abalone settlement (Tarr 1989), while 

more recent field surveys (Tarr et al. 1996) and extensive field and laboratory 

experiments (Day 1998) have shown that sea urchins are essential for the survival of 

juvenile abalone. 

Anecdotal reports suggest that rock lobster numbers have increased substantially since 

about 1987 in the area 150km eastwards from Cape Hangklip. Lobsters around the 
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world tend to be voracious predators which have long been seen as an ecologically 

important species (Paine 1969) with the ability to strongly influence the abundance 

and population structure of their prey (Mann & Breen 1972, Breen & Mann 1976a, 

Tegner & Levin 1983, Robles et al. 1990, Andrew & MacDiarmid 1991). The South 

African species is no exception (Pollock 1979, Griffiths & Seiderer 1980, Barkai & 

Branch 1988a, Barkai et al. 1996), even to the extent of creating alternate stable states 

on two nearby islands (Barkai & McQuaid 1988). Suggestions of a quantitative 

increase in rock lobster numbers and a concurrent decline in sea urchin densities (and 

hence juvenile abalone numbers) East of Cape Hangklip since 1986, led 

Tarr et al. (1996) to propose that immigrating rock lobsters had consumed the sea 

urchins, thereby causing a precipitous decline in juvenile abalone numbers. Recent 

work (Day 1998) has unravelled the crucial relationships among sea urchins, abalone 

and coralline algae. As poaching is currently intensifying rather than abating, any 

further reduction of abalone stocks brought about by reductions in juvenile survival 

become critical if this species is to withstand commercial extinction. The role of rock 

lobsters as a predator in this system, and their influence in controlling sea urchin 

population structure and abundance, forms the second focus of this thesis. 

Thus, this thesis is about two aspects of rock lobster predation. In the first instance, it 

focuses on the relationship between rock-lobster diet, food availability and growth 

rate. In the second, it deals with the impact of rock lobsters on sea urchins, and the 

consequent ripple effect on juvenile abalone. 

Both of these threads require an accurate assessment of rock lobster diet. Determining 

the diet of crustaceans is never easy as the combined actions of the mandibles and the 

gastric mill ossicles reduce once macroscopic food to small fragments 

(Williams 1981). Although some prey may have diagnostic fragments (Elner & 

Campbell 1987), accuracy of analyses are still dependent on the level of expertise of 

the analyst (Sunderland 1988). For this reason, the first chapter reviews currently 

. available methods of dietary analysis while the application of the most appropriate of 

these techniques for the determination of the diet of J lalandii forms the subject of 

Chapter 2 
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Chapter 1 

A literature review of the main techniques available for dietary analyses, and their 
suitability for assessing the diet of the West Coast rock lobster, Jasus lalandii. 
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1. INTRODUCTION 

Dietary analysis is an important tool used by ecologists in order to determine food 

web interactions (Berg 1979, Feller et al. 1979) and to understand the structure and 

functioning of communities. Both detection and quantification of predator-prey 

relationships (Pickavance 1971, Healy & Cross 1975, Emsweiler-Rose et al. 1984, 

Sunderland 1988, Ohman et al. 1991, Theilacker et al. 1993), and information 

pertaining to nutritional requirements (Williams 1981) are facilitated by a knowledge 

of animal diet. 

Determining the diet of decapods is frequently difficult. This is primarily because 

although most prey consumed are macroscopic, few identifiable fragments remain 

post-mastication. This has been highlighted over the last 20 years in the case of the 

West Coast rock lobster, Jasus lalandii. Previous studies on the diet of this species 

have all been based on visual assessments of gut contents, and despite numerous 

investigations (e.g. Heydorn 1969, Newman & Pollock 1974b, Barkai & 

Branch 1988a), the diet of the West Coast rock lobster remains controversial. Hence, a 

more accurate technique for diet analysis is desirable. 

Several reviews dealing with methods of determining the diet of a predator have been 

compiled. However, these reviews have tended to focus on one or other of the two 

main approaches used, namely visual (Berg 1979, Hyslop 1980, Williams 1981) or 

non-visual (Boreham & Ohiagu 1978, Calver 1984). Few authors appraise the relative 

merits and drawbacks of both techniques simultaneously (see Sunderland 1988), and 

reviews of non-visual methods tend to be restricted to serology (Calver 1984). 

By far the vast majority of diet analyses have been performed visually, with the direct 

examination of stomach contents the most widely used technique (Berg 1979). 

However, several disadvantages associated with this approach (Theilacker et al. 1986) 

have necessitated the development of alternative techniques. These new methods 

focused on non-visual approaches, with serology, and in particular ELISAs (enzyme 
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linked immunosorbent assay) and Western-Blot systems becoming increasingly 

advanced. 

This chapter presents the mam techniques available for dietary analysis, their 

advantages and limitations, and the situations to which they are applicable. 

Furthermore, this chapter makes a recommendation on which techniques may be most 

suited to accurately determining the diet of J lalandii. 

2. VISUAL TECHNIQUES 

Traditionally, dietary analyses have been undertaken using visual techniques. Such 

techniques include direct observation of the predator in the field (e.g. Myrberg 1973, 

Garshelis et al. 1986, Kamofsky et al. 1989; Robles et al. 1990, Kuitek et at. 1992), 

the examination of either stomach contents (e.g. Butler 1989, Diehl 1992, Hill & 

O'Keefe 1992, Cerda & Wolff 1993) or faecal pellets (e.g. Aurioles et at. 1984, 

Corbett 1989, Weaver 1993), and in situ experiments (Holmes 1984, Barkai & 

Branch 1988a). Post-mortem methods tend to be preferred because consumption by 

the predator is not influenced by the presence of the investigator, thus ensuring that 

any "results apply directly to an undisturbed, natural system" (Sunderland 1988, 

p206). 

Examination of stomach contents is the most widely used visual technique 

(Berg 1979, Dickman & Huang 1988), despite some noteworthy drawbacks. Most 

important of these drawbacks is the fact that post-maceration identification of prey is 

difficult (Williams 1981, Theilacker et at. 1986), because prey species lose their 

morphological identity (Feller et al. 1979), rendering most of the stomach contents 

unidentifiable (Weaver 1993). This problem is further compounded in the Decapoda 

as the combined actions of the gastric mill and mouthparts tend to reduce once 

macroscopic prey to tiny fragments (Williams 1981). 

One way to alleviate this problem is to develop an index of diagnostic fragments 

(Einer & Campbell 1987). However, this fails to consider the presence of soft-bodied 
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orgamsms In the diet which causes a bias towards orgamsms with hard body 

components (Young 1973, Calver 1984, Dickman & Huang 1988). This still fails to 

account for differences in digestibility of prey items (Calver 1984). Furthermore, 

identification of prey remains are dependant on the abilities of the examiner 

(Sunderland 1988). Stomach content analysis is also unsuitable for very small animals 

such as planarians (Pickavance 1971), as well as for liquid feeders (e.g. mosquitoes), 

although cytological characteristics of bloodmeals have been used (Washino & 

Tempelis 1983). Thus with visual techniques, the accuracy to which natural diet may 

be assessed is frequently low (Williams 1981). On the other hand, various indices of 

gut fullness and volumetric or numeric contribution of different prey species do allow 

quantitative comparisons to be made. 

3. NON-VISUAL TECHNIOUES 

Non-visual techniques have numerous advantages over visual methods of diet 

analysis. The most obvious is that all these approaches are objective, thus removing 

the problems of operator bias and expertise (Sunderland 1988). Many non-visual 

methods allow analysis of microscopic organisms (Shapiro et al. 1989), dietary 

analysis of liquid feeders (Washino & Tempelis 1983), and the identification of soft­

bodied prey (Davies 1969, Calver 1984) which are all rarely possible in visual 

analyses. Most non-visual techniques have the potential for untrained personnel to 

process large numbers of samples with relatively simple apparatus (Crook & 

Sunderland 1984). Two spheres of non-visual techniques may be identified: 

serological and non-serological methods. 

3.1 Non-serological techniques 

Non-serological methods include the use of stable isotopes, radioactive isotopes and 

autoradiography, chromatography and electrophoresis to facilitate gut content 

identification. 
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3.1.1 Stable 
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as the rate of migration through some medium 

1967) attempted to use paper chromatography to 

"'.." .... ,,-'" ,,,"'''oJ'Y''L,,...,. by but was hampered by an inability to 

rates of predation. This simple ''',",UUL'-I 

and is even 

1965). More 

successfully studied the diet 

a more sophisticated approach - a gas 

compared the pattern obtained from the stomach contents 

with patterns obtained from a cultured 

analysed were numerous infaunal species and 

identification of stomach contents (Knutsen & 

nm'oa(:n providing accurate dietary analysis, it is very 

up and sample processing. 

manner to chromatographic methods, electrophoresis 

rates of protein migration, usually through a 

on 

1988). this case, however, protein movements are induced by 

IS 

an field. The aim is to locate protein as that 

potential prey species (Giller 1982), with esterases 

UPT'",nr (Giller 1 

but with limited 

this method su(:ce:ssn 

waterbugs (Notonecta glauca and 

in separating 

1988). This method, like chromatography, apt)ears to 

predator-prey interactions, where 

band for each prey species is substantial. It is most 

by 

for 
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(Sunderland 1988). 

Serological techniques 

15 

U,",'"'H''''''''"'''' techniques may be defined as antibodies ... for 

p420). In principal, 

cm~mlcal substances (antigens), some of 

the selective detennination of sample cornp<ments 

each prey species '"''''''1.11 

will be unique to in mammals (usually mice or 

against be applied in serological methods to 

the ore:senl~e 

of antibody 

<U.l".lJ:;!;'_U':> in the gut contents of predators. The specificity 

IS based on the unique molecular configurations 

which comprise a short section of each protein 1984). 

Good preparation of <.Un,!',,",,,, 

methods of storing the gut contents of 

(1978) and Wash ina & Tempelis 

Serology is a useful tool for dietary 

between antibody and antigen is 

extremely sensitive et al. 1990), 

& 

reasons. The relationship 

1984, Monroe 1984), 

is no interference with the natural 

environment 

reagen.ts are little <>,...,., ", .. oo1"t 

results are """.I.a ... 

(Davies 1969). Furthennore, these tests often 

prepared and procedures and interpretation of 

'"u,~, ... '" 1983). Problems associated with 

specificity (i. e. -quality, FeHer 1992), 

(where an __ ~_"., .... ~_~ an antigen different from the one "fO,<uu.,,. it was 

and the assumptions necessary for detennining quantities of 

& Ohiagu 1978, Sunderland 1988). 

Serological approaches have been to 

be divided into precipitation tests 

fonnation of a precipitate) 

usually observed as a colour .... "'ulO<. .. 

Non-precipitation tests 

and can conveniently 

is indicated by the 

tests (where a positive result is 

or on nitrocellulose paper). 

enzyme immunoassays and 
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fluorescence immunoassays. These are more sensitive analyses than precipitation 

tests, often by up to three orders of magnitude (Washino & Tempelis 1983). An 

additional advantage of non-precipitation tests is that quantification of different prey 

items in the diet can be measured (Van Emon & Lopez-Avilla 1992). 

3.2.1 Precipitation tests 

Essentially two types of precipitation tests have been used in diet analyses 

(Davies 1969, Boreham & Ohiagu 1978, Calver 1984, Sunderland 1988) and both are 

attractive to ecologists because of their simplicity (Davies 1969). In principal, when a 

soluble antigen and its specific antibody combine, a visible precipitate forms 

(Boreham & Ohiagu 1978). These tests may be carried out in liquids or in gels and 

because they are based on serology, they are specific, highly sensitive and cross­

reactions can be reduced. 

The first test, the capillary ring test (= Ascoli test) consists of carefully pi petting the 

antigen onto a layer of antiserum in a test-tube, ensuring that no mixing takes place 

(Ascoli 1902, as cited by Healy & Cross 1975). If the antigen and antiserum match, a 

line of precipitate forms at the interface. This technique has been used successfully in 

the analysis of the natural prey of three species of Anthocoris (Heteroptera), which 

... feed on broom (Dempster 1963, 1964). 

The second, and by far the most widely used precipitation test, is carried out either in 

a test-tube (Oakley-Fulthorpe test, Boreham & Ohiagu 1978, Sunderland 1988) or on 

a microscope slide (Ouchterlony test, Sunderland 1988), and involves the migration of 

antigen and antibody towards each other in a gel matrix, usually agar. Titova (1970) 

employed both this method and the Ascoli test to examine the predator-prey 

interactions between the pest species Eurygaster integriceps and several predatory 

arthropods. Pickavance (1970, 1971) used it to determine the diet of planarians. More 

complex predator-prey systems have also been elucidated. Also working on 

planarians, Boddington & Mettrick (1974) examined the feeding habits of an 

immigrant species, Dugesia polychroa, in Toronto Harbour. Young (1973) examined 

the prey and predators of Phaenocora typhlops (another planar ian) while 
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Feller et al. (1979) employed it successfully to analyse the food web of a soft-bottom 

intertidal community and Lund & Turpin (1977) investigated larval consumption by 

two ground beetles. 

Some drawbacks of this method are the length of time it takes for diffusion to yield a 

visible precipitation band (Davies 1969; Sunderland 1988), and the volume of 

antiserum required for each test. These problems may be reduced by using a 

simplified 'micro'-Ouchterlony, as described by Crowle (1958). Thus, despite historic 

success, lack of sensitivity, obscurity of some results and time difficulties with this 

approach (Healy & Cross 1975) have limited the application of precipitation tests. 

However, the biggest drawback will remain the lack of quantitativeness of this 

method. 

3.2.2 Non-precipitation tests 

3.2.2.1 Radioimmunoassays and immunofluorescence 

Both of these techniques are based on the ELISA principal (4.2.2.2), but instead of 

using an enzyme bound to an antibody to change the colour of a substrate, detection of . 

antigen IS carried out by either radio-labelled or fluorescent antisera. 

Radioimmunoassays are based on the analysis of radio-labelled antiserum and 

comprise a high proportion of current immunoassays (Hage 1993), despite the 

drawbacks highlighted by Voller & Bidwell (1986), which include the short shelf life 

of the isotopes used and administrative inconveniences."Non-isotopic immunoassays 

are more common in ecological literature. In the fluorescence immunoassay, 

antibodies are labelled with organic compounds such as fluorescein (Hage 1993) and 

bound to the antibodies by glutaraldehyde (Monroe 1984). However, the need for 

trained staff and the subjective nature of analysis have limited the use of fluorescence 

immunoassays (Voller & Bidwell 1986). Campbell et al. (1983) used an 

immunofluorescent technique to identify marine chroococcoid cyanobacteria in water 

samples and to provide information on the seasonal variations of different bacterial 

strains in a temperate zone estuary. The same method was used by 

Shapiro et al. (1989) to assay small eukaryotes in sea water samples without the need 

to resort to electron microscopy which often distorts cells during preparation, thus 
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hampering identification. A recent commercial application involved the examination 

of brewing yeast for microbial contaminants which could result in product spoilage 

(Whiting et al. 1992). 

3.2.2.2 ELISA and related techniques 

The idea of coupling enzymes to antibodies or antigens is a relatively new, but 

popular technique (Washino & Tempelis 1983, Hage 1993). This approach is typically 

termed an Enzyme Linked Immunosorbent Assay (ELISA), and although several 

varieties exist (see Voller et at. 1979), the basic principal is that enzymes are linked to 

antibodies, such that the resulting conjugate retains both enzymatic and 

immunological activity (Sunderland 1988). This became practical when 

gluteraldehyde was used in 1969 to bind enzymes to antibodies (Monroe 1984). The 

most common enzymes currently utilised are horseradish peroxidase and alkaline 

phosphatase (Hage 1993). These enzymes catalyse specific reactions, which when 

monitored (usually through a substrate colour change), provide an indication of the 

abundance of that particular antibody, and thus of the antigen. The reactions can be 

conducted either in microwell ELISA plates or on Nitrocellulose paper, where the 

catalysed reaction usually results in the formation of a staining or fluorescent 

precipitate (essentially a Western-Blot). ELISA's are extremely sensitive 

(Sunderland 1988), quantitative (Engvall & Perl mann 1972, Hentschel & Feller 1990, 

Ohman et al. 1991), and are easily automated (Washino & Tempelis 1983). However, 

the drawbacks are similar to those already described for serological techniques, 

namely antibody specificity and cross-reactivities. 

Animal diets and predator-prey relationships have been investigated with ELISA. 

Crook & Sunderland (1984) made use ofa sandwich ELISA to detect and quantify the 

remains of several species of aphids in the gut contents of predatory insects and 

spiders. The food-chain links between euphausiids, larval anchovy (Engraulis 

mordax) and ciliate protists have also been resolved using this approach 

(Th~i1acker et al. 1986, 1993, Ohman et al. 1991). Antisera raised against a single 

prey species have successfully been utilised to identify that prey in the stomach 

contents of several predators using both the ELISA (Arnold et al. 1996) and 
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approaches (Healy & Cross 

Furthermore, the detection of multiple, phylogeneticaUy 

"1-'\',"''',,, in the diet of a single predator, Octopus vulgaris, 

Boyle 1988). 

other 1J''''',u.LJ.'VU" for ELISAs. For 
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food for the Drf:sellce of Salmonella (Emsweiller-

Sewell 1986). The advantage of this technique relative to 

U .... UV\,l" is a shorter analysis time. Detection of'species composition of 

IS ongoing attention (Sotelo et af. 1993, Berger et al. 1988). 

medical front, Cousland & Poxton (1984) described an ELISA to 

of Bacteroides fragilis, a frequent pathogen in wound infections. In 

water quality analysis, the presence of harmful bacteria (Fuluman & WoBurn 1 

Tamplin et al. 1991) and environmental contaminants (Thurman et al. 1990, 

& Lopez-Avilla 1992) can both be detected using an 

has also been undertaken - Kirby & Rybicki (1986) considered l:aXOmJmLC 

relationships between 14 Streptomyces strains, finding this 

subjective and more quantitative than Ouchterlony assays. 

Thus, although ELISA may be limited by the quality of the 

sensitive, rapid, quantitative and easily automated approach to diet 

is potentially the most efficient of the non·visual techniques. 

4. CONCLUSIONS AND RECOMMENDATIONS 

To accuracy in assessing the diet of J lalandii a 

summary of the techniques discussed 

problems are given in Table 1.1. Visual me:tn()QS were ruled out 

difficulties in identifying prey and because 

radioimmunoassays are highly are "''''~J'''U;H 

compared to ELISA. Even with the limitations described 

do have a few advantages: provided the is not to an 

it is a 

it 

to 

when 



Univ
ers

ity
 of

 C
ap

e T
ow

n

the diet analyses methods 

Isotopes 

Chromatograhy 

Radioimmunoassays 

ELISA 

costs 

prey 

determine paleodiet 

Can be acurate 
Simple technique 

Inexpensive 
Rapid 

Simple 

Sensitive 

20 

and 

Inaccurate 

enable to detect 'soft' prey 

Biased by operator experience 

Expensive 

Difficult to control 

Not ,-\ULU" •• " .. 

Suitable only 

Not 

a volume of antisera 
Only semi-quantitative 
Time consuming 

Requires well trained pe:sonnel 
Reagents have a short shelf life 

C!n'l"n ..... C! expensive 

Reasonably'expensive 
setup labour intensive 
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mass, all prey can " .... "Pr'TP" and identified. Serological techniques overcome 

the problem of uru'eCOIJl:m.sao only if antisera have been to 

their detection. It is to do this for aU prey 

environment. The two are thus complementary and both were in 

... "''''''''' .... LUp;, the diet of J. lalandii. 
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application of an immunological technique to detennining of the West 
Coast rock lalandii. 
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et 

never 

the 

of predator-prey relationships 

Hl ..... l-n.u"\J et 1984, Sunderland 1988, 

pertaining to an 

J.U"'''''lLv"", by a knowledge 

highlighted in the previous chapter, rI"""· .. ,1·,,, <:!f'VP1rl'l 

Coast rock lobster, there is still considerable 

"1.1 .... '~lv" (Heydorn 1969, Ne'Wman & Pollock 1 974b, 
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1, & 

are 

assessments 

Branch 1988a, et at. 1996). While several studies have are 

the source (e.g. Heydorn 1969, Newman & Pollock 1974b, Pollock 1 other 

shown lobsters to be opportunistic when mussels are scarce & 

become the traditional method of diet 

1""'\..1."1"''' & Huang 1988, Medellin 1988), 11 ... ",,,,t ... 

are further compounded in the 

gastric mill ossicles (Williams 1981). 

no hard body components, such as '"'u ............. , is 

1973). Even for those 

(or diagnostic) hard components 

rock -lobsters 

numerous 

identification of 

excluded 

by the varying rates of digestion and egestion of these and 

expertise of the analyst (Sunderland 1988), to such an extent sometimes 

even qualitative prey identification can be precluded (FeHer 1988). Given the 

limitations these visual methods, alternative methods of 

methods of diet analysis have the potential to Clr,curnvlent 

highlighted above. They allow for the 

or ......... ,!'>u.vv,,'_ body components (Davies 1969), but 1J ..... 1H"'.'.;) 

IS of operator bias as 

techniques 

Sewell 1986), as well as 

urgently require 

if not all of the 

which have no hard 

Imt)ort.ant advantage 

;::,un,OerllanO 1988). 

cost efficient 

oersonnel to 
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process large numbers of samples with little or simple apparatus (Crook & 

Sunderland 1984). 

Serological techniques, and in particular enzyme-linked immunosorbent assays (ELISA), 

are amongst the most useful of the non-visual techniques. They have several advantages in 

that they tend to be both highly specific and extremely sensitive (Calver 1984, 

Monroe 1984). Furthermore, they are quantitative (Engvall & Perlman 1972) and easily 

automated (Washino & Tempelis 1983). 

Most dietary studies that have employed ELISAs have been restricted to simple 

predator-prey relationships. To my knowledge, only Feller et al. (1979) and Grisley & 

Boyle (1988) have considered predators with more than one potential prey species, 

and both papers reported successful prey species identification and differentiation. 

Given their success, and the specificity of antibodies to their antigenic determinants 

(Monroe 1984), the original aims of this chapter were to (1) develop and apply a 

serological technique, the Enzyme Linked Immunosorbant Assay (ELISA), to 

determine the diet of the West Coast rock lobster Jasus lalandii and (2) to compare 

the results of the this technique with those obtained using the more traditional visual 

analysis approach. In the final event, unexpected difficulties precluded success, but 

the reasons for this are of interest in their own right. A central flow of this chapter is 

thus the achievements and the limitations of this serological technique. 

2. MATERIALS AND METHODS 

All immunological work was carried out in the Department of Immunology at the 

University of Cape Town's Medical School. The procedure is a complex one 

involving many steps. For clarity, these are summarised in Figure 2.1 which outlines 

the sequential stages. 

--------------------------------
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! Soluble proteins extracted I 

t 
• Electrophoretic separation of the protein 

Identification of species specific 
protein bands and electroelution 

I Antiserum purification I 

t 
Retest specificity and titre of uU ..... ,:t .... L 

llsingELISA 

, , 
I Rock lobsters 1 ... 

2.1: A flow chart to illustrate the process ",,,,,..,.,,"'t.L out 
to the testing of known gut contents. 

-, 
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2.1 Prey item collection 

The choice of the prey items used in this study 

production was on previous published dietary infomlation 

& Pollock 1974b, Pollock 1979, Barkai 1988a, 

1996), and a consideration of dominant ~nf'l'l"'~ present in inshore 

benthic communities which could be 

pOl:enl[lal prey items, ranging across six phyla 

(Table 2.1). Of these, less than half 

components of the stomach contents of 

abundant and potential that were 

previous (visual) assessments of diet. 

as 

Twenty-six 

to arthropods were 

recorded as 

,",UtU.U1H15 species were 

been overlooked in 

Potential rock-lobster were by SCUBA diving on the West Coast 

of South 

aquaria (16°C, 

pe(amens were held in filtered sea water in constant t""n'1"\",,..afl1,.."" 

for 3 days to facilitate gut evacuation the 

removal extraneous (Leone 1947). They were then quickly frozen, 

El~'''U~'~ and mixed with phosphate buffered 

lOmM Na2HP04
0 2H20, 3mM Kel, == 704) at a 

104M 

of 1:5 

at solutions were tumbled overnight at 

12,00Orpm for 15 minutes at 4°C. The supernatant was _u,''''~, and the protein 

corlcentnlt1c~n determined using a Protein 

Bovine Serum Albumin Fraction 5 (BSA) 

stored at -20oe. 

against a 

.... "1..1>".,, were aliquoted and 

2.2 Sodium Dodecyl Sulphate-Polyacrylamide gel electrophoresis (SDS-Page) 

SDS-Page was out et (1988) and Wang et al. (1992). SDS is an 

anionic 

Approximately 1 

to proteins and gives them a negative 

binds to Ig of protein (Reynolds & Tanford 1970), 

charging the according to their weight, ensuring they 

to run on polyacrylamide gels (Weber & Osborne 1 

gel (Heussen & Dowdle 1980) was 

(1 x 14cm x Imm), and allowed to at room tenlpe:rature 

11% 

plates 

Once set 
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Table 1: List of the 26 ;:)U"",-,l",;:) their common names and concentrations of 
the immunogens 
full here but 

inj ection and antiserum Scientific names are In 

been abbreviated all subsequent tables, and plates. 

Common name concentration (thousands) 

lalandii Cape rock lobster 9.00 1/256 

Crustacea chabrus Cape rock crab 9.70 11256 
Notomegabalanus algicola Barnacle 2.00 11200 - Aulacomya ater Ribbed mussel 4.00 1I512 
Mytilus galloprovincialis Mediterranean mussel 6.00 1I512 
Choromytilus meridionalis Black mussel 4.30 1164 

Patella compressa limpet 4.60 1I200 

Patella barbara Bearded limpet 3.60 1/64 

Oxystele Periwinkle 0.80 1/128 

Molluscs Oxyste/e Periwinkle 2.50 11120 

Turbo sarmaticus Giant periwinkle 7.00 11128 

Argobuccinum pustu/osum Whelk 2.00 1I256 

Burnupena papyracea Whelk 2.60 1I128 

Burnupena cincta Whelk 4.90 l/512 

Haliotis midae Abalone 5.00 lI64 - lI256 Parechinus angu/osus Sea 5.30 

Marthasterias Starfish 10.70 VI28 

Echinoderms Henr/cia ornata Starfish 5.00 1110 

Ophioderma wah/bergt Brittlestar l.00 1150 

Patiria granifera Starfish 6.60 ,.. 

sp. Sponge 1.00 1150 

Polymastia mammilliaris 5.00 1I120 

Hymeniacedon Sponge 4.70 11128 

Cnidaria varia Sea anemone 3.50 111024 
Bunodactis reynaudi Sea anemone 5.40 11256 

Kelp Kelp 1.00 1/64 

Ecklonia max;ima Kelp 3.00 1/32 

Purified extracts Choromyti!us meridionalis Black mussel <I 115 
Au/acomya ater Ribbed mussel <1 1/8 
Mytilus gal/oprovincialis Mediterranean mussel <1 l/32 -

12.40 1164 
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(approximately 90 minutes), a 4% SDS stacking gel with castellated wells was 

carefully cast on top of the separation gel (Heussen & Dowdle 1980). Each lane was 

loaded with 501-11 of sample at a concentration of l.Omg.ml- 1 in reducing sample 

buffer. One lane was always reserved for a molecular weight marker (BDH Electran 

MW marker (#44264 2L) consisting of Cytochrome C (12.3kD), Myoglobin 

(17.2kDa), Carbonic Anhydrase (30.0kOa), Ovalbumin (42. 7kDa), 

Albumin (66.2kDa) and Ovotransferrin (77.0kDa)). Electrophoresis was done at 4°C 

in a vertical slab unit. A current of 4mA was applied across the gel until the tracking 

dye front had entered the resolving gel, after which it was increased to 8mA. Once the 

tracking dye had reached the bottom of the resolving gel, the gel was removed and 

stained with Coomassie Blue (0.05% w/v) in destain solution (30%Ethanol, 

10% Acetic acid, 60% Water) for 20 minutes. Thereafter the gel was removed from 

the stain solution and washed overnight in 10 volumes of de stain solution. 

2.3 Electroelution 

For six closely related potential prey species whose incubation could have led to the 

raising of cross-reacting antibodies, species-specific protein bands were identified 

from the Coomassie-stained SDS-Page gels. Large quantities of these protein bands 

were obtained by running thick (3mm) gels as described above. After staining, the 

protein band was excised from the gel using a sterile scalpel, rinsed overnight in five 

volumes of distilled water, and then fragmented by using a 5ml syringe to push the gel 

through a 0.5mm gauge needle. Electroelution of these proteins was carried out in a 

horizontal electrophoresis chamber after Harlow & Lane (1988). The chamber (11) 

was filled with running buffer (O.1M Tris base, 1M Glycine, 1.5mM SDS) with 1ml 

0.5M dithiothreitol, and bordered with Spectrapore membrane tubing (5kDa cutoff 

size). A current of 100mA was applied across the chamber for 2hr, after which the 

eluted proteins were removed and frozen (-20°C). The remaining gel fragments were 

re-stained with 0.05% coomassie blue to ensure all proteins had been eluted. 

2.4 Immunisation procedure and antiserum generation 

All antisera were raised against the prey extracts in 10-week-old female New Zealand 

albino rabbits following ethics approval from the University of Cape Town. Injection 
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followed that of Harlow and Lane 

from the marginal ear vein of each rabbit 

consisted of Img of protein, emulsified 

of blood was 

to UUIUWIU",,""UVl 

Freund's "'V1UIJJ,,",,,", 

Laboratories) to form a total volume of divided equally """T".,,,,,>,., 

injection sites on the dorsal surface (Berger et al. 1988). To ensure 

small immunogen doses available following electroelution, 

injection 

blood was obtained from 

tested for antibody 

booster injections were 

adjuvant (DIFCO Laboratories). 

1) was followed - 20 dorsal subcutaneous 

4 and 7 weeks incubation, lml 

ear vein (Bush & Tai 1994) and 

"',,"',,"' ..... ~_U'_LA'J __ below. ::>lITlUltane01 

bleeds by _ .... 1'~1 ........ 

incomplete 

1984) 

following administration of an anaesthetic were done by 

Town's Animal staff 10 weeks after the initial 

clot ,""'TTlT at 4°C, centrifuged (l2,000rpm, 30 UUl11. .... ,." 

frozen at -20°C (Calver 1984) . 

and serum 

....... -JU., ... _ ...... Immunosorbent Assays (ELISA) 

out 

coated overnight at room tenlperatl 

The extracts were then discarded 

with 0.05% Tween 20). 200111 

(8.4mg.ml")) was then added to 

Greiner (# 655101) PS-microwell plates following 

(1986) et 990) and were initially 

antisera. Wells were 

extracts (IOllg.ml-') in PBS. 

with (PBS 

with 4% BSA 

at room 

temperature. Wells were then washed as first antibody, (i.e. 

from rabbit) was then added to duplicate wells in dilution 

111 ,024,000 at 1 OOlll.well,1 and incubated at room temperature for 90 .u .. , ...... ~u 

which wells were 

well at a ,,uu .... 'U'u 

as 100111 of the second antibody 

antiserum, DAKO, Lot: 014) was then to 

PBS for a 30 minute incubation time at room 

wells were washed as described above. 
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penultimate incubation was with 

streptavidin (DAKO, Lot: P397) 

111 0,000 in PBS; 1001ll.well"1). Wells were 

Finally a colourimetric substrate, k .... ,-ULl 

(ABTS, lOOlll, 20mg.mrJ
) in lOml (0.1 

29 

(dilution 

with PBS-T. 

sulfonic acid) 

acid, pH = 4.0) with 

1 Dill hydrogen oerl[)Xl(le was added at 100lll.weU·! for 30 minutes at room 

(optical density) of the green substrate was at 405nm 

(Organon Teknika Microwell System). From 

"' .... ~ .... I"" the dilution of antiserum which gave an optical density 

incubation with ABTS was determined. On all 

1"""C"TH'''' control wells were also run. Two wells were incubated with 

serum (pre.antigen-incubation serum) as the 

no first antibody. The positive control 

rabbit) being bound to the ELISA 

2.6 Specificity testing and anltls«~ru purification 

antibody, 

1 ). 

1 

with 

The specificity of by incubating each potential prey item 

extract with 

give an absorbance 

dilution already determined to 

.. u~ ......... incubation with ABTS) using the 

above. Antisera were considered cross-reacting to antigens 

which they were raised when optical "p"""",,, 

was 3 "'",," __ than the negative controls. 

identification of the cross-reactions, 20 cross-reacting 

for which it was considered important to eliminate the 

procedure, described below, was used to 

Ausubel et al. 1994). 25ml Sepharose CL-4B slurry 

a sintered glass funnel with 10 volumes of distilled water. 

eStLSp,enCLea in (O.Sg) was 

dissolved in 1 ml ",{'PTn" 

over one 

sintered glass 

added drop wise to the beads 

another seven minutes, transferred to a 

10 volumes of ice-cold ImM HCl and then 
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two volumes of ice-cold O.lmM HCr. The final wash was done with two volumes of 

coupling buffer (O.lM NaHC03, O.SM NaCl, pH = 8.3). The beads were then 

transferred immediately to an equal volume of coupling buffer containing the antigen 

(lOmg.ml"l) to be coupled. Tubes were tumbled for 2hr at room temperature, then 

centrifuged (8,000rpm) for five minutes and the supernatant discarded. The sepharose 

beads were then quenched by blocking with Glycine buffer (SOmM Glycine.HCl, 

O.SM NaCl, pH = 2.5) for 2hr at room temperature. The tubes were again centrifuged 

for five minutes (8,000rpm), the supernatant discarded and the beads equilibrated in 

PBS. 

Antisera containing cross-reacting antibodies were pre-incubated with an equal 

volume of sepharose beads bound with those antigens to which they cross-reacted. 

Antisera and antigens were allowed to react at room temperature for 30 minutes. The 

tubes were then centrifuged for five minutes (8,000rpm) and the supernatant retained. 

The resultant 'purified' antiserum was retested for titre and specificity as described 

above, and the operating dilution adjusted as necessary. 

2.7 Western-Blotting 

Western-Blots were carried out after Towbin et al. (1979) and Wang et al. (1992) to 

check banding patterns of antisera binding to prey species extracts. SDS-Page gels 

were performed as described above and the proteins transferred electrophoretically 

(lhr, 100mv) from the gel to nitrocellulose paper (Hybond-C, 0.45Ilm, AMERSHAM) 

in ice-cold transfer buffer (25mM Tris, 200mM glycine and 20% (v/v) methanol, 

pH :::::: 8.3). After protein transfer, the blot was dried to ensure protein adhesion, then 

re-wet with methanol and washed three times with PBS-To Thereafter it was blocked 

using 1 % PVP (Polyvinylpyrrolidone, 360 kDa) in PBS-T for 40 minutes at room 

temperature. The blot was washed again as above, and antiserum applied for two 

hours (1/2,000 dilution) at room temperature. The blot was then washed as above, and 

incubated for 30 minutes at room temperature with biotinylated goat anti-rabbit 

antiserum at a dilution of 1/4,000. Thereafter the blot was washed again and then 

incubated with a 115,000 dilution of HRP-conjugated streptavidin for 30 minutes at 

room temperature. Subsequently, the blot was washed lO times as above, allowed to 
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wash overnight and developed with Chemiluminescence substrate which generates a 

luminescent signal with HRP activity. Exposure of the blots to X-ray film produces a 

hard copy. 

2.8 Protein gels 

An SDS gel containing 1 % w/v gelatin was run as described above to test for rock­

lobster digestive enzyme activity in the digested prey extracts. After the gel had been 

run to completion, it was allowed to develop overnight in PBS at room temperature, 

and then stained with 4M sodium acetate stain and viewed against a dark background 

(Higgins & Dahmus 1979). The positive control used was the enzyme collagenase 

(Clostridium histolyticum). 

2.9 Testing animals fed known diets 

Male West Coast rock lobsters (Jasus lalandii, 60-70mm carapace length) were 

obtained from baited long-line lobster traps off Cape Town and maintained in constant 

temperature aquaria (16°C, 12h: 12h light:dark cycle). The rock lobsters were offered 

pilchards (Sardinops sagax) on a daily basis. Prior to being offered food test samples, 

lobsters were starved for three days to allow complete gut evacuation 

(Zoutendyk 1988a) and then offered single prey items, for a digestion period of less 

than two hours (Schultz & Clarke 1995). Rock lobsters were exsanguinated following 

submersion in an ice-water slush to anaesthetise them. Stomachs were removed, the 

contents flushed into a test tube, and soluble proteins extracted overnight in PBS as 

described for the prey items above (2.1). Gut samples of rock lobsters fed known prey 

were then tested using the ELISA system. 

3. RESULTS 

3.1 Prey items 

Twenty-six potential prey species were selected and collected. Of these, four were 

echinoderms, there were two each of crustaceans, cnidarians and kelp, three species of 

sponges and the remainder were molluscs (Table 2.1). The soluble protein extract 

concentrations prepared in PBS ranged between ~O.5mg.ml-l and 12.4mg.ml-t, with an 
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2.1). pOlteD1tlal prey species, the soluble proteins 

with unique Vu,.tJl .... HJl~ patterns, as exemplified for seven 

2.1. Similar were run for all 26 Doltentlar 

bands identified in this way. 

antibodies were selected for just six pOlten1[tal 

54kDa (for the whelk, B. cincta), 60kDa 

(Mediterranean mussel, lvJ. galloprovincialis), 29kDa (kelp 

(black mussel C. meridionalis) and 20kDa (bearded limpet, 

3.2 ELISA 

The antiserum titres all n ...... -t"'n-t." ma 

similar to that shown by 

over 

meridiona/is 

development curves were sigmoidal in shape, and linear 

extract incubations 

four weeks incubation which did not reach the 

1110,000 and 111,024,000 for the crude 

2.3 for examples and Table 2.1 for a complete list). Usable 

were injected with the purified protein extracts were only obtained 

for mussel The titre of these 'specific' antisera ranged between 1/5,000 

and 1/32,000 (Table 2.1). Proteins from the two no 

suitable antiserum production. 

3.3 Cross-reactivity 

Cross-reactions were observed in 43 (6.1 uv",.:uu.,,, interactions between 

antisera and undigested ......... ~,.u., 27 extract minus 27 self 

reactions) 

as 

most likely to 

(88%) of the 43 cross-

molluscs (Table 2.2). Twenty of these cross-reactions were 

for resolving. The cross-reactions between the two UH.":>;:"~l 

preyed upon were reduced using the 

while other cross-reacting antibodies were resorbed by incubation 

"' ...... ...,"'n".n Drocess described above. Of these 20 cross-reactions, 17 were 

eliminated, and not reduced at all. Total cross-reactivity was 



Univ
ers

ity
 of

 C
ap

e T
ow

n

33 

77 

~ 66-
242.7-
..., 

...c: 
OJJ 30 -.-
<l) 

~ 
1-0 
ell 
~ 

;::::l 
0 
<l) 

0 

~ 

17.2-

12.3-

1 2 3 4 5 6 7 8 9 10 

Plate 2.1: SDS gel stained with 1 % coomassie blue to show the banding pattern of 
eight of the potential prey items. Lanes 1 and 6 are molecular weight markers. The 
rest of the lanes are 2: J lalandii, 3: P. chabrus, 4: N. algicola, 7: A. ater, 8: C. 
meridionalis, 9: H Midae and 10: P. compressa. 
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Table 2.3: Absorbance values obtained when different mussel antisera (top row) were 
incubated with different mussel antigens (first column) using the ELISA. Figures in 
bold highlight the reduction in cross-reactivity achieved using specific antisera. 

Species A. ater A. ater C. meridionalis C. meridiona/is 
(specific) (specific) 

A. ater 0.42 0.69 0.31 0.0 

C. meridionalis 0.64 0.16 1.3 0.75 
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Antisera subjected to the absorption process had a titre loss between 2.3% and 33% 

(Table 2.4). 

3.4 Digested extracts 

Having established the sensitivity and specificity limits of the antisera, the appropriate 

level for the concentration of antigen for the initial overnight coating of the ELISA plate 

was determined. All antiserum-antigen interactions tested produced log-phase curves, and 

the optimal level of antigen concentration for maximal sensitivity and minimum 

interference was determined to be 5/lg.ml,l (see Figure 2.4 for examples of two species). 

The absorbance reading for all interactions was, however, much smaller for the digested 

extracts when compared with non-digested (crude) extracts (Figure 2.4). 

More importantly, when 12 different antisera were tested against rock-lobster gut contents 

from rock-lobsters fed eight different known diets in the laboratory, there was a much 

higher level of cross-reactivity than that incurred when doing the same test with undigested 

prey species. Of 88 possible interactions, 43 (49%) cross-reacted (Table 2.5). Some 

antisera even failed to recognise the digested version of the immunogen against which they 

were produced, e.g. P. chabrus and N algicola. All antisera tested also recognised digested 

material from at least some species other than the one against which they were generated. 

Thus, whereas undigested prey could be identified with a high degree of accuracy and with 

very little cross-reactivity, once digestion had occurred, gut contents with known prey 

could no longer be distinguished (or even recognised, in some cases). 

3.5 Western-Blots 

When undigested extracts or digested gut remains of the same prey species were incubated 

simultaneously with 'their' antiserum using Western-Blots, a much greater binding 

response was evident on the undigested extract lane when compared with the lane 

containing digested remains (Plate 2.2). Further, there was a high level of binding by the 

antiserum generated against the rock-lobster gut lining, with all digested food extracts, 

while there was a complete lack of binding of this antiserum to undigested extracts 

(Table 2.2 & Plate 2.3). SDS-Page electrophoresis patterns revealed after coomassie 

staining, showed that irrespective of the food offered to the lobster, the same protein 
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Table and post-adsorption antisera incubated 
their Im:mUlIlOQell. loss of sensitivity 

adsorption adsorption 

M. glacialis 1.46 1.50 2.60 
E. maxima 1.40 U5 3.50 
H. ornata 1.36 1.50 9.30 

H. midae 1.22 1.36 10.30 

N. 1.21 1.43 15.30 

P. chabrus 0.60 0.73 17.S0 

P. 1.03 1.29 20.10 

B. papyracea l.OS 1.50 28.00 

O. 1.27 0.85 33.00 
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Antisera 

Extracts A. aler 

A. aler ~ 
C. meridionalis 1.32 
P. angliloslis 0.26 
P. chabnlS 0045 
J.lalandii 0.22 
P. compressa 0.28 
N. algicola 0.28 
fish 0.31 

Table 2.5: Absorbance values obtained from incubating different antisera (top row) 
with eight different prey items (left hand column) following their digestion by J 
lalandii. Values in bold are high enough to be considered cross-reactivities. ND = no 
data. Self-reactions are underlined. 

C. meridionalis P. anguioslis P. chabrllS J.lalandii P. compressa N. algicola fI. midae T. sarll/aticlis M glacialis 

0.55 0.18 0.10 0.18 0.08 0.38 0.14 0.09 0.13 

.LJ2 0.80 0.45 0.57 0.98 0.87 1.37 0.88 1.18 
0.28 !!.ill. 0.D7 0.10 0.09 0.11 0.09 0.09 0.11 
0.56 0.09 Q.Q2. 0.14 0.D7 0.31 0.17 0.09 0.08 
0.30 0.10 0.38 W 007 0.60 0.09 0.08 0.08 
0.25 0.07 0,07 0.10 !!,1l, 0.12 0.50 0.13 007 
0.22 0.08 0.06 0.09 0.07 o....u. 0.09 0.08 0.07 
0.33 0.19 0.08 0.14 0.08 0.27 0.11 0.08 0.08 

Sponge 

0.33 
0.97 
0.14 
0.18 
0.14 
0.20 
0.18 
0.22 

GUllinillg 

0.34 
0.67 
0.22 
ND 
0.18 
ND 
ND 
ND 

,I:>. 
....... 
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Plate 2.2: Western-Blot to demonstrate the binding of antisera to digested and 
undigested prey items. Lanes 1-2 and lanes 3-4 were incubated with antiserum 
developed against A. ater and N. algicola respectively. Lanes 1 & 3 were undigested 
extracts of A. ater and N. algicola respectively, and lanes 2 & 4 were digested extracts 
of A. ater and N. algicola respectively. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

43 

77 

12.3-

1 2 3 4 5 6 

Plate 2.3: Western-Blot to demonstrate the binding of the antiserum developed against 
rock lobster gut lining with undigested (lanes 1, 3 & 5) and digested (lanes 2,4 & 6) 
prey items. Lanes 1 & 2, 3 & 4 and 5 & 6 were P. angu!osus, C. meridionalis and 
A. ater respectively. 
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banding pattern resulted when the gut content remams were separated on the gel 

(Plate 2.4). A separate analysis using a protein gel confirmed the presence of proteolytic 

enzymes (probably rock-lobster in origin) in all the prey extracts obtained from rock­

lobster stomachs, because proteins incorporated into the gel were digested at the same 

molecular weight positions as the suspected rock-lobster enzymes (Plate 2.5). 

4. DISCUSSION 

Usable antisera were produced against all 27 of the crude prey extracts and three of the six 

purified immunogens in the rabbits, allowing their specific and unique identification. 

Negative sigmoidal titre curves were observed for all antibody-antigen interactions, and 

antiserum titre increased with time after immunisation (Figure 2.2). Only 43 cross­

reactions out of a possible 702 interactions between antisera and undigested prey species 

were recorded - a figure of only 6.1 %. Of these, the majority were between the molluscan 

species (Table 2.2). Cross-reactions between phylogenetically close species were expected 

due to the similarities in protein structure between animals in taxonomically related groups 

(Grisley & Boyle 1988). The level of cross-reaction was much less than that reported for 

various snake venoms (Berger & Bhatti 1989), for antisera raised against Vibrio spp. 

(Mutharia et al. 1993), and for cross-reactivities between sera raised against 20 different 

invertebrate species (59%, Feller et al. 1979). It was, however, a lot greater than that 

observed during studies on the recognition of food types in octopus (Grisley & 

Boyle 1988). Through absorptive processes and the use of the specific antisera, cross­

reactivity was reduced to 4%. An extremely low titre-loss was observed during this 

purification process, probably due to the high specificity of the developed antisera. Thus, at 

this stage of the procedure, the ELISA could sensitively and specifically distinguish the 

(undigested) tissues of virtually all the potential prey species examined. 

4.1 Difficulties with the identification of gut contents 

Problems arose when the antisera developed were tested against extracts derived from the 

gut contents of rock lobsters fed a known diet in the laboratory. During these tests, a much 

higher rate of cross-reactivity was observed between the various antisera used and the 

digested extracts tested (Table 2.5). Of 88 interactions in the trial, 43 (49%) showed cross-
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Plate 2.4: SDS gel stained with 1 % coomassie blue to show the banding pattern of six 
prey items following their digestion for 30 minutes by rock lobsters. Lane 1 is a 
molecular weight marker. Lanes 2-8 are A. ater, C. meridionalis, J lalandii, P. 
angulosus, H midae, P. chabrus and rock lobster digestive gland respectively. 
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Plate 2.5: 1 % gelatin gel stained with sodium acetate to show activity of proteases in 
the digested extracts. Lanes 1 & 2 are controls (collagenase). Lanes 3 -8 are A. ater, C. 
meridionalis, J lalandii, P. angulosus, H. midae and rock lobster digestive gland 
respectively. 
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reactions, a figure nearly 10 times that obtained from trials with undigested prey items 

(Table 2.2). Antisera recognised and bound to proteins against which they were not 

developed, even across different phyla. For example, the antiserum generated against rock­

lobster (J lalandii) tissue which recognised no other immunogen in the initial cross­

reactivity experiments recognised not only digested J lalandii, but also digested mussel 

(A. afer and C. meridionalis), digested rock crab (P. chabrus), and digested fish (S sagax) 

remains, displaying a complete loss of antiserum specificity. Also, antisera developed to 

detect sea urchin, (P. angulosus) remains, which showed no cross-reactivity with 

undigested material, recognised and bound to proteins from the digested remains of 

mussels and fish. This was completely unexpected, because of the generally high 

specificity of antisera (Monroe 1984), upon which the entire principal of prey identification 

by ELISA is based. 

Furthennore, several of the antisera failed to recognise the digested version of the prey 

item against which they were developed. Two of these were the antisera developed to 

detect for the presence of rock crab (P. chabrus) and barnacles (N algicola, Table 2.5). 

Thus, it was not even possible to use all the antisera that had been developed to recognise 

their own immunogens, and certainly not to reliably separate digested material between 

different species - even those from phylogenetically distant groups. Thus, the antisera 

displayed a complete lack of specificity when detecting digested material. Schultz & 

Clarke (1995), using an immunological procedure, found that detection of juvenile red 

drum remains in predators' stomach contents was not possible after four hours of digestion. 

That problem is unlikely to be applicable in the present case because the rock lobsters were 

killed within two hours of consuming the prey offered them and, furthermore, the same 

complications were experienced even when the rock lobsters were killed within 15 minutes 

of consuming prey. Thus, digestion of prey proteins is unlikely to have led to the loss of 

antiserum specificity. 

4.2 Identification of the causes of the problem 

Given that ELISA has been successfully employed to identify the gut contents of many 

other predators (e.g. Crook & Sunderland 1984, Ohman et al. 1991, Arnold e! af. 1996), 

various methods were used to try to estab lish why there were problems with both detection 



Univ
ers

ity
 of

 C
ap

e T
ow

n

48 

and cross-reaction of digested prey items from the guts of J lalandii. Separating proteins 

extracted from digested material on SDS-gels showed that irrespective of the prey item 

offered to the lobster and irrespective of the duration of digestion (15 min to 24hr), the 

same banding pattern was observed on the gels (Plate 2.4). Not only were the banding 

patterns from all digested species identical, but they were similar to that for rock-lobster 

digestive gland and rock-lobster gut lining extracts. Although some breakdown products 

from digestion must have been present in the lanes on the gel, the banding pattern observed 

suggested that rock-lobster digestive enzymes were, volumetrically, the dominant proteins 

in the extracts that were obtained from the rock-lobster stomachs and were masking 

proteins from the prey. 

This supposition was confirmed with the results obtained from Western-Blots and the 

protein gel. The Western-Blots showed strong binding of the antisera to the undigested 

proteins against which they were developed, but almost no binding to the digested version 

(Plate 2.2). In contrast, and by way of support, the antiserum developed against rock­

lobster gut lining (representative of lobster digestive enzymes) showed high binding with 

all digested prey extracts, and very little binding to the undigested prey items (Plate 2.3). 

The antiserum raised against rock-lobster gut lining cross-reacted with all digested prey 

against which it was tested (Table 2.5), but it cross-reacted only to extracts obtained from 

one other crustacean when incubated with undigested material (Table 2.2). 

The protein gel (Plate 2.5), which consisted of an SDS-Polyacrylamide gel with 1% w/v 

gelatin, showed that the bands observed on the SDS gel (Plate 2.4) were rock-lobster gut 

enzymes because they digested the gelatin when incubated overnight in PBS, leaving clear 

bands when the gel was stained with sodium acetate. The observed activity of these 

proteins suggested that they could only be enzymes, and their most likely source was the 

rock-lobster gut contents. Barkai et al. (1996) state that they were able to obtain several 

millilitres of digestive fluid from each rock lobster when they were determining the 

digestive capabilities of rock lobsters. Relative to the size of rock lobsters, this is an 

extremely large amount of digestive fluid. Such high amounts of digestive enzymes may 

allow rock lobsters to feed opportunistically, and digest food rapidly. 
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To sum up thus far, it has been shown that the development of antisera to a range of 

potential prey items is possible, and that in the case of undigested prey proteins they 

showed high specificity and thus low cross-reactivity « 4%). However, the same success 

was not evident when the antisera were tested against the gut contents of rock lobsters fed a 

known diet. The antisera showed less sensitivity, less specificity and (thus) more cross­

reactivity (~50%) than was either expected or predicted. Western-Blot and protein gel 

techniques suggest that the reason this· technique did not work was not because the 

antibodies fail to recognise the digested prey, but rather that the digestive enzymes of the 

rock lobster are so abundant that they simply prevent any digested prey proteins which may 

have been in the extracts from being detected. 

4.3 Attempts to resolve the problem 

To try to overcome this problem, several other techniques were tried. The first approach 

was to run the ELISA system using different ELISA plates, and using a different binding 

buffer (HCO]-, pH = 9.0). The original experiments had all been conducted in Greiner 

microwell plates using PBS (pH = 7.4) as the binding buffer. Polysorp (NUNC), Maxisorp 

(NUNC) and Falcon plates were all tested. None of these plates, nor changing the buffer, 

made any improvement on the results already discussed above. 

The second approach was to develop and test a sandwich ELISA. The principal involved is 

to bind the antisera produced in the rabbits to the ELISA plate microwells in the first step 

of the ELISA. In theory, these antibodies then attract and bind to the specific proteins of 

the prey when they are added to the system in the form of undigested prey (the positive 

control) or digested prey. In the third step, the same antiserum used in the first step is 

bound to biotin (akin to the biotinylated goat anti-rabbit antiserum) and added to the wells. 

The ELISA was then carried out as described in 2.5. 

Biotin was added to each of the rabbit-generated antibodies as follows. The antisera were 

separated from other proteins in the serum using a Caprilic acid purification method 

(Reik et al. 1987) and then concentrated following Wolfson's precipitation method using 

Saline Ammonium sulphate solution (after Weir 1973, Garvey et al. 1977). The isolated 

antibodies were then biotinylated using long-arm biotin (Biotinyl-N-hydroxy-succinimide, 
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SIGMA B2643) after Srahli et al. (l983). However, the results did not show any 

improvement in the detection of rock-lobster stomach contents. 

The possibility was then considered that the rock-lobster digestive enzymes were not only 

digesting the prey proteins substantially during soluble protein extract preparation, but also 

breaking down the antisera in the ELISA wells. To each gut content sample, enzyme 

inhibitors were added to try to alleviate this problem. PMSF (lmM) as well as both 

Pepstatin (l flg·mt') and Aprotein (l flg.ml-') were added to each stomach sample to serve 

as general protease inhibitors. This however, changed neither the banding pattern on the 

SDS gels, nor the Western-Blot or ELISA results. The experiment was repeated with 

doubled concentrations of Pepstatin and Aprotein (2flg.mJ"'), but the results were 

unchanged. 

One idea for dealing with the excessive amounts of digestive enzymes was to wash the 

stomach contents in several volumes of PBS before incubating it to make the soluble­

protein extract of the gut contents, in an attempt to remove, or at least reduce the amounts 

of digestive enzymes in the extract. Again, subsequent Western-Blots and the ELISA 

showed similar patterns to those in Table 2.5 and Plates 2.2 & 2;3, indicating that washing 

gut remains had no effect on eliminating these digestive enzymes. Thus, the enzymes must 

have been bound strongly to the bolus. 

Perfonning an inhibition ELISA showed that there were proteins in the digested extracts 

that the antisera recognised and bound to (Figure 2.5). In principal, this process is 

conducted as described in 2.5 above, except that the first antibody (i. e. from the rabbit) is 

incubated with a range of concentrations of a particular extract (either digested or 

undigested) prior to that antiserum being added to the ELISA well. If the concentration of 

antiserum is kept constant as the concentration of proteins in the extract is increased, then 

one expects a reduced signal on the ELISA for antisera incubated with higher 

concentrations of extract (as fewer antisera are available for binding to the proteins already 

bound to the plate). If there is no binding between the antiserum and extract during the pre­

incubation there will be no signal attenuation on the ELISA. When the antiserum generated 

against C. meridianalis was pre-incubated with both digested and undigested 



University of Cape Town

,-.... 

s 
c: 

l/) 

o 
~ 
"'-/ 

;>.. 
+-' ........ 
(/') 

c: 
(1) 

~ 
--< 

C\:l 
() ........ 

1.2 

1 ,--

0.8 

0.6 

. +-' 5 0.4 ,-

0.2 ,., 

o 
100 

• C. meridionalis 

--- Gut lining 

~) Digested C /IIcridionalis 

Digested f . (//1gll/()SIIS 

--- No inhibition 

50 5 0.5 0.05 

Concentration of inhibitor (~g/ml) 

Figure 2.5: Absorbance values (at 40511111) observed in the ELISA wells following a 
30 minute incubation with ABTS for the inhibition ELISA at varying dilutions of the 
inhibitor. 

0.005 

VI 



Univ
ers

ity
 of

 C
ap

e T
ow

n

52 

C meridionalis, inhibition occurred in both cases on the ELISA. However, when pre­

incubated with gut lining extract and digested P. angulosus, no inhibition was evident. This 

proved that antisera were recognising prey protein remains from the digested extracts, even 

if this recognition was being masked by digestive enzymes. 

The last procedure tried was to use ultrafiltration of the digested extracts in an attempt to 

remove the digestive enzymes, and thus increase the detection of prey remains as suggested 

by performing the inhibition ELISA. SDS-Page gels had shown that the bulk of the 

digestive enzymes causing the contamination were between 50kDa and 30kDa, and the 

rationale behind using this technique was to separate proteins between these two molecular 

weights out of the digested extracts using differential ultrafiltration. 

The ultrafiltration was done under pressure, usmg Nitrogen gas to force the digested 

extracts through Diaflo micropore filters (AMI CON). The first attempt at filtration was to 

force the digested extract through a 5000Da filter to try to remove small molecular weight 

proteins from the extract in an attempt to enhance binding efficiency of prey item protein 

remains over digestive enzymes on the ELISA plate. This was unsuccessful, however, and 

digested extracts were still unidentifiable. The next step was to use a 50kDa and a 30kDa 

filter in series, as the majority of the enzymes were between 45kDa and 35kDa. Detection 

of digested material was greatest for the >50kDa fraction, with a low signal being recorded 

for the 30-50kDa fraction, and almost no response from the <30kDa fraction. However, 

although this appeared to alleviate the problems, the background and cross-reactivites for 

other antisera were also highest for the >50kDa fraction. Thus, ultrafiltration also did not 

solve the problems which were being faced. 

Finally, banding patterns were obtained for different predators, including the European 

shore crab (Carcinus maenas), the Super klipvis (Clinus superciliosus) and the whelk 

(Bullia laevissima), when offered a single prey species, the black mussel Choromytilus 

meridionalis. This was done to see if different predators showed similar breakdown 

products for the same prey species in order to determine if this immunological technique 

could be applied to diet studies of other species. These predatory species were maintained 

under similar conditions to those of the rock-lobsters in an aquarium and fed black mussels 
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after a starvation period of 48 hours. The banding patterns for J lalandii and for Carcinus 

maenas, were extremely similar (Plate 2.6). Banding patterns for other predators showed 

large differences to those observed for these decapods, but further work will be required to 

test if the system which was developed will be useful in assessing the diet of these 

predators non-visually, because the banding pattern observed may simply be their own 

pattern of digestive enzymes. 

5. CONCLUSION 

All these approaches failed to overcome the problems encountered and, despite the 

development of many antisera with high specificity to undigested prey items, the system 

failed to work for the assessment of the diet of the West Coast rock lobster, J lalandii, 

when employed on digested gut contents. It was concluded that the high amounts of rock­

lobster digestive enzymes present in the extracts taken from rock-lobster stomachs 

prevented analysis of the diet using immunological methods, because of physical 

interference. Unless a method can be found to remove these proteins from the protein pool 

obtained from the digested prey extracts, researchers will have to continue relying on a 

visual, and thus less precise method of diet analysis for this species. Nevertheless, although 

the ELISA method failed as a means of identifying gut contents, the fact that the guts of 

J lalandii contain such large amounts of digestive enzymes is in itself of interest. There is 

a strong tendency in the literature to publish only positive results, and the failure of the 

ELISA system may well not be unique, if only successful cases of its application have been 

reported. In any event, its failure here led to the exclusive use of visual assessments of diet 

in the remaining chapters of this thesis. 
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Plate 2.6: SDS gel stained with .1 % coomassie blue to show the banding pattern of 
four different predators fed C. rneridionalis. Lane I is a molecular weight marker. 
Lane 2 is C. rneridionalis extract (undigested), lanes 3 & 4 are digested extract 
replicates from J. Lalandii, and lanes 5-7 are digested extracts from Carcinus rnaenas 
(crab), Bullia laevissirna (whelk) and Clinus superciliosus (fish) respectively. 
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Chapter 3 

Influence of rock-lobster size, depth of capture and season (stage of moult cycle) on 
the diet of the West coast rock lobster, Jasus lalandii. 
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1. INTRODUCTION 

Studies on the feeding patterns of various lobster species have shown variation in diet 

with lobster size, capture depth and moult cycle. Ontogenic changes in diet have been 

observed in Homarus americanus stomach contents (Lawton & Lavalli 1995), as well 

as Panulirus homarus (Berry 1971), Polycheles Iyphlops and Siereomaslis sculpla 

(Cartes & Abe1l6 1992). Temporal variation in diet on a seasonal basis was 

demonstrated for H americanus (Ennis 1973), while depth-related dietary changes 

have been observed in Polycheles Iyphlops and Siereomaslis sculpla, where diet 

differed as prey species abundance changed (Cartes & Abel16 1992). The diets of 

immature lobsters have been well studied, particularly for Panulirus cygnus (1011 & 

Phillips 1984, Jernakoff el al. 1993) and H americanus (Carter & Steele 1982, 

Lawton & Lavalli 1995), and shown to differ from the diets of adults. Similar dietary 

variation in the West Coast rock lobster, Jasus laland;i, may be expected. 

Dietary assessments on 1. lalandii have been made over a wide geographical range 

(Barkai el al. 1996), as well as smaller, more localised areas (Newman & 

Pollock 1974b, Pollock 1979, Barkai & Branch 1988a) and in the laboratory (Griffiths 

& Seiderer 1980, Zoutendyk 1988a,b, van Zyl el al. 1998). However, all of these diet 

studies on 1. laland;; (except for Barkai & Branch 1988a) have failed to consider 

aspects s'~ch as the diet of juvenile lobsters « 65mm carapace length (CL)), and 

variation in diet with rock-lobster size. The influence of moult cycle stage and capture 

depth on the diet of 1. lalandii has been completely ignored. 

Recent declines in the growth rate of 1. lalandii (Goosen & Cockcroft 1995, 

Cruywagen 1997) have been tentatively blamed on varying food resources 

(Pollock el al. 1997). Although the link between rock-lobster condition and growth is 

now well established (Cockcroft 1997), it is the links between rock-lobster diet, food 

availability and condition (hence growth) that remain poorly understood. Before 

examining these links (Chapter 4), it is necessary to standardise the effects of size, 

season (moult stage) and depth. This is required to ensure that any differences in diet 

observed between rock lobsters collected from areas of contrasting growth rates may 
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not simply be attributed to other variables. Thus, the relationship between rock-lobster 

diet, growth rate and food availability can be determined reliably only if these variants 

are explored first. 

This chapter investigates the influence of all of these aspects on rock-lobster diet. 

Based on the literature examined, it is predicted that: (1) The diet of juvenile rock 

lobsters will be different from that of mature conspecifics; more specifically, smaller 

rock lobsters will have higher levels of gut fullness, a higher prey diversity, less 

cannibalism and a higher intake of calcium (and other inorganic materials) in their diet 

relative to their body mass. This is because small rock lobsters moult frequently and 

can feed on a diverse array of small prey. (2) Diet will vary through the moult cycle, 

showing reduced consumption during the 'hard old' (early pre-moult) and 'hard new' 

(early intermoult) shell states and being dominated by prey species high in inorganic 

components during the early intermoult period. (3) Diet will vary bathymetrically, 

showing low diversity in the deeper stations. 

2. METHODS 

Logistics precluded the possibility of sampling all combinations of dates, sizes and 

depths simultaneously, so each of these factors was investigated in isolation, holding 

the other variables constant. Assigned stages in the moult cycle were based on shell 

state criteria (Heydom 1969, Cockcroft 1997). 

2.1 Seasonal changes in diet 

Monthly samples were collected (when possible) from two localities, namely 

Olifantsbos (an area where rock lobsters grow slowly (SG)) and Dassen Island (where 

rock lobsters grow fast (FG), Goosen & Cockcroft 1995), between 15 and 25m water 

depth between February 1994 and July 1995 (see Figure 3.1 for localities). These sites 

were selected because (1) they were accessible, (2) good data exist on growth rates 

there, (3) they represent extremes of fast and slow growth and (4) they are important 

commercial fishing grounds. 
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Figure 3.1: Map of the study area to show the location of the study sites. 
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In certain months, violent storms prevented sampling. At both localities, during each 

sampling trip, 60 rock lobsters standardised to male only and 70-80mm carapace 

length (CL) were collected using bait-protected long-line lobster traps deployed at 

night at Olifantsbos, and by SCUBA divers operating shortly after dawn at Dassen 

Island. To deny the rock lobsters access to the baits, the bait was protected inside a 

500).Lm mesh bag. The difference in dietary composition, relative proportions of prey 

items, bolus weight and percentage gut fullness between diver- and trap-caught 

specimens is negligible (Griffiths 1996), provided that account is taken of species that 

are not normally consumed by rock lobsters but which fall prey to them when lured 

into bait-protected traps. This applies particularly to the isopod Oro/ana which is 

attracted to, and consumed in, traps (Griffiths 1996). Using these two methods for 

rock lobster collection may, however, have biased the percentage of rock lobsters 

feeding because trap sampling necessitates the attraction of rock lobsters to the fish 

bait, which is not a random sample. 

All rock lobsters were immediately anaesthetised in an ice-water slush, exsanguinated, 

and the first 30 full stomach samples (minimum volume of lcm)) frozen at -20DC for 

further analysis. The proportion of the sample feeding was calculated as: 

number of rock lobsters with full stomachs 
X 100 

number of rock lobsters collected 

When analysed, all stomachs were defrosted, blotted dry and then weighed to 0.001 g 

(Mettler AE 100 electronic balance). Gut contents were then flushed into a Petri dish 

and the gut membrane re-weighed as above. The gut fullness index was calculated as: 

total stomach weight (g) - stomach membrane weight (g) 
--------------------------------------------------------------------------------- X 100 

total stomach weight (g) 

Prey species composition was determined by identification of diagnostic fragments 

when viewing the stomach content remains under a binocular microscope (8 X 

magnification). Gut contents were assessed subjectively, and the percentage 

contribution of each prey species to the total gut volume was estimated (after 
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Hyslop 1980, Williams 1981). Frequency of occurrence of each prey species (i) was 

calculated after Berg (1979) as 

number of stomachs containing species i 
---------------------------------------------------------------- X 100 

number of stomachs examined 

2.2 Effects of rock lobster size 

To investigate the effect of rock-lobster size on diet, 60 male rock lobsters from each 

of five size classes (viz. 60-64mm, 65-70mm, 75-79mm, 80-85nun and >85mm CL) 

were collected from one site, Olifantsbos (SO), at a standardised depth of 20m using 

bait-protected long-line lobster traps in April 1994, as described above. The timing of 

the sampling (April) was chosen to ensure that all rock lobsters would be in the 

intermoult stage of their annual moult cycle and none would be reproductively active. 

This eliminated moult stage and reproductive effects. For logistic reasons the decision 

was made to sample only one site but to sample it intensively. I recognise that this 

does limit generalisation of the results to other sites. The intention of the study was, 

however, primarily to explore the effects of size on diet to determine the validity of 

restricting subsequent aspects of the work to males of one specific size range. Rock 

lobster stomachs were collected as above, and gut fullness and prey species 

composition were calculated as previously described. The a priori hypothesis stating 

that the composition of the diet would vary with rock-lobster size was tested using 

analysis of similarity (ANOSIM). Subsequently, Shannon-Wiener diversity (H) and 

Margalefs' species richness (D) indices were calculated for prey species diversity 

(data for all individuals of each size class pooled) after Clarke & Warwick (1994) as 

and 
D = S - 1 / (loge N) 

where Pi is the proportion of the biomass attributed to the illl species, S is the total 

number of species and N is the number of individuals, using Primer v4.0 (Plymouth 

Marine Laboratory). The contribution of inorganic material by every prey item to each 

bolus was estimated by multiplying the bolus weight by the proportion of the bolus 

comprising that species. These weights were then converted first to a dry mass and 
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then an inorganic material mass (based on ash free dry mass), using the conversions of 

Field et al. (1980). The mass of inorganic material per gram of bolus was then 

calculated. These values, the gut fullness levels and the absolute bolus masses 

between the five size classes were compared using a Kruskal- Wallis ANOV A by 

ranks (Zar 1984), followed, where appropriate, with a Newman-Keuls mUltiple range 

test (a = 0.05), using Statistica v5. 

2.3 Effects of depth 

To examine the potential influence of capture depth on rock lobster diet, rock lobsters 

(males only; 70-80mm CL) were collected on a once-off basis during December 1995 

at night from both Cape Point (FG) and Olifantsbos (SG) at a shallow (15m) and a 

deep (50m) site, using bait-protected long-line lobster traps. The date of sampling 

again ensured that all animals were in the intermoult stage at both sites and would not 

have been influenced by reproductive activity. Rock lobsters were dissected and 

stomachs collected as previously described. The a priori hypothesis, stating that diet 

will vary bathymetrically, was tested for dependence between diet composition and 

capture depth using analysis of similarity (ANOSIM), and then analysed using Bray­

Curtis similarity and an MDS plot (Primer v4.0, Plymouth Marine Laboratory). Prey 

species richness and diversity indices were calculated as described above. 

3. RESULTS 

Much less seasonal variation in rock lobster diet was observed at Dassen Island when 

compared with Olifantsbos (Figures 3.2 & 3.3 respectively). At Dassen Island, 

cannibalism was more prevalent during winter (June), spring (August) and to a lesser 

extent early summer (October - November). The most commonly encountered prey 

items in the gut contents from this site were ribbed mussels (Aulacomya ater) and 

barnacles (Notomegabalanus algico/a). At Olifantsbos, ribbed mussels were more 

abundant in the diet of rock lobsters during summer (November - March), and 

barnacles comprised a large component of the diet during the pre-moult and early 

intermoult periods. Rock lobsters captured during winte:: (June - July) and late spring 

(October) at Olifantsbos had a high occurrence of fish in the diet, and cannibalism 



Univ
ers

ity
 of

 C
ap

e T
ow

n

61 

Aug 1994 Feb 1995 

Moulting 

:::l 
o 
>= c 
v ...... 
~ 

Oct 1994 

Nov 1994 

Dec 1994 

D Parechinus angu/osus 

III Au/acomya afer 

ill Choromytilus meridionalis 

Apr 1995 

June 1995 

Nov 1995 

§Zl Notomegabalanus algicola 

~ Jasus lalmldii 

§ Polycheate 

Moulting 

:::l o 

Figure 3.2: Diet, by frequency of occurrence, of male rock lobsters (70-80mm CL) 
sampled from Dassen Island between August 1994 and November 1995. 
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Figure 3.3: Diet, by frequency of occurrence, of male rock lobsters (70-80mm CL) 
sampled from Olifantsbos between Oct~r 1994 and November 1995. 
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(not consumption of exuviae), although encountered in samples taken throughout the 

year, was most prevalent during late spring to early summer (October and November). 

The proportion of rock lobsters feeding at both sites was low during the late inter­

moult period and peaked in the early intermoult stage (Figure 3.4). Although the gut 

fullness index showed no seasonal variation at Olifantsbos, it was much lower during 

summer at Dassen Island when compared to other times of the year (Figure 3 .S) - and 

throughout the sampling period was consistently higher at Olifantsbos when compared 

to Dassen Island. At Dassen Island, gut fullness tracked the proportion of rock lobsters 

feeding. 

Rock lobsters of different sizes had significantly (Global R = 0.09, P < O.OS) different 

proportions of prey items in their stomach contents when the diets of lobsters from a 

size range of individuals were compared (Figure 3.6) . Ribbed mussels (Aulacomya 

ater) and fish dominated the diet of rock lobsters larger than 80mm CL. The diet of 

small rock lobsters « 70mm CL) comprised numerous species, but coralline algae, 

barnacles and rock-lobster remains were the dominant prey items observed in their gut 

contents. Rock lobsters between 7Smm and 79mm CL showed a diet intermediate 

between these two groups and the highest rate of cannibalism. Moreover, the 

Shannon-Wiener index and Margalef s species richness indices were much higher for 

smaller rock lobsters (l.S8 and l.12 respectively) when compared to their larger 

conspecifics (I and 0.46 respectively, Table 3.1). · There were no significant 

differences in gut fullness between the five size groups (Kruskal-Wallis ANOV A by 

ranks, H = I.S6, P > O.OS , Table 3.1), nor in the amounts of inorganic material 

(g inorganic material.g bolus weighrl) in the gut contents (H = 3.7S, P > O.OS, 

Table 3.1). Large rock lobsters (> 8Smm CL) did however have significantly larger 

bolus masses when compared to the other size classes (H = 12.S4S, P < O.OS) which 

were statistically indistinguishable from each other (Table 3.1). 

Rock lobster diet also varied with capture depth. Ribbed mussels and coralline algae 

were the most common prey items in the stomachs of rock lobsters from the shallows 

off Cape Point, while at depth, fish were the most commonly encountered prey item 
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Figure 3.6: Variation in the diet of rock lobster (Jasus lalandii), by frequency of 
occurrence, with increasing size. Numbers under each pie-chart refer to the size class 
represented. N = sample size. 
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Table 3.1: Margalefs and Shannon-Wiener diversity indices, gut fullness index (%), 
bolus weight (g), inorganic component of the bolus only (g), ratio of inorganic 
component to bolus weight (g inorganic material.g bolus weight-!), mass of inorganic 
material in the bolus per unit body weight (mg inorganic material. g wet weight· lt and 

bolus weight as a proportion of body weight (mg bolus weight. g body weight· ) for 

rock lobsters of different sizes. The rock lobster length-wet weight regression 

equation was obtained from Chapter 6 (equation 4). 

Rock lobster size class (mm ell 

60-64 65-70 75-79 80-85 >85 

Margalefs Index !.12 1.08 0.736 0.444 0.461 

Shannon-Wiener Index 1.58 1.67 l.ll 0.93 1.00 

GU[ fullness 54.7 51.8 55.5 46.8 64.5 

Bolus weight 0.84 0.9\ l.74 1.61 J .41 

Bolus inorganic content 0.24 0.14 0.17 0.59 0.63 

g inorganic.g bolus ·1 0.31 0.22 0.13 0.27 0.23 

mg bolus.g body weighfl 6.6 5.2 6.6 5.3 8 

mg inorganic.g body weight"1 1.9 0.8 0.7 1.9 1.7 
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Table 3.2: Margalefs and Shannon-Wiener indices for the diet of rock lobsters 
collected from shallow and deep stations at Olifantsbos and Cape Point. 

Cape Point Cape Point Olifantsbos Olifantsbos 

shallow deep sha ll ow deep 

Margalefs Index 1.152 1.124 0.681 0.266 

Shannon-Wiener Index 0.854 0.818 0.557 0.365 
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(Figure 3.7). At Olifantsbos, the number of prey items in the diet at the shallow station 

was double that of the deep station, although fish dominated the diet from both depths 

(Figure 3.7). For both sites, the species richness and prey diversity index were lower 

for the deeper station when compared to the shallow station (Table 3.2), although the 

difference was only marginal in some cases. Nevertheless, an analysis of similarity 

(ANOSIM) for both Cape Point and Olifantsbos suggested there were no significant 

differences between the diet of rock lobsters caught at different depths 

(Global R = 0.019, P > 0.05). Subsequently however, Bray-Curtis similarity 

(Figure 3.8) and the associated MDS plot (Figure 3.9) suggested that there was more 

difference in rock- lobster diet between Olifantsbos and Cape Point than between the 

two depth zones sampled. The dendrogram separated into two groups with less than 

20% similarity. These groups reflected samples from both depths at Cape Point 

(group A) and Olifantsbos (group B) respectively. The same distinction was evident 

on the MDS plot. Analysing these two figures more closely confinns that only small 

differences in diet between rock lobsters caught at the two depths were observed. 

4. DISCUSSION 

The diet of the West Coast rock lobster, Jasus lalandii, varied between rock lobsters 

of different sizes, but only to a limited extent between rock lobsters captured at two 

different depths. Furthennore, rock lobster diet varied through the course of the 

sampling period, showing seasonal (i.e. moult cycle) variation. However, before 

considering these patterns in more detail one question needs to be addresses: whether 

trap-effects influenced the gut contents of the animals examined. 

4.1 Possible Trap effects on the diet 

Large numbers of rock lobsters collected during the seasonal sampling at Olifantsbos 

and the depth-related sampling at both Cape Point and Olifantsbos contained high 

volumes of fish in their gut contents '(Figures 3.3 & 3.7). Concerns were raised during 

initial sampling, that rock lobsters exposed to fish baits in the baited-traps might have 

a high abundance of fish-bait remains in the stomach contents, thus masking other 
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prey items. To prevent the rock lobsters gaining access to the baits, all traps thus had 

the bait protected with bags (mesh size = 500fJ.m). Furthermore, only one bait species 

was used (Maasbanker, Trachurus trachurus), and aJ I bait fish were between 25 and 

35cm total length. Fish remains in the stomach contents usually consisted of fin rays 

and vertebrae, and although they could not all be identified to species level, none of 

the remains were determined to be either T. trachurus or Merluccius capensis (Hake -

the only other typically used bait fish, Dave lapp, Sea Fisheries Research Institute, 

Cape Town). A concurrent study considering other aspects of trap-effects on the diet 

of J lalandii also noted high levels of fish remains in the diet of trap-caught rock 

lobsters (Griffiths 1996). Again, these fish remains did not come from the bait species 

used in the experiment nor from Hake, and were probably derived from small clinids 

(Steve Lamberth, University of Cape Town, pers. com.). Small fish are consumed by 

captive rock lobsters (pers. obs.), and several divers have reported catching rock 

lobsters which are holding small fish in their claws. The capture of live fish by 

Homarus americanus (Lawton & Lavalli 1995) and some deep-water clawed lobsters 

(Metanephrops spp., Wassenberg & Hill 1989) has also been reported. 

The stomach samples of trap-caught J lalandii also contained large numbers of 

isopods, but their consumption by the rock lobsters has been shown to be due to a trap 

effect (Griffiths 1996). Consequently, isopods were excluded from any dietary 

analyses and corrections made to the gut fullness indices and proportion of animals 

feeding. Thus, dietary patterns relating to rock-lobster size, seasonality and depth 

were unlikely to have been biased by trap effects. 

4.2 Ontogenic changes in diet 

It was anticipated that the diet of the rock lobsters would vary as the size of the rock 

lobsters increased. More specifically, it was predicted that juvenile rock lobsters 

would have higher gut fullness levels, a higher prey diversity, less cannibalism and a 

greater dietary intake of inorganic components per unit body weight. The diet of 

individuals smaller than 70mm CL was dominated by coralline algae, with barnacles 

and sponges being other important prey items (Figure 3.6). In contrast, the gut 

contents of large rock lobsters (> 80mm CL) were dominated by the ribbed mussel 
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and fish. Rock lobsters between 70 and 80mm CL had a mixed diet between the two 

extremes highlighted above, their gut contents containing large amounts of rock 

lobster remains and coralline algae (similar to the small rock lobsters) as well as fish 

and ribbed-mussel fragments (akin to the large rock lobsters). Coralline algae and 

barnacles are rich in inorganic components, whereas mussels and fish tend to be more 

protein rich (Field el al. 1980). So, it seemed that the diet of small rock lobsters 

contained prey with a higher inorganic content than those in the diet of larger 

specimens. However, further analysis did not confirm this. Use of a non-parametric 

ANOV A, showed that rock lobsters of different sizes consumed the same mass of 

inorganic material per unit mass of bolus and the ratio between mg inorganic content 

of the bolus and g body weight was similar across all sizes of rock lobsters 

(Table 3.1). Thus the initial prediction that small individuals would have a diet with a 

higher inorganic content was not upheld by the data. It is possible that coralline algae 

is ingested incidentally - they are certainly epiphytic on mussels. However, few if any 

mussel remains were covered in coralline algae. 

Relative to large individuals, small rock lobsters have a high growth rate 

(Pollock 1979). Thus, it was predicted that juvenile rock lobsters would have a 

relatively higher gut fullness. It was also predicted that they would have a higher 

diversity of prey. There are two possible reasons for this. First, there is a greater range 

of species in the smaller size-spectrum of prey than among large prey. Second, if 

preferred prey are eliminated or reduced by competition with large rock lobsters, then 

small individuals may have to diversify to meet their energy needs - which are likely 

to be higher per unit mass because of their fast growth and rapid moulting 

(Beyers et al. 1994). Griffiths & Seiderer (1980) have produced good evidence that 

the size range of mussels (the preferred prey) available to small rock lobsters is often 

depleted due to predation. For large rock lobsters, which can consume most prey, and 

a much greater size range of that prey, competition should be less and they can 

concentrate on preferred prey so that their di versi ty indices will be smaller. The 

former prediction was not borne out in the data as no statistical difference was found 

between the gut fullness levels of the five different size classes, and the ratio between 

bolus mass and body weight showed no trend, ranging between 5.2 and 8 (Table 3.1). 
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However, the diversity of prey was greater in smaller animals. Small rock lobsters 

contained a much higher number of prey species in the stomach content - up to six in 

one lobster. By contrast, the gut contents of larger lobsters tended to be dominated by 

one prey item. This conclusion was supported by the Shannon-Wiener and Margalefs 

indices calculated for the five size-class groups (Table ].1). Results showed that both 

species richness and diversity of prey items were greater in small than in large rock 

lobsters. 

Cannibalism has been shown to be prevalent amongst adult H americanus (Elner & 

Campbell 1987, Lawton & Lavalli 1995) but (exuviae excluded), almost absent 

among small specimens (Carter & Steele 1981). Thus, one of the predictions of this 

chapter was that cannibalism would be highest in the largest size classes of rock 

lobsters considered. Indeed, cannibalism was low among small rock lobsters, but was 

most prevalent in the intermediate sized rock lobsters rather than in large rock 

lobsters. Rock-lobster remains were encountered in over 50% of the stomachs of 

intermediate-sized individuals, but only 5% of large animals. It is surprising that so 

few of the large rock lobsters were eating their own species. Previous studies have 

recorded high levels of cannibalism in J lalandii (e.g. Pollock 1979, Barkai & 

Branch 1988a, Barkai el al. 1996, Mayfield & Branch 1996). However, if it is true 

that larger individuals suffer less competition for food, their lower rates of 

cannibalism may be a reflection of this. 

Studies on variation III diet with size are not new to crustaceans, nor even to 

Decapods. Ontogenic changes in diet have previously been shown for individuals of 

J lalandii caught at Marcus and Malgas Islands (Barkai & Branch 1988a). In their 

study, the diet of large lobsters was dominated by mussels at both islands. Smaller 

rock lobsters at Marcus Island consumed mainly sea urchins (Parechinus angulosus), 

whereas barnacles, mysids, algae and sponge comprised their diet at Malgas Island. A 

similar ontogenic diet pattern has been described for the South African East Coast 

rock lobster, Panulirus homarus. Berry (1971) found that the diet of immature rock 

lobsters was dominated by barnacles with a small amount of mussel remains, when 

compared with adult P. homarus which fed mainly on mussels. Other lobster species 
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such as Polycheles typhlops, Siereomaslis sculpla and Homarus americanus have also 

shown clear ontogenic changes in diet (Cartes & Abel16 1992, Lawton & 

Lavalli 1995). In these species, the dietary switch was similar to that observed in this 

study with small lobsters consuming less fish and mussels when compared with their 

larger conspecifics. Studies on other crustacean species have highlighted shifts in diet 

with size for, amongst others, prawns (O'Brien 1994) and crabs (Cerda & 

Wolff 199]). 

Some discussion on the possible reasons for the observed ontogenic differences 

observed in the diet of West Coast rock lobsters is merited here. Juveniles moult more 

frequently than their larger conspecifics - up to three times per year 

(Beyers el al. 1994) - while adults tend to moult annually (Heydorn 1969, Cockcroft 

& Goosen 1995). It has been suggested that prey items of large rock lobsters are 

unavailable to smaller specimens because of their physical inability to open mollusc 

shells (Griffiths & Seiderer 1980, Elner & Campbell 1981, Moody & Steneck 199], 

Lawton & Lavalli 1995), thus leading to observed differences in diet. However, in this 

study, both small and large individuals had molluscs (including mussels) in their gut 

contents, just in very dissimilar proportions (Figure] .6). An alternative hypothesis is 

that small lobsters, because of. their shorter inter-moult period, require a 

fundamentally different diet to the large rock lobsters - one rich in inorganic 

constituents to facilitate frequent exoskeleton replacement. Dietary intake of prey 

items high in mineral constituents has been shown to be highest in pre- and post­

moult specimens of H. americanus (Leavitt el al. 1979, Ennis 1973), and post-moult 

J lalandii fed predominantly on barnacles and small non-bivalve molluscs (Barkai & 

Branch 1988a). This suggests that foods high in calcareous components are important 

in moulting. The inorganic components of barnacles, ribbed mussels, rock lobsters 

and fish are reported to be 0.82, 0.88, 0.38, and 0.18g.g dry mass·' (Field el al. 1980), 

and that for coralline algae 0.7g.g dry mass·) (Manneveldt 1995). Despite juvenile 

rock lobsters feeding predominantly on mineral rich prey, the intake of inorganic 

material per unit body mass showed no trend with rock-lobster size. Thus, the data 

support neither of these hypotheses and leaves the question as to why ontogenic 

changes in diet were observed in this species still unanswered. 
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4.3 Bathymetric variation in diet 

The diets of male J fafandii of standardised size (70-80mm CL) showed, as predicted, 

some differences with capture depth (Figure 3.7). At the shallow station at Cape Point, 

the diet was diverse, but consisted principally of ribbed mussels and coralline algae . 

At 50m depth in the same area, the diet was quite different: fish remains were found in 

more than 45% of stomach samples examined, although ribbed mussels and coralline 

algae were still encountered. For both depths, the species richness and diversity 

indices were similar, but slightly depressed for the deeper station (Table 3.2) . By 

contrast, the diet of rock lobsters collected from the shallow station at Olifantsbos 

showed twice the prey richness when compared to the deep station, although fish were 

the dominant prey item at both depths . This was confirmed by the Margalefs and 

Shannon-Wiener indices , both of which were about 50% lower at the shallow when 

compared with the deep station. Ribbed mussels and coralline algae were also 

consumed at the shallow station, but the only other prey item at 50m was rock-lobster 

remains. Concerns were raised that the high proportion of fish remains observed in the 

stomach contents from Olifantsbos were the result of the rock lobsters feeding on the 

bait in the baited-traps. However, any possible trap effects have already been 

eliminated (see 4.1), and the regular consumption of fish is a finding of great interest 

in its own right. 

Despite the differences between dietary diversity at different depths, when the data 

were subjected to an analysis of similarity (ANOSIM), the result was non-significant 

(Global R = 0.019, P > 0.05), indicating little dependence of diet on capture depth. 

Analysis using Bray-Curtis similarity and MDS plots suggested that the reason for 

this non-significant result was because much larger differences were observed 

between the diets of rock lobsters caught at the two sites (Cape Point and 

Olifantsbos), than between the two depths at each site (groups A & B, Figures 3.8 & 

3.9). Closer analysis of the data using only those stomach samples collected from 

Olifantsbos (one of the sites selected for seasonal diet analysis) showed that there was 

very little within-depth grouping of the samples (group B, Figure 3.8). It is possible 

that the rock lobsters were not foraging in the vicinity of the dens - similarity in diet 
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may have resulted from the deep (>SOm) rock lobsters moving inshore to feed. Such 

nightly movements have already been shown in Panulirus cygnus (Jernakoff & 

Phillips 1986), but similar research has not yet been undertaken on J lalandii. 

Limited information is available on bathymetric differences in rock lobster diet, 

primarily because of the difflculties involved in sampling lobsters below 100m depth. 

Cartes & Abello (1992) observed that the diet of the polychelid lobster Polycheles 

typhlops, differed when comparing a depth range of SSO-7S0m to a range of 1000-

1200m. At the shallow depth, macrura and euphausids were dominant prey items, 

while at the 1000-1200m station, polychaetes, mysids and isopods became 

increasingly important. These authors showed that depth-related changes in diet 

reflected changes in prey availability. The deep sea Mediterranean crab, Geryon 

longipes, also showed bathymetric variation in diet, with shallow-water individuals 

consuming more pteropods, polychaetes and echinoids (Cartes 1993a). Teleosts and 

then polychaetes become increasingly important components of the diet at greater 

depths. Similar results were obtained for pandalid (Cartes 1993b) and aristeid shrimps 

(Cartes 1994). For other decapod crustaceans, bathymetric variation in diet has also 

been shown (Wassenberg & Hill 1989). Thus, changes in diet with depth are the norm 

in crustaceans. In the case of J lalandii some depth-related differences do exist 

(notably a shift to increased consumption of fish at greater depth), but there were 

much greater inter-site differences recorded for the two localities examined. However, 

dietary diversity did decline with depth. For other lobsters, it appears that diet 

variation with depth tracks prey species availability. That is likely to be the case here, 

although (as discussed later in this thesis) J lalandii exhibits strong preference for 

particular prey over others. Future studies need to look at the diet of this species at 

deeper depths. 

4.4 Temporal variation in diet 

Rock-lobster diet varied seasonally at both Dassen Island and Olifantsbos over the 18-

month sampling period. At Dassen Island, barnacles and ribbed mussels were the 

dominant prey items in the gut contents virtually throughout the sampling period 

(Figure 3.2), but cannibalism was more prevalent during winter (June) and spring 
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(August) and to a lesser degree early summer (October - November), which 

corresponds to the female and male moulting periods respectively (Heydorn 1969, 

Newnlan & Pollock 1974c). Less than 1 % of the cannibalism involved consumption 

of exuviae - the rest involved the consumption of (usually small) rock lobsters. In 

1994, most male rock lobsters moulted in September (Cockcroft 1997) - thus the high 

cannibalism observed around this period may have been the consumption of early and 

late moulters. Male rock lobsters show high synchronicity during moulting, ostensibly 

to prevent high mortalities due to cannibalism during this period. 

Considerably more seasonal variation in diet was observed at Olifantsbos (Figure 2.3). 

The most commonly-encountered prey remains in the stomachs were fish (except in 

May and November 1995). Ribbed mussels and sea urchins were also common. 

Although barnacle and rock lobster remains were observed in nearly all samples, 

barnacle remains were much more abundant during the intermoult period of reserve 

accumulation (December to May 1995, Cockcroft 1997). Cannibalism peaked during 

late spring (October & November 1994) and again in winter (May 1995) - a trend 

similar to that previously described for Dassen Island. Again, those individuals not 

moulting with the bulk of the rock lobsters probably account for a large proportion of 

this observed cannibalism. At both Dassen Island and Olifantsbos, rock lobsters were 

consuming prey items rich in inorganic components during the pre- and post-moult 

months, thus upholding the prediction that diet will vary according to physiological 

requirements. This was presumably in preparation for enlarging the exoskeleton 

during the forthcoming moult. Most interestingly, aside from fish, rock lobsters at 

both these sites were consuming similar prey items, despite- their growth rates being 

very different. The idea that diet and growth are linked will be developed in the next 

chapter (Chapter 4). 

Seasonal variation in diet has previously been reported for J lalandii (Barkai & 

Branch 1988a), with cannibalisnl being shown to be highest during summer 

(presumed to be during the early intermoult phase). At Malgas Island, peak 

consumption of ribbed mussels was observed in winter, and barnacle ingestion was 

highest during late spring/summer (Barkai & Branch 1988a). This accords to the data 
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presented here, and corresponds to the need to increase ingestion of inorganic material 

to allow for moulting (Scarratt 1980, as cited by Lawton & Lavalli 1995). Temporal 

shifts in diet also occur in Homarus american us, with a shift towards a more ca1cium­

rich diet during the moulting season in late summer (Ennis 1973) when sea urchins, 

chitons and crabs became more abundant in the diet (Carter & Steele 1982, Elner & 

Campbell 1987, Lawton & Lavalli 1995). It has been suggested that this dietary 

pattern follows the physiological requirements of moulting, rather than simply 

reflecting prey availability (Leavitt et at. 1979), and that it involves active selectivity 

of prey species by H american us (Lawton & Lavalli 1995). In contrast, for Panulirus 

cygnus, no seasonal variation in diet was noted (Joll & Phillips 1984). Thus seasonal 

variation in diet appears to be species-specific and may be related to the geographical 

range of the species. Lobster species inhabiting areas of high latitiude which tend to 

have clearly defined seasons may shown more seasonal variation in diet. However, 

despite the similarity between this and previous studies it needs noting that 

environmental conditions (e.g. swell) can alter feeding behaviour and may have 

impacted on my results due to the infrequency of sampling. 

Although the proportion of rock lobsters feeding and the gut fullness index are crude 

indices, they are valuable indicators of both the level of feeding activity in the rock 

lobster population and the quality of the food environment. It was predicted that both 

these indices would show seasonal variation, being depressed just before, during and 

after moulting. It must be noted though that the sampling resolution here was probably 

not fine enough to completely examine these hypotheses. 

The proportion of rock lobsters feeding showed marked seasonality at both sites. Low 

numbers were foraging during winter (late intermoult), but this figure increased 

immediately prior to moulting and remained high in the post-moult period 

(Figure 3.4). Additionally, at Dassen Island, stomach fullness showed an almost 

identical seasonal pattern to that of the proportion of rock lobsters feeding, although 

the same trend was not observed at Olifantsbos (Figure 3.5). Gut fullness ranged 

between 24 and 71 % for both sites combined. Previous studies on J. lalandii have 

reported cessation of feeding for up to six weeks prior to and for five weeks following 
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moulting (Heydorn 1969, Zoutendyk 1988b, Beyers et af. 1994), although the current 

consensus is that feeding stops for a maximum of 21 days (Dr A Cockcroft, SFRl, 

pers. comm.). As male rock lobsters moulted during September 1994 (Cockcroft 

1997), cessation of feeding should have taken place between August and October. The 

data show that this was not the case. The gut fullness index for Dassen Island was 

lower then than during the early intermoult period (Figure 3.5), but the remaining data 

show no suppression of feeding around the moult (Figures 3.4 & 3.5). However, as the 

sampling resolution is so coarse it is likely that the moulting window (and thus rock 

lobsters immediately pre- and post-moult) was missed. Thus, while not entirely 

supporting the original hypothesis, some depression in feeding was observed during 

the time surrounding moulting. The depression of male rock lobster feeding 

(Figure 3.4) during Winter 1995 is probably due to the female rock-lobster moult 

cycle. As this is the period when reproduction is thought to take place (i. e. while the 

females are soft), it is necessary for the male rock lobsters to be focussed on 

reproduction rather than on feeding during this time. The proportion of rock lobsters 

feeding tracked the commercial CPUE index for both Olifantsbos and Dassen Island 

(Table 3.3) giving some credence to their reliability. Rock lobsters not feeding will 

not be attracted to baited traps. Conversely it helps explain seasonal variations in 

CPUE. 

Studies on H americanus suggest a similar seasonal pattern in gut fullness to that 

observed here for J fafandii, with a high gut fullness index just prior to moulting and 

during the early pre-moult phase (Ennis 1973, Carter & Steele 1982, Elner & 

Campbell 1987). Thus, cessation of feeding prior to moulting does not take place in 

this species of lobster. Seasonal variation in gut tract fullness has also been observed 

in Panulirus cygnus (Joll & Phillips 1984). By contrast, in this species the degree of 

foregut filling was extremely low in both pre- and post-moult individuals, from two 

sites of contrasting growth rate. Thus, seasonal variation in gut fullness has been 

shown in other lobster species, rendering J fafandii no exception. Such variations are 

most likely related to the difficulty of feeding when the lobsters are soft shelled (pre­

and post-moult). Further field work on the gut fullness of J fafandii will be necessary 

to determine if cessation of feeding occurs in the wild, and not only in captive 
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Table 3.3: Commercial catch per unit effort (CPUE, kg.trap·l) for Oassen Island and 
Olifantsbos from November 1994 to November 1995. NO = no data. 

Month Dassen Is. Olifantsbos 

Nov-94 4.39 10.25 

Dec-94 5.02 8.71 

Jan-95 3.04 10.66 

Feb-95 3.52 8.96 

Mar-95 3.48 5.89 

Apr-95 2.82 5.99 

May-95 3.24 6.28 

Jun-95 1.83 9.96 

Jul-95 ND 9.51 

Aug-95 ND 6.7 

Sep-95 ND 9.94 

Oct-95 ND ND 

Nov-95 6.36 15.2 
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individuals (Zoutendyk 1988b), but my data suggest feeding is actually highest 

immediately before and after moulting (Figures 3.4 & 3.5) even if it is halted during 

moulting. 

5. CONCLUSION 

In conclusion, this study has shown that the diet of the West Coast rock lobster, Jasus 

lalandii varied significantly with lobster size and season and that some depth-related 

differences in diet are also evident for this species. 

Small rock lobsters consumed a larger diversity of prey, but did not have higher gut 

fullness indices nor a larger intake of inorganic material per unit body mass when 

compared with larger individuals. No significant differences in mean gut fullness were 

observed between lobsters of different sizes although very large lobsters 

(> 85mm CL) did have significantly larger food boluses. Cannibalism was highest for 

the rock 10 bsters between 70 and 80mm CL. 

The gut fullness index, the proportion of rock lobsters feeding at anyone time, and the 

diet varied temporally. The proportion of rock lobsters feeding at anyone time tracked 

the commercial CPUE for both Dassen Island and Olifantsbos. Noting problems with 

sampling resolution, at the times when cessation of feeding was predicted, peak rock­

lobster feeding was taking place. 

Depth-related differences in diet were masked by the large differences in diet between 

Olifantsbos and Cape Point. However, both the richness and diversity of the diet was 

reduced for the deeper station. This change was more pronounced at Olifantsbos. At 

both sites, fish became increasingly more important in the diet with depth. 

Future studies into rock-lobster diets need to take into consideration factors such as 

capture depth, moult stage and rock-lobster size when making comparisons. Thus any 

geographical comparisons of rock-lobster diet, or studies on interactions between diet 

and growth must be conducted in a narrow depth range, over a short period of time 

and be restricted to· a narrow rock lobster size class if vaJid comparisons are to be 

made. These standardised comparisons form the body of the following chapter, where 

they are related to growth rate. 
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Chapter 4 

West Coast rock lobster diet: comparisons between geographic locations with 
different rates of growth and benthic community composition 
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1. INTRODUCTION 

It has long been known that along the West Coast of South Africa, there are areas 

where the growth of the rock lobster, Jasus lalandii, is fast (high growth, FG) and 

other areas where it is slow (low growth, SG) (Goosen & Cockcroft 1995). Howeve:, 

in 1988, a dramatic decline was observed in the overall growth rate of J lalandii 

(Goosen & Cockcroft 1995) which was subsequently shown to be more serious than 

originally thought (Crywagen 1997). This appeared to be a coast-wide phenomenon 

(Melville-Smith et al. 1995, Pollock et al. 1997), and was associated with a 

concurrent increase in the frequency of 'negative growth' in male rock lobsters 

(Cockcroft & Goosen 1995). Only during the 199511996 fishing season did the growth 

rate show signs of a recovery (Sea Fisheries Research Institute, Cape Town, 

unpublished data). Slow rock-lobster growth severely affects the commercial rock 

lobster fishing industry because growth of male rock lobsters regulates the 

productivity of the resource (Bergh & Johnston 1992) and hence the exploitable 

biomass (which translates to the total allowable catch, TAC). 

Two theories have been proposed to account for the observed depression of growth 

rate. The first suggests that an increased prevalence, and a change in the distribution, 

of low-oxygen water has led to the slower growth rate (Pollock 1987, Pollock & 

Shannon 1987, Tomalin 1993). Chronic exposure to water low in dissolved oxygen 

appears to have serious consequences for the growth rates of rock lobsters 

(Beyers 1979, Beyers et al. 1994). Reduced growth rates and higher natural 

mortalities of Panulirus longipes cygnus have been demonstrated during conditions of 

low-oxygen (Chittleborough 1975), and similar responses occur in juvenile J lalandii 

(Beyers et al. 1994). Furthermore, J lalandii has frequently been observed 

aggregating at very shallow depths (1 - 4m) on the Cape West Coast in times of low 

oxygen concentration (Pollock & Beyers 1981). Consequently, large numbers of rock 

lobsters are forced to forage in a small area, resulting in a lower per capita food intake 

and leading to a density-dependent reduction in the growth rate. A similar idea has 

been postulated for P. gilchristi, for which slow growth occurs in an area with the 

highest CPUE (Groeneveld 1997). It is also possible that J lalandii may simply stop 
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feeding under sub-optimal oxygen conditions, as shown for the Norway lobster 

(Nephrops norvegicus), which seems to die of starvation rather than from a lack of 

oxygen (Baden et al . 1990). Of nearly 45 rock lobster stomachs examined during a red 

tide event in 1997, only 2 rock lobsters had any food remains in their stomachs 

(Mayfield & Branch, unpublished data). 

An alternate hypothesis is that the observed drop in annual growth increment is linked 

to food availability. Several studies have indicated that food availability is an 

important factor - possibly even the major one - regulating growth rate (e.g. Newman 

& Pollock 1974b, Chittleborough 1975, 1976, McKoy & Esterman 1981, Pollock & 

Beyers 1981, Beyers & Goosen 1987). An apparent reduction in mussel recruitment 

on the West Coast as a direct result of changes in the normal wind patterns because of 

the 199011991 EI Nino was postulated to have initiated the period of slow J lalandii 

growth observed recently . It follows that the abundance and quality of food resources 

available to J lalandii may have been lower during the period of slow growth (1988 -

1996) than in previous years (Pollock et al. 1997). Although lobsters from areas with 

contrasting growth rates have been shown to feed on different prey items, probably as 

a result of differences in benthic community structure (Newman & Pollock 1974b, 

Pollock et al 1982, Joll & Phillips 1984), the link between growth rate, rock-lobster 

diet and food availability has not yet been clearly established (Joll & Phillips 1984, 

Elner & Campbell 1987), especially for J lalandii. 

This chapter considers the diet of rock lobsters from eight areas of contrasting rock­

lobster growth rate (5 FG, 3 SG) using data collected during the austral summer of 

1994-1995. Subsequently, a detailed comparison is made between the diets of both 

immature and adult male rock lobsters at two sites each (1 FG, I SG), for which 

information on the composition of the benthos was obtained. On the assumption that 

food availability influences rock-lobster growth rate, it was predicted that: (1) the 

proportion of rock lobsters feeding and the gut fullness indices would be consistently 

higher in fast-growth areas when compared with slow-growth areas; (2) rock-lobster 

diet would be different between areas of contrasting growth rate, with rock lobsters in 

slow-growth areas consuming more foods of ' poor' quality ; (3) the rock-lobster diet 
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should reflect the composition of the benthic community - i.e. assuming rock lobsters 

are non-selective feeders; and (4) there should be a higher biomass of edible (defined 

here as nutritionally beneficial) benthos in areas of fast growth than those of slow 

growth. 

2. METHODS 

Sixty male rock lobsters (70 - 80mm carapace length (CL» were collected from each 

of eight sites (FG: Cape Point; Robben Island; Dassen Island; Vondeling Island and 

Elands Bay; SG: Olifantsbos; the Knoll and North Blinder, Figure 4.1) during a short 

time period during December 1994, the summer period, when energy reserves are 

being accwnulated (intermoult period, Cockcroft 1997). Slow-growth areas were 

defined as those in which the average annual moult increment of 70-79mm CL 1. 

lalandii was less than 2mm over the previous five years (data from Goosen & 

Cockcroft 1995). Additional adult rock lobster stomach samples were collected from 

Dassen Island (FG) and Olifantsbos (SG), also during summer, in November 1994 and 

February 1995, and juvenile rock lobster stomach samples obtained from the Cape 

Town harbour wall (SG) and Mouille Point (FG) during September 1997. All rock 

lobsters were caught at night (because of their crepuscular feeding pattern Paterson 

(1960», using bait-protected long-line commercial rock -lobster traps in IS-20m water 

depths, with the exception of the November 1994 and February 1995 collections at 

Dassen Island which were conducted at dawn using SCUBA in the same depth range. 

All stomach samples of immature rock lobsters were collected using SCUBA in 5-7 

meters of water. Dietary differences between diver- and trap-caught rock lobsters have 

been shown to be minimal (Griffiths 1996). Rock lobsters were anaesthetised by 

immersion in a water-ice slush, exsanguinated, and their stomachs removed. The first 

30 full gastric-mill (stomach) samples were frozen at -20°C for further analysis. Full 

guts were defined as those with a bolus of at least 1cmJ (adults) and O.Scm' 

(juveniles). 

All rock-lobster stomachs were weighed (wet weight) before and after the removal of 

the bolus to determine the fullness of the digestive tract (Berg 1979), following 
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removal of excess water by blotting the stomachs on absorbent paper (Hyslop 1980). 

The bolus was then flushed into a Petri dish, spread out, and examined using a Nikon 

binocular dissecting microscope (8 X magnification) to identify diagnostic fragments 

from prey remains. Gut contents were assessed visually and the percentage 

contribution of each prey species to the total gut volume was estimated (after 

Hyslop 1980, Williams 1981). The gut fullness index was taken as: 

total stomach weight (g) - stomach membrane weight (g) 

-------------------------------------------------------------------------------- X 100 
total stomach weight (g) 

The proportion of rock lobsters in the sample that were feeding was obtained by: 

number of full stomachs obtained 
----------------------------------------------------- X 100 

number of rock lobsters examined 

The frequency of occurrence of each prey item (i) was calculated after Berg (1979): 

number of stomachs with item i 
X 100 

number of stomachs examined 

Differences in mean gut fullness were tested between the eight sites sampled using a 

one-way analysis of variance (ANOV A), after testing for homoskedasticity using 

Bartlett's test (Zar 1984). Post-hoc comparisons were done using a 95% Ne\N111an­

Keuls Multiple Range Test. Gut fullness indices were combined from all slow and fast 

growth sites respectively and compared using a Students I-test (homoskedasticity 

shown: F test, F IO'.59 = 1.44, P> 0.05, Zar 1984). 

For each bolus examined, the estimated proportional contribution of each prey item to 

the total volume of the stomach contents was multiplied by the bolus weight (g) to 

give an estimate of individual prey species wet mass. Bray-Curtis similarities (based 

on prey wet mass estimates and following root-root data transformation) were 

calculated to compare the groupings of the diets from each of the eight sites (Primer 

v4.0, Plymouth Marine Laboratory) and an MDS plot drawn using only the 

information of every second rock lobster to avoid the large number of samples 
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obscuring interpretation. This was a systematic sample from a haphazardly distributed 

population and thus approximates a random sampling procedure. 

Dietary data for Olifantsbos and Dassen Island from November 1994 and February 

1995 were initially assessed for within site consistency and between site differences 

using a log-likelihood (G) ratio for contingency table analysis (which approximates 

the X' distribution) after Zar (1984). Thereafter the data were treated as described 

above and analysed together using Analysis of Similarity (ANOSIM, a set at I % due 

to the small sample sizes), Bray-Curtis similarity dendrograms and a MDS plot 

(Primer v4.0, Plymouth Marine Laboratory). Prey preference and randomness of 

feeding for both adult and juvenile rock lobsters were assessed using a X' contingency 

table (after Sclmeider 1981, Zar 1984) based on the null hypothesis (Ho) that the 

proportion of foods in the stomach contents would equal their proportional abundance 

in the available benthos. Dietary data for juveniles collected at Mouille Point and the 

harbour wall were also analysed using a Bray-Curtis similarity dendrogram and MDS 

plot as described above, and prey species composition compared using a log­

likelihood (G) ratio for contingency table analysis. 

The benthos at Olifantsbos and Dassen Island was sampled during December 1994, 

using an underwater monochrome video camera (after Carleton & Done 1995, Hughes 

& Atkinson 1997). Briefly, the camera (Panasonic CCD B/W, WV-BL90, 

LENS = WV-LA4R5A (4.5mm, flA» was mounted in a stainless steel frame, 

tethered to the ship and linked to a ship-board black and white monitor through a 

video-tape recording system (Mayfield el al. in prep.). The image from the camera 

encompassed a quadrat of 0.125m2 As the camera was lowered to the sea floor, an 

overall view of the reef was recorded to identify species that would not be observed at 

the quadrat scale, such as kelp and rock lobsters. Fifteen quadrat images were 

recorded from Dassen Island and 29 from Olifantsbos. These images were viewed on 

a large-screen television and percentage cover estimates assigned to each species in 

each quadrat. The percentage cover estimates were subsequently converted to biomass 

values (after Velimirov el al. 1977, Field el at. 1980). Benthic data for the harbour 

wall and Mouille Point were obtained by SCUBA divers. Using a quadrat (lOOOcm'), 
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the percentage cover of each species comprising each quadrat was estimated. Some 

values exceeded 100% due to secondary cover (primarily of barnacles) also being 

included. The percentage cover estimates were converted to biomass as described 

above. 

A comparison between the benthos of Dassen Island and Olifantsbos was made both 

on the basis of species abundance, and by using a Bray-Curtis similarity cluster 

analysis (based on species biomass) following .root-root data transformation to 

compare the groupings of the video image samples from the two localities. An MDS 

plot was constructed and SIMPER analysis used to identify species responsible for the 

observed groupings. The data for Mouille Point and the harbour wall were analysed 

using a Bray-Curtis similarity dendrogram, MDS plot and SIMPER (Primer Y 4.0, 

Plymouth Marine Laboratory). An analysis of variance (ANOY A) was employed to 

compare differences in the available edible biomass across all four sites 

(Homoskedasticity shown: Brown-Forsythe test, F703 = 1.15, P > 0.05). 

3. RESULTS 

3.1 Rock lobster diet 

The percentage of adult rock lobsters with full stomachs did not vary between sites of 

contrasting growth rate, with both fast- growth and slow-growth sites exhibiting high 

and low percentages of rock lobsters feeding (Table 4.1). Furthermore, the average 

percentage of rock lobsters feeding at fast- and slow-growth sites was virtually 

identical. The gut fullness indices (Table 4.1) had equal variance (Bartlett's Chi­

Squared test, Be = 12.381, df = 7, P > 0.05) and the means varied significantly 

amongst the eight sites (ANOYA, F7. 157 = 7.26, P < 0.01). However, rock lobsters 

from fast-growth sites did not all exhibit high gut fullness indices, nor did those from 

slow-growth sites consistently have low indices. Pooling data for all individual rock 

lobsters for fast- and slow-growth sites respectively, showed that the average gut 

fullness observed in rock lobsters caught from slow-growth sites (52.1 %) was 

significantly different (Students t-test (2-tailed), t = 2.56, df = 163, P < 0.05) to that 

for fast-growth sites (44.7%). 
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Table 4.1: Proportion of lobsters with full stomachs, gut fullness indices and results of 
the Newman-Keuls post hoc comparison for the stomach contents from lobsters 

collected at eight sites. 

% Rock lobsters Gut fullness index Newman-Keuls multiple 

Locality Growth Rate with full guts Mean SE n range test 

North Blinder SG 39 35.22 4.77 9 * 
Knol SG 64 54.76 2.42 29 * 
Olifantsbos SG 58 55.51 3.37 22 * 
Elands Bay FG 62 35.07 3.72 28 * 
Vondeling Is. FG 68 37.77 3.33 22 * 
Dassen Is. FG 65 51.37 4.91 19 * 
Robben Is. FG 47 58.72 2.75 18 * 
Cape Point FG 27 47.06 3.09 18 * * 
Overall mean SG 53.6 52.10 2.01 61 

Overall mean FG 53.8 44.70 1.85 105 
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The Bray-Curtis similarity analysis of diet showed no apparent within site or within 

growth-rate groupings when the diets of rock lobsters collected from the eight sites 

were compared (Figure 4.2). Many groups were apparent in the dendrogram, with 16 

outliers. All the groups showed a mix of stomach samples obtained from rock lobsters 

collected from both fast- and slow-growth areas. Because of the high number of 

samples (n = 177), the MDS plot was based on the data obtained from every second 

rock lobster (Figure 4.3), and supports the results of the dendrogram in that no clear 

groupings either within site or within growth rate were observed. 

There was a geographic trend in the gut fullness index (Table 4.1), with the three 

lowest values being recorded for the northern-most sites. With one exception, this 

division was supported by the Newman-Keuls test. Analysis of the dominant 

components of the gut contents (Figure 4.4) failed to reveal any obvious differences 

between fast- and slow-growth areas, but, once again, there were geographic trends. 

The most striking change was the disappearance of black mussels (Choromylilus 

meridionalis) from the diet south of Dassen Island, where they were replaced by 

sponges. The ribbed mussel, Aulacomya aler, was a ubiquitous and dominant element 

in the diet. Sea urchins (Parechinus angulosus) were recorded at all but one of the 

sites (i.e. North Blinder - which also had, by far, the lowest diversity of prey). 

Carmibalism occurred at all sites except North Blinder, and there was no suggestion 

that it occurred more often at slow- versus fast-growth sites: indeed its mean 

contribution to the proportional frequency in the diet was considerably less at slow­

growth (7.3%) than at fast-growth sites (20.5%). 

The diets of adult J lalandii at the two sites of contrasting growth rate (Dassen Island 

and Olifantsbos) for which benthic data were also obtained are shown in Figure 4.5. 

For both sites, at both times, the diet mainly comprised ribbed mussels, rock lobsters 

and barnacles (Nolomegabalanus algicola), with large numbers of Olifantsbos 

individuals consuming fish, and barnacles much more prevalent in the diet at Dassen 

Island. The log-likelihood ratio showed that the diet of rock lobsters at each site was 

consistent through the sampling period (Dassen Is.: G = 4.72, df = 7, P > 0.05; 
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Figure 4.2: Bray-Curtis similarity dendrogram based on the wet weight of prey items 
observed in the gut contents of rock lobsters caught from eight sites. The letters B, F, 
& G refer to slow-growth sites, and A, C, D, E, & H refer to fast-growth sites. Each 
letter refers to one rock lobster stomach examined and all slow-growth sites are 
marked with a shaded square next to the letter. 
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Figure 4.3: MDS plot to compare the groupings of the diet of lobsters caught from 
eight sites. Each dot represents one rock lobster stomach examined, but only every 
second rock lobster stomach is shown. Shaded dots refer to individuals from fast­
growth sites. 
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Figure 4.5: Diet of rock lobsters from Olifantsbos and Dassen Island during 
November 1994 and February 1995, based on the frequency of occurrence index. 
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Olifantsbos G = S.69, df = 7, P > O.OS), but when the two sets of data for each site 

were pooled and the similarity of the rock-lobster diet tested the diet was found to be 

statistically different at the two sites (G = 27.S, df = 7, P < O.OS). Alternate (and 

arguably stronger) multivariate analyses based on the wet weight of each prey species 

in the gut contents of individual rock lobsters gave a different result. Although the 

diets of rock lobsters collected from Dassen Island and Olifantsbos were statistically 

different (thus preventing pooling of the data) at the two sampling times (ANOSIM, 

Dassen Island: Global R = 0.09, P < 0.01; Olifantsbos: Global R = 0.049, P < 0.01), 

the diets of rock lobsters were statistically similar across the two sites for the February 

1995 sample (Global R = 0.16, P > 0.01). Analysis of Bray-Curtis similarity 

suggested that rock lobsters at Dassen Island (FG) and Olifantsbos (SG), were eating 

similar foods in the same proportion (Figure 4.6). The dendrogram showed two 

groups separating with less than 20% similarity, and although group 'A' was 

dominated by stomach samples from Dassen Island, and group 'B' by samples from 

Olifantsbos, both groups were 'contaminated' almost 2S% by samples from the other 

locality. This was further supported by the MDS plot which showed almost no 

separation between the two sites (Figure 4.7). 

The diet of juvenile rock lobsters collected from the harbour wall and Mouille Point 

was dominated by the ribbed mussel, with barnacles and sea urchins also being 

important dietary components (Figure 4.8). Bray-Curtis similarity analysis suggested 

the existence of three groups with less than SO% similarity, with groups' A' and 'B' 

being homogeneous and group 'C' comprising SO% each of samples from the harbour 

wall (c) and Mouille Point (m, Figure 4.9). The corresponding MDS plot 

(Stress = 0.10) showed a similar discrimination but also a large overlap in the diet 

from the two sites (Figure 4.10). The chi-square analysis showed the composition of 

the diet from the two sites to be statistically similar (G = S.l, df= 4, P > O.OS). 

Although the mean gut fullness index for juvenile rock lobsters was greater for the 

slow growth site (49.7%) than for the fast growth site (46.3%), these values were not 

significantly different (Students (-test (2-tailed), ( = 0.421, df = 22, P > 0.2). 
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Figure 4.6: Bray-Curtis similarity dendrogram based on the wet weight of prey items 
observed in the gut contents of rock lobsters caught from Dassen Island (A) and 
Olifantsbos (B). 94 and 95 refer to November 1994 and February 1995 respectively. 
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Figure 4.7: MDS plot to compare the groupings of the diet of rock lobsters caught 
from Dassen Island and Olifantsbos during November 1994 and February 1995 based 
on the wet weight of prey items observed in the gut contents. 
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Figure 4.8: Diet of juvenile rock lobsters from the harbour wall and Mouille Point for 
September 1997, based on the frequency of occurrence index. 
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Figure 4.9: Bray-Curtis similarity dendrogram based on the wet weight of prey items 
observed in the gut contents of rock lobsters caught from Mouille Point (m) and the 
harbour wall (c) during September 1997. 
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Figure 4.10: MDS plot to compare the groupings of the diet of rock lobsters caught 
from Mouille Point (m) and the harbour wall (c) caught during September 1997. The 
analysis is based on the wet weight of prey items observed in the gut contents. 
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3.2 Benthos 

Twenty-three species were identified from the analyses of the benthic video-image 

samples obtained from Dassen Island and Olifantsbos. Differences in the benthic 

community structure were apparent when comparisons were made on the basis of 

species abundance (Figure 4. I I). The benthic community at Olifantsbos was 

dominated by Telhya sp. and other sponges, barnacles and encrusting coralline algae. 

In contrast, barnacles, mussels (Aulacomya aler and C meridionalis) and foliar algae 

were the dominant macrobenthos at Dassen Island. The Bray-Curtis similarity 

dendrogram and the MDS plot suppOI1 these findings (Figures 4.12 & 4.\3 

respectively). Four groups separating out with less than 50% similarity were evident 

on the dendrogram. Of these, groups 'A', 'B' & '0' consisted primarily of samples 

collected at one of the two sites, while group 'c' contained samples obtained from 

both sites. The MDS plot suggests the groupings shown by the dendrogram are robust, 

as the Dassen Island and Olifantsbos samples group out separately, with very little 

overlap (Figure 4.13). The two sites were shown to be 67% dissimilar, with sponge, 

barnacles and encrusting coralline algae the species detennining the majority (65%) of 

the observed dissimilarity (SIMPER analysis). 

Fewer species were identified in the benthic analysis of the Cape Town harbour wall 

and Mouille Point. These included coralline algae, barnacles, sea urchins, ribbed 

mussels, sponges and several species of foliar algae (Figure 4.14). The benthic 

community at Mouille Point was dominated by the ribbed mussel, with coralline algae 

and sea urchins being less common. By contrast, coralline algae, and to a much lesser 

extent, mussels and sea urchins comprised the major components of the benthic 

community on the harbour wall. SIMPER analysis suggested that the benthic 

communities of these two sites are 44% dissimilar, and this was reinforced by the 

Bray-Curtis dendrogram and MDS plot which show substantial separation between 

the two sites (Figures 4.15 & 4.16 respectively). 

Biomass values (g) for the dominant benthic speCles (or groups) and the edible 

component of the benthic community are shown in Table 4.2 (wet mass.m"). What is 

most obvious from the data is that the biomass of mussels (a preferred prey species -
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Figure 4.11: Percentage cover of benthic organisms at Olifantsbos and Dassen Island 
determined from underwater video images. 

o 
.j.>.. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

~----------------------------_____ 1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
2 
2 
2 
1 
2 
2 

I 

L-------r----
,-

U I 
L 

LC 
--

--

iL~ 
I 

~~ 
~ 

LJ ~ 
Ll~ II I 

I 
I 

I 

l ~~ 
I ~~ 

I I I I I I I I I I 

o 10 20 30 40 50 60 70 80 90 100 

Bray-Curtis % similarity 

A 

B 

C 

D 

Figure 4.12: Bray-Curtis similarity dendrogram based on species biomass to compare 
the groupings of the benthic samples obtained from Dassen Island (1) and Olifantsbos 

(2). 
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Figure 4.13: MDS plot to compare the groupings of the benthic samples obtained from 
Dassen Island and Olifantsbos. The analysis is based on species biomass. 
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Figure 4.14: Average percentage cover of benthic organisms at the harbour wall and 

Mouille Point. 
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Figure 4,15: Bray-Curtis similarity dendrogram based on species biomass to compare 
the groupings of the benthic samples obtained from MouiUe Point (m) and the harbour 
wall (c). 
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Figure 4.16: MDS plot to compare the groupings of the benthic samples obtained from 
Mouille Point and the harbour wall. The analysis is based on species biomass. 
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Table 4.2; Biomass and standard error (in bold) of various potential prey species <l~0 
the four sites studied (g wet mass.m·\ including an estimate of the amount of edible 
prey. Benthic species marked with a * were considered edible. The Newman-Keuls 
multiple range test showed the average edible biomass at Mouille Point to be 
statistically greater than at the other three sites, which were statistically 
indistinguishable from one another. 

Harbour wall Mouille Pt. Olifantsbos Dassen Is. 

SG FG SG FG 

Coralline algae 2235 289 506 192 623 188 
Foliar algae <1 0.29 0.21 <1 0.2 <1 0.3 

* P. angulosus 334 75 259 51 
* A. ater 826 391 3303 279 <1 0.1 97.8 40 
* C. meridionalis 64.3 37 

Sponges 36 7 16 8 1745 430 640 273 
* N. algicola 81 34 10 7 576 132 830 168 

Edible component 1247 425 3572 277 576 132 991 173 
Sample Number 15 15 29 15 
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see below and Chapter 5) was much higher at Dassen (FG),_,the Olifantsbos (SG) 

where adult rock lobsters were sampled, and higher at Mouille Point (FG) then the 

Harbour wall (SG) where juveniles were sampled. However, mussel biomass at the 

Harbour wall was nevertheless greater than at Dassen Island. A similar pattern was 

evident when the wet mass of the total edible component was compared between sites. 

ANOV A showed there were statistically significant differences between the edible 

benthic component of the four sites (F 7o .J == 29.04, P < 0.01). However, the subsequent 

Newman-Keuls multiple range test showed that only Mouille Point differed from the 

other three sites. 

3.3 Prey species selectivity 

Relative to the available benthos, rock lobsters at Dassen Island, Olifantsbos, the 

harbour wall and Mouille Point were highly selective with respect to food choice 

(Olifantsbos: X2 == 55.61, df== 2, P < 0.01; Dassen Island: X2 == 86.8, df== 2, P < 0.01; 

harbour wall: X2 == 189.63, df == 4, P < 0.001; Mouille Point: X2 == 282.03, df == 4, 

P < 0.001). Juvenile rock lobsters consumed more barnacles and much less coralline 

algae than was predicted (null hypothesis: rock lobsters are non-selective foragers). 

Adult rock lobsters at Dassen Island and Olifantsbos were actively selecting ribbed 

mussels with barnacles (abundant in the benthos) being under-represented in their 

diets. 

4. DISCUSSION 

Two sets of questions can be addressed by the data. First is a series of questions 

relating to the diet of rock lobsters - does food intake and dietary composition differ 

between areas of fast versus slow growth; failing this, are there any geographical 

patterns in diet? Second, in relation to the benthos - are there differences in the edible 

benthos available to rock lobsters in fast- versus slow-growth areas and do the diets of 

these rock lobsters reflect the general avai lability of prey? 

A crude indication of the frequency of feeding can be obtained by calculating the 

proportion of animals collected with full stomachs. This index has largely been 
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ignored in most studies or rock-lobster diet, but it remains a valuable indicator of the 

level of feeding activity. It does have some limitations however, being influenced by 

environmental conditions (including whether the rock lobsters can physically forage 

as well as water clarity, temperature and dissolved oxygen concentration), as well as 

feeding periodicity and patterns (Paterson 1960, Zoutendyk 1988b) and stage in the 

moult cycle. Because rock lobsters are considered opportunistic feeders (Weiss 1980, 

as cited by Lawton & Lavalli 1995), it was predicted that the index would be 

consistently higher in fast-growth areas, which were also predicted to have abundant 

food. In other words, if rock lobsters are food limited, then fast-growth areas should 

be characterised by a high abundance of preferred prey, and this should be reflected by 

a high value for the feeding-proportion index. However, at the FG and SG sites, there 

were no obvious differences in the percentage of animals with full guts 

(SG: mean = 53.6, n = 3; FG: mean =53.8, n = 5), although more regular sampling or 

the sampling of more sites may have elucidated differences. In their study on 

Panulirus cygnus, Joll & Phillips (J 984) demonstrated that consistently higher 

numbers of individuals were feeding at a slow-growth site than at an adjacent fast­

growth site. They attributed this result to the need for rock lobsters to consume more 

and feed more frequently in a poor food environment (SG site). Rock lobsters at both 

fast- and slow-growth sites appear to be equally successful in finding food (as 

evidenced by the equal proportions of rock lobsters with full guts), but it may just take 

longer to obtain a full meal at the SG sites. 

Digestive tract fullness, or the gut fullness index, gives a more refined indication of 

food uptake, as it is influenced by several factors, including competition for food, 

food shortage, health of the individual and environmental conditions (Berg 1979). 

However, it fails to consider both changes in digestion rate with temperature and 

differential rates of digestion of different prey items (Ennis 1973). In the case of 

1. lalandii, average gut fullness ranged from 35% to 59% and was significantly 

different between fast- and slow-growth sites when data were pooled (P < 0.05), with 

gut fullness being higher at the slow-growth sites. These data are comparable to those 

obtained for Homarus americanus, which exhibited gut fullness indices between 

29.7% and 57.9% (Elner & Campbell 1987). If food availability in the environment is 
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important in determining the growth rate of rock lobsters, and preferred food is 

generally 'rare' at the slow-growth sites, the rock lobsters in these areas may need to 

feed to a high level of gutfullness (i.e. to gluttony) whenever they encounter any 

suitable prey - whereas individuals in fast-growth areas may only need to feed to 

satiation as food will always be available when desired. 

Bray-Curtis similarity and MDS analyses both suggested that there were no consistent 

differences in rock-lobster gut contents between sites of contrasting growth rate 

(Figures 4.2 & 4.3), a conclusion supported by the frequency of occurrence of prey 

items encountered at these sites (Figure 4.4). Although it was predicted that diet 

would differ between areas of contrasting growth rate, rock lobsters from FO versus 

SO sites showed similar dietary patterns. The one site that stood out as being 

'different' was North Blinder which is currently recovering from complete benthic 

devastation following a black tide event in St. Helena Bay during April 1994 

(Matthews & Pitcher 1996). Rock lobsters from North Blinder showed the lowest 

diversity in terms of dietary items, which is most probably due to the low species 

richness of the benthic community that presently consists primarily of ribbed and 

black mussels. At all other sites, dietary diversity was high, and although some prey 

items were rare in the stomach contents, and thus not reflected in Figure 4.4, up to 10 

prey species were encountered per site. 

There were, however, some trends in J fafandii diet over the geographical range of 

the samples (Figure 4.4). There was an almost complete loss of black mussels from 

the stomach contents of animals south of Dassen Island with replacement by sponges, 

a result similar to that of Barkai el af. (1996). The abundance of subtidal sponges has 

been shown to be higher in the South (Field el af. 1980). Furthermore, cannibalism 

was greater South of North Blinder, and the amount of food consumed (gut fullness), 

was also higher in the four southernmost sites (Table 4.1). Barnacles were present in 

the rock-lobster gut contents at five of the eight sites sampled. Sea urchins were a 

common prey item in the stomach samples from all sites excluding North Blinder at 

which they were not part of the available prey spectrum (pers. obs.). 
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The results of dietary analysis of 1. lalandii in the present study do not differ 

markedly from those of previous investigations (e.g. Heydorn 1969, Newman & 

Pollock 1974b, Pollock 1979, Barkai & Branch 1988a, Barkai el al. 1996). Dominated 

by ribbed mussels, the diet also included sea urchins, black mussels, sponges and 

crustacean remains, especially 1. lalandii. Despite their importance in the diet of the 

East Coast rock lobster, Palinurus delagoae (Berry 1971), barnacles had not been 

reported as a dietary constituent for 1. lalandii prior to 1988 (see e.g. Heydorn 1969, 

Newman & Pollock 1974b, Pollock 1979, Pollock el al. 1982). Nevertheless, they 

constituted a major component of the dietary items in the present study. This supports 

more recent work (Barkai & Branch 1988a, Barkai el al. 1996) which found barnacles 

to be an important prey item for 1. lalandii, as well as a component of the gut contents 

of the introduced European shore crab, Carcinus maenas (Le Roux el al. 1990). The 

abundance of sea urchins encountered in the stomach contents of this survey conflicts 

with previous findings, which recorded their scarcity in stomach samples 

(e.g. Heydorn 1969, Pollock 1979, Barkai & Branch 1988a) or even absence from 

them (Pollock el al. 1982). The apparent increase in the amount of barnacles and sea 

urchins consumed may reflect a reduction in the availability of mussels, generally 

considered to be the preferred food source (Pollock 1979, Griffiths & Seiderer 1980, 

Pollock el al. 1982). This high occurrence of sea urchins in the diet may have serious 

implications for abalone. Juvenile abalone live almost exclusively beneath sea urchins 

(Day 1998, Tarr el al. 1996) from which they derive not only protection, but also food 

(Day 1998). Feeding preferences of rock lobsters and their predation on sea urchins, 

and the possible implications of this for abalone recruitment, form the basis of 

Chapters 5 & 6 respectively. 

When reviewing the diet of lobsters from other geographical regions, it appears that 

crustaceans, molluscs and echinoderms are generally the dominant prey items of this 

group (Elli1is 1973, Elner & Campbell 1987, and see Lawton & Lavalli 1995 for a 

review). Only the Norway lobster, Nephrops norvegicus, differs in that polychaetes 

are dominant in their diet (Baden el al. 1990). Thus, the diet of 1. lalandii seems 

consistent with that of most other lobsters from vastly different geographical regions. 

Most likely this is because these ubiquitous prey are common groups in most shallow 
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subtidal areas. The similarities are surpnsmg because thel include comparISons of 

species that are functionally rather different, embracing both spiny and clawed 

lobsters. 

Thus far, it has been established that, irrespective of the growth rate exhibited by rock 

lobsters in different areas, they consume similar prey in approximately equal 

proportions. If prey availability differs from area to area, the relative consistency of 

the diet suggests that rock lobsters are selective foragers, and satisfy their dietary 

needs by consuming speci fically targeted prey species. Perhaps then, the link between 

diet and growth rate is less important than the link between food availability and 

growth rate (Newman & Pollock 1974b). In other words, slow growth rate at 

particular locations may be due to a shortage of suitable, or targeted prey. Thus, living 

in a 'poor' food envirorunent leads to energetically more expensive foraging, even if 

the rock lobsters succeed in filling their guts to an equal (or greater) amount when 

compared to conspecifics living in areas with a 'good' food source. 

The relationship between growth rate and the availability of preferred prey items in 

the benthos has received little attention in the past, and can best be described as 

tenuous (Elner & Campbell 1987). However, simultaneous sampling of both rock­

lobster gut contents and benthic community structure permits not only a closer 

examination of this relationship, but also information on prey item selectivity 

(i.e. prey choice). It was with this in mind that simultaneous surveys were made of 

both the benthos and the diets of rock lobsters at four sites - Olifantsbos (SG), Dassen 

Island (HG), Mouille Point (HG) and the Cape Town harbour waJl (SG). Diet analysis 

was restricted to adults (males only, 70-80mm CL) at Dassen Island and Olifantsbos, 

and to juveniles (CL < 50mm) at Mouille Point and the harbour wall. 

\lihen comparing the benthic flora and fauna of Olifantsbos and Dassen Island, large 

differences in community structure were observed, in terms of both species abundance 

(Figure 4.11) and biomass (Figures 4.12 & 4.13). The communities were only JJ% 

similar (SIMPER analysis). The dominant macro benthic organisms at Olifantsbos 

were sponges and barnacles, with smaller amounts of foliar algae and encrusting 
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corallines occupying prtmary space between the sponge colonies - an observation 

consistent wi th that of Field el al. (1980). Mussels, both black and ribbed were rare or 

absent. By contrast, large areas of primary space on the subtidal reefs off Dassen 

Island were occupied by barnacles. The next most prevalent species were mussels, 

while the abundance of sponges was low. This benthic community was consistent 

with previous reports from Dassen Island (Newman & Pollock 1974b), and similar to 

that of nearby rocky areas such as Kreeftebaai and Melkbosstrand (Field el al . 1980). 

Thus, while Olifantsbos reefs are depauperate in mussels, mussels are common at 

Dassen Island. Furthermore, the biomass of the edible component of the benthos was 

on average nearly twice as high at Dassen Island as at Olifantsbos (Table 4.2). 

Having demonstrated differences in the benthic communities, the focus shifts to the 

diet of rock lobsters at these two localities. Based on the frequency of occurrence of 

prey items, the diet of rock lobsters collected from Olifantsbos (SG) and Dassen 

Island (FG) during November 1994 and February 1995 (Figure 4.5) was not dissimilar 

to that presented for November 1995 (Figures 3.2 & 3.3), although the frequency of 

cannibalism was lower in November 1995 at Olifantsbos. Thus, rock lobsters at both 

sites showed both temporal and spatial similarities in diet composition and proportion 

during the summer periods of two consecutive years. The diet of rock lobsters at 

Dassen Island (there are no previous dietary data available for Olifantsbos) also 

accords well with that of previous findings (Newman & Pollock 1974b). 

Based on the Bray-Curtis similarity and the MDS analyses (Figures 4.6 & 4.7) of the 

wet weight of prey items, similarity of diet was also observed between individual rock 

lobsters collected at Olifantsbos and Dassen Island. Although stress in the MDS plot 

was high (0.16) , rendering the plot potentially misleading (Clarke 1993), the 

combined infonnation in Figures 4.6 & 4.7, coupled with the ANOSIM result 

(P> 0.0 I) shows similar diets at the two sites. 

For the juvenile (CL < 50mm) rock lobsters both dietary and benthic infonnation was 

also obtained from two sites of contrasting growth rate - Mouille Point (FG) and the 

harbour wall (SG, Hazell el al. in prep). The benthic analyses for the harbour wall and 
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Mouille Point all suggested large differences between these sites - indeed, SIMPER 

analysis suggested these two sites to be only 44% similar. Based on percentage cover 

analysis (Figure 4.14), the harbour wall was dominated by coralline algae, with ribbed 

mussels and sea urchins much rarer components of the benthic community. By 

contrast, mussels were by far the dominant benthic component at Mouille Point, with 

sea urchins and coralline algae less common. This conclusion was confirmed by the 

Bray-Curtis and MDS analyses (Figures 4.15 & 4.16), both of which showed clear 

separation between the two sites. Furthermore, as was the case with the previous 

analysis, the biomass of the edible component of the benthos was more than twice as 

high at the FG site (Mouille Point, Table 4.2). Biomass of edible prey at the Harbour 

wall (a slow growth site) was, however, on a par with that at Dassen Island and 

Olifantsbos. 

The gut contents of juvenile J lalandii were statistically similar at both the FG and 

SG sites examined (P > 0.05). At both localities, ribbed mussels were the dominant 

dietary component, and whereas barnacles were the second-most common prey item 

in stomachs obtained from rock lobsters captured on the harbour wall, both barnacles 

and sea urchins were of equal importance in the diet of rock lobsters caught at Mouille 

Point (Figure 4.8) . Cannibalism and the conswnption of both sponges and coralline 

algae was low at both sites. Subsequent to this analysis, the MDS plot suggested a 

large overlap in the diets of rock lobsters captured from these two sites (Figure 4.10). 

There are no previous studies examining the diet of juvenile J lalandii, although the 

diet of small individuals of other rock lobster species is well documented. The diet of 

post-puerulus western rock lobsters (P. cygnus) was dominated by coralline algae, 

crustaceans and molluscs (Jernakoff et al. 1993). For juvenile individuals of the same 

species, molluscs, coralline algae and sea grass were the most frequent food items 

(Joll & Phillips 1984). Stomach samples for immature H. americanus (12-73mm CL) 

contained a high diversity of prey items. These included sea urchins, mussels, rock 

crabs, polychaetes and brittlestars (Carter & Steele 1982, Lawton & Lavalli 1995). 
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There is evidence of spatial dissimilarity in dietary composition of P. cy~nus (Joll & 

Phillips 1984), whereas that of 1. fafandii is often very similar (Newman & Pollock 

I 974b, Pollock el af. 1982) even between areas with contrasting growth rates. 

However, this contrast needs to be viewed in the light of the availability of preferred 

food items in the environment before any conclusions can be drawn about the 

influence of rock-lobster diet on growth rate. Two previous studies on 1. fafandii 

reported that rock lobsters from two areas of both contrasti:1g growth rate and benthic 

community structure, showed similar diet composition (Newman & Pollock 1974b, 

Pollock ef af. 1982), and the findings here concur with the results of those studies. I 

believe that the difference in growth rate observed between Dassen Island and 

Olifantsbos (adults) and between Mouille Point and the harbour wall (juveniles), is 

more likely to be related to the availability of preferred food, rather than to diet per se . 

Both juvenile and adult rock lobsters seem to acquire both the same amount (quantity) 

and type of food (quality) at the two pairs of sites studied. However, because edible 

(profitable) food was scarcer and would have been more difficult to find at 

Olifantsbos and the harbour wall, the rock lobsters at these two sites may have to 

forage for longer, and therefore for less overall energetic reward relative to effort 

expended when compared with individuals at Dassen Island and Mouille Point. If the 

rewards are smaller, the energy . reserves during moulting will be less and, 

consequently, either a smaller moult increment or longer intermoult period will result. 

Predation by 1. fafandii has been suggested to be one of the crucial factors influencing 

species diversity in the South African West Coast subtidal communities, and preferred 

prey species are likely to be in low abundance in areas where rock-lobster populations 

are large (Barkai et af. 1996). It was predicted that rock lobsters would be non­

selective foragers. But, despite differences in the benthos, (1) adult rock lobsters at 

Dassen Island (FG) and Olifantsbos (SG) consumed the same prey in similar 

proportion during the austral summers of 1994-1995 and (2) juvenile rock lobsters at 

Mouille Point (FG) and the harbour wall (SG) were eating the same amounts of the 

same prey during September 1997. Thus the prediction failed to be upheld by the data. 

This suggests that 1. fafandii exhibits strong prey selectivity, because if they were 
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non-selective foragers, then gut contents would simply reflect the benthic 

communities at each site. 

A prey selectivity test was conducted on both the adult and juvenile rock lobsters. In 

these tests, the relative abundances of prey occurring in both the benthic community 

and the stomach contents were compared (for the four sites at which data are 

available) based on the null hypothesis (Ho) that the abundances would be the same in 

both cases. The results clearly showed that J lalandii adults were highly selective 

foragers (for Dassen Island X2 
= 55.61, P < 0.01 and for Olifantsbos X2 

= 86, 

P < 0.01) - a definite preference for the ribbed mussel was shown. For example, at 

Olifantsbos, ribbed mussels were extremely rare, but comprised 15% of gut volume, 

while barnacles, which were very common in the benthos, made up less than 5% of 

stomach volume. Similar trends in prey preference were also observed for Dassen 

Island. Furthermore, juvenile rock lobsters were shown to be even more selective (for 

the harbour wall X2 = 189, P < 0.001 and for Mouille Point X2 = 282, P < 0.001). At 

both sites, for example, barnacles were extremely rare in the benthos, but comprised 

34% and 10% of the gut fullness for the harbour wall and Mouille Point respectively. 

Thus, some prey species low in abundance in the available benthos showed high 

abundance in stomach contents, and this pattern was consistent for both small and 

large rock lobsters. This is clearly evidence for some form of selective foraging. These 

results both support and conflict with the earlier findings of Barkai el al. (1996), 

which showed mussels to be the most, and barnacles amongst the least preferred prey 

species. In my case, positive selection for barnacles by juvenile rock lobsters was 

shown. However, the issue remains unclear - other studies have suggested that J 

lalandii feeds opportunistically (Barkai & Branch 1988a). Active prey selection has 

also been proposed for H americanus (Lawton & Lavalli 1995), although surveys are 

conflicting. This species has been shown to have both a diet reflecting prey species 

abundance (Miller el al. 1971), and to show the same diet from two areas of 

completely contrasting benthic community structure (Elner & Campbell 1987). 

Laboratory preference tests have shown J lalandii to be highly selective as regards 

both size and species when offered different mussels (Griffiths & Seiderer 1980) and 
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by way of laboratory experiments in Chapter 5. 

5. CONCLUSION 

In conclusion, data collected in this study suggest that rock lobsters from a wide range 

of geographical locations and contrasting growth rates consume similar prey species 

in roughly equal proportion. More specifically, adult rock lobsters at Dassen Island 

(FG), Olifantsbos (SG), and juvenile rock lobsters at the harbour wall (SG) and 

Mouille Point (FG) were eating the same foods in similar proportions despite vast 

differences in prey species availability. Consequently, rock lobsters seem to be highly 

selective foragers. Hence, rock lobsters appear to 'target' certain food groups, and the 

abundance of these 'preferred' prey may influence growth. Whereas gut fullness 

indices were similar in areas of FG and SG, the amount of time and energy devoted to 

obtaining a full meal must be greater in areas where preferred food is scarce. This 

implies that energetic considerations are probably more important in determining 

growth rate, rather than diet per se. Thus the data support the second of the two 

theories outlined earlier - i.e. that limitation in food availability is most probably the 

reason for the currently observed slow growth rate in the West Coast rock lobster. 

120 
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Chapter 5 

Prey species preference, sea urchin consumption and predation on juvenile abalone by 
captive West Coast rock lobsters, Jasus laland;;. 
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1. INTRODUCTION 

Laboratory studies on lobsters other than Jasus lalandii have focused primarily on 

physiology (e .g . DaJl 1970, Taylor & Whiteley 1989, Baden et al . 1990, Lellis & 

Russell 1990, Jury et al. 1 994a,b) , tagging methods (Guan 1997), den selection 

(Spanier & Zimmer-Faust 1988), activity rhythms (Lawton 1987), and studies on 

various aspects of diet and prey selection. These include experiments on feeding 

behaviour (Moody & Steneck 1993), bait choice (Fielder 1965), growth rates and 

survival under different feeding regimes (Kurmaly et al. 1990), prey species 

preference (Evans & Mann 1977, Tegner & Levin 1983), prey size selection (Tegner 

& Levin 1983, Lawton 1987, Andrew & MacDiarmid 1991, Takahashi et al. 1995) 

and levels of cannibalism in captivity (Sarda & Valladares 1990). 

One of the earliest laboratory experiments on J lalandii was carried out by Heydom 

(1969), who examined moulting, growth and reproduction, demonstrating amongst 

other things that captive rock lobsters took about 25 days to moult and that they grew 

slower than tagged rock lobsters in the field. Through a series of feeding trials, 

Griffiths & Seiderer (1980) showed that J lalandii has a preference for the black 

mussel (Choromytilus meridionalis) over the ribbed mussel (Aulacomya ater) . In 

addition, they determined the maximum size of each mussel species that could be 

cracked by different-sized rock lobsters, and showed that prey-size preference lay well 

below the maximum size that could be consumed. The long-term consumption rates 

and feeding efficiency of J lalandii have also been examined (Zoutendyk 1988a,b). In 

both these studies, prey choice was restricted to a single species - the black mussel. 

Oxygen consumption at various temperatures (Zoutendyk 1989), and the effects of 

low oxygen levels on juvenile J lalandii with respect to growth, feeding and mortality 

have been determined (Beyers et al. 1994). More recently, preference by J lalandii 

for abalone (Haliotis midae) over keyhole limpets (Fissurefla mutabilis) was shown, 

with the consumption of both these species being dramatically reduced if sea urchins 

(Parechinus angulosus) were introduced into the experimental tanks (Scott et al . in 

press.). A similar study demonstrated preference for the pink-lipped topshell (Oxystele 

sinensis) over the smooth turban shell (Turbo cidaris), and a distinct selection for 

small individuals of both these species of winkles (van Zyl et at. 1998). Several 
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unpublished feeding studies on, for example, condition factors and their impact on 

growth have also been conducted (Dr A Cockcroft, Sea Fisheries Research Institute, 

pers. comm.). 

AJthough the results of the anaJysis of the diet of J lalandii in the current study 

(Chapter 4) did not differ vastly from previous published investigations, one point of 

departure was the high incidence and abundance of sea urchins observed in many of 

the gut samples. The almost ubiquitous finding of sea urchins in the dietary samples is 

of major current relevance to the inshore abalone (Haliolis midae) fishery in the 

south-western Cape. This is because field surveys (Tarr el al. 1996) and both 

laboratory and field experiments (Day 1998) have highlighted the strong dependence 

of juvenile abalone on sea urchins. This relationship is strongest when the sea urchins 

have access to drift kelp. They then feed on it, and some becomes available to the 

juvenile abalone beneath the spiny canopy. Rock-lobster numbers are thought to have 

recently increased in the area of South Africa's main commercial abalone fishing 

grounds (the area extending about 200km East of Cape Hangklip, see Figure J), and to 

have consumed most of the sea urchins and resuJted in the observed precipitous 

decline of abalone juveniles (Tarr el al. 1996). However, before concluding whether 

the current decline in sea urchin numbers (and hence juvenile abalone numbers) could 

be attributable to the change in the rock-lobster population (Chapter 6), specific 

laboratory feeding preference and size selectivity experiments were considered 

necessary not only for evaluating the potential impact of rock lobsters of different 

sizes on sea urchins, but also for direct comparison with the diet of rock lobsters from 

the field (Chapter 4). 

This chapter bus explores two distinct avenues. The first and main avenue is the 

consumption of sea urchins by captive rock lobsters (including maximum size eaten, 

preferred size range and feeding rate), and the potential role of sea urchins in 

mediating predation on juvenile abalone. The second avenue examines prey 

preferences by rock lobsters when offered several prey species simultaneously, with 

the choice of prey species offered being based on both the observed diet (Chapter 4) 

and species likely to be found in the diet of rock lobsters East of Cape Hangklip 
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(Chapter 6). By testing of the specific hypotheses defmed below, this chapter not only 

provides a service for Chapter 6, but also allows comparison with the natural situation 

already described in Chapter 4. 

Based on previous literature, the following specific hypotheses were tested: (l) small 

rock lobsters will be incapable of consuming large sea urchins; (2) J lalandii would 

show size selectivity for sea urchins, as previously demonstrated for mussels and 

winkles, with smajj sea urchins being favoured over large individuals; (3) the 

consumption rate on sea urchins and both the maximum size and average size 

consumed should increase with rock-lobster size; (4) sea urchins will offer protection 

to juvenile abalone from predation by rock lobsters, and the magnitude of this 

protection wijj be greatest in the presence of drift kelp; and (5) rock lobsters will 

prefer prey species either rich in energy, easy to consume, or both. 

2. METHODS 

All of the laboratory experiments were conducted in flow-through aquaria systems 

between December 1996 and April 1997. Water temperature and salinity were held 

constant at 13 ± 1°C and 35 ± 0.5ppt, respectively. The aquaria were maintained on a 

12h: 12h light:dark cycle, with the light phase starting at 6am. 

All the rock lobsters used in these experiments were obtained from baited long-line 

rock lobster traps set overnight at Olifantsbos (Figure 4.1). Rock lobsters (males only, 

size range 38 - 93rmn CL) were collected using traps to prevent unnecessary damage 

to limbs, and to ensure they were eating at the time of capture. All specimens were 

transported 'dry' to the aquaria, and placed in the fdtration ponds to acclimate for at 

least 7 days before beginning the experiments. In the filtration ponds, the rock lobsters 

were fed pilchards (Sardinops sagax) on an ad lib basis. This was to prevent any 

learning process affecting the results obtained (Wright el al. 1990, Gosselin & 

Chia 1996). Because all rock lobsters were captured from the same area during the 

same time period, their physiological states were assumed to be similar. Furthermore, 

as they were caught during Summer, they would all have had the same feeding 
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regime, and been in the same phase of the annual cycle, i.e. the reserve accumulation 

phase (Cockcroft 1997), 

The prey items offered to the rock lobsters were maintained in glass tanks in the same 

flow-through system under the same light:dark cycle, and were all alive and 

undamaged when offered to the rock lobsters. Black mussels (Choromylilus 

meridionalis), sea urchins (Farechinus angulosus) and the periwinkles (Oxyslele 

sinensis and Turbo cidaris) were collected from Blouberg, Millers Point and Onrus 

respectively. Juvenile abalone (Haliolis midae) were obtained from the Hennanus 

Seafanns hatchery, 

2,1 Determination of the maximum size of sea urchins eaten by rock lobsters 

To detennine the maximum sizes of sea urchins that rock lobsters are capable of 

consuming, 22 rock lobsters ranging between 43 and 91 mm carapace length (eL) 

were transferred into separate experimental tanks measuring 32 X 32 X 60cm, and 

supplied with a flow-through system of water. The water level was maintained at % 

capacity to prevent sea urchins climbing over the sides of the tanks and escaping, 

Rock lobsters were acclimated in these tanks for 72hr prior to the commencement of 

the experiment, during which period they were starved to ensure equal hunger levels 

at the initiation of the experiment. Beginning with urchins 10 - ISmm in size (test 

diameter, TD), successively larger sea urchins were offered to the rock lobsters singly 

and in sequence, Sea urchins were replaced daily if consumed, This continued until 

either (I) the rock lobsters had consumed the largest sized sea urchins offered to them 

(approximately 6Imm), or, (2) the rock lobster did not consume any sea urchins for 

48hr, Following this they were offered a mussel to check that they were capable of 

feeding during the experiment. A distinction has been made here between the partial 

and total consumption of sea urchins. Partial consumption refers to the sea urchin 

being flipped over, its Aristotle's lantern removed, and portions of the digestive and 

gonadal material scooped Ollt. Total consumption implies the breaking up and 

. consumption of the whole sea urchin, cncluding the test. 
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2.2 Sea urchin size selection 

To investigate the size preferences for sea urchins by a range of sizes of rock lobsters, 

two separate experiments were performed. All rock lobsters were transferred to the 

same holding tanks and acclimated to the experimental facility as described in 3.1. In 

the first experiment, 14 rock lobsters covering a size range of 69-92mm CL were 

offered different numbers of sea urchins of known size from each of five size classes 

(viz.: 10-19mm; 20-29mm; 30-39mm; 40-49mm and 50-59mm TD). The number of 

sea urchins offered in each size class varied so that all size classes occupied an equal 

surface area of the aquarium, so that there was an equal chance of the rock lobster 

encountering sea urchins of the different size classes. The area chosen was that 

equivalent to one sea urchin with a test diameter of 55mm (i. e. 2375mm'), the 

midpoint of the largest size class (Table 5.1). Thus sea urchins covered a total area of 

5 X 2375mm' which was equal to about 2% of the surface area of the experimental 

tank. The experiment was run for four days, with daily replacement of dead sea 

urchins by others of comparable size. 

In the second experiment, eight rock lobsters of 69 to 115mm CL were offered six sea 

urchins in each of the five size classes defined above. Consumed sea urchins were 

replaced daily, and the experiment was run for three days. Both of these experiments 

were used to estimate the total number of sea urchins consumed per day, the average 

size consumed, the gross energy gain from consuming those sea urchins, as well as 

gaining information on the sizes of urchins selected. 

2.3 Prey species preference 

To determine whether preference is shown for any particular prey species, rock 

lobsters were transferred to the experimental tanks and acclimated for 96hr as 

described in 2.1. In the first of two experiments, eight rock lobsters (size range 68-

102mm CL) were offered five each of black mussels, sea urchins and the two 

periwinkles with daily replacement, until at least 20 prey items had been consumed. 

All items offered were known to be consumed by rock lobsters (mussels: Griffiths & 

Seiderer 1980, winkles: van Zyl el al. 1998, sea urchins: this chapter). The experiment 

was run for a maximum of 5 days. The data were analysed using a X' contingency 
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Table 5.1: Size classes and number of sea urchins used in experiment 1 on rock 
lobster predation on sea urchins. These data were used to calculate the number of sea 
urchins in each size class (test diameter) that would be equivalent in surface area to 
one sea urchin with a test diameter of 55rnm. 

Sea urchin Midpoint of Test Area of one # of individuals 

size class size class radius individual equivalent to I 

(mm) (mm) (mm) (mm2
) urchin of size 55mm 

10-19 15 7.5 176.7 - 13 

20-29 25 12.5 490.9 -5 

30-39 35 17.5 962 .1 -3 
40-49 45 22.5 1590.4 -2 

50-59 55 27.5 2375 .8 
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table (2 X 4), based on the null hypothesis (Ho) that rock lobsters would show equal 

preference for all four of the prey items offered with a set at 1 % to eliminate type I 

statistical errors (after Zar 1984). 

In the second experiment, the preference between juvenile abalone and sea urchins 

was determined. Each of nine rock lobsters of 69-115mm CL was offered a minimum 
. , 

of four sea urchins (20-35mm TD) and three }uvenile abalone (5-28mm shell length). 

All juvenile abalone were placed under sea urchins at the start of the experiment. 

Consumed items were replaced daily for 3 days. As juvenile abalone tend to leave the 

shelter of sea urchins less often if kelp strands are present in the tanks (Day 1998), the 

experiment was repeated with kelp present. In this case, the urchins (n ::::: 18) and 

abalone (n ::::: 12) were allowed to acclimate in each experimental tank for 72hr, before 

rock lobsters in the size range 68-1 02mm CL were introduced individually into these 

tanks. There was no daily replacement and remaining sea urchins and abalone were 

counted after 48 hours. 

2.4 Calorimetry 

Forty-four sea urchins obtained from Millers Point (see above) were weighed (wet 

weight) to an accuracy of 0.00 I g and dried to constant weight at 60°C (approximately 

4 days). They were subsequently ground using an electric mill and forced through a 

mesh of 250flm. The resulting powder was combined with a known amount of flour 

(16.04 kJ.g-1
) and completely combusted under excess oxygen in a DDS 500 bomb 

calorimeter. Calorific estimates for the two winkle species, black mussels and for 

abalone were obtained from Griffiths 1981 and Field et al. (1980)_ The resulting mean 

calorific value for sea urchins and values derived from the literature for other species 

considered in this chapter are summarised in Table 5.2. The relationship between sea 

urchin TD (mm) and calorific value per individual (kJ) was described by the equation: 

calorific value::::: -6.06 + exp(1.18 + 0.04TD) (r::::: 0_916; P < 0.01) ...... (1) 

This equation was used when calculating the total daily calorific intake of rock 

lobsters. Because the sea urchin test contains very little energy when compared with 

the gonadal and digestive tissue, no distinction between partially and totally consumed 

sea urchins was made when calculating calorific intake. 
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Table 5.2: Calorific content of the different prey items offered to and consumed by 
rock lobsters during these feeding experiments. 

Species 

Sea urchin, P. angulosus 
Black mussel, C. meridionalis 

Abalone, H. midae 
Winkle, T cidaris 
Winkle, 0. sinensis 

Calorific content (kJ.g·') Source 

l.l This Chapter 
2.55 Griffiths (198 I) 
6. 18 Field el al. (1980) 

0.81 Field et al. (1980) 

2.17 Fieldetal.(1980) 
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3. RESULTS 

3.1 Maximum size of sea urchins consumed 

Rock lobsters smaller than 68mm CL were not able to partially or totally consume sea 

urchins (Figure 5.1). However, almost all rock lobsters above this size were capable of 

at least partially consuming all sizes of sea urchins offered (usually by removing the 

Aristotle's lantern and scooping out the gonad and digestive material). The maximum 

size of sea urchin totally consumed increased significantly with rock lobster size 

above 68mm CL (r = 0.629, df = 9, P < 0.05). By extrapolation, a rock lobster larger 

than 10Smm CL should be able to totally consume any size of sea urchin, the 

maximum size being ca. 61 mm TD. 

3.2 Sea urchin size selection 

Results presented below (3.2.1 to 3.3) make no distinction between total and partial 

consumption of sea urchins. 

3.2.1 Experiment I 

Rock lobsters of all sizes (69 - 93mm CL) selected sea urchins on the basis of prey 

size when offered a selection (Figure 5.2). All rock lobsters tested were able to 

consume sea urchins across the full size spectrum offered (from 10 - 60mm TD), with 

one exception (the 69mm individual). All rock lobsters preferentially consumed small 

sea urchins. 

3.2.2 Experiment 2 

A similar result was obtained when equal numbers of each size class of sea urchin 

were offered to the rock lobsters - again there was a definite preference shown for 

small sea urchins (TD < 30), but sea urchins from all size classes were consumed 

(Figure 5.3). If sea urchins had been consumed at random, then proportional 

consumption should have been 20% for each of the five size classes. For all cases 

combined, sea urchins greater than 40mm TD were significantly under-represented 



University of Cape Town

r---

8 
8 
'-" 

I-< 
<l) 

-<-> 
<l) 

8 ro 
.~ 

'"d 
-<-> 
r/l 
<l) 

-<-> 
~ 
.~ 

...c: 
0 
I-< 
;::l 

ro 
<l) 

I:/) 

70 
I 
Maximum size of urchin sampled 

60 ~ Maximum size partially consumed 
" Maximum size totally consumed 

50 

40 I • 
30 1- 0 

20 .-

10 

• . ,.. . . ... ............ . 
• • •• 

o 

o 

. ~ 
o 
() 

y = 0.58x - 6.6 
r = 0.629 
P < 0.05 

Ole ".' ••• ! •••• ···) 

40 50 60 70 80 90 100 
Rock lobster size (eL, mm) 

Figure 5.1: Maximum sizes of sea urchins partially or totally consumed by rock 
lobsters of different sizes. 

w 

'" 



University of Cape Town

70 ~1 ------------------------------------~ 

I 
~ 

2 
<lJ 

~ ....... 
'"0 
+-' 
Vl 

60·-

50·-

40 .-

2 30.-
~ . ...... 

..c: 
u 
~ 20·-
ro 
<lJ 

(/) 

10 .-

°65 

• 

• 

I 
• 

I 

70 

• 

• 
• 
• • 

• 

• I ·1 I. • 

I 

75 

• • •• •• • • ••• • • •• I · I.· · • ••• I • • • 
I 

•• 
• I I •. 1 •. 1 

I. • I 

!i !Ii 
I 

80 

• • 

• I • • I • 

I 

85 

• • • 
I • 
I 
• • 

Rock lobster size (CL,mm) 

• • 
• • I • • 
• I • I • 

I 
I I 

· : I 
• I I 1·1 .1.

1 I: 
• • 

I 

90 95 

Figure 5.2: Sizes of sea urchins consumed by 14 individual rock lobsters when they 
were offered different numbers of sea urchins in each size class (in the ratio shown in 
Table I). Each dot represents one sea urchin consumed. 

w 



University of Cape Town

69 

~ 73 
E 
E 
~ 76 

-:J 
u 
'-'" 
aJ 
N 

82 
.-

CIl 

h 
aJ 82 .... 
CIl 

.D 
0 

~ 
90 

(;) 

0 

~ 105 

115 
L 
0 20 40 

" " , . , " " , , , , , " " " , , , , , 
"" """'" .. ,., , .... ,., . ......... "",.,, ", ,."." 
" .. " ..... " .... , .... " .. , 
"'''' " .. , .. " .. """, ... '."""."., .... ,, .. 

, . , .. , . , . , ... .. , .. .. .. , , . , .. , ... 
~ """.,.,."'.""'."."., .. ,. 
"",,, ,, ,,,, ..... ,.,' , ..... " .. ". , ... , ....... ,., . .. " .. , ... . . , ." "'" " .... ..... " ", ... " ... ..... . , ... . .. , ......... ,' 

,,,.,,",, . . 

60 80 

Cumulative percentage consumed 

100 

Figure 5J: Sizes of sea urchins consumed by 8 rock lobsters when offered SI X sea 
urchins in each of five size classes , with daily replacement. 

Sea urchin 
size class (mm) 

l1li 0-19 

m 20-29 

D 30-39 

E! 40-49 

o SO-59 

C> 

'" 



Univ
ers

ity
 of

 C
ap

e T
ow

n

133 

among those consumed, and those less than 30mm TD significantly over-represented 

(X' = 24.49, df= 4, P < 0.001). 

3.3 Consumption rates 

There were fluctuations in the rate of consumption, with cessation or reduction of 

feeding following periods of high consumption. On average there was no significant 

correlation between the number of sea urchins consumed daily and the size of rock 

lobsters (average consumption = 6.11, r = 0.413, P > 0.05, Figure 5.4). Large rock 

lobsters did consume sea urchins of significantly larger mean size than smaller 

individuals (r = 0.606, df= 16, P < 0.01, Figure 5.4). Using equation 1, ingestion rates 

of rock lobsters feeding on sea urchins (data from both experiments 3.2.1 & 3.2.2) 

were used to calculate the total energy intake of each rock lobster (kJda{'). This daily 

energy intake was linearly correlated with rock lobster size (r = 0.605, df = 16, 

P < 0.01, Figure 5.5). 

3.4 Prey preferences 

When rock lobsters were offered four different prey species simultaneously, all 

individuals preferentially selected black mussels. Few sea urchins and even fewer of 

the winkle Oxysreie sinensis - and no Turbo cidaris - were eaten (Figure 5.6). For all 

rock lobsters, the X' analysis showed highly significant prey selection 

(P always «0.01). The number of sea urchins consumed increased with size of rock 

lobster. 

Rock lobsters preferentially ate juvenile abalone when offered a choice between these 

and sea urchins, both in the presence and absence of kelp (Figure 5.7). Although 

larger rock lobsters again tended to consume more sea urchins than smaller 

individuals, in only two cases (14%) did rock lobsters consume equal or higher 

numbers of sea urchins than abalone. 



University of Cape Town

• Average size eaten 
o Number consumed per day 

~ 30 • 30 
S· ~ 
S • • ro ':" 25 • y=O.2Ix+8.16;r=O.606,P<O.OI) - 25 ~ 
~ . ~ 
~ ~ 
~ 

§ 20· 20 ~ .- S 
~. ~ 
~ (/) 
(/) ~ 

2 15 15 0 
~ u 

._ $....4 

~ 0 ~ 
S 10 0 10 S 
ro ~ 
~ 000 0 Z 

C/) ·····························0·············· .. ·· .. · .. ··· .. .. ······Q .. ·········c······························o···· .................................................................................. .9. 5 8) 0 Average = 6.11·1 5 
o 0 0 0 

I I I 

60 70 80 90 100 110 

Rock lobster size (eL, mm) 

Figure 5.4: Average size and number of sea urchins consumed daily by rock lobsters 
ranging in size from 69 to I 05mm CL. -

w 
.j::;. 



University of Cape Town

~ 
'"d 

..... 
Q) 

0.. 
'U 

Q) 
+-' 
Vl 
Q) 
bJ) 
>=: . ~ 

>-;, 
,..;.: 
~ 

cd 
+-' 
0 

t--< 

5 ~I -------------------------------------------------------, 

• 
4 - y = 0.06x - 2.18 (r = 0.606, P < 0.0 I) 

• 

• 

• 
• 

3 - • 
.....----- . 

2 1- ~ • 
• 

• 

1 I - • 

o I I I I I I 
60 70 80 90 100 110 

Rock lobster size (CL,mm) 

figure 5.5: Total calorific intake per rock lobste r per day in relation to rock lobste r 

size, 

w 

"" 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2S 

20 · 

15 

10 

5 

0 

20 

[ 5 

10 

5 
0 

20 

[ 5 

10 

5 

0 

20 

15 

--0 10 
<1.) 

5 6 0 
::l 
(/) 

20 C 
0 15 
U 
(/) 10 
$....4 

5 Q.) 

..!::J 0 

6 20 
;:::l 

Z 15 

10 

5 

0 

20 

15 

10 

5 

0 

20 

15 

10 

5 

0 
.t'2 
~ 

!::::. 
Q 

~ 
s.... 
~ 

E 
U 

68 

P < 0.001 
X2

=61.35 

73 

P < 0.001 
X2

= 42.43 

79 

P < 0.001 
X2 =32.41 

80 

P < 0.001 
X2 =61.32 

84 

P < 0.001 
X2

= 47.43 

91 

P < 0.001 
X 2= 41.08 

95 

P < 0.001 
X 2 :;: 21.84 

102 

P < 0.001 
X2 =28.71 

Prey species offered 

136 

Figure 5.6 : Numbers of each prey type consumed by eight rock lobsters ranging from 
68 - l02nun CL. Rock lobster sizes (mm) are indicated in the top right hand corner of 
each block. Significant departures from random selection are indicated by probability 
___ '-. __ £ __ .. 2 "' __ "'_ 1_. __ '" _'" 10/\ 



University of Cape Town

+kelp 

o % of sea urchins 

• % of abalone 

I 

r 

r 

100 50 

Rock lobster size 
CL,mm 

c= 68-69 h 

NO 73-77 

78-79 h 

82-84 

90-91 

102-105 t--I 

NO 115 

o o 

I 

Percentage consumed 

-kelp 

I 

J 

50 100 

Figure 5.7: Percentages of sea urchins and juvenile abalone consumed by rock lobsters 
in the presence or absence of kelp. The rock lobsters have been grouped into seven 
size categories. N.D. = no data for that size class. 

,.... 
w 
--.l 



Univ
ers

ity
 of

 C
ap

e T
ow

n

4. DISCUSSION 

The central thread of this chapter is the consumption of sea urchins and prey selection 

by captive rock lobsters. Although several papers have already dealt with prey 

selection in Jasus lalandii, none to date have considered the impact of this species on 

sea urchins, or indeed its prey preferences when offered a widely different range of 

prey. The data obtained can be used to answer these and other questions, as well as to 

address the hypotheses described in the introduction. 

Initially, for the experiments concerning the maximum sizes of sea urchins consumed, 

a distinction was made between the partial and total consumption of sea urchins by 

rock lobsters. This is significant if considering the abilities of rock lobsters. In terms 

of the remainder of the experiments and of the impact of rock lobsters on sea urchins, 

the distinction is irrelevant since either partial or total consumption is fatal. 

Several factors may influence a predator's choice of prey. These include cost-benefits 

(Brunner et al. 1992), risk (Hughes et al. 1995), considerations of long term energy 

and mineral intake (Lankford & Targett 1997) and food quality (Irons et al. 1988, 

Chambers et al. 1991). Because food quality of each prey species was kept constant 

(all individuals of each prey species were collected simultaneously), and predation 

risk was zero during these experiments, only cost-benefit and long term considerations 

should have influenced the rock lobster's choices. The phase of the moult cycle also 

influences choice of prey, but all rock lobsters were in the same phase of their moult 

cycle, namely the reserve accumulation phase prior to moulting in October 

(Cockcroft 1997). 

4.1 Maximum sizes of sea urchins consumed 

It was hypothesised that small rock lobsters would be incapable of handling and 

consuming large sea urchins. Small rock lobsters « 68mm CL) failed to consume any 

sea urchins in the experimental tanks (Figure 5.1). It has previously been shown that 

small J lalandii are incapable of feeding on either large mussels (Griffiths & 

Seiderer 1980) or large specimens of the winkle Oxystele sinensis (van Zyl 
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el al. 1998). Given that gut contents of small rock lobsters collected from the field do 

contain sea-urchin remains~ albeit a very small proportion « 1 0%, Chapters 3 & 4), 

the rejection of aU sizes of sea urchins by these rock lobsters in captivity is probably 

due to a physical inabdity to consume them. Previous studies have alluded to the 

physical inability of smalJ decapods to crush prey (e.g. Griffiths & Seiderer 1980) and 

this has been used as a means to explain ontogenic changes in diet (see Lawton & 

LavalE 1995). 

Large (CL > 68mm) rock lobsters consumed all the sea urchins offered to them, and 

with the exception of two individuals (69mm and 74mm Cl) they were able to at least 

partially consume sea urchins offered to them up to the maximum size (61.5mm TD) 

(Figure 5.1). Thus, large Parechinus angulosus are not immune to predation by 

1. lalandii. However, the maximum size of sea urchin completely consumed increased 

significantly with rock lobster size (P < 0,05). Similar results were obtained when 

1. lalandii was offered mussels (Griffiths & Seiderer 1980) and winkles (van Zyl 

et al. 1998), and when other lobster species have been offered sea urchins (Tegner & 

Levin 1983, Andrew & MacDiam1id 1991), large gastropods (Takahashi et al. 1993) 

or mussels (Robles et al. 1990). Prey consumption by other predators such as fish 

(e.g. Lechanteur 1992) also follows this pattern. The results were not unexpected as 

the size of potentially edible prey tends to increase with increasing lobster size 

(Tegner & Levin 1983, van Zyl et al. 1998). 

4.2 Sea urchin size selection and consumption rates 

In the first size-selection experiment, rock lobsters were offered a choice of different 

sized sea urchins, divided into size classes. To ensure that sea urchins from each size 

class had an equal chance of being encountered by a randomly feeding predator, the 

number of sea urchins in each size class was different - but the surface area of the tank 

occupied by the sum of the individuals in each size class was the same (Table 5.1). 

Rock lobsters consumed the different sized sea urchins in approximately the same 

ratio in which they were offered (Figure 5.2). Initially this makes it appear that rock 

lobsters were consuming the sea urchins at random. In actual fact, equal areas of 
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different sized groups were supplied, yet disproportionately large numbers of small 

sea urchins were eaten. The result is strongly re-inforced by the second experiment. 

In the second size-selection experiment, rock lobsters were offered equal numbers of 

sea urchins (six) in each of five size classes (thus small sea urchins occupied a very 

small area of the experimental tank). Although rock lobsters ate sea urchins from all 

size classes, on average over 650/0 of the sea urchins consumed were less than 29nun 

TD (Figure 5.3), despite these small sea urchins comprising only 40% of those 

available (and taking up less than 150/0 of the total area occupied by sea urchins). 

Conversely, conswnption of large sea urchins (> 40mm TO) was significantly less 

than would have been predicted on the basis of their availability. Thus, a definite 

preference for smaller sea urchins was shown, supporting the conclusions of 

experiment 1. Despite the energetic value of large sea urchins being relatively much 

greater than small sea urchins, crushing and consuming large urchins is probably more 

expensive (in terms of handling time and energy). Targeting small sea urchins may be 

a way of maximising the gain for a given energy or time input. Thus the first two 

predictions have been upheld - small rock lobsters were not only incapable of 

consuming large sea urchins, but any sea urchins at all; and rock lobsters showed 

active selection for small sea urchins. 

Selection for small prey has been previously reported for J lalandii. In laboratory 

experiments, both small and large rock lobsters preferentially consume small mussels 

(Griffiths & Seiderer 1980) and small winkles (van Zyi et al. 1998) rather than large 

ones, and these authors suggest that energetic considerations are responsi ble for the 

choices observed. Selection of small mussels over large was not observed in the case 

of juvenile Homarus americanus, perhaps because these animals are central-place 

foragers (Lawton 1987). However, other species of lobsters have also shown strong 

selection for small prey and a reluctance to consume larger prey (Tegner & 

Levin 1983, Robles et ai. 1990, Andrew & MacDiarmid 1991), and a preference for 

prey well below the critical size (Griffiths & Seiderer 1980, Robles et ai. 1990). This 

behaviour is not limited to lobsters: Dungeness crabs, Cancer magister, have been 

reported to eat more clams from the smallest size class offered (Juanes & 



Univ
ers

ity
 of

 C
ap

e T
ow

n

141 

Hartwick 1990), and the giant clingfish (Chorisochismus den/ex) appears to select 

prey well below the maximum size it can consume (Lechanteur 1992). 

Although selection of sea urchins was primarily for small individuals, on average, 

larger rock lobsters ate significantly larger sea urchins than smaller rock lobsters 

(Figure 5.4). This result supports the earlier prediction that smaller rock lobsters 

should consume smaller sea urchins. Larger prey take longer to consume (Griffiths & 

Seiderer 1980, Takahashi et al. 1995), and may require either a greater expenditure of 

energy (Griffiths & Seiderer 1980) or a greater risk (Hughes & Ward 1993, 

McNamara & Houston 1994, Hughes et al. 1995) prior to any gain. Thus small rock 

lobsters can be expected to consume smaller prey - a trend already demonstrated for 

J lalandii feeding on both winkles (van Zyl et al. 1998) and mussels (Griffiths & 

Seiderer 1980), and now demonstrated for sea urchins. 

Despite fluctuations in the rate of feeding, the average number of sea urchins 

consumed per rock lobster per day did not vary significantly with predator size 

(P> 0.05, average = 6.11 urchins.rock lobste(l.day·l, Figure 5.4). The fluctuations in 

feeding rate were comparable to those recorded by Zoutendyk (1988a) during long­

term feeding experiments on J. lalandii. He considered fluctuations to be residual 

from the nutritional condition of rock lobsters when collected from the field - where 

weather can play an important role in determining whether or not foraging can take 

place. Certainly baited traps tend to catch few rock lobsters when the sea is rough, but 

catch extremely high numbers immediately following the abatement of strong surface 

conditions (Zoutendyk 1988b). Zoutendyk (l988a) reasoned that when weather 

conditions allow foraging, rock lobsters may feed to satiation, following which they 

may cease feeding for a period of time. The fluctuations of feeding observed in the 

laboratory may be a reflection of this. 

Different sized rock lobsters consumed essentially the same number of sea urchins, 

but because larger rock lobsters ate generally larger sea urchins and consumed them 

completely, the total calorific intake increased linearly with rock lobster size 

(Figure 5.5). A similar linear result was obtained for previous experiments on 
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J lalandii fed gastropods (van Zyl et al. 1998). However, the daily energetic intake of 

rock lobsters eating gastropods was nearly five times that of rock lobsters eating sea 

urchins. This is most likely related to gastropods having a relatively high calorific 

value of 10-20kJ.g flesh weighrl (Field et at. 1980) when compared to sea urchins 

(1.1 kJ.g· 1
). If rock lobsters are limited in the total volume of food that can be inaested I::l , 

then those feeding on gastropods will enjoy a greater calorific intake than individuals 

consuming the same volume of sea urchins. Rock lobsters fed on mussels 

(22kJ.g flesh weighrl) also showed an increase in calorific intake with rock lobster 

size (Griffiths & Seiderer 1980), although the relationship was exponential rather than 

linear in this case. Thus, although sea urchin consumption rate did not increase with 

rock-lobster size, both the average and the maximum size consumed, and the daily 

energy intake did increase with rock-lobster size. 

4.3 Prey species preferences 

When offered a choice between four different prey speCies, rock lobsters 

overwhelmingly selected black mussels (Choromytilus meridionalis), which 

constituted 80% of the prey consumed during the trials. Smaller quantities of sea 

urchins and the winkle, Oxystele sinensis, were consumed, but no rock lobsters ate the 

second winkle species, Turbo cidaris (Figure 5.6). The frequency with which rock 

lobsters selected different prey species were significantly different from those 

expected, as highlighted by the large X2 values. Rock lobsters were not offered the 

ribbed mussel, as previous experiments had already shown a preference for black 

mussels over ribbed mussels of similar size (Griffiths & Seiderer 1980). 

The gut contents of rock lobsters collected from the West Coast (Chapter 4) were 

mirrored in the selection of prey in these laboratory experiments. By far the most 

common prey item in the gut contents of rock lobsters was mussels, particularly 

C. meridionalis. Black mussels do have the highest calorific value of the four prey 

species offered (Table 5.2) - perhaps selection was based on this criterion. Sea urchins 

are often under-represented in the natural diet (relative to their abundance in the 

benthos) and in these experiments although they were the second most preferred prey 

species, very few individuals were consumed when compared to mussels. The same is 
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true of the winkles. They were almost untouched in the choice experiments, and they 

contribute minimally to gut contents of rock lobsters on the West Coast. 

When offered a choice between sea urchins and abalone, rock lobsters again showed 

prey selectivity. In nearly all cases, whether in the presence or absence of kelp, rock 

i'obsters ate most of the juvenile abalone offered, but few sea urchins were consumed 

(Figure 5.7). Hence, despite the fact that juvenile abalone live almost exclusively 

under sea urchins in the field (Day 1998) and that their foraging trips from beneath sea 

urchins are less frequent and of shorter duration when kelp is present (Day 1998), rock 

lobsters actively selected juvenile abalone in these experiments despite sea urchins 

being available to shelter them. In selecting abalone over sea urchins, the rock lobsters 

showed preference for the prey species that was both easier to consume (juvenile 

abalone have an extremely soft shell, easily crushed between ones fingers) and richer 

in energy. Compared to sea urchins (l.lkJ.g'I), abalone are a much richer energy 

source (6.18kJ .g'l, Table 5.2). These results seem to contradict the fact that in the field 

sea urchins provide shelter for juvenile abalone. However, in natural systems rock 

lobsters preferentially feed on particular prey - notably mussels - and may only tum to 

sea urchins and the associated juvenile abalone in the absence of preferred prey. In the 

presence of mussels, sea urchins should effectively protect small abalone. Indeed, no 

juvenile abalone remains have ever been found in the gut contents of rock lobsters 

collected in the field. In the laboratory experiments, rock lobsters had no alternative 

prey other than sea urchins and abalone, and in these circumstances the normal 

protection granted to the juvenile abalone by sea urchins failed. 

The results from my laboratory experiment also contradict those of Scott et al. (in 

press). They conducted contemporary experiments on the same species of abalone, sea 

urchin and rock lobster, but conducted the research at Port Nolloth, 600km North of 

Cape Town on the West Coast (Figure 1). When Scott et al. (in press) presented rock 

lobsters with both sea urchins and juvenile abalone, they ate very few juvenile abalone 

and no sea urchins - thus, the sea urchins did provide shelter and protection to the 

juvenile abalone. When offered only abalone, the rock lobsters consumed them in 

high numbers. Hence, these two studies on the same species yielded different results, 
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despite being done in an almost identical way and with the rock lobsters in the same 

stage of their annual moult cycle. The only difference was that the surface area of the 

experimental tank occupied by sea urchins and juvenile abalone was much higher in 

my experiments than the ones in Port Nolloth. Comparative studies on the behaviour 

and natural diets of rock lobsters from Port Nolloth and those further South, coupled 

with studies on the relative susceptibility of sea urchins from the two regions to 

predation may resolve the reasons for the differences between the two sets of 

experiments. Behavioural responses of sea urchins to the presence of decapod 

predators has received attention (Bernstein et al. 1981, Vadas et al. 1986, Hagen & 

Mann 1994). Perhaps differences in sea urchins behaviour (brought about by their 

different densities in the experimental tanks) could account for the disparity between 

these two sets of results. 

Thus, my laboratory experiments failed to uphold the prediction the sea urchins would 

protect juvenile abalone from rock lobsters, although there are plausible reasons why 

the results conflict with field observations. Why I obtained results so different from 

Scott et al. (in press) remains an open question. On the other hand, rock lobsters did 

show preference for prey rich in energy, both in the laboratory (this chapter) and in the 

field (Chapter 4), selecting mussels over sea urchins and winkles, and abalone over 

sea urchins. 

Clear prey selection has previously been demonstrated for 1. lalandii. This species 

shows a preference for 0. sinensis over T cidaris (van Zyl et al. 1998), and for black 

over ribbed mussels (Griffiths & Seiderer 1980). In the latter case, ease of removal 

and the weaker shell strength of C. meridionalis are thought to be reasons for the 

observed preference. Preference for abalone over keyhole limpets (Fissureffa 

mutabilis) has also been shown (Scott et af. in press). A clear choice of crabs over sea 

urchins has been demonstrated for Homarus americanus (Evans & Mann 1977), and a 

preference for the urchin, Strongylocentrotus purpuratus, over another urchin, 

S. franciscanus has been recorded for Panufirus interruptus (Tegner & Levin 1983). 

Preferences by rock lobsters for particular prey in laboratory choice experiments are 
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thus the norm, and reinforce the conclusion in Chapter 4, based on field data, that 

J lalandii is a selective predator. 

5. CONCLUSION 

Small rock lobsters « 68mm CL) proved incapable of consuming sea urchins in the 

laboratory feeding trials, but larger rock lobsters fed on all sizes of sea urchins 

offered, although they preferentially ate small sea urchins « 30mm TD). The number 

of sea urchins consumed per rock lobster per day showed no increase with rock lobster 

size. However, because larger individuals on average ate larger sea urchins, and 

completely consumed whole sea urchins rather than partially consuming them, daily 

calorific intake increased linearly with rock lobster size. Rock lobsters of all sizes 

preferentially ate black mussels when offered these together with sea urchins and two 

species of winkle. This mirrored the results for dietary analysis of rock lobsters 

collected in the field between Elands Bay and Cape Point. In the laboratory, juvenile 

abalone were consumed in preference to sea urchins whether in the presence or 

absence of kelp. This result differs intriguingly to that obtained from similar 

experiments conducted elsewhere on the same suite of species. These results provide 

supporting evidence for the selectivity of prey by rock lobsters in the field, as 

presented in Chapter 4. They are also an important backdrop and input into assessing 

the influence of rock lobsters on sea urchins (and hence juvenile abalone) in the field. 

It is this relationship between sea urchins, rock lobsters and juvenile abalone that 

forms the focus of the next chapter. 
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Inter-relations among rock lobsters, sea urchins, winkles and juvenile abalone: 
implications for community management. 
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1. INTRODUCTION 

The fishery for South African abalone (Haliotis midae) is currently of immense 

economic importance to many people along the Cape South Coast. It was valued at 

about US$15 million in 1993 (Oakes & Ponte J 996) and has an annual total allowable 

catch (T AC) in the region of 600 tons. In addition, about 30 000 people harvest 

abalone recreationally (Sea Fisheries Research Institute (SFRI), unpublished data) and 

the species is targeted by a burgeoning poaching community. The main fishing area 

ranges between Cape Hangklip and Danger Point (Figure 6.1, Tarr 1992). 

There has been a recent suggestion of a strong link between juvenile abalone and sea 

urchins (Parechinus angulosus). Field surveys since J 988 (Tarr et al. 1996), and both 

large- and small-scale field and laboratory experiments (Day 1998) have confirmed 

the dependence of juvenile abalone on sea urchins - for both shelter and food - and 

highlighted a delicate ecological balance. The relationship between these two species 

appears most intimate when sea urchins have access to kelp debris. They then trap and 

feed on it and consequently move around less, thus providing a more secure shelter 

and also a source of food for juvenile abalone hiding beneath them. 

It has been suggested (Tarr et al. 1996) that a massive increase in the abundance of 

rock lobsters has occurred since the late 1980's in the area stretching about 150km to 

the East of Cape Hangklip (abbreviated here as EOCH). West Coast rock lobsters 

(Jasus lalandii) clearly consume sea urchins in the field (Chapters 3 & 4) and, once 

they reach sufficient size, can consume large quantities of sea urchins of all sizes 

(Chapter 5). It has been postulated that this massive increase in rock lobster density 

EOCH has reduced the local sea urchin popUlation below the level critical for the 

successful recruitment of abalone (Tarr et al. 1996). In view of recent declines in the 

spawner biomass (Moloney 1997, Plaganyi & Butterworth 1997) of abalone (due 

mainly to heavy poaching), any further inroads into future spawning stock by 

reductions in the survival of juveniles becomes critical. 

However, hard data on both the putative increase in rock lobsters in the area EOCH, 

and their ability to control sea urchin populations are lacking. It is with this in mind 
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that four questions are addressed here. Firstly, has the abundance of rock lobsters 

increased substantially in the area EOCH? Secondly, are there any detectable changes 

in the populations of other species there? Thirdly, and if so, can these changes be 

attributed to rock lobsters? Fourthly, if rock lobsters are having a measurable impact, 

what are the ecological implications (e.g. for abalone) and what future management 

options exist? 

Rock lobsters have long been suspected of controlling sea urchin populations. It has 

been suggested that overflshing of the American lobster (Homarus americanus) led to 

rapid increases in the density of urchins (Strongylocentrotus droebachienSis), their 

fOlmation of 'feeding fronts', and the creation of urchin barrens (Mann & Breen 1972, 

Mann 1982). This has also been demonstrated experimentally (Breen & Mann 1976b). 

It was later concluded that spiny lobsters control population densities of the sea 

urchins Strongylocentrotus purpuratus and Strongylocentrotus franciscanus (Tegner 

& Levin 1983), supporting the suggestion of Paine (1969) that rock lobsters are 

'keystone' species. These ideas were disputed by Miller (1985) and later Elner & 

Vadas (1990); consequently few people now accept the original hypothesis proposed. 

More recently, a negative association between the density of New Zealand lobsters 

(Jasus edwardsii) and urchins (Evechinus chloroticus) has been demonstrated 

(Andrew & MacDiarmid 1991). 

Predation by other species also seems capable of controlling urchin abundances 

(Sheibling & Hamm 1991). These include starfish, Pycnopodia helianthoides 

(Duggins 1983), fish (Sala & Zabala 1996) and otters (Estes et al. 1989). There is, 

however, some disagreement over whether or not otters do regulate the urchin 

S. droebachiensis (Himmelman & Steele 1971), as field surveys suggest that otters 

and urchins can live in equilibrium - albeit with the density of urchins lower than in 

areas without otters (Lowry & Pearse 1973). 

Two research groups outside South Africa have mentioned a positive link between the 

densities of sea urchins and those of juvenile abalone, the first working on 

S. franciscanus and Haliolis spp. (Tegner & Dayton 1977) and the second on 
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Anthocidaris crasspina and H. discus discus (Koj ima 1981). In South Africa, Tarr et 

al. (1996) and Day (1998) have both suggested a comparable positive association 

between P. angulosus and H. midae. Both these researchers suggested that juvenile 

abalone gain food and shelter by living under the spiny canopy of sea urchins. Other 

reports usually deal only with adults of urchins and abalone and nearly all suggest that 

there is a negative association between them. This has been shown in California for 

two abalone, Haliotis rufescens and Haliotis walallensis, and the urchin S. purpuratus 

(Lowry & Pearse 1973); and in Australia for Haliotis rubra and Centrostephanus 

rodgersii (Andrew and Underwood 1992). In the latter case, segregation seems based 

on competition for food as a result of their different grazing selectivities 

(Shepherd 1973). For certain other invertebrate species, sea urchins have also been 

shown to be beneficial. Removals of C rodgersii led to an initial increase in the 

abundance of juvenile limpets - which then subsequently declined to levels lower than 

those in adjacent areas with urchins (Fletcher 1987). Perhaps when they are very 

small, the juvenile limpets are eaten by the sea urchins - other urchin species 

(e.g. s. droebachiensis) do contain small gastropods, mussels and barnacles as 

components of their gut contents (Himmelman & Steele 1971). This might explain the 

initial increase in juvenile limpets in the absence of urchins. Once they supersede the 

size range in which they are vulnerable to incidental ingestion by urchins, they may 

become dependent on the urchins. This can be inferred from the work of 

Ayling (1981) who showed that removal of urchins (Evechinus) led to reductions in 

the number of herbivorous gastropods and a subsequent increase in macroalgal 

growth. 

Ecological implications of increases or reductions in sea urchin densities have 

received a lot of attention, particularly in California where harvesting of kelp is a 

valuable industry worth US$50 million in 1988 (Booth 1988). Massive increases in 

kelp bed area were recorded after both large-scale natural urchin mortality (Pearse & 

Hines 1979, Scheibling 1986) and experimental removals from selected areas 

(e.g. North & Pearce 1970, Paine & Vadas 1969, Duggins 1983). Exactly the reverse 

occurs when urchin numbers are very high, as observed under both natural 
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circumstances (Breen & Mann 1976a, Dean el 01. 1984) and when induced 

experimentally (e.g. Ebert 1977, Dean el 01. 1988, Estes el at. 1989). 

This Chapter addresses the questions posed earlier. In addition, and based on the 

literature reviewed above, evidence is sought to test the predictions that: (1) rock­

lobster numbers in the area EOCH have increased over the last 5 to 10 years; 

(2) rock-lobster gut contents from this area will contain few or no sea urchin remains 

(because sea urchins have already been largely eliminated (Tarr el of. 1996)); 

(3) because large rock lobsters (CL > 68mm) eat sea urchins and are able to do so 

voraciously and with few limitations, densities of sea urchins will be strongly 

negatively correlated with those of large rock lobsters; (4) few (if any) juvenile 

abalone will be found outside of the spine canopies of sea urchins and (5) juvenile 

abalone densities will be strongly positively correlated with sea urchin density, and 

will be low in areas where urchins have been eliminated or substantially reduced by 

rock-lobster predation. 

Three approaches were used. First, questionnaire surveys of the oplOlOns of 

experienced recreational rock-lobster fishermen were sought to test if their 

observations support the idea that the rock lobsters have recently increased in number 

EOCH. Second, field surveys were undertaken to explore correlations between sea 

urchins and rock lobsters and to determine if community structure had changed EOCH 

since the putative increase in rock lobsters. Finally, using these data and results from 

earlier chapters, the potential impacts of rock lobsters on sea urchins (and hence on 

juvenile abalone) were modelled. 

2. METHODS 

2.1 Estimation of changes in rock lobster abundance EOCH 

Only a single survey of rock-lobster abundance has been undertaken in the area 

EOCH prior to the putative increase (Field el 01. 1980). In addition to making direct 

comparisons with this, three indirect methods of estimating relative changes in 

abundance were employed. 
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2.1.1. Interviews of recreational fishennen 

A total of 311 interviews of the skippers of recreational rock-lobster fishing boats 

were c3nied out between Cape Hangklip and Hermanus during the I9951l996 

(n = 77) and the 199611997 (n = 234) fishing seasons (Figure 6.1). All the interviews 

were presented in the same way, and the questions asked as shown in Figure 6.2. The 

data gathered included demographic infonnation required for other purposes but 

inelevant here and therefore not considered any further. Only the infonnation received 

from respondents who had been fishing EOCH for at least four years was used in the 

analyses because only experienced fishennen could reliably provide accurate 

perceptions about changes in rock lobster abundance over time. Responses were 

divided into four categories those who felt that rock lobster density had (I) increased 

over the last five years; (2) declined over the last five years; (3) not changed and 

(4) those who did not know or were not prepared to answer the question. 

In an attempt to interview more people, 300 questionnaires were placed on the 

windscreens of vehicles at the four main launching sites between Cape Hangklip and 

Hermanus (Maasbaai, Stony Point, Onrus & Hennanus) on the two weekends either 

side of Christmas during the 199511996 fishing season (the busiest fishing period). A 

shortened, 'cut-out' version of the questionnaire was also published in the Hermanus 

Times, a local newspaper. 

2. 1.2 Recreational landings EOCH 

When each questionnaire was completed, the number of pennits canied by the boat 

was recorded (the maximum legally pennitted is 4) and, where possible, the entire 

catch was measured (to lmm) and sexed. During the two seasons, 3448 rock lobsters 

were measured. Infonnation on the number of permits sold annually and the landings 

of rock lobsters EOCH were obtained from Cockcroft & MacKenzie (1997) and the 

SFRl (unpublished data). 
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University of Cape Town

CRAYFISH CATCH QUESTIONNAIRE 
THIS IS A SURVEY OF RECREATIONAL CRAYFISH FISHERMEN BEING 

CONDUCTED BY THE UNIVERSITY OF CAPE TOWN. IF YOU CATCH 
CRAYFISH, PLEASE COULD YOU COMPLETE THIS CARD AND RETURN IT TO US. 

IF NOT, PLEASE PASS IT ON TO SOMEONE YOU KNOW WHO DOES. 

IN WHICH TOWN DO YOU LIVE? .. . . .. . ...... . . . ......... . " .. . ..... . .. . . . AGE? SEX? 

HOW MANY YEARS HAVE YOU BEEN CATCHING CRAYFISH? 

WHERE DO YOU NORMALLY COLLECT CRAYFISH (BE SPECIFIC)? .. . .... . ... .. . ... . . ..... . ....... . 

FROM WHERE DID YOU CATCH YOUR LAST CRAYFISH (BE SPECIFIC) 

HOW DO YOU COLLECT CRAYFISH? [HOOP NET DIVING J OTHER (SPECiFy) . . .... . .. . .. . .. .. . 

ON WHAT PEA~r;NTAGE OF TRIPS DO YOU OBTAIN YOUR QUOTA? 

DO YOU 1HINIJ THE NUMBERS OF CRAYFISH BETWEEN CAPE 

HANGKL'p AND HERI.lANUS HAS CHANGED IN RECENT YEARS? 

REASONS? ............. .. ...... .. .. . .... .. .......................... " . ....... .. ....... . 

DO YOU THINK THE AVERAGE SIZE OF CRAYFISH BETWEEN 

~[10-30'J, 30-80"' '80'J, I 

I'NCREASED DECREASED NO CHANGE DO~'T K-;OW [ 

I'NCREASED DECREASED NO - ~-;G~L~.~~ 
CAPE HANGKLlP AND HERMANUS HAS CHANGED IN RECENT YEARS? 

WHAT WOULD YOU FEEL ABOUT A COMMERCIAL FISHERY FOR CRAYFISH 

BET WEE N CA P E HAN G K LIP AND HER MAN US? [DEFINITELY NOT NO PROBLEM NO COMM~ 

REASONS? ....... ..... ............................ .. .. ...... . ... . .. .. . ... . .......................... ...... . .. . .... .. . .... .. ... . 

ARE YOU HAPPY WITH THE RECREATIONAL CRAYFISHING REGULATIONS? BAG LIMIT? ~ SIZE LIMIT? 0~J 
DO YOU THINK THESE ARE EFFECTIVE MEASURES FOR THE RESOURCE? ~ 

REASONS? .................... .. .... . .. .... . .. .......... .. ... .. ......... ... ........ .... .. ... ... .. ... .... ...... .. ............... . 

ANY OTHER COMMENTS? 

THANKYOU VERY MUCH FOR YOUR TIME 

Figure 6.2: Rock-lobster questionnaire upon which all the interviews were based. 
'J. 
N 
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2.1.3 Boat launches 

Data on the number of boat launches taking place at Hermanus between 8am and 4pm 

during December weekends for the period 1987 to 1997 were obtained from the local 

Sea Fisheries inspector (Mr C. Duvenhage). 

2.1.4 Direct comparisons with earlier data 

Direct comparisons could be made with an earlier survey in the area, which included 

measures of abundance of foliar algae, rock lobsters, sea urchins and winkles in 1980 

at Bettys Bay (Field et al. 1980). This information was compared with my own recent 

surveys of rock lobsters and sea urchins; estimates of current winkle densities EOCH 

(Dr A Pulfrich, University of Cape Town (UCT), unpublished data); and a measure of 

current macroalgal abundance in Bettys Bay (Dr G Levitt, SFRl, unpublished data). 

2.2 Estimating rock lobster, mussel and sea urchin density and size frequency 

Paired deep (12 - 17m) and shalJow « Sm) reefs at 16 sites from Dassen Island to 

Danger Point (Figure 6.1) were sampled once between December 1996 and January 

1998. J asus lalandii is known to move inshore and offshore at different times of the 

year and sampling was confined to summer, when rock lobsters are concentrated 

inshore, thus ensuring that their migratory patterns did not confound the results. 

Additional non-paired samples were also obtained from Kleinrnond (deep) and Stony 

Point (shallow). Sites West of Cape Hangklip were included because preliminary 

dives indicated few sea urchins EOCH, and it was essential to have sites with 

abundant sea urchins to evaluate relationships between rock lobster and sea urchin 

densities. 

Each survey of each site consisted of two components, carried out using SCUBA. 

First, nine transect lines 26m in length were swum in a haphazard direction and all sea 

urchins and rock lobsters within SOcm either side of the line were counted, and the 

presence or absence of mussels recorded. Each of these counts thus covered an area of 

26m2
• Second, in excess of 100 individuals of sea urchins, mussels and rock lobsters 

(when present) were collected at random and measured to an accuracy of Imm (rock 
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lobsters: carapace length (CL); sea urchins: test diameter (TD); mussels shell length 

(SL)). 

2.3 Estimates of total rock lobster and sea urchin numbers 

The average density of rock lobsters and sea urchins EOCH was detennined using all 

the transect count information. The rock-lobster size frequency distributions for all 

sites EOCH were combined and the proportion of rock lobsters comprising each size 

class calculated. An estimate of the total area of reef between 0 and 15m water depth 

from Cape Hangklip to Danger Point was obtained from van Zyl et al. (1998). This 

value mUltiplied by the average density of rock lobsters and sea urchins on reefs and 

was used as an estimate of the total number of these two species between 0 and 15 m 

EOCH. Using this value relies on the assumption that the rock lobsters are relatively 

resident and would not have migrated between sites over the time span of the survey. 

Data from tagging experiments in other areas suggest very limi ted or no movement 

between fishing grounds (Goosen & Cockcroft 1995), so this assumption is 

reasonable. 

2.4 Rock lobster wet weight - carapace length regression 

Twelve rock lobsters between 65mm and 91 mm CL were measured (CL, to O.lmm) 

and then weighed (to O.Olg). The resulting regression was used to calculate both 

calorific standing stocks (using the conversions of Field et al. (1980)) and rock lobster 

biomass EOCH. Rock lobster carapace length and wet weight were significantly 

linearly correlated over this size range (r = 0.98, df= 11, P < 0.001) and described by 

the equation: 

Wet weight (g) = 8.72 >I< carapace length (mm) . 414.19 ...... (1) 

2.5 Rock lobster diet EOCH 

From the sites surveyed EOCH, up to 30 male rock lobsters (70 - 80rnm CL) were 

retained for gut content analysis. Rock lobster stomachs were extracted and processed 

as already described in Chapters 3 & 4. Briefly, the rock lobsters were anaesthetised 

by submersion in an ice-cold freshwater bath, exsanguinated and the stomachs 
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removed and frozen (-20°C) for further analysis. To determine the diet, stomachs were 

rapidly defrosted, and the contents flushed into a Petri dish. Gut contents were 

assessed visually under a dissecting microscope (8 X magnification) and the 

percentage contribution of each prey species to the total gut volume was estimated 

(after Hyslop 1980, Williams 1981). The frequency of occurrence of each prey item 

(i) was calculated after Berg (1979): 

# stomachs wi th item i 
------------------ ... ------------------ X 100 (2) ...... 

# stomachs examined 

The dietary data from all sites EOCH were combined for the analyses, separated only 

with respect to depth, as from many sites few rock lobster stomachs were obtained 

thus preventing between site diet analyses. 

2.6 Interactions between juvenile abalone and sea urchins 

At sites surveyed between November and March estimates of the relationship between 

the densities of sea urchins and those of juvenile abalone (defined as having a shell 

length (SL) between 3 and 20mm) were obtained using both large (0.25m2) quadrats 

and short (3.5m long) transect lines. This time period was selected because most 

abalone spawn in spring (September, A MacKenzie, SFRI, pers. comm.) and after 

reaching about 2mm in size they move under sea urchins. As their size increases, their 

density decreases to such an extent that selecting a longer time window could have 

biased the results obtained. In each case, the total number of sea urchins was counted. 

They were then all removed from the survey area and all juvenile abalone found 

beneath them counted. Additional cata for Mudge Point, Bettys Bay and Danger Point 

were obtained for the period November 1989 to March 1993 from R. Tarr (SFRI, 

unpublished data); again, only da:a collected between November a."1d March were 

used in the analysis (for the reason giver.. above). Values of sea urchin densities per 

sample were plotted against juvenile abalone density. The resultant plot was analysed 

in three ways. First, the rwming mean for successive blocks of 10 data points was 

calculated (this eliminated the bias for greater spread of data in regions of the plot 

with denser data points, and gave the pattern of mean abalone densities relative to sea 

urchin density). Second, to determine the theoretical density of sea urchins below 
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which no juvenile abalone should be detected, only data points with a sea urchin 

density less than 25m-2 were used. Below this value, densities of sea urchins and 

juvenile abalone were linearly related; above it juvenile abalone densities varied 

tremendously and tended to plateau with increasing sea urchin density. Third, the 

maximum number of juvenile abalone concealed by sea urchins was determined for 

the entire density range of the sea urchins (after Blackburn et al. 1992). Briefly, the 

sea urchin densities were separated into 14 size classes and the maximum density of 

juvenile abalone found within each size class was regressed against the midpoint of 

that size class. Confidence limits (95%) were calculated after Zar (1984). 

To determine the degree to which juvenile abalone are found only under sea urchins in 

the area between Cape Hangklip and Danger Point, a minimum of 42 0.25m2 quadrats 

were counted at each of 10 sites, at less than 4m depth Uuvenile abalone being 

concentrated in the shallows). For each quadrat, the numbers of sea urchins, the 

numbers of exposed juvenile abalone (i.e. abalone not under sea urchins) and the 

numbers of protected juvenile abalone (i.e. abalone found under sea urchins) were 

recorded. Additional data were obtained from Day (1998). 

3 RESULTS 

3.1 Estimates of changes in rock lobster abundance 

3.1.1 Interviews of recreational fishermen EOCH 

From interviews of the recreational fishermen (n = 311), 183 (almost 60%) of the 

respondents had been fishing for more than 4 years EOCH (Figure 6.3). Of these, 106 

(58%) said that over the preceding five years rock lobster numbers in the area between 

Cape Hangklip and Hermanus had increased. In contrast, 23 (13%) responded in the 

negative. Forty-four (24%) respondents had observed no change and 5% of those 

interviewed were uncertain. These figures were consistent between the 199511996 and 

the 1996/1997 fishing seasons. 
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Figure 6.3: Breakdown of the interviewees responses based on (l) the number of years 
they had been fishing, and (2) their response to the question' Do you think the 
numbers of rock lobster between Cape Hangklip and Hermanus has changed in recent 

years?' 
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Forty·one (140/0) of the 300 questionnaires distributed onto motor vehicles at the four 

launching sites were returned. Over 700/0 of respondents had been fishing for more 

than 4 years - and 72% of these stated that the density of rock lobsters in the area had 

increased in recent years. Only 170/0 said numbers had decreased) while 6.80/0 and 

3.40/0 suggested respectively that there had been no change or they were uncertain. 

Setting aside the 'don't know' respondents j and on the null hypothesis that no change 

in rock-lobster abundance has occurred, both sets of data yield significant support for 

the view that abundance has increased (XL = 64.22, P < 0.001 and X1 = 21, P < 0.001). 

The return from the newspaper questioIU1aire was low. Only 11 questioIUlaires were 

returned, of which half the respondents felt the numbers had increased. Four 

respondents thought the density had declined - all citing poaching as the reason for 

this. 

3.1.2 Recreational landings 

A breakdown of the size composition of the recreational catch EOCH from the two 

seasons is presented in Table 6.1. The proportion of the catch from each size class was 

similar in the two seasons. Although just under 40/0 of the rock lobsters measured were 

undersize, about 400/0 of the rock lobsters landed were larger than 89mm CL (the 

current minimwn legal size (MLS) for recreational fishermen is 80mm CL - having 

been reduced from 89mm CL in the 1994/1995 season). Only a small proportion of 

the catch comprised females « 50/0). 

3.1.3 Boat launches 

Recreational boat launchings (a measure of fishing effort) at Hermanus during 

December increased 10 fold from about 10 boats per weekend day to 100 between 

1987 and 1997 (Figure 6.4). From my surveys during the 199511996 season, the 

average number of permits per boat per launching was 3.4 (n = 277). As each pennit 

is legally valid for four rock lobsters per day, and as less than 1 % of fishermen fail to 

fill their bag limit, this equates to about 14 rock lobsters per boat per day. Thus, on an 

average weekend day, about 1400 rock lobsters get landed in Hermanus. Boat 

launches between Cape Hangk1ip and Danger Point can exceed 400 per day (pers. 
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Table 6.1: Size frequency of the recreational catch of rock lobsters by size class 
(males and females combined) for the 1995/1996 and the 199611997 fishing season 
EOCH. 

Rock lobster 1995/l996 1996/1997 
size c(ass (mm) Number Percentage Number Percentage 

<80 24 3.5 107 3.8 
80-84 215 31.6 896 32.4 

85-88 l35 19.9 681 24.6 

89-94 l55 22.8 626 22.6 

95-99 63 9.3 235 8.4 
100-110 78 11.5 184 6.6 

>110 10 1.5 39 1.4 

Totals 680 2768 

% of females (1996/1997) = 4.6% 
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obs.). Multiplying up, this is the equivalent of nearly 5500 rock lobsters landed daily 

(ca. 1.75 tons). The total numbers of recreational permits sold (although not 

specifically limited to the area EOCH) mirrored the pattern of boat launches 

(Figure 6.4). 

3.1.4 Rock-lobster size composition 

From the diver surveys, sizes of rock lobsters EOCH were large in comparison with 

other areas (Figure 6.5). At Bettys Bay and Palmiet (both EOCH), modal sizes were 

respectively 61 and 71 mm CL, and 27% & 44% of the rock lobsters were over the 

commercial minimum size of 75mm. By comparison, data for Sea Point and the Knol 

show modal sizes of 31 and 36mm CL, with zero and 90/0 respectively being over 

75mm CL. 

3.2 Density of rock lobsters, mussels, and sea urchins 

Very few mussels were observed on the transect lines, and then only at sites West of 

Cape Hangklip (Figure 6.6a,b). Considerable differences in the densities of rock 

lobsters. and sea urchins were observed between the 18 sites sampled. Tills was 

especially evident for the shallow sites (Figure 6.6a), but less obvious at the deeper 

depth (Figure 6.6b). From both depth zones, with four exceptions (Knol, Oudekraal, 

Robben Island and Sea Point), all areas with high sea urchin densities also had low 

densities of rock lobsters. However, at all but one of these exceptions (Oudekraal 

deep), sea urchins were abundant only if large rock lobsters were scarce or absent. 

This was even more apparent when both deep and shallow depths were combined and 

the density of sea urchins regressed against the density of large rock lobsters 

(CL > 68mm, Figure 6.7). The decline in the density of sea urchins was defined by a 

power curve as rock lobster density increased (r = -0.498, df = 45, P < 0.001), and 

was described by the equation: 

Density of sea urchins = 3.01 * density of large rock lobsters -0.l97 ...... (3) 

The relationships between the density of all sizes of rock lobsters, or of small rock 

lobsters only, when plotted against sea urchin density, yielded much lower? values 

and were statistically insignificant (Table 6.2). 
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Table 6.2: Values for parameters a and b, degrees of freedom (df), r2 and P values for 
the relationship (y == a >I< x b) relating densities of sea urchins to those of rock lobsters 
of all sizes, small rock lobsters only « 68mm CL) and large rock lobsters only (> 
68mm CL). 

a b df rJ p 

All sizes 9.23 -0.061 45 0.01 > 0.1 

CL <68 5.24 -0.057 45 0.014 > 0.1 

CL>68 3.01 -0.197 45 0.248 < 0.001 
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A similar pattern was obtained when comparing the density of the winkle Turbo 

cidaris and rock lobsters (Figure 6.8) - again, the density of winkles declined rapidly 

(r = -0.332, df = 36, P < 0.05) as the density of rock lobsters increased. In this case 

rock lobsters of all sizes were included in the analysis as van Zyl et al. (1998) showed 

that even small rock lobsters can consume T. cidaris. The relationship was described 

by the equation: 

Density of winkles = 0.535 * density of rock lobsters ·0.314 ....•. ( 4) 

3.3 Comparisons with earlier surveys 

Large changes in the abundance of rock lobsters, sea urchins, winkles and foliar algae 

at Bettys Bay were evident between 1980 and 1997 (Table 6.3). In 1980, rock lobsters 

and algae were absent or rare while winkles and sea urchins were abundant. However, 

in 1997, exactly the reverse situation existed - winkles and sea urchins were almost 

non-existent while rock lobsters had increased dramatically. The most striking change 

was that of foliar algae, which showed an increase from about 10kJ.m-2 in 1980 to 

nearly 8000kJ.m-2 in 1997 (Dr G Levitt, SFRI, unpublished data). This is an 800-fold 

increase. No change in the abundance of mussels was observed. 

3.4 Rock-lobster diet East of Cape Hangklip 

The most conunon prey item consumed by rock lobsters captured at the deep sites was 

sponge remains which were found in nearly 650/0 of stomachs examined (Figure 6.9). 

Rock-lobster and sponge remains were almost equally almost abundant as the most 

important prey items in the gut contents of rock lobsters living in less than five metres 

water depth. Coralline algae, winkles, mussels and sea urchins contributed smaller but 

roughly similar proportions at both depths. The high occurrence of sea urchins in the 

diet (ca. 250/0 of stomachs) is of interest as urchins apparently co-existed with rock 

lobsters at very few of the sites sampled EOCH. Mussels were not recorded on the 

rock lobster grounds there, but were clearly being located and consumed by the rock 

lobsters in spite of being scarce - further evidence of selective feeding on them. 
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Table 6.3: Calorific standing stocks for mussels, rock lobsters, sea urchins, winkles 
and foliar algae at Bettys Bay during 1980 and 1997. 

1980 1997 
Species kJ.m 

·2 Source kJ.m-1 Source 

A. aler 0 Field el al . (1980) 0 This Chapter 
1. lalandii 0 Field el al . (1980) 652 This Chapter 
P. angulosus 118 Field e/ al . (1980) 6.5 This Chapter 
T cidaris 94.75 Field el al . (1980) 9.1 Dr A. Pulfrich, UCT, unpublished data 
Foliar algae 9.8 Field e/ al . (1980) 7917 Dr G. Levitt, SFRl, unpublished data 

169 
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3.5 Relationships between juvenile abalone and sea urchins 

The relationship between the density of sea urchins and juvenile abalone is shown in 

Figure 6.10. The data are dispersed below a line defining a 1: 1 relationship - thus the 

density of juvenile abalone was always below that of sea urchins. The nmning mean 

for abalone density suggested that (l) at low sea urchin densities « 25 - 30 sea 

urchins.m-2
) the mean density of juvenile abalone increased with increasing sea urchin 

density, and (2) that above a density of ca. 30 sea urchins.m-2 mean density of abalone 

is variable but plateaus and does not increase with increasing sea urchin density. At 

low sea urchin densities « 25 sea urchins.m-2
) the mean density of juvenile abalone 

increased significantly with increasing density of sea urchins (r = 0.697, df = 15, 

P < 0.01) and was described by the equation: 

Density of juvenile abalone = 0.373 * density of sea urchins - 1.6 ...... (5) 

This line has an x intercept at 4.29 urchins.m-2 which suggests that below a sea urchin 

density of about 5.m-2
, juvenile abalone will be rare or absent (using a 95% confidence 

interval, their density under this condition was estimated to be 0.27 ± 1.92 juvenile 

abalone.m·2
). The maximum density of juvenile abalone per sea urchin density size 

class increased significantly (r = 0.958, df = 13, P < 0.001) with increasing sea urchin 

density and was described by the equation: 

Maximum density of juvenile abalone = 0.78 * density of sea urchins - 4.75 ...... (6) 

If, instead of plotting the data for all years combined (as in Figure 6.10), each year for 

the period 1989 - 1991 (for which there is sufficient density information for the period 

5 - 7 months following spawning) is separated, then a significant relationship between 

juvenile abalone and sea urchin densities was only detected in the single year of high 

abalone recruitment (Table 6.4). This implies that high densities of sea urchins 

becomes critical in years of good recruitment. 

Distribution of juvenile abalone in the area EOCH was strongly linked to that of sea 

urchins. From 435 quadrats surveyed between Cape Hangklip and Danger Point, 3801 

sea urchins were removed, and a total of 198 juvenile abalone observed (Table 6.5). 

Of these juvenile abalone, only 3 (1.5%) were found outside the spine umbrella of sea 
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Table 6.4: Relationship between juvenile abalone and sea urchin density (based on the 
equation y = <LX + b) for the period March to May in each year following spawning the 
previous September. Recruitment level was taken as ' good' or 'poor' . Data were 
obtained from R Tarr (SFRI, unpublished data). 

Year Recruitment level a b df r P 
in previous year 

1990 GOOD 1.24 -32.88 9 0.838 < 0.01 

1989 POOR 0.98 -40.36 9 0.516 > 0.1 

1991 POOR 0.003 17.14 9 0.008 > 0.1 
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Table 6.5: Sites sampled, mean number of sea urchins per site, standard error (bold), 
total number of exposed juvenile abalone (not under sea urchins) and total number of 
protected juvenile abalone (under sea urchins) for 10 sites EOCH and 6 sites (pooled) 
in False Bay. I indicates data from Day (1998). NO == no data. 

Number of Avg no . of Std Total number Total number 

Site 0.25m 2 sea urchins error of exposed of protected 

quadrats per quadrat abalone abalone 

Cape Hangklip (West) 45 0 0 0 

Cape Hangklip (East) 45 0 0 0 

Maasbaai 40 0 0 0 

Bettys Bay 45 0 0 0 

Mudge Point 45 0 0 0 

Onrus 43 0. 14 0.09 0 0 

Hermanus 46 9.35 12.9 0 77 

Hermanus (Town) 45 31.67 4.6 0 1 

Gansbaai 39 14.53 2.1 2 11 

Danger Point 42 32.81 2.7 1 106 

Totals 435 3801 3 195 

% of total 1.52 98.48 

False Bayl 162 N.D. 40 1532 

% of total 2.54 97.46 
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urchins. Sites with few or no sea urchins also had no juvenile abalone. Data for False 

Bay (West of Cape Hangklip) confirm that the vast majority (97.4%) of juvenile 

abalone occur under sea urchins. 

4. DISCUSSION 

This Chapter is based on four distinct and interleading questions. To recapitulate, 

these are: (I) Have the rock-lobster numbers increased in the area EOCH? (2) Are 

there any detectable changes in the populations of other species there? (3) If so, can 

these changes be attributed to rock lobsters? (4) What are the ecological implications 

and management options? 

4.1 Changes in abundance of rock lobsters EOCH 

Five lines of evidence exist to suggest that rock-lobster numbers (and particularly 

those in the large size class) have increased and remain high EOCH. These include the 

interviews conducted, number of boat launches, the catch rate and catch size 

frequency of rock lobsters caught by recreational fishers, and a direct estimate of the 

density and population size frequency obtained by random sampling. The most 

convincing evidence, however, remains a direct comparison between current and 1980 

rock-lobster abundances in Bettys Bay. 

Taken collectively, the questionnaire respondents and posted returns indicated that the 

majority of interviewees (60%) felt that the rock lobster numbers had increased 

EOCH over the last 5 to 10 years (Figure 6.3). Very few respondents (13%) suggested 

that the numbers had declined and about 22% felt that the numbers were unchanged 

and 5% were unable to comment. Although no negative (or reverse) questions were 

asked, and results from the posted interviews are probably highly biased, the results 

still remain conclusive given the high number of respondents (n = 352). 

Further indirect evidence was also provided when the number of rock-lobster boats 

launched on an average weekend day during December of each year were analysed 



Univ
ers

ity
 of

 C
ap

e T
ow

n

176 

(Figure 6.4). This figure glves an indication of the recreational effort applied to 

fishing this stretch of coastline, and can reasonably be expected to be high when the 

returns (i.e. catch of rock lobsters) are high relative to both costs and to returns in 

other fishing areas. It is unfortunate that Hermanus is the only launching site of seven 

in the area for which reasonably reliable data are available. Even these data are not 

complete, because although the launching site is open 24hr per day, skippers only 

need to purchase a launching ticket during the hours the office is open - 8am to 4pm. 

For many years (up to about 1992) the number of boat launches was reasonably 

constant - at around 20 per weekend day. This number increased dramatically in 1993 

to about 70 boats per weekend day and since then has continued to increase. Today, 

upwards of 200 boats often launch from just this one slipway on a single day. 

The number of recreational rock-lobster permits sold increased at the same rate as the 

number of boat launches which could imply that as more permits are sold, more 

people go fishing in all areas and thus the increase in the number of boat launches at 

Hermanus may just reflect a general increase in recreational activity. However, 

additional comparative information shows that the proportion of the recreational catch 

being landed EOCH as compared to other areas has increased from about 19% in 

199111992 to nearly 45% in the 199411995 season (Cockcroft & MacKenzie 1997). 

This was associated with a reduction in the percentage of the recreational catch landed 

in the other main fishing areas (Cockcroft & MacKenzie 1997) which lie between the 

Knol and Cape Point (Figure 6.1). 

The size frequency of the catch of recreational fishermen EOCH is shown in Table 

6.1. Although a small fraction (c. a. 4%) of the rock lobsters landed were undersize 

« 80mm CL), on average, 42% of the rock lobsters landed were larger than the old 

(pre 199411995) size limit of 89mm CL. Furthermore, the catch rate is much higher 

than between the Knol and Cape Point. EOCH, 80% of nets hauled in November 1997 

contained at least one legal-sized rock lobster (Dr D Schoeman, SFRl, unpublished 

data), and most boats caught their 16 rock lobsters in less than 1hr (pers. obs.). By 

way of comparison, at Kommetjie about 1 in 10 nets contained a legal-sized rock 

lobster, and the average fishing time to catch 16 rock lobsters ranges between 2.5 and 
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3hr (Mrs C Maree, Secretary, Kommetjie Boat Club, pers. comm.). This provides an 

indication of just how productive EOCH is for recreational fishermen, as not only 

were they catching larger specimens, but they were able to do so quickly. 

Although not directly a measure of change in rock-lobster abundance, but definitely 

relevant to the impact of rock lobsters on sea urchins, a comparison was made of the 

size frequencies of the rock lobster populations sampled by divers on the West Coast 

(Sea Point and the Knol) and those EOCH (Bettys Bay and Palmiet, Figure 6.5). Of 

these four sites, only Palmiet lies outside a rock lobster sanctuary, yet the two West 

Coast sites had left-skewed size-frequency distributions and hence very few legal­

sized rock lobsters (average 8.7%). Sites EOCH had a more normally distributed size­

frequency distribution, with abundant legal-sized rock lobsters (average 29%). 

Perhaps, however, the most convincing evidence of an increase in rock-lobster density 

EOCH is obtained by comparing the abundance of rock lobsters currently there to 

their abundance in 1980 (the only available previous data). Unfortunately the early 

data were recorded only as calorific values of rock lobsters, so no direct comparison 

of numbers is possible. Nevertheless, in 1980, the calorific value for J lalandii within 

200m of the shoreline was so low as to be recorded as zero (Table 6.3). In 1997, based 

on the density estimates from the transect lines, random-sample size-frequency 

distributions and the rock-lobster length-weight regression (equation 1), rock lobsters 

achieved a standing stock of 652klm-2
• 

Taken individually, these five lines of information, i.e. the interview responses, the 

boat launches (and their associated success rates), the current rock lobster population 

size frequency and the comparisons of abundance between 1980 and 1997 are 

insufficient to conclusively answer the first question posed. However, all these lines 

of information are complementary and corroborative. Taken collectively, they enable 

the confident conclusion to be drawn that rock-lobster numbers have increased 

substantially EOCH over the last decade. Thus, the initial prediction based on the 

hypothesis originally proposed by Tarr et al. (1996) was upheld by these five lines of 

evidence. 
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Briefly, it is necessary to consider why rock-lobster densities should have increased 

EOCH. Initially it was thought that the observed increase was due to an eastward 

migration only - but data collected here on the size structure (Figure 6.5) clearly show 

recruitment of juveniles is taking place. Perhaps the initial migration was due to food 

requirements - the numbers increased EOCH during the period when growth rates on 

the West Coast began to plummet. However, this explanation is unlikely as the 

preferred food source, mussels, is (and always seems to have been) scarce subtidally 

EOCH (Field et al. 1980). Perhaps the initial migration was more a response to large 

scale changes in climatic and environmental conditions as brought about by the 

199011991 EI Nino event. However, as tagging studies have shown limited large-scale 

migrations an alternative explanation could be that there were a few years of either 

good recruitment or high survival (or both) of rock lobsters EOCH. The ultimate 

cause of the change is thus an open question. 

4.2. Detectable changes in other species EOCH 

Some information on the previous structure of the benthic community at Bettys Bay is 

available (Field et al. 1980). However, since that survey, little other work on 

community structure has been conducted in this area, until 1996 when the current 

project was initiated. Concurrently, information 'on winkles and foliar algae was 

obtained by other researchers (Dr A Pulfrich, UCT & Dr G Levitt, SFRl). Thus the 

only community comparisons that can be made are between the species and groups 

examined in 1980 and then again recently. Table 6.3 lists the changes in their 

abundance (based on calorific values). In 1980, sea urchins and winkles were common 

at Bettys Bay, but in 1997 they were almost non-existent. In contrast, rock lobster and 

foliar algal abundance had escalated to 652 klm-2 and 7917 klm-2 in 1997 

respectively - the latter being almost an 800 fold increase. There was no change in the 

abundance of the ribbed mussel Aulacomya ater, which was absent from the benthos 

during both the 1980 and current surveys. Given that all of these species and 'groups' 

are key organisms capable of modifying community structure and functioning, this is 

powerful evidence that at least over the last 16 - 18 years there have been substantial 

changes in the benthic community at Bettys Bay. 
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4.3. Are the changes attributable to rock lobsters? 

Thus far it has been shown that rock-lobster numbers have changed (increased 

dramatically) EOCH in the last decade or so, and that during the same time period, 

there have been changes observed in benthic community structure. However, whether 

or not the rock lobsters are responsible for these changes must now be considered. The 

first thing that needs evaluation is the diet of rock lobsters EOCH. 

Sponges were by far the most common prey item found in the gut contents of rock 

lobsters collected EOCH (Figure 6.9) - a complete contrast to the diet of specimens 

collected on the West Coast, where mussel remains were overwhelmingly dominant 

(Chapter 4, Figure 4.4). Coralline algae and rock lobster remains were also common 

EOCH, while barnacles were rarely consumed compared with the situation on the 

West Coast. Of further interest here though, is that almost 15% of stomachs examined 

contained winkle remains (either Turbo cidaris or Oxystele sinensis). Although 

J lalandii is capable of feeding on these winkles in captivity (van Zyl et al. 1998) this 

is the first time that winkle remains have been reported in the natural diet of this rock 

lobster species. Possibly it reflects their greater abundance EOCH relative to the West 

Coast (Anderson et al. 1997). 

Sea urchin and mussel remains were ~ommon in the gut contents of rock lobsters from 

both shallow and deep stations sampled, occurring in almost 30% and 20% of 

stomachs examined respectively. Furthermore, they were ubiquitous in the gut 

contents across all the sites. This is in complete contrast with what was predicted, 

given that at most of the sites sampled, sea urchins (and mussels) were rare to non­

existent (Figure 6.6a,b). During their diving surveys in early 1995, Tarr et al. (1996) 

reported finding only 20 sea urchins at Mudge Point - 10 of them in the claws of rock 

lobsters. Rock lobsters have already been shown to be selective foragers (Chapters 4 

& 5) and the results obtained here support that conclusion - even in the near absence 

of sea urchins and mussels, these prey are still being eaten frequently. The question 

remains though, as to where rock lobsters are obtaining sea urchins and mussels when 

they are apparently so rare in the benthic communities. Sea urchins (and juvenile 

abalone) are still common in very shallow wave-exposed areas (and low intertidal 
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rock pools) EOCH (pers. obs. & Tarr et al. 1996). This is probably because such areas 

are usually unsuitable for foraging rock lobsters (Zoutendyk 1988a,b) due to 

underwater turbulence. However, as most of the sampling coincided with calm sea 

conditions under which rock lobsters could have foraged in the very shallow subtidal 

« 1 m), rock lobsters may have been moving inshore at night during high tide to feed 

on the few remaining sea urchins which are now confined to the relative safety of 

turbulent waters. Given that rock lobsters EOCH naturally consume winkles and sea 

urchins, it is now possible to examine rock lobster effects on their population 

distribution. 

When considering the densities of sea urchins and rock lobsters at the deep and 

shallow sites there was an underlying negative association between the density of rock 

lobsters (all sizes) and sea urchins (Figure 6.6a,b). Areas with a high density of rock 

lobsters usually had a low density of sea urchins, and vice versa. There were, 

however, four exceptions (The Knol, Oudekraal, Sea point and Robben Island) and the 

reasons why these sites contrasted with the general pattern will be explained later. 

Such a negative association between lobsters and urchins has, to my knowledge, only 

once previously been reported with substantial data - namely between Jasus edwardsii 

and Evechinus chloroticus (Andrew & MacDiarmid 1991). Other authors have, 

however, reported almost anecdotally that high predator abundance is correlated with 

low urchin numbers, with the reverse (i.e. low predator, high prey) also being true for 

both lobsters (e.g. Mann & Breen 1972, Breen & Mann 1976a, Elner & Vadas 1990) 

and otters (Lowry & Pearse 1973). 

However, the question of whether rock lobsters are in reality having a significant 

effect on sea urchins still remains unanswered. In laboratory experiments, only Jasus 

lalandii larger than 68mm CL killed any sea urchins, although above this size rock 

lobsters were able to kill sea urchins of all sizes (Chapter 5, Figure 5.1). Bearing this 

in mind, the analysis of the relative densities of sea urchins and rock lobsters was 

done using the density values for large rock lobsters (CL > 68mm) only. Using these 

parameters, the density of sea urchins declined along a power curve relationship 

(equation 3) as the density of large rock lobsters increased. When this analysis was 
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repeated uSing all sizes of rock lobsters or small rock lobsters only, insignificant 

results were obtained (Table 6.2). Furthermore, the relationship with large rock 

lobsters suggests that above a density of roughly 0.2m-2 (i.e. I large rock lobster per 

5m2 of reef), very few (if any) sea urchins will survive (Figure 6.7). The question 

mentioned earlier of why Robben Island, Sea Point, Oudekraal and the Knol are 

different to the general trend can now easily be answered - except for Oudekraal (deep 

reef) these sites have extremely low densities of large rock lobsters. Perhaps more 

importantly, at all of these sites, mussels are still available as a food source 

(Figure 6.6a,b). Mussels have already been shown to be the preferred prey source both 

from gut content analyses (Chapters 3 & 4) and in laboratory feeding trials 

(Chapter 5). 

Several asswnptions are inherent in this sea urchin - rock lobster density relationship. 

The first of these is that sea urchin and rock-lobster densities are related to one 

another, and not to some other (Uluneasured) factor. It is appreciated that the negative 

correlation between rock lobsters and sea urchins does not necessarily imply a cause 

and effect. Elner & Vadas (1990) have previously disproved a putative link between 

lobsters, urchins and kelp along the North American Atlantic coastline and have 

cautioned against correlations as proof of relationship. However, in the present case 

there are several lines of evidence supporting this assumption. Rock lobsters do feed 

on sea urchins in the wild as indicated by their gut contents. My laboratory 

experiments show that rock lobsters readily consume sea urchins provided they are 

above the critical size (68mm CL). The rate of consumption, when combined with the 

density of rock lobsters EOCH suggests that they are easily capable of decimating sea 

urchin populations. Finally, the experimental work of Barkai & Branch (1988b) has 

shown that, when it occurs at high densities, 1. lalandii is capable of completely 

transforming benthic community structure including the near elimination of mussels 

and sea urchins. The negative correlation demonstrated here between the two species 

could be pursued experimentally by the use of field exclusion and inclusion cages. 

Fisheries scientists are independently planning to do this. 
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The second assumption is that the laboratory studies can be extrapolated to the field -

this seems reasonable in the light of the fact that rock lobsters do regularly feed on sea 

urchins in the field. The fmal assumption is that the relationship described in Figure 

6.7 is a general one. As this curve is based on numerous data points lying on the axes, 

this third assumption is not entirely robust, but the relationship still provides strong 

qualitative evidence for the relationship even if its quantitative capabilities are limited. 

There is no doubt that rock lobsters are predators of sea urchins, and on the basis of 

the negative correlation between the two, it seems that large rock lobsters are having a 

profound and controlling impact on sea urchin distribution and abundance EOCH. 

Thus the prediction made earlier concerning the relationship between sea urchin 

density and large rock-lobster density was upheld. Further, although not 

demonstrating cause and effect, the relative abundances of sea urchins and rock 

lobsters are, suggestively, the reverse today of what they were in 1980 (Table 6.3). 

The density of T. cidaris also declined as the density of rock lobsters of all sizes 

increased, in a relation described again by a power curve (Figure 6.8). As with the 

relationship between sea urchins and large rock lobsters, the density of winkles was 

extremely low above a certain rock-lobster density - in this case about 1 rock 

lobster.m·2. The abundance of these grazers is clearly negatively associated with the 

abundance of rock lobsters. Again this curve has limited predictive capabilities for the 

same reasons as highlighted above - but, as before, it provides good qualitative 

evidence of a negative relationship. 

Thus, the third question has been answered. The changes in population structure (of at 

least sea urchins and winkles) can very probably be attributed to rock lobsters. They 

are negatively correlated; rock lobsters do consume both sea urchins and winkles (in 

the field and in the laboratory); and the increase in rock lobsters EOCH has coincided 

with declines in both sea urchins and winkles. Reductions in the density of grazers (of 

which sea urchins and winkles are the most important in the subtidal benthos) are very 

likely to have led to the proliferation of foliar algae. In rigorous field experiments, 
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Day (1998) has shown that exclusion of benthic invertebrate grazers enhances foliar 

algae whilst leading to a reduction in encrusting corallines. 

What then are the associated ecological implications, and how can this situation best 

be managed? 

4.4 Ecological implications and management options 

There is a strong relationship between juvenile abalone and sea urchins. Rigorous 

field experiments have demonstrated that removal of sea urchins leads to the complete 

collapse of juvenile abalone (Day 1998). Furthermore, in surveys of 162 quadrats in 

False Bay between Cape Point and Millers Point in 1995, Day (1998) observed almost 

no juvenile abalone « 3%) outside the protection of the spiny canopy of sea urchins 

(Table 6.5). The data collected here support these findings. In the 435 quadrats 

sampled between Danger Point and the western edge of Cape Hangklip, only 3 (1.5%) 

of the 198 juvenile abalone were found anywhere other than under the spines of sea 

urchins (Table 6.5) - and all three were completely surrounded by sea urchins. 

Furthermore, sites with no sea urchins also had no juvenile abalone. Sea urchins were 

only observed East of Onrus - an area that has a lower rock-lobster density than the 

region between Onrus and Cape Hangklip (Figure 6.6a,b). Thus the prediction was 

upheld - few juvenile abalone were found outside the spine canopy of the sea urchins. 

There was no relationship between the mean density of juvenile abalone and the 

density of sea urchins once the sea urchins exceeded about 25 - 30.m-2 (Figure 6.10). 

Above this, there was no further increase in the density of juvenile abalone with 

increasing sea urchin density (average 12.3 juvenile abalone.m-2
). However, the 

density of sea urchins was always considerably greater than that of juvenile abalone 

(the data lie well below a 1: 1 relationship). In other words, each sea urchin sheltered, 

on average, less than one juvenile abalone. High densities of sea urchins will probably 

be particularly important in years of good abalone recruitment because the availability 

of sea urchins may well then be the factor limiting juvenile survival. Line 'a' on 

Figure 6.10 reflects the relationship expected in years of excellent settlement. In years 

of poor abalone recruitment, urchin density is probably irrelevant to survival of 
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juvenile abalone provided it is above the threshold necessary to meet their needs. This 

situation is reflected by the line showing the average running mean in Figure 6.10. In 

years when abalone recruitment is high, however, the correlation between the two 

species extends over the full range of sea urchin densities and becomes much more 

significant (Table 6.4), supporting the initial prediction. 

Even if one pools the data to obtain an overall picture for several years, juvenile 

abalone densities remain correlated with sea urchin density, but only at densities less 

than 25 - 30 sea urchins.m·l (equation 5) thus still upholding the initial prediction. 

Solving equation 5 for y = 0 (i.e. density of juvenile abalone equals zero), yields an x 

value of 4.29 sea urchins.m·2
. This value of 4.29 corresponds to the point 'a' on Figure 

6.7. Rounding this up to 5 sea urchins.m-2
, equates to 0.27 ± 1.92 juvenile abalone.m-l 

(thus a range from 0 to 2.2 juvenile abalone.m-2
, 95% confidence interval). 

Substituting 5 for y in equation 3, indicates that this minimum density of sea urchins 

occurs at a density of large rock lobsters (>68mm CL) of 0.08.m-2
• Thus, it is 

predicted that at rock-lobster densities greater than this, there will probably be 

insufficient sea urchins to support even a single juvenile abalone. Of course other 

factors need to be considered - sea urchins may not be the only limiting factor 

(i.e. survival of juvenile abalone is almost undoubtedly dependant on at least one 

other factor), nor are rock lobsters likely to be the only predators on sea urchins. Both 

of these complications will, however, only further reduce survivorship of juvenile 

abalone. 

It is common knowledge that the survival rate of recruits into juveniles and juveniles 

into adults for most species is extremely low. For H. midae, natural mortality (M) has 

been tentatively estimated at 0.05y(1 (Moloney 1997). Juvenile abalone require about 

8 years to reach harvestable size (Newman 1968, Tarr 1995). Substituting M = 0.05, t 

= 8 and No = 0.27 into the logistic decay function (Nr = No * exp-M\ where 

No = number at start, Nr = number at time t and t is the time interval), predicts that 

after 8 years, the initial number of 0.27 juvenile abalone.m-2 will have declined to 

0.18 adult abalone.m-2
• This is a higher value than the density of legal-sized abalone in 

currently commercially exploited areas (0.15 abalone.m-l
, SFRI, unpublished data). 
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However, adult stocks are in continual decline with poaching adding to the problem 

(A. MacKenzie, SFRl, pers . comm.). 

Juvenile abalone occur predominantly in shallow water, usually less than 5m 

(Day 1998). Based on the transect line data (Figure 6.6a,b), the current mean sea 

urchin density in the depth zone 0 - 5m between Cape Hangklip and Gansbaai is only 

1.65 urchins.m-2 (n = 106 transects; - 2700m2
) . This is half the minimum sea urchin 

density (4.29 sea urchins.m-2
) required to support any juvenile abalone and about three 

times smaller than the estimated density of sea urchins needed to maintain the current 

adult stocks. The prognosis is, however, much better East of Hennanus, where in 

shallow waters « 5m) the mean density of sea urchins is 30.5 sea urchins.m-2
• The 

importance of sea urchins to juvenile abalone is further confinned by analysis of the 

field data - sites at Hermanus and eastwards, where rock lobsters are scarce in the 

shallows and sea urchins still common, were the only ones EOCH at which juvenile 

abalone were found (Table 6.4). 

Even if settlement of abalone larvae may be high between Cape Hangklip and 

Gansbaai because the brood-stock is concentrated there, given that there are currently 

few sea urchins there, it is likely that the survival rate of the resultant abalone 

juveniles will be extremely low. Low sea urchin densities and failure of abalone 

recruitment became a feature of this area in about early 1995 (Tarr et al. 1996). As 

abalone take approximately 8 years to attain the minimum legal size of 114mm shell 

length, it is probable that there will be very few abalone of harvestable size available 

to the commercial industry in about the year 2004. Even this may be an optimistic 

prediction - with the current high poaching levels, the increasing recreational sector 

and the additional harvesting that may attend the introduction of ' subsistence' fishing 

permits, adult stocks and even pre-reproductive stocks may be reduced rapidly, and 

will not be replaced. Fewer adults leads to fewer larvae, and with a low probability of 

survival of both settlers (see Day 1998) and juveniles in the absence of sea urchins, 

abalone may soon become severely threatened. 
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However, the scenario could get even worse. The average density of sea urchins 

between Cape Hangklip and Danger Point was estimated at 4.2 sea urchins.mol
. As the 

total area of reef is 48km2 (van Zyl et al. 1998), the total number of sea urchins in this 

area is estimated to be 2 x 108
. The total number of large rock lobsters in the same 

area was estimated to be 16.3 x 106
. Rock lobsters consumed on average 6.1 sea 

urchins. rock lobste(l.dayOI during the laboratory experiments (Chapter 5). Thus if rock 

lobsters were to focus only on sea urchins, the total stock of sea urchins could be 

eliminated in just 12 days. Of course, a proportion of the sea urchins will remain 

unavailable to rock lobsters in turbulent areas. The point is that all sea urchins below 

I m water depth could easily be eliminated - and, like the abalone, not replaced. 

From the running average presented in Figure 6.1 0, perhaps the minimum density of 

sea urchins needed to achieve replenishment of adult and sub-adult abalone stocks is 

at least 30 sea urchins.mo2
• Beyond this value, no increase of juvenile abalone density 

with increasing sea urchin density was recorded under average conditions of 

recrui tment. 

What are the management options? One possibility is to re-supply the area with sea 

urchins, or sea urchins together with juvenile abalone. Another approach could entail 

the harvesting of abalone and rock lobsters simultaneously, including the possibility 

of introducing commercial harvesting into this area (which is currently closed to this 

sector). Finally, the system could simply be left alone in the hope that the balance will 

naturally swing back again. 

Stock enhancement has been considered for the Californian red sea urchin 

(Strongylocentrotus franciscanus), which was diminished by overfishing 

(Tegner 1989). Abalone re-seeding has long been investigated in South Africa (Cook 

& Sweijd in press), Japan (Saito 1979, Kojima 1981) and in many other areas of the 

world (see Emmett & Jamieson 1989, Schiel 1992, Gaffney et al. 1996). Most 

attempts have yielded limited success, but recent re-seeding of juvenile abalone in 

South Africa has been promising (Cook & Sweijd in press). 
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However, before stock enhancement of sea urchins ancIJor abalone even becomes an 

option EOCH, the rock lobster density will need to be reduced - given both their 

consumption rates of sea urchins and their selection of small abalone in preference to 

sea urchins (Chapter 5). The predicted maximum density of large rock lobsters that 

will allow the survival of even a few (maximum 2.2) juvenile abalone.m-2 was 

0.08 rock lobsters.m-2 (equation 3 and Figure 6.7). Based on the transect lines, the 

current rock lobster density (CL > 68mm) between Cape Hangklip and Gansbaai is 

0.23 rock lobsters.m-2 « 5m depth). Thus, for a re-seeding programme to have even 

minimal effect, the current density of large rock lobsters must be more than halved. 

This would require an estimated harvest of 8_1 million large rock lobsters, the 

equivalent of around 2450 tons. However, even halving the density of large rock 

lobsters and re-seeding the area with sea urchins and abalone will have little effect on 

improving the future of the abalone industry, because very much more than the 

minimwn levels of juveniles are needed to facilitate stock recovery. The abalone 

industry will only benefit if the density of large rock lobsters is reduced to a level low 

enough to enable sea urchin densities to increase to about 30 sea urchins.m-2
• The 

predictive capabilities of equation 3 are too limited to make this calculation precise. 

However, what is obvious is that more than 2450 tons of rock lobsters would need to 

be harvested initially. Bearing in mind the limitations of the equations already 

highlighted, several possible scenarios are presented in Table 6.6. The most striking 

thing to emerge is that for a wide range of possible densities of abalone juveniles, 

reductions of between 4381 and 4860 tons of rock lobsters will need to be removed. 

To achieve this may not only be impractical, but it would also be a very questionable 

goal. The rock lobsters themselves are a valuable resource that should be harvested 

sustainably, and not simply slashed by the radical amounts that seem necessary to 

allow recovery of the abalone stocks. Until more accurate estimates are available for 

the rock-lobster stock EOCH, it will be impossible to set a meaningful T AC. 

Perhaps the most appropriate approach will be to harvest abalone and rock lobsters 

simultaneously. As South Africa is entering a new era in marine fisheries 

management, the urchin-abalone-lobster scenario EOCH may provide a useful test 

case for the future. A new fisheries policy has just been drafted into law (The Marine 
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Table 6.6: Scenarios for the minimum initial harvests of rock lobsters (tons) required to ensure survival of different densities of juvenile abalone. 
(1) Possible initial densities of juvenile abalone.m-2_ (2) resultant number of abalone_m-2 surviving after 8 years of growth (based on the logistic 
decay function); (3) Minimum densities of sea urchins.m-2 required to support the juvenile abalone specified in (I), as obtained fr0111 Equation 6. 
(4) Maximal densities of rock lobsters that may occur in the area without reducing the sea urchins below the level in (3), calculated from 
Equation 3_ (5) levels to which the present rock-lobster population (O.23_m-2) needs to be reduced to achieve the densities given in (4). (6) 
Minimum numbers of rock lobsters (expressed in millions) that will need to be ha:rvested to achieve this reduction, based on the approximation 
that the current population is 16.2 million. (7) Equivalent biomass (tons) that will need to be harvested assuming that the average mass of a 
'large' legal-sized rock lobster is 300g. The current density of legal-sized abalorie is underlined (SFRl, unpublished data). 

(I) maximum # of (2) estimated tI of (3) minimum # of (4) maximum rock (5) reduction (6) minimull1 harvest (7) minimum harvest 

juvenile abalone legal-sized abalone.m ·2 sea urchins required lobster density required millions tons 

0.2 0. 13 6.35 0.0227 1/10 14.6 4381 
0.22 0_15 6.37 0.0222 1110 14.6 4391 
0.4 0.27 6.60 0.0185 1/12 14.9 4468 
0.6 0.40 6.86 0.0153 IllS 15.1 4537 
0.8 0.54 7.12 0.0127 1/18 15.3 4592 

0.67 7.37 0.0106 1/22 15.5 4636 
2 1.34 8.65 0.0047 1/49 15.9 4761 
5 3.35 12.50 0.0007 1/317 16.1 4845 
10 6.70 18 .91 0.0001 1/2589 16.2 4858 
20 13.41 31 .73 0.0000 1/35825 16.2 4860 
40 26.81 57.37 0.0000 11724202 16.2 4860 

...... 
00 
00 
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Living Resources Bill), and the goals include (1) redistribution of resources to 

broaden access to new entrants, (2) consideration of 'subsistence' fisheries and 

(3) resource co-management. All of these things could be addressed here. There is no 

commercial fishery for rock lobster EOCH. Thus the door is wide open for the 

resource to be allocated for commercial harvest by the local communities, many of 

which are poverty stricken and have subsisted on fishing for decades. However, to 

achieve successful management of resources needs not only a consideration of social 

and economic demands, but biological demands as well (Langton et al. 1996). A 

package deal with quotas for abalone and rock lobsters seems appropriate - with 

T AC' s set at an as yet undetetmined but sustainable level. Organisation of the 

commlU1ities into groups, co-operation between these groups, and the establishment of 

a system of co-management between these communities and the Sea Fisheries 

Research Institute could go a long way to stabilising harvests, reducing poaching and 

developing legitimate trade and controls. This will be especially true if the package is 

sufficiently attractive and penalties for poaching are made stricter and (most 

importantly) enforced. 

A final possibility is just to leave the situation as it is and to monitor it closely. This is 

of particular relevance given the fact that even if the rock lobster numbers are reduced 

and re-seeding is an option~ there is no guarantee that the situation will return to the 

community structure of the 1980's. The current increase in rock lobsters EOCH is not 

necessarily a new phenomenon. Hermanus was the port for a lucrative commercial 

rock-lobster fishery in the 1960's (Dr D Schoeman, SFRl, pers. comm.). Furthermore, 

there is no evidence to suggest that the current influx of rock lobsters is anything but 

natural. 

On a different note, a brief consideration of the winkles is required. Winkle densities, 

like those of the sea urchins, were negatively associated with rock-lobster densities. 

Low winkle abundances « I winkles.m-2
) occurred at (total) rock lobster densities 

greater than 0.7.m-2
• The reason underlytng such a strong relationship between these 

two species is evident in results from laboratory feeding experiments. Extrapolations 

from these data suggest that if the existing population of J lalandii between 
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Hermanus and Cape Hangklip focused on winkles as their sole prey item, they would 

consume the existing standing stocks of Turbo cidaris and Oxystele sinensis in 7.1 

and 2.2 days respectively (van Zyl et al. 1998). In the field, rock lobsters are major 

predators of winkles (this chapter) and they clearly have the potential to strongly 

influence their population structure. 

The issuing of an experimental pennit (Dr A Pulfrich, UCT, pers. comm.) for the 

exploitation of T. cidaris between Mooihawens and Danger Point may have been 

premature. Apart from the potential for rock lobsters to consume the entire standing 

stock of this species in a few days, the current rock lobster density (considering all 

sizes, and both depth zones) in this area is 0.54 rock lobsters.m,2. Equation 4 predicts 

that this will be associated with a winkle density below 0.8 winkles.m'2. This is an 

extremely low density of winkles, and any commercial harvest would lead rapidly to 

economic overexploitation. This becomes even more serious when one considers that 

the winkles have a clumped distribution, with the overall density being about 

0.06 winkles.m,2 (Dr A Pulfrich, UCT, unpublished data). In addition, the removal of 

large numbers of these important grazers, coupled with reductions in sea urchin 

densities, could have important side effects on foliar algae and kelp. Already in areas 

where grazer densities are low, a massive increase in the abundance of foliar algae has 

occurred, for example at Bettys Bay (Table 6.3). Here, foliar algae increased from 

about 10 to nearly 8000kJ.m,2 between 1980 and 1997. At other sites which have low 

grazer abundances, the growth of foliar algae was not quite so prolific, but an 

unidentified microalgal 'fuzz' growing on the reefs and the sloughing of large slabs of 

encrusting coralline algae are consistent features of the substratum (pers. obs.). These 

changes are not unique - many authors have documented rapid algal growth in the 

absence of grazers (e.g. North & Pearse 1970, Paine & Vadas 1969, Pearse & 

Hines 1979, Scheibling 1986, Duggins 1983), usually with succession back to mature 

kelp beds (Paine & Vadas 1969, Scheibling 1986). Perhaps, then, the kelp beds EOCH 

will show rapid expansion in the next few years, as reported from California after the 

decline of sea urchins (Pearse & Hines 1979). However, of more serious consequence 

here is that these grazers (especially winkles) are important for maintaining encrusting 

coralline algae free of foliar algal overgrowth (Day 1998). 'Clean' coralline algae are 
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essential for the successful settlement of abalone larvae (Tarr 1989). In the light of 

this evidence, it seems to have been a sensible move for the SFRI to have recently 

repealed this penni t. 

Conclusion 

Several lines of qualitative and quantitative evidence indicate that rock-lobster 

numbers EOCH have increased over the last 5 - 10 years, supporting the proposal of 

Tarr el al. (1996). This evidence was obtained from rock-lobster density and size 

frequency estimates, questionnaires, an index of fishing effort and comparison with an 

earlier survey. At the densities now recorded EOCH, rock lobsters have the potential 

to profoundly influence the population abundances of both sea urchins and winkles. 

The abundance of juvenile abalone was tightly linked to that of sea urchins and it was 

estimated that a sea urchin density below about 4.29 sea urchins.m-2 would lead to the 

demise of most juvenile abalone. This will occur when large rock lobsters exceed a 

density of a.08.m·2, a value weI I below half that of the current density EOCH. 

However, to allow recovery of sea urchins to a density that will support a sufficient 

number of juvenile abalone to promote recovery of abalone stocks, even further 

reductions in the rock-lobster density will be required. Low densities of grazers are 

probably resulting in the large increases of macro-algae observed at Bettys Bay and 

both the development of microalgal 'fuzz' and mass die-offs of coralline algae at this 

and other sites with high rock-lobster densities. This further contributes to the plight 

of the abalone, as 'clean' encrusting algae are essential for abalone settlement 

(Day 1998). It is recommended that rock lobsters and abalone tOCH be commercially 

harvested sustainably, and preferably together, primarily by local communities in an 

arrangement of co-management with the Sea Fisheries Research Institute. 
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GENERAL CONCLUSIONS 

This thesis has focused on two aspects of rock-lobster predation. In the first instance, 

the relationships between rock-lobster diet, growth rates and food availability were 

investigated. In the second, the influence of rock lobsters on sea urchin population 

density and the ripple effects through to juvenile abalone were elucidated and 

modelled. 

Both of these thrusts required an accurate knowledge of rock-lobster diet. It was for 

this reason that the first part of the thesis encompassed a review of techniques 

available for diet analysis and the development and testing of a new non-visual 

technique to detennine the diet of Jasus lalandii. This ELISA approach based on 

immunoassay techniques appeared promising from the literature review and from the 

early experiments. Species-specific antisera were developed against 26 different prey 

species, and cross-reactions reduced below 4%. Despite this early success, application 

of the technique to detennining the diet of 1. lalandii failed, principally because high 

quantities of digestive enzymes prohibited binding between the antigen and antibody 

in the micro wells of the ELISA plates. This finding, while preventing the 

development of a new, potentially more accurate tool for the assessment of the diet of 

rock lobsters, is of scientific interest in its own right. 

Because studies linking growth rate, rock-lobster diet and food availability requIre 

standardisation for concrete conclusions to be drawn, factors which could have 

influenced those results were examined. Although rock-lobster diet varied 

considerably with rock-lobster size - from a diet comprising mostly mineral 

constituents to one comprising mainly proteinacious constituents, limited differences 

in diet were recorded over the moult cycle or at different capture depths. 

Rock lobsters captured at eight sites (5 slow-growth, 3 fast-growth) were collectively 

conswning similar prey species in similar pr.::>portions. Further analysis showed few 

differences between fast- and slow-growth sites on the basis of gut fullness or the 

proportion of the population feeding. A more intense survey focusing on just four sites 
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(two for juvenile and two for adult rock lobsters) was conducted. At each site, rock­

lobster diet and food availability were determined simultaneously. The results of this 

analysis showed rock lobsters to be consuming similar proportions of the same prey 

despite vast differences in the benthic community composition. Hence, it was 

concluded that relative availability of prey in the benthos was ~he most likely 

cause of the current slow growth rate. While dietary composition and gut fullness may 

be similar in areas of fast and slow growth, the availability of profitable food is 

substantially less in areas of slow growth. Possibly the time and energy devoted to 

obtaining food is correspondingly greater, and the consequent reduction in profit may 

cause slow growth. 

Rock lobster predation on sea urchins in the laboratory showed (I) that small rock 

lobsters ate no sea urchins, and (2) that all large rock lobsters (CL > 68mm) were 

capable of at least partially consuming all sizes of sea urchins - but they all 

preferentially ate small sea urchins when given a choice. Average size of sea urchin 

consumed increased with rock-lobster size, but the average number of sea urchins 

consumed per rock lobster per day did not vary with rock-lobster size. Rock lobsters 

showed a preference for mussels over all other prey tested, and for juvenile abalone 

over sea urchins. 

Rock-lobster numbers were shown to have increased substantially over the last 10 

years East of Cape Hangklip (EOCH). In this area, and over the same time period, the 

numbers of winkles, sea urchins and juvenile abalone have declined while the 

abundance of algae has increased dramatically. Rock lobsters were shown to be 

capable of influencing the population density of sea urchins and winkles. Juvenile 

abalone rely on sea urchins for shelter. The minimum density of sea urchins required 

to support 1 juvenile abalone.m·} was estimated to be 5 sea urchins.m·l
. It was 

estimated that this required a large rock lobster density of less than 0.08.m·}. The 

current large rock lobster density EOCH is 0.23 rock lobsters.m·2
. Thus to ensure 

survival of abalone, the current rock-lobster density needs to be more than halved. To 

enhance the currently depauperate commercially exploitable abalone stocks, a much 

greater reduction in rock-lobster density will be required. 
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It was recommended that rights for commercial exploitation of rock lobsters (in 

conjunction with abalone) be offered to poverty-stricken local communities along the 

Cape South Coast. This approach should be successful if (1) the rewards are high; 

(2) poaching is reduced (by increasing and issuing fines) and (3) community 

participation and co-management can be implemented with the Sea Fisheries Research 

Institute. Future avenues which should be explored include (1) determining the diet of 

J lalandii from depths greater than SOm; (2) assessing the diet of small (CL < 40mm) 

and female rock lobsters (both completely ignored here) and (3) long-term laboratory 

feeding experiments to test the hypothesis developed here that different levels of time 

and energy expenditure can result in observed differences in growth rate. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

References 



Univ
ers

ity
 of

 C
ap

e T
ow

n

195 

REFERENCES 

An, H., Klein, P.A, Kao, K-J., Marshall, M.R., Otwell, W.S. & Wei, C-1. 1990. 
Development of monoclonal antibody for rock shrimp identification using enzyme­
linked immunosorbent assay. J Agric. Food Chem., 38:2094-2100. 

Anderson, R.J., Carrick, P., Levitt, G.J. & Share, A 1997. Holdfasts of adult kelp 
Ecklonia maxima provide refuges from grazing for recruitment of juvenile kelps. Mar. 
Eco!. Prog. Ser., 159:265-273. 

Andrew, N.L. & MacDiarmid, AB. 1991. Interrelations between sea urchins and 
spiny lobsters in northeastern New Zealand. Mar. Eco!. Prog. Ser., 70:211-222. 

Andrew, N.L. & Underwood, A.J. 1992. Associations and abundance of sea urchins 
and abalone on shallow subtidal reefs in southern New South Wales. Aust. J Mar. 
Freshwater Res., 43: 1547-1559. 

Arnold, P.L, Serafy, J.E., Clarke, M.E. & Schultz, D.R. 1996. An immunological 
study of predation on hatchery-reared, juvenile red drum (Sciaenops ocellatus, 
Linnaeus): description of an ELISA and predator-prey studies in nature. J Exp. Mar. 
Bioi. Ecol., 199:29-44. 

Aurioles, D., Fox, c., Sinsel, F. & Taros, G. 1984. Prey of the California sea lion 
(Zalophus californianus) in the bay of La Paz, Baja California Sur, Mexico. J 
Mammol., 65(3 ):519-521. 

Ausubel, F.M., Brent, R., Kingston, R.E., Moore, D.D., Seidman, J.G., Smith, J.A & 
Struhl, K. 1994. Current protocols in molecular biology. Volume 2. John Wiley and 
Sons, Inc., USA 

Ayling, AM. 1981. The role of biological disturbance In temperate subtidal 
encrusting communities. Ecology, 62(3):830-847. 

Baden, S.P., Pihl, L. & Rosenberg, R. 1990. Effects of oxygen depletion on the 
ecology, blood physiology and fishery of the Norway lobster, Nephrops norvegicus. 
Mar. Ecol. Prog. Ser., 67:141-155. 

Baldwin, B.S. & Newell, R.LE. 1991. Omnivorous feeding by the planktotrophic 
larvae of the eastern oyster Crassostrea virginica. Mar. Eco!. Prog. Ser., 78:285-301. 

Barkai, A. & Branch, G.M. 1988a. Energy requirements for a dense popUlation of 
rock lobsters Jasus lalandii: novel importance of unorthodox food sources. Mar. Eco!. 
Prog. Ser., 50:83-96. 

Barkai, A. & Branch, G.M. 1988bThe influence of predation and substratal 
complexity on recruitment to settlement plates: a test of the theory of alternative 
states. J Exp. Mar. Bio!. Ecol., 124:215-237. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

196 

Barkai, A., Davis, e.L. & Tugwell, S. 1996. Prey selection by the South African cape 
rock lobster Jasus lalandii : Ecological and physiological approaches. Bull. Mar. SCi., 
58(1):1-8. 

Barkai, A. & McQuaid, e. 1988 . Predator-prey role reversal In a manne benthic 
ecosystem. Science, 242 :62-64. 

Barnard, K.H. 1950. Descriptive list of South African decapod crustaceans (crabs and 
shrimps). Ann. S. Afr. Mus., 38 :1-864. 

Berg, 1. 1979. Discussion of methods of investigating the food of fishes, with 
reference to a preliminary study of the prey of Gobiusculus jlavescens (Gobiidae) . 
Mar. Bioi., 50 :263-273 . 

Berger, BJ. & Bhatti, A.R. 1989. Snake venom components and their cross-reactivity: 
a review. Biochem. Cell Bioi., 67:597-601. 

Berger, R.G., Mageau, R.P., Schwab, B. & Johnston, R.W. 1988. Detection of poultry 
and pork in cooked and canned meat foods by enzyme-linked imrnunosorbent assays. 
Anal. Chern., 71 (2) :406-409. 

Bergh, M.O. & Johnston, SJ. 1992. A size-structured model for renewable resource 
management, with application to resources of rock lobster in the South-East Atlantic. 
S. Afr. 1. mar. Sci . 12: I 005-1016. 

Bernstein, B.B., Williams, B.E. & Mann, K.H. 1981. The role of behavioural resonses 
to predators in modifying urchins (Strongylocentrotus droebachiensis) destructive 
grazing and seasonal foraging patterns. Mar. Bioi., 63:39-49. 

Berry, P.F. 1971. The biology of the spiny lobster Panulirus homarus (Linnaeus) off 
the East coast of southern Africa. Oceanographic Research Institute, Investigational 
Report No. 28. 

Beyers De B, CJ. 1979. Stock assessment and some morphometric and biological 
characteristics of the rock lobster Jasus lalandii on Marshall Rocks, its main 
commercial fishing area off South West Africa 1971-1974. Investl. Rep. Sea Fish. 
Brch S. Afr., 117:26p. 

Beyers De B, C.J. & Goosen, P.e. 1987. Variations in fecundity and size at sexual 
maturity of female rock lobster Jasus lalandii in the Benguela ecosystem. S. Afr. 1. 
mar. Sci., 5 :513-521. 

Beyers De B, C.J., Wilke, e.G. & Goosen, P.e. 1994. The effects of oxygen 
deficiency on growth, intermoult period, mortality and ingestion rates of aquarium­
held juvenile rock lobster Jasus lalandii. S. Afr. 1. mar. SCi ., 14:79-87. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

197 

Blackburn, T.M., Lawton, J.H. & Perry, J.N. 1992. A method of estimating the slope 
of upper bounds of plots of body size and abundance in natural animal assemblages. 
Gikos, 65:107-112. 

Boddington, M.J. & Mettrick, D.F. 1974. The distribution, abundance, feeding habits, 
and population biology of the immigrant triclad Dugesia polychroa (Platyhelminthes: 
Turbellaria) in Toronto harbour, Canada. J Anim. Ecol., 43 :681-699. 

Booth, J.D. & Phillips, B.F. 1994. Early life history of spiny lobster. Crustaceana 
66(3):271-294. 

Booth, w. 1988. Reintroducing a political animal. Science, 241:154-158. 

Boreham, P.F.L. & Ohiagu, e.E. 1978. The use of serology in evaluating invertebrate 
prey-predator relationships: a review. Bull. Entomol. Res., 68: 171-194. 

Breen, P.A. & Marm, K.H. 1976a. Changing lobster abundance and the destruction of 
kelp beds by sea urchins. Mar. Bioi., 34:137-142. 

Breen, P.A. & Mann, K.H. 1976b. Destructive grazing of kelp by sea urchins in 
eastern Canada. J Fish. Res. Board Can., 33:1278-1283. 

Brunner, D., Kacelnik, A. & Gibbons, 1. 1992. Optimal foraging and time processes in 
the starling, Sturnus vulgaris: effect of inter-capture interval. Anim. Behav., 44:597-
613. 

Buchanan, W.F. 1988. Shellfish in prehistoric diet: Eland's Bay, S.W. Cape Coast, 
South Africa. Oxford: BAR International Series No. 455. 

Bush, R.S. & Tai, H. 1994. Preparation of polyclonal antibodies against lupin storage 
proteins. Can. J Plant Sci., 74:93-96. 

; 

Butler, M.J. 1989. Community responses to variable predation: field studies with 
sunfish and freshwater macriinvertebrates. Ecol. Monogr., 59(3):311-328. 

Calver, M.e. 1984. A review of ecological applications of immunological techniques 
for diet analysis. Aust. J Ecol., 9: 19-25. 

Campbell, L., Carpenter, E.J. & Iacono, V.J. 1983. Identification and enumeration of 
marine chroococcoid cyanobacteria by immunoflourescence. Appl. Environ. 
Microbiol., 46(5):553-559. 

Carleton, 1.H. & Done, T.J. 1995. Quantitative video sampling of coral reef benthos: 
large-scale application. Coral Reefs, 14:35-46. 

Carter, J.A. & Steele, D.H. 1981. Attraction to and selection of prey by immature 
lobsters (Homarus americanus). Can. 1. Zool., 60:326-336. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

198 

Carter, lA. & Steele, D.H. 1982. Stomach contents of irrunature lobsters (Homarus 
americanus) from Placentia Bay, Newfoundland. Can. J Zool., 60 :337-347. 

Cartes, lE. 1993a. Diets of deep-sea brachyuran crabs in the western Mediterranean 
Sea. Mar. Bioi. , 117:449-457. 

Cartes, lE. 1993b. Diets of deep-water pandalid shrimps on the western 
Mediterranean slope. Mar. Eco!. Prog. Ser., 96:49-61. 

Cartes, lE. 1994. Influence of depth and season on the diet of the deep-water aristeid 
Aristeus antennatus along the continental slope (400 to 2300m) in the Catalan Sea 
(western Mediterranean). Mar. Bioi., 120:639-648. 

Cartes, lE. & Abello, P. 1992. Comparative feeding habits of polychelid lobsters in 
the western Mediterranean deep-sea communities. Mar. Ecol. Prog. Ser ., 84 : 139-150. 

Cerda, G. & Wolff, M. 1993. Feeding ecology of the crab Cancer polyodon in La 
Herradura Bay, northern Chile . II. Food spectrum and prey consumption . Mar. Eco!. 
Prog. Ser. , 100: 119-125. 

Chambers, P.A., Hanson, lM. & Prepas, E.E. 1991. The effect of aquatic plant 
chemistry and morphology on feeding selectivity by the rock lobster Orconectes 
virilis. Freshwater Bioi., 25 :339-348. 

Chittleborough, R.G. 1975 . Environmental factors affecting growth and survival of 
juvenile western rock-lobsters. Aust. J Mar. Freshwater Res., 26: 177-196. 

Chittleborough, R.G. 1976. Growth of juvenile Panulirus longipes cygnus George on 
coastal reefs compared with those reared under optimal environmental conditions. 
Aust. J Mar. Freshwater Res., 27:279-295. 

Clark, K.R. 1993. Non-parametric multivariate analyses of changes in community 
structure. Aust. J Ecol., 18: 117-143 . 

Clark, K.R. & Warwick, R.M. 1994. Change in marine communities: An approach to 
statistical analysis and interpretation. Plymouth Marine Laboratory, Natural 
Environment Research Council, UK. 

Cockcroft, A.C. 1997. Biochemical composition as a growth predictor in male West 
coast rock lobster (Jasus lalandii). Mar. Freshwater Res., 48: in press. 

Cockcroft, A.C. & Goosen, P.c. 1995 . Shrinkage at moulting in the rock lobster Jasus 
lalandii and associated changes in reproductive parameters. S. Afr. J mar. Sci ., 
16:195-203. 

Cockcroft, A.C. & MacKenzie, A.l 1997. The recreational fishery for West Coast 
Rock Lobster (Jasus lalandii) in South Africa. S. Afr. J mar. Sci., 18: in press . 



Univ
ers

ity
 of

 C
ap

e T
ow

n

199 

Cockcroft, A.c. & Payne, A.LL. 1997. Cautious fisheries management In South 
Africa: the fisheries for rock lobster. ICES, 3: 1-14. 

Cook, P.A. & Sweijd, N. In press. The potential for abalone (Haliotis midae) ranching 
and enhancement in South Africa. Proc. First Internat. Conf. On Sea Ranching and 
Enhancement. Bergen 1997. 

Corbett, L.K. 1989. Assessing the diet of dingoes from faeces: a comparison of three 
methods. 1. Wildl Manage., 53(2):343-346. 

Cousland, G. & Poxton, I.R. 1984. Crossed immunoelectrophoresis and enzyme­
linked immunosorbent assay of the cell-surface antigens of Bacteroides fragilis. 1. 
Gen. Microbiol., 130:645-655. 

Crook, N.E. & Sunderland, K.D. 1984. Detection of aphid remaInS In predatory 
insects and spiders by ELISA. Ann. App!. Bioi., 105:413-422. 

Crowle, A.1. 1958. A simplified micro double-diffusion agar precipitin technique. 1. 
Lab. Clin. Med., 52(5):784-787. 

Cruywagen, G.C. 1997. The use of generalised linear modelling to determine inter­
annual and inter-area variation of growth rates: The Cape rock lobster as an example. 
Fish. Res., 29:119-131. 

Dall, W. 1970. Osmoregulation in the lobster Homarus americanus. 1. Fish. Res. 
Board Can., 27:1123-1130. 

D' Aoust, J-Y., & Sewell, A.M. 1986. Detection of Salmonella by the enzyme 
immunoassay (EIA) technique. 1. Food Sci., 51 (2):484-488. 

Davies, R.W. 1969. The production of antisera for detecting specific triclad antigens 
in the gut contents of predators. Gikos, 20:248-260. 

Day, E.G. 1998. Ecological interactions between juvenile abalone (Haliotis midae) 
and sea urchins (Parechinus angu1osus) off the West Coast of South Africa. PhD 
Thesis, University of Cape Town. 

Dean, T.A., Jacobsen, F.R., Theis, K. & Lagos, S.L. 1988. Differential effects of 
grazing by white sea urchins on recruitment of brown algae. Mar. Eco!. Prog. Ser., 
48:99-102. 

Dean, T.A., Schroeter, S.c. & Dixon, 1.D. 1984. Effects of grazing by two species of 
sea urchins (Strongylocentrotus franciscanus and Lytechinus anamesus) on 
recruitment and survival of two species of kelp (Macrocystis pyrifera and 
Pterygophora californica). Mar. Bioi., 78:301-313. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

200 

Dempster, J.P. 1963. The natural prey of three species of Anthocoris (Heteroptera: 
Anthocoridae) living on broom (Sarothamus scoparius L.). Entomol. Exp. Appl., 
6: 149-155. 

Dempster, J.P. 1964. The feeding habits of the Miridae (Heteroptera) living on broom 
(Sarothamus scoparius (L.) Wimm). Entomol. Exp. Appl., 7: 149-154. 

Dickman, C.R. & Huang, C. 1988. The reliability of faecal analysis as a method for 
determining the diet of insectivorous mammals. J l\tfammol., 69(1): 1 08-113. 

Diehl, S. 1992. Fish predation and benthic community structure: the role of omnivory 
and habitat complexity. Ecology, 73(5): 1646-1661. 

Duggins, D.O. 1983. Starfish predation and the creation of mosaic patterns in a kelp­
dominated community. Ecology, 64(6): 161 0-1619. 

Ebert, T.A. 1977. An experimental analysis of sea urchins dynamics and community 
interactions on a rock jetty. J Exp. Mar. BioI. Ecol., 27: 1-22. 

Elner, R.W. & Campbell, A. 1981. Force, function and mechanical advantage in the 
chelae of the American lobster Homarus americanus (Decapoda: Crustacea). Zool., 
193 :269-286. 

Elner, R. W. & Campbell, A. 1987. Natural diets of lobster Homarus americanus from 
barren ground and macroalgal habitats of southwestern Novo Scotia, Canada. Mar. 
Ecol. Prog. Ser., 37:131-140. 

Elner, R.W. & Vadas, R.L. 1990. Inference in ecology: the sea urchin phenomenon in 
the northwestern Atlantic. Am. Nat., 136(1): 1 08-125. 

Emmett, B. & Jamieson, G.S. 1989. An experimental transplant of northern abalone 
Haliotis kamtschatkana, in Barkley Sound, British Columbia. Fish. Bull. US. 87:95-
104. 

Emswiller-Rose, B., Gehle, W.D., Johnston, R.W., Okrend, A., Moran, A. & Bennett, 
B. 1984. An enzyme immunoassay technique for detection of salmonellae in meat and 
poultry products. J Food Sci., 49:1018-1020. 

Engvall, E. & Perlmann, P. 1972. Enzyme-linked immunosorbent assay, ELISA III. 
Quantitation of specific antibodies by enzyme-labelled anti-immunoglobulin in 
antigen-coated tubes. J Immunol., 109(1): 129-135. 

Ennis, G.P. 1973. Food, feeding and condition of lobsters, Homarus americanus, 
throughout the seasonal cycle in Bonavista Bay, Newfoundland. J Fish. Res. Board 
Can., 30: 1905-1909. 

Estes, J.A., Duggins, D.O. & Rathbun, G.B. 1989. The ecology of extinctions in kelp 
forest communities. Conserv. Bioi., 3(3):252-264. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

201 

Evans, P.O. & Mann, K.H. 1977. Selection of prey by American lobsters (Homarus 
americanus) when offered a choice between sea urchins and crabs. J. Fish. Res. Board 
Can., 34:2203-2207. 

Feller, RJ. 1992. Potential applications of immunoassays 10 studies of flatfish 
recruitment. Neth. J Sea Res., 29(1-3): 1-5. 

Feller, RJ. & Ferguson, R.B. 1988. Quantifying stomach contents using 
immunoassays: a critique. Pages 295-303. In Yentch, e.M., Mague, F.e. & Horan, 
P.K. (Eds). Lecture notes on coastal and estuarine studies. Springer-Verlag, New 
York. 

Feller, RJ., Taghon, G.L., Gallagher, E.D., Kenny, G.E. & Jumars, P.A. 1979. 
Immunological methods for food web analysis in a soft-bottom benthic community. 
Mar. Bioi., 54:61-74. 

Field, lG., Griffiths, e.L., Griffiths, RJ., Jarman, N., Zoutendyk, P., Velimirov, B. & 
Bowes, A. 1980. Variation in structure and biomass of kelp communities along the 
south-west Cape coast. Trans. Roy. Soc. S. Afr., 44(2): 145-203. 

Fielder, D.R. 1965. The spiny lobster, Jasus lalandei (H. Milne-Edwards), in South 
Australia. Aust. J Mar. Freshwater Res., 16:351-367. 

Fletcher, WJ. 1987. Interactions among subtidal australian sea urchins, gastropods 
and algae: effects of experimental removals. Eco!. Monogr., 57(1 ):89-109. 

Fry, B., Jeng, W., Scalan, R.S., Parker, P.L. & Baccus, J. 1978. 813 C food web 
analysis of a Texas sand dune community. Geochim. Cosmochim. Acta., 42: 1299-
1302. ' 

Fuhrmann, J. & Wollum, A.G. 1985. Simplified enzyme-linked immunoserbent assay 
for routine identification of Rhizobium japonicum antigens. App!. Environ. Microbiol., 
4 9( 4): 1 0 1 0-1 0 13. 

Gaffney, P.M., Rubin, V.P., Hedgecock, D., Powers, D.A., Morris, G. & Hereford, L. 
1996. Genetic effects of artificial propagation: signals from wild and hatchery 
populations of red abalone in California. Aquaculture, 143:257-266. 

Garshelis, D.L., Garshe1is, lA. & Kimker, A.T. 1986. Sea otter time budgets and prey 
relationships in Alaska. J Wild!. Manage., 50(4):637-647. 

Garvey, J.S., Cremer, N.E. & Sussdorf, D.H. 1977. Methods in Immunology, 3rd 

edition. W.A. Benjamin Inc., Reading, Massachusetts. 545pp. 

Giller, P.S. 1982. The natural diets of waterbugs (Hemiptera-Heteroptera): 
electrophoresis as a potential method of analysis. Eco!. Entomol., 7:233-237. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

202 

Giller, P .S. 1984. Predator gut state and prey detectability using electrophoretic 

analysis of gut contents. Ecol. Entomol., 9: 157-162. 

Giller, P.S. 1986. The natural diet of the Notonectidae: field trials uSIng 

electrophoresis. Eco!. Entomo!., 11: 163-172. 

Goosen, P.C. & Cockcroft, A.C. 1995. Mean annual growth increments for male West 
coast rock lobster Jasus lalandii, 1969-1993. S. Afr· 1. mar. Sci., 16:377-386. 

Gosselin, L.A. & Chia, F. 1996. Prey selection by inexperienced predators: do early 
juvenile snails maximise net energy gains on their first attack. 1. Exp. Mar. BioI. 

Ecol., 199:45-58. 

Griffiths, C. L. & Seiderer, 1.L. 1980. Rock lobsters and mussels- limitations and 
preferences in a predator-prey relationship. 1. Exp. Mar. Bio!. Ecol., 44:95-109. 

Griffiths, M.K.P. 1996. An evaluation of a possible trap effect influencing assessment 
of Jasus lalandii diet. Honours project, Zoology Department, University of Cape 

Town.41pp. 

Griffiths, R.1. 1981. Population dynamics and growth of the bivalve Choromytilus 
meridionalis (Kr.) at different tidal levels. Estuarine Coastal. Shelf SCi., 12: 101-118. 

Grisley, M.S. & Boyle, P.R. 1988. Recognition of food in Octopus digestive tract. J 
Exp. Mar. BioI. Ecol., 118:7-32. 

Groeneveld, lC. 1997. Growth of spiny lobster Palinurus gilchristi (Decapoda: 
Palinuridae) off South Africa. S. Afr. J mar. Sci., 18: in press. 

Guan, R.Z. 1997. An improved method for marking rock lobster. Crustaceana, 
70( 6):641-652. 

Hagan, N.T. & Mann, K.H. 1994. Experimental analysis of factors influencing the 
aggregating behaviour of the gree sea urchin Strongylocentrotus droebachiensis 
(Muller). J. Exp. Mar. BioI. Ecol., 176: 1 07-126. 

Hage, D.S. 1993. Immunoassays. Anal. Chern., 65(l2):420R .. 424R. 

Harlow, E. & Lane, D. 1988. Antibodies a laboratory manual. Cold Spring Harbour 
Laboratory, USA. 726pp. 

Hazell, R.W.A., Noffke, M.N. & Schoeman, D.S. in prep. Juvenile grow1:h of the West 
Coast rock lobster (Jasus lalandii Milne-Edwards: Palinuridae) under review: a 
comparison of two sites. 

Healy, l.A. & Cross, T.F. 1975. Immunoe1ectroosmophoresis for serological 
identification of the sheep tick Ixodes ricinus. Gikas, 26:97-101. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

III 

203 

Hentschel, B.T. & Feller, R.I. 1990. Quantitative immunoassay of the proventricular 
contents of white shrimp Penaeus seti/erus Linnaeus: a laboratory study. J Exp. Mar. 
Bio!. Ecol., 139:85-99. 

Heussen, C. & Dowdle, E.B. 1980. Electrophoretic analysis of plasminogen activators 
in polyacrylamide gels containing sodium dodecyl sulfate and copolymerised 
substrates. Ana!' Biochem., 102: 196-202. 

Heydorn, A.E.F. 1969. The rock lobster of the South African West coast Jasus 
lalandii (H. Milne-Edwards). 2. Populations studies, behaviour, reproduction, 
moulting, growth and migration. S. Afr. Div. Sea Fish. Invest. Rep. No. 71:1-52. 

Higgins, R.C. & Dahmus, M.E. 1979. Rapid visualisations of protein bands In 

preparative SDS- polyacrylamide gels. Ana!. Biochem., 93 :257-260. 

Hill, M.P. & O'Keefe, 1.H. 1992. Some aspects of the ecology of the freshwater crab 
(Potamonautes perlatus Milne Edwards) in the upper reaches of the Buffalo River, 
eastern Cape Province, South Africa. S. Afr. J Aquat. Sci., 18(1):42-50. 

Himmelman, 1.H. & Steele, D.H. 1971. Foods and predators of the green sea urchin 
Strongylocentrotus droebachiensis in Newfoundland waters. Mar. BioI., 9:315-322. 

Holmes, P.R. 1984. A field study of the predators of the grain aphid, Sitoban avenae 
(F.)(Hemiptera: Aphididae), in winter wheat. Bull. Entomo!' Res., 74:623-63l. 

Hughes, D.1. & Atkinson, R.1.A. 1997. A towed video survey of megafaunal 
bioturbation in the north-eastern Irish Sea. J mar. bio!. Assoc. U-K., 77:635-653. 

Hughes, 1.1. & Ward, D. 1993. Predation risk and distance to cover affect foraging 
behaviour in Namib Desert gerbils. Anim. Behav., 46: 1243-1245. 

Hughes, 1.1., Ward, D. & Perrin, M.R. 1995. Effects of substrate on foraging decisions 
by a Namib Desert gerbil. J Mammol., 76(2):638-645. 

Hyslop, E.1. 1980. Stomach content ana1ysis- a review of methods and their 
application. J Fish BioI., 17:411-429. 

Irons, 1.G., Oswood, M.W. & Bryant, 1.P. 1988. Consumption of leaf detritus by a 
stream shredder: influences of tree species and nutrient status. Hydrobiologia, 160:53-
61. 

Jernakoff, P., Phillips, B.F. 1986. Electromagnetic tracking of juvenile rock lobsters. 
Aust. Fish., 45(5):32-34. 

Jernakoff, P., Phillips, B.F. & Fitzpatrick, J.1. 1993. The diet of post-pueru1us western 
rock lobster, Panulirus cygnus George, at Seven Mile Beach, Western Australia. Aust. 
J Mar. Freshwater Res., 44:649-655. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

204 

Joll, L.M. & Phillips, B.F. 1984. Natural diet and growth of juvenile western rock 
lobsters Panulirus cygnus George. J Exp. Mar. Bio!. Eco!., 75: 145-169. 

Juanes, F. & Hartwick, E.B. 1990. Prey size selection in dungeness crabs: the effect of 
claw damage. Eco!ogy, 71 (2):744-758. 

Jury, S.H., Kinnison, M.T., Howell, H & Watson, W.H. 1994a. The behaviour of 
lobsters in response to reduced salinity. J Exp. Mar. Bio!. Eco!., 180:23-37. 

Jury, S.H., Kinnison, M.T., Howell, H & Watson, W.H. 1994b. The effects of reduced 
salinity on lobster (Homarus americanus Milne-Edwards) metabolism: implications 
for estuarine populations. J Exp. Mar. Bio!. Eco!., 176: 167-185. 

Karnofsky, E.B., Atema, J & Randall, H. 1989. Field observations of social 
behaviour, shelter use, and foraging in the lobster, Homarus americanus. Bio!. Bull., 
176:239-246. 

Kirby, R. & Rybicki, E.P. 1986. Enzyme-linked immunosorbent assay (ELISA) as a 
means of taxonomic analysis of Streptomyces and related organisms. J Gen. 
Microbio!., 132: 1891-1894. 

Knutsen, H & Vogt, N.B. 1985a. An approach to identifying the feding patterns of 
lobsters using chemical analysis and pattern recognition by the method of SIMCA. I. 
Identification of a prey organism, Artemia salina (L.), in the stomachs of juvenile 
lobsters, Homarus gammarus (L.). J Exp. Mar. Bio!. Eco!., 89: 109-119. 

Knutsen, H & Vogt, N.B. 1985b. An approach to identifying the feding patterns of 
lobsters using chemical analysis and pattern recognition by the method of SIMCA. II. 
Attempts at assigning. stomach contents of lobsters, Homarus gammarus (L.), to 
infauna and detritus. J Exp. Mar. Bio!. Eco!., 89:121-134. 

Kojima, H. 1981. Mortality of young Japanese blach abalone Haliotis discus discus 
after transplantation. Bull. lap. Soc. Sci. Fish., 47(2):151-159. 

Kuitek, R.G., Oliver, J.S., DeGrange, A.R. & Anderson, B.S. 1992. Changes in 
Alaskan soft-bottomed prey communities along a gradient in sea otter predation. 
Eco!ogy, 73(2):413-428. 

Kurma1y, K., Jones, D.A. & Yule, A.B. 1990. Acceptability and digestion of foods fed 
to larval stages of Homarus gammarus and the role of dietary conditioning behaviour. 
Mar. Bio!., 106:181-190. 

Langton, R.W., Steneck, R.S., Gotceitas, V., Juanes, F. & Lawton, P. 1996. The 
interface between fisheries research and habitat management. N. Am. J Fish 
Manage., 16(1):1-7. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

205 

Lankford, T.E. & Targett, T.E. 1997. Selective predation by juvenile weakfish: Post­
consumptive constraints on energy maximisation and growth. Ecology, 78(4): 1049-
1061. 

Lawton, P. 1987. Diel activity and foraging behaviour of juvenile American lobsters, 
Homarus americanus. Can. J Fish. Aqua!. Sci., 44: 1195-1205. 

Lawton, P. & Lavalli, K.L. 1995. Postlarval, juvenile, adolescent and adult ecology. 
Pages 47-88. In: Facto, JR. (ed). Biology of the lobster Homarus americanus. 
Academic Press, New York. 

Leavitt, D.F., Bayer, R.C., Gallagher, M.L. & Rittenburg, JH. 1979. Dietary intake 
and nutritional characteristics in wild American lobsters (Homarus americanus). J 
Fish. Res. Board Can., 36:965-969. 

Lechanteur, Y. 1992. The feeding biology of the giant clingfish Chorisohismus dentex 
(Pisces: Gobiesocidae): prey size selection, prey species selection and consumption 
rate. Honours project, Zoology Department, University of Cape Town. 

Lellis, W.A. & Russell, JA. 1990. Effect of temperature on survival, growth and feed 
intake of postlarval spiny lobsters, Panulirus argus. Aquaculture, 90: 1-9. 

Le Roux, PJ., Branch, G.M. & loska, M.A.P. 1990. On the distribution, diet and 
possible impact of the invasive european shore crab Carcinus maenas (L.) along the 
South African coast. S. Afr. J mar. Sci., 9:85-93. 

Lowry, L.F. & Pearse, J.S. 1973. Abalones and sea urchins in an area inhabited by sea 
otters. Mar. BioI., 23 :213-219. 

Leone, C.A. 1947. A serological study of some Orthoptera. Ann. Entomo!' Soc. Am., 
40:417-433. 

Lund, R.D. & Turpin, F.T. 1977. Serological investigation of cutworm larval 
consumption by ground beetles. Ann. Entomo!' Soc. Am., 70(3):322-324. 

Mann, K.H. 1982. Kelp, sea urchins and predators: a review of strong interactions in 
rocky subtidal systems of eastern Canada, 1970-1980. Neth. J Sea Res., 16:414-423. 

Mann, K.H. & Breen, P.A. 1972. The relation between lobster abundance, sea urchins 
and kelp beds. J Fish. Res. Board Can., 29:603-609. 

Manneveldt, G.W. 1995. Geographical studies on the interaction benveen the pear 
limpet, Patella cochlear, and the encrusting coralline Spongites yendoi. Msc thesis, 
University of the Western Cape. 

Matthews, S.G. & Pitcher, G.c. 1996. Worst recorded marine mortality on the South 
African coast. In Harmfol and Toxic Algal Bloons. Yasumoto, T, Oshima, Y & 
Fukuyo, Y. (Eds). Intergovernmental Oceanographic Commission of UNESCO, 1996. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

206 

Mayfield, S. & Branch, G .M. 1996. An assessment of the diet of the West Coast rock 
lobster, Jasus lalandii. Report compiled for the Sea Fisheries Research Institute, Cape 
Town, South Africa. 44pp. 

Mayfield, S., Branch, G.M. & Cockcroft, AC. In prep. Determining prey assemblages 
for macrobenthic predators- diver scrapes versus monochrome video photography, and 
their application to diet assessment. 

McCarty, M.T., Shepard, M. & Turnipseed, S.G. 1980. Identification of Predaceous 
arthropods in soybeans by using autoradiography. Environ. Entomol., 9: 199-203. 

McKoy, J.L. & Esterman, D.B. 1981. Growth of rock lobsters (Jasus edwardsii) in the 
Gisborne region, New Zealand. N. Z. 1. Mar. Freshwater Res., 15:121-136. 

McNamara, J.M. & Houston, A.I. 1994. The effect of change in foraging options on 
intake rate and predation rate. Am. Nat., 144(6):978-1000. 

Medellin, R.A. 1988. Prey of Chrotopterus auritus, with notes on feeding behaviour. 
1. Mammol., 69(4):841-844. 

Melville-Smith, R., Goosen, P.c. & Stewart, T.1. 1995. The spiny lobster Jasus 
lalandii (H. Milne Edwards, 1837) off the South African coast: Inter-annual variations 
in male growth and female fecundity. Crustacean a 68(2): 174-183. 

Miller, R.1. 1985. Seaweeds, sea urchins, and lobsters: a reappraisal. Can. 1. Fish. 
Aquat. Sci., 42 :2061-2072. 

Miller, R.1., Mann, K.H. & Scarratt 0.1. 1971. Production potential of a seaweed­
lobster community in eastern Canada. 1. Fish. Res. Board Can., 28: 1733-1738. 

Moloney, C. 1997. Exploratory trials with the age-structured abalone Haliotis midae 
population model. Sea Fisheries Research Institute, Internal Report. Ref: Abalone 
WGI07/97/02. 

Monroe, D. 1984. Enzyme Immunoassay. Anal. Chem., 56(8):920-931 . 

Moody, K. & Steneck, R.S. 1993. Mechanisms of predation among large decapod 
crustaceans of the Gulf of Maine Coast: functional vs phylogenetic patterns. 1. Exp. 
Mar. BioI. Ecol., 168:111-124. 

Mutharia, L.M., Raymond, B.T., Dekievit, T.R. & Stevenson, R.M.W. 1993. 
Antibody specificities of polyclonal rabbit and rainbow trout antisera against Vibrio 
ordalii and stereotype 0:2 strains of Vibrio anguillarum. Can. 1. Microbiol., 39:492-
499. 

Myrberg, AA. 1973. Underwater television - a tool for the marine biologist. Bull. 
Mar. Sci., 23(4):824-836. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

207 

Newman, G.G. 1968. Growth of the South African abalone Haliotis midae. S. Afr. 
Div. Sea Fish. Invest. Rep. No. 67. 

Newman, G.G. & Pollock, D.E. 1974a. A mass stranding of rock lobsters Jasus 
lalandii (H. Milne Edwards, 1837) at Elands Bay, South Africa (Decapoda, 
Palinuridea). Crustaceana, 26(1): 1-5. 

Newman, G.G. & Pollock, D.E. 1974b. Growth of rock lobster Jasus lalandii and its 
relationship to benthos. Mar. Bioi., 24:339-346. 

Newman, G.c. & Pollock, D.E. 1974c. Biological cycles, maturity and availability of 
rock lobster Jasus lalandii on two South African fishing grounds. S. Afr. Div. Sea 
Fish. Invest. Rep. No.1 07. 

North, W.J. & Pearse, J.S. 1970. Sea urchin Population explosion in southern 
California coastal waters. Science, 167:209. 

Oakes, F.R. & Ponte, R.D. 1996. The abalone market: Opportunities for cultured 
abalone. Aquaculture, 140:187-195. 

O'Brien, C.J. 1994. Ontogenic changes in the diet of juvenile brown tiger prawns 
Penaeus esculentus. Mar. Eco!. Prog. Ser., 112: 195-200. 

Ohman, M.D., Theilacker, G.H. & Kaupp, S.E. 1991. Immunochemical detection of 
predation on ciliate protists by larvae of the northern anchovy (Engraulis mordax). 
Bio!. Bull., 181 :500-504. 

Paine RT. 1969. A note on trophic complexity and community stability. Am. Nat., 
103:91-93. 

Paine, RT. & Vadas, RL. 1969. The effects of grazing by sea urchins, 
Strongylocentrotus spp., on benthic algal populations. Limnol. Oceanogr., 14:710-
719. 

Paterson, N.E. 1960. The behaviour of captive Cape rock lobsters, Jasus lalandii (H. 
Milne-Edwards). Ann. S. Afr. Mus., 52( I 0):225-266. 

Payne, A.l.L. & Crawford, J.M. 1989. Oceans of life off southern Africa. Vlaeberg 
Publishers, Cape Town. 380pp. 

Pearse, J.S. & Hines, A.H. 1979. Expansion of a central Californian kelp forest 
following the mass mortality of sea urchins. Mar. Bioi., 51 :83-91. 

Peterson, B.J. & Fry, B. 1987. Stable isotopes in ecosystem studies. Annu. Rev. Eco!. 
Syst., 18:293-320. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

208 

Pickavance, J.R. 1970. A new approach to the immunological analysis of invertebrate 
diets. J Anim. Ecol., 39 :715-724. 

Pickavance, J.R. 1971. The diet of the immigrant planarian Dugesia tigrina (Girard) 
II. Food in the wild and comparison with some British species. J Anim. Ecol., 40 :637-
650. 

Plaganyi, E.E. & Butterworth, D.S . 1997. An age-structured model basis for the 
management of the South African Abalone Haliotis midae fishery . Sea Fisheries 
Research Institute, Internal report. Ref: Abalone WG/07/97/0 1. 

Pollock, D.E. 1979. Predator-prey relationships between the rock lobster Jasus 
lalandii and the mussel Auylacomya ater at Robben Island on the Cape West coast of 
Africa. Mar. Biol., 52:347-356. 

Pollock, D.E. 1986. Review of the fishery for and biology of the cape rock lobster 
Jasus lalandii with notes on larval recruitment. Can. J Fish. Aquat. Sci., 43:2107-
2117 . 

Pollock, D.E. 1987. Simulation models of rock-lobster populations from areas of 
widely divergent yields on the Cape West Coast. S. Afr. J mar. Sci., 5 :531-545. 

Pollock, D.E. 1995. Evolution of life-histories patterns in three genera of spiny 
lobsters. Bull. Mar. Sci., 57(2):516-526. 

Pollock, D.E., Augustyn, C.J. & Goosen, P.c. 1982. The rock lobster Jasus lalandii 
and its environmental biology on the Saldanha-Columbine fishing ground off the 
Cape West Coast, 1978-1981. S. Afr. Div. Sea Fish. Invest. Rep. No. 125. 

Pollock, D.E., Cockcroft, A.c. & Goosen, P.c. 1997. A note on reduced rock lobster 
growth rates and related environmental anomalies in the southern Benguela, 1988-
1995. S. Afr. J mar. Sci., 18: in press. 

Pollock, D.E. & Beyers De B, C.J. 1981. Environment, distribution and growth rates 
of West coast rock lobster Jasus lalandii (H. Milne Edwards). Trans. R. Soc. S. Afr., 
44(3):379-401. 

Pollock, D.E. & Shannon, L.V. 1987. Response of rock-lobster populations in the 
Benguela ecosystem to environmental change- a hypothesis . S. Afr. J mar. Sci., 5: 
887-899. 

Putman, W.L. 1965. Paper chromatography to detect predation on mites. Can. 
Entomol., 97:435-441. 

Putman, W.L. 1967. Prevalence of spiders and their importance as predators lU 

Ontario peach orchards. Can. Entomol., 99: 160-170. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

209 

Rau, G.H., Hopkins, T.L. & Torres, 1.1. 1991. 15Nj14N and J3C112C in Weddell Sea 
invertebrates: implications for feeding diversity. Mar. Ecol. Prog. Ser., 77: 1-6. 

Reik, L.M., Maines, S.L., Ryan, D.E .. Levin, W.' Bandiera, S. & Thomas, P.E. 1987. 
A simple, non-chromatographic purification procedure for monoclonal antibodies. J 
Imrnunol. Methods, 100: 123-130. 

Reynolds, 1.A. & Tanford, C. 1970. The gross conformation of protein-sodium 
Dodecyl Suffate complexes. J BioI. Chern., 245(19):5161-5165. 

Robles, C, Sweetham, D & Eminke, 1. 1990. Lobster predation on mussels: Shore­
level differences inprey vulnerability and predator preference. Ecology, 71 (4): 1564-
1577. 

Saito, K. 1979. Studies on propagation of ezo abalone, Haliotis discus hannai Ino-I. 
Analysis of the relationship between transplantation and catch un Funka Bay coast. 
Bull. Jpn. Soc. Sci. Fish., 46:695-704. 

Sala, E. & Zabala, M. 1996. Fish predation and the structure of the sea urchin 
Paracentrotus lividus populations in the NW Mediterranean. Mar. Ecol. Prog. Ser., 
140:71-81. 

Sarda, F. & Valladares, F.J. 1990. Gastric evacuation of different foodsby Nephrops 
norvegicus (Crustacea: Decapoda) and estimation of soft tissue ingested, maximum 
food intake and caImibaism in captivity. Mar. BioI., 104:25-30. 

Scheib ling, R.E. 1986. Increased macroalgal abundance following mass mortalities of 
sea urchins (Strongylocentrotus droebachiensis) along the Atlantic coast of Nova 
Scotia. Oecologia, 68: 186-198. 

Scheibling, R.E. & Hamm, 1. 1991. Interactions between sea urchins 
(Strongylocentrotus droebachiensis) and their predators in field and laboratory 
experiments. Mar. BioI., 110:105-116. 

Schiel, D.R. 1992. The enhancement of paua (Haliotis iris Martyn) populations in 
New Zealand. Pages 370-383. In: Shepherd, S.A. (Ed). Abalone of the world. Fishing 
News Books, Oxford, England. 

Schneider, D.C. 1981. Size-selective predation on mysids by birds. Mar. Ecol. Prog. 
Ser., 5:223-224. 

Schultz, D.R. & Clarke, M.E. 1995. An immunological study of predation on 
hatchery-reared, juvenile red drum (Sciaenops ocellatus): preparation and assays of a 
"red drum-specific" protein for predator-prey experiments. J Exp. Afar. BioI. Ecol., 
189:233-249. 

Schwarcz, H.P. 1991. Some theoretical aspects of isotope paleodiet studies. J 
Archaeol. Sci., 18:261-275. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

210 

Scott, 1.A., SweUd, N.A., Cook, P.A. & Smullen, R.P . In press . Sea urchins as a 
refuge for seed-sized juvenile abalone (Haliotis midae) from predation - implications 
for abalone ranching. Aquaculture. 

Shapiro, L.P ., Campbell , L. & Haugen, E.M. 1989. Immunochemical recognition of 
phytoplankton species. Mar. Eco!. Prog. Ser., 57:219-224. 

Shepherd, S.A. 1973 . Competition between sea urchins and abalone. Aust. Fish., June 
1973:4-7. 

Sotelo , e.G., Pineiro, e. , Gallardo, 1.M. & Perez-Martin, R.l. 1993. Fish species 
identification in seafood products. Trends in Food science and technology, 4:395-401. 

Southwood, T.R.E. 1978 . Ecological methods. Chapman & Hall, London. 524pp. 

Spanier, E. & Zimmer-Faust, R.K. 1988. Some physical properties of shelter that 
influence den selection in spiny lobsters. J Exp. Mar. BioI. Ecol., 121: 137-149. 

Stahli, e., Miggiano, V. , Stocker, 1., Staehelin, T.H., Haring, P. & Takacs, B. 1983. 
Distinction of epitopes by monoclonal antibodies. Methods Emzymol., 92:242-252 . 

Sunderland, K.D. 1988. Quantitative methods for detecting invertebrate predation 
occurring in the field . Ann. Appi. Biol., 112 :201-224. 

Takahashi, H, Tsuchida, S., Fujiwara, S. & Watanabe, S. 1995. Predatory behaviour 
of the Japanese spiny lobster Panulirus japonicus (von Siebold, 1824) (Decapod a, 
Palinuridae) on gastropods. Crustaceana, 68(2): 146-150. 

Tamplin, M.L., Martin, A.L., Ruple, A.D" Cook, D.W. & Kaspar, e.W. 1991. 
Enzyme immunoassay for identification of Vibrio vulnificus in seawater, sediment 
and Oysters. Appi. Microbiol. , 57(4) : 1235-1240. 

Tarr, R.J .Q. 1989. Abalone. Pages 62-69. In : Payne, A.l.L. & Crawford, R.J.M. (eds). 
Oceans of life offsouthern Africa. Vlaeberg Publishers, Cape Town. 380pp 

Tarr, R.1.Q. 1992. The abalone fishery of South Africa. Pages 438-447. In Shepherd, 
S.A. , Tegner, M.J. & Guzman del Proo, S.A., (Eds) . Abalone of the world. Fishing 
News Books, Oxford. 

Tarr, R.J .Q. 1995. Growth and movement of the South African abalone Haliotis 
midae: a reassessment . Mar. Freshwat. Res. , 46 :583-90 . 

Tarr, R.J .Q., Williams, P.V.G. & MacKenzie, A.J. 1996. Abalone, sea urchins and 
rock lobster: a possible ecological shift may affect traditional fisheries . S. Afr. J mar. 
Sci., 17:319-323. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

211 

Taylor, E.W. & Whiteley, N.M. 1989. Oxygen transport and acid-base balance in the 
haemolymph of the lobster, Homarus gammarus, during aerial exposure and 
resubmersion.1. expo BioI., 144:417-436. 

Tegner, M.J. 1989. The feasibility of enhancing red sea urchin, Strongylocentrotus 
jranciscanus, stocks in California: an analysis of the options. Mar. Fish. Rev., 5(2): 1-
22. 

Tegner, M.J. & Dayton, P.K. 1977. Sea urchins recruitment patterns and implications 
of commercial fishing. Science, 196:324-326. 

Tegner, M.J. & Levin, L.A. 1983. Spiny lobsters and sea urchins: analysis of a 
predator-prey interaction. 1. Exp. Mar. BioI. Ecol., 73: 125- I 50. 

Theilacker, G.H., Huei Lo, N.C. & Townsend, A.W. 1993. An immunochemical 
approach to quantifying predation by euphausiids on the early stages of anchovy. Mar. 
Eco!. Prog. Ser., 92:35-50. 

Theilacker, G.H., Kimball, A.S. & Trimmer, 1.S. 1986. Use of an ELISPOT 
immunoassay to detect euphausiid predation on larval anchovy. Mar. Eco!. Prog. Ser., 
30:127-131. 

Thunnan, E.M., Meyer, M, Pomes, M, Perry, c.A. & Schwab, A.P. 1990. Enzyne­
linked immunosorbent assay compared with gas chromatography/mass 
spectrophotometry for the detennination of Triazine herbicides in water. Anal. Chem., 
62(18):2043-2048. 

Titova, E.V. 1970. Use of a precipitin test in a study of inter-relationships between 
Eurygaster integriceps Put. (Heteroptera, Scutelleridae) and predatory arthropods. 
Entomo!' Rev., 49:155-162. 

Tomalin, B.J. 1993. Migrations of spiny rock-lobsters, Jasus lalandii, at Luderitz: 
Environmental causes and effects on the fishery and benthic ecology. MSc Thesis, 
University of Cape Town. 

Towbin, H., Staehlin, T. & Gordon, 1. 1979. Electrophoretic transfer of proteins from 
polyacrylamide gels to nitrocellulose sheets: procedure and some applications. Proc. 
Natl. Acad. Sci. USA,76:4350-4354. 

Vadas, R.L., Elner, R.W., Garwood, P.E. & Babb, L.G. 1986. Experimental 
evaluation of aggregation behaviour In the sea urchin Strongylocentrotus 
droebachiensis. Mar. BioI., 90:433-448. 

Vaitukaitis, 1.L. 1981. Production of antisera with small doses of Immunogen: 
mulitple intradermal injections. Methods Enzymol., 73 :46-52. 

Van Eamon, 1.M. & Lopez-Avilla, V. 1992. Immunochemical methods for 
environmental analysis. Anal. Chem., 64(2):79A-88A. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

212 

Van Zyl, R.F., Mayfield, S., Pulfrich, A. & Griffiths, c.L. 1998. Predation by the 
West Coast rock lobster (Jasus lalandii) on two vvinkle species (Oxystele sinensis and 
Turbo cidaris) . In press, S. Afr. J Zool. 

Velimirov, B., Field, J.G., Griffiths, c.L. & Zoutendyk, P. 1977. The ecology of kelp 
bed communities in the Benguela upwelling system. Helgo!. Wiss. Meeresunters ., 
30:495-518 . 

Voller, A. & Bidwell, D. 1986. Enzyme-linked immunosorbent assay. Pages 99-109. 
In : Rose, N.R., Friedman, H. & Fahey, J.L. (Eds). Manual of clinical laboratory 
immunology. American Society for Microbiology, Washington, USA. 

Voller, A., Bidwell, D., & Bartlett, A. 1979. The enzyme linked immunosorbent assay 
(ELISA). Dynatech Europe, Guernsey. 125pp. 

Wang, C-H., Abouzied, M.M., Pestka, JJ. & Smith, D.M. 1992. Antibody 
development and enzyme-linked immunosorbent assay for the protein marker lactate 
dehydrogenase to determine safe cooking end-point temperatures of turkey rolls. J 
Agric. Food Chem., 40: 1671-1676. 

Washino, R.K. & Tempelis, c.H. 1983. Mosquitoe host bloodmeal identification: 
methodology and data analysis. Annu. Rev. Entomol., 28: 179-201. 

Wassenberg, T.1. & Hill , B.1. 1989. Diets of four decapod crustaceans (Linuparus 
trigonus, Metanephrops andamanicus, M australiensis and M boschmai) from the 
continental shelf around Australia. Mar. BioI., 103: 161-167. 

Weaver, J.L. 1993 . Refining the equation for interpreting prey occurrence in gray wolf 
scats . J Wild!. Manage ., 57 :534-538 . 

Weber, K. & Osborn, M. 1969. The reliability of molecular weight determinations by 
Dodecyl Sulfate-Polyacrylamide gel electrophoresis. J Bio!. Chem., 244(16):4406-
4412. 

Weir, D.M. 1973. Handbook of experimental immunology. Blackwell Scientific 
Publications, Oxford. 

Whiting, M., Crichlow, M., Ingledew, W.M. & Ziola, B. 1992 . Detection of 
Pediococcus spp. in brewing yeast by a rapid immunoassay. App!. Enivron. 
Microbial., 58(2):713-716. 

Williams, MJ. 1981. Methods for the analysis of natural diet in portunid crabs 
(Crustacea: Decapoda: Portunidae). J Exp. Mar. Bio!. Ecol., 52 : 1 03-113. 

Wright, K., Francis, L. & Eldridge, D. 1990. Food aversion learning by the hermit 
crab Pagurus granosimanus. Bio!. Bull., 178:205-209. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

213 

YOlU1g, 1.0. 1973. The prey and predators of Phaenocora Iyphlops (Vejdovsky) 
(Turbellaria: Neorhabdocoela) living in a small pond. J Anim. Ecol., 42:637-643. 

Zar,1.H. 1984. Bios/a/is/ical Analysis, 2nd edition. Prentice-Hall, New Jersey. 

Zoutendyk, P. 1988a. Feeding, defaecation and absorption efficiency in the cape rock 
lobster Jasus lalandii. S. Afr. J mar. Sci., 6:59-65. 

Zoutendyk, P. 1988b. Consumption rates of captive cape rock lobster Jasus lalandii. 
S. Afr. J mar. Sci., 6:267-27l. 

Zoutendyk, P. 1989. Oxygen consumption by the cape rock lobster Jasus lalandii. S. 
Afr.1. mar. Sci., 8:219-230. 




