
ABSTRACT 

The .fishery for c.l':e 

sµtny lobster, Panylirus m�n�•: �: l}v,s 
in w�stern S<1mca. 

M. King� ,nd �- Be! L��

:�e spiny lobster, Panulirus 12enicillatus, is ar. important component of 
�oth t.he commercial and artisanal fisheries of Western Samoa, uith an

3nnual commercial catch of 23.9 tonnes. Hales gro� to a larger maximum 
length than females; in the von Bertalanffy grouth model, K=0.17 year-1 
for both se:,es, and L00,.t50. 5 mm carapace Length for males, and L

00
=122. 5

�m for females. The mean carapace length at first reproduction in 
females 1.1as estimated to 75.J mm, significantly above t.he mean length at

f'.r.st capt:.ure of 65.8 mm. Instantaneous mort..altty ra�.es ·.1ere estimated

�3 Z•0.57 y�ar-1 (approximately 49% per yearl for mal�s, Jnd Z=0.86 year
! (58: per year) for females. from yl.eld analj'ses, the ·,teld from the 
flsher1 would be increased by 10% for each sex by delaying the age of 
ftrst capture b1· 1 year. Several rnar.agement opt 1.ons are discussed. 
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METHODS (GENERAL) 

Length-fre:-iuency, catch and, ·.1here possible, effort. data 1,1ern col lect.ed 
from landings during the months of September to November, t989, at a rish 
processor based in Apia. Catch data I.Jere supplemented fr.om surveys of 
seafood sold at Apia market (Ant.onto Mulipola, unpublished data), and to 
buyers on t.he main 1sland r)f Upolu (Mark Brotman, unpuctished datJ). 

Length was recorded as carapace length, defined as the distance bet1-1aen 
the anterior curve of the rostrum and the median posterior margin of the 
cephalothorax. The relationships of total length (from the point of the 
rostrum to the posterior margin of the telson) and 1.Jhole vet 1,1eight to 
carapace length vere determined by analysing individual length and 1,1eight 
data in a selected sample of the catch, Length-frequency data 1,1ere 
analysed to estimate L00 

and Z/K by means of a plot of mean length 
against L' (Wetherall, 1986; Pauly, 1986) - 1,1here L' represents succesive 
cut-off points in length-frequency data; K and L00 are the gro1.Jth 
parameters of the von Bertalanffy gro1.Jth equation, Lt = L

00
(1-exp(-K(t

t0
))) and z is the instantaneous total mortality rate. Length-frequency 

data 1,1ere re-analysed using the computer program ELEFAN (Pauly et al, 
1980; Brey and Pauly, 1986), with L00 held fixed to the previously 
estimated values, to estimate the growth coefficient K. 

Hean length at first capture 1,1as estimated by fitting a logistic curve 
to length-frequency data belo1,1 the s1ze of complete selection; the 
prcbability of capture (P) 1s relaLed to length, using the equation 
P=l/(t-rm(L-Lc>>, where Lis carapace length, and Le is the mean length
at first capture; the analysis assumes that larger lobsters are as 
vulnerable as smaller ones. A similar curve vas used to estimate the 
mean length of first reproduction for females by plotting the proportion 
of ovigerous individuals in each 2 mm size-class. 

Total mortality rates, Z, were estimated by means of length-converted 
catch curves (Pauly, 1983). Yield-per-recruit uas estimated using 
Beverton and Holt's (1957) equation. 

Computer programs for the above analyses (other than ELEfAN) were written 
in advanced BASIC (BASICA) for DOS-based systems and 1,1ere run on a 
Toshiba 1200 lap-top computer; listings are available from the authors. 

RESULTS: 

CATCH AND FISHING METHODS! 

Ot�er thin 2 specimens of E�DYl1tY� Y�Ui�QlQr, the only species observed 
during the period of study, was the double-spined lobster, f� 

�1'!llllYi, A survey of voolesalers and hotels (M. Brotman, 
l.lJlpublished data), suggests annual total purchases of 16./4 tonnes. Sales 
of lobster through the:Apia.fish market (A. Hulipola, unpublished dattil 
.:Jre ':!Stims,ted t� be 7.5 tonnes per year. These data exclude the 
artisanal catch consumed witnin the villages or sold outside the urban 
Apia area, which is estimated to be 7? per year (ref. to arttsanal 



survey- sua, Mulipola). The total·annual catch of eaoulirY� Qeu1�11latYS

in Western Samoa is estimated to be approximately?? tonnes. 

The lobsters are typically caught at night by groups fishing uith spears 
and lights on the outer reefs, A single-barbed spear bound to a short 
�ooden pole is usually used, and most spiny lobster inspected at markets 
in Apia had been speared through the anterior, dorsal surface of the 
cephalothorax. 

the average percentage weight of spiny lobster purchased by day of the 
lunar month, for the period February to August, is shoun in figure 1; in 
general, lobsters uere caught on the night before the day of purchase. 
Catches show a periodicity uhich is related to the periods of minimum 
tide ranges (neap tides at both the first and last quarter moons); there 
uas little variation in the available hours of night lou tides over the 
lunar month. 

LENGTH AND WEIGHT DATA: 

Carapace length-frequency data for Panulirus Qenicillatus caught in areas 
adjacent to Apolima Straits, between the islands of Upolu and Savat'i, 
are shoun in Figure 2. Sex ratios in the commercial catch uere 
approximately equal (573 males:570 females). The relationship of whole 
uet �eight to the standard measure cf carapace length is shoun in Figure 
J; statistical details, uith those for the relationship of total length 
to carapace length, are given in Table 1. 

TABLE 1: Statistical details of the relationships between carapace 
length (CL in mm) and total length (TL in mm) and uhole uet weight (W 
in g). The value of the coefficient of determination for each 
relationship is given in parentheses. 

SEX 

MALE 

FEMALE 

GROWTH: 

TOTAL LENGTH (mm) 

TL=47.6+2.16CL 

TL=26.9+2.56CL 

(0.985) 
(0.986) 

WET WEIGHT (g) 

W"'0.0016.L2.74 
., '•,-�..,0.0016.L2. 76

(0.964) 
(0. 972) 

Graphs of mean length against succesive cut-off points (L') in the 
length-frequency data (presented in Figure 2) are shoun in Figure 4. 
Unueighted values of mean length and L' uere used to avoid placing 
emphasis on the initial points of complete selection, the choice of uhkh 
is not entirely objective; initial points for the regressions were set at 
the highest modal values in Figure 2 (69 mm and 71 mm carapace length for 
males and females respectively). Estimated values of L00 are 150.5 mm 
carapace length for males, and 122.5 mm for females. 

An analysis of the length-frequency data using the computer program 
ELEFAN, uith L00 held fixed to the estimated values above, provided best 
estimates for K of 0.27 year�l for both males and females. The A 

"goodness-of-fit" indices were relatively high (Rn=0.403 and 0.395 for 

, 



males and females respectively), although the usual caveats regarding the 
analyses of small samples (573 males and 570 females) apply. 

MORTALITY: 

Length-converted catch curves for f�nul1ru� 2en1�1ll�tu� are shown in 
Figure 6. The regressions were based on data above the relative ages of 
the highest modal lengths of 69 mm and 71 mm carapace length for males 
and females respectively. Estimated values of the instantaneous total 
mortality rate, Z, are 0.67 year-1 (approximately 49%) for males, and 
0.86 year-1 (approximately 58%) for females. 

HEAN AGE AT FIRST CAPTURE AND REPRODUCTION: 
Small Panulirus 2enicillatus were poorly represented in the length
frequency data (Figure 2), although individuals as small as 32 mm 
carapace length (approximately 109 mm total length) were sold through 
the market. Selectivity data, "11th fitted logistic curves, are shown in 
Figure 7; the mean length at first capture is 64.6 mm for males, and 65.3 
mm for females. 

The proportion of ovigerous females in each 2 mm size-class is shown in 
Figure 8. The mean length at first reproduction, Lr, is defined as the 
length at which the percentage of ovigerous individuals reaches one half 
of the average maximum percentage of ovigerous females in larger size 
classes; during the study period, 65� of females above 90 mm carapace 
length vere ovigerous, and this value was used as the expected upper 
limit (corresponding to P=l in Figure 8). The mean length at first 
reproduction was estimated as 75.3 mm carapace length; from the 
previously estimated growth parameters, and setting t

0 
to zero, this 

length corresponds to a relative age of 3.5 years. 

YIELD: 

Yield-per-recruit analyses for �DYl1rY� Q�n1�1ll�tY� vere based on the 
parameters estimated in this study (Table 2), and instantaneous natural 
mortality rates for the same species in the Marshall Islands (0.284 for 
males and 0.244 for females: Ebert and Ford, 1986). Figure 9 sho�s 
yield-per-recruit curves for three different ages at first capture: in 
each graph, the yield for the present age at first capture is shown by 
the middle curve. 

DISCUSSION 
Population analyses suggest that the spiny lobster, EgDY11rY§ 
Q�D1Q1ll�tY�, in Western Samoa, 1s relatively slow-growing with an 
extended lifespan. Assuming the growth model describes growth over the 
species \./hole lifespan, 'the largest specimens found (144 mm and 116 mm 
carapace length in males and females respectively) are over 10 years of 
age. Table 2 summarised the biological parameters and compares them uith 
studies in Tonga (Munro, 1988), and the Marshall Islands (Ebert and Ford, 
1986). Compared uith results in other Pacific Islands, there·1s less 
difference between the maximum lengths of males and females in �estern 
Samoa, and no sex-related differences in value of the growth ooefficient, 
K. The substantially lower values of total mortality suggest·that the



resource in Western Samoa may not be exploited at such a high rate as in 
Tonga. 

TABLE 2: Summary of biological parameters for Panuliru§ Qentc1llgtus 
in Western Samoa, Tonga and the Marshall Islands. The symbols tc and 
tr represent mean ages of first capture and first reproduction 
respectively (relative ages only -estimated from the grouth parameters 
uith t0 set at zero); all other symbols are defined in the text. 

GROvlTH 
K(yr-1) L1(mm) 

HEAN SIZE/ACE 
AT CAPTURE 
Lc<mm) tc(yr) 

MEAN SIZE/ACE 
AT RE PRODUCT ION 
Lr<mm) tr(yr) 

MORTALITY 
Z(yr-1) 

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

Apolima Strait, Western Samoa (present study) 
HALE 0.27 150.5 64.6 2.1 

FEMALE 0.27 722.5 64,3 z---;-7 7':r.3 

Tongatapu, Tonga (Munro, 1988) 
HALE 0.27 179 77 

FEMALE 0.32 128 62 
1.8 
2.6 

-3. 5 

Eneuetak Atoll, Marshall Islands (Ebert & Ford, 1986}

HALE 0.21 146,5 64.9 

FEMALE 0.58 96.5 64.7 

* natural mortality rates

0.67 
0,86 

1. 66
1. JJ

(0.284)
'lt 

(0.24/i)
'lt 

The prefered habitat for eanYl1rY� Q�01Q1llat� is on the exposed sides 
of coral reefs doun to a depth of 10 m (Prescott, 1988); at night the 
species forages over the reef tops uhere it 1s collected by people 
hunting on foot. The highest catches are made during periods of lou 
tidal ranges associated with the first and last quarter of the lunar 
period. This catch pattern may be more related to the beh�viour of the 
fishermen than .the species. The fishermen require tides 1Jhich are lou 
enough to allou ualking on the reef (neap tides at first and last quarter 
of the moon) and appear to avoid collecting at times of strong tide
induced currents when surface turbulence affects visibility (spring tides 
at ne� and full moons). The species, on the other hand, requires 
sufficient uater over the reef to forage and may be less active--<luring 
the full moon. 

Small spiny lobster are poorly represented in the length-frequency data 
(Figure 2), either because fishermen deliberately hunt for larger 
individuals, uhich often command a higher unit price, or because smaller 
lobsters are more cryptic than larger ones, and therefore less 
vulnerable, Nevertheless, in the absence of minimum size regulations, 
individuals as small as 32 mm carapace length (approximately 109 mm 
total length) were sold through the.market, The mean carapace length at 
first capture for females (65.8 mm) is significantly below the the mean 
length of first reproduction (75.3 mm). There 1s, therefore, a risk of 
reruitment overfishing if the number of reproducing females is reduced. 

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



Yiel<l-�er-recruit analyses suggest that the benefits in delaying the age 
of first capture would be considerable. Even a modest delay of 1 year 
�ould increase the harvestable yield by 10, for both males and females. 

The introduction of a minimum size regulations present practical 
difficulties, including policing a large number of isolated fishermen, 
and the use of catching methods in which lobsters may be speared in 
crevices where it is difficult to estimate size before capture. Although 
imposing regulations on the catching sector is the most direct method of 
applying size limit regulations, practical considerations mitigate 
against it. 

A recommended compromise, is the introduction of regulations preventing 
the sale and purchase of lobsters below a legal minimum size. This 
measure, preventing-the sale and purchase but not capture of small 
lobsters, wou!d be easier to police, as the number of puchasers is small 
relative to the number of fishermen. In the absence of commercial 
demand, it is believed that the number of small lobsters caught uould be 
significantly reduced, even though still used for village consumption. 

There has been at least one proposal, by a company, to train lobster 
fishermen in the use of SCUBA to collect live spiny lobsters. Although 
such methods are an anathema to most fisheries managers, collecting 
lobsters alive at least gives the chance of introducing direct 
restrictions on fishermen collecting of small individuals, or females 
with eggs.

It is suggested that a minimum size limit of 75 mm carapace length be 
imposed on the sale and purchase of spiny lobsters, and that possession 
of a standard carapace gauge of this size be mandatory for purchasers. 
Further increases in the minimum size should be considered in subsequent 
years. 
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CAPTIONS fOR FIGURES 

Figure 1. Recorded purchases (percentage weight) of spiny lobster by day 
of the lunar month. In general, lobsters were caught on the night before 

.the day of sale. The curve shows the average predicted tide range (m) 
over the lunar month. Symbols, from left to right, represent the moon 
phases as new moon, first quarter, full moon, last quarter, and new moon. 

Figure 2, Length-frequency data for male (top), and female (bottom) of 
the spiny lobster, eaal.ll1rl.!� Q�D1�1ll2tlJ�. The mean length, standard 
deviation, and numbers in each sample, are shown at the top left of each 
graph. 

Figure 3. The relationship of whole vet weight (kg) to carapace length 
(mm) in male (top) and female (bottom) spiny lobsters, f20YlirlJ�

_Qgn1c1ll,2ty�. The values of A and Bin the equation W=AL8, and the 
coefficient of determination, are sfioYn at the-top1eft of each graph-;-

Figure 4. Modified Wetherall plots for male (top) and female (bottom) 
spiny lobsters, eaOYl1rY� QeD1Q1lliil.Y§, The regression lines are based 
on points greater than 69 and 71 mm carapace length in males and females 
respectively. The estimated values of L00, Z/K, and the coefficient of 
detemination, are sho�n at the top right of each graph. 

Figure 5. The relationship of numbers to relative age for male (top) and 
female (bottom) �an�l1rY§ Q�01�1llatU§. Only data points from ages above 
that of full selectivity (equivalent to 69 mm and 71 mm carapace length 
for males and females respectively) were used in the regression. 
Estimates of instantaneous mortality, Z, and values of the coefficient of 
determination are given in the top right of each graph. 

Figure 6. Selectivity of male (top) and female (bottom) eaoul1r�� 
R�D1�1llatU§, Only data points up to the assumed lengths of full 
vulnerability (69 mm and 71 mm for males and females respectively) �ere 
used in the regression. Values of the constant, Rm, in the logistic 
equation and Le, the mean length of first capture, are given in the top 
left of each graph. 

Figure_l. The proportion of ovigerous female fgDYl1r�§ Q�o1g1ll�� in 
each 2 mmcarapacelength-class.-Themaximum value (P=O on the 
dependant variable axis corresponds to the mean maximum number (65�) of 
ovigerous females in size classes above 90 mm carapace length. The mean 
length at first reproduction and rm, the constant in the logistic 
equation, are given in the top left of the graph. 

Figure 8. Yield-per-recruit (as i of maximum biomass) versus fishing 
mortality for male (top) and female (bottom) fanul1rY� QeD1�1lla.t.Y� for 
the three different·values of mean age at first capture, Tc, sho�n on the 
right of each graph The combination of fishing mortality and age of 
first capture at present is shovn by a solid circle. 
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