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Opening address

B. T. Cunningham

Director, Fisheries Management Division,
Ministry of Agriculture and Fisheries, Wellington

THE purpose of this workshop is to discuss the
status and utilisation of New Znaland's paua
resource as a prerequisite to developing appropriate
management strategies.

The fishery is small, but valuable; in 198L the paua
meat trade was worth ove¡ $4.1million. This makes
it the second most important shellfish fishery.

Thg development of the fishery is fairly recent and
so most people participating in it today have been
involved v/ith it since its beginnings.

Every commercially exploited fishery goes
through a period of testing both what the market will
bear and what the biological limitations of the
animal are. The initial growth of the paua industry
was meteoric. Little inte¡est was shown until the late
196Os, when overseas markets were developed for
the canned, bleached product at good prices. Almost
overnight fishing pressure increased to the point of
overexploitation. The issue was further compounded
by a lack of knowledge of paua biology. Instant and
drastic control measures lvere necessary. Since that
time, with the imposition of the export quota system
(that is, export of the processed product as canned,
bleached paua and a little as canned soup) and
periodic reductions of the yearly quota, the fishery
has entered a period of relative stability.

Fisheries Management and Fisheries Research
Divisions are conducting diverse studies of paua
biology to enable management based on an
understanding of what the resource can tolerate in
the way of fishing pressure. We strive with paua, as
in all our fisheries, to develop a means to manage
soundly and responsibly so that our important
resources will provide continued employment and
export income to the industry and enjoyment for
amateurs.

The industry revolves around the export of a
processed product. It has developed over the past

decade to a point of relative stability, which has
filtered throughout the industry. The stability has
resulted from the strict controls of the export quota
system and has tended to preserve a vulnerable
resouræ. It is probably not the best management
technique, but it wo¡ks in this fishery.

The stability, however, has come at a cost. The
limitation on how paua can be exported has meant
that though the canned product is continually
improving, alternative paua product development
has not advanced. Interest in marketing other paua
products is increasing. A growing concem is whether
the restriction on how paua can be exported should
be retained or changed. This should form an
important part of our discussion at this workshop.

The papers to be presented have been organised
to look at several aspects of the paua fishery. The
first session consists of papers discussing the trends
in the paua fishery and the t/arious management
options. The second session, from the industry
sector, is devoted to the value of the canned paua
product to New Zæ,aland and examines areas of
alternative methods of marketing paua. These are
major issues in the industry today and are of concern
to all of us. The third session will centre on the value
of paua shell to New Zealand and the problems
associated with the residue of paua shell not used by
the jewellery industry. The final session focuses on
existing problems in the paua fishery, both from the
commercial divers' and enforcement viewpoints, and
will conclude by examining ways in which
aquaculture may enhance the industry in the future.

This workshop should be viewed as a forum for
open discussion of all aspects of the paua fishery. We
don't expect resolutions to be put forward for debate
at this type of meetirrg; we want, râther, to
encourage wide-ranging discussions. Your contribu-
tion begins the process of developing a sound and
workable management plan. It is my pleasure to
open the meeting, and I hope it will be successful.



Management options for the New Zealand paua fishery

J. M. Akroyd

Scientist, Fisheries Management Division,
Ministry of Agriculture and Fisheries, Wellington

WHY manage a fishery? For many years fisheries
may, and do, go along quite successfully without any
management at all. Recnritment keeps up with the
rate of mortality. Flowever, when the rate of
mortality is increased by greater fishing pressure
there can be a danger of overfishing unless the
mortality is controlled or recruitment increased.

Most would now agree that New Zealand's paua
fishery needs to be properly managed. Problems
with overfishing of paua resources arose in the late
1960s when paua became valuable on the overseas
market. When the processers and marketers could
sell the product there was pressure on the fishermen
to collect more and more. It was soon realised just
how vulnerable paua were. They are slow growing,
relatively easy to catch, and marketable. In several
areas paua were almost annihilated and immediate
controls were placed on the fishery.

F.Iowever, the methods for fishery management
are many and varied. To manage a fishery wisely,
corrtrols must be adopted that are best suited to the
peculiarities of that particular fishery. To do this we
need to know the size_ and abundance of the
resource, its distribution, growth rate, natural and
fishing mortality, size at maturity, recruitment, and
so on. Both fisheries divisions have recently
conducted intensive studies around the country to
look at these aspects. Flowever, as well as biological
considerations, economic and sociological factors
associated'with the industry need to be considered.
This information is best developed through co-
operation with all sectors of the industry.

The industry and the managers all have the same
objective: that the productivity of the resource must
be maintained. To achieve this, overfishing must be
prevented and wise management needs to be
implemented.

Management options

There are 3 basic approaches to the management
of a fishery:

1. Limiting access to the resource;
2. Limiting access into the fishery;
3. Resource replenishment.

These approaches are not necessarily exclusive of
one another. Within each approach there are several
management options.

Limiting access to the resource

This approach entails the control of access to the
resource itself, including regulations which either
prohibit fishing or in some way direct and control
where, when, and how paua may be taken. The
following are some of the options that are or could
be used either individually or in combination to
control access to the paua fishery.

o Size limit. The first control usually placed on a
fishery is a minimum size limit. A size limit is critical
in that it must be large enough so that the paua have
spawned a sufficient number of times to ensure
adequate recruitment. The size limit, however,
should also lead to the harvest of older, slower
growing paua, which might otherwise compete for
the food and space that could be used by smaller,
faster growing animals.

The size limit at 125 mm seems to be reasonable.
Paua generally mature at a much smaller size than
this, but they do not necessarily spawn every year;
thus the size limit needs to be conservative. It is
often considered that a size limit in itself would be
enough control on a fishery, as it should'ensure that
a breeding stock is left behind. Flowever, when the
rate of removal is greater than the rate of supply,
size limit alone does not preclude overfishing. With
paua, where recruitment is variable and growth rate
slow, it is quite possible to fish regions out. In other
words, a size limit protects a resource from
becoming extinct; it does not prevent overfishing.

o Quota system. Another common approach to
fisheries management is to put a quota on the
number of animals that can be taken. A quota may
be placed on areas, individual fishermen, or on the
market sales. For any quota system to be effective, it
is necessary to have an accurate estimate of stock
abundance. If the estimate is too high, it could spell
disaster for the fishery, but if too low, the resource
will not be utilised effectively.

Quota systems do have some inherent problems.
Placing quotas on individual fishermen usually
means that the most efficient fishermen aÍe
penalised. It is difficult, however, to justify
allocating different proportions of the quota to
different fishermen, as the criteria would be difficult
to decide and this system does not allow for



improvement by inexperienced fishermen. A
national quota can in some instances be difficult to
control because of time lags in reporting, and it may
be unrealistic if regional differences in stock are
important. An area quota may be the best solution,
but this can lead to intense competition among the
divers to take as mtrch as they can in the shortest
time possible and then move to another area. It also
has the undesirable effect of placing divers out of a
job for part of the year and leads to a variable supply
for processing and marketing.

At present we do have control over the amount of
paua being exported. This control was brought in in
1,973, when canned paua became an acceptable and
valuable marketable product overseas. The export
quota was divided proportionally among those
companies that had already proved themselves. This
depended on the quantity and quality of their
product and on the amount of time that they had
been marketing paua. As the greatest fishing
pressure for paua was directly related to the export
market, this control seemed appropriate and had an
immediate effect.

o Closed seasons. The major advantage inmanaging
a fishery by closing it to fishing over a certain period
is to protect the breeding stock. However, paua do
not seem to spawn every ye¿rr or at a particular time;
so this is not a relevant form of control. In addition,
it leads to increased pressure when the season is
open to make up for lost time.

o Closed areas. Closing areas is another way to
control access to the resource. Some areas have been
closed, for example, Wellington, after the area had
been fished out. If the area is closed early enough,
the stocks may replenish themselves and in time
there may be a "healthy" fishery again. This is a
drastic means of control and generally tends to put
more pressure on other areas.

Rotation of fishery grounds is a modification of
the closed area management sttategy in which an
area that has been recently fished is given a chance
to recover. It seems logical to rest areas and
fishermen tend to do this on their own initiative.

o Gear restrictions. By restricting the type of gear a

diver may use it is possible to control his ability to
reach the resource. Divers are prohibited from using
scuba to collect paua. The comment is usually,

divers are limited by depth and have difficulty
locating all the paua in areas of dense algal growth
and low visibility. These factors mean that paua are
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left behind, which ensures that they continue
contributing to the population. The better divers and
those who have been in the fishery longer tend to
benefit.

The type of gear used to detach the paua may be
restricted or standardised. The value of this is to
protect against gear mortality, which affects the
sublegal sized paua. Paua do not seem to have an
effective clotting mechanism and thus if their foot is
injured they will bleed to death. Returned sublegal
sized paua also seem to be particularly susceptible to
predators.

Limiting access into the fishery

Limiting entry into a fishery represents a major
and commonly advocated management approach. It
seems obvious to most people that if a fishery is in
danger of being overexploited, the best solution is to
rest¡ict fishing effort by reducing the number of
people taking the resource. However, it is not as

straightforward as it sounds. There are several ways
of limiting entry into a fishery and all have their
problems. At present there is a moratorium on
fishing permits, which does not allow new people
into the fishery, but it seems that there are probably
too many people in the fishery already, especially if
all present permit holders started fishing on a full
time basis. The following are some ways of limiting
entry; again, these methods are not mutually
exclusive.

. Number of licences. It is difficult to assess how
many licences should be allocated for each area and
whether the restrictions should be on numbers of
boats or numbers of fishermen. If the restriction is
on numbers of boats, fishing effort may not be
reduced to any great extent if bigger boats are used
with more divers working. If fishermen only are
licensed, this could lead to unsafe practices with only
one fisherman per boat. It is clear that the number of
licences depends on the size and density of the stocks
as well as on the "average" efficiency of the various
divers. Usually those given licences are the "best"
fishermen and hence, initially, reducing the divers
may not have much effect. In addition, the
privileged entrants into the fishery are likely to work
much harder, make more money, and reinvest in
better boats and gear. Thus they will fish more days
and catch more paua. Another major problem is
providing for new entrants into the fishery.

o Leasing areas of the coast. The New Zealand coast
could be divided into small specific areas and these
leased to individual divers for their exclusive use. A
diver might be encouraged to really look after his
patch to ensure an ongoing paua supply. ÉIowever, it
would be extremely difficult to decide how much



area to give a particular diver, especially with the
variable weather around New Zealand.
. Licence fees and taxes. The cost of a licence could
be such that many individuals would become
unwilling or unable to obtain one. Alternatively, a
high tax could be placed on paua landings and this
may discourage pafi. time divers from continuing to
fish for paua. It is unlikely that this control would be
used, as it would tend to favour the wealthier and be
difficult for those just starting out, and it is as easy to
restrict licensees on the basis of past catches, say,
their average annual landings over the past 5 years.

Resource replenishment

ff a resource is being overfished or if mortality is
greater than recruitment, a possible consideration is
to reseed the natural beds. Fisheries Research
Division is actively involved in paua aquaculture
studies and will presenrly be looking at rhe feasibility
of reseeding natural populations with laboratory
reared animals. Flowever, it will be some years
before results of this work will be known and have
an effect on the wild population. In the meantime,
other management control must be looked at more
seriously. Reseeding is not really a management
tool; rather, it should be viewed as an attempt to
bring more areas of coastline into production, areas
that through accidents of recruitment do not at
present support paua populations.

Management considerations
I have described several approaches to paua

fishery management and various options that can be
considered. I have tended to concentrate on the
negative aspects of these options and it is in these
problems that the difficulty in management lies. It is
unlikely that any one of these options on its own will
provide the solution; a combination that best allows
the achievement of our objective of an ongoing paua
fishery will be ideal.

When deciding how best to manage the paua
resource it is important to consider the legal
feasibility of the cont¡ol. For instance, it must be
easily enforceable. The controls I have mentioned
tend to be based on biological rationale rather than
economic and sociological reasons. Some may be
entirely unfavourable to fishermen and others to the
processing sector. I{owever, if the primary concern
is to ensure adequate economic return from the
fishery, this cannot be achieved if the stocks become
depleted.

Any future regulation of paua must ultimately be
based on biological rationale that preserves or
enhances the resource. Subsidiary controls to
encourage the best use of the landings then enter the
area of economics and sociology. Our first
responsibility is to ensure a continuing resource.



Recent trends in the paua fishery

Talbot Murray

Scientist, Fisheries Research Division,
Ministry of Agriculture and Fisheries, Wellington

THE rapid, uncontrolled expansion of fishing effort
for paua between 1968 and l9TL continues to be a
reminder of the extreme vulnerability of large
sedentary shellfish to overexploitation. Before the
development of overseas markets for canned paua,
fishing was restricted to a small domestic market and
amateur catches for home consumption. ÉIowever,
during the late 1960s and early 1970s the rapid
growth in paua export demand and the accessibility
of large commercial beds resulted in an intensifica-
tion of fishing effort. The destruction of paua beds in
the Wellington region by 1972 has since served as a
dramatic warning of what can happen to any of the
present commercial paua beds.

The Wellington debacle is an extreme example of
overfishing (206 permit holders at the time of
closure). It is becoming clear from preliminary
analyses of our data that paua stocks may be
vulnerable to overexploitation at much lower levels
of fishing pressure than was ever exerted on the
Wellington coast. The vulnerability of paua stems
from several factors, such as ease of capture, lack of
adjacent unfishable sources of adult immigrants,
slow growth rate, and variable recruitment patterns
for larvae. In the past decade it has become apparent
that the paua resource is limited. It is also evident
that diminishing areas of unfished beds do not augur
well for future expansion of the fishery.

Cooper (1976) has reviewed the early status of the
paua fishery and documented similar trends for the
Wairarapa coast, Picton, Blenheim, and Stewart
Island. lle was able to document an initial increase
in catch per unit of effort to l97O-77, followed by a
regular decline. This trend has been a source of

Total
landings

(r)
439.5
503.3
56L.8
768.4
s80.7
564.4
725.7

concern, since it indicates an eroding fishery. The
impact of this downward trend, however, has been
eased by reductions in the export quotas and the
tendency by divers to fish broader geographic areas.
This fishing strategy offers a temporary solution to
overfishing, with recovery rate of the paua beds
governed chiefly by growth rate and abundance of
undersized paua.

For every fishery there is an equilibrium yield. For
paua it seems to be set primarily by growth rate,
mortality, and recruitment patterns. If harvesting is
below the equilibrium yield, a portion of the
resource is wasted. If harvesting is above the
equilibrium yield, we inexorably destroy the
resource. Our research aims to provide the basis for
establishing regional equilbrium yields for future
management of paua. In this paper I will trace the
trends in the fishery and offer a preliminary
assessment of its current status. A full assessment of
the paua fishery must await the completion of ou¡
studies on growth and mortality of adult paua.

The paua tishery since 1974

To examine the trends in the paua fishery we have
tabulated the monthly landing figures for all ports by
diver for the period January 1974 to June 1981.
These landings are compiled from the fishing returns
filed with the Ministry of Agriculture and Fisheries
by commercial divers. A summary of the total
landings is given in Table 1. It is clear from this
table, however, that fishing returns grossly under-
report actual landings. If we ignore domestic
landings and assume the landing figures represent
the catch for the export market, divers have

TABLE 1: Regional contribution to total paua landings (tonnes green weight), 197Æ0

Vo of ßlal landings

Yea¡
7974
7975
7976
7977
7978
1979
1980

Wairarapa
8.6
8.0
6.9
6.4
8.7
4.8
3.5

Marlborough
Sounds

23.6
26.9
77.2
2r.8
28.2
32.0
20.s

East coast,
South I.

78.7
13.8
1.4.0
8.5
9.0
5.9
6.5

Bluff-
Stewa¡t I

27.2
25.5
77.5
18.5
38.9
40.5
44.8

Chatham
Is.

2t.7
25.6
+5. I
44.6
74.6
1.6.6
242

Others
o.2
0.2
0.7
0.3
0.8
0.2
0.8



regularly under-reported their catch by 5OVo-:72Vo.
Before it becomes possible to estimate equilibrium
yields it will be necessary to correct for this bias.
Flowever, for a preliminary assessment we needn't
know the amount landed each year, but only
whether the tonnage and effort are increasing or not.
The data available are adequate for this purpose.
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40

Bluff-Stewart lsland

Paua harvesting is done throughout New 7*,aland,
but because of a greater abundance of legal sized
paua (over 125 mm) it is concentrated on the
Wairarapa coast of the North Island and a¡ound the
South Island, Stewart Island, and Chatham Islands.
The regional contributions to total landings (see
Table 1) show that the Marlborough Sounds, Bluff-
Stewart Island area, and the Chatham Islands have
accounted for most of the landings. The combined
contribution of these 3 areas has steadily increased
from 72.4Vo in 1974 to 89.2Vo in 1980. During the
last 8 years there has been a simultaneous decrease
in landings from the Wairarapa coast and from the
east coast of the South Island. We will restrict our
attention, therefore, to the 3 major contributors to
paua landings.

Each of these regions (Bluff-Stewart Island,
Chatham Islands, and Marlborough Sounds) repre-
sents a unique situation with different fishing
strategies, gear, and economics of fishing. They also
differ in area of fishable coastline, numbers of
divers, catch rates, and efficiency (catch per unit of
effort). The difference in catch rates and effort
(number of divers) is depicted in Fig. 1. Initially this
looks encourapjng, since the relationship between
catch and number of divers is linea¡. This suggests
that in these areas the point of overexploitation has
not been reached. However, artificially high catches
can be maintained after the onset of overexploita-
tion by moving to previously unfished areas. It is
clear from conversations with divers from the
Marlborough Sounds and Chatham Islands that it is
becoming increasingly necessary for divers to travel
further afield to locate "fishable" beds of paua. We
should therefore not become too optimistic; it is
possible that we have approached the limits of
sensible harvest. In addition, if it becomes
increasingly necessary to travel further to find
fishable beds, the operating costs per tonne
harvested increase, which encourages the diver to
harvest more, and this in turn accelerates the onset
of overexploitation. To determine if this trend has
begun, we must look at each region independently
and in more detail.

Changes in efficiency (catch per unit of effort)
exhibit wide fluctuations during the year. Much of
this can be attributed to seasonal fluctuations in
effort (number of divers). These seasonal fluctu-
ations are characteristic of all areas and a¡e clearly
depicted in Figs. 2,3, and 4. They are quite regular
for the Bluff-Stewart Island area (Fig. 2) and
Marlborough Sounds (Fig. a). These 2 areas are
characterised by similar levels of efficiency, though
effort and hence landings are higher in the Bluff-
Stewart Island area. The fluctuations in effort are
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Fig. 1: Monthly landings of paua (green weight) and numbers
of divers hawesting in Bluff-Stewart Island, Chatham
Islands, and Marlborough Sounds areas.
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Fig.2: Monthly catch per unit of effort and numbers of divers in the Bluff-Stewa¡t Island area, January lg74 to June 1981.
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Fig. 3: Monthly catch per unit of effort and numbers of divers in the Chatham Islands area, January 1974 to June 1981.
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not as regular in the Chatham Islands (Fig. 3),
probably because of the generally worse weather
and preferential diving for rock lobster when it is in
season and available inshore.

Generally, the seasonal fluctuations obscure
longer term trends. A simple way of eliminating the
seasonal influence on efficiency and effort is to
examine the annual averages in efficiency and effort.

Annual trends in efficiency sincn 1974 are shown
in Fig. 5. The Bluff-Stewart Island and Marlborough
Sounds areas have tended to return to 1974-75 levels
of efficiency after a decline in 1976. Both areas have
tended towards stability since 1977.In the Chatham
Islands efficiency has tended to increase from 1974
to 7977 and then stabilise, except for a significant
decline in 1978*. The most disturbing aspect of the
Chatham Islands efficiency record is the increasingly
erratic trend in efficiency (represented by the
vertical bars). In the Bluff-Stewart Island and
Marlborough Sounds areas variability in catch per
unit of effort has been reduced.

The current vitality of the paua industry and the
relative stability of the fishery are extremely

*(Jnemployment had become a serious problem, and young
people living on the Chatham Islands were not able to qualify for
the unemployment benefit unless they left the islands.
Consequently, many part time divers left the fishery at that time.

1975 1976 1977 1978 1979 1981

Fig. 4: Monthly catch per unit of effort and numbers of divers in the Marlborough Sounds area, January 7974 to June 1981..

encouraging signs. However, there is a trend of
increasing effort in all areas. This will guarantee
greater landings, but for how long? Our data have
indicated a recent period of stability. Our
conversations with divers indicate that fishable beds
of paua are diminishing in nearby areas and there is
an increasing reliance on distant beds. The stable
period that the paua fishery has enjoyed is now
approaching a time when increasing effort threatens
to push the industry into a phase of overexploitation.
At present we don't know how far we can push the
harvesting without destabilising the fishery. The
early warning signs are evident and we are heeding
them. The question now remains, can we find
suitable regional management targets in the form of
equilibrium yields before we fish ourselves out of the
stable period? We believe that with the continued
co-operation of paua divers and processers we can
find an optimal management plan for paua.

Finally, I thank Steve Mercer and Shane
Williamson of MAF for their help with gathering
and portrayal of data, and the many paua divers
whose help in the field continues to aid our studies.

Reference
CooPER, B. 1976: Paua fishery-past, present, and future. C¿fch

'76 3 (3): 3--7.
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Ownership of the paua resource

P. Major

Assistant General Manager,
N.Z. Fishing lndustry Board, Wellington

THERE is a traditional belief in the community that
fisheries resources belong to everybody and that
everybody who wants to should have the right to
take as much of the resource as he needs for his own
personal use, bound only by sufficient measures to
ensure conservation. This also seems to be an
attitude that has prevailed until recently among
commercial interests who exploit the resource.
IJnfortunately this has caused a clash between
recreational and commercial users, with calls from
the recreational sector to confine commercial
exploitation to those areas recreational users are
unlikely ever to use.

Perhaps the best method of ensuring public
sympathy f¡om a commercial point of view is to set
aside a portion of the resource close to large
population centres for recreational use. This would
then leave the remainder available for commercial
exploitation. The present policy would also seem to
be acceptable where there are no area limitations
(except where there are total closures to both
commercial and recreational users) combined with
fishing trip catch quotas and size limits.

Both these viewpoints are at variance with
attitudes that have been taken in other coastal
states. For example, in the Victorian abalone fishery
all rights were initially allocated to comme¡cial
interests. It is, however, interesting to note that
recreational users have purchased a large section of
the resource from people to whom it was initially
allocated.

It has long been recognised that, with the
exception of a small number of localised areas, the
main fishing pressure on the paua stocks results from
commercial exploitation due to the demand for meat
destined for Asia. It also became apparent that there
was a need to limit commercial efforts. As I
understand it, there was a belief that it would be
impossible to enforce an overall quota because of
the multitude of outlets on the domestic market and
the unacceptability at that time of limiting
harvesters. To ensure consewation, a novel and
effective approach was introduced, which was to set
an export quota on meat and restrict exports to
canned product. The quota itself was allocated to a
limited number of companies.

Over the years this approach has been criticised
on a number of accounts. Firstly, criticism came
from fishermen, who were concerned that they
would not get a fair price from what they considered
a cartel, that the mechanism did nothing to improve
the conditions of individual fishermen, and that the
canner could select whom he liked to supply him.
There was also criticism from those processers who
were not allocated a quota. Several objected on
equity grounds and some objected because they felt
that there were other, better ways to export paua
than in a canned form.

Besides the export restriction on meat, there is
also a ban on the export of natural shell. This was
instituted as a measure to protect the source of
supply for returned servicemen manufacturing
jewellery and souvenirs after the war.

Do these controls work? In both instances the
measures have been effective. The resource has
been protected and so has the jewellery industry.

What has been the cost? With meat exports it is
difficult to tell, but there may have been some loss
by not having produced any dried product. In my
mind there is no doubt that we have gained from
ceasing to export frozen product, which commands a
high price when the market is short, but cannot be
disposed of at all when the market is depressed.

As for shell, I believe the policy has resulted in a
substantial cost to the nation to eirsure the
employment of returned servicemen. Historically
this cost was justified, but now that the returned
servicemen have no interest in the industry it is not.

I also believe that the open access nature of
exploitation which has occurred until recently has
resulted in cost inefficiency in the harvesting sector,
and I would like to examine this a little more closely.
fn most developed fisheries a¡ound the world
operators face ¡eturns that do not justify the capital
and effort that are expended in harvesting,
processing, and marketing the catch, and if we listen
to fishermen, this is true in our paua fishery. It is
now generally accepted that this is a result of a
universal policy of open access to fisheries.

To explain this, let us take the example of a
farmer who has a block of land and farms sheep. As
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an individual he is faced at any time with a market
for his products (meat and wool) that he cannot
change. However, he does have control over what
he produces from his land. As the farmer expands
effort (the number of sheep he runs), costs increase
and the quantity he produces increases. The quantity
he produces becomes revenue when he sells it. Note
that when we talk about cost we mean the cost of
production plus current maiket return on capital and
labour invested. We assume this because if revenue
were not sufficient to meet this cost, the farmer
would invest his capital and labour in some other
industry.

We can see in the accompanying diagram that the
revenue curve is above the cost curve and so the
farmer can obtain a normal return and in addition he
can gain profits. (These are known as economic
rent.) His problem is how to maximise the economic
rent. He does this by expanding his effort by
increasing his flock. At first there is plenty of pasture
and the sheep have lots of space, and so he continues
to bring in more sheep. Let us assume that he
increases his flock beyond point E, in the diagram.
The result is overcrowding and some disease in his
flock and he finds that if he reduces the flock to E he
can make a larger profit.

It is worth noting that at point E, where he is
earning his maximum amount of profit, he is at point
X on the revenue curve. He could still increase his
total revenue by expanding the number of sheep he
carries to the point along the effort axis that
corresponds with point R on the revenue curye,
where the maximum revenue from the resource is
earned. Flowever, he will not do this because to
expand production to that point would be at the cost
of diminished profits. The distance between R and
the cost line is clearly less than the distance between
X and the cost line. We have therefore established
the point to which the farmer will expand. It will be
the point at which he makes the largest profit.

I-et us now ¿rssume that ownership of farm lands is
abolished and anybody who wants to can run sheep
wherever he likes. People seeing that our farmer is
making more than a normal profit, which is included
in our cost line, will place sheep on the land that
used to be his alongside his sheep, until there are as

many sheep as represented by the point on the effort
axis EO. At that point the sheep will have so
ravaged the pastures that the total quantity
produced (meat and wool) will have fallen below the
maximum that could be achieved if flock numbers
were reducei.

Effort will not expand past EO because that point
coincides with point O on the revenue curve, which
is the intersection of the revenue and cost curves. At
this point farmers are earning only normal profits
and if effort were increased still further, their return
would fall below what they could expect elsewhere
in the economy and so they would shift their capital
and labour somewhere else.

The fisherman is in the same situation as the
farmer would be if everybody had access to the land.
If a single @mpany owned the fishery, it would put
in only as many boats as represented effort E,
because that would represent the maximum profit
that could be earned from the fishery. Flowever,
because there is open access in fisheries, new
entrants still come in up to effort EO, which is the
point where revenue and costs are equal and is
known as the point of open access egoilibrium.

We may think that operating at open access
equilibrium is not so bad; after all, it spreads the
economic rent over a greater number of farmers or
fishermen. This, however, is a misconception. We
are not sharing the economic rent; we are reducing it
past the point E. We are using more of the
community's scarce capital and labour resources to
produce less total profit. Not only is the return to
each individual unit of effort lower, but the sum of
the returns to all units of effort is also lower.

We realise that it is not reasonable to introduce
overcapacity by way of effort into the resource, but
nevertheless we are unhappy with all the rent
accruing to the fisherman or the farmer and would
like to see the benefits transferred to other sectors of
the economy. Then we introduce a land tax or a
fishing licence fee.

Alternatively, we may.be happy to allow the rent
to remain in the hands of our fisherman or farmer,
since it will be invested in new enterprises or spent,
thereby providing employment in the service sector
where it is spent.

I-et us assume that we have a pool of unemployed
fishermen. If we have established that the most
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efficient way, economically, is to operate our fishery
at the point that produces the maximum economic
rent and tax the producer, we would pay the
fishermen unemployment benefit. Our community
may, however, place some value on having people
employed, and so we may decide to allow more
people to enter the fishery than are in it at our profit
maximising effort E. If we choose this option, we
should be aware that we are doing so at a cost which
is a reduction in the total profit available for
distribution.

It now seems reasonable for us to ensure that we
do not waste economic rent by having too much
effort exploiting our resources. How do we avoid
this? For land this is fairþ easy if we can divide it up
into blocks and then allow farmers to have access to
it to use it in the best way they see fit, which will be
to make the maximum profit. With fisheries it is not
so easy, as we cannot draw lines and put fences on
the sea.

Perhaps as a first measure we could assess the
amount of effort measured in terms of vessels, net
sizes, and fishing days, set a quota limit at the
quantity that gives us our maximum economic rent,
and let in as many vessels as are required to harvest
the quota. If our policing is good, the correct quota
of fish will be taken, but what will happen to the
economic rent? Simply, it will be wasted because
each individual fisherman is competing for the total
quota. He will see that as long as there is economic
rent to be earned he can increase his share by
improving the efficiency of his vessel and gear and
finding a way round the regulations. He will, of
course, have to spend money and effort to do this.
With all fishermen doing this the rent will soon be
dissipated.

Perhaps we should restrict the type of vessel and
gear used. Again, as long as there is any economic
rent to be earned each individual fisherman will try
to maximise his share of it and so he, or they as a

Foup, will find a way round the restriction. For
example, in the Western Australian rock lobster
fishery pot limits were introduced which lowered the
total number of pots from 98 000 to 72 WO. Despite
policing of the number of pots, effective effort had
returned to 98 000 pots within 5 years because
fishermen used their limited number of pots more
effectively.

It is not desirable to introduce gear or effort
restrictions, as these burden the participants with
costs that will not allow them to operate in the most
efficient manner.

What, then, do we do? Perhaps the answer might
be to allocate individual quotas to particþants. If the

individual had a specific quota, he would know that
it was his to harvest how and when he wanted. He
would then be in a position to harvest the resource
he had been allocated in the most efficient way and
he would ensure that he maximised his return. Thus,
with all fishermen acting this way the return to the
community would be marimised.

How would we work this in practical terms and
would it be possible to police? A total allowable
catch (TAC) on each species in a fishery would be
set annually after allowing sufficient for recreational
use. Each commercial particþant would be allocated
a fishing right to a portion of the TAC. He would
receive coupons that would represent that right. The
fisherman would first have to be issued a right to
receive a proportion of the coupons. In an exploited
fishery this right and its proportion of the TAC could
be issued in the s¿ìme way that a controlled fishery
licence is now. Alternatively, the issue could be
decided by tender.

Having received his right to a share of the TAC
and been issued with his coupons, the fisherman
would go fishing. The fisheries officers would know
he was entitled to fish because he would have a
qualifying vessel number on his boat. They would
also know that he was entitled to continue fishing
because he would be required to have on board
sufficient coupons to vouch for his catch in any one
trip. On landing the catch, the fisherman would date
stamp his coupons and pass them on to the people to
whom he sold his fish. These people would within a
certain time have to return the coupons to the
Ministry.

At any time when inspected a processer' retailer,
wholesaler, or restaurateur would have to have
sufficient coupons on hand or returned to the
Ministry to justify his stock on hand plus sales. The
question then arises, should we allow coupons to be
transferable? This would be desi¡able because it
would allow each fisherman, by trading on the open
market, to gain access to that stock of fish whích
suited his operation best. There may, however, need
to be some aggregation restriction to stop all the
resource falling into a few hands.

If we felt that the level of economic rent falling
into private hands as a result of this scheme $ras too
high, we would merely increase the licence fees. This
would cause transfer prices for coupons to fall.

Should the right to receive coupons be freely
transferable? Probably we would issue the right for a
period of years, with the right of renewal, provided
it was used satisfactorily. The terms would have to
be sufficiently long to allow people investing in
catching capacity time to recoup their investment.
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This would probably mean a term of between 10 and
20 years. There would need to be some control on
aggregation, and prices on transfers would reflect
the term to run and the amount of economic rent
available from the coupons represented by the right.
This would be influenced by any licence fee set.

A commonly held rnisconception is that we will
waste our economic rent by bidding up the price of
the right to coupons or the coupons themsêlves, if
they are freely transfe¡able. Thè access fee that is
paid is a financial cost to the individual ent¡ant. FIis
personal return will certainly be reduced, but society
will still be obtaining the economic rent because no
more effort will have entered the fishery. In fact
there may be some gains to society becausê the new

In conclusion, we have seen that in the past
traditional fisheries management tools, such as t<¡tal
quotas, gear restrictions, closed seasons, and open
access have had little biological success and certainly
no success in promoting economic efficiency.
Limited entry and individual quotas may be a
possible answer, and they are certainly worthy of
inclusion in considerations of future management
options. Nonetheless, it is clear at present that the
public would wish, via government, to retain control
over the resource to the extent that only limited
tenure would be issued, licence fees would be set to
recover at least a portion of the economic rent,
undue aggregation of the resource in individual

hands would not be permitted, and the resource
would have to be used rather than held for
speculative purposes.

If we introduced this mechanism in our paua
fishery, would it work and could we abolish the
restrictions on the expof of meat and shell? In my
view this would be possible. A person wishing to
export paua meat in one form or another might
apply for an initial allocation of the resource. If he
were successful, he would employ a diver. If not, he
could contract with someone who was successful or,
alternatively, he could purchase a fishing right. This
would guarantee his source of supply and allow him
the flexibility of determining in what form he
exported his product. Anyone who thought he could
produce a better product for a higher return would
then be at liberty to offer a higher price either to
obtain product from a fisherman or to buy his
harvesting right.

The situation would be similar for the jeweller. He
could buy his product on the open market or he
could purchase a licence and sell the meat to meat
processers. If the jewellers wanted control of the
resource, they could buy all the licences between
them. They would not be able to do this from their
own funds, but government might be prepared to
advance them funds if it were convinced of the case.

Obviously this presentation is fairly superficial
and some areas would require closer examination,
but it is worthy of study and may lead to the
implementation of a system that would reduce
government intervention, remove claims of favourit-
ism, and at the same time provide for conservation.
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The value of canned paua to New Zealand

G. U. France

Chief Executive,
Sealord Products Limited, Ne/son

THE, New Zealand resource is not large and because
of this the processing industry is itself only small.
The export of paua is confined to canned abalone;
present legislation prohibits export in any form other
than in cans. There are 5 export licence holders and
the combined export quota is lor 17 850 cases-
T 4n dozen 454-9 cans. During the year ended 31

December 7981, 296 t of canned abalone were
shipped overseas, which ea¡ned $4,200,000 for New
Zealand in overseas funds (information supplied by
the Economics Division of the New ZealandFishing
Industry Board).

By world comparison the New Zealand abalone
catch is also small (Table 1). From these figures it is
readily apparent that there is major international
competition from Mexico, Australia, and Japan, and
South Africa is also a serious competitor. The
relationship of our supply to that of the international
market must be a key factor in planning sensible
market development. New Zealand's sustainable
yield position is basically the same from year to year,
and other abalone-producing countries are unlikely
to discover hitherto unknown sor¡rces of wild
abalone.

Because of the necessity to maintain a delicate
balance in any srnall quota fishery, it is vital that it be
managed judiciously, not only to maintain the
maximum financial return from the fishery, but also
to ensure that it remains economical for all those

involved, from those harvesting to those exporting.
The prerequisites to orderþ ma¡ket development
are identification of the nature and quantity of the
material, the most appropriate market, and the form
in which the product is best presented. The present
export quota system is effective as a conservation
measure and provides a simple mechanism for the
monitoring of export quantities. Before its introduc-
tion we had an industry which was chaotic, not only
among the divers, but also in the market place.

To appreciate the value of canned paua to New
Znaland it is necessary to reflect on the development
of the resource over the past decade.

In the late 1960s and early 1970s considerable
effort was expended by numerous companies and
individuals in an attempt to market paua meat
intemationally. There was one basic problem: that
of presenting the New Zealand species in a form
acceptable to the traditional buyers. As often
happens in an initial scramble over a new resource,
there was, unfortunately, a negative result. The
worst aspects included:

o Gross overfishing in some areas. This resulted in
some easily accessible areas being fished almost to
the point of non-recovery.
o Wastage of paua by speculative and incorrect
handling. Many tonnes of product were eventually
dumped because of poor and inferior quality.

U.S.A
4.4r
4.85
4.47
4.47
3.53
2.87
2.87
3.09

TABLE 1: hoduction of ¡balone by country (1965-72 figuresi are in millions of pounds; 197y79 figuresf ale in tonnes)

Year
1965
L966
7967
1968
7969
7970
r977
L972

Japan
9.48

72.35
73.23
L3.45
74.33
74.33
72.57
72.79

Korea
0.88
1.10
0.88
1.10
0.66
0.88
1.32
))1

Total
3L.97
33.51
35.28
38.36
35.05
34.83
36.76
34.s6

19 s00
17 076
77 499
77 954
L7 395
75 822
14 586

Mexico
t7.20
1,4.77
14.77
18.08
75.21
L4.77
74.L7
11.91

Australia
0
0.44
2.43
1.10
0.44
0.66
1.98
3.02

New Zealand
0
0
0"22
0,22
0.88
1..32
3.31
7.54

800
439
503
510
768
581
479

4 400
3 909
3 585
3 838
3 739
3 915
4 206

400
177
020
778
036
903
651

2 400
518
568
622
606
496
667

4 700
6 062
6 407
6 447
6 043
4 550
3 723

5 800
4 977
5 4t6
5 759
5 203
5 377
4 866

r973
7974
1975
7976
r977
r978
7979
*Sou¡ce: FAO Yea¡book, 1974, Vol. 36.
fSource: New Zealand Fishing Industry Board.
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o Poor quality of exported product. In some
instances this was so bad that it proved a significant
handicap to New Z.ealand's abalone entering an
established and discerning market place.

Clearly, effective measures had to be introduced
to correct the situation if commercial credibility was
to be preserved. In 7973 a closed period to fishing
was imposed while the problem was evaluated. An
estimated sustainable yield was then announced
which tied a catch quota to the quantity of export
product. On the market place the effect was
immediate, with the quantity offered being reduced
by about 7OVo. A restructuring of market planning
followed, with the aim of regaining New Zealand's
name for quality. Concentration of the presentation
of New Z,ealand abalone in a canned form was not
by chance. All abalone-supplying countries can a
major portion of their output. This purely reflects an
understanding of the qualities of the raw material,
the requirement of the market, and the value of
having a product which is capable of enduring in a
volatile market in a stable and storable form.

The order which followed the introduction of the
quota system meant that:

o The processers made heavy capital investment in
specialised equipment necessary for effective proces-
sing of this unique raw material.
o Finance was made available to divers for boats
and gear by the processers.
o Increased prices could be paid to the divers for
paua meat. Is is interesting to note that during the
current furore over shell prices there has been little
criticism of meat prices. All figures quoted indicate
that a comfortable living could be made from paua
diving.
o Technical research has continued to find ways of
improving processing and the quality of the canned
product, at considerable cost. As a result, the
financial return has improved and we are now
achieving a price in the market place equivalent to
approximately NZ$L4 per kilogram on processed
weight.
o Not only has the price improved, but our
reputation on the Asian market is now s5mon)¡rnous
with high quality.
o The paua industry can pride itself on being one of
the most orderly segments of the fishing industry.
This includes raw material harvesting, processing,
and marketing.

The need to build "brand irnage" became
important and extensive efforts were and still are
being made in this direction. There are now some L0

brands firmly established throughout the various
markets. The main markets are with Asian countries

whose people have an ethnic and historical demand
for this seafood delicacy, and they are discerning
markets. New Zealand's reputation over recent
years has reached a point where retail shops and
restaurants buy on a brand basis. This means they
have come to value New Zealand abalone on the
following terms:

o Reasonably consistent supply;
o A good and stable product quality;
o A co-ordinated marketing approach from the New
7-ealand suppliers which has avoided price cutting at
source during times when the market is weak. To an
extent this has meant producing companies holding
stock during recessions to maintain stability.
To maintain this position New Zealand abalone
suppliers have had, and will continue, to expend
money and effort in:

. Retail store promotions;
o Cooking trials with restaurants;
. Functions involving buyers;
o The distribution of publicity and display material.

There have been some recessions in the abalone
market. Throughout these crises the price to the
diver has never been reduced, nor have the
processers refused to purchase raw material.
Substantial losses have been made by the processers
during these crises and it has been necessary to
stockpile many thousands of dollars worth of stock
in an effort to maintain confidence within the
industry.

At present the abalone market is going through
one of its periodic downturns. Flowever, New
Zealand suppliers a¡e confident of the future and
that improved returns to all sectors of the industry
will arise. The product improves.in quality when
held in the canned form and the cost of holding
canned paua is only a fraction of the cost of holding
it raw in lrozen form. Quality is not improved when
the paua is held frozen; in fact, it deteriorates.

The total allowable catch for paua in any single
licensing year has been approximately 392 t (meat
weight). I say approximately because improved
processing techniques are resulting in less raw
material being required. The total allowable catch is
from the estimate by the Ministry of Agriculture and
Fisheries (MAF) of the sustainable yield and has
been set at this quantity for the past 6 or 7 years.
Flowever, though the harvest required to meet the
export quotas can be measuted, there is other
unmeasured harvesting which affects the stocks of
green Paua:

o A quantity has always been sold on the local
market, which has avoided any criticism from the
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New Zealand public, in particular the Maori
community, who have always claimed a traditional
access to this food.
o The annual take by amateur divers may or may
not be significant; it is possibly taken from other
than commercial beds.

As has been stated, the export quota issued is for
canned product and the licence holders have spent a
considerable amount of both time and money in
developing a product which has been marketable,
and acceptable, in the specialised Far East market.
It is the processers' collective opinion that the
present form, that is, bleached and canned, is the
most acceptable presentation of paua and that in this
form the greatest overseas earnings can be achieved.
Certainly the volatile markets of the east are where
the majority of the exports have been directed and
our contacts there insist that the manner in which the
product is being presented is the form that meets the
market requirement. These same contacts are also
adamant that the natural black colour is not
acceptable for 2 reasons: firstly, the connotations of
black cause problems in the market place, and
secondly, other abalone from recognised inter-
national sources is presented as a creamy white
product.

We, the processers, have had to rely on this
intelligence from our business contacts in the east
and we have had no recent opportunity to verify
their comments because:

o The market results of the token licence which was
issued to G. Wäst last year have been treated as
classified information by MAF;
o We have not been given a similar token licence to
carry out our own market research, though verbal
application has been made on a number of
occasions.
Again I draw attention to the size of the industry;
why seek alternatives to what we believe to be a well
structured industry at market level?

The greatest problem of a quota fishery is how to
achieve some balance between the effort and the
quota. It is not possible to turn effort on and off at
will because the livelihoods of fishermen are at
stake. As for the processers, I believe they have
demonstrated that they have effectively mãnaged
the fishery (in essence they have createá their own

Naturally enough, being the group which
successfully pioneered the bleaching process for
paua and developed the initial market awareness of
New Zealand abalone, we contend that we have an
overwhelming right to our present sha¡e of the
action in the processing and exporting of paua. The
New Zealand resource is obviously not large and it is
vital that it be managed judiciously and that the
returns from it be maintained at the optimum level.

We believe that by selling paua in a processed,
canned form, New Zealand is achieving the
maximum possible consistent added value. It must
be recognised that New Zealand has the least
acceptable form of raw material of all the Haliotis
species. We do not believe that a comparable return
can be achieved by exporting in the lrozen,
unbleached form, or even in the frozen bleached or
dried forms. To export in any othe¡ form than the
present one must reduce New Zealand's total export
earnings from the same quantity of raw materials
and will give some overseas processer the opportun-
ity to reap the benefit of value added by the
necessary subsequent processing.

The quality of produce exported from New
Zealand is jealously guarded by the processers
concerned. It has taken ye¿ìrs of continuous
technical development to achieve the presenf
standard. If the number of processers were
increased, the good image of New Zealand abalone
could be destroyed overnight by abalone of a lesse¡
quality being marketed by inexperienced operators.

A well developed and successful marketing
strategy has been built up over the years by the
major exporters and the respect that this has
deservedly achieved could quickly be lost by either
type of dive¡sification mentioned above. New
Znaland abalone is as well known and as highly
regarded in South-east Asia as Canterbury lamb or
"Anchor" butter are in the United Kingdom.

We recognise that a policy of licensing fishermen
is worth while and that paua divers must eventually
become licensed as well. However, we do not
consider licensing to be a substitute for the export
quota system, but rather that the most effective
control measure can be achieved by the two being
complementary to each other. One ensures an
orderly fishing activity and the other ensures
effective export and conservation control. For
example, when the Wellington coastline is opened
up to paua divers, it will obviously be important to
maintain this resource in a prime condition and not
have it degenerate through overfishing. The
licensing of divers and the issue of a limited number
of licences for the area would achieve this objective.
A review of quotas would follow, with possibly an
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increase in total quotas, these being monitored as at
present by the simple use of the quota figures. The
present quota system is proven and any major
diversion from it could destroy its effectiveness.

It should be borne in mind that the processers
have substantial investments in the fishing industry
and in ancillary services. All have injected major
sums of money into specialised processing equip-
ment, boats, and general services to the industry. All
have maintained a policy of continuing improvement
of technical processes. All have spent large amounts
of money and time in developing a sound marketing
policy. All are looking to the future with such things
as paua farming, facilities for remote areas,
monitoring the closed areas, and so on.

Because of the MAF Meat Division's require-
ments on shucking, it has not been financially
feasible to open up areas where paua are known to
be. The distance from an export packhouse has
made such an action impossible, though every effort
has been made where practicable, even to lifting
paua out of remote areas by helicopter. Flowever,
anyone harvesting paua from the wild faces the
problem, under present legislation, of delivering live
paua to the expof standard packhouse.

The New Zealand paua is unique and so are its
processing and marketing problems. Systems of
control appiied in other countries do not necessarily
fit New Z,ealand conditions. The greatest merit for
maintaining the present system is that it is proven
and it works.

The processers have shown a real concern in the
paua industry and are currently financially support-
ing MAF in its research into aquaculture at the
Mahanga Bay hatchery. This project will ultimately
benefit the paua fishermen, the export quota
holders, and anyone else interested in the fishery.
Some successes have been achieved, but it seems
unlikely that any significant quantity of paua will be
available from this activity in the short term. The
processers have also taken an active interest in the
paua shell exchange; though not historically
concerned with dealing in shell, they recognise the
importance of a lift in price to the full time paua
diver.

In conclusion, let us consider the "value-added"
concept. Many jobs are created through the canning
process associated with green paua. These jobs
would most certainly be lost if paua was exported
"frozen green". Such activity does not create jobs.
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Paua-the potential for alternative product development

G. H. Wäst

34 Bradshaw Street, Bluff

NEW ZEALAND has traditionally exported paua
meat bleached in 1-lb cans. For the purpose of this
paper, anything other than this method is regarded
as an alternative. I believe potential alternative
products are:

. paua meat frozen whole;

. paua meat dried;

. paua sh¡edded and cooked with rice and spices;

. smoked paua;
o paua gut, or roe.

Frozen paua

For many years I have believed there was an
overseas market for frozen paua. I consider the
canned product not acceptable to all potential
overseas buyers because of the following:

o Toughness. The bleaching process changes the
product in both size and shape, the condensed paua
taking on an almost rubberised consistency.
o Chemic¡ls. Bleaching uses chemical levels that are
too high for most overseas countries.
o Limited use. The canned product cannot be used
in the same manner as natural paua and this limits its
potential use.

loss experi-
. The gross
ted.

The paua exported are larger and more acceptable
to overseas users. In addition, the packaging fulfils
the overseas demand for consumer-pack presenta-
tion.

Overseas investigation
In July 1981 I travelled to South-east Asia to

Size. Overseas inquiries have conclusively con-
firmed that the larger size of frozen paua is more

acceptable to overseas purchasers. Comments after
seeing samples of frozen paua were, "Why do they
not can larger paua in New Zealand, as these would
command a far greaterprice than the smaller canned
variet5r."

Figures available show that weight loss through
the present cooking and bleaching of canned paua
approximates 57Vo of original weight. From a letter
dated 25 May 1982 from the Ministry of Agriculture
and Fisheries to my solicitor I understand that the
export quota is 77 M dozen cans and each can has a
net weight of.454 g. This means the actual weight of
paua exported is:

71 4n x 12 : 856 800 x 0.454 kg : 388.987 kg.
If this is the net weight of the canned paua,
application of the figures supplied to me by the
Ministry suggests the original weight of the paua was
762.719 kg. This means that to export 389 t of paua
763 t has to be caught.

These figures may not be accurate if the net
weight quoted per can Ø5a Ð represents fluid as
well. If that is so, the actual amount of raw paua
needed to export 389 t in cans would be 54O.28 t.l
believe that 54O t or 763 t, whichever is correct, of
paua expofed frozen would return more in overseas
currency than is being returned by 71 M dozen
454-9 cans.

Uses. Overseas uses include eating raw; cooking,
shredding, and adding to other food products for
sale as prepared meals; medicines; and aphrodisiacs.

Colour. Overseas testing by consumer sampling
showed that the black colour of the New Zealand
paua was not a barrier to its acceptability as had
been suggested. Overseas contacts could not see this
inhibiting the sale or marketing of paua in their area.

kices
The f.o.b. prices for New Zealand paua in a whole

ltozen form were greater than the current US$13.75
to US$14.90 per kilogram for tinned paua in rhe
market place. (This price was obtained from a
telegram from the New Zealand Embassy in Hong
Kong to the New Z,ealand Embassy in Seoul on 10
August 1981.) To compare the tinned paua price
with an f.o.b. price, insurance, freight, and
commission would have to be deducted.
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When considering this, one must also consider the
amount of paua fished to meet current export
quantities. It is obvious that export in a frozen form
generates far greater net foreign exchange earnings
than the present canning methods.

Diversity of uses

From my discussions with overseas buyers I
believe there is a market for frozen paua at a price
that is higher than that currently being received for
canned paua.

Dried, shredded, and smoked paua meat can
generally all be made from frozen paua. This means
an overseas buyer can, by making these products,
increase the demand for frozen paua. I believe this
would increase its marketability and its price.

From discussions with one overseas buyer I
understand that the process of drying paua takes 40
days and the product is then used for medicine.
Obviously this requires expertise that is not available
in New Zealand and any potential product
development along these lines would be considered
as a joint venture.

One of the overseas buyers carried out tests with
frozen paua in which it was cooked with spices and
rice, This, it was hoped, would be sent to the Middle
East as food for South-east Asian people working
there. The finished dish would be exported in 3-l
cans.

As with dried paua, f do not believe we have the
expertise in New Znaland to develop this alternative
to its fullest extent. It may be appropriate to seek the
assistance of the home science depafment of one of
our universities in exploring the potential for the
product. Again, it may be an area where a joint
venture employing overseas expertise could be
beneficial.

I think that the possibility of exporting smoked
paua should not be excluded, though I am uncertain

at present about the overseas demand for this
product.

After speaking to one of the buyers I am
convinced that there is a very good potential export
market for paua gut.

Throughout my South-east Asian tour buyers
commented on the size, appearance, and acceptabil-
ity of the paua. They said the paua was the cleanest
and best presented that they had ever seen and
would certainly be easily marketable.

Conclusions

My overseas research has led me to conclude the
following:
1. Greater utilisation of our natural paua resor¡rce
could be achieved under my alternative method.
2. T\e alternative method proposed would obtain a
far greater net foreign exchange earning than is
currently achieved by the canning process.
3. The fteezing of paua would employ more labour
than canning.
4. The freezing process would allow greater
diversification and product expansion as the markets
developed.

It is clear that the current processing method is
wasteful of our natural resource when compared
with the major alternative proposed here. Resea¡ch
also indicates that freezing the paua is more
acceptable to our overseas buyers and this has led
me to conclude that the current method is in need of
revision.

I suggest that the export of paua by the method
outlined should be started immediately. As markets
are developed the present method of erporting
canned paua should be gradually decreased in favour
of frozen paua.

Any future quota should be allotted with
reference to the natu¡al weight of paua, as there can
be differences in the weight loss which occurs during
the canning process.
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Export value of paua shell to New Zealand

R. R. Wright

Director, Trade Services,
Department of Trade and lndustry, Wellington

IT is difficult to gauge exactly what the range of
overseas prices might be for New Tr-aland raw Paua
shell, especially when considering the different
grades produced around our coastline. There is
apparently a demand for this product, as in recent
weeks alone, the department has received 2 inquiries
for raw paua shell. The first was from an Indian
furniture manufacturer in Delhi who wanted to use
paua for detailed inlay work. The second was from
Noumea, where the shell was to be used as a feature
in a decorative wall. The department's marketing
office¡ based in Brisbane has also indicated that local
companies are interested in purchasing paua shell
for souveni¡ and giftware production.

The strongest inquiries received for paua shell
have come from the Korean furniture industry,
which proposes to use the shell in inlay work. In
addition to this, interest has also come from Japan,
for decorating guitars; from Australia, where it was
required as a decoration for aquariums; and f¡om
Singapore, where paua shell was required for a
decorative feature in a new prestige building.

To check the authenticity of prices offered in
overseas markets, 1 dozen paua shells \vere sent to
Seoul, through the New Z,ealand Trade Commis-
sioner, where each was polished and cut by shell
experts. They were declared to be third grade shell
and valued at $2,500 per tonne. Based on the
samples submitted, the price range for superior
grades of paua shell was assessed by the trade in
Seoul at up to $5,000 per tonne for top grade shell.
Although other markets have not been tested to this
extent, it couìd be assunied that inquiries received
from other souroes would realise a reasonably high
value for paua shell. The main reason for these high
prices is the unique colouring in the shell.

Korean shell market
Only one trading organisation is permitted to

purchase shell for Korean industrial use. This
organisation, Korean Trading International (KTI),
regularly calls international tenders for imports of
mother of pearl, black mother of pearl, green snail
shell (Trochøs), winged oyster, and Mexican abalone
shell*. In April 1981, KTI purchased 100 t of "top
grade" Australian green abalone shell at $5,6ü) per

tonne. On 1 July L981 they purchased 690 t of
Mexican abalone shell for which they paid prices
ranging from US$3,930 to US$890 for various grades
of green, black, and pink abalone. The bulk of the
purchase was of the higher priced green abalone.

At the time of writing this paper a letter arrived
from an Asian company seeking supplies of paua
shell in the order of 30G500 t a year.

Dyed abalone

One factor which may affect the export value of
raw paua shell and paua shell jewellery in the future
is the use of dyed abalone as a substitute. Abalone
shell, though less colourful, is similar to paua in that
it also has a natural iridescent appearance. The New
Znaland Trade Correspondent in Hawaü forwarded
to the depafment a piece of imitation "paua"
jewellery which was manufactured in Korea and is
currently sold at local souvenir stalls. The shell
contained in the piece was analysed by the
Chemistry Division of the Department of Scientific
and Industrial Resea¡ch to determine whether it was
natural paua. One of the solvents extracted copious
amounts of blue dye and left a relatively pale
coloured shell. It was determined that the sample
was abalone shell, with the colourings highlighted by
the addition of blue dye. The dyed shell under a
resin dome was indistinguishable from paua.
Overseas shell buyers may not be prepared to pay a
premium for genuine paua if manufacturers find it
more economic to use cheaper dyed abalone.

Paua shell cabochons
Paua cabochons are highty polished discs or oval

shapes which are used as inserts for jewellery. Two
years ago it was decided to allow the export of
cabochons on an experimental basis. Previously, the
1946 export prohibition regulations on paua shell
had precluded any exports. By August last year the

+Since this paper was presented, the New Z,ealand Trade
Commissioner, Seoul has informed the Department of Trade
and Industry that KTI are no longer the sole Korean purchasers
of shell. Although all Korean companies now have permission to
import shell, a maximum price has been set for each grade to
Iimit competition. New Znaland paua shell has not been
exported tó Korea; therefore no maximum price has yet been set
by the authorities.
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govenìment decided that cabochons would be
treated as manufactured articles and therefore no
restrictions would be placed on their manufacture
and export. To determine the effect that cabochon
expofs had overseas, the department's Trade
Commissioners were requested to monitor any
obvious changes in market conditions. The result of
this survey indicated that there was virtually no
evidence of large imports of cabochons appearing on
markets where New Zealand paua shell jewellery
would meet resulting competition.

Paua shell jewellery exports
New Zealand paua shell jewellery is sold in many

parts of the world. Export statistics for 1980-81, the
most recent available, do not show the exact value of
paua jewellery exports, but indicate that in the
category of jewellery, goldsmith and silversmith
wares, and other articles of precious or semi-
precious materials $7.5 million were earned. Of this
total, paua articles probably contributed about g2-3
million. Major markets are the United States,
Australia, Singapore, Malaysia, and West Germany.

Paua is usually classified as inexpensive costume
jewellery and competes with similarly classed
materials. In the United States, for example, prime
cornpetition would come from Mexican abalone
shell jewellery. The Mexican shell is less expensive
than the New Zealand shell because of lower quality
and a Iower labour cost in Mexico. Additional
competition arises from American wampum jewel-
lery, which uses pink shells from the eastern coast of
the United States and is manufactured throughout
the country. Most costume jewellery is sold to the
tourist trade as souvenirs.

The New Znaland Trade C-ommissioners in
Australia have indicated that the market for costume
jewellery is oversupplied, mainly from imported
sources such as Asia and the United States. Fashion
in this market is subject to ever-changing trends and
paua shell jewellery is seen as only a "filler" for the
traditional jewellery retail market and as a souvenir
item in gift and tourist shops. It is not seen as a
fashion line, though some high quality items are

available. Furthermore, the Trade Commissioners'
experience has been that unless New Zealand can
create an image of high quality, better-end-of-the-
market merchandise in the souvenir area, it will
continue to experience problems in competition
from cheaper Asian sources or high volume sources
such as the United States.

Trade Commissioners' role in promoting paua
products

The Trade Commissioner service has been used
extensively in the past by many paua shell product
manufacturers to find overseas markets. Various
companies have distributed pamphlets, brochures,
and samples to customers through the service.
Potential customers have been located and contacts
initiated between these and New Zealand manufact-
urers. Overseas regulations have been investigated
and other relevant market information has been
made available at various stages. The department
and the Trade Commissioner service will continue to
assist exporters wherever possible.

Serious concern has been voiced by manufacturers
of paua shell products on the effect unprocessed
paua shell could have on the export of manufactured
items. As mentioned earlier, there appears to be a
current demand for raw shell by overseas manufact-
urers for use in various ways. Possibly the greatest
commercial threat to both jewellery exports and
even raw paua shell (if exported) could be the use by
overseas manufacturers of imitation paua or dyed
abalone. Nevertheless, it could be stated that
ultimately the future of paua shell jewellery exports
must depend on normal commercial factors such as
design, quality, price, and marketing skills. Despite
fashion changes and competition from imitative
products-whether made from paua cabochons,
exported raw shell, or dyed abalone-it could be
expected that there would continue to be a place in
the international jewellery trade for innovatively
designed and competitively marketed articles of
genuine paua shell. As for competition from dyed
abalone shell, there are certainly many examples of
natural materials which continue to sell well against
synthetic alternatives.
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Paua shell-harvest and utilisation problems

A. Pritchard

Managing Director,
New Zealand Far East Ltd., Nelson

FOR some years preceding the commercialisation of
paua meat (which occurred during the late L960s and
early 1970s) there was comparatively little intensive
effort, particularþ by diving, to hawest paua shell.
Hence, quite a large proportion of shell gathered
resulted f¡om a beachcombing type of activity.

In the earþ years the quantity of shell deliberately
harvested or available for the paua jewellery
business was in balance with commercial demand,
and effort was concentrated on a¡eas where the
shells were known to be of sufficient thickness,
colour, and lack of worm infestation to interest the
jewellery manufacturers.

It is worth remembering that the first government
legislation applying to the New Zealand paua
resource was passed in the earþ post-war period in
an effort to create job opportunities and develop a
business based on the shell with its unique and
beautiful iridescent colour tonings. The legislation
gave an umbrella of protection by insisting that paua
shell should be exported only as a totally
manufactured jewellery item.

Probably any country would aspire to seek
identity by having some indigenous material of value
or beauty which is totally peculiar to itself, and New
7-naland's paua shell would come into this category.
Usually some degree of rarity is necessary to
preserve unique status, and unfortunately this is
where our paua shell has run into a problem.

Before paua meat harvesting became comme¡cial-
ised, Iittle was known of the total resource size.
Therefore it was not surprising that the resource,
when subjected to the new commercial pressure
associated with the meat harvest, was found to be
considerably greater than originally thought. Cer-
tainly this new activity provided shell supplies well in
excess of the jewellery manufacturers' demand at
the time. An added difficulty for the jewellery
people was that the quality of the shell being offered
in such large volumes tvas often well below the
purchase criteria customarily used for buying in their
raw material. If successful paua jewellery manufact-
ure remains substantially tied to strict quality
standards, the development of the meat industry has

provided an increasingly more difficult task for the
jewellers.

To reflect on the last 10 years during which the
resource has been heavily harvested from almost all
accessible fishing areas, the basic problems of shell
availability are still related to quantity and quality.
The paradox is that many of the areas lelding a
good ongoing crop of the shellfish for meat tend to
produce shell which is rather thin. In addition, as the
commercial harvest continues the overall shell size is
progressively being reduced to that of the minimum
length takable by law. In many of the areas where
shell can be found with attractive specifications for
jewellery use, aceess and ocean conditions do not
encourage regular or intensive harvesting.

Although total paua landing figures are rather
vague, particularly during the ea¡lier years of
harvest before implementation of export controls,
an estimate in shell weight terms would possibly be
as follows:

Tonnes
per yea¡

Before 1968 0-40 Developing jewellery use
1968 40-{,0 Still mainly jewellery use
7969 8È200 Beginning of meat harvest
7970 600-800
7977 800-1000
7972 800-1000
7973 600-800 Control of meat harvest
7974 300400 introduced
1975 300-400
7976 30È400
7977 300-400
7978 300-400
1979 30G-400
1980 30È400
1981 30È400
L982 onwa¡d 300-400 Assumption that the pre-

ìilJ"',,?ð'å r'Tå"'""o

Even in general terms the size of the shell use
problem is obvious.

Part of the protective regulations relating to the
use and export of paua shell required any shell, even
if no immediate use for jewellery manufacture was
available, to be stored in such a manner that the
shell was not destroyed. For physical, and often
sanitary, reasons there was great difficulty in
adhering to this regulation when the landings
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suddenly increased and so large quantities of shell
were ir¡ecoverably dumped. The present situation is
that, even though substantial quantities of shell were
dumped, particularþ during the earþ harvesting
development, there are still large stocks of both old
and fairly new shell awaiting sale.

The problem that remains is that the stocks of
shell from both past and present catch available for
jewellery processing are possibly in excess of current
demand if processed in the manner stipulated by
existing regulations. From the divers' viewpoint it
must appear ridiculous that a product which
apparently has alternative market opportunity by
way of export (admittedly in a raw or semi-processed

form) should be dumped, thus depriving both them
and New 7æ,aland of additional revenue.

To assess the extent of the problem a mechanism
called the New Zealand Paua Shell Exchange has
been established, with the purpose of assessing and
recording both existing stockpiles of shell and
current catch. When the required data relating to
existing stocks have been accumulated a meeting will
be held \¡/ith all interested parties to discuss the most
suitable method or methods fo¡ the utilisation and
sale of this valuable resource.

It is hoped that in the near future we will see the
full use of all paua shell at satisfactory financial
returns to the industry.
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Problems facing the commercial diver: past, present, and
future

C. H. Brown

Managing Director,
Marlborough Seafoods, Picton

THE historical portion of this paper tends to relate
to the Marlborough area, but the overall develop-
ment of the fishery in New Zealand has followed a
similar pattern.

To appreciate the peculiarities of this particular
fishery it is worth while to understand the nature of a
paua diver and the equipment he uses. A paua diver
belongs to a special breed of fisherman: he is the
pot, or the net, or the line, and he personally
represents the catch effort and cannot be replaced by
slinging another net. A diver doesn't sit on a boat
with his hand on the throttle; he hops over the side
in the cold water in the middle of winter in open sea
conditions with sometimes no more than a few feet
of visibility, for 6 to 8 hours a day, holding his
breath, spending more time under water than on the
surface, and physically working harder than most
people are capable of, even when employed in an
activity above water. In addition there is significant
psychological stress.

It takes about 3 years to fully develop a proficient
diver and it requires guidance from someone to show
him what to do, how to do it, and where to go. It is
preferable that an experienced person takes him out
on a diving boat for perhaps a year or more, after
which time advice and finance are required before
buying the right kind of boat for the job. The new
diver must also become skilful in the use of the boat
and have an understanding of its operation and
maintenance requirements.

As with any other specialised industry, there are
requirements for specialised equipment, and for
paua diving, a vessel of the Sea Hunter type has
proved most suitable, particularþ in the Marl-
borough Sounds area. In general terms this
represents a vessel with a length of about
20ft(6 m), a high-speed planing hull, and the
ability to be towed on a trailer. Ideally the vessel
would be capable of carrying approximately 1,-t
payloads at2510 knots, with 2 divers and some on-
board living facilities.

Early development period
Fifteen years ago, when paua diving first began on

a commercial basis, dive¡s were not accepted by
other fishermen, and as a result fishing companies
were reluctant to buy the catch for fear of upsetting
their established rock lobster fishermen. At that
time only one company was trying to export paua
and the local demand was insufficient to keep even
one diver occupied in any given area. Consequently,
a very low price was paid for paua (6c per pound). In
the beginning we had to use a local fish shop as an
agent to freeze the paua, and often we had to shuck
paua ourselves at the rear entrance on the back of a
truck.

The agent then wanted to reduce the price to 5c
per pound and even though we were harvesting
1000 lb (a5a kg) per day, this did not provide an
economic livelihood, and so we dived for rock
lobster for a year.

Before the requirement for paua meat we used to
dive for the shell only, and this entailed taking
samples to assess if an area had good shell size,
colour, and thickness. At this time we averaged
about $30 for a full chaff sack and landed 4 sacks or
so a day to the local paua shell manufacturer. All the
meat was dumped, usually buried in the sand or
given away to whoever wanted it. This represented
some 4O0 lb of meat per day per diver.

Changes had to be made and so we established our
own shucking shed and treezer on a farm and
approached a local canning @mpany which was
developing the export of paua and was prepared to
pay I2c per pound, considered at the time to be a
fair price.

Professional paua diving then became a viable
business without other sources of income being
required, and so was born a ne\ry fishery and a new
breed of fisherman.
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Canning
finance for
developed,
fishing and took a personal interest in divers. From
this base it wasn't long before we had a team of 10-
12 professional divers supplying some 6O to 70 t of
meat per year. Unfortunately this growth encour-
aged too many divers.

In 1972-73 our particular group harvested over
100 t of meat, in addition to substantial quantities
taken by other divers in the Marlborough Sounds
area and supplied to other fishing companies now
becoming interested in paua. There is no question
that this quantity was too great and it was obvious
that the resource could not sustain continued
hawesting at this level. At one stage we had 26
divers, representing lreezing workers, seamen off
the ferries, farmers, and harbour board shift
workers, all becoming involved in the industry,
encouraged by the Ministry of Agriculture and
Fisher:ies still handing out licences like lollies.

This pressure was further stimulated by numerous
companies and individuals who were speculating on
a lucrative export market and trying to bleach and
can paua. Trial processes apparently used anything
from "Janola" to peroxide. Fortunately, this was
stopped before any real harm was done to overseas
markets.

The government then did a clever thing: they
closed the paua fishery for 4 months while the
problems were considered and followed this by
licensing the people that were processing the
produce properþ, as well as introducing a quota
system limiting overall catch for export sale. We now
had some form of control and immediately stopped
buying from people who were not professional
divers, and the canners also agreed not to buy other
than from regular operators.

This had the additional effects of discouraging
divers from using compressed air apparatus and
limiting amateurs. There was a great deal of trouble
with "air divers". We stuck to the rules and the
"pirates", as we call the air divers, made a mockery
of us. Air in the diving business is like the little man
with a gun versus the big man; the air becomes an
equaliser. Any free diver gets really annoyed when,
having taken a breath and dived down to 30 ft to
flick off his half dozen paua, he finds someone down
there blowing bubbles over him and laughing while
filling chaff sacks. Government regulations offered
no ¡eal protection from this sort of activity, and at
one stage we wondered if we had any future in the
indust4r, particularly as fishery officers seemed to

take the attitude that the sooner all the paua was
gone there would be nothing to argue or shout
about. We continually asked them to do something
about it, but, in fairness, it was very hard to police.

With basically only 3 companies buying for thei¡
export quotas, we had good price competition and a
stabilised industry.

The next difficulty to be tackled was sorting out
the number of divers the fishery could stand. This
was done by introducing a bonus system, which
involved paying a base price and a supplementary
bonus only to our team. It was calculated on meat
weight landings over a 3-month period. This solved
many problems and by keeping the base price down
it was possible to discourage many new divers and
give real confidence to those fully involved.

Largely as a result of close association with and
personal interest f¡om representatives of the
processing industry, the bonus increased substan-
tially over the years, with financial assistance for
boats and gear, etc. This showed avery responsible
attitude by the canners.

hesent situation
In the Marlborough area onr diving group holds

regular meetings every 3 or 4 months and problems
are solved by discussion or put democratically to the
vote. New divers are coming into the group all the
time and these are voted in by existing divers to
replace those who have left for their own reasons.
The aim is to keep the divers to no more than 12 to'
ensure a safe farming situation, which we believe
means that no more than 1. t of paua meat should be
harvested from L mile (1.6 km) of paua bed coastline
per year.

A paua normally breeds twice before reaching
125 mm (minimum legal size) and if no undersized
shellfish are landed, and the mortality rate of
undersized fish returned to the sea after measuring is
not too great, an optimum farming situation is
achieved. This has been proved by 15 years of catch
records.

The principal factors necessary to ensure an
ongoing industry are as follows:

o The buying price for paua must exceed operating
costs and provide a worthwhile return.
o The number of divers and effort must be kept in
balance with maximum sustainable yield. Observâ-
tion of these requirements will ensure that there will
always be a paua industry.
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At present a number of problems face the paua
industry; some ¿re outlined below.

Mortatity of imrnature ¡raua returned to the watert
sea eggs encroaching on pauâ beds, and r¡se of
compressed air apparatus. The problem of mortality
of undersized paua could be solved by using air, as

each could be returned to a home site.,Adopting this
method is the only sure way to guarantee the
survival of undersized paua.

A side benefit of using air would be to reduce the
problem of sea eggs, which compete with paua for
food, and are generally too deep and too ha¡d to
dive for u¡ithout compressed air equipment. If they
were harvested commercially, there would appa-
rently be little problem in selling them, and hence a
new industry would be created.

Flowever, it must be realised that air cannot be
used for commercial harvesting of paua until a

limited licensing system has been fully implemented
and let run for a couple of years with a quota put on
each diver. The concern is that the regenerative
ability of deep-water paua stocks (beyond snorkel
diving depth) could be thrown out of balance.

Overall the problems of sea eggs and mortality of
undersized paua are not great enough to warrant the
dangers of using air at the moment, but the subjecf
should be looked at seriously in the future.

Too many licences despite the moratorium. Some
60 licences have been issued in the Marlborough
area alone and a major loophole in the way the lary
stands today is that there appears to be no control
over the number of divers without licences or
permits who can operate from a boat which is
licensed for this form of fishing. This problem could
be solved by registering the diver, not the boat, and
separating paua divers from the general "harul-
picking" licence. Fishing by hand covers everything
from walking down the beach with a bucket and
spade and diggng for cockles, to taking mussels off
the rocks at low tide, or chopping seaweed with a
slasher; none of which is related to diving.

To re-emphasise this point, a paua diver must be
registered as a pauâ diver. It is immaterial whether
he jumps off the rocks with his float or uses a boat.

If the only divers to be registered were those
fishing actively and consistently in their particular
area and whose landings were in accord with most of
the divers landing paua in that area, removing paua
from the hand-picking licence would largely solve
the problem.

Paua shell sales. In the past, ì¡/ith the exception of
higher grade shell in the southern region, most of the
ha¡vested shell has been dumped, which causes

concern to divers. The Picton dump is largely built
from paua shell. All of the shell for the past 5 years
or more (40-50 t per year) has been irrecoverably
dumped there. Divers are understandably annoyed
that they are unable to gain a satisfactory return
from the shell. The shell belongs to the diver, as he
has put the effort into collecting it.

In the early years of harvest only lOVo of the shell
could be sold, but as prices were unacceptable, we
felt it was not worth the time and costs involved in
sacking it. Recently efforts have been made to save
the shell, and extra costs have been incurred by
buying sacks, labour, and storage to the tune of
several thousand dollars to prevent the shell from
being wasted.

The current price we are asking manufacturers for
paua shell is $1000 per tonne; however, the
minimum agreed price to be paid is $500 per tonne,
which in real terms is less than was received 17 years
ago. Most of the shell bought by the manufacturers
since the demand for paua meat began fetches less
than a quarter of the price they were prepared to pay
before the meat harvest began. It is obvious that
since the development of the paua meat industry the
jewellers have had access to unlimited quantities of
shell well in excess of their requirements. Therefore
it has been a buyers' market and they have lived off
the backs of the paua divers.

Limited licensing. We would like to have the
divers licensed as soon as possible, as this would
accurately control the number of operators. There
are, however, difficulties associated with this form of
control.

With limited licensing it would be necessary to
allow diver movement to and from the industry.
Without adequate provision for this, the required
level of activity necessary to harvest the sustainable
yield would probably not be maintained. The answer
is to allow the diver to sell his licence to the highest
bidder. This would allow him to bow out and would
encourage the right sort of replacement; one who
would actively fish to get his money back and would
not risk losing his licence.

It is extremely important to realise that the dive¡
who leaves the industry has only his experience and
knowledge to sell, and that during his fishing period
he has helped to keep the industry alive, which puts
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a clear value on the personal nature of a diVer's
licence. In many instances there would be no sale of
boat and equipment associated with the licence
transfer.

Entry of a diver into the fishery when licences
have a negotiable value would probably follow much
the same system as has been customary over recent
years, in which suitable netv entrants receive the
support of the processing companies, who advance
the finance required for the licence and./or vessel. To
illustrate this, a diver may require, say, $20,0(X) for
the purchase of a licence and perhaps a further
$20,000 for boat purchase. The company would
advance the money and recover the loan by
retentions from catch.

Another factor associated with licensing will be to
take into account that divers often range over a wide
area and therefore licences should be flexible in this
regard. Principal re¿rsons for this are usually
prevailing weather conditions and efforts made to
harvest the resource area as thoroughly as possible.

better equipped than
eographic base and
fishery. Many coastal

a¡eas which have stocks of paua also have ocean and
visibility conditions which exclude regular diving.
Marlborough divers range from Kahurangi Point on
the north-west coast of the South Island to Banks
Peninsula. For most of this coast there is no direct
road access and the only way to harvest these areas is
by the use of expensive and sophisticated equipment
coupled with extensive experience.

Shucking paua at sea. In the past, shucking at sea
presented difficulties associated with quantity and
adherence to legal size. Some aspects of this activity
were, however, sensible, as it allowed fishing effort
in remote areas of New Zealand (for example,
Fiordland) and 1 or 2larger vessels were allowed to
operate in this way. It was, however, necessary to
remove this concession when pressure developed
from many would-be entrants and adequate controls
became impossible.

The early expeditions did serve a useful purpose,
as they provided valuable information about where
paua could be found in remote a¡eas. There are still
reasonable stocks of paua around the south of the
South Island that could be more easily harvested if
shucking at sea were allowed.

Shucking on land in remote a¡eas. Paua tend to
inhabit rugged stretches of coastline which require

special harvesting effort and are often considerable
distances from fish packing facilities approved for
handling export products.

Resource take could be maximised if the Meat
Division of the Ministry of Agriculture and Fisheries
would rela¡r the regulations applied to establishing a
restricted export fish packhouse.

The request is that a special code of standards be
drawn for a small factory sufficient only to shuck
and,/or lÍreeze paua before delivering them to a fully
certified export packhouse for final processing and
examination. In short, we wish to have a similar
concession in principle to that which relates to the
tailing of rock lobster at sea.

Roch lobster 6'by-hendrr ücences. These licences
represent another problem. Professional paua divers
had these licences for 10 years or more and target
dived for rock lobster for 4 months of the year, but
they were not notified of the Mnistry's intention to
remove rock lobster from this type of licence.
Representations were made to the Ministry, but
these were turned down, and we were horrified to
find that 2 of tl;re local pirates were granted licences.
We understand and agree with the principle of
abolishing rock lobster from the by-hand licence, but
surely the abolishment should be complete.

The Chatham Islands is a special case where it
would be impossible to abolish rock lobster by-hand
licences, as the rock lobster catch represents a large
proportion of the divers' incomes.

A fufher consideration is that the use of
compressed air for the taking of paua would require
a closed season on rock lobster for divers, or some
such additional regulation, so that no rock lobster
could be taken with this equipment.

Landiry of undersized paua. Another problem
facing the paua diver is that of ensuring that no
landings include any marginally undersized fish.
From a practical viewpoint it'is extremely difficult to
measure each fish with absolute certainty on a small
boat in rugged, open sea conditions. In addition,
shells are frequently damaged during transportation
and this can affect legal length after measuring.

Fuel and boat prices. The massive recent increases
in fuel prices are nor¡r' a major factor in operating a
boat. Ten years ago when fuel was 23c per gallon,
one-third of a sack of paua would pay for the fuel for
1 day. In other words, fuel accounted for an
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insignificant portion of the operating expenses. Now
it is more than $2.60 per gallon (10 times the price)
and it now takes 1 sack or 3 times the amount of
paua to buy the same arnount of fuel. Landed prices,
therefore, have not kept up with fuel costs.

Looking to the future
Irrespective of the fuel cost, a good paua diver is

today clearing more money than he ever has in the
history of diving in New Zealand- A gross income
for a consistent dive¡ at present would be in the

range of $30,000-$50,000 per year, and so the
catching sector of the industry is reasonably healthy.

In conclusion, may we take this opportunity to
thank Talbot Murray, Jo Ackroyd, and I-en Tong,
who have done a remarkable job in the short time
they have been working in the pauafishery. We now
have people to work with and not against, and we
are confiãent that between us all the remaining
problems in the industry will be solved quickly.

We look forwa¡d to another 15 years of good
diving.
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Paua-the impact of amateur catches and illegal harvesting

O. M. Moore

Senior Fisheries Officer, Fisheries Management Division,
Ministry of Agriculture and Fisheries, Wellington

BEFORE the late 1960s the taking of paua, both by
amateurs and commercial fishermen, caused few

Islands. The amateur take was low, as paua was then
considered an acquired taste, except among the
Maori people, for whom it is a traditional food.
Commercial exploitation was confined to a few
small-time operators, as the only expof market
available at that time was for raw, black paua meat
in Australia, where it was further processed and
bleached. The raw New Zealand product fetched
only low prices and as a result attracted few
commercial ope¡ators.

However, in 1968 the situation changed suddenly
when the Palme¡ston North based company of
Prepared Foods Ltd. discovered a satisfactory
bleaching proæss for New Z,e,aland paua and was
able to ma¡ket and export the fully processed and
canned product under the name of New Znaland
abalone. The price for raw paua to commercial
collectors increased by about 5OVo. I personally
remember an increase in price from 9c to 13c.per
pound in the shell.

Many persons saw the opportunity of making big
money in a comparatively short time and entered the
fishery. Sales of scuba, wet suits, etc. soared. The
issue of fishing permits for paua diving also rose, but
not at the same rate, for the boom attracted many
unscnrpulous operators who were prepared to risk
challenging the law to make a quick dollar with the
minimum of outgoings.

They were also prepared to endanger their health
and even their lives to ensure high returns.
Harvesting in polluted waters was coûrmonplace and
loopholes in the law at the time permitted the
dangerous produce to be marketed. Frequently paua
from heavily polluted waters was accepted by
processers without question and with no regard
whatsoever to biological safety. In the early 1970s in
the Wellington area I saw divers operating adjacent
to a sewer outfall, in water murky with sewage, with

the edges of their wet suits chafing open wounds. I
have seen divers who, as a result of such activities,
contracted dermatitis and similar diseases, and so
gave up diving temporarily and worked in a paua
receiving depot, where they shucked paua before it
was transported for processing. I have then seen the
brown stain running down the arms of these same
persons as they shucked the paua taken from around
sewer outfalls.

A processing factory in Palmerston North that was
prepared to send a truck south to collect catches
caused Wellington to take the initial brunt of the
paua demand. Wellington was the only place where
good paua stocks were available close to a large
population centre, and as a result the numbers of
divers increased by several hundred percent and
paua diving permit holders rose to a peak of over 400
in 1972.

A harvesting peak was reached in197'J.,, when a
reported total of 4L6 tons of paua was taken in the
Wellington region. These figures a¡e from fishing
returns furnished to the Ministry and the true figure
is probably much higher.

As catches started to decline, and stronger
enforcement measures began to take effect, divers
who had almost destroyed the paua fishery in the
Wellington area began to move further afield to
Wairarapa, Marlborough, the west coast of the
South Island, and eventually the Chatham Islands,
and serious depletion of paua stocks occurred in
many areas.

ln 1972 regulations were introduced which placed
a 4-month closed season on the paua fishery
throughout the country. This provided the breathing
space necessary to formulate the paua export quota
system, introduced in 1973. The system brought
contro! to the fishery. The paua take declined and
then steadied. The number of permits issued also
declined and unscrupulous aniJ unlicensed divers, no
longer able to make a fast dollar, left the industry.
The paua industry began to assume an air of
respectability.

Unfortunately, in many areas controls were
introduced too late to prevent serious damage being
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done. In Wellington paua stocks had been seriously
depleted, an
from Kapiti
commercial
holders fell from ?ß to 0 overnight. ÉIowever,

Wairarapa. Under the law prevailing at the time it
was extremely difficult to Prove, but the situation
was eventually brought under control after about 12

to L8 months.

Recovery has been slow and, though there a¡e few
problems caused by cummercial oPerators, it has not
been helped by the activities of large numbers of
amateur gatherers, and a few pseudo-amateurs who
run the gauntlet to supply part of the local domestic
market.

The partial recovery of the fishery around
Wellington is obvious from the large numbers of
small paua (25-50 mm) that abound close to the
shore. It is not unusual to see 10 to 20 small paua
adhering to the underside of a moderately sized
stone. Flowever, it is these paua in very shallow
water which are the most accessible to the public.
Although great efforts have been made and continue
to be made by local enforcement staff to educate the
public in the need for compliance with the law to
ensure continued availability of paua in the area, it is
frequently felt that \ile are fighting in vain. I am
bound to say, at the risk of being accused of racism,
that the influx of a large number of Pacific Island
people into the Wellington a¡ea has had a ma¡ked
effect on the recovery of the local paua fishery in the
immediate vicinity of Wellington. They arrive with
their own traditional ideas of shellfish gathering and
despite our efforts at education, do not apPear to
comprehend the need for modern conservation
practices. A favourite form of recreational activity is
to go to the beach, several families strong, usually
driving to an easiþ accessible spot, light a fire, and
then collect all the shellfish, mostly paua, that they
can find, \trith little or no regard to size or quantity.
Because the small paua are the most readily
accessible, over 95Vo of their catch is usually
undersized. The incidence of this is not isolated.
One officer maintained records and in 

^year, 
over a

1-km stretch of Wellington harbour, he confiscated
over 60(X) undersized paua, principally from Pacific
Islanders. It must be stressed that they are not on
their own in illegal hawesting, for both pakeha and
Maori are frequently apprehended by Fisheries
Officers for breach of paua regulations, but this
group certainly forms a large majority of those
apprehended.

Accessibility is an important factor in the speed of
recovery of the local fishery. In areas of easy

accessibility, an estimated X)Vo of all paua are under
the legal size of 125 mm. Flowever, in more remote
a.eas, generally between Owhiro Bay and Titahi
Bay, with
recovery h
good but
paua can be found there.

Diving is less detrimental than shore gathering.
The smaller paua are generally found close inshore,
and it is in water less than about 1* m deep that most
of the illegal harvesting is done. As a result most, if
not all, of the catches a¡e of undersized paua-

Harvesters who are prepared to use snorkels and wet
suits in waters up to 5 or 6 m deep are more likely to
gather the larger paua and generally cause
enforcement staff fewer problems.

Prohibition by current legislation of the use of
underwater breathing aPparatus remains controver-
sial. As I see it, scuba generally allows the diver 2

major advantages over the diver using a snorkel. He

operator to take all that he finds on the sea bed, they
alìo allow the more conservation minded diver time
to be more selective. Scuba also permits the diver to
size his paua on the sea bed and leave the undersized

therefore less prone to

"ãf';?;Tf,î,"1åhI åì'*
ally and paua illegally still

bring ashore undersized fish.

The seizing of many tens of thousands of
undersized paua oveÍ a period of timehasgenerated
an unexpected benefit. Seized, undersized paua
must be disposed of and, despite many opinions to
the contrary, all live, undamaged paua ¿ìre returned
to the sea. Although some mortality is conceded, a
high percentage of returned paua survive. Over the
years, Fisheries Officers have returned paua to areas
not normally fished because of sea conditions,
accessibility, or traditional belief in lack of stocks.
As a result, extensive beds of paua have been
formed which are generally left undetected and
undisturbed.

Illegal taking of paua is a problem that is not likely
to be solved easily. Over recent years there has been
a steady increase in the mobility of the public by
vehicle and boat. The sport of skin diving has
probably experienced more rapid growth than any
other sport. These 2 factors combined have brought
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incteased pressure on the resources of the sea, in
particular paua, and the take has increased
accordingly, especially in areas not previously easily
accessible to the public. Increased educational
effort, combined with constant on-the-spot super-
vision, will be essential to ensure the continued
recovery of the fishery, especially in the Wellington
area.

One subject
the issue of
106Ks(A)of
to take shellfish (including paua) for the purposes of
a hui (meeting) or tangr (funeral gathering).
Although these permits are frequently issued, thèy
are carefully monitored and controlled; the take of
paua allowed by these permits is strictly determined

approved-¿rn average of 3 per week. It is unlikely
that the full amount was collected.

In summary, before 1968 the paua resources of
New Zealand were large and relatively untapped. A
discovery in
ruthless and
tation which
stocks in ma
halt that decline and initiate recovery in a¡eas where
the damage has been most severe. This recovery is
being hampered by large numbers of amateurs and
pseudo-amateurs who, through ignorance of or
disregard for th sting,
continue to take paua
from the shallow

Current educational efforts by the Ministry
towa¡ds the public must be continued and even
increased, and a high level of harvesting supervision
maintained. If necessary, the legislation provided
must be used to take corrective.measures through
the courts for those few persons who continue to
blatantly flout the law, despite the efforts of Ministry
personnel to educate or dissuade them.
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The potential for aquaculture of paua in New Zealand

L. J. Tong

Scientist, Fisheries Research Division,
Ministry of Agriculture and Fisheries, Wellington

AQUACIILTURE is a fledgling industry in New
Znaland, but fo¡ 2 shellfish species, the rock oyster
and the green-lipped mussel, we have seen
developments that augur well for the future.
Scallops also show potential as a farmed product.
The farming techniques used for these 3 species are
based on low technology seed collection and natural
feeding. Why, then, look at the possibility of
producing paua in hatcheries, which requires fairly
high technology? What, apart from its good quality,
strong consumer demand, and shell, makes the paua
an attractive proposition for aquaculture? And how
can we go about hatchery production?

To answer these questions we first looked at the
industry. Paua is a valuable resource with most of
the returns coming from exports of the meat and
from a whole range of products derived from the
shell, the colouring of which is unique among the
abalone species. The paua fishery is a resource
worth maintaining and, if possible, enhancing.
Management procedures can and do allow increased
returns, but can the catches be increased by other
means, such as reseeding? The answer is a qualified
yes. Japanese researche¡s have stated that reseeding
of coastal areas has increased returns of abalone.
Work has also been undertaken in the United States,
France, and, more recently, Ireland and Australia
on reseeding or "ab-spatting"

Would reseeding be feasible in New Zealand? We
know that recnritment is erratic, that populations of
paua do not breed in some years, and that some
areas which look ideal support only a small stock of
paua. Perhaps regular injections of juvenile paua
into an area would stabilise recruitment and increase
the total yield. Finally, we had to determine whether
it was biologically possible to rear the paua.
Overseas many of the problems had been overcome,
but what did we know about the biology of our own
species? Could we control breeding; could we spawn
paua under controlled conditions; could we rear the
larvae and juveniles under hatchery conditions;
could we improve their growth and condition?
Aquaculture requires much information and our
priority was to ansv/er the biological questions.

Ihe paua breeding cycle

Earlier studies on paua, carried out along the east
coast of the South Island, indicated a late summer-
autumn spawning period, that is, when the sea

temperature starts to fall. Our first year's observa-
tions in the Wellington area indicated a similar
breeding cycle and so we tried holding adults at
suflrmer temperatures for several months and then
allowing the temperature to fall. A few paua
spawned, some with and some \Mithout inducement.
The following year we continued these experiments,
but having developed a successful technique for
controlled spawning (see below), we checked on the
local population's spawning ability by direct
inducement. In each month, from May to December
L981, we found that a small proportion of the
population were in ripe condition and we were able
to spawn them successfully. This year we tried
inducement earþ in February, but, though the paua
appeared to be ripe, they did not have viable
gametes. These paua were subjected to a tempera-
ture drop over 2 weeks and induced again; some
spawned. A similar ¡esult was obtained from a
second sample given the same treatment.

The picture emerging is that during the summer
months, when sea temperatures are above 16 "c,
paua build up their reserves and develop their
reproductive organs. When the temperature drops
below L6 "c the potential for full ripeness exists, but
not all of the population reaches the same stage of
ripeness at the same time. At any time there is a
small proportion of the population ripe enough to
respond to the final spawning stimulus. Temperature
may not be the direct causative factor, but it is the
easiest to measure. These observations will need
confirmation over a number of years and informa-
tion from other areas would be useful.

Manipulation of their environment, particularly
temperature, can result in some control over the
breeding rycle of paua. By supplying sufficient
quantities of warm, oxygenated water and food, we
can bring paua into a near ripe condition. They then
require a fall in temperature to bring them into full
ripeness ready for inducement and spawning.

36



Control of spawning
American a Þchnique

which we no paua. páirs
of ripe paua n 12-l tanks
of filtered sea water. We usually use 3 pairs of each
sex. Thirteen millilitres of 1 molar NaOH are added
to each tank to bring the pH to 9.1; then 40 ml of a
6Vo solution of fresh cold hydrogen peroxide are
added. The paua a¡e left in the solutions for 3 hours
and then flushed through for L5 minutes with clean
water. Lids a¡e placed on the tanks and the paua are
left undisfurbed. Between 1 and 2 hours after
flushing, spawning begins (though some start much
later). and may continue for up to 4 hours (Figs. 1

?"d?). An adult paua of 125 mm can produce up to
3 million eggs.

_ The eggs are washed thoroughly in nylon sieves
(L00-micron mesh) and ptaced i^20-lbuókets. Each
batch is examined and only healthy eggs, which have
clear, non-granular yolk and are nicely rounded, are
used. The spenns are checked for mobility and
counts are iùade to ensure a final concentration in
each 20-l bucket of 25 000 per millilitre. We obtain
95Vo lertihsation with this sperm density. The eggs
are washed free of sperms after 15 minutes. At l-6 "c
the first division of the egg occurs after approxi-
mately 60 minutes.

Fig.2: Male paua spawning.

The fertilised eggs can be hatched without any
aeration. At 16 "c the trochophore larvae hatch in
about 18 hours. After hatching any trochophores on

any larvae on or near the bottom are again siphoned
off and disca¡ded.

We cull very heavily to leave only the most
healthy and actively swimming trochophores. These
are resuspended in 70-l bins with gentle aeration at a
concentration of 5 larvae per millilitre. The larvae
are normally sieved and washed, and their tanks are

Settlement and post-settlement survival
In spite of the potential to rear larvae in their

millions, high mortalities occur in the 48 hours after
settlement. This is a world-wide problem in abalone
culture and raises the question, what does the larva
require for successful settlement and survival? Based
on our own observation and experimental results
and using information published by overseas
abalone groups we suggest the following as being
essential factors in successful settlement of the
larvae.

Fig. 1: Female paua spawning. The eggs, which are green, ¿re
being emitted from the respiratory holes.
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Fig. 3: I-anral development of paua (Haliotis iris). 1. Washed and fertilsed ggg._{ote polar bodies. Outer jelly lay_erhas dis.?plpgred.
7. Z*-ll stage. 3. 4åell stage. 4. 12]ce[ stage. 5. Trochophore j st E:fore hãiching. 6. Trochop_hore deveioping larv{ she!. 7 .E3tly
veliger. Aiical cone appãrent. 8. Veligãr undergoin! torsion. Foot rudimeni apparent. 9. Veliger completed torsion. Foot
aevõtoping, operctlum iiesettt. 10. Veü{er with teñtacle budsbranching. Eyespotspièsent. 11. PostJana. Tentacleswelbranched.
Mouthparts developed.
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o l)evelopment of essential organs, especially the
feeding mechanism, the radula. Immediately after
settlement the lan¿ae need to feed, as they have used
their food ¡eserves during the swimming phase. The
radula is like a rasping tongue and is used to scrape
microscopic plant material off the settlement
surface. It develops before settlement and our
criterion for readiness to settle is when 5 to 6 rows of
teeth have formed on the radula.

. Sense organs. Little is known about the
development, structure, and function of the larval
sense organs other than that they exist. Knowing
that they have developed normally would assist our
understanding of larval behaviour at settlement.

. A settlement factor. All abalone larvae prefer to
settle on the pink encrusting alga that covers rocks
along the shore and is seen on adult paua shells (Fig.
4). Morse and his American colleagues have shown
that the larvae respond specifically to an amino acid
within the alga. This substance, known as gamma
amino butyric acid (GABA) is a neurotransmitter in
the human brain and in other higher animals. It can
be purchased as a white powder and very small
amounts added to the water will induce paua larvae
to settle.

o Physical conditions. In their natural habitat the
lawae settle in the sublittoral zone in turbulent and
well oxygenated water. It has been shown that a
current of 72 cm per second results in high
settlement rates. We use aeration and/or a paddle
wheel in our settlement tanks to simulate natural
conditions. If GABA is used, the lanae can be
induced to settle on to any surface, but many will die
or reject the surface within 24 hours if it is

Fig. 5: Scanning electron microscope photograph of diatoms
on the surface of calcareous algae.

unsuitable. Texture may be important and we are
experimenting with a variety of materials. For our
initial work we have used old, sun-bleached paua
shells and also well soaked earthenu'are drainage
tiles.

. Food. There is a variety of microscopic plant
material on the surface of the preferred calcareous
alga (Fig. 5), but the newly settled lawa can graze
only on certain sized diatoms and it probably prefers
specific types. To find out what was ingested we
allowed larvae to graze on a natural surface for a few
days. We then dissected out their gut contents and
placed them in a culture medium. With this
technique we have been able to raise pure cultures of
diatoms which have been accepted as foocl by newly
settled larvae. At settlement and for about 2 weeks
the larvae grow well on a diatom called Nauicula
minima or N. seminulum. We are not yet sure of its
name, but what is important is that the post-lawae
gro\¡/ at a rate of 30 microns per day. This is the same
as the growth rate obtained on a natural algal
surface. ,A't present we are experimenting with the
levels of food required at settlement.

,A.s the post-larvae grow they prefer and grow best
on larger diatoms and these have also been cultured
from gut contents. Growth to final metamorphosis
and the development of the juvenile at about 2 mm
takes 8 weeks. We wish to improve on this growth
rate and further work on food and conditions is
being carried out.Fig. 4: Recently settled larvae grazing on calcareous algae.
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Juvenile g¡owth
Red seaweeds and optimum temperature of 19 "c

promote the fastest growth in juvenile paua (Fig. 6).
Turbulent water and aeration are also essential.
Paua will eat almost any seaweed. They generally
eat more browns than anything else because browns
are the most abundant. The on-growing of juveniles
presents no problems, but we need to develop
methods that promote fast growth with minimal
labour input. Later this year we will be carrying out
larger scale experiments using a red seaweed.
Growth to between 25 and 30 mm will be monitored
and juveniles of this size tested as to their suitability
for reseeding. At the same time the possibility of on-
growing paua to a suitable size fo¡ processing will be
explored.

We have ansrvered some of the questions posed.
Flowever, we still need a better understanding of the
developmental processes, particularly after settle-
ment. We are now ready to look at the technology of
rearing larger numbers of juvenile paua and at the
costs involved. Our aim is to carry out reseeding
trials in selected areas and see what effect reseeding
has on recruitment and on the final harvestable
stock.

Other species

Two other species of abalone occur in New
T,ealand waters: Ilaliotis australis, the yellow-footed
variety, and H. uirginea, which has a white foot.
Both species have been spawned and reared in our
laboratory with the techniques described. Further
work will be required and larger numbers will have
to be reared to ascertain their potential for
aquaculture. With the control lve now have over
spawning, hybridisation and other genetic studies
may be possible.

Fig.6: Juvenile paua. The light area represents growth on
diatoms and the dark area is from grou¡th on the red
seaweed Gracilaria. Fronds of G¡acilaria are alonçide.
(Scale in millimetres.)

Conclusions

The aquaculture of paua in New Zealand is

biologically feasible. In most aquaculture ventures
the more important requirements are socio-
economic. Some of the questions with respect to
paua culture that will have to be answered are: will it
be economic; who will support the expense of a
hatchery; will there be a need for special legislation
for reseeding areas of coastline; will small paua be
allowed to be processed? I cannot answer these
questions, but I address them to You, the
participants of the workshop, because the aquaçul-
ture of paua may soon be in your hands.
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Summary of discussions

Management of the paua fishery

Adequacy of size limit
o Changes to size limit

_ 
Jewellers suggest that, to ensure good quality

shell, the minimum legal size should be raiied tó
perhaps 14O mm.

Paua divers argue that raising the size limit would
make paua diving increasingly less profitable, since
areas that had been heavily fished down to the
present size limit would become unfishable for
several years.

o Adhering to the size limit
Areas can be fished to Iow levels and still recover,

provided the size limit has been adhered to while
harvesting.

Illegal harvesters generally do not respect size
limits and consequently some areas have beèn fished
out.

If areas are fished heavily and then allowed to
recover to fishable levels, this is equivalent to
rotatio-nal cropping, which can be a higtrly efficient
way of managing a fishery.

Controlled paua fishery

o Desirability of a controlled fishery
The divers believe that it would be highly

desi¡able to license divers. There should be Uttlê

licensing included an individual quota based on pasr
performance.

Individual quotas are unnecessary for full time
divers, since they are working at maximum effort
now. The only way full time divers could increase
effort would be if more efficient gear (for example,
hookah or scuba) were allowed.

Any controlled fishery must take into account the
need for paua divers to fish broad geographical areas
because of weather and the slow recovéry dme for
heavily fished beds.

. Alternative to a controlled fishery
An alternative to a controlled fishery that should

be explored is that of regional fisheries management
plans similar to that proposed for the Bay of plenty
finfish fisheries.

Under-reporting on fishing returns
o Concern over under-reporting

IJnder-reporting on fishing returns is an acute
problem; however, since many fishermen fill in
returns honestly it seems unwise to apply a blanket
correction factor to all returns. This problem of
applying an appropriate correction is further
compounded if under-reporting is not systematic.

o Possible solutions
The introduction of a moratorium means that

fishermen now must complete fishing returns to
keep their permits.

If individual
the problem o :'

If licensing r-
repofing would be a disadvantage. It might suggest
that a diver was a part timer and thus could preðtuAe
him from fishing.

Difficulties of enforcing MAF regulations
Divers complain that the small staff of Fisheries

Officers and the large scope of their responsibilities
make adequate policing of all fisheries impossible.
The paua fishery has generally been considered a
small fishery and hence has not received the
attention it warrants. It should be given a higher
priority.

Use of illegal gear and lack of regard for size limit
and quantity by illegal harvesters have resulted in
the destruction of several paua beds.

Further controls (for example, quotas) will
increase the work load of the already over-extended
Fisheries Officer. Future enforcement will probably
require a change in priorities, a simplification of
regulations, an increase in staff, or some combina-
tion of these.

Education as a control of illegal harvesting
A major problem with illegal harvesting is the

collection of undersized paua. Educational efforts by
Fisheries Officers have met with some success.
Cultural and language barriers, particularly with
Pacific Island people, have limited the success of
MAF's educational programme. Attempts to recruit
Pacific Islanders as honorary Fisheries Officers have
not been successful.
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Handting and gear induced mortality

Some divers hold all their catch on board until
they have completed fishing and this may cause

significant mortality. Heat and desiccation on deck
may result in dead cr moribund sublegal sized paua
being returned to the water. Paua in poor condition
have difficulty righting themselves and hence are
more vulnerable to predators. Wave surge and
irregulai rocky bottom make it easier for them to
right ihemselves. Hence it is essential that paua are
héld on deck for as short a time as possible and
returned to the right type of bottom. Ideally they
should be hand placed by divers in suitable habitats.
A code of handling practice is being developed.

Two main types of gear are used to harvest paua:

hooks and trowels. Hooks appear to be more
efficient than trowels, but frequently damage paua
by ripping the shell off or puncturing the foot, which
may-iesult in significant mortality of undersized
paua. The frequency of damage depends on the
individual implement, the experience of the diver,
and environmental conditions (for example, wave
surge and visibility).

Export of paua meat

Export controls

o Objectives in controlling exports
The main objectives in controlling exports are to

maximise financial return to the country, provide
employment, and stabilise all sectors of the industry-

Before the marketing of canned paua no export
avenues existed for paua meat.

The decision in 1972 to restrict paua exports to a
canned, bleached product was due to the fact that
this form was returning the greatest net export
realisation to New Zealand.

The limited extent of the Paua resource and the
restriction on paua exPorts meant that ma¡ket
development concentrated on the most suitable
product at the time.

o Criticism of current export quotas
The export quota system is unfair to packing

houses without export licences. Export licence
holders represent a cartel which can control the
source of supply through bonuses and thus create a

price structure that inhibits competition.

o Problems with removing existing exPort quotas

If the current export restriction were removed to
permit alternative product marketing, there would
be many seafood processers who should be

considered as potential licence holders because of
long standing interests in marketing paua-

Changing government Policy is difficult unless

there is substãntial evidence that new policy would
be better. Current policy should be reviewed if it can
be shown that:
1. the resource is much more extensive than we
realise, or
2. an alternative product would provide a substan-
tially greater return.

Any change in present policy may affect other
areas of control, even outside fisheries jurisdiction;
therefore modification of policy must be carefully
considered.

Form of export

o Black lrozen versus canned bleached

The assertion that additional revenue could be
realised from black frozen paua stems from 2

sources:
1. reported weight losses of up to 57Vo of meat
weight during the canning process;
2. trigh f.o.b. prices for black frozen paua (L-2 paua
per kilogram at US$L5, 2-3 per kilogram at US$11,-
14, 3-S per kilogram at US$8-12)*.

Paua canners admit that some weight loss does

occur during canning, but that it is much less than
51.Vo. They suggest that confusion between green
weight and meat weight may account for this
disciepancy. They also contend that in all of their
investigations canned paua commands higher prices
than frozen paua.

Economic evaluations of the alternatives have
been recently carried out by MAF and show
approximately equivalent returns.

Paua canners admit that exporting paua as a

frozen product is attractive because of low
processing costs. Flowever, there ale regular
fluctuations in market demand which make it
necessary to hold paua, and canned paua have better
storage characteristics than the glazed ftozen
product.

Price rises for frozen abalone in Asia are usually
linked to low availability of abalone for canning.

Investigations by the New Z'ealand Trade
Commissioner in Tokyo indicate that in Japan there
is no market for black frozen paua because of skin
colour and odour.

Paua canners are concerned that attempts to
diversify marketing to include black frozen paua
would significantly disrupt the stability of the canned
paua industry.
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With clear recognition of the most desirable
export product, it should be possible to improve
product quality and hence improve returns.

o Potential for diversifying paua products
The current allocation for export is used entirely

by processers canning paua. This limitation is
imposed because the._resource is finite.

If large unfished stocks of paua are found, it may
become feasible to increase the quota to accommo-
date the export of altemative paua products.
Fiordland and Westland may provide such stocks.

For expansion of fishing iñto remote areas like
Fiordland to be economic, processing at sea would
probably be required and this would introduce
serious enforcement problems. Even if the mother
ship met the requirements in the Fish (Packing for
Export) Regulations, processing at sea would still
not be possible under the Fisheries (General)
Regulations, as these require paua to be shucked
above the high tide mark.

Attempts to market shredded, cooked paua have
not given satisfactory returns.

At present much of the viscera (gut and roe) is
used domestically and further diversification (for
example, enzyme extraction) is being explored.

There are no restrictions on the export of paua
viscera.

So far New Z,ealand processers have not
developed the expertise to market dried paua.
Investigations by the Department of Trade and
Industry suggest that there are opportunities for
marketing dried paua in Asia.

Although exploring potential for alternative
products is desirable, the limited resource and a
conservative government polisy make any large-
scale or long-term assessment of alternatives
impossible.

Export of paua shell

Need for protecting the New 7*aland paua shell
jewellery industry

Paua shell jewellery is classed on western markets
as costume jewellery. The uniqueness of paua shell
and originality of designs provide the only basis for
ma¡ket development, which gives the New Zealand
jewellery industry a competitive advantage. New
Z,ealand cannot compete with the low labour costs in
Asia and we will lose our position in overseas
ma¡kets if paua shell is exported unprocessed.
Evidence of this comes from the recent discovery
that Korean jewellers are using dyed abalone shell
and copying Ariki Industries' designs. The counter-

feits a¡e convincing enough to cause uncertainty
among our buyers.

Serious attention needs to be given to the form in
which paua shell is exported. If jewellers or other
users cannot make full use of shell provided by
curent harvesting, to avoid wastage some form of
export seems desirable. Flowever, protection of
existing shell industries will still be necessary and
this may be accomplished through design copyrights
and trade restrictions on how exported shell may be
used.

Development of alternative products will require
time. The premature export of unprocessed or
partially.processed shell may seriously impede the
development of alternative markets in New
Traland.

Potential for diversifying paua shell products in New
T¡g.lañ

Export of unprocessed shell inhibits the develop-
ment of diverse shell industries in New Zealand (for
example, furniture inlays).

The industry is developing better ways of using the
shell in jewellery.

Price to divers for paua shell

Divers feel that the prohibition on export of shell
has led to monopolistic buying practices by
jewellers. The generally low price offered for
average shell has not equalled the cost of bagging
and storing it.

The suggestion that jewellers should be able to
buy fishing rights to the meat as well as the shell was
opposed by divers, who argued that such practices
would lead to inefficiency, since the best meat and
the best shell are not necessarily found together.

The New Z.ealand Paua Shell Exchange has been
established to determine the extent of shell
stockpiles to facilitate their acquisition by potential
users. A "fair" price can be negotiated between the
shell owner and potential buyers.

Jewellers point out that with the increase in fishing
pressure for paua meats older, thicker, higher-
quality shell has become less available. Jewellers
have therefore been less willing to offer premium
prices for much of the shell that is landed.

The quality of paua shell for jewellery is extremely
variable in both colour (related to diet) and
thickness (related to density, age, and growth rate).
Its value for jewellery is therefore variable.

Divers suggest that a way to reduce fishing
pressure without serious economic impact is to raise
the price paid for s\ell while lowering each
individual's catch allocation.
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Augmentation of natural beds

Benefits of augmenting nah¡ral stocks
Reseeding and transplantation may enable areas

that do not support paua to come under production.
Laboratory reared juveniles could be used to

enhance areas that are overfished or have poor
recruitment.

Thinning of dense or "stunted" populations to
overfished areas may yield a better return
economically than reseeding, since rearing costs are
avoided and time to reach legal size is relatively
short.

Thinning and transplantation guidelines must be
developed by MAF to ensure maximum effect and
these will require supervision.

Some t5pe of incentive to divers to thin and
transplant paua beds may have a long-term benefit
to the industry by accelerating growth of stunted

populations. An incentive to transplant is necessary
as long as paua beds are under common ownership.

Hybridisation and artificial selection may ulti-
mately provide stock for specialised products.

Problems associated with reseeding
Technology is not yet developed, þut may be as

simple as modifying the procedures developed in
Japan.

One major difficulty is selecting the best size for
reseeding to minimise predation by fish and
crustaceans.

If divers undertake to reseed laboratory reared
paua they will expect some form of property rights.
There are provisions under the Marine Farming Act
l97l to lease or license areas of sea bed to ensure
propely rights.

Unless smaller paua are harvested the time
between reseeding and ha¡vest is 6-10 years because
of the slow growth rate.
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