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CATCHES OF PUERULUS LARVAE ON COLLECTORS
AS A MEASURE OF NATURAL SETTLEMENT OF THE
WESTERN ROCK LOBSTER Panulirus cygnus George

. by
B.F. Phillips and N.G. Hall

Abstract

Data from four sites in Western Australia on catches on collectors of the
puerulus stage of the western rock lobster, Porulirus cygnus George, were
examined to determine the precision of the catches and the relationship between
the puerulus catches and the natural settlement. '

Variability in the catches of individual collectors at each site was high,
but all collectors at each site indicated similar trends in the level of
settlement from month to month and from year to year. The settlement pattern
cn the collectors showed a similar pattern to that expected from the results
of larval sampling programs and the circulation pattern of the eastern Indian
Ccean. )

The data on the relationship between the catches on the collectors and
natural settlement were less satisfactory, and it was not possible to detect
a definite relationship between the levels of catches of puerulus con the
collectors and the resulting juvenile densities at the site examined. This
may. have been because the relationship was masked by the effects of natural
mortality (which is probably density dependent) and by the effect on this
mortality of envirommental factors.

The catches on the collectors were shown to be useful measures of
seasonal patterns and relative strengths of settlement of the puerulus
larvae of the western rock lobster.

INTRODUCTION

The western rock lobster is confined to the western coast of Australia, from
approximately North West Cape to Cape Naturaliste (Fig. 1). The majority of
the commercial catch is taken between 28 and 32° (Sheard 1962). - After a
planktonic life of 9 - 11 months (Chittleborough and Thomas 1969), the
surviving larvae (puerulus-stage)} settle in shallow coastal areas.

A number of workers have developed collectors to catch the puerulus
stage of rock lobsters (Witham et al. 1968; Phillips 1972; Anon. 1974,
Serfling and Tord 1975). The data on the catches of such collectors have been
used to measure seasonal patterns of settlement and relative strengths of
settlement from season to season and year to year (Chittleborough and Phillips
1975; Serfling and Ford 1975).

Because of practical difficulties and costs most studies must rely upon
small numbers of collectors to yield results. However, there appear to have
been no studies of the precision of the collectors in providing repeatable
measures of settlement, or of the accuracy of the catches as true indices of
natural settlement. In this paper, data from four sites in Western Australia
‘on catches on collectors of the puerulus stage cf the western rock lcbster
Parulirus cygnus George were examined for the precision of these data and to
assess the level of confidence which can be placed on these catch data as
indices of natural settlement.
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METHODS

All collectors used in this study were as described by Phillips (1972). The
collectors were checked monthly after each new moon period when most larvae
settled. All settlement took place at the puerulus stage. The western rock
lobsters were remcved from the collectors either as puerulus larvae, or
after they moulted into very small post-puerulus juveniles.

RESULTS

Collector catches as a measurement of settlement at a site

Observations were carried out at Rat Island, Abrolhos Island, Seven Mile
Beach, Jurien Bay and at Garden Island in Western Australia (see Fig. 1).

These sites were chosen to give a range of data from the centre (Seven
Mile Beach and Rat Island) to the periphery of the population (Garden Island),
and a site approximately midway between these points (Jurien Bay)
(Chittleborough 1970). ,

Phillips (1%72) found no significant difference in the catches of
collectors set out in pairs at Seven Mile Beach. This result was confirmed
by the catches of a set of eight collectors approximately 2 m apart (Fig. 2).
The catches made by these collectors over a period of six months during 1371
are given in Table 1.

Table 1. Catches of puerulus on the collectors at Seven Mile Beach in Western

Australia
Collector Aug. Sept. Oct. Nov. Dec. Jan. Total
1971 1971 1971 1971 1971 - 1972
A 1 9 12° 4 6 7 39
B 6 19 12 13 7 7 64
C 7 18 9 3 2 7 46
D 6 16 8 5 2 5 42
E 8 6 11 g 1 8 L3
F 5 7 9 8 3 5 37
G 4 6 9 H 5 3 33
H 6 15 9 & 4 8 48
Total 43 96 79 52 30 52 352

The homogeneity of catches of the collectors was tested using the log
likelihood ratio test (Sokal and Rohlf 1969, pp. 559-607; Plackett 1974,
pp. 12, 58}, with a nominal level of significance throughout this paper of
P = 0.05. The catches of the collectors in the same month agreed closely
and the effects of interaction between collectors and months were not found
to be significant (P > 0.10). As expected, there were significant differences
in the catches of the individual collectors from month to month (P < 0.001).
It was not possible to detect a significant difference at the 0.05 level
between the catches of any of the collectors in the array (0.10 > P > 0.05)
and it was concluded that the exact positioning of a collector within the
area tested (16 m?) did not significantly affect its catch.



Data were examined from two sites to determine the effect on catch of
collector positioning. The catches of six colliectors along approximately
1 km of coast at Seven Mile Beach (Fig. 2) from September 1968 to May 1976,
and of 10 collectors along approximately 9.6 km of coast at Garden Island
(Fig. 3) from August 1975 to February 1976 were examined. The data from
Seven Mile Beach (Table 2) showed that all the collectors indicated similar
trends in the level of settlement from month to month and from year to year;

Table 2. Catches of puerulus stage of western rock lobster on collectors over
lunar months at Seven Mile Beach, Western Australia

Collectors
Date 1 2 3 b 5 6 Total

September 1968 18 38 62 34 29 17 198
Qctober 18 20 18 10 52 13 131
November 6 13 20 8 12 G 65
December 13 9 15 5 9 2 53
January 1969 9 6 7 1 7 3 33
February 2 3 2 1 1 2 11
March 4 1 i 0 1 0 7
April 2 0 0 0 0 0 2
May 0 0 0 0 0 0 0
June 0 0 0 0 0 0 0
July 0 0 Q 0 0 0 0
August 0 0 0 0 0 0 0
September 0 2 1 1 0 0 4
Qctober 1 0 7 L 1 2 15
Novemberp 9 6 3 6 4 3 30
December 1 2 4 6 2 1 16
January 1970 0 1 4 1 1 2 9
February 0 0 1 1 4 0 6
March 3 3 2 1 0] 0 9
April 0 0 1 0 1 0 2
May 0 0 0 0 0 0 0
June 0] a 0 G O 0 0
July 1 0 0 1 0] 0 2
August 0 0 0 0 0 0 0
September 7 B 6 2 4 Y 29
October 7 9 7 10 7 3 b3
November 2 8 9 8 L 2 33
December 4 8 10 5 B 1 34
January 1571 5 8 2 4 6 3 29
February 2 4 1 0 3 y 14
March 3 0 3 0 1 1 8
April 2 2 1 L 0 6 15
April 0 2 1 0 0 0 3
May 1 1 1 1 2 2 8
June 3 3 5 4 0 1 16
July 4 1 2 8 1 2 18
August 12 10 10 8 2 1 43
September 17 4 12 10 7 7 57
October 16 15 16 13 14 5 69
November 20 15 19 18 25 7 114

3 4 1 5 1 18

December L



Table 2 (contd). Catches of puerulus stage of western rock lobster on
collectors over lunar months at Seven Mile Beach, Western Australila

Collectors

Date 1 2 3 L4 5 6 Total
January 1972 10 5 2 4 9 3 30
February 2 1 1 0 1 1 5]
March 2 1 1 1 0 0 5
April 1 1 3 0 0 1 6
May 0 0 0 1 0 0 1
June 0 0 0 0 0 0 0
July 6 L 1 3 6 1 21
August 0 0 0 0 0 0 0
September 6 7 4 4. 12 3 36
October 3 4 4 1 1 2 15
November 8 5 16 3 7 3 42
December 4 4 7 3 3 4 25
Janmuary 1973 & 2 6 2 B 0 22
February 3 6 7 7 2 1 28
March 2 3 1 2 1 1 10
April 0 1 1 0 0 0 2
May 0 1 1 0 0 0 2
June 0 0 0 0 0 1 1
July 1 0 1 0 0 1 3
August 2 3 1 0 2 2 10
September 16 20 23 36 o1 18 124
October 13 14 21 18 13 14 a3
November 9 7 14 18 11 15 75
December 4 6 5 8 4 ) b1
January 1974 15 18 18 iu 9 11 a5
February 8 6 7 5 5 5 36
March 5 4 L 3 2 2 20
April 1 1 1 1 0 1 5
May 0 ] 1 0 3 1 5
June 0 0 1 2 0 0 3
July 0 0 0 0 0 0 0
August 5 5 5 5 L 8 32
September 32 19 30 10 28 1y 133
October . 8y B4 66 ug 59 23 342
November 42 L7 57 25 67 16 254
December 11 12 12 io - 15 3 63
January 1975 . 17 7 7 5 3 L L3
February 11 10 10 6 5 B 48
March _ 5 5 6 b 3 2 25
April 3 3 3 2 3 1 15
May 1 0 Q 0 0 0 1
June 0 0 1 0 2 o 3
July it 1 0 0 0 0 1
August 8 2 2 2 L 0 18
September 5 4 6 &} 0 1 22
October 13 16 22 9 11 6 77
November 20 21 20 22 25 16 12y -
December 11 13 15 13 16 11 79
January 1976 21 32 41 12 32 12 150
January 13 9 15 9 6 6 58
February 3 3 6 3 2 2 19
March L 6 5 5 L 5 29
March 1 2 1 0 0 0 b
April 0 0 0 Q 1 0 1
May 0 0 0 1 1 0 2
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the correlation between the catches of any pair of collectors was very highly
significant (P < 0.001). The levels of settlement at Garden Island (Table 3)
were much lower and therefore more difficult to interpret but did not detract
from this conclusion. Overall levels of settlement on the collectors at
Garden Island were consistently low by comparison with the settlement on the
collectors at Seven Mile Beach for the same time period.

Table 3. Catches of puerulus on collectors at Garden Island

1875 19786
Collector Aug. Sept. Oct. Nov, Dec. Jan. Feb. Total

No. :

1 0 0 1 0 1 0 0 2

2 0 0 2 0 1 1 1 5

3 1] 0 1 1 0 2 1 5

L 0 0 i 0 1 3 0 5

5 0 0 0 0 1 4 0 5

6 0 0 1 Q 2 6 1 10

7 0 0 3 Q 3 2 0 8

8 0 0 0 0 5 4 0 9

9 0 0 9 3 4 4 0 20

10 0 0 2 2 2 4 1 11

Total 0 0 20 3] 20 30 4 80

Analysis of the homogeneity of catches of the collectors at Seven Mile
Beach by applying the log likelihood ratic test to all non-zero samples
suggested that there might be systematic differences between the collectors;
collector 6, for example, produced consistently smaller catches but it was
impossible, because of significant interaction between collectors and months
(P < 0.05), to test whether, for the data being analysed, the catches on the
individual collectors differed significantly.

The variability between widely spaced collectors at a site was greater
than between closely spaced collectors at the same site. Despite this fact,
the overall variability between the catches of the collectors at a site was
less than the variability between sites. Because of the wvariation in the
catches of the collectors, collectors need to be distributed along the coast
at a site to obtain a representative measure of settlement at that site.

Month to month comparisons within sites

The catches of the individual collectors at Rat Island, Seven Mile
Beach, Jurien Bay and Garden Island from August 1975 to February 1976 are
given in Table 4. Examination of these data, and the data for Seven Mile
Beach in Table 2 showed that peak periods of settlement occurred between
September and January but that the peak month of settlement was not
necessarily in the same month at each site, nor in the same month at a site
from year to year. Almost no settlement occurred during the peried from
approximately May to August each year.
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Phillips, Rimmer and Reid (1978) sampled the late stage phyllosoma larvae
and puerulus of P. eygnus offshore in the plankton in 1975 and showed that the
highest densities of larvae were present in the plankton off the coast of W.A.
between July and December, the same trend as in the collector data. The
maximum number of puerulus settling on the collectors at Seven Mile Beach in
September coincided with the highest density of late stage phyllosoma larvae
in the plankton off the edge of the comntinental shelf in that area.

Comparisons between sites

The mean catch per collector and the 95% confidence limits of the mean
(calculated from the method presented by Land, 1972) have been plotted (Fig.
4) for the 1974/75 settlement at Jurien Bay and Seven Mile Beach and (Fig. 5)
for the 1975/76 settlement at Rat Island, Seven Mile Beach, Jurien Bay and
Garden Island. For clarity, confidence limits in the Rat Island data are not
shown but were wider than the limits on the data for the other sites. 1In
these cases visual compariscn is sufficient to show the differences between
the monthly catches of the collectors at the different sites. However, a
statistical comparison of the seasonal data may be made by treating the
different months within the season as separate strata (Cochran 1963, pp.
87-95} and determining the mean catch per collector per month over the entire
seasormn.

Using this approach, the mean catch per collector per month between
August 1974 and March 1975 at Jurien Bay was found to be 25.9 (SE = 2.8,
effective df = 11) and at Seven Mile Beach was 19.6 (SE = 1.5, effective
df = 13). These values were compared using an approximation to the t-test
(Sokal and Rohlf 1969, pp. 374-375), and were not found to be significantly
different (P > 0.05).

Between August 1975 and February 1976, the mean catch per collector per
month at Garden Island was found to be 1.26 (SE = 0.25, effective df = 13),
at Jurien Bay it was 10.57 (SE = 0.84, effective df = 13), at Seven Mile Beach
it was 12,57 (SE = 0.85, effective df = 11}, while at Rat Island it was 11.64
(SE = 1.15, effective df = 8). The values were obviously different between
Garden Island and Jurien Bay, Seven Mile Beach and Rat Island, while the
values for Jurien Bay, Seven Mile Beach and Rat Island were found not to be
significantly different (P > $.05).

As already discussed, the peak month of settlement was not necessarily
identical at each site. The peak month of settlement at the more narthern
site Seven Mile Beach often cccurred earlier than at Jurien Bay (see Fig. 4).

These results show a decline from north to scuth in the mean catch per
collector per month, with similar levels of settlement occurring at Jurien
Bay and Seven Mile Beach. This pattern, both in timing and difference in
levels of settlement from north to south, is comsistent with the densities of
larvae in the plankton and the water circulation of the eastern Indian Ocean.
The water circulation is under the control of a large clockwise gyre which
causes a water flow towards the coast of Western Australia in the vicinity of
29°-31°S (between Seven Mile Beach and Jurien Bay). The water then flows
scuthward predominantly parallel to the coast. The easterly current flow and
a recurrent eddy in the area give rise to relatively high densities of
phyllosoma larvae in the plankton near 29°-31°S5. Further south there are
relatively fewer phyllosoma larvae in the plankton, and fewer puerulus
settling (Phillips, Rimmer and Reid 1978}.

The consistency of the settlement pattern at sites in the 29°-31°S area
is of interest. Analysis of the mean number of puerulus settling on
collectors each season between 1969/70 and 1976/77 at Rat Island, Seven



Mile Beach and Jurien Bay (Table 5), showed that settlement at these three
sites was significantly correlated (P < 0.G5) and the data for Seven Mila
Beach and Jurien Bay were highly correlated (P < 0.01), indicating similar
levels of settlement over these years. The data for Garden Island is given
for comparison. '

Table 5. Mean number of puerulus settling per collector

Season of Rat Island Seven Mile Jurien Bay Garden
Settlement Beach Island
A .
196%/70 — 15.0 3.7 —
1970/71 27.6 35.3 20.3 0.3
1971/72 32.8 67.2 36.3 1.0
1972/73 68.8 33.7 41.6 0.3
1973/74 ' 75.0 §3.2 117.0 4.3
1974/75 130.8 159.8 209.8 2.0
1975/76 104.5 97.3 79.4 4.0
1876/77 106.8 100.8 B4.8 2.4

A - not measured.

Relationship between puerulus catches and natural settlement

No information is available as to whether there is a constant relation-
ship temporarily or spatially between the catch per collector and the density
of puerulus in the water. However, visual observations of free swimming
puerulus suggest that the catches of the collectors relate to the numbers of
puerulus in the water adjacent to the collectors. Phillips and Olsen (1975)
recorded sighting 335 puerulus between 1700 and 2400 hours on five nights
(15, 16, 18, 19 September and 17 October 1974) at Seven Mile Beach. The
catches of three collectors adjacent to the observations were a total of 127
puerulus over these nights. During similar cbservations on two nights (26 and
27 October 1973) no animals were observed and only one puerulus was caught on
the same three collectors over these two nights.

The mean catch per collector between September and April each year from
1968-1876 at Seven Mile Beach, together with 95% confidence levels, has been
plotted as Figure 6. The differences in the levels of annual settlement
indicated by these data are assumed to be natural variations in the annual
levels of settlement. This conclusion has been partly confirmed by
Chittleborough and Phillips (1975) who examined the relative Jurien Bay and
Seven Mile Beach and stated that in general there was a good consistency
between the indices of year-class strength at settlement obtained from the
collectors and those derived from measurements of density of juveniles aged
two or three years in the same locality. However, because the natural
mortality varies with the overall density of juveniles due to the restricted
holding capacity of the nursery reefs, the survival of the juveniles through
to approximately five years of age (when they become recruits to the fishery)
could only be clearly determined from relatively weak years of larval settle-
ment. Relatively strong years of larval settlement do not necessarily produce
a high level of recruitment to the fishery, but will in general result in at
least an average level, These data were used by Chittleborough and Phillips
to make successful predictions in 1971 of a low catch level in the fishery in
1973/74, followed by a recovery in the subsequent season.
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A plot of all the data now available on the total annual settlement of
puerulus at Seven Mile Beach (as measured by the catches on the collectors)
against the densities of two year old juveniles arising two years later at
the same site (Chittleborough and Phillips 1977) from these settling larvae
is presented in TI'igure 7. Despite the success of the predictions, it was not
possible to determine a mathematical relationship between these indices,
however, this may be partly due to the density dependent mortality and also
to the effect of envirommental factors on the mortality of the juveniles.
However, even if a relationship had been demonstrated for Seven Mile Beach,
there are a number of untested assumptions in applying this relationship to
other sites, including the assumption of similar environmental conditions
and similar areas available for settlement at each site. Changes in these
factors could result in changes in the level of natural settlement, perhaps
reflected in the catch per collector, but with the relationship varying from
site to site,

The question of whether the catches of the collectors are truly
representative of the natural settlement occurring in an area is thus truly
partly answered. This situation is found in most fish sampling programs,
density being assumed to be directly proportional to catch per unit of
effort. However, the collector is not directly comparable to conventional
fishing equipment. The collector (relying on encounter by returning puerulus
rather than attraction to a bait) is perhaps nearest in action go a gill net,
but Phillips and Olsen (1975) found that the puerulus larvae of P. cygnus
were clearly capable of detecting hanks of the artificial seaweed of which
the collector is formed and were not simply swept into the collector. It
should also be noted that the collector, rather than measuring the density
of settled puerulus, measures the rate of settlement. The catches of the
collectors alone are insufficient to resolve this problem and until an in-
dependent method of sampling the puerulus is determined the question remains
unsolved.

DISCUSSION

Analysis of the data on the catches of the puerulus of P. cygnus on the
collectors at Seven Mile Beach, Jurien Bay, and Garden Island has shown that
an acceptable precision was achieved by the collectors, even though they were
in small numbers. Variability between the catches of individual collectors
at each site was found to be high. However, all collectors at a site
indicated similar trends in the level of settlement from month to month and
from year to year. The variations between months in the catches on the
collectors at Seven Mile Beach appeared from visual observations (Phillips,
unpublished data) to be related to the direction of the prevailing weather.
The individual collectors 1, 2, 3, and 4 at the southern end of the area
recorded higher daily catches during periods of strong southerly winds,
while those at the other end of the area (5 and 6) recorded higher catches
with north west winds., '

It is of significance that in each case examined the collector data show
a similar pattern to that expected from the results of larval sampling and
the water circulation pattern in the eastern Indian Ocean. Comparisons of
the catches of areas with low densities of settlement, such as Garden Island,
with areas of higher settlement, such as Seven Mile Beach, are always
difficult. The confidence limits on these data reflect the fact that in
areas of low density of settlement the catches of small numbers of
collectors are unlikely to adequately reflect the changes in annual settle-
ment, although they may be adequate to reflect changes in annual settlement .
in areas of high density. In practice many workers would only compare the
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total catch on the collectors from year to year, or perhaps the peak periods of
settlement at a site or between sites. Provided the catches of the individual
collectors are consistent and of a reasonable magnitude this can be success-
fully accomplished with a small number of collectors distributed along the
coast of a sampling site.

As already discussed, no mathematical relationship was determined between
the total settlement at Seven Mile Beach as measured by the catches on the col-
lectors and the subsequent density of three year old juveniles at this site.
The inability to démonstrate such a relationship, taking into consideration the
level of precision of the data, suggests that further studies to establish the
accuracy of the collectors as an index of the natural settlement occurring in
an area are desirable. Before full confidence can be placed in the use of
puerulus catch data to predict future catch levels in the fishery it will be
necessary to establish a relationship between the catches of the collectors
and the resultant juvenile densities. This may be achieved with a longer time
series of data and additional information on the factors affecting mortality
of the juveniles on the nursery reefs. However, in the absence of this con-
firmation, the catches of the collectors continue to be useful indices of
seasonal patterns and relative strengths of settlement.

ACKNOWLEDGMENTS

During the preparation of this paper a number of colleagues have made helpful
suggestions. The authors wish to especially acknowledge the following:
N. Caputi, A. Grassia, G. Kirkwood, G. Morgan, D. Reid, and D. Williams.

REFERENCES

Anon. (1974). Collection of larval rock lobsters. Cateh 74 (1), 9-10.

Chittleborough, R.G. (1970). Studies on recruitment in the Western Australian
rock lobster Panulirus longipes cygrus George: density and natural
mortality of juveniles. Adust. J. Mar. Freshwater Res. 21, 131-u48.

Chittleborough, R.G., and Phillips, B.F. (1975). Tluctuations of vyear-class
strength and recruitment in the western rock lobster Panulirus longipes*
(Milne-Edwards). Aust. J. Mar. Freshwater Reg. 26, 317-28. '

Chittleborough, R.G., and Phillips, B.F. Recruitment to the catchable stock
of the western rock lobster Panmulirus longipes cygnus George.

"~ Rapp. P. -V. Reun. Cons. Int. Explor. Mer (in press).

Chittleborough, R.G., and Thomas, L.R. (1969). Larval ecology of the Western
Australian marine crayfish, with notes upon other panulirid larvae from
the eastern Indian Ocean. Aust. J. Mar. Freshwater Res. 20, 19%-223,

Cochran, W.G. (1963). 'Sampling Techniques'. 2nd edn. (John Wiley: New
York).

Land, C.E. (1972). An evaluation of approximate confidence interval
estimation methods for lognormal means. Technometries 1i (1), 145-158.

Phillips, B.F. (1872). A semi-quantitative collector of the puerulus larvae
of the western rock lobster Pamulirus longipes cygrnus George (Decapoda,
Palinuridae). Crustaceana 22, 147-Sh.

Phillips, B.F., and Olsen, L. (1975). Swimming behaviocur of the puerulus
larvae of the western rock lobster. Aust. J. Mar. Freshwater Res. 26,
415-17.

Phillips, B.F., Rimmer, D.W., and Reid, D.D. (1978). Ecological investigations
of the late stage phyllosoma and puerulus larvae of the western rock
lobster Pamulirus longipes cygnus. Mar. Biol. 45, 347-357.




12

Plackett, R.L. (1974). 'The Analysis of Categorical Data'. (Griffin:
London).

Sheard, K. (1962). 'The Western Australian Crayfishery 1944-61'.
(Paterson Brokensha: Perth).

Serfling, S.A., and Ford, R.F. (1975). Ecological studies of the
puerulus larval stage of the California spiny lobster Parulirus
interruptus (Randall). Nat. Oceanic Atmos. Adm. (U.S.) Fish.
Bull. 73, 360-77.

Sokal, R.R., and Roblf, F.J. (1969). 'Biometry: The Principles and
Practice of Statistics in Biological Research'. (Freeman: San
Francisco).

Witham, R., Ingle, R.M., and Joyce, E.A. Jr. (1968). Physiological
and ecological studies of Panulirus argus from the St. Lucie
Estuary. Fla. Board Congerv. Mar. Res. Lab. Tech. Ser. 353,

1-31.



13

eITRJIISNY UJS1S9M UT Uoeag STT|H USASS

S,0bo6¢
|

1B SJ0109TIC0 JO BUTUOTITSO] 7 2andIg

S, 0£.0)06¢

ERAT Y4

LT

.t .
ETLEN
ottt .,
0y . “at
. N
e w
av
. M
- .
- .
et

yoeag J|IIN UIA3SG

OJOXO),
@ O
OO

S40123||0D e




15

1N5°9'E
) I 32° 9's
i
t
. 9. R . . Beacon Hd.
a1
Sy ‘5;‘35.
e‘}‘-q,‘ 3 3§
1S 1\ Mt Lotus Y,
3 b
% QE Xy
':IG’ ECalista PL. 1a¥Second Hd.
*.£% Mt Haycock b
£ 25 9
v ;
2 fo .\.E Pomt Atwick s Dance Hd.
3 _Af* :
P W :!
HCollins Pt.p b
; oy
o
Iy
Z ReClitt Pt
L
432°12’Ss
\I'
]
]
3
‘Il"“
%
o
N
R
Nt
L)
N
R,
©South Hill 1Y
G X
Colpoys Pt R,
RS A
Mt 3
Stawart, R
25 s, Careening Bay
R
' @0 Parkm
7 ’_-‘: 16 5
,‘
8 al-e™
10 KL K.E“ oL Collle Head
v b _Ja2015'8
Figure 3 Positioning of collectors at Garden Island

in Western Australia



15

SL/NLET
UT yoesg =TT UlASG DUPR AR USTJN[ JCF UBSW 3l JCT SITWTT 92USPTIUOD ¢GF pur J010aTTo0 J=d UdlED ueal 4 =andTJ
. SLl6l vL61
Jep qa4 uep o 1-Y¢) ~ AON 120 ~deg bny
I ] J I ] J T I 0

S
o

HOv3g
3TIN N3A3S

1 ] | 1
= Q = o
Ty < ™ o~

]
o
©
101221109 18d yo)ed ueady

AvE N3mgar

I
Qo
M~

]
o
-y

. 001




le

BTTH U8A®g pue Aeg usTanp °pueTs]
94/SL6T UT PURTSI 3%y J03F J0309TToo Jod Yoled uesw 2yl pue 9.4/SL6T UT YORSd

USPJERY JOJ UEBSW 8Y} JOF SITWTT 9DUSPTIIUOD 4GF PUR J01oaTToo Jad yoiwo ueey ¢ =ansrj

9.6 Gl61
qa3 uep o F-Tq | AON 1920 deag Bny

| | |

T q nHHﬂﬂﬂﬂN!Jl
/

‘'S N3IQHVD /

Ava Naune \ \
XN

/
//'
N .
N

N
| HOV3d

O
*-

o
o
10193)|09 13d ya3e0 uealy

o¢



17

yoeagd oTIH UeAs3 1P spoTdsd jusuwaTiiss saTsssoons ur Trady o)
asquaideg woaI vIRP JOJ UEBSW 9Yl JOF SITWIT 9OUSPTIUCD 466 puk yjuow aad aoloaTToo Jod yoieo uesy g 2dan3r1]

uot.wa juswa|l}as . ‘
9./SL SL/v. vi/el €L/2L TL/LL LL10L 0L/69 69/89 o
I | | | I I | |

yluow 18d 103221100 10d yoO3led ueasi




18

30,000
73/74
(4]
L
=
@
a
5
2 20,000
2
»
c
Q
°
2
‘e
S - I 71/
= 72/73 72
10,000 }
69/70 ,
- t
- 68/69
70/71
1 i 1 3
0o 200 400 600 800

Figure 7

Total catch for 6 collectors

Juvenile density for two year old lobsters in January each year
at Seven Mile Beach related to the total settlement of puerulus
on six collectors (and the 95% confidence limits for the total)
one year previcusly. The year of puerulus settlement associated
with each data point is shown on the figure



