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SIJMMARY

There is active interest in freshwater aquaculture in New Zealand. Nearly all of that

presently occurring utilises species of salmon (f. Salmonidae), largely chinook (Oncorhynchus

tshawytschø) and sockeye (O. nerka\. Trout farming is prohibited by law.

There has been an active sea¡ch for non-salmonid species suitable for captive rearing in our

cool temperate waters:

Various indigenous species have been investigated, including: species such as eels (f.

Anguillidae, Anguilla spp.), and koura (f. Parastacidae, Paranephropr spp.).

There have also been numerous expressions of interest in developing the technology

for aquaculture of whitebait (f. Galaxiidae, Galøtial spp.).

Overseas interest in flatfish aquaculture prompts interest in New Zealand's freshwater

black flounder (f. Pleuronectidae, Rhombosolea retiaria).

Introduced species already established here, such as grass and silver carp

(Ctenopharyngodon idetla and Hypophthatmichthys molitrix), and European perch (f.

Percidae, Percafluviatilis), have also been examined.

This report reviews the history of non-salmonid aquaculture and the potential for the use of

species present in the wild or captivity, and thus potentially available for culture.

To date, the prospects for eels and koura are discouraging, though there are continued

interest and efforts at proving the required technology.

progress with grass carp is unlikely until Government acts on recommendations

relating to the use of triploid or diploid f,rsh. A decision to use diploids would likely

result in rapid expansion in its use. The required technology is understood and has

been successfully applied in New Z3¡¡land, though the economics await its application

and development of markets.

Economic whitebait farming will depend on development of the relevant technology,

and seems unlikely in the foreseeable future.

Raising fish for the aquarium trade, which sits at the margins of "commercial

aquaculture", but which is strictly a form of aquaculture under existing statutês, has

some economic prospects. Species are available and the technology is well known.

Recent introductions of marron crayfish (Cherax tenuimanus-family Parastacidae) and

channel catfish (Ictalurus nebulosus-family lctaluridae) resulted in considerable disquiet

about their potential environmental impact should they escape and become established in wild
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habitats (this is regarded as inevitable, eventually). This disquiet led to destruction of stocks

of both species, and indicates that the environment for introducing additional species for
aquaculture is, with one exception, hostile.

This exception is the giant Malaysian freshwater prawn (Macrobrachium rosenbergü-family
Atyidae), which has been introduced. It requires water temperatures elevated above ambient
under New Zealand climatic conditions, and also has a mandatory saltwater-living larval
stage. These two requirements make it unlikely that the species could become established

in the wild, and there are thus no concerns about its potential environmental impacts. Prawn
farming is being undertaken heating the water with waste heat from a large geothermal

electricity generating plant.

rWith this exception, then, prospects for economic and productive aquaculture in New
7*aland using species (other than salmonids) already present, are not encouraging.

The range of species available is narrow.

Most of them require development of technology for effective use.

Economics are uncertain.

Market development is needed.

Grass carp seem the best prospect since they have dual use for control of troublesome aquatic

macrophytes and production of frsh flesh; their future value may depend on whether use of
diploids is allowed, as producing triploids greatly elevates production costs. Silver carp may

have potential. Anguillid eels and koura may be useful if historic difficulties in their
economic aquaculture can be overcome.

Present aquaculture activity in fresh water, apart from salmonids, includes several facilities
variously licensed to farm eels, koura, grass carp, silver carp, and one each licensed to farm
freshwater prawns, whitebait (various species), European perch, and goldf,rsh. As far as

could be ascertained the only species being farmed at a commercially effective level are

freshwater prawns and goldfish. Reasons why other species are not being produced vary
from the need to improve technology in such areas as diets, growth rates, survival, to

bureaucratic difñculties in getting approvals to hold, farm, sell, move, release, and otherwise
deal in the various species.
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INTRODUCTION

New Zealand is richly endowed with copious quantities of clean, mostly cool, fresh waters.

In an economy noted for its primary production, and with innovative people involved in the

production and marketing of food for both domestic use and the export market, it is not

surprising that there has often been interest expressed in the potential for developing

aquaculture in these waters. Entrepreneurs have been keen to exploit this water resource'

sometimes as a primary focus for providing employment and income, but at other times in

an effort to diversify existing activities on the land. This has often been supported

enthusiastically by both politicians, who have expressed favour in the potential for

aquaculture to add to New Zealand's wealth and employment (McDowall 1994)' and

financiers who seem to have been willing to invest substantial sums of money into fledgling,

and sometimes seemingly inadequately developed, aquaculture ventures.

This report provides a desk-top evaluation of the potential for freshwater aquaculture of fish

species already available in New Zealand. It deals only with non-salmonid fishes since

salmonids have well-known aquaculture technologies in other parts of the world, and these

technologies have all either been tried within the New Traland context, the species involved

are not available here, or commercial aquaculture is proscribed by law in our waters.

However, some preliminary discussion deals with salmonids to provide background to the

beginning and development of aquaculture in fresh waters.

BACKGROT]ND

Early colonists in New Zealand, from the 1850s onwards, often remarked disparagingly

about the lack of fish of any angling or culinary signihcance native to our waters (Hursthouse

l86l; Spackman 1892; Ayson l9l0) - though they quickly learned from the Maori (who

were already exploiting them effectively) how and when to catch valued fish like whitebait,

grayling and eel, upon which the settlers often depended for food. And they soon applied

more advanced European technologies to improving the ease and reliability of catching these

f,rsh. It was not only in our rivers and streams, but also more generally in the New Zealand

countryside, that settlers from Great Britain saw the lack of useful animals and plants, and

soon moves were afoot to introduce all manner of species (Thomson 1922; I-aycock 1966;

King 1984). As a result, most of the biota that surrounds us in New Zealand today, whether

in urban areas or the countryside, owes its presence to introductions. Early in our history,

bodies known as acclimatisation societies were established with the purpose of remedying the

perceived lack of useful species, and amongst their earliest introductions were fish
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(McDowall 1990, 1994). The acclimatisation societies had clear goals of establishing salmon
and trout stocks, as well as diverse other fish, in the abundant rivers and lakes of the colony.
In part this was to generate angling opportunities, as many of the settlers would have been
denied access to these activities in Great Britain, unless wealthy, of noble birth, or perhaps
both.

Though present-day anglers hold strongly to a non-commercial approach to the exploitation
of our resulting salmonid stocks, it was not always so. In the very early years there was a
clear view that establishing trout and salmon in New Zealand's lakes and rivers would
provide an important additional source of food for the colonists. Though, in the main, it was
the acclimatisation societies that were responsible for bringing these species here and getting
them established, this was not accomplished without a considerable investment of money
from both the provincial and central governments. This was particularly true of very early
(1870s onwards) introductions of brown trout and Atlantic salmon. euinnat salmon,
successfully established in the early 1900s, were brought here entirely at government expense
and initiatives, with a clear goal of establishing a salmon canning industry (McDowall 1990,
1994). Though this industry failed to develop, it was not until the 1950s that the government
rather reluctantly abandoned any hope of a commercial salmon enterprise. By that time the
attitudes of anglers were very clearly that salmons and trouts were a resource for the
recreational angler and were not to be subject to commercialisation of any sort. In general
this attitude prevails and is supported by the statutes-+ven to the point of making it unlawful
to provide trout as a meal in a restaurant other than to the individual who caught the trout
and that person's immediate guests (Conservation l-aw Reform Act 1990, Clause 26Ze(2)).

By the 1930s, by dint of a combination of good luck, perseverance, energy, and substantial
sums of money, the following species had become established as naturally-reproducing, self-
supporting stocks, at various levels of success and usefulness, and differing breadths of
distribution:

Salmonidae: brown trout, rainbow trout, quinnat salmon, brook char, Atlantic salmon
and mackinaw (in approximate order of success);

Cyprinidae: goldfish and tench;

Ictaluridae: brown bullhead catf,rsh ;

Poeciliidae: mosquitofish;

Percidae: European perch.

o

a

o

a

Apart from a few salmonids, most of these had quite
insüance, were known only from the lower Waikato
Mahinapua on the West Coast. Tench were known

restricted distributions. Catfish, for
River and its tributaries, and l¿ke
only from a few localities around
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Oamaru. However, things changed signifrcantly during the late 1960s and 1970s, as a result

of several processes:

Species that were already present, but were mostly of quite restricted distribution,

were accidentally or deliberately dispersed into many additional waterways:

o Cyprinidae: common carp and tench;

o Ictaluridae: brown bullhead catfrsh.

Additional species were illicitly introduced, bred, and dispersed widely around

northern New Zealand, primarily:

Cyprinidae: rudd and orfe.

The government brought several larger, herbivorous carps to New Z'ealand to

experiment with their use in controlling excessive growths of aquatic plant:

Cyprinidae: grass carp and silver carp.

Additional aquarium species became established in wild habitats, though almost

exclusively in geothermally heated streams in the central North Island:

Poeciliidae: guppy, sailfrn molly, swordtail.

O

All of these species, plus

crustaceans, formed the

aquaculture proponents.

the rather restricted range of

resources readily available

indigenous freshwater fishes and

in New Zealand to ProsPective

EARLY HISTORY OF AQUACTJLTTJRE

Freshwater aquaculture has a long history in New Zealand, though the activities that are

discussed immediately below as aquaculture are seldom given that name. Nevertheless' many

generations of producing fry, fingerling and yearling brown and rainbow trout and quinnat

salmon, as well as other lesser salmonids such as Atlantic salmon, brook char, mackinaw,

and various hybrids, clearly fall within a broad definition of aquaculture-which is seen here

as production of fish in captive rearing environments, for diverse human uses which may

include sale for consumption or for release into wild habitats for later capture. These

activities were indulged in by diverse agencies, including acclimatisation societies and
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Sovernment departments such as Marine, Internal Affairs, Agriculture and Fisheries, and
Conservation. The fact that these fish were bcing produced largely for release into wild
habitats to enhance wild populations (and for subsequent capture by anglers), made this
activity no less a form of aquaculture. The duration of captive rearing varied widely. Some
stock was planted as fertilised ova that were stripped from captive-reared or wild-caught hsh;
some was released into rivers as newly emerged fry. Much investment was made into
rearing fish on to fingerling stage, or even to yearlings or beyond before liberation. Some
hatcheries maintained captive brood stocks of fish of various species to provide ova for
various of the above stocking regimes. Most of this activity was undertaken by the former
acclimatisation societies (replaced by Fish and Game Councils in 1990). However, a

significant amount of activity was also by Government. In the early years (late 19th century
through until the early 1940s), this was mostly under the aegis of the Marine Department,
e.g. the Department operated a hatchery on the Hakataramea River, a tributary of the
V/aitaki, where the introductions of quinnat and sockeye salmon were based, and which
functioned as a rearing station to provide stock of other species such as Atlantic salmon and
brown trout for acclimatisation societies to release into waters in their districts. Another was
at I-ake Te Anau, where a government hatchery promoted the establishment of Atlantic
salmon; once established in the Waiau, Atlantic salmon stock was taken for rearing and
liberations in the rWanganui River (North Island) where there was another government
hatchery. There were yet others on the Clutha River at Wanaka, and on the Hokitika and
Wairau (Marlborough) Rivers. In later decades it was the Wildlife Service of the Department
of Internal Affairs, and later again, the Department of Conservation that had hatcheries, at
Ngongataha, Turangi, Wanaka and Te Anau.

Huge numbers of salmonids were produced and released into wild habitats by these hatcheries
under various managements; for instance over a period 1869 to 1923 the Otago
Acclimatisation Society reared and liberated 23 million trout fry, ñngerlings and yearlings
into the waters of its district. And from 1926 to 196l the Hawke's Bay Acclimatisation
Society reared and liberated over nine million trout (McDowall 1994). In more recent
decades the intensity of this activity has declined, partly as a result of economic necessity and
partly as it was increasingly realised that these releases made little biological or economic
sens*often they didn't generate worthwhile increases in trout numbers, and they were not
a good use of funds (Hobbs 1948). Nevertheless, a considerable amount of rearing and
release of salmonids still takes place, especially at hatcheries at Ngongataha and Turangi, and
particularly for stocking lakes of the Rotorua district, but also other waters. Clearly, for well
over 100 years, there has been intensive captive rearing of salmonids of diverse species for
release into wild habitats for capture by anglers-with little doubt a form of freshwater
aquaculture.

NIWA
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EXPLICITLY COMMERCIAL AQUACTJLTURE

Attempts to develop aquaculture through inception of commercial trout farming took place

during the 1960s and, by 1972, statutes were in place that allowed the framing of regulations

to govern trout farming. This caused great dissatisfaction amongst recreational anglers, who

lobbied for revocation of the laws (McDowall 1990, 1994). With a change of government

at the end of 1972, this took place, so that although commercial trout fa¡ming was briefly

lawful in New 7*aland, it has never taken place.

Commercial farming of salmon developed from the mid-1970s, obtaining angler approval on

the basis that the technology that would be used was ocean ranching. This involves rearing

juvenile salmon in hatcheries, and releasing them to go to sea, where they feed and grow for

l-3 years before returning at maturity to the release site for capture and processing.

Although the technology worked in some rivers, it failed in others, and it soon proved

uneconomic in all of them. Reasons for this failure are mixed, but may include salmon

capture at sea by trawlers (Unwin, et al. 1988), too many smolts being released causing

overpopulation of marine rearing habitats, natural variation in coastal marine productivity,

and possibly too high capital investment in the early stages of salmon aquaculture projects

and facilities.

Salmon farmers then turned to other rearing technologies, such as freshwater pond rearing

and seacage rearing, and it is these that now support the salmon farming industry. Anglers

approved of ocean ranching because they would have an opportunity to catch the fish as they

migrated up rivers from the sea. They were less enamoured of freshwater pond rearing and

seacage rearing of salmon since this provided no obvious benefits to the anglers, but these

technologies eventually gained grudging acceptance by anglers (McDowall 1994). With few

exceptions pond rearing of salmon is the only signiftcant viable form of freshwater,

commercial salmonid aquaculture at present being undertaken here.

Salmonid farming is restricted by statute to the farming of "salmon", covering named

species; trout farming is illegal and seems likely to remain so unless angler opposition abates

and/or politicians have a change of heart. Neither, at present, seems likely to occur' A

change of attitude and law would undoubtedly lead very rapidly to initiation and expansion

of the farming of rainbow trout probably both in fresh water and sea cages.

5 INTEREST IN OTTIER FORMS OF FRESHWATER
AQUACULTTJRE
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In the absence of statutory approval of trout farming, entrepreneurs have looked widely for
other opportunities for freshwater aquaculture. The desire has remained to make use of our
proliFrc, high quality, cool waters for the production of fish flesh. There have been two
thrusts to this interest:

The importation of new species that could be used in freshwater aquaculture
production; and

The use of fish and crustacean species already present in New 7æaland that could be
exploited in aquaculture if an appropriate technology could be developed.

IMPORTATION OF NEW SPECIES

Unable to progress with aquaculture of trout, various individuals and agencies began to look
beyond New Zealand for species suitable for aquaculture in our conditions:

6.1 Marron

The marron (Cherax tenuimanus - family Parastacidae), is a Vy'estern Australian freshwater
crayfish not dissimilar to our indigenous koura, Paranephrops spp. Use of marron in
aquaculture became popular in several Australian states during the 1970s, and though it
seems that early interest and activity with marron aquaculture in Australia was not supported
by results, there appear to be improving prospects for commercial success (Sullivan 1994).
Marron were imported to New Zealand in 1987 (Jamieson 1989). These were held under
quarantine and high seæurity at a facility north of Auckland, where they bred and multiplied.
Arrangements were well-advanced for provision of stock to satellite farmers (in which there
was considerable interest), but growing unease amongst recreational salmonid anglers and
conservationists about the possible environmental impact of marron led government to reverse
a decision approving their use in aquaculture, and all stocks were ordered to be destroyed.

6.2 Channel catfish

The channel catfish (lctalurus punctatus - family lctaluridae), is a highly important
aquaculture species, mostly in southern parts of the United States (Stickney 1986), though
it occurs naturally in the wild as far north as the Great Lakes and southern Canada (Scott and
Crossman 1973). Following preparation of a detailed environmental impact assessment
(Hardy 1988), stock was introduced to New Zealand in 1989 and, again, held in highly
secure conditions while evaluations of the disease status of the fish were undertaken. As

NIWA
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with marron, opposition to the use of channel catf,ish in aquaculture grew rapidly amongst

recreational anglers and conservationists (Glova 1989), and after an independent analysis of

the potential risks from having channel catfish in New 7*aland, commissioned by the

Minister of Fisheries (fownsend and V/interbourn 1990; Townsend 1991), the government

ordered that all stock be destroyed.

Giant freshwater prawn

The giant Malaysian freshwater prawn (Macrobrachiwn rosenbergü - family Atyidae) was

introduced to New Tæaland in 1987. It is a widely used sub-tropical Prawn that has

worldwide production of 10-15 000 tonnes, and although it thus has some importance

internationally (New 1995), this production must be compared with worldwide production

of marine peneaid prawns of more than 700 000 tonnes. Successful commercial production

of Macrobrachium reputedly requires a "financially advantageous market" as the "costs of

production makes these prawns too expensive for sale on the international market"

(AQUACOP 1990).

This species grows best at temperatures of 25-30'C (it requires waters between 15 and 32'C

- AeUACOp 1990), so that successful aquaculture in New Ze.n.land demands heated water.

Heat is freely available from waste water discharged from the geothermal power station at

Wairakei, and this is exploited to heat pond water for rearing prawns by passage through heat

exchangers. Some concerns similar to those expressed about marron and channel catfish,

(and which resulted in their destruction), also developed about this prawn. However, the fact

that it is unable to survive in New Zealand at ambient temperatures, plus its requirement for

saline waters during the first few weeks of life, allayed these fears, and aquaculture of giant

freshwater prawns has been allowed to.proceed, and continues.

Current proposals for the substantial expansion of the V/airakei prawn farm (from 5 to ca.

40 ha.) need to be seen in the context of the international comments about farming these

prawns, and thus it is likely that farming will primarily provide product for the local New

Zealand prawn market.

7 FTITTJRE PROSPECTS FOR INTRODUCING ADDITIONAL
SPECIES

Given recent experiences of agencies involved with introduction of marron and channel

catfish, in which substantial investment was made, and with which initial government
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approvals were reversed in the face of vigorous local opposition from anglers and

conservationists, it seems highly unlikely that approval would be either sought or gained for
importation and use in aquaculture of any species capable of tiving in New 7¡atand waters
at ambient temperatures, and thèrefore likely to be able to survive in the wild (Townsend
l99l). The enactment of the Biosecurity Act 1993 perpetuated strict control on the
importation of species of animal; viz. Clause 28(2) states:

An inspector shall not give a biosecuriry clearance for goods that are or
contain an anímal not established in New Zealand, or a reproductive cell or
developmental stage of such an animal, unless there is in force in respect of
those goods a permit under section 13 of the Animals Act 1967.

Section l3 of the Animals Act 1967 prohibits anyone from importing to New Zealand any
animal

... without the written permit of the Minister of Agriculture, or any person
authorised to do so by the Minister, and any such permit will be subject to
such conditiorc as may be specified in the permit and in any regulations made
under the Animals Act 1967. Furthermore ony such permit may be revoked at
any time by the Minister or any person authorised to grant such a permit.

It was under these provisions that permits to import and hold marron and channel cathsh
were both granted and then revoked.

There is a reasonable fear that, no matter how stringent the security and statutory controls
are that may be imposed on a site with an imported species not established in the wild,
eventually that species, if used in aquaculture, would escape or be deliberately released into
natural habitats. Under this logic any such species used in aquaculture in New Traland at
ambient temperatures thus poses a potential threat to indigenous species and ecosystems-at
the very least, any decision made about importation of exotic species must be made in the
context of a high probability of wild establishment.

The options for aquaculture of cool-temperature freshwater frsh species, aside from
salmonids, are not diverse, anyway. A worldwide analysis of species with potential for use

in aquaculture at New Zealand's ambient temperatures was undertaken in 1988 (McDowall
1989). Species that are predatory, and therefore likely to be a threat to both indigenous biota
and established exotic salmonids (whether a threat to other exploited fish species or to forage
species upon which they might prey), were excluded from consideration in that review since
it was then clear that if they posed a significant threat to existing aquatic biota, opposition

NIWA
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to their importation would be strong. The outcomes of proposals to use marron and channel

catfish confirm that expected intensity of opposition. Species used in aquaculture elsewhere,

but considered unacceptable to New Zealand, included various centrarchid basses (family

Centra¡chida*largemouth bass, smallmouth bass), and freshwater perches

@ercida*yellow perch, walleye). Basses were long ago suggested for introduction and

wild release for the development of recreational angling in small, warm, coastal dune lakes

of northern New Zealand, but were rejected because of their predatory habits and their

potentiat environmental threat (McDowall 1968b). The diverse tilapias (family Cichlidae)

were also excluded from consideration on account of similar problems experienced with them

elsewhere (McKay 1984; Taylor, et al. 1984) and the general expectation that they could be

troublesome; in addition, although our temperatures are probably too low for most cichlids

to be cultured successfully without heating of the water, some species would undoubtedly

survive at ambient temperatures and be a potential source of ecological problems. Cichlids

would probably have little appeal in the New Zealand fish markets, anyway' in competition

with fishes available.

The lggg analysis (McDowall 1989) concluded that the two most likely acceptable candidates

were sturgeon (family Acipenseridae), for which a aquaculture technology is becoming well-

developed in both Russia and United States (Doroshov 1985), and ayu (family

Plecoglossidae), for which aquaculture technology is being developed in Japan (Kafuku and

Ikenoue l9g3). Sturgeon are valued for their high quality flesh as well as for their roe which

is used in producing best quality caviar. However, most aquaculture has so far been for

restocking wild populations in the USSR, though some developments relate to captive

production for food in USSR, France and USA. The economics are yet to be proven (Williot

1990). Sturgeons are predators, and though some species feed primarily on molluscs and

other benthic invertebrates, others prey upon fish and this would likely be fatal to any

proposal to esfablish sturgeon aquaculture here. The ayu is perhaps Japan's most valued

freshwater food fish (Kafuku and Ikenoue 1983); it is, however' a herbivore, making it a

relatively low risk importation from an environmental perspective'

Given the increasingly intense and coherent opposition to importation of additional fish

species (Townsend l99l), and given the reversals in decisions experienced by those

importing and promoting marron and channel catfish during the late 1980s, there seems little

liketihood that agencies or individuals will be willing to commit and risk the large sums of

money needed to launch and carry through proposals to develop aquaculture based on further

species not already present here. For this reason, a careful scrutiny of species present in our

freshwaters is the immediate pre-requisite for the growth of aquaculture diversity here.

NIWA
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I USE IN AQUACTJLTTJRE OF SPECIES ALREADY PRESENT

New Zealand's fresh waters carry about 30 indigenous truly fresh water or diadromous
(regularly sea migratory) fish species. In addition 19 exotic fish species are established and

there are perhaps another l0 species that are essentially marine hsh which make their way
regularly, though for varying distances,into fresh water (McDowall 1990). There are also

two species of macrocrustiacean, and a variety of species of freshwater mollusc that, at least,

were valued as a food by Maori and can therefore not be excluded from perhaps having some

potential in aquaculture. So, we are looking at a maximum of about 60 species in evaluating

the aquaculture potential of species present here.

The extent to which these species might have some aquaculture potential depends on their
possessing a variety of values:

Foon vALLtE AND cLrLrNARy AccEprABrLITy: Clearly, if species have no attraction for
human consumption, establishing their use in aquaculture is pointless. tJ/ild stocks of New
7æaland freshwater frsh are used at two life stâges for consumption. In general, it is the

adults of the larger species that are valued-lamprey, eels, flounder. However, the wild
whitebait hshery provides a product that involves consumption whole and en mosse of small
juvenile fishes that individually weigh about 0.5 g. And, at least in Europe, juvenile eels are

consumed in much. the same way. Thus fish cannot necessarily be excluded from
consideration for aquaculture simply on the basis of small size.

Traditional Maori usage of native fish may provide some pointers to species that have

potential as food. The main species used by traditional Maori appear to have been (listed

with one or two of the more prevalent Maori names): lamprey (kanakana or piharau), eel

(tuna and diverse other names), smelt þaraki, inanga or porohe), whitebait (inanga, inaka,

mata mata), grown adults of various whitebait species (kokopu, para), and flounder (patiki).
There is evidence also of Maori usage of torrentfish (papanoko), one or more of the eleotrid
bullies (toitoi), and even mudfish (hauhau). Freshwater crayhsh (koura) were keenly sought

and freshwater mussel (kakahi) were also a food item of some importance (Hiroa 1921, 1926;

Best 1929; McDowall 1990). Some of these species are little, if ever, exploited, today, and

this probably reflects a combination of their rarity, diffrculty of capture, and/or their lower
culinary value in comparison with the European foods that are more readily available and

now form the staple diet of almost all New Zealanders. However, documentation of
contemporary Maori exploitation of freshwater fisheries resources is very sp¿use.

Nevertheless, Maori clearly still place very high value on eels, eagerly seek lamprey and

flounder where these are known to be available, and are actively involved in the whitebait
fishery. In general, anadromous (sea-migratory) smelt populations no longer seem to be
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vigorously harvested, though Maori around Rotorua still harvest the runs of landlocked smelt

through the Ohau Channel between l-akes Rotorua and Rotoiti (R.R. Strickland, pers.

comm.), and have in the past attempted to exploit the stocks of smelt in Lake Taupo

(provoking court action by the Wildlife Service, which then managed the Taupo trout fishery,

that resulted in Maori being forbidden to harvest the smelt there (McDowall 1990).

Significant contemporary use of indigenous fish by Maori, as well as their use by the

European population of New 7-ealand, are perhaps the best indicators of the value placed on

these fish species. If this is accepted, the following species can be regarded as having some

signihcance as foods, and therefore worth considering in an analysis of the aquaculture

potential of indigenous fishes: lamprey, eel (two species), whitebait (five species), and

flounder; koura may be taken locally; in addition, some comment on smelt (two species,

including landlocked stocks) and perhaps giant bully are worthwhile. Interest by Maori in

some other species may appear low simply because of their unavailability - the prime

example is the now extinct native grayling which was once valued and exploited by Maori,

though not now for manY decades.

T[,.lcrmu,rry AND AvArLABrLrry oFREARTNc/MANAcEMENT. TECHNor.ocv: Speciesvary

greatly in the availability of known technologies for successful reproduction, rearing and

growth, and in the ease with which they adapt to aquaculture production. Amongst

salmonids, for instance, it is well known that brown trout adapt poorly, and remain flighty

and difficult to handle, regardless of how long they are kept, and as a result do much less

well in captivity than rainbow trout. It is the issue of availability of, and complexity and

diff,rculty in, aquaculture technologies that are the primary concern of this report.

h,onucrrvrry AND pRoDucrroN EcoNoMIcs: For successful aquaculture, even if a

species is highly desirable, and is easily managed in captivity, effective and viable

aquaculture depends also on factors relating to production economics. These include costs

of capital investment, labour, food, food conversion ratios, growth and mortality,

susceptibility to disease, transport to markets, and prices obtained.

g THE STATUTORY BASIS FOR TJNDERTAKING COMMERCIAL
AQUACTJLTIJRE IN FRESH \ryATER

Aquaculture in New Zealand fresh waters is governed by the Freshwater Fish Farming

Regulations 1983 (Regularion 19831278), which are pursuant to the Fisheries Act 1983.

prohibition of trout farming was explicit in Section 68(a) of the Fisheries Act, which simply

stated that:
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'No person shall estahlish, manage, or operaîe aformfor trout".

This clause was repealed with passage of the Conservation [¿w Reform Act 1990, but
reinstated in the same form in the latter Act in Clause 26Zl(4). It is also implicit in Section
9l of the Fisheries Act 1983, which, in Clause 9l(a) provides for regulations to be made that
authorises persons to be registered

þr the pufpose of constructing and maintaining ponds as fish farms for
breeding and rearing fish (except trout),, (emphasis added).

The apparent anomaly of acclimatisation societies/fish and game councils, as well as

government departments like the Department of Internal Affairs/Conservation and Ministry
of Agriculture and Fisheries operating hatcheries for the rearing of trout is dealt with in the

Freshwater Fish Farming Regulations 1983 by excluding hatcheries run by these agencies

from being fish farms under those regulations (in Clause 2(l): Interpretation).

The Freshwater Fish Farming Regulations 1983 are inte¡preted as being concerned with all
forms of fish farming that are undertaken above high tide. In some instances this
interpretation means that fish farms operating under the Freshwater Fish Farming Regulations
are actually culturing marine species such as paua, oyster, seaweed, rock lobster, mullet, etc.

using pumped sea water. This review does not deal with these forms of ñsh farming, but
is concerned exclusively with species farmed in fresh water.

The boundary between farming with fresh water and sea water could be somewhat blurred,
as there may be farming in brackish water for such species as mullets; furthermore, some

species potentially useful in aquaculture have to spend part of their lives in sea water, e.g.
it is likely that any aquaculture technology involving whitebait species will include a period
during which they are grown in sea water (as is already the case with the exotic giant
freshwater prawn). The "seaward boundary" of this review is set to include whitebait which
may spend part of their lives in the sea, but obligatorily live in fresh water for long periods

and breed there, but excludes exclusively or essentially marine and sometimes estuarine

species (such as mullets), even though farming them may be licensed under the Freshwater

Fish Farming Regulations 1983.

10 SPECIES APPROVED FOR AQUACTJLTT]RE IN FRESH WATER
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Species that may be used in frsh farming are declared by periodic Gazette Notices, the latest

of these being issued by the Ministry of Agriculture and Fisheries on 13 June 1994. Non-

salmonid species listed there, that are relevant to this review, are the following:

Indigenous species

Shortfinned enl, Anguilla australis

I-ongfinned æ1, Anguilla diffi nbachii

Black flounder, Rhombosolea retiaria

Freshwater mussel, Hyridetta menziesii and Cucumerunio websteri

Grey mullet, Mugil cePhalus

Banded kokopu, Galoxias fasciatus

Giant kokopu, Galaxias argenteus

Inanga, Galørios maculatus

Shortjawed kokopu, Galøtias postvectis

Koaro, Galaxias brevipinnis

Koura, Paranephrops planifrons and Paranephrops zealarulicus

Exotic species

Perch, Perca fluviatilis
Tropical freshwater prawn, Macrobrachium rosenbergii

Grass carp, Ctenopharyngodon idella

Silver carp, Hypophthalmichthys molitrix

It might reasonably be expected that species listed in the Gazette Notice ought to represent

those in which, firstly, there is some likelihood of someone wanting to develop aquaculture,

and secondly, species in which such a technology is a reasonable expectation. However, this

is not always the case. For instance, the two nominated species of freshwater mussel are

locally abundant in lakes and slow-flowing, sandy rivers, but are evidently now little

harvested. Moreover, to complete their life cycles they undergo an apparently obligatory

phase (the glochidium - 
percival l93l) that is parasitic on a freshwater fish, and such fish

would have to be cultured to provide the needed host. In view of these two points, the

likelihood of aquaculture of hyridellid mussels seems remote. Furthermore, several of the

whitebait species are rare and their reproductive biology is virtually unknown, especially by

comparison with the quite well-known inanga. Though these other species have an advantage

in being iteroparous, which means that they can be expected to spawn repeatedly over several

years, they are more difhcult to keep and seem likely to be of lesser importance (if of any)

than inanga, should whitebait aquaculture be undertaken. Thus, the species listed as approved

by government for use in aquaculture cannot be taken as any sort of guide to species with
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existing developed technologies, recognised fruitful prospects, or even expressions of serious
interest in their aquaculture.

REVIEW OF INDIGENOUS SPECIES

The prospect of using species already present in New Zealand waters for aquaculture is not
new. For several decades there have been often sporadic, but sometimes quite enduring and

committed, efforts to develop and apply technologies for the aquaculture of diverse species.
In this section life history and other ecological information is provided and discussed in the

context of potential interest in the use of species in aquaculture.

11.1 Lamprey

New Zealand's la.mprey was a highly favoured food by pre-European Maori and, where
available, continues to generate interest (Todd 1979b; McDowall 1990); there is also current
interest in consumption of lamprey from people in New Zaland of recent eastern European
descent. However, there are no apparent reports anywhere in the world of proposals for the

captive culture of lamprey species. New Zealand's lamprey has a complex life cycle, that
includes a slow-growing, sedentary, filter-feeding, freshwater, larval stage that takes 4-5
years (Potter et al. 1986). This is followed by a parasitic marine stage that migrates to sea

for 3-4 years, followed by a return migration to fresh water of mature adults, and it is at this
stage that there is interest in the capture of lampreys for food. Apart from any other factor,
the requirement for lampreys to parasitise other living, marine fish seems likely to impose

an insuperable economic burden on the cost effectiveness of its use in aquaculture. In
addition, securing stock for culture could be a major problem-virtually nothing is known
about their reproduction; mature lampreys have never been collected from the wild, though

captive "rearing" of adults following return from the sea suggests that it takes ) l8 months
for gonads to mature and ripen (G.J. Glova, pers. comm.), and just holding the adults in
captivity for 18 months, even though they do not consume any food, would be an additional
burden on the economics of their culture,

ll.2 Eels

New Zealand has two eel species (Anguilla australis-the shortfinned eel and Anguilla
dieffenbachii-the longfinned eel: family Anguillidae) which have somewhat different habitat
characteristics and behaviours that are likely to be reflected in different requirements
(Richardson et al. 1994) and different performance when in an aquaculture situation. Only
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the shortfinned eel has hitherto been implicated in the more serious attempts at aquaculture,

probably in part because of its greater tractability in ponds, and partly because its flesh

qualities are more highly favoured in potential markets. It has also been investigated in

Australia where considerable potential is envisaged, though presently none of it has been

realised (Beumer 1986; Forteath 1994; Maloney 1994).

Interest in eel farming in New 7¡aland began to develop during the 1960s, as markets for

the fish opened up in Europe and Japan, as wild eel stocks in our rivers and lakes declined

under heavy commercial exploitation, and as eel fishers sought for other ways of meeting

market needs (and earning an income). There were several aspects of this development.

Some prospective eel farmers saw potential for taking small wild eels, and fattening and

growing them on before sale. Our eels have long been known to be rather low in oils

(Shorland and Russell 1948), compared with European and Japanese eels; they also have

thick skins and tend to be stockier in shape than Japanese eels. Major actual and potential

markets for our eels are in Europe and Japan and these distinctive characteristics count

against them on these markets; there were hopes that captive or semi-captive fattening may

reduce this shortcoming and increase acceptability and prices obtained. This proved not to

be the case, and it was not possible to elevate oil content to the levels found in more highly

favoured Japanese and European eel species.

Eel farms involved principally in fattening wild stock in captivity made little progress and

soon disappeared from the scene. Problems have included disease outbreaks at high density

(Hine and Boustead 1974\, lack of control and slow growth at low intensity/semi-wild

culture, quite apart from fundamental economic problems like costs of food. There is

continual interest in the potential of this practice but little actual activity; superficially it

seems like a good idea but is apparently difficult to implement effectively.

The alternative is captive rearing at high densities from earlier life stages. While work has

been done, and continues to be done, development of a technology for captive reproduction

of eels looks likely to be a very difficult problem to crack. This is due to the highly

specialised nature of the peculiar sea-living leptocephalous larva common to all species of

freshwater eel. Even if the technological problems can be solved, making the process

practicable and economic is another likely major hurdle to overcome. Japanese and Dutch

researchers have successfully induced captive maturation of their eel species (Anguilla

japonica and A. anguilla), and have fertilised eggs and had them develop to hatching.

However, the larvae lived for only a few days and on-rearing has been unsuccessful. This

was achieved about 20 years ago (Yamamoto and Yamauchi 1974; Yamauchi, et al. 1976;

Boetius and Boetius 1980), but no further significant progress seems to have been made since
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with captive reproduction and larval rearing of anguillid eels. Some much more recent work
(Satoh, et al. 1992) repeated the earlier observations, but little was found that
except that spawning was apparently spontaneous following hormone application.
other species of Anguilla is no further advanced.

was new,
rJ/ork on

Maturation in captivity under hormone stimulation of both sexes of both of New Zealand's
species of Anguilla was achieved many years ago (Todd I979a,1981), but no work has been
done on the development of technology for fertilisation, egg development and hatching, or
larval rearing. It is likely that larval eels spend about 15 months at sea before
metamorphosing from the peculiar leptocephalous larval stage to the glass eel (Jellyman
1987), at which stage they return to fresh water. The feeding behaviour and requirements
of the leptocephalous at sea are unknown and may well be highly specialised and difficult to
duplicate in captivity. In addition the growth achieved during these 15 months at sea is very
slight (glass eels weigh about 0.2 g at return to fresh water). The combination of unknown
and perhaps complex rearing technology, possibly leading to poor larval survival, plus the
very low growth rates achieved over a prolonged period, makes the likelihood of developing
a practical and economic means of rearing larval eels, through from hatching to the stage
when they can be reared in fresh water, quite low. Certainly, there is no evidence that such
a technology is presently envisaged by eel aquaculturalists either in New Zraland or
elsewhere in the world, in the short to medium term future-though it is often discussed.
Little work is in evidence that indicates the likelihood of solving these problems subsequent
to that in the 1970s cited above. Though Gousset (1992) expressed confidence that they might
be solved within a decade, he cited no explicit support for this hope.

For these reasons eel farming undertaken anywhere in the world, New Zealand included,
presently has to be based on stock captured from the wild populations. This seems likely to
continue to be the case for the indefirnite future (Brusle 1990). In most eel aquaculture
industries glass eels, that have newly entered rivers from the sea, or brown elvers at a stage
when the glass eels have become a sandy-brown colour after a week or two in fresh water,
are captured and taken to fish farms for rearing on and growth to market sizes. Glass eels
are much preferred, as elvers introduced into eel farms have often brought serious disease
problems with them (Hine and Boustead 1974).

In the early years of the New Zealand eel fishery, glass eels were at times caught for export
to stock eel farms in southeast Asia (generating some criticism that this threatened the status
of the New Zealand wild eel Frshery (Castle 1972). However there were, during the 1970s,
sometimes problems in obtaining enough seed stock just to meet the needs of local eel
farmers, and export of glass eels was soon afterwards banned. New Zealand eels proved of
poor suitability for aquaculture in Japan, anyway, and the only foreign eel cultured in Japan
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is the Atlantic/European eæL, Anguilla anguilla, for which special rearing conditions have had

to be developed (Gousset 1992).

Migrations of glass eels tend to be erratic in timing and quantity, and difficult to predict

(Jellyman lg77,lg7g\, and this can both restrict theproduction from eel farms as well as

add to costs. In addition, glass eel migrations often conlain both of the New T,ealand

species, whereas only the shortfinned species is well adapted to aquaculture. This means that

sometimes a large proportion of the catch may be of no use while for some time consuming

food in the farm and incurring mortalities that cause deterioration of water quality and

proliferation of bacterial and fungal pathogens. Sorting by species in large numbers, when

alive, would pose significant costs and difFrculties. A further problem is that the longfinned

glass eels in the catch are essentially wasted, and this could generate concerns about the

fruitless harvesting of glass eels and the potential effects on juvenile recruitment to the wild

populations at a time when there is already concern about the effect of adult harvesting on

future recruitment of juvenile eels into the stocks.

Most eel farms developing in New Zealand during the 1970s captured glass eels or elvers

during their upstream migrations, and functioned at ambient temperatures in shallow outdoor

ponds with earthen bottoms and concrete or timber walls (Johnson 1979a,b, 1980). Thus

capital costs were kept quite low. Facilities were widespread, from Northland to Otago, and

thus across a wide latitudinal/ambient temperature range (Jellyman and Coates 1976). Since

it is known that adult eels become inactive and cease mo.st feeding at temperatures below

about l0-12'C, siting eel farms in southern New Zealand seems to have been an unwise

decision as eels there would undergo no growth during several months in winter, producing

nothing while still incurring overheads and costs of capital invested in the facility.

It is perhaps ironic that while some eel farmers apparently had expectations of developing

eel aquaculture at ambient temperatures at southern latitudes (such as North Otago), others

began to investigate increasing growth rates and production through elevation of water

temperatures. In two insûances, heated industrial waste water was used to attempt to

accelerate growth and get better conversion ratios (Jellyman and Coates 1976; Iones, et al'

l9S3). These, as well as all seven other eel farms, spread widely through the country from

Otago to Bay of Islands, failed to produce eels at an economic rate, and were closed.

However, some interest continues in the use of heated waters to improve productivity

(Jellyman 1995); shorthnned eels, with a preferred temperature o126.9"C (upper and lower

quartiles 23.6 and 28.5'C) are likely to do better than longfins with a preferred temperature

of 24.4" C (quartiles 22.6 and 26.2-Richardson et al' 1994)'
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Jellyman (1995) has reviewed eel farming on a worldwide basis in the context of interest by
the Electricity Corporation of New Zaland (ECNZ) in seeing proñtable use made of heated
effluents from its various thermal electricity generation stations. These stations discharge,
largely to waste, very large quantities of water at elevated temperatures. The 1000 MW coal
and gas fired station on the Waikato River, at Huntly, for instance, discharges up to 28 cubic
metres of water per second of thermal effluent. This is nominally elevated by up to 8'C
above ambient, though when the station is operating at full capacity the elevation may be
12'C. Environmental constraints on the rights of ECNZ to discharge thermal effluents into
the river are designed to ensure that the river temperature does not exceed 26'C once the
discharge and the river water are (theoretically) fully mixed (Harper 1987). Clearly, at
Huntly, as at other thermal power stations around New Zealand, there is waste heat that
could be used to accelerate growth of eels, especially during winter when low temperatures
cause inactivity, reduced feeding intensity, and even dormancy in eels. In some instances,
water quality might be adequate to allow direct use for rearing eels. In other instances, the
natural quality of the water, or deterioration in its quality during use for cooling by the
power süation, may mean that its only value is its residual heat, which will need to be
extracted through heat exchanger systems. This is certainly the case with the effluent waters
derived from the V[airakei geothermal power station, which discharges water high in diverse,
variably toxic, chemicals, that would be fatal to most living organisms if used directly. (Even
if it wasn't, high levels of elements like arsenic would make the produce of such a farm
unsafe for human consumption and unable to be marketed either in New Zealand or
overseas). In addition, high silica content means that there are considerable management
problems even with the use of heat exchangers (J. Knewstubb, pers. comm.). These are
problems for examination and resolution by prospective eel farmers. Setting these aside,
Jellyman's (1995) review suggested that there appears to be some prospect of economic eel
farming using New Zealand eels, which involves accelerating their growth, and prolonging
the annual growth season, using the effluents from thermal power stations (or any similar
sources of heated waters) to enhance eel growth.

The last surviving eel farm from the period of early development in New Zaland was owned
by a Maori cooperative and located at Te Kaha in the eastern Bay of Plenty (Astill 1980;
Johnson 1980; Jones, et al. 1983). In spite of having input from Japanese experts, who were
experienced with eel farming but using Japanese eel species, this venture too proved
uneconomic. The facility was handed to the control of the Fisheries Research Division of
the Ministry of Agriculture and Fisheries in 197? to determine whether, with some scientific
input combined with local knowledge, problems in making eel aquaculture economically
viable could be solved. This research showed that disease problems besetting the industry
could be overcome, and that good quality eels acceptable to markets could be produced
(Johnson 1979b); however this proved to be not possible at an economic cost (Jones et al.
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1983), and the Te Kaha eel farm was closed down in the late 1970s. Jones (1985b)

concluded that:

It is uneconomic to farm eels in New Zealand wíth a larm output of less than

20 tonnes per annwn. Even if the output [was] increased to 40 tonnes per

annum, and a feed conversion ratio of 3:I [watçJ achieved, New Zealand'

farmers would be pricing themselves off the market to obtain reasonable

returr,s on the capital invested in the.farm.... The lack of local demand for
eels and the long distance of New Zealandfrom markets who do buy eels also

make eel farming unattactive here.

Thus, past experience shows that farming of New Zealand's shortfinned eel is technologically

possible based on the rearing of glass eels harvested from wild runs, but has suffered from

the following impediments:

. Erratic and unreliable supply of wild glass eels which increased costs and threatened

production;

. Inability to select for good growth rates because of the dependency on the wild

stocks;

o Disease outbreaks, especially when elvers were stocked, though also present with

glass eels;

o Prices of food;

o problems with the poorer quality (lower oil levels) of New Traland eel species

causing market resistance or low prices;

o Decline in export prices at a time when large quantities of better quality eels were

available from other countries much closer to the markets.

None of these shortcomings or limitations is, by itself, fatal to the prospects of eel farming;

together, however, they apparently are. V/ith economics marginal, stock supply unreliable,

and great distances to markets, eel aquaculture apparently could not survive in New Traland,

and didn't.

Early eel farming in New Zealand was based substantially on advice from Japanese eel

culturalists, and involved the adoption of their technology (which is well documented - Usui

1974; Matsui lgTg). Though Japanese methods were well proven for Japanese eels and

conditions, they required signihcant adaptation to meet New Zaland eel species and

conditions, in much the same way as specihc adaptation was necessary in Europe

(Heinsbroek 1991), and as is continually required by the Japanese themselves to adapt to the
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changing conditions and markets, and as was necessary for successful culture of the European
eel in Japan (Gousset 1989).

Lack of success in eel aquaculture in New Zealand is in contrast with the Japanese
experience. The biggest world eel markets are in Japan, where consumption is estimated as

70,000 tonnes per year, about half of this produced in aquaculture in Japan, and much of the
rest imported from Taiwan. There are major indoor rearing facilities in Japan where there
is high density rearing under elevated temperatures. A major problem and cost is obtaining
supplies of wild-origin juvenile eels for stocking, with the cost reaching as much as

NZ$12,000 kg (Byakuno 1994). Japan is thus a major nett importer of eels, and provides
potential markets for the New Zealand product if it is of acceptable quality and can be
produced economically. However, the market is considered close to saturation (Heinsbroek
l99l; Gousset 1992).

\Whether the economic changes that have occurred in New Zaland over the past decade
materially affect the economic viability of eel farming to the extent that it becomes attractive
to investors is a question for consideration by economists and decisions about risk-taking by
entrepreneurs willing to make the financial commitment to the initial capital and the
continuing operating costs.

Enquiries about and expressions of interest in the potential for eel farming in New Zealand
have continued, almost unabated, through the 1980s and 1990s as individuals, with a sense

of adventure but apparently unaware of the history of earlier endeavours, have seen an

opportunity to farm eels here, just as they are farmed in other lands. Unfortunately,
enthusiasm and hard work cannot easily make up for lack of knowledge of the technology,
high production costs, a poorer quality product, and great distances from main markets.
Although our wild eels do gain some acceptance on international markets, they do so at
prices that are likely to make eel farming marginal at best, and probably uneconomic.

As of I September 1994, four freshwater fish farming licences include authority to farm eels,
two in the Auckland area, one in Nelson/Marlborough and another in North Canterbury. As
far as I was able to ascertain from consultation with these operations, none of them is
presently farming and marketing eels successfully and economically.

11.3 Black flounder

Flatfish culture is undertaken in several parts of the world but always in sea water, where
a better quality product is likely. Little interest has been shown in farming our fresh water
black flounder (Rhombosolea retiaria- family Pleuronectidae). They are caught from l-ake
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Ellesmere by commercial fishers, and are sold in large numbers in Canterbury, but they

appear to be amongst the least favoured of any of the local species of flatfish and, especially

when abundant, sell on the retail.market at prices that would seem likely rapidly to scuttle

any commercial aquaculture. Furthermore, supply, at least in canterbury, varies greatly,

as populations in lake Ellesmere fluctuate in response to differences in recruitment.

Recruitment is controlled, in part, by when I-ake Ellesmere is open to the sea to allow

immigration by juveniles. If recruitment is good, numbers of flounder in l¡ke Ellesmere may

be prodigious two or three years later, when black flounder become so abundant that there

is a glut on local markets and they are scarcely economic to catch and market. Black flounder

are probably not sufficiently favoured to make it economic to ship them far out of

Christchurch to other large population centres, and perhaps this speaks for itself'

Very little is known about the natural history of the black flounder. It is thought to breed

at sea, probably in winter. Tiny juvenile black flounder, probably only recently

metamorphosed from a small plankter that swims upright with eyes on each side of its head

to a benthic animal that lies on one side with both eyes on the other side of the head, are

found migrating into coastal rivers and lakes during spring. In view of the rudimentary state

of knowledge of the species, its immediate potential in aquaculture is low-there would be

much technology to develop. Moreover, in view of its lack of preference amongst fish

species available on fish markets, the likelihood of it's attracting attention for commercial

aquaculture is probably also low. The need for the fish to both undergo a radical

metamorphosis at the post larval stage (as in all flatfishes), and to move from a saline to a

freshwater environment, introduce complexities into successful aquaculture that are likely to

result in mortalities that will only add to the diff,rculties and costs of successful production.

That these technical problems can probably be overcome is indicated by results of

aquaculture with flathsh species elsewhere in the world. Very substantial effort has been

invested in developing technology for diverse aspects of aquaculture of turbot and sole in the

United Kingdom and Europe (Person-l-æ Ruyot 1990), and many of the technical problems

have been solved; however, these authors concluded that, after about 10 years of

investigation: ,,There is reasonable hope for profit with turbot", though "Intensive rearing

of sole shows little promise", which "explains the dropping of sole from aquaculture

projects". They thought that "profitability of turbot looks possible, but not certain, except

under particularly favourable circumstances".

Some experimental work has been undertaken in Tasmania with the greenback flounder

(Rhombosolea tapirina), which is highly favoured on local fish markets. It is an entirely

marine species common to southern Australia and New Zealand, which is closely related to

the black flounder (Hart 1994).
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Most technical problems have been overcome but these reportedly need refinement.
Artifricial ovulation and fertilisation were accomplished, and though there was concern that
only 50To fertilisation was achieved, high flounder fecundity probably produced many larvae.
These Ítre very tiny (2.5 mm), but could be reared successfully on a diet of rotifers and
commercial diets. Survival from spawning to about day 23, by which time they had
metamorphosed and become bottom-living, was "around líVo". It was concluded that
aquaculture of the species could be achieved though "Very little information on the cost of
production [was] presently available" and its economics therefore untested. Profitable
aquaculture was considered viable only if a high market value could be obtained (Hart 1994).

Given the above experience in both Europe and Tasmania, it is likely that aquaculture of
black flounder in fresh water is technically possible. A problem additional to that for
greenback flounder would be the transfer from sea water to fresh water, as occurs in nature
when the young flounders leave the sea to return to rivers and lakes, though this return
migration may not be obligatory, and an alternative could be to rear black flounder entirely
in sea water. Competition with freely available catches from coastal lakes would periodically
affect economics. The potential for competition could probably be predicted from surveys
of flounder stocks in the lake, though this would be an added cost. Moreover, even if
production could be adjusted to avoid head-on competition with wild-caught flounders, the

expense of undeï-utilised capital investment at such times would add to costs. There seems

little prospect of economic aquaculture of black flounder.

lf-.4 Smelt

Two species of smelt are found in rivers, moving upstream from the sea in huge shoals in
spring and summer (Retropinna retropinnc-common smelt and Stokellia anisodon-stokell's
smelt-family Retropinnidae). The common smelt is commonly landlocked in inland lakes.

While these species were a favoured food of Maori (Hiroa 1921,1926; Best 1929), and are
still taken in a few places (Hubbard 1979; McDowall 1990), they are not seriously hawested
in most parts of the country. Even attempts during the late 1980s to develop commercial
harvesting of Stokell's smelt for sale to Asian communities in New Znaland, or for export
to the PaciFrc islands and southeast Asia (McDowall 1983, 1990) seem to have ceased. They
are also extremely fragile fish that are very difficult to handle without incurring heavy
mortalities. Their aquaculture potential seems very low, added to which the technology to
allow it remains totally undeveloped (at present neither species is gazcttcd as approvcd for
aquaculture, though this could easily be remedied if there was genuine interest). Disfavour
of smelt for consumption derives in part from their strong cucumbery odour, and while this
can be overcome by correct preparation, smelt have little appeal as a food species and their
aquaculture probably can be discounted on this basis alone.
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The common smelt is harvested commercially, in significant quantities, only from the

Waikato River, where it is known as "No. 2" whitebait (Stancliff , et al. 1988) and has both

a much lower market appeal and sells for a distinctly lower price. Having discussed the

potential for aquaculture of Retropinna, and given the much lower prices/demand for "No.

2" whitebait, aquaculture of this hsh is not considered further.

11.5 Whitebait

V/hitebait is the juveniles of five species of Galaxias (family Galaxiidae) that are caught

when migrating into rivers from the sea. V/hitebait fetches prices often exceeding $50.00/kg

on domestic markets, and this, alone, has prompted quite numerous enquiries about the

potential for aquaculture production, over many years. New Zealand's whitebait is nearly

unique in species composition<ther very minor fisheries for some of the same species

(rccur in Tasmania and Chile. rWhitebait in Tasmania is primarily the upstream migrating

adults of Lovettia sealii (family Aplochitonidae), though a proportion of the catch is Galaxias

juveniles (as in New Zealand), and recent attempts to re-establish the fishery (Fulton and

Pavuk 1988) are intended to focus on harvesting the galaxiids rather than Lovettia.

"Whitebait" is eaten in numerous other parts of the world, always involving the consumption

"en masse" of small, usually transparent, shoaling fishes, but involving a wide variety of

families/species of fish. It is unlikely that New Zealand "whitebait" would have ready-made

markets overseas, especially at the very high prices gained in New Zealand. Its favour, even

in New Zealand, is far from universal, and the fish and hshery have some of the elements

of a "peasant, or artisanal fishery" (McDowall 198ac). Thus, initially at least, any

aquaculture of whitebait here would need to be structured around local markets. r$/hether

New Zealand whitebait could ever command the prices overseas that are paid here is a moot

point.

In New Traland whitebait comprises a multisp'ecies fishery, and the species involved vary

in their life histories and behaviours, as well as their market appeal. In statutory terms,

whitebait is the juveniles of five species of Galaxias and one species of Retropinna (i.e.

smelt, see above), as defined in the Whitebait Fishing Regulations 1994 (Regulation

1994:65). Galøxias whitebait, ör what is known as "No. l" in V/aikato whitebait parlance,

comprises the juveniles, migrating into river mouths from the sea, of five species: Galaxias

maculatus-inanga; G. brevipinnis-koaro; G. fasciatus-banded kokopu; G.

argenteus-giant kokopu; and G. postveuis-shordawed kokopu (McDowall 1984c, 1990).

These species are listed in the approximate order of their abundance in the catch, though

their proportions vary widely among regions, a¡nong rivers within any region, and also
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within any river with both season and river condition (McDowall and Eldon 1980).

However, in general, inanga whitebait is the predominant species, often making up ) 95Vo

of catch; it is also the species most favoured for keeping quality, appearance and flavour.
Koaro and banded kokopu are sometimes locally abundant, depending on river and catchment

characteristics, and may occasionally be more common than inanga, as sometimes in the

Motu River, Bay of Plenty (Rowe, et al. 1992'¡. Most of those who have shown an interest

in the prospect of whitebait farming either have had no knowledge of the species involved
in the fishery, or have assumed that inanga is the only species and the one to be considered

for aquaculture.

11.5.1 Inanga whitebait

Primarily because it is the predominant species in the fishery, but also perhaps because of
the preferred quality of its whitebait, inanga îs by far the best studied and most thoroughly

known species in the fishery (Burnet 1965; Benzie l968a,b; McDowall 1968a; McDowall
and Eldon 1980; Mitchell and Eldon n.d.; Taylor, et al. 1992; McDowall, et aI. 1994;

Mitchell 1994). It also has the most flexible habitat requirements, and is more robust in

captivity than any other species (Eldon 1969; Mitchell 1989). Its temperature tolerances are

also higher (preferred temperature l8.l-18.8'C depending on life stage (Richardson, et al.

1994).

Distinctive and pertinent features of the ecology and life history of inanga, in relation to its
possible use in aquaculture, are the following:

Adults mature mostly at age one, during the summer that follows their spring

migration from the sea; a few fish, mostly females, may delay maturation until age

two or even three (Burnet 1965; McDowall 1968a);

Spawning takes place mostly during autumn though it is known to occur during many

months, between at least September and June (Benzie 1968b; McDowall 1968a;

Taylor, et al. 1992). Spawning is in river estuaries, at high spring tides, when

marginal estuarine vegetation is briefly flooded; the fish swim amongst the bank

vegetation and deposit their eggs there, which become stranded when the tide recedes

(Benzie 1968a; McDowall 1968a; Mitchell and Eldon, n.d.). Development takes

several weeks, and the eggs survive in the humid atmosphere of the bank vegetation

until it is again flooded by a later series of spring tides (McDowall 1968a, 1990;

Taylor, et al. 1992);

o
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They are largely semelparous (spawning once and then dying), and there is little
information suggesting signihcant survival of post-spawning flrsh (McDowall 1968a);

The newly hatched larvae, about 7 mm long (Benzie l968a,b; McDowall 1968a)' are

almost immediately swept to sea, and may spend between about 100 and 200, but

usually about 150-170 days, at sea, before returning to fresh water as the familiar

whitebait (McDowall, et al. 1994), at which stage they are caught and marketed;

Those whitebait juveniles that escape capture in the f,rshery penetrate up stream into

low elevation, gently flowing to stationary waters, where they feed and grow over the

following summer, and in general spawn the next autumn (see I and 2 above).

Key aspects of this cycle, with regard to problems for successful aquaculture, are likely to

be:

Maintenance of brood stock to maturity;

Factors that stimulate ovulation and spawning;

Management of egg development and hatch;

Transfer of newly hatched larvae from fresh or brackish to saline water;

Feeding and survival of early larval stages;

Feeding and growth of those larvae/juveniles that survive these processes though to

harvest.

Inanga are easily maintained in captivity, being robust, tractable, sociable, easy to feed, and

they grow and survive well (Eldon 1969; Mitchell 1989). Disease problems do not seem

serious, though high density culture on a large scale may generate problems that are not

evident at the moment. Rearing brood stock to adulthood would be necessary for ova

production in any aquaculture venture, and seems unlikely to create any practical/biological

difficulties. Fecundity in inanga is modest for normal growth patterns with fish reaching 70-

90 mm over the normal summer maturation period (up to about 3000 ova-McDowall
1968a); however, significantly accelerated growth may be possible in captivity, and

fecundities of 5000-6000 for fìsh 100-120 mm long, and perhaps much higher for even larger

adults, are likely.

Inanga will mature and ovulate in captivity, though at present the factors in nature that

control ovulation are not understood. Maturation can be artificially induced with hormone

treatment (Mitchell 1989). This does not usually lead, however, to natural spawning, so that

fertilised eggs must be obtained by hand stripping of ripe fish. An instance is known of
natural spawning in captivity under an environment of artificially generated tidal fluctuations
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(Mitchell 1989), but the precise factors that stimulated this unique event are not yet
identiflred, and captive spawning cannot at present be achieved on demand.

Once fertilised ova are obtained, experience shows that nurturing the eggs through
development to hatch probably poses no problems as long as the eggs are kept moist on an

inert or benign substrate (McDowall 1968a; Mirchell 1989).

The larvae are tiny at hatch (ca. 7 mm), and the immediate practical aquacultural problems

a¡e to manage their transfer from fresh or brackish to salt water, induce successful feeding,
encourage good growth and survival, and maintain high water quality while minimising
mortalities. It has proved possible to transfer and rear some larvae through, though in most
instances when this has been accomplished (McDowall 1968a; Mitchell 1989) mortalities
have been high, and both the number reared and the survival time of most larvae have been

low. The small size of the larvae is a problem because it limits the availability and diversity
of foods that can be plovided. The young fish appear to require live foods, and it is possible

to induce feeding on cultures of brine shrimp nauplii or marine rotifers.

The results of an attempt to develop an aquaculture technology for the Tasmanian whitebait,
Lovettia sealii (which is a distinctly different fish with a different life history, but still
migrates to sea as a tiny larva of comparable size) are. informative in this context. This
project attempted intensive rearing of Lovettia larvae using cultured rotifers/brine shrimp,
with the larvae weaned on to an artificial salmon starter crumble diet at day 45. It also

attempted extensive culture, in which the fish were fed live zooplankton harvested from
nearby seas (Daintith and Quin 1991; Daintith 1992).'While this project wrote with some

confidence of mastering the technological problems involved, no mention was made of
survival rates, let alone the economics. Work has apparently since ceased without application

of its results to commercial or even moderate-scale trial production.

Thus, while, in principle, most of the technological problems apparently involved in the

captive rearing of inanga whitebait seem capable of solution, or can be circumvented by

management practices (such as hormone induced maturation and hand stripping of ova), there

is presently no sense in which the practical problems of successful captive production of
whitebait have been mastered, can be documented, and applied, quite apart from the question

of doing so at commercial scales of production, and economically, generating prohts.

Any discussion of whitebait aquaculture has to be undertaken within the context of the

harvested product weighing about 0.4-0.5 g if growth comparable to that achieved in the

ocean is achieved. Thus production of a kilogram of whitebait involves successful rearing to

about this size of 2000-2500 frsh. The product has to compete on a wholesale market that
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pays Íuound $25-30 a kilogram for the wild-caught product. In addition there may be

problems with the palatability of the product since it cannot be assumed that the quality of
whitebait produced from aquaculture will be equal to that of the wild product-there is at

present no way of knowing how captive reared whitebait will taste, compared with the wild

product. Uncertainties that relate to the technologically and economically successful

commercial aquaculture of whitebait therefore appear to remain very considerable, and it is
hard to imagine any but the most affluent company (or some individual for whom it is a

driving and enduring passion), committing the resources to developing the technology to the

point where even economic trials can be undertaken.

11.5.2 Other whitebait species

Other species of whitebait, listed above, could also, potentially, be candidates for commercial

aquaculture. None of them is preferred as food to inanga whitebait (McDowall 1984c;

1990). All of them are likely to be less flexible and robust in captive rearing. Some, such

as banded kokopu, appear very sensitive to handling, often succumbing rapidly (Eldon 1969).

Several of them are shown to be less tolerant than inanga of elevated temperatures

(Richardson, et al. 1994), and this probably applies to all of them. They also tend to be less

social animals, have cryptic and often highly territorial and agonistic behaviours (Eldon

1969), and in general appear likely to be much more difficult to rear through to adulthood

and sexual maturity, particularly in large numbers and/or at high density. Virtually nothing

is known about their reproductive ecology. They do have an advantage in growing to a much

larger size than inanga and in being iteroparous (repeat spawners), so that obtaining larger

numbers of eggs annually for several years, from those females that can be reared through

to repeated ovulations, will be possible-if handling problems can be surmounted. This

apparent advantage is unlikely to compensaté for the problems involved in rearing smaller

numbers of highly territorial frrsh, by comparison with rearing larger numbers of shoaling,

thoroughly sociable, but smaller, frsh like inanga. Given the present ignorance of the

ecology of these species, any attempt to develop aquaculture is likely to be beset with many

more unknowns and difficulties than those already listed above for inanga.

At present one hsh farm license includes all five whitebait species amongst those for which

approval is held for farming; no other licence includes any whitebait species. Productive and

economic farming of whitebait is not occurring, or even being actively investigated, at

present.

11.6 Giant bully
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Gobioid fishes are highly favoured fish for consumption in parts of Southeast Asia, most

often probably large adults of Asian species of Eleotris. The species exploited are not
dissimilar to New Zealand's bullies (genus Gobiomorpt¡ru-family Eleotridae) and in
principle there appears to be no reason why they should not be used as food in the same way.
Best (1929) found bullies, known to Maori as toitoi, to be of little interest to traditional
Maori exploitation, even in circumptances where a high diversity or availability of palatable

foods was not available. In principle, there is no apparent reason why New Zealand's bullies
should not be used in the same way as eleotrids are used in Asia, and with our growing
Asian population, there could be an increasing demand for such frsh. Of the New Zealand
species, only the giant bully grows sufficiently large to be of much value or interest but even

it is not often taken > 175 mm long and is known to grow to 222 mm (McDowall 1990).

Nor is it known how long it takes to reach this size, but perhaps 5-6 years.

Before any effort is invested in its aquaculture, its palatability needs to be assessed, and its
potential value in competition with other freely available fish species determined. Issues for
resolution in aquaculture, quite apart from flesh quality, include such factors as:

Growth rates-totally unknown;

Tractability (the fish is likely to be highly territorial judging by experience with this

and other bullies), but otherwise probably not difficult to k*p;
Captive reproduction-seems likely to be easily achievable if experience with other

bully species is representative;

Fecundity---egg size is small so fecundity is likely to be high, probably several to

many tens of thousands in large females;

Lanal siz*is likely to be correspondingly very small, probably <5 mm, and

probably a weak point in the aquaculture cycle, though not unable to be overcome if
the economic imperative is demanding.

Bully aquaculture, from this superficial review, seems unlikely to attract much attention; any

move towards success seems most likely to result initially from semi-hobbyist activities

involving non-economically based, backyard experiments by someone with a personal interest

in the f,rsh who has a commitment to developing successful means of keeping and breeding

them.

ll.7 Koura

New Zealand has two species of moderately large freshwater crustracean (Paranephrops

planifrorc and P. novaezealandicus, both known commonly as koura-family Parastacidae,

to which family also belongs the Australian marron, discussed earlier). These two species
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grow to about 200 mm long (though not often, > 150 mm), and so could fill a market niche

in New Traland foods comparable to that filled by large prawns that are imported from

Australia and Southeast Asia, or Macrobrachium produced here. Koura were a food highly

favoured by Maori (Best 1929), and the taking of koura from some of the lakes of the central

North Island is still restricted by statute to Maori. Though, like European and North

American marine lobsters, they are a clawed species (in contrast with New Zealand's

unclawed marine rock lobsters-Jasus spp.), the claws and legs are too small to be of any

value, and the useful meat in koura is confined to the tail. This meat is sweet and firm, and

ranks well with imported prawns, and could easily substitute for the imported product if it
was available in quantities sufhcient to ma¡ket.

Taking of koura from the wild, for sale, is expressly prohibited under the Freshwater

Fisheries Regulations 1983 (Regulation 1983:277-Clause 71):

...no person shall sell or trade or have in his possession for the purpose of
sale or trode any freshwater crayfish or koura @aranephrops sp. J.

Koura are rarely present in the wild in numbers sufficient to either warrant or sustain

commercial exploitation, anyway, though in some lakes of the central North Island, and

occasional South Island lakes, they are common and could be harvested if the law permitted.

Whether these populations could sustain harvesting pressure of the sort that would result from

freedom to commercially exploit them is another question. This question is unlikely to be

tested since at present there appears neither any intention to permit commercial exploitation

nor any signif,rcant pressure to do so.

The high flesh quality of koura has long prompted interest in their use in aquaculture.

Freshwater crayfish are a long recognised and exploited dietary item in Europe and North

America, where there has, for many decades, been an aquaculture industry of varying

degrees of biological and economic success (Karlsson 1977; Jones 1985c). Similar interest

has emerged in Australia and beyond more recently, with marron (discussed above) and its

close relatives the redclaw crayf,rsh (Cherax quadricarinatus) (Medley et al. 1994) and yabbie

(C. destrucror) being species used to develop aquaculture production. These species were

the object of interest in New Zealand, though only marron were ever brought here (see

above), and interest in this species was terminated with the Government's decision that it is
an undesirable species to have in New Zealand waters, even in captivity. Interest in koura

aquaculture began well prior to any proposals to introduced marron, and has resumed since

it became clear that marron was likely to remain unavailable to aquaculture here. Probably

marron came into consideration here when results of experimental work with koura were

discouraging (Johnson 1980; Jones 198la, 1985c) and an alternative was sought.
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Building on his earlier research on the ecology of koura in L^ake Rotorua Devcich (1974)

undertook a prolonged programme of research on the aquaculture of both New 7æaland

species of Paranephrops, including a study of the growth and behavioural characteristics of
hybrids; this work remains unpublished and the results are not available for scrutiny or
application. However, the fact that the work was terminated, apparently without either
production of crayfrsh for local markets or the description of effective and economic
technology of koura aquaculture, indicates that the results were unsatisfactory. During the

late 1970s and early 1980s, the Fisheries Research Division of the Ministry of Agriculture
and Fisheries also carried out experimental trials with koura in association with its work on

eel aquaculture at the Te Kaha eel farm (Jones 1978, l98la,b, 1985a,c; Johnson 1980).

Jones (l98la,b, l985a,b) found that there are no significant, explicit, technical impediments

to successful rearing of koura in aquaculture ponds-everything that needs to be done to
successfully rear koura to a market size can be done with no great difficulty. They can be

induced to mature and reproduce naturally, undergo development, and can be grown to
market size. But there are problems to be overcome, such as slow growth rates (2-5 years

to reach a minimal market size of 100 mm), territoriality, fighting and cannibalism, low
fecundity (20-400 eggs), low fertility, and a very long egg development period (about seven

months at 10-15'C or six months at 20'C). They require hard water with plenty of calcium
to sustain shell growth, need well-oxygenated water, are vulnerable to predators such as rats,

kingfishers, shags and eels, and are'very sensitive to agricultural pesticides. Agonistic

behaviour means that substantial space, and complex within-pond habitat structure, are

needed to keep the koura apart, minimise fighting, and ensure that energy uptake is used for
growth rather than expended by high levels of stress and activity. They are omnivorous

scavengers which is a distinct advantage as it means that they occupy a position low in the

food chain, and can be fed on often freely available, easily obtained, or cheap foods such as

lucerne pellets (Jones l98la,b, 1985a); and the possibility exists of using koura in a

polyculture situation with other fish species, in which the koura would feed on frsh faeces

(Jones 1985a,b). This possibility has not been tested.

None of the problems listed above, in itself, jeopardises koura aquaculture. Some of them

such as slow growth rates, might be mitigated by management of water temperatures and

food regimes, and perhaps also by selective breeding for improved growth rates. Selective

breeding for lower aggression and more passive intraspecifìc behaviours might also be

beneficial. However, together, the diverse suite of problems led Jones (198la, l985a,b) to

conclude, after some quite detailed biological and economic analysis, that though it is

"possible to rear Paranephrops to 35 g under controlled farm conditions, this is clearly

uneconomic if crayhsh are to be the sole produce of the farm". This was on the basis of
analysing the economics of farms of 2000 m2 to 6000 m2, with stocking densities of 20, 50,

80 and 100 adult crayfish per m2, and assuming a 20Vo harvest at two years of age and 80Vo
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at three years. He found marginal profitability for a 6000 m2 farm at stocking rates of 80

animals per m2. In practice, however, he was unable to sustain densities above 20 crayfish

per m2.

Since publication of these results, and undaunted by their pessimism, budding aquaculturalists

have continued to express faith (hope?) in the aquaculture potential of koura and there has

been a steady stream of enquiries about the technology and regulations involved. At the time

of writing, there are four facilities licensed to farm koura, sometimes with much enthusiasm

and confidence being expressed (R. Worrall, Christchurch Press. 5 December 1994).

Despite this air of conf,rdence, at the time of writing, there is no evidence that anything more

than trial marketing has been undertaken, or that this was based' on koura reared from

hatching in captivity. Thus there is no evidence that the problems encountered and described

by Jones (l98la,b, 1985a,c) have been overcome. Three facilities are at present licensed to

farm one or other (or both) of the species of koura.

t2 REVIEW OF EXOTIC SPECIES ALREADY PRESENT

Lz.l European perch

European perch (Percafluviatitis - family Percidae) were amongst the earliest exotic fishes

brought here, being introduced from Great Britain via Tasmania in 1868, having been taken

to Tasmania in 1858 (McDowall 1994). They became quite widely though intermittently

present in streams and lakes around New Zealand (McDowall 1990), and in some areas are

a popular recreational angling fish. Part of this popularity stems from their ftne, firm, white

flesh that those who know it rank highly. Many anglers, however, eschew perch fishing and

are attracted only by the glamour of fishing for "salmonids"; and some are deterred from

fishing for perch by the fact that populations often consist only of large numbers of stunted

fish owing to their high reproductive rates leading to overpopulation.

An absence of obvious candidates available for use in freshwater aquaculture already present

here, as well as the problems experienced by those who tried to introduce new species

(discussed above), led in the late 1980s to a search for possible aquaculture candidates among

non-indigenous species already present in New Ze:lland waters. The perceived high flesh

quality of perch suggested that it might have some market appeal, and therefore some

aquaculture potential, and some early rearing trials were undertaken. These focused

primarily on growth rates, since unless good growth could be obtained, no matter how easy
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the fish might be to manage, it could not be economic to farm the species. This problem was

particularly'acute for perch which is a carnivore, and thus feeds well up the food chain

making it quite expensive to feed. Preliminary work, which ended in mid 1990, demonstrated
very slow growth rates; fry hatched in spring had reached only an average of 5.67 g by the

following September (about l0 months old), with about 2O7o of the stock more than 10 g

(Hopkins and Hawke 1991). This poor result has discouraged further investment in perch

aquaculture, and no work has been undertaken since in New Zealand.

Craig (198Ð summarised information on aquaculture of percids generally. Most interest at

that time was in the use of culture techniques for the rehabilitation of wild populations, so

that the detailed economics of rearing, growth rates, food costs, etc. were of less importance.

He concluded that even for this rather narrow and less explicitly economic phase of perch

aquaculture, there was a need for further research "in many areas including hatching, rearing

[and] selective breeding". The same can probably be said for all aspects of perch culture.

Some work is still going on. Dabrowski and Brown (1993) reported on the rearing of North

American yellow perch (Perca flavescens), a species certainly very closely related to P.

tluviatilis (Thorpe 1977), and discussed its successful rearing in indoor ponds. They noted

strong markets for perch flesh. Flajshans and Gondor (1989-Czechoslovakia), and Goubier
(1990) and Jatteau (1992-both France) reported on some investigations of perch culture but

this was little more than exploratory. While it is clearly possible to rear perch in captivity
from hatching to maturity (Craig 1987; Flajshans and Gondor 1989; Dabrowski and Brown

1993) an aquaculture technology seems a long way from having any economic viability.

One freshwater fish farm, in the Auckland areâ, presently includes perch on its freshwater

fish farming licence.

12.2 Grass carp

The grass carp (Ctenopharyngodon idella - family Cyprinidae) is a very large, herbivorous

carp of high value to aquaculture and the economies of countries in eastern Asia. It
developed an international reputation for assisting in the control of excessive growth of
aquatic vegetation, and this was seen as being of potential value to New Zealand (Waugh

1970; McDowall 1984a). Consignments of grass carp were brought to New Zealand to

conduct trials, first in 1966 and then again in 1971, and stocks of the fish now here are

progeny of this later introduction. Once problems with diseases in the imported stocks were

dealt with (Edwards and Hine 1974), trials were conducted that examined the effectiveness

of these fish in removing nuisance growths of aquatic macrophytes, and their environmental

impacts in New Zæaland conditionS, in both drainage ditches and small lakes (Edwards 1973,
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1974; Edwards and Moore 1975; Mitchell 1977,1980a,b, 1986; Mitchell, et al. 1984; Rowe

1984; Tanner, et al. 1990). However, though a substantial environmental impact report

(Rowe and Schipper 1985; Rowe 1986) concluded that the impacts of grass carp in New

Tnaland drains would be less than that from mechanical or herbicidal removal of these

weeds, and that the likelihood of grass carp naturally reproducing in our waters was very

low, there was considerable and sustained controversy about the use of grass carp in our

waters (Anon. 1976,1982). This included some concern about the loss of macrophytes from

drains on wildfowl (Williams 1984), though these macrophytes would be removed somehow,

so that regardless of the means used, they would be lost to wildfowl. This controversy was

inflamed by the escape of grass carp from confinement in a drainage system owing to the

collapse of a fish retaining screen, and this allowed the f,rsh to enter the lower tJ/aikato

River, the place in all of New Zealand where these fish were most likely to reproduce (even

though this was considered a low likelihood-McDowall l98ab; Rowe and Schipper 1985).

As it transpired, the grass carp do not appear to have reproduced in the river, though for

many yeârs occasional fîsh were caught by eel fishers and others operating in the river

system and its lowland lakes (McDowall 1990).

The controversy about grass carp here, combined with some serious concerns about them in

other lands, particularly North America where they were slowly spreading in some large

river systems as a result of natural reproduction, led to a Government decision to allow use

of only sterile, triploid, grass carp in any trials, weed management, or aquaculture flesh

production. Up to the present time, the commitment to use of only triploid fish has been

sustained, though it is at present under review (Coffey 1993), and may be withdrawn, as a

result of which diploid fish may become available for weed control and aquaculture uses.

This is an important issue for both uses, as the technology that needs to be applied to

produce triploid hsh and certify their triploidy is complex, leads to low fertility, and is costly

(McCarter 1987a,b, 1988), costly enough to make use of grass carp in weed control

marginally economic in some situations, to deter their use generally, and to make use of
grass carp in aquaculture for flesh production probably uneconomic.

In spite of the costs and problems associated with use of triploid fish there has been

sustained, low-level interest in the farming of grass carp. At present four farms are licensed

to farm grass carp. Some of the interest has been to produce fish at a size for stocking into

streams, drains, and small lakes, for the control of excessive growths of aquatic

macrophytes, usually caused by increased nutrient levels in run-off from pastoral agricultural

land. However, some of the interest has also been in producing frsh flesh for human

consumption. Work on aquaculture of grass carp continues at low level, in some measure

awaiting the decision of Government on whether the use of diploid frsh will again be

sanctioned-there is little point in incurring the cost of triploids, with the associated
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expensive equipment needed for certification, if their use is no longer mandatory. Advantages
of the use of gr¡rss carp in aquaculture include that:

They tolerate warm conditions (unlike salmonids);
They have high fecundity, so that once fish are induced to breed there are plenty of
eggs available for on-rearing;
They are herbivorous, and suiøble foods are relatively cheap to produce and freely
available;

In some situations, natural production of aquatic macrophytes would provide sufficient
food, and no artiflrcial feeding may be needed;

They grow rapidly and to a large size (fish over I I kg have been reported in the wild
in New 7æaland);

They are sociable fish with minimal agonistic interactions.

Disadvantages are that:

They require considerable skill and technology to enable captive reproduction;

Though the eggs are quite large (l-2 mm diameter), they hatch in only 18 hours (at

28'C) and the larvae are small (ca. 4 mm);

They can be fussy about what they eat, especially when small (Edwards 1974'l;

They do best in warmer waters, so are likely to be confined to northern locations;

There is not a developed local market for grass carp flesh, so that there would need

to be a vigorous educative process to encourage conservative New Zealanders to
purchase the flesh;

The flesh flavour is considered nothing remarkable, though it is available widely and

is appreciated in eastern Asia, and is regarded as palatable to New Zealand tastes

when smoked-acceptance here may be partly a question of making available methods

for preparation and cooking;

Fillets contain many small bones.

Problems with the reproductive technology relatè mostly to aquaculturalists developing and

applying skills that are already well described and routinely applied in other parts of the

world. Once the question of the use of diploid or triploid grass carp is settled (Coffey 1993),

it remains only to apply known techniques to the breeding of the hsh, to developing the quite

explicit but not complex skills needed to stimulate reproduction, to encourage the

development of markets for grass carp flesh, and to determine whether the economics of
producing and marketing grass carp here are worthwhile, or not. Thus issues that affect the

viability.of grass carp aquaculture are primarily skill acquisition, political/bureaucratic,

economic, and educative, rather than technical. There may be some significant potential here
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in producing grass carp for weed control, and also for flesh production, the latter perhaps

enhanced by the presence of a growing Asian community here. Of course both outcomes

could be achieved in ideal locations-grass carp used for controlling nuisance macrophytes

could then be harvested for sale when they reach an appropriate size.

Four facilities are presently licensed to farm grass carp, but as far as I have been able to

ascertain few of these are doing so actively and commercially at present; the existing

uncertainty about policies with regard to the use of triploid or diploid carp, discussed above,

seems likely to result in the adoption of a "wait and see" attitude both by those attempting

to culture the hsh as well as clients who might want to purchase them and use them for

macrophyte control.

12.3 Silver mrp

The silver carp (Hypophthalmichthys molitrix - family Cyprinidae) is another large,

herbivorous Asiatic carp, but differs from grass carp in feeding on phytoplankton. Silver carp

were brought to New Zealandby the Hawkes Bay Acclimatisation Society in 1969 to evaluate

their performance in alleviating unsightly and troublesome phytoplankton blooms in highly

eutrophic lakes. Like grass carp, they favour warm waters (> 20'C). Unlike the response

to grass carp introduction, silver carp introduction attracted little public attention and their

was no significant public controversy attached to their use. Studies showed that silver carp

could control phytoplankton blooms in a small, very eutrophic Hawkes Bay lake most of the

time, if fish densities were high enough, but that occasionally the phytoplankton population

might proliferate too rapidly for continuous control, especially when the lake thermocline

broke down (as following heavy rainfall), and deep-water nutrients were brought to the

surface. Hopes that in controlling the phytoplankton, the carp would improve habitat quality

in the lake to make it suitable for other game f,rsh, like brown or rainbow trout, were not

realised (Carruthers 1986). As with grass carp, reproduction of silver carp does not take

place in natural waters under New Zealand conditions, and must be stimulated by application

of a well tried and described technology involving hormonal injections. On one hand this

makes them very safe to introduce to natural waters, but on the other makes breeding them

more costly and troublesome. Nevertheless, it is possible with the acquisition of some,

again, quite explicit and well documented but not complex skills. Since the initial work on

silver carp in New Zealand (Carruthers 1986) there has been some interest in their use for

the control of phytoplankton as in L-ake Omapere, in Northland (see Kokich and Swale 1989).

V/ith the prospect that there may be some additional uses for the fish in phytoplankton

control and food production, three fish farming licences presently include silver carp as a

species authorised for rearing and sale. Silver carp are produced for human consumption in

Southeast Asia, and possibly a market for them could be found here, again amongst the
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expanding Asian community in New Zealand. There are no statutory impediments to this.

Again, it is in part a question of educating the public consumer; the flesh is palatable when

smoked, though again tends to have many small bones.

Two facilities are presently licensed to farm silver carp, but I am unaware of any effective

commercial use of these fish here.

12.4 European or common cârp

European or commön carp (Clprinus carpio - family Cyprinidae) is listed here because it
is present in New Zealand waters (McDowall 1990) and has some value as food. However,

it is listed as a noxious species under the Noxious Fish Regulations within the Freshwater

Fisheries Regulations 1983, and as such its culture is unlawful. It is likely to remain so,

although in the lower \f,iaikato River, where the species is very abundant and attracts some

interest from recreational anglers and bow hunters, possession ofdead European carp is not

an offence. This fish is perhaps the most widely cultured fish in the world and has been a

favoured fish for many centuries (McGeachin 1986), particularly in tropical and third-world
countries, where it is an important way of producing protein for the often undernourished

populations.

It is a hardy fish, tolerant of water conditions that would rapidly kill many other fish;

It feeds on detritus and vegetative material that is freely available;

It is tolerant of handling;

It grows rapidly and to a large size;

Natural breeding in captivity is routine.

Thus it has much in its favour as a producer of protein. However, factors against its use in

aquaculture,'apart from statutory impediments, include:

. Its flesh quality is not high compared with other meats available in New Zealand;
o It often has a muddy flavour;
o There Íue many small bones.

As a result of these factors, there are apparently not worthwhile markets even for the

abundance of large carp available in the lower Waikato lakes, though there are special

permits issued.to fishers to allow this and test the markets. Trials at marketing carp alive

taken from the lower Waikato River for human consumption, the use of their flesh as fishing

bait, and once ground finely their use by anglers as burley, have had only limited success

(R.T.T. Stephens, Department of Conservation, Hamiltori, pers. comm.). rWhile the carp is
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classified as a noxious species there can be no question of allowing its culture. Nor is it
listed as a species approved for aquaculture, and this is necessary for its commercial culture

and sale. Its classification as noxious is unlikely to be revoked as long as there are concerns

about potential damage to aquatic habitats, so that the future for use of this fish in
aquaculture is not promising. In addition, the poorer flavour and flesh quality of carp make

economically successful aquaculture a poor prospect.

12.5 Other carps

There are several other carp-like hshes established in New Zealand waters, including tench

(Tinca tinca), rudd (Scardinius erythrophthalmus), goldfish (Carassins auratus), and orfe

(Leuciscus idus_all family Cyprinidae). Some of these are valued quarries of coarse ftsh

anglers (which is why they were introduced and liberated), especjally in northern New

Tr'aland but increasingly also in Canterbury. However, they generally offer poor quality

flesh, such that it is customary for anglers to liberate their catches at the end of a day's

fishing. They cannot be regarded as of significant importance for aquaculture, certainly as

far as flesh production is concerned (but see next section).

12.6 Production of fish for the aquarium trade

As in most developed countries, there is a substantial market for fish sale to aquarists and

pond keepers-hobbyists who get pleasure from keeping fish. For many decades this market

was met partly by local production, but in substantial measure from importations. However,

during the early 1970s there was growing concern about the potential for imported fish to

bring exotic diseases and parasites with them; in addition there was a belief that other species

of fish were deliberately being imported amongst large consignments of goldfish. To combat

these two problems, importation of goldfish was made much more difficult. Instead of
importation being freely allowed for the retail market, special and explicit permits are now

required under the Animals Act 1967, and importations of cold water fishes (those considered

likely to be able to live in the wild in New Zealand), were restricted largely to brood stock

for fish breeders. Restrictions on the importations of goldfish created a larger market for

locally produced fish, opening up opportunities for fish breeders. There are now many of
these throughout New Zealand.

Statutory control over people breeding goldfish for sale created anomalies under the Fisheries

Act 1983 and Freshwater Fish Farming Regulations 1983. There were two problems.

Firstly sale of any fish (other than whitebait) taken from New Zealand hsheries waters,

without a commercial f,rshing licence, is prohibited by the Clause 96 of the Act. Fisheries
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waters includes 'All internal waters of New Zala¡d"-Fisheries Act 1983, Clause 2:

Interpretation. Strictly interpreted, this meant that even a child who bred some goldfish or
guppies in a pond or aquarium could not lawfully sell them to a local pet shop. Moreover,
the Freshwatei Fish Farming Regulations 1983, Clause 4(2) stipulates that:

No person shall process or deal in any produce of afishfann ercept pursuant

to afish-farm licence, or e licence to process or deal in the produce of afish

farm....

A fish farm (Clause 2: Interpretation, in the Freshwater Fish Farming Regulations 1983) is

defined as:

...any establishment...licensed under these regulatiotts to capture, raise,leed,
release, process or deal infishfor sale.

Clearly, there is a continuum from:

The scenario mentioned above of a child selling a few guppies or goldfish;

Through serious fish fanciers who raise fish for their own pleasure and may or may

not sell some or many of their fish either through a network of other fish fanciers,

or through a local pet shop, or even by making stock available generally to pet shops;

To a large establishment set up with clearly commercial objectives of producing fish

for the aquarium/pet shop trade.

It would seem that, under a strict interpretation of the statutes, all of the above need a Fish

Farming Licence. This perspective is reinforced by two recent statutory changes. One was

a change to the Freshwater Fisheries Regulations 1983 that was gazetteÀ in 1986 to exempt

goldfish from restrictions that apply to the transfer of living, freshwater aquatic life between

the North and South Islands of New Zealand (Regulation 19861197). Clearly, then, a legal

interpretation was that domestic goldhsh were covered by provisions of the Freshwater

Fisheries Regulations 1983. The other amendment was a provision in the Fisheries

Amendment Act 1993 (No. 67) in which it is stated:

(Pan IVa, 67 (j) (I )): No person shall farm any fish, aquatic life or seaweed,

except under the authority oÍ...
(c) A licence issued under the Freshwater Fish Farming Regulatiow.

In practice, it appears that few, if any, of those involved in farming goldhsh or other

aquarium species do hold such licences, nor are they being required to.
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In the context of this review of freshwater fish farming, then, it is clear that legally, rearing
fish for sale to the aquarium and pet shop trade is aquaculture/fish farming and that there are

opportunities for employment and income generation from this activity. The technology is

largely well developed, and in place, in unlicensed aquarium fish farms all over New
Zraland.

13 DISCUSSION

This review highlights the fact that, apart from salmonid fishes, the scope for aquaculture

using fish species already present in our waters seems very restricted:

It is restricted by the variety of indigenous fish species found in our waters, and by

their apparently very limited suitability for aquaculture. In this regard, New 7*aland
differs from Australia which has a substantially larger freshwater fish fauna (ca.22O

species-Merrick and Schmida 1984; Allen 1989), as well as diverse large

crustaceans. A significant variety of these Australian species appears to have some

potential for aquaculture. Work is being done on such species as barramundi (Lates

calcarifer - family Centropomidae), silver perch (Bidyanus bidyanus - family
Terapontidae), the so-called Australian basses and cods (family Percichthyidae),

various cathshes (families Plotosidae and Ariidae), as well as crustaceans such as

marron, redclaw crayhsh and yabbie (family Parastacidae), discussed earlier. The

likelihood of any of these species being acceptable in New Zea.land waters, and thus

of use in aquaculture, is minimal.

There seem few opportunities, also, for the culture and sale of native fish for the

aquarium and pet shop market. In this regard, also, New Tnaland differs greatly

from Australia where the fish fauna is quite rich in fish species that are highly
favoured by the tropical aquarium trade and hobbyists throughout the world,
particularly with the rainbowfishes (family Melanotaeniidae), some species of which

are amongst the most widely kept aquarium fishes.

New Zealand's freshwater fish fauna largely lacks species with obvious potential value for
either aquaculture or the aquarium trade, although there are some hobbyists who keep native

fish, and there is some talk of developing a trade in these species. However, this seems

largely to be the capture and sale of fTsh taken froní the wild. This activity, too, would seem

to be in contravention of provisions of the Fisheries Act that prohibits the sale of fish taken

from New T,ealand waters without the possession of a permit to do so.
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