


-\

Introduction

The proposal to study the nurseries for juvenile western rock lobsters
(Panulirus cygnus) stemmed from broadly based research upon various stages
of the life cycle. It was concluded that density-dependant pressures on
mortality and growth operating upon juveniles during thq 4-5 years spent
on coastal nursery reefs were the main dete?minants for natural regulation
of this population. These pressures apparently act through limitations of
food and shelter with the interaction of predation. The project was
designed to elucidate the main features of the diet of juvénile rock
lobsters to provide the first step in understanding the relationships of
prey, competitors and predators within the reef community.

Two localities were chosen for study, Cliff Head and Seven Mile
Beach, near Dongara, W.A. Studies ‘carried out at Seven Mile Beach since
1970 have shown it to be an area of high density of roék lobsters with
high mortality rates (Chittleborough and Phillips 1975) and reduced annual
growth (Chittleborough 1976). Moult increments at Seven Mile Beach were
found to be significantly less than those of animals raised under optimal,
constant temperature (25°C) conditions in aquaria and were considered to
be a major contributor to the reduced annual growth. Limited field work at
Cliff Head, including the transplanting of lobsters from Seven Mile Beach,
had shown it to be an area of high annual growth comparable with aquarium
animals (Chittleborough 1976). Laboratory work on factors influencing the
growth of rock lobsters by Chittleborough (1975) had shown that both moult

increment and moult frequency were affected by a variety of environmental

factors. However, of the factors examined, only extreme food shortage during

the preceding intermoult period and shortage of oxygen at the time of the
moult affected moult increment. Oxygen levels measured in the field were
found to be close to 100% saturation. The reduced moult increments were

considered by Chittleborough (1976) to indicate that food was probably




in short supply at Seven Mile Beach while the more limited studies at

cliff Head indicated that this was an area of high food availability.

Methods

sampling commenced in April 1977 and was carried out at approximately
3- monthly intervals’until October 1978. Ae rock lobsters are nocturnal
foragers (Fielder 1965, Morgan 1978) the time of sampling was adjusted with
seasonal changes in the time of sunrise and was restricted to a one hour
period petween two hours and one hour before sunrise. The.rock lobsters
were caught by hand by SCUBA diving and the stomachs removed and fixed in
puffered 10% formol sea-water Qithin two hours of capture. fhe stomachs
were subsequently transferred to 70% alcohol. 1In the laboratory the wvolume
of the contents of the foregut of each individual was determined to the
nearest 0.05 cc¢ by displacement in a volumetric cylinder. The contents
of the stomach were sorted under a binocular microscope to the lowest
taxonomic category possible and the contribution (percentage) of each
item to the total amount of food present estimated by eve. Density and
mortality data were collected for Seven Mile Beach using the technigues
described by Chittleborough and Phillips (1975) as part of a continuing
monitoring at this site. In 1978 an attempt was made to also collect
these data for cliff Head. Aannual growth and moult increment data were
obtained from both sites by tagging.

Gastric evacuation times were measured in the aguarium at 25°C.
Four foods were used - the foliose coralline algae Corallina cuvieri
and Metagoniolithon stelligera, the 1ittorinid gastropod Littorina
wnifasciata and foot muscle of the abalone Haliotis roei. Rock lobsters
were held individually and starved for 24 hrs prior to the experiment.
They were presented with a weighed quantity of one of the four foods and
allowed to eat for 2 hrs. Experimental animals were then killed at 0, 2.

4 and 6 hrs after the termination of the feeding period and the weight of




‘ood in the stomach determined.

A limited number of determinations of the uptake of organic matter
from C. cuvieri and M. stelligera were also made. Samples of these algae
and material from the hindguts of animals which had fed on them were ashed
in a muffle furnace at 500°C for 4 hrs. Organic uptake was calculated
using the ash ratio method of Conover (1966).

The possibility of uptake of calciﬁm by rock lobsters from coralline
algae was examined by feeding Cays labelled (. cuvieri to rock lobsters
in aguaria. A control group of animals was maintained in seawater “spiked"
with Cays. One group of animals was killed the following day and various
tissues removed for analysis. Another group was killed after being
maintained unfed for three days in flowing seawater and the same tissue

types removed for analysis.

Results

i) Food: A total of 779 rock lobsters were collected and examined,
393 from Seven Mile Beach and 386 from Cliff Head. Some had empty or only
partially filled stomachs and animals with amounts of food less than 10%
of the maximum stomach capacity (Maller et al. in prep.) were eliminated
from the date set. The diets for each sample date (Tables 1, 2 and 3) show
that, at least for most months, marked differences occurred between the two
sites.

At Seven Mile Beach rock lobsters ate considerable guantities of plant
material. Coralline algae accounted for the greater part of this plant
matter, showing values ranging from 28.8% (by volume) of the diet in November
1977 to 55.8% in April 1977 (Table 1). Species eaten were the foliose
corallines Corallina cuvieri and Metagoniolithon stelligera with occasional

pieces of Jania spp. Non-coralline algal species ranged from 2.0% to



21.1% of the diet in April 1977 and October 1978 respectively. They
were represented by an assorted mixture of browns, reds and greens but
were dominated by the fleshy green alga Caulerpa cactoides. Seagrasses
were also a large proportion of the diet, ranging from 6.7% in May 1978
to 21.9% in February-1978. The fragments of seagrass could not be
consistently identified to specific or generic level but fragments of
all four genera (Amphibolus, Halophila, Syringodium and Heterozostera)
present in the Seven Mile Beach area were recognized.

The dominant invertebrates in the diet weré molluscs and crustacea,
with polychaetes being somewhat less important. While several mollusc
groups (the Solemyidae and Lucinidae amongst the bivalves and.Bittium
sp. amongst the gastropods) stand out as being somewhat more important
than others (Table 2), the variety of species consumed is also impressive.
Most of the molluscs consumed were small (< 5 mm maximum dimension)
while some (Diala spp., Mitrella sp., Eatoniella sp.) were sufficiently
small to be eaten whole. Many of the species ingested are common components
of the epifauna of the seagrasses, particularly Amphibolus spp. They
also occur commonly amongst the corallines C. cuvieri and M. stelligera
which are epiphytic on Amphibolus spp. The two dominant bivalve families,
Lucinidae and Solemyidae, however, occur as infauna in the sediments of
seagrass beds.

The diversity of crustacean species consumed appears lower than that
of molluscs but this is partly a result of the difficulty in identifying
the fragmented remains of many of the crustaceans. Amphipods and isopods
were usually very fragmented and it was not possible to identify these at
lower taxonomic levels. Crabs of the genus Halicareinus contributed between
0.1 and 1.0% of the diet whilst other crabs comprised only between 0.06
and 0.48% (Table 2). Fragments of Panulirus exoskeleton occurred in all

samples except that from August 1977. The fragments were predominantly




antennae and antennules, the tips of the periopods and portions of the
carapace. The percentage was highest in November 1977 and this corresponded
with the high moulting activity occurring at that time. Indeed all the
Panulirus fragments appeared to be from moults as no attached tissue was
apparent. The particular portions of the exoskeleton eaten also correspond
with those portions of moults eaten by animals in aquaria. The corres-
pondence between the percentage consumed and general moulting activity,
the particular appendages eaten and their lack of visible tissue all
point to the ingestion of moults rather than cannibalism.

Polychaetes contributed only a small proportion of the total diet
and were represented mostly by jaws and setae, although they were sometimes
encountered in a semi-digested state. The more rapid digestion of the
soft bodies of these animals undoubtedly causes their contribution on a
volume basis in the stomach to be smaller than in the ingested food.
On a frequency of occurrence basis polychaetes occurred in between 25.5
and 89.6% of stomachs (Table 3). The dominant polychaete families were
Nereidae, Eunicidae and Aphroditidae.

The category entitled "other" comprises a hotch-potch of organisms
and inanimate material such as sand and siliceaus and calcareous spicules.
Sand is the dominant item of the category and it is likely that this is
ingested accidently in the consumption of other items of the diet. The
digested material was a flocculant "goo" which contributed between 16 and
22% of the volume of the food. It was not possible to distinguish which
components of the stomach contents contributed to this category but it
was presumably the more digestible items.

The diet of animals from Cliff Head showed marked differences in most
months from the diet of animals at Seven Mile Beach. Animals at Cliff

Head showed an overall mean percentage by volume of coralline algae of




18.3% compared with 41.2% for Seven Mile Beach (Table 1). Although

C. cuvieri was still the dominant species of algae consumed, species of the
genus Jania showed a greater contribution at Cliff Head (Table 2). The
consumption of non-corallines was also less at Cliff Head with a mean

3.4% compared with lb.S% at Seven Mile Beach. This difference was

largely due to a much smaller consumption of (. cactoides at Cliff Head.
Seagrass consumption at Cliff Head was also smaller, than at Seven Mile
Beach (5.8% compared with 12.,8%). There were only small differences in
the polychaete content of the diet at the two localities on either a
percentage volume basis (0.63% at Cliff Head, 1.39% at Seven Mile Beach)
or a percentage frequency of occurrence (43.5% at Cliff Head, 59.5% at
Seven Mile Beach). Probably the most important difference between the

two sites was the mollusc component which showed a mean of 24.9% (by
volume) of the diet at Cliff Head compared with only 7.3% at Seven Mile
Beach. In February 1978 molluscs comprised 43.5% of the diet (by volume)
compared with a maximum of 12.8% at Seven Mile Beach. The molluscan
portion of the diet was dominated by a single species of trochid gastropod,
Prothalotia lepidus, with mytilid bivalves (primarily Brachydontes sp.)
making a significant contribution in some samples. The mean crustacean
component of the diet showed little difference between the two sites (2.9%
at Cliff Head compared with 2.1% at Seven Mile Beach). The greater
proportion of Panulirus exoskeleton ét Cliff Head (12.2%) compared with
that at Seven Mile Beach (2.6%) may reflect a higher moulting frequency

af Cliff Head or it may be coincidental. A number of environmental
factors, especially temperature, (Chittleborough 1975) affect moult
frequency and it may be that samples at Cliff Head coincided with moulting
periods more frequently than at Seven Mile Beach. A further possibility

is that animals at Cliff Head consume greater guantities of moulted
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iii) Gastric evacuation. Differences in the rate of gastric evacua n
may lead to errors in volumetric analysis of stomach contents as slowly
evacuating foods remain in the stomach for longer periods of time than the
more rapidly evacuating foods. Of the four foods examined the time for
complete, or almost complete, gastric evacuation was 4 to 6 hrs at 25°C
(Fig. 2), although £here was considerable individual variation. Animal
foods (L. unifasciata and abalone foot muscle) were evacuated somewhat
more rapidly than the two coralline species but the differences between
them were relatively small. 1In the Littorina diet it was observed that
the tissue was evacuated more rapidly than the shell and operculae.

While only four species were examined they represent a fairly diverse
range of food types and it would seem reasonable to generalize from the
results that extremely wide differences in evacuation rate, such as
reported by Hill (1976) for Secylla serrata, are unlikely. Consequently
large biases in the gut content analysis due to differences in evacuation
rate are also unlikely. Foods with a high proportion of tissue to hard
parts (e.g. polychaetes) are, however, probably somewhat underestimated.

iv) Nutritive value of corallines. The presence of large quantities

of coralline algae in the diet of animals from Seven Mile Beach raises
questions about its nutritive value. Uptake of organic material from
both C. cuvieri and M. stelligera was found, although the efficiency of
absorption measured by the ash ratio method varied from 0% to 40.3%. A
basic assumption of the ash ratio technique is that the mineral (ash)
component passes through the animal unabsorbed. However one of the
nutritive values of consuming coralline algae may be the calcium contained
in the skeleton of the algae. Uptake of calcium would cause the organic
absorptions measured by the ash ratio technique to be underestimated.

Using Cays labelled C. cuvier? fed to intermoult rock lobsters it was




found that calcium is indeed taken up from C. cuviert. Immediately
after the meal the calcium is fairly evenly distributed through the
tissues of the animal but after 3 days is mostly localized in the exo-

skeleton.

Discussion

The dietary data showed major differences in the diet between the
two localities in most seasons. At Cliff Head the diet had a much greater
proportion of invertebrate animal material, predominantly molluscs, than
at Seven Mile Beach. The diet at Cliff Head was correlated with annual
growth and moult increments comparable with that of animals reared in
the aguarium under constant temperature conditions on a diet of mussels
and abalone to excess. The diet of animals at Seven Mile Beach was
characterized by a large proportion of plant matter, ﬁotably a variety
of seagrasses, two species of coralline algae and a fleshy green alga
(C. cactoides). The role of the seagrasses and C. cactoides in the
diet are unknown. The seagrasses appeared more or less intact throughout
the digestive tract and it may be that they are consumed accidently in the
consumption of other organisms and do not contribute directly to the animals'
nutrition. C. cactoides, on the other hand, was usually encountered in a
very broken up condition and in fact this plant proved one of the most
difficult items to identify because of its state in the stomach. Its role
in overall nutrition is also unclear but its degree of digestion suggests
that it may be of direct nutritive value. The two species of coralline
algae were shown to be a source of some organic nutrition as well as a
source of calcium for the exoskeleton.

Newman and Pollock (1974) reported a similar situation with male South
African rock lobsters (Jasus lalandii) at Dassen I. Rock lobsters in areas

of high food availability showed significantly higher moult increments




10.

than those from areas of low food availability. The principal food for

J. lalandii was the mussel Aulocomya magellanica but there was no evidence
that animals in the low food availability areas turned to plant material as
an alternative food. The presence of large amounts of plant material in
the diet of P. cygnus at Seven Mile Beach is, however, not without
parallels in the diets of other Palinurids. 'Heydorn (1969) reported

that the diet of J. tristani from Gough I. and Tristan da Cunha was

almost entirely vegetarian, consisting predominantly of fragments of

both red and green algae. Juveniles of P. argus from Brazil were reported
by Fernandes (1971) to have a mixed diet of plant and animal material,
with plant material in 25% of the stomachs examined. This cohsisted of
both seagrass (Diplanthera sp.) and algae, with the coralline alga Jeania
being the commonest alga. Winget (1968) reported that the diet of the
Californian spiny lobster P. interruptus was also a mixture of plant and
animal material. Algae, both corallines and brown algae, and the surf
grass Phyllospadix constituted between 0.2 and 34% of the diet by dry
weight and between 10 and 78% on a frequency of occurrence basis, depending
on locality and season.

Despite the presence of plant material in the diet of many palinurids
both this work and that of Newman and Pollock (1974) indicate that a certain
proportion of animal material is required in the diet to achieve full
growth potential. Why then are rock lobsters at Seven Mile Beach unable
to attain the required intake of animal matter? The very high densities of
juvenile rock lobsters at Seven Mile Beach means that the available food
supply at this site is divided up amongst more animals. The role of
competitors at both sites is unknown but it would appear that the number
of rock lobsters at Seven Mile Beach exceeds the carrying capacity of

the sea bed. Chittleborough and Phillips (1975) suggested that the
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high, density-dependant wastage of young juveniles could be avoided
without affecting the level of subsequent recruitment to the fishery by
cropping off the excess animals. These excess animals could then be
used to stock underpopulated reefs or reared in captivity. Experiments
are planned for 19817to examine the effect on growth, survival and
nutritional condition of artificially reduced densities. Concurrent
programmes are examining other components of the fauna to identify

possible competitors and predators.




12.

References

Chittleborough, R.G. 1975, Environmental factors effecting growth and
survival of juvenile western rock lobsters. Aust. J. Mar. Freshwat.
Res. ggj 177-1%96.

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. Freshwat. Res. 27, 279-295.

Chittleborough, R.G. and Phillips, B.F. 1975, Fluctuationé of year class
strength and recruitment in the western rock lobster Panulirus longipes
(Milne-Edwards). Aust. J; Mar. Freshwat. Res. 26, 317—528.

Conover, R.J. 1966. Assimilation of organic matter by zooplankton.
Limnol. Oceanog. 11, 338-345.

Fernandes, L.M.B. 1971. The feeding habits of the lobster Panulirus
argus (Latr.) 1804. Crustacea Reptantia. I. Juvenile stage.

Carpas 5.D 31, 1-7.

Fielder, D.R. 1965. The spiny lobster Jasus lalandii (H. Milner-Edwards)
in South Australia. III. Food, feeding and locomotor activity.
Aust. J. Mar. Freshwat. Res. 16, 351-367.

Heydorn, A.E.F. 1969. The South Atlantic rock lobster Jasus tristani at
Vema Seamount, Gough Island and Tristan Da Cunha. Invest. Rep. Div.
Sea Fish. 73, 20 pp.

Hill, B.J. 1976. Natural food foregut clearance rate and activity of
the crab Seylla serrata. Mar. Biol. 34(2), 109-1l6.

Maller, R.A., De Boer, E.S. and Joll, L.M. (in prep.). Determination of
the maximum stomach volume of western rock lobster (Panulirus cygnus)
from field data.

Morgan, G.R. 1978. Locomotor activity in the western rock lobster

Panulirus longipes cygnus. Aust. J. Mar. Freshwat. Res. 29, 169-174.




13.

Newan, G.G. and Pollock, D.E. 1974, Growth of the rock lobster Jasus
lalandii and its relationship to benthos. Mar. Biol. 24, 339-346.

Winget, R.R. 1968. Trophic relationship and metabolic energy budget of
the California spiny lobster Panulirus interruptus (Randall).

M.Sc. Thesis, San Diego State College 232 pp.




14.

Table 1

Mean percentage by volume of major food categories in the
stomach contents of juvenile rock lobsters

a) Seven Mile Beach

Coralline Non- Seagrass Poly- Molluscs Crust- Panulirus Other Digested
Algae Coralline chaetes acea Material
Algae
April 1977 55.76 2.03 12.98 1.41 4.37 3.10 1.06 2.71 16.56
N=63
ang. 1977 44,31 11.27 9.33 1.06 9.42 2.15 0] 4,13 18.33
.8 .
Nov. 1977 28.78 14.58 11.04 1.19 11.45 3.30 6.12 2.06 21.48
N=67
Feb. 1978 41.03 4.62 21.92 0.92 12.83 1.18 2.55 0.95 13.98
N=65
May 1978 49.80 8.91 6.72 3.83 2.50 0.89 3.80 3.35 20.20
N=46
Aug. 1978 36.20 13.22 9.47 1.56 3.87 1.98 0.93 10.29 22.49
N=45
Oct. 1978 33.84 21.08 14.63 0.22 3.94 1.76 2.65 4.90 16.98
N=51
Overall 41.25 10.46 12.76 1.39 7.32 2.12 2.58 3.37 18.38
Total
N=385
b) Cliff Head
April 1977 6.19 2.98 2.56 0.26 34.60 1.39 17.46 11.93 22.63
N—-"3
L. 1977 55.06 3.12 1..44 0.25 1.12 0 1.0 12.25 16.75
N=16
Nov. 1977 13.15 2.68 7.74 0.50 20.26 3.55 25.42 7.98 18.71
N=66
Feb. 1978 3.52 3.22 1.13 0.17 43,52 8.30 2.78 7.22 30.13
N=23
May 1978 20.19 1.30 6.42 1.77 31.77 3.60 4.47 3.95 26.53
N=43
Aug. 1978 33.55 3.64 6.64 1.27 14.36 3.18 6.09 3.91 27.36
N=11
Nov. 1978 28.05 7.84 6.08 0.22 15.76 0.24 3.81 4.89 33.11
N=37
Overall 18.29 3.41 5.81 0.63 24.90 2.86 12,17 7.51 24.42

N=239
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Table 2a Seven Mile Beach
Date Apr. 77 May 77 Nov. 77 Feb. 78 May 78 Bug. 78 Oct. 78 Overall
Food type N=63 N=48 N=67 N=65 N=46 N=45 N=51 N=385

1. Corallina 32.90 19.02 8.31 19.97 33.11 19.82 15.75 20.93

cuvieri
2. Metagoniolithon 22.84 25.21 18.75 20.83 16.69 16.36 17.65 19.90

stelligera
3. Jania spp. 0.02 0.08 1.72 0.23 - 0.02 0.45 0.41
4. Other corallines - - - - - - - -

Other reds 0.62 0.17 0.51 0.31 0.46 0.13 0.18 0.36
6. Caulerpa 0.97 11.06 13.57 4.09 4.82 12.36 19.86 9.24

cactoides
7. Other greens 0.32 - 0.22 0.20 3.37 0.56 0.84 0.71
8. Browns 0.11 0.02 0.03 0.02 0.24 0.18 0.16 0.10
9. Blue-greens 0.02 - - - - - - -
10. Ui/d algae - 0.02 0.25 - 0.02 - 0.04 0.05
1° Seagrasses 12.98 9.33 11.04 21.92 6.72 9.47 14.63 12.76
12. Nereidae 0.13 0.69 0.45 0.05 0.72 0.13 0.06 0.30
13. Eunicidae 0.11 0.21 0.37 0.03 2.20 0.71 - 0.46
14. Aphroditidae 0.62 0.02 0.09 - 0.17 0.09 - 0.15
15. Pectinariidae - 0.02 0.21 - - 0.02 0.10 0.05
16. Other polychaetes - 0.02 0.01 0.02 0.04 0.20 - 0.04
17. Ui/d polychaetes 0.03 0.04 - 0.05 0.56 0.29 - 0.12
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Apr. 77 May 77 Nov. 77 Feb. 78 May 78 BAug. 78 Oct. 78 Overall
18. sSipunculoidea 0.32 - 0.03 - 0.11 - - 0.07
19. Ui/d "worms" 0.21 0.06 0.03 0.78 0.02 0.11 0.06 0.20
20. Solemyidae 0.65 2.92 2.13 1.25 0.02 0.22 0.04 1.09
21. Lucidinidae 0.51 2.44 2.09 7.89 0.11 0.38 0.22 2.17
22. Mytilidae 0.84 0.15 0.15 0.43 0.28 0.16 0.20 0.33
Other bivalves 0.05 0.04 - - - - 0.08 0.02
24. Ui/d bivalves 0.02 0.37 0.72 0.45 0.24 0.56 0.94 0.47
|
25. Gastropod egg 0.02 - 0.84 0.28 0.43 0.11 0.02 0.26 |
capsules |
26. Amphineura 0.16 0.23 0.18 0.01 - - - 0.09
27. "Limpets" - 0.17 0.04 - - - - 0.03
28. Prothalotia 0.11 0.06 0.04 0.16 0.06 0.07 0.14 0.09
lepidus
Prothalotia spp. 0.03 - 0.66 0.17 0.06 - 0.16 0.18
30. Komaitrochus 0.27 0.23 0.10 0.09 0.19 0.09 0.16 0.16
pulcher
31. Other Trochidae 0.08 0.02 0.09 0.06 - - 0.08 0.05
32. Tricolia spp. 0.16 - 0.28 0.09 - 0.02 0.02 0.10
33. Phasianella spp. 0.38 0.50 0.18 0.19 0.04 0.16 0.02 0.21
34. Other Turbinidae 0.05 0.02 - 0.03 - - ~ 0.01
35. Bittium sp. 0.90 1.00 2.70 0.63 0.24 0.71 1.00 1.10



Date Apr. 77

May 77

Nov.

77 Feb. 78

18.

Oct.‘78

May 78 BAug. 78 Overal:

36. Diala spp. - - 0.48 - 0.02 0.04 0.04 0.10
37. Other Cerithiidae - - 0.27 - 0.02 0.04 0.10 0.07
38. Pyrene sp. 0.06 0.37 0.01 0.58 0.26 0.17 0.27 0.24
39. Dentimitrella sp. 0.03 0.04 0.09 0.09 - 0.04 - 0.05
40. Mitrella sp. - - - - - - - -

Other Columbellidae - - 0.01 - - - - -
42, Eatoniella sp. 0.03 - 0.03 - -~ - 0.02 0.01
43. Other Rissoidae - - 0.01 0.05 0.02 0.18 0.29 0.07
44. Chemnitzia sp. - 0.27 0.04 0.09 0.02 0.64 0.04 0.14
45. Other Pyramidellidae 0.02 0.02 0.03 0.02 - 0.02 - 0.02
46. Nassariid sp. - 0.02 0.03 0.08 0.06 0.07 0.06 0.04
‘57, Other Nassariidae - 0.02 0.01 - - - - 0.01
48. "Bubble shells"” - - 0.03 0.02 0.02 - 0.02 0.01
49, Ui/d opisthobranchs - - 0.01 - - - - -
50. Other gastropods - - 0.01 OfO2 - - 0.04 0.01
51. Ui/d gastropods - 0.15 0.09 0.02 - 0.16 - 0.05
52. Gastropod foot - 0.10 0.01 0.11 0.33 - - 0.07

muscle
53. Ui/d mollusc tissue - 0.27 0.03 0.02 0.04 0.02 - 0.05
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Da’ Apr. 77 May 77 Nov. 77 Feb. 78 May 78 Aug. 78 Oct. 78 Overall
54. Other mollusc - - 0.01 0.03 - - - 0.01
material

55. Isopoda 0.22 - 0.98 0.45 0.09 0.04 0.27 0.34
56. Amphipoda 0.38 0.08 0.88 0.12 0.30 0.73 0.29 0.41
57. Stomatopoda - - - - - - - -

58. Alphaeidae - 0.31 - - - - 0.02 0.05
59. Other carids and 0.05 - 0.07 - - - - 0.02

' penaeids
60. Halicarcinus spp. 1.02 0.71 0.10 0.27 0.30 0.13 0.10 0.38
61. Hermit crabs 0.63 - - - - - - 0.10
62. Other crabs 0.24 0.48 0.43 0.02 0.06 0.27 0.14 0.23
63. Panulirus 1.06 - 6.12 2.55 3.80 0.93 2.65 2.58
(exoskeleton)

64. Other macrurans 0.02 - - - - - - -

65. Other crustacea 0.30 0.10 - 0.02 - - - 0.06
Gu Ui/d crustacea 0.24 0.46 0.82 0.33 0.13 0.80 0.84 0.52
67. Discorbis sp. 0.14 0.04 - 0.03 0.28 0.22 0.14 0.11
68. Marginopara sp. 0.02 0.08 0.13 0.02 0.02 0.31 0.18 0.10
69. Elphidium spp. - - - - - 0.07 - 0.01
70. Other foraminifera - - 0.01 - - 0.09 - 0.01
71. Ui/d foraminifera - - - - - - - -

72. Echinoidea 0.02 - 0.18 - 0.02 - - 0.04
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Date Apr. 77 May 77 Nov. 77 Feb. 78 May 78 Aug. 78 Oct.‘zs Overal

73. Ophiuroidea - - - - - - 0.82 0.11
74. Sand 1.59 2,23 1.03 0.36 1.48 8.60 2.51 2.30
75. Fish:scales/bones/ 0.17 0.21 0.16 0.03 0.35 0.07 0.20 0.16

tissue
76. Siliceous and - - 0.07 - 0.20 0.44 0.20 0.11

calcareous spicules
77. Sponge tissue 0.08 0.75 0.03 0.08 0.20 - 0.16 0.17

Ascidian - - - 0.16 - - 0.22 0.05
79. Ui/d tissue 0.29 0.42 0.28 - 0.02 0.44 0.25 0.24
80. Pycnogonida - - 0.09 0.12 0.02 - 0.20 0.06
8l. Hydrozca 0.05 0.06 0.05 0.08 0.02 - 0.04 0.04
82. Bryozoa - - - - 0.04 - - -
83. Unidentifiable 0.36 0.33 0.01 0.09 0.70 0.04 - 0.21
£ Cow hide and hair - - - - - - - -
85. Digested material 16.56 18.33 21.48 13.98 20.20 22.49 16.98 18.38







Nov. 77

Feb.
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. Date Apr. 77 May 77 78 May 78 Aug. 78 Oct. Overa’
18. Sipunculoidea - - - - 0.02 - - -
19. Ui/d "worms" 0.12 0.25 0.17 - 0.21 - 0.05 0.13
20. solemyidae - ~ - - - 0.09 - -
21. Lucidinidae - - - - 0.02 - 0.22 0.04
22. Mytilidae 1.05 0.50 16.83 1.48 8.00 '10.82 12.24 8.84
23. Other bivalves - - 0.23 - - 0.45 - 0.08
24. Ui/d bivalves 0.51 0.06 0.15 0.39 0.07 - 0.40 0.25
25. Gastropod egg - - 0.20 1.56 0.30 - - 0.26

capsules
26. Amphineura 0.12 - 0.01 - 0.56 0.09 0.78 0.25
27. "Limpets" 0.02 - - - - - - -
28. Prothalotia 30.72 0.31 1.36 37.00 18.12 1.54 0.76 12.93
lepidus
29. Prothalotia spp. 0.09 - 0.21 - 0.46 0.18 0.16 0.19
30. Komaitrochus 0.02 - - 0.17 1.09 0.72 0.40 0.32
pulcher
31: Other Trochidae - 0.12 0.18 0.04 - - 0.27 0.10
32. Tricolia spp. 0.02 - 0.01 - 0.63 - 0.03 0.13
33. Phasianella spp. - - - - - - 0.03 -
34. Other Turbinidae 0.07 - - - 0.02 - - 0.0z
35. Bittium sp. 0.19 - - - - - - 0.03




Datoc

23.

Apr. 77 May 77 Nov. 77 Feb. 78 May 78 BAug. 78 Oct. 78 Overall

36. Diala spp. 0.16 - - 0.91 0.07 - 0.13
37. Other Cerithiidae - - 0.01 - - - -

38. Pyrene sp. 0.16 - - - 0.21 0.03 0.07
39, Dentimitrella sp. 0.16 - - - - - 0.03
40. Mitrella sp. 0.46 - 0.14 0.65 1.42 0.05 0.44
... Other Columbellidae = - - - - - -

42. Eatoniella sp. 0.02 - 0.03 - - - 0.01
43. Other Rissoidae 0.02 - 0.03 - - 0.08 0.02
44. Chemnitzia sp. 0.02 - 0.07 - - 0.11 0.04
45. Other Pyramidell- 0.05 - 0.07 - - - 0.03

idae

46. Nassariid sp. 0.63 - 0.26 0.17 0.39 0.08 0.29
47. Other Nassariidae - - 0.03 - - - 0.01
48. "Bubble shells" - - 0.11 0.30 - - 0.06
49, Ui/d opisthobranchs - - 0.03 - - - 0.01
50. Other gastropods - - - 0.04 - - -

51. Ui/d gastropods - 0.06 0.04 - 0.07 0.05 0.04
52. Gastropod foot - - 0.08 0.78 0.07 - 0.11

muscle
53. Ui/d mollusc tissue - - 0.15 - 0.26 .45 0.05 0.12
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¢ Date Apr. 77 May 77 Nov. 77 Feb. 78 May 78 Aug. 78 Oct.: Overal:
54. Other mollusc 0.09 .06 - - - - - 0.02
material
55. 1Isopoda 0.49 0.56 5.39 0.77 - 0.08 0.91
56. Amphipoda 0.02 0.35 0.70 0.07 - 0.13 0.20
57. Stomatopoda - - - 1.46 - - 0.27
58. Alphaeidae - - - - - - -
g Other carids and - - - 0.02 - - -
penaeids
60. Halicarcinus spp. 0.39 0.65 0.48 0.16 - - 0.33
61. Hermit crabs - - - - - - -
62. Other crabs 0.02 0.11 -~ 0.46 - 0.03 0.12
63. Panulirus 17.46 .00 25.42 2.78 4.46 6.09 3.81 12.17
(exoskeleton)
64. Other macrurans - - - - - - -
65. Other crustacea - - - - - - -
66. Ui/d crustacea 0.46 1.88 1.74 0.65 3.18 - 1.03
67. Discorbis sp. - 0.03 - - - 0.11 0.02
68. Marginopara sp. - 0.17 0.04 - - 0.03 0.05
62. Elphidium spp. - 0.14 - - - 0.03 0.04
70. Other foraminifera - - - - - - -
71. Ui/d foraminifera - 0.01 0.04 - - - 0.01
72. Echinoidea - 5.36 - 0.35 - - 1.54




LY

25,

'* De Apr. 77 May 77 Nov. 77 Feb. 78 May 78 Aug. 78 Oct. 78 Overal
73. Ophiuroidea - - 0.01 - - - - -
74. Sand 1.00 0.12 0.77 l.61 0.30 3.82 1.03 0.95
75. Fish:scales/bones/ 0.12 - 0.61 - 0.09 - 1.46 0.43

tissue
76. Siliceous and 0.02 - 0.06 - - - 0.08 0.03
calcareous spicules
77. Sponge tissue 0.30 - 0.09 0.22 - - - 0.10
20 Ascidian 2.79 0.12 0.29 2.26 2.72 - 1.08 1.46
79. Ui/d tissue 7.33 1.37 0.04 1.78 0.37 - - 1.66
80. Pycnogonida - - - - - - 0.03 -
81. Hydrozoa 0.37 0.31 0.11 0.04 - - - 0.12
82. Bryozoa - - 0.01 0.56 - - - 0.06
83. Unidentifiable - - 0.27 0.65 0.11 0.09 1.05 0.33
84. Cow hide and hair - 10.31 - - - - - 0.70
85. Digested material 22.63 16.75 18.71 30.13 26.53 27.36 33.11 24.42




Table 3

Percentage frequency of occurrence of major categories in the stomach contents

26,

of juvenile P. cygnus
a) Seven Mile Beach
Coralline Non- Seagrass Poly- Molluscs Crust- Panulirus Other Digeste
Algae Coralline chaetes acea Materi:
Algae
% % % % % % % % %
N
April 77 63 98.4 66.7  98.4 54.0 100.0 60.3 6.3 92.1 100.0
Aug. 77 48 100.0 91.7 100.0 89.6 100.0 64.6 4.2 93.7 100.0
Nesr, 77 67 97.0 91.0 97.0 85.1 98.5 79.1 35.8 85.1 100.0
i . 178 65 96.9 76.9 98.5 36.9 100.0 52.3 21.5 87.7 100.0
May 78 46 97.8 87.0 100.0 58.7 82.6 43.5 30.4 87.0 100.0
Aug. 78 45 97.8 86.7 97.8 €8.9 95.5 44 .4 31.1 97.8 100.0
Oct. 78 51 98.0 98.0 98.0 25.5 90.2 47.1 39.2 86.3 100.0
Overall 385 97.9 84.7 98.4 59.5 95.8 57.1 23.9 89.6 100.0
b) Cliff Head
|
Coralline Non- Seagrass Poly- Molluscs Crust- Panulirus Other Digested
Algae Coralline chaetes acea Material
Algae
% % % % % % % % %
N
April 77 43 76.7 86.0 93.0 39.5 100.0 60.5 48.8 90.7 100.0
Aug. 77 16 93.7 93.7 100.0 18.7 50.0 12.5 12,5 93.7 100.0
Nov. 77 66 89.4 77.3 93.9 53.0 92.4 53.0 69.7 12.1 100.0
Feb. 78 23 47.8 87.0 43.5 26.1 100.0 87.0 13.0 78.3 100.0
May 78 43 76.7 72.1 76.7 53.5 100.0 60.5 25.6 62.8 100.0
Aug. 78 11 90.9 72.7 72,7 54.5 90.9 36.4 9.1 63.6 100.0
Oct. 78 37 94.6 73.0 97.3 37.8 94.6 16.2 45.9 8l.1 100.0
Overall 239 82.0 79.1 85.8 43.5 93.3 49.8 42.3 60.2 100.0




A

v,

Table 4

Single Moult Increments of Western Rock Lobsters

{(Aquarium data from Chittleborough {(1976); Field data
is from 1978 only)

Males Females
1. Aquarium

(food to excess, 25°C)

Age Mean  se 1 Mean  se
2+ 5.0 0.2 15 5.6 0.2
3+ 5.1 0.5 11 4.3 0.4
4+ 3.5 0.5 11 4.0 0.3
5+ 2.5 0.4 5 2.0 | 0.3
o+ 1.4 0.3 5 0.8 0.1

2. Seven Mile Beach

Age Mean  se  n Mean  se
2+ 2.6 0.5 8 3.2 0.4
3+ 2.6 0.3 11 3.2 0.4
4++ 3.0 0.4 16 2.4 0.3

3. Cliff Head
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Table 5 ;

Total density (No. per ha.) and annual mortality coefficients

(of animals > 3 yrs) at Seven Mile Beach and Cliff Head

Total Density in Total Density in Annual Mortality
January (*SD) in August (%SD) coeff. (> 3 yrs)
Seven Mile Beach
1977 12728 (*468) 7269 (£420) 0.657
1978 14452 (£727) 7682 (£322) 1.879

Cliff Head

1978 3151 (%501) 5905 (£272) -




Increase in -.arapace length (mm) during the year.

L} 29.
. Fig. 1. Annual growth of tagged juvenile rock lobsters at Seven
Mile Beach and Cliff Head in 1978.
Broken line shows the annual growth of rock lobsters in aquaria
under near-optimal conditions.
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30.

Wet weight of food remaining in the stomach expressed as a
percentage of the wet weight consumed.

Points are individual animals; line connects the arithmetic

mean for each time. Temp. 25°C.
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