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Fi6 1: The-Oøgo area,.where a smaller minimum legal size forrlasm eduardsiiYøs applied. The area is bounded in the south by a line running
due east for 8 nautical miles from the high water mark at Nugget Point and in the north by a line running due east for 8 nautical miles from thé
mouth of the Waitaki River.
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lntroduction

The current minimum legal size for the rock lobster

Jasus edwardsii throughout most of New Zealand is a
152-mm (6-in.) tail length. The reason for using a tail
length measurement, rather than carapace or total
length as in most other fisheries, is that in some of the
more inaccessible parts of the New Zealand coastline
fishermen are permitted to tail the animals at sea.

The only exception to the 152-mm measure has been
in the Otago area of the South Island, where a smaller
minimum legal size has applied. This area is at present
defined as within B international nautical miles of the
high water mark from a line running due east from the
mouth of the Waitaki River to a line running due east
from Nugget Point. The major ports of landing for rock
lobsters caught in this area are Oamaru, Moeraki,
Karitane, Port Chalmers, Taieri Mouth, and Nugget
Point (Fig. 1).

Before 1950 there was no size limit for J. edwardsii,

but in that year a minimum legal size ol 229 mm (9 in. )
in total length was introduced. This applied throughout
New Zealand, except in the Otago area, where, owing
to representations from interested parties, who main-
tained that the animals never grew to full size in that
area, no minimum legal size was required'

In 1952 the size limit for the rest of New Zealandwas
increased to 254 mm (10in.) in total length, with a

minimum tail length of 146 mm (5% in.) also being in-
troduced. In 1959 a minimum legal size measure of
152 mm (6 in.) in total length was introduced for the
Otago area, and the size limit for the rest of New Zea-
land changed to a tail length measure of 152 mm (6 in. ).

The minimum legal size in the Otago area was in-
creased in 1964 to 178 mm (7 in.) in total length. In
1969 this was changed to a tail length measure of
108 mm (41+ ín.). In the belief that the fishery should be
capable of sustaining catches with a size limit equal to
that in the rest of New Zealand, the minimum legal size
in recent years has been progressively increased (Table
l).

In addition to the imposition of a minimum legal size

requirement, other management measures may have
influenced the level of the catch and its composition.

These include the introduction of escape gaps in rock
Iobster pots and a closed season. FromJune 1970 escape
gaps measuring 38 mm x 152 mm (l /z in. x 6 in.) had to
be incorporated in rock lobster pots in the Otago area
(54 mm x 305 mm elsewhere in New Zealand). The
effect of these gaps has been to allow a variable amount
of escape of animals. Though there has been no require-
ment for the size of the gaps to be enlarged as the
minimum legal size has increased, some fishermen have
increased the size of gaps in newly constructed pots.

In 1969 a prohibition on taking rock lobsters measur-
ing less than 152 mm in tail length between 20 Decem-
ber and 2OJune was introduced in the Otago area. This
closed season was shortened by 3 weeks in 1975, but
reverted to its original period in 1976.

The effects of the escape gap requirements and the
closed season on catches cannot now be determined,
but the apparent past and possible future effects of
changes in the minimum legal size have caused con-
cern. The total yield from the Otago fishery has fluctu-
ated widely since 1972, when the recent series of size in-
creases began. This has been paralleled by equally wide
fluctuations in catch per fisherman with all their eco-
nomic implications.

The purpose of this study is to: (l) describe the past
changes in minimum legal size in the Otago area and
their effects on the catch; (2) discuss the possible effects
of future increases in minimum legal size on the catch;
(3) suggest the areas ofresearch which need to be pur-
sued to formulate effective policies on future increases;
and (4) suggest a broad framework for these increases.

TABLE l: Changes in size limits in the Otago area

Year
Before

1959 None

Size limit

Conesponding
carapace length*
Males Females(--) (--)

56 57
66 65
6? 66
75 74
80 77

1959 152 mm (6 in.) total lengtht
1964 178 mm (7 in.) total lengtht
1969 108 mm (a l/a in.) tail length
t9'12 12 t mm (4 3/4 in ) tail length
1974 t25 mm (5 in ) tail length

* From equations in Sorensen (1970).

f Conespànds to about 95 -t" iA fl+ in.) in tail length.
f Corresþonds to about 108 mm (4 ll4 in) in øil length



Results

The analytical procedures used in this study for in-
vestigating the effects of changes in the minimum legal
size on the Oøgo fishery were developed by Hancock
(1975) for an assessment ofthe effects ofchanges in the
minimum legal size on the Yorkshire fishery for the crab
Cancer þaguru.ç. For a full description of the procedures
and terminology used see Hancock (1975).

Estimates of Mortal¡ty Rates

Two parameters which must be determined before
assessment of the effects of any size limit change are the
rates of fishing and natural mortality. The instantaneous
fishing mortality rate (^Q for the Otago area was calcu-
lated from the tag return data in Street (1969). The in-
itial number of marked fish, number of recoveries, and
estimated number of natural deaths for the period of the
tagging study (1965-69) are shown in Table 2. Owing to
the highly seasonal nature of the fishery, with the level
ofcatch and effort being greatly reduced from February
to midJune, the data were divided into fishing seasons
extending from I June to 3l May of the following year.
The number of marked fish for the seasons from
1966-67 to 1968-69 shown in Table 2 are estimates of
the number of marks remaining from the 1965-66 tag-
ging at the beginning of each season.

An estimate of the instantaneous fishing mortality rate
was made according to the method of Ricker (1975,

TABLE 3: Total landings in the Otago area+ by fishing season
(l June to 3l May) from 1963-64 to 1975-76

Effort
(d.y.)
7248
6483
6085
5l2l
589 I
5829
6945
7378
6778
5965
7468

890 000 (estimated)
665 000 (estimated)

+ The Otago area corresponds approximately to areas 16 and l7 on
the fishing return scheme used first by the Marine Department and
then by the Ministry of Agriculture and Fisheries from 1963 to 1973.

The annual survival rate (S) was estimated by divid-
ing the number of recoveries in a given year by the num-
ber ofrecoveries in the previous year. From Table 2, S,: R2lRt: 611492: 0.12, Sr: RrlRr: 5/61 : 0.08,
and S, : RJR': llS : 0.20.

The weighted annual survival rate for the period from
1965-66 to l968-69 was determined by multiplying the
survival rate by the number of recoveries in the first
year, the figrres for the three recovery periods of the
study being summed and divided by the total number of
recoveries.

492 x0.12 + 6l x0.08 * 5 x0.20

Season

1963-64
1964-65
1965-66
1966-67
1967-68
1968-69
1969-70
1970-7 l
197 r-72
1972-73
1973-74
t97 4-7 5
1975-76

Landings
(lb)

| 232949
l 035 376
I l17 675
t 267 64r
l 128 698
| 475 37t
l 413 268
l 330 072

786 647
448 255

I 084 823

Catch/effort
(lb/day)

170.1
159.7
183 7

247.5
191.6
253.r
203.5
l 80.3
l16 I

75. l
145.3

page 106), when marking is done before the first fishing
season and recaptures occur over a series of years. With
this method it is assumed that fishing and natural mor-
tality rates do not vary appreciably over the period of
the tagging study. Owing to the postulated low rate of
natural mortality for rock lobsters (see below), there is
no reason to believe that this rate would vary greatly
over time. As fishing effort remained fairly stable during
the study period (Table 3), fishing mortality was
assumed to be constant.

TABLE 2: Number of marked fish, number of recoveries, and esti-
mates of natural deaths and total mortality in
Karitane (1965-69)"

= 0.12

The annual total mortality rate (A: I - S) based on
the weighted value of S is I - 0.12 : 0.88.

The instantaneous total mortality rate (Z) corres-
ponding to A : 0.88 is Z : 2.12, wbere A :
L - e -Z . This rate includes not only natural mortality
and fishing mortality, but also factors associated with
tagging (U in Ricker's terminology), such as mortality
due to tagging and tag loss.

The estimate of the average annual exploitation rate
(a) is

Rr+R2+R3+& 
=0.44M(l+S+52+53)

where M is the initial number of marked fish in 1965-66
and S is the weighted annual survival rate.

The equation for estimating the instantaneous frshing
mortality rate (F) is uZlA, which is 0.44 x 2.12l0.88 :
1.06 for the Otago area from 1965-66 to 1968-69. The
value obtained by subtraction with these values of Z and

Weighted S :
558

Marked
Year fish Recoveries

1965-66 ll21 (lt/l 492 (R \
1s66-67 r34 or inli1967-68 16 5 (R;)
r968-6e 2 | (R;)

Natural Total
deaths mortaliry
+94 986
57 ll8
914
t2

*Data from a tagging experiment of Street ( 1969).



F(Z - F: 1.06) also includes tag effects and is not an

estimate of the true instantaneous natural mortality rate

(tu{)

A second tagging study in Otago conducted in 1970

(Street 1973) resulted in an estimated minimum ex-

ploiøtion rate of about 0.42 for the 1970-7 I season.

This suggests that the fishing mortality rate had not
changed substantially from the 1965-66/1968-69 period
to 1970-71.

The other parameter which must be estimated is the

rate of instantaneous natural mortality (ÌVt¡. When M
cannot be determined from tagging studies, the usual
method is to estimate total mortality (Z) by determining
the ages of fish in the catch and then calculating the

survival rate(s) of successive year classes. Natural
mortality can then be reached by subtraction, that is,

M: Z- F.

However, rock lobsters cannot be aged; so an apProx-
imation method based on average annual growth incre-
ments was used for estimating the total instantaneous

mortality rate from the catch curve. Hancock (1965)

calculated the total mortality rate of Cancer þagurus in
this manner, plotting the size composition of the crabs

in the commercial landings, which were divided into
one moult increment groups, against the natural
logarithm of their abundance. The slope of the resulting
line was then used to estimate Z.

The carapace length-frequency distributions in the

commercial catch in Otago from 1962 to 1975 have

been sampled by Street (1970, 1973, and unpublished
data). The carapace length was measured from the base

of the antennal platform to the posterior edge of the

carapace along the midline. The mean and the variance

of the yearly samples for each sex are shown in Table 4.

Estimation of Z from the slope of the line relating
carapace length to abundance for the New Zealand rock
lobster is complicated by the fact that fishermen are

selecting the catch on the basis of tail length. Owing to

the variability in the carapace length-tail length rela-

tionship, there is no clear-cut 100% retention point
based on calapace length. The crab fishery described by

Hancock (1965) did not experience this problem, as the

fishermen measured their catch by carapace length

only, which resulted in a 1007o retention size at the

lower limit.
The first increase in the minimum legal size for

which sufficient data are available to estimate the effects

occurred in 1972 (Table 1), when it was increased to

l2l mm in tail length (about 75 mm in carapace

Iength).

The previous significant change in minimum size oc-

curred in 1964, when it was set at l78mm in total

TABLE 4: Mean and varia¡lce of rock lobster €rapace lengths in
the commercial catch in Otago during 1962-63 to
197 5-76

Fishing
season

l 962-63
1963-64
1964-65
1965-66
1966-67
1967-68
1968-69
1969-70
l 970-7 I
197 r-72
t972-73
1973-74
r97 4-7 5
r975-76

Males

Carapace length

Sample Mean Variance
size (mm) (-m)
838 75.2 166.3
651 76.0 75-2
t77 77.4 197. l

1082 78.3 t33.4
604 823 166.5
1088 735 115.7
1177 75.4 100.0
547 79.2 145 7

547 85. I 106.1
267 82.8 24t.8

2573 75.2 10r.9
1671 77 .O 100 2
1283 82.6 67.8
1439 86.6 86.6

Females

Carapace length

Sample Mean Variance
size (mm) (--)
734 722 120.6
542 73 3 66.2
198 73.9 86.4
718 728 80.4
563 77 4 121.9
1022 71.0 80 0
1476 72 4 67 1

558 75.6 99.3
346 79.6 69 7
20t 78.5 138.4

2406 71.5 64.2
1558 73.8 72.9
993 77.7 42 t
t449 80.0 52 I

length, which approximates a 66-mm carapace length.
(The change in 1969 from a total length to a tail length
measure was not considered to be a significant change
in minimum legal size, as it resulted in a corresponding
increase in carapace length of only I mm. ) Therefore,
the data from individual fishing seasons from 1964-65 to
l97 l-72 were combined to estimate the carapace
length-frequency distributions of both sexes in the
steady state before the 1972 increase in minimum legal
size (Fig. 2). A steady state fishery is defined here as one
having a stable population size, sex ratios, and size-
frequency distributions influenced only by natural
fluctuations.

The carapace length-frequency distributions of males

and females were divided into groups based on yearly

growth increments (to approximate the numbers in suc-

cessive age classes) and plotted against the natural

logarithm of their abundance (Fig. 2). The mean yearly

growth increments (millimetres of carapace length) in
Otago (Street 1969, 1973, and unpublished data) are

(mean l- standard error) 11.0 + 2.2 for males and

8.9 + 2.9 for females, rounded to I I mm and 9 mm

respectively.

The most abundant size group for both sexes were

animals with a 70-mm caraPace length, which was

taken as the 100% retention size. With 70 mm as the

starting point, the abundance of each successive size

group was plotted at its midpoint. In estimations of Z
the abundance of the first sìze grouP was not included
because of the problems associated with determination
ofa true 100% retention length. Figure 2 suggests that

the abundance of the first size group may be under-

represented in comparison with that of the following

size groups. The slope of the line connecting the abun-

dances of the first and second size groups is considera-

bly less than the nearly uniform slope between the sec-
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ond and fifth size groups. From the eeuation Z :
- (logrN,*, - logrN,) (where N, is the abundance of the
size group based on the average yearly moult increment
and N, * , is the abundance of the next size group) and
from the average slope between groups 2 and,5, Z :
1.08 for males and 1.24 lor females.

The discrepancy between the calculated values of Z
for males and females cannot be explained, as informa-
tion available at present does not suggest any differences
in natural or fishing mortality rates between sexes. If the

value of F : 1.06 (as calculated from the tagging
results) is an unbiased estimate of fishing mortality rate,
the corresponding value oÍ M for males would be 0.02.
Even though it is assumed that the natural mortality rate
of rock lobsters is low, because of the large sizes at-
tained in lightly exploited populations, this value ap-
pears too small. Alternatively, the estimate of M: 0. 18
for lèmales appears too high; so a value of M : 0.ll
was chosen as the "best" estimate of instantaneous
natural mortality rate for both sexes, which corresponds
to an annual natural mortality rate of lÙVo.



Effects of the 1972 Size Limit lncrease

The calculations used to estimate the immediate loss
in weight and the percentage change in weight in the
steady state of the catch resulting from the 1972
minimum size increase, based on the methods in Han-
cock (1975), are shown in Table 5. It is assumed that
the fishery will eventually reach a steady state after the
new size limit has been in effect; the time this takes will
depend on the magnitude of the size limit increase and
growth and mortality rates.

The carapace length-total weight relationships for the
Otago area, necessary for calculations of percentage
change in weight, were taken from unpublished data of
R J. Street. For males, log, weight : 2.88 x log,
carapace length - 7.07; for-females, log, weight :
2.88 x ïog, carapace length - 7.03.

The value of F : 1.06 used in the calculations was
derived from the tagging data of Street ( 1969). Though
this estimate was made for a period before the size limit
increase (from 1965-66 to 1968-69), itwas thoughtto be
a good approximation to the value of F in 1972-73, as

the fishing effort for this season fell within the range of
effort expended during the period ofthe tagging study
(Table 3).

It was also assumed that the fishing effort extended
throughout the year, even though most of it was concen-
trated duringJune to December, when it is legal to take
animals less than 152 mm in tail length. However,
fishing does occur outside this period for animals with a
tail length of more than 152 mm, though at a much
reduced level. Because fishing occurred throughout the
year, the equation E : Fl(F t luî) was used for all esti-
mates of the exploitation ratio.

Numbers in catch greater than original size limit (C,)+

( I ) Immediate loss in nqmbers (N^)
(percentage loss) (Na)

Weightt of catch greater than origiml size limit ({)
(2) Immediate loss in weight

(percentage loss)

(3) Mean weight of catch greater than original carapace length (Y rl C, : W,)

(4) Mean weight of catch greater than new caraPace length ( llz¡)
(5) Mean weight of catch greater tban one moult increment over original caraPace length ( Øp)

(6)(roo - Ñp{frn -w*¡/w,: t
Q) wR/ø,
(8) I{ate of moulting (t)
(9) For iV: 0.1l, F: I 06, E exp (- M()
(10) Percentage loss in numbers (r)=(l00.NRlC,){l- Ee*p (- Ml)l
(1 I ) (r00 - :) (W-Rlfr ,) - too
( I 2) Percentage change in weight ( ( I I ) - (6) ) in the steady state

* For an explanation ofthe method and symbols used see Hancock (1975).

t All weights in grams

The predicted immediate loss in weight resulting
from the size limit increase is 267o (Table 5). To pro-
vide an estimate of the steady state catch from the Otago
area before the 1972 increase in minimum legal size,
the landings during the 8-year period from 1964-65 to
197 l-72 (Table 3) were averaged and resulted in a
value of I 194 344 lb per year. Compared with this 8-
year average, the 1972-73 landings of 448 255 Ib are
627o lower, which is considerably greater than pre-
dicted. The 1972-73 landings, compared with those of
l97l-72 (the year before the size limit increase and a
year of unusually low landings ), were 43To lower, which
is closer to the predicted decrease of 26% .

The carapace length-frequency distributions for the
three seasons from 1969-70 to 197 l-72, shown in Fig. 3

(from Street 1970, 1973, and unpublished data), indi-
cate a large decrease in animals under legal size in the
catch in 1970-71, compared with those in 1969-70 and
197 l-72. With a significant proportion of the commer-
cial landings in Otago in the yearly growth increment
group just over minimum legal size (averaging 467o

from 1964-65 to l97l-72), the fishery will be highly
susceptible to periods of poor recruitment of animals
under legal size. This suggests that one of the main con-
tributing factors to the large decrease in landings in
l97l-72 may have been the drop in numbers of animals
under legal size in 1970-71, which would have been
recruited into the fishery in the following season by
growth over the minimum legal size. The number of
animals in the yearly growth increment group just below
minimum legal size averaged 19% ol the catch from
1964-65 to l97l-72, but equalled only 4Vo in 1970-71.

Thus, this suggested period of poor recruitment may
have contributed to the disruption ofsteady state condi-
tions and led to smaller landings than those predicted

TABLE 5: Predicted changes in landings in the Otago rock lobster fishery after the 1972 size limit increase

Males

4 524
I 480

(32.1)

I 261 019
266 782

(21. I )
278.7

326.6

348.9
54

r.25
1.0

081
6.2

172
+ 11.8

Females

3 967

I 682
(42.4)

967 748
300 670

(31 . 1)

243 I
29r.3
299.7

20
1.23

1.0

081
8.1

13 I

+ll I

Combined

I 491

3 162
(37.2)

2 228 767

567 542
(25.5)
262.5
3t r.7
326.7

3.6

1.24

1.0

0.81

7.1

15.2

+ ll.6
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on a steady state basis. The poor agreement between the
actual and predicted 1972-73 landings when based on
the l97l-72 landings suggests that the decrease in
recruitment experienced in l97l-72 continued to affect
landings in 1972-73.

A "best" estimate value of M : 0. 1 I was used in the
calculations shown in Table 5. Estimates of percentage
change in weight in the steady state were also made with
M ranging from 0.05 to 0.36 (annual natural mortality
from 5 to 3O% ), which should encompass the possible

TABLE 6: Predicted percentage changes in nmbers and weight
oflandings in the steady stãte after the 1972 size liñrit
increase with Mx ranging from 0.05 to 0,36 and
F : 1.06

30 15.7 + 0.9
* 

I9I ur explanation of the method and symbols used see Hancock
( l s75).

1975-76

70 80 90
Coropoce length

range of values for,¡L edwardsii; these are shown in Table
6. These estimates indicate that, given the low natural
mortality rates assumed for rock lobsters, there should
have been an increase in yield once the steady state was
attained after the 1972 size limit increase.

How do the landings in 1973-74 (the last season
before another increase in the minimum legal size)
compare with those predicted for the fishery when it
reaches a steady state? If the "best" estimate of natural
mortality is M : 0. 11, there is a predicted increase in
Iandings of l2%a in the steady state (Table 6). The
1973-74 landings (l 084 823 lb) were 9. 1% less than
the B-year average. Compared with the 197 l-72 land-
inç, they are 3B7o higher.

120oilo
(mm)

Instantaneous Annual
natural percentuge

mortality of natural
(lvÐ deaths

0.05
0.1l
0. l6 r5 8.5

5 29
10 7.1

+168
+ll6
+ 9.9

ll.l +6.6
13.4 + 3.8

0.22 20
0.29 25
0.36

legol size = 80mm

10
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Fig. 38: Carapace length-frequency distributi'ons of female rock
Iobsters in the commercial catch in the Otâgo area by fishing
season from 1969-70 to 1975-76. The approximate minimum
legal size is shown.

At least two factors may be responsible for this discre-
pancy between the actual and predicted steady state
landings. First, the fishery was probably not in a steady
state in the year(s) immediately before the size limit in-
crease, as suggested by the decrease in the proportion of
animals under legal size in 1970-7 I and subsequent
decrease in landings in 197 l-72. Secondly, with the an-
nual growth increment just slightly larger than the size
limit increase, the fishery may not have been able to at-
tain steady state conditions by 1973-74.

Effects of the 1974 Size Limit lncrease

When the effects of the 1974 size limit increase were

being evaluated, the 197 3 -7 4 carapace length-frequency
distributions in the catch (R. J. Street's unpublished
data) were used in the estimation of total mortality rates

rather than the 1972-73 and 1973-74 data combined,
because the fishery probably more closely approximated
its steady state in 1973-14 than in 1972-73. The abun-

70 80 90 r00 ll0 120 r30
Coropoce length (mm)

dance of the first size group was again disregarded
because of the difficulty in determining an accurate
100% retention length, taken as 72 mm for males and
66 mm for females.

The estimation of Z from the natural logarithms of
abundance of successive size groups resulted in highly
variable results (Fig.  ). For males Z varied from 1.38

between size groups 2 and 3 to 0.93 between size groups
4 and 5, with an average of l.l2 between size groups 2
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"nd 
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and 5. For females Z varied from 1.47 between size
groups 3 and 4 to 1.03 between size groups 4 and 5, with
an average of 1.23 between size groups 2 and 5. This
variability may have been due to the relatively small
sample size in the 1973-74 season, the fact that the
carapace length-frequency distributions probably had
not reached equilibrium after the 1972 size limit in-
crease, and/or to limitations in this catch curve analysis
technique, where the abundances of successive size
groups based on average yearly growth increments
rather than age classes are used to estimate mortality
rates.

As no tagging results for the 1973-74 season are avail-
able, and analysis ofthe catch curve yielded such vari-
able results, though overall estimates were similar to
those for 1964-65 to l97 l-72, it was assumed that the
mortality rates estimated for this latter period had not
changed significantly. An instantaneous fishing mor-
tality rate (fl of 1.06 and a "best" estimate of M : 0.ll
were used in the calculations shown in Table 7. The
predicted percentage change in numbers and percen-
tage change in weight in the steady state for F: 1.06
and M ranging from 0.05 to 0.36 are shown in Table B.

o

t2



TABLE 7: Predicted changes in landings in the Otago rock lobster frshery after the 1974 size limit increase

Numbers in catch greater than origiml size limit (C,)*
(l ) Immediate loss in numbers (N^)

(percentage loss) (N¡)

^. - 
Weightt of catch greater than original size limit ( { )

(2) Immediate loss in weight
(percenøge loss)

(3) Mean weight of catch greater tlnn origiml carapace lengh (Y 
r/C ,: W ,)

(4) Mean weight of catch greater than new carapace length (14 a)
(5) Mean weight of catch greater thân one moult increment over original carapace length ( r/¡)
(6) (r0o- ñù (wn- fr*¡1fr,: t
Q) wRlft,
(8) Rate of moulting (l')
(9) For M : 0. I l, .F : t.06, Esxp ( Mt')
(10) Percentage loss in numbers (/ ) = (100 NRICr) I l- E exp (- M/) I

(il) (loo - *¡1w*|fr,¡-roo
( I 2) Percentage change in weight ( ( I I ) - (6) ) in the steady state

* For an explanation ofthe method and symbols used see Hancock (1975).

t All weights in grams.

In the evaluation of the effects of the size limit in-
crease on the landings in 1974-75 the landing statistics
fromJune to December in 1973 and 1974 were used,
because the 1975 statistics were not available to deter-
mine the landings for the entire 1974-75 season. The
1974 figures used are preliminary estimates based on an
analysis of the available fishing return data. The use of
theJune-December figures should not bias the results,
as most of the landings (generally more than 90Va) in
any season are taken during these months.

The predicted decrease in weight of the landings in
the year following the size limit increase is 25% (Table
7). On the basis of the values from June-December
1973 (l 068 349 lb) andJune-December 1974 (870 000
lb) the estimated decrease in the landings was l9%.
This figure approximates the predicted value and is

within the range of error expected.

When the fishery reaches a steady state there is a pre-
dicted change in landings of from - 1.9% to l5.47o

TABLE 8: Predicted percentage changes in numbers and weight
oflandings in the steady state after the 1974 size limit
increase with 1.1* ranging from 0.05 to 0.36 and
F: 1.06

(Table 8), compared with those of the year before the
size limit increase (1973-74). The "best" estimate of in-
crease in weight in the steady state is ll% with M :
0. 11. As landings statistics are not yet available for
1975-76, the predictions have to be tested by use of
preliminary estimates.

The Oøgo rock lobster landings in 1974-75 totalled
about 890 000 lb, of which 702 619 lb (79% ) were
animals with less than a 152-mm tail, and the 1975-76
Iandings in this smaller size range equalled 526 115 lb
(R. J. Street's unpublished data). If it is assumed that
the proportion of animals with less than a 152-mm tail
did not vary between the two seasons, the total 1975-76
landings should approximate 665 000 lb. This value is
nearly 39Vo lower than that of the 1973-74 catch
(1 084 823 lb) and at great variance with the range of
predictions of change in weight in the steady state
(Table 8).

One factor which again may lrave contributed to the
decline in landings in 1975-76 is poor recruitment of
animals under legal size into the fishery (R. J. Street
pers. comm.). However, becausq of the change in the
minimum legal size in 1974, the proportion of these

animals irt 1973-74 cannot be compared with that in
1974-75 to estimate trends in recruitment. The lower
proportion of animals under legal size in 1975-76 com-
pared with that in 1974-75 (Fig. 3) suggests a further
period of poor recruitment and the continuation of low
Iandings in 1976-77. This is supported by the 1976-77
Iandings of animals less than 152 mm in tail length,
which totalled 516 087 lb (R. J. Street pers. comm.).

Males Females Combined

785 649 | 434

268 203 47r
(34.1) (31 3) (32.8)

242 508 184 666 427 174
6t 204 44970 106 174
(25.2) (24.4) (24.7)
308.9 284 5 297 I
350.7 3t3 2 333.3
426.4 379.5 406 3

16.1 160 16.5

l 38 1.33 1.36

1.0 1.0 1.0

0 8l 0.81 0.81

6.5 5 9 6.2

29.0 25.2 27.6

+129 +9.2 +11.1

Instantaneous
natural

mortali ty
(M)
005
0. ll
016
o22
0.29
036

Annual Percentage Percentage
percentage loss in change in
o[ mtural numbers i¡ weight in

deaths steady state (r) steady state

5 30
l0
IJ

6.2
B5

+ 15.4
+11l
+ 7.9
+ 4.4
+ 1.3

-19

20 I l.l
25 t34
30 l5.i

* For an explanation of the method and symbols used see Hancock
( lsTs)
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Discussion and

What is the utility of this method in the light of its
predictive powers for these two periods? The predicted
immediate loss in weight resulting from the 1974 size
increase provided a good estimate ofthe actual decrease
in landings, but the agreement between the 1972 predic-
tions and reality was poor. Moreover, the predicted
changes in weight in the steady state after both the 1972
and L974 size increases did not occur, which indicates
that steady state conditions probably have not been
reached.

One of the major assumptions of this method is that
return to a steady state depends only on growth and
ìnortality rates, with other factors, such as recruitment,
being equal over time. However, evidence suggests that
recruitment was poorer than average over the period of
the size increases and may have delayed the return to
steady state conditions. This indicates the need for a
more detailed investigation of the predictive powers of
the method and the various factors affecting it. These
factors include ( I ) changes in the level of recruitment
into the fishery; (2) direction and magnitude of im-
migration and emigration, if any; and (3) improved esti-
mates of growth and fishing and natural mortality rates.

Investigation of these factois will, in turn, require ( 1 )
a more extensive catch sampling programme to deter-
mine seasonal and spatial changes in carapace length-
frequency distributions; and (2) impi:ovements in the
fisheries data collection scheme to improve the accuracy
of the landings statistics and hasten their availability.

There is no evidence available to suggest that a larger
size limit will affect basic biological processes such as

Conclusions

growth, mortality, and reproduction. If natural mor-
tality is as low as assumed, and larger animals are not
lost from the fishery by emigration, the increase in the
minimum legal size should eventually result in in-
creased landings in the Otago area. Though the esti-
mated landings for the 1975-76 and 1976-77 seasons do
not support this hypothesis, there appear to be other
biological considerations, such as a period of poor
recruitment, affecting the predictions of the method.

To maximise the yield from the Otago area during
the period of the size limit increase, the minimum legal
size should not be raised by more than 6 mm of tail
length during any one year, with a minimum of 2 years
between increases, regardless of the variability in
recruitment. An increase of 6 mm is about one-half the
annual growth increment and should allow the fishery
to return towards the steady state in the second season
alter the increase. If the size limit is raised by 6-mm in-
crements in successive years, the fishery will not ap-
proach a steady state until after the increases cease, and
low yields can be expected each year as a result. If a
minimum period of 2 years is maintained between the
rncreases, a greater total yield from the fishery over the
interval of the limit changes could occur. Moreover,
raising the size limit by more than 6 mm in I year would
result in a substantial reduction in the total catch in the
following year. In any case, it is important that catch
rates and carapace length-frequency distributions be
monitored continuously and evaluated thoroughly so
that more effective decisions on the timing of future size
increases can be made.
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