












































Collation of Natural History and Ethnobiological
Studies Relevant to Trochus Fishing in King Sound,
Northwestern Australia

K. L. Magro*

Abstract

The aim of this paper is to provide relevant background material for studies on trochus in King Sound
(16°00" to 17°07'S and 123°18' to 123°23'E), including a general description of the area and documentation
of the available meteorological and oceanographical information. Emphasis is given to collating informa-
tion from both European and Aboriginal sources. The climate follows the typical wet (December to March)
and dry (April to November) seasons of the tropics. The warmest months are November to January and high
rainfall occurs from December to March. The Bardi people recognise six seasons during each year accord-
ing to the direction and intensity of the wind and the amount of rainfall and times of resource availability,
particularly marine resources. Waters in King Sound follow a semi-diurnal tide with variations in range be-
tween springs and neaps of up to 11 m. Words associated with tide terminology in the Bardi language are
complex and reflect their detailed knowledge of water movement in King Sound. The trochus fishery ex-
tends throughout the northern waters of King Sound. Trochus are collected from inter-tidal reef platforms
by hand at low tide. King Sound is biologically diverse and culwrally significant. Collation of the previous
research conducted in King Sound provides relevant background material for future research in King Sound.

CONDUCTING research in remote, isolated locations
requires an understanding of factors that are likely to
affect the research. For marine research in particular,
it is important to understand weather conditions and
tidal information as these can affect accessibility to
field sites and the suitability of environmental condi-
tions to support the planned research. The aim of this
paper is to provide relevant background material for
studies on trochus in King Sound. This includes a
general description of the area and documentation of
the available meteorological and oceanographical
information and a description of the King Sound tro-
chus fishery. Emphasis is given to collating informa-
tion from both European and Aboriginal sources.

* Department of Zoology, The University of Western
Australia, Nedlands, W.A. 6009
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Methods

Relevant literature from scientific, ethnobiological
and natural history studies were collated. Addition-
ally, interviews with members of the Bardi Aborigi-
nal Community, Fisheries Department of Western
Australia and other people with a history of conduct-
ing research in King Sound were conducted.

Results

Area description

King Sound is a large inlet extending 145 km by
60 km in the north-west Kimberley region of Western
Australia. It extends from latitude 16°00' to 17°07'S
and from longitude 123°18' to 123°23'E (Australian
Gazetteer 1975). The group of islands at the entrance



of King Sound belong to the Buccaneer Archipelago
(15°57" to 16°12'S and 123°13' to 123°26'E). The
Buccaneer Archipelago contains an extensive island
network of over 100 islands, depending on the tidal
height. The islands vary in size, the largest being
MacLeay Island covering an area of 2400 hectares.
There is a diversity of interesting featurcs on the
islands in King Sound; bird rookeries are found on
the Swan Islands, rock wallabies on Long Island and
rich "iron-ore deposits on Koolan and Cockatoo
Islands (Wright pers. comm.). The islands in King
Sound were formed during the Devonian geological
period (Semeniuk 1986). The climate and biota of
these islands are characteristic of the Western Aus-
tralian tropical biogeographical province. The Bardi
Aborigines reside at One Arm Point (16°26'S and
123°05'E) on the eastern side of the Dampierland
Peninsula.

Meteorology in King Sound

Meteorological information was obtained from the
Western Australian Regional Office of the Bureau of
Meteorology. A weather station was established in
1985 at Cygnet Bay, approximately 5 km west of One
Arm Point at 16°27'S and 123°00'E (1:50000 map
Sunday Island). This station records rainfall, daily
minimum and maximum temperatures and other
meteorological data.

The average monthly minimum and maximum
temperatures are shown in Figure 1. The warmest
months are November to January. The hottest daily
maximum temperature of 34.5°C occurs in December
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and the hottest daily minimum temperature of 24.0°C
occurs in November. The coolest months are June to
August. The coldest daily maximum temperature of
27.5°C occurs in July and the coldest daily minimum
temperature of 14.9°C occurs in August.
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Figure 1. Average monthly minimum (closed symbols)

and maximum (open symbols) temperature (°C)
recorded by the Bureau of Meteorology at Cyg-
net Bay (lat. 16°27'S, Long 123°00'E) from
1985 to 1990.

Figure 2 shows the average monthly rainfall data.
The rain season extends from December to March. The
highest average monthly rainfall is 224 mm in January.
South-east trade winds and northerly monsoons con-
tribute to the heavy, seasonal rainfall which can accom-
pany tropical cyclones and thunderstorm activity. These
meteorological patterns conform to the wet and dry sea-
sons of tropical areas. Low precipitation occurs during
winter months from April to November. The wet sea-
son occurs between December to March and the dry
season occurs between April to November.

Month

Average monthly (bars) and median (lines) rainfall (mm) recorded by the Bureau of Meteorology at Cygnet Bay



The Bardi people recognise six seasons during each
year according to the direction and intensity of the
wind, the amount of rainfall and times of resource
availability, particularly marine resources (Smith
1985). The Bardi people would traditionally use reefs
around One Arm Point during two of the more
favourable seasons: the Iralboo or king tide season,
between March to May, where there is usually no
wind at the start of this season but south east winds
develop in April; the Djalalayi or warming up season,
between August and September, where there are
strong west winds and unusually low tides (Smith
1987). Reefing activities, including trochus collect-
ing, are more likely to occur during these favourable
weather seasons because the low tides exposure large
reef areas and the winds are generally favourable for
small boats.

Oceanography in King Sound

There is very little oceanographic information
available for waters in King Sound. The water in
King Sound originates from Indonesian flow-
through; the “flow of warm, low salinity water from
the Western Pacific through the Indonesian archipel-
ago” (Pearce and Cresswell 1985). There are no water
temperature depth profiles available. Rand Dybdahl
(Formerly Fisheries Department of Western Aus-
tralia) recorded sea surface water temperature from a
depth of 20 m at Deep Water Point, approximately
25 km south from One Arm Point at 16°40'S and
123°05'E. The sea surface water temperature varied
from 30.4°C in February to 24.3°C in July (Figure 3).

The tidal height and range in King Sound are
characteristic of the region. It is a semi-diurnal tide
with variations in range between springs and neaps
of up to 11 m (Australian National Tide Tables
1986). There are few references to measured tidal
elevations within King Sound and there are no tidal
charts for locations within King Sound, except
Derby. The Australian National tide Tables (1986)
allow calculation of tides at secondary ports, such as
Sunday Island, using Port Hedland as a standard
port. These calculations, however, indicate a maxi-
mum tidal range of 6 m for Sunday Island. In the
authors view this under-estimates the actual tidal
range.

Easton (1970) suggested that many islands in
King Sound modify the tides producing variable
changes in tidal amplitude and a time difference of
several hours compared to standard ports in the
Kimberley. The tides and powerful tidal flow domi-
nate the major water currents within King Sound
where there are many narrow straits between the
coastline and the numerous islands. The moving
tides can produce currents of up to 10 to 30 knots
with whirlpools, eddies and vertical walls on the
water surface. The Bardi Aborigines have a highly
accurate and precise knowledge of the oceanogra-
phy in King Sound and the Buccaneer Archipelago.
This knowledge assists navigation of traditional
double rafts, known as Kalwa, throughout the Dam-
pierland Peninsula (Ackerman 1975) and more
recently to navigate boats and dinghies with out-
board engines.
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Figure 3. Average monthly sea surface temperature (°C) recorded from 20 m water depth near Deep Water Point (Lat

16°40'S, Long 123°05'E) between 1982 to 1984,
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AKlif (pers. comm.) recorded tide terminology as
part of a Bardi dictionary that was collated in 1993.
Ganyginy and nalan are Bardi words describing the
two major descriptive components of a tidal regime,
neap and spring tides respectively. However, the
words associated with tides in the Bardi language are
complex and reflect their detailed knowledge of water
movement. A strong spring tide (goorlornoo) can be
dangerous for boating activity because the whirlpools
(jiidid), strong currents (jarrany and loo) and waves
(alalgoord) can carry boats into the ocean, making
boats difficult to move, tipping them over or pushing
them against rocks.

There are Bardi words to describe the movement of
the tides during each cycle, regardless of the tide being
spring or neap. The different phases during each tidal
cycle are useful for different activities. The safest
opportunity for boating occurs with the reduced cur-
rents during the middle tide (between full and low tide)
known as noorrngoorrngoo. Iwooloongan describes a
tide moving in towards a full. Imbooloongij describes a
tide that is nearly full and this is a good time for swim-
ming. A tide at the maximum height (full tide) is
known as boorrnginyjin and when it is going out
towards a low tide it is known as iyoordin. Inyjoordij
describes a low tide which is a good time for walking
on exposed reef flats or fishing off the edge of the reef
flat, although there may be water on the reef flat
(ooloolarridin) before the reef is fully dry. Trochus
collecting often occurs during inyjoordij. A very full
tide (Inoomboorngij) is an especially good time for
reefing activities, including trochus collecting, when
the reefs are “dry” during inyjoordij.

Description of the Trochus Fishery at One Arm
Point

The trochus fishery extends throughout the north-
e waters of King Sound where approximately 60 of
the 350 Bardi community members hold a permit to
collect trochus. A summary of the fishery is given in
Table 1. Trochus are collected from inter-tidal reef
platforms by hand at low tide. This form of collection
is known as dry picking. There is no swimming or
diving for shell, possibly because of poor visibility
and strong tides. Shells are collected during appropri-
ate low spring tides when the reefs are exposed. Fish-
ers suggested the tides are the main influence on
fishing activity and other seasonal variation are less
important. Trochus permit holders get to the inter-
tidal reefs by boats, usually 14 ft outboard-powered
aluminium dinghies. The crew size varies between |

and 5, but is usually 2. The boats are left on the reef
while the crew walk around the reef and gather shells
into 2 gallon buckets.

Table 1. Summary of modem trochus fishery.

Resource species Trochus niloticus

Distribution Unknown accurately

Fishing grounds Northern king sound, buccaneer
archipelago

Catch composition Single species fishery

Annual production Has fluctuated from 135 to 29
metric tons

Fishing boats Aluminium dinghies

Fishing gear Hand gathered (no diving)

Crew on boats 1 to 5 people per boat

Fishing effort Hours spent gathering during
appropriate tides

Fishing season Throughout the year according
to tides

Fishing base One arm point

Management regulations  Only size limits (65 to 100 mm)

Disposal of catch Sold as raw shell or processed
at one arm point

Channel of disposal Through the Community
Council

The shells are processed at the end of a day's fish-
ing to avoid them becoming “stinky”. The fishers
clean the shells on the beach in 44 gallon drums filled
with boiling sea water and then tap the flesh out of the
shell. The shells are then sold to the community coun-
cil, where the sizes are inspected. The shells are
weighed and placed into hessian bags awaiting ship-
ment. One hessian bag contains approximately 70 kg
of raw shell. The majority of shell is exported but a
proportion of raw shell is used at One Arm Point for
polishing and jewellery making.

The only management restriction for the trochus .
fishery is a size limit. The size limit corresponds to
the measurement across the base of the shell from
edge to edge. The size limits have changed over the
last 11 years. The minimum size limit was 64 mm
(2.5 inches) when the fishery first opened (Common-
wealth Gazette 1970). The minimum size limit
increased to 76 mm in 1983 (Government Gazette
1983) and was reduced to 65 mm in 1984 with a max-
imum size limit of 100 mm introduced (Government
Gazette 1984). The 65 to 100 mm size range was
decided by the Bardi Council and the Fisheries
Department.



Trochus are dry picked from exposed reef flats dur-
ing low tide periods in King Sound by the Bardi Abo-
riginal Community (Jones 1986) generating an annual
revenue of $500 000 (Altman et. al. 1993). The fish~
ery at One Arm Point began in mid-1979 when the
Fisheries Department of Western Australia issued a
licence to the Bardi Aborigines Association to collect
trochus. The Bardi Aborigines Association held the
only license to collect trochus in Western Australia
until September 1992 when a second trochus license
was issued to the Lombadina Aboriginal Community
and their joint venture. A third trochus fishing license
was issued in early 1993 to a group of Torres Strait
fishers.

The Bardi Council impose strict penalties on fish-
ers caught breaking management regulations. Fishers
have lost their permits for collecting too many under-
sized shells, so they check shell sizes with special
gauges. The need for appropriate management was
expressed by all community members interviewed.

Discussion

King Sound is biologically diverse and culturally sig-
nificant. The depth of both is unknown due to the lim-
ited studies that have been conducted there. Collation
of the previous research conducted in King Sound
provides relevant background material for future
research in King Sound, and an understanding of the
previous ethnobiological research is useful reading
for anyone interested in working within the aboriginal
communities.

The trochus resource has been harvested over a
long period and has cultural significance to the Bardi
community. Harvesting of trochus in the future is
desired by community members and this will require
a more detailed understanding of the trochus popula-
tions in King Sound. Also, there is a need to investi-
gate the potential for aquaculture of trochus as a
means of both reseeding reefs that have been over-
fished and to support an industry of importance to the
roots and independence of the Bardi people.
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A Review of the Trochus Fishery in King Sound,
Western Australia

C. Ostle*

Abstract

The trochus fishery on the northwestern coast of Australia has a long history of exploitation. At its peak the
fishery produced 135 tonnes of shell in one year. Continued exploitation with increasing size and effort re-
strictions have resulted in the fishery possibly stabilising at an annual production level of 30 tonnes. To
guarantee safe harvest levels of this order stock enhancement and management intervention is required.

THE natural range of trochus or topshell, Trochus
niloticus, extends along the northwestermn Australian
coast approximately between latitudes 3°30’S and
20°30'S.

Viable populations also occur on off shore reef
complexes within that range. King Sound is the only
area of the coast supporting a commercial stock of
trochus. The fishery is located within a 20 nautical
miles radius of position 16°20'S; 123°20'E and
extends across approximately 600 square nautical
miles at the mouth of the Sound.

King Sound

The entrance to King Sound is 30 nautical miles
(52km) wide, contains chains of small silt stone
islands with adjoining and free standing reef areas of
generally the same silt stone composition and coral
with areas of weathering soft quartz-gneiss and
granites.

Extreme twice daily tides provide a range of 6 to
>9 metres and deliver high energy flows of both sea
and estuarine type water to the area through major
flow channels that dissect the mouth. The tidal

* Fisheries Department of Western Australia, PO Box 71,
Broome WA 6725.
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influence is maintained to the mouths of the rivers
that feed into the base of the sound, some 75 nauti-
cal miles (120km) inland.

Water at the base of the sound is subject to a wide
salinity range due to seasonal flooding from the rivers
and the effects of high evaporation rates and exten-
sive tidal flats. High levels of turbidity are also main-
tained in the southern half of the sound and are
influenced by the big silt load of the rivers and high
energy tidal flows across the mud flats.

Little is known of the actual water body move-
ments or rate of exchange occurring in the southern
Sound due to tidal influences. Observations indicate a
low rate of exchange and a high sedimentation level
that limits the establishment of aquatic vegetation or
corals and associated life forms.

The interface zone, between the outer and southern
sections of the Sound, is an area of low to marginal
productivity for trochus, probably due to poor condi-
tions for recruitment and growth.

Coastal areas to the north of King Sound are sub-
ject to turbid conditions and do not support large pop-
ulations of trochus.

The trochus fishery of King Sound is limited to the
high energy tidal, clean sea water movement area that
gives rise to healthy clean reefs clear of silt deposits.
Despite this, the animals still maintain distinct areas
of preferred habitat within the greater area of the fish-
ery that relate more to location in relation to water



movement than to reef type although the latter is
thought to have some effect.

Harvesting

The trochus stock in King Sound is harvested entirely
by the region’s Aboriginal communities with one par-
ticular group, the Bardi at One Arm Point, holding the
main harvesting authorisation. The group purchases
and markets the bulked catch. There are two other
non connected groups holding restricted licenses to
gather shell for value adding and sale within their
communities.

The Bardi authorisation has enabled the commu-
nity to sub authorise a certain number of community
members to gather trochus each year. This arrange-
ment attempts to manage the resource to maintain
viable populations by taking into account seasonal
conditions, the limited technology available and the
wide distribution of the stock.

The number of fishers or collectors has varied over
the years as has the criteria for holding an authorisa-
tion. However, an authorisation has always allowed
for expansion, because family groups often work
under what is regarded as being a single unit of effort
or authorisation.

Trochus has provided the major source of individ-
ual employment and economic return for this commu-
nity group since the late 1970s when the fishery
recommenced after a break of approximately 40
years. The social value of the trochus fishery has been
very high, as it provides self employment, a business
structure and non-welfare dollar returns within the
community.

Production

From a peak of 135 tonnes of shell harvested from a
virgin fishery with no size or effort restrictions, pro-
duction has progressively declined to 30 tonnes last
year, albeit with rigidly enforced size and effort
restrictions. Indications are that this year’s catch
will be of the same order, again with a rigidly
enforced size limit of 65mm and a reduced number
of authorisations.

An annual catch of 40 tonnes had been considered
sustainable. However the failure of some areas to
recover or recruit juveniles is beginning to indicate to
some fishers that areas are being over harvested. As a
consequence, fishers are moving further afield to
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gather shell but this is not an answer to declining
catches.

Harvesting methods have remained constant over
the years, with fishing being confined to searching for
and gathering by hand into buckets when the animals
and reefs are exposed at low spring tides. No diving
has been allowed or used as a collection technique for
harvesting trochus from the submerged reef faces.
This allows the trochus in these areas to remain
unfished while they remain there.

Fishers are beginning to recognise population
decline in areas of previous abundance. As a conse-
quence, the community is now looking at further
reducing the number of authorisations and investi-
gating the possibility of stock enhancement through
reseeding with hatchery-reared juveniles.

Resource Management

Overall management of trochus in Western Australia
rests with the Fisheries Department and that agency is
at present reviewing its policy and options for the King
Sound fishery. Options being considered include:

« areduction in fishing effort

 protection of certain areas or sections of the popu-
lation to maintain a viable brood stock

* raising the minimum harvest size to 70 or 7Smm to
allow more animals to achieve at least one spawn-
ing before capture

 exploring value-adding as a means of reducing reli-
ance on volume to provide maximal financial
returns

« a total yearly catch limitation.

All of these options require the full support of the
fishing community to have the desired effect. Con-
stant supervision by departmental enforcement per-
sonnel and/or community rangers is not possible nor
would it be effective given the extensive area the fish-
ery and consequently the cost of surveillance.

Seasonal environmental conditions such as the
extreme tidal influences and the lack of suitable boats
to continually fish the more remote sections of the
fishery has protected these sections from over exploi-
tation. As a consequence there are areas with suffi-
cient numbers of trochus to provide viable spawning
groups.

Poaching has been a problem in the past and at its
peak certainly influenced population levels on the
islands and reefs in the mouth of the Sound. Odd
instances still occur but this activity is not considered



a major threat at this time. This situation could
change should reseeding lead to the establishment of
large numbers of animals on the reefs.

Conclusion
The trochus population of King Sound is showing

signs of decline and this is probably due to over-
exploitation. It is possible that environmental factors
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are contributing to the decline and may suppress or
limit recovery. These environmental effects may be
short-term and capable of correction through stock
enhancement and/or strict management controls and
interventions.

Hopefully the catch has stabilised again.This will
allow adjustments to be made to conserve the stock
while it still remains economically viable and enable
the development of a better understanding of its
maintenance requirements.



Current Practice and Tradition Related to Trochus
Fisheries in Eastern Indonesia

J. C. Dangeubun*

- Abstract

The only system currently practised in Eastern Indonesia in managing the trochus resource is sasi (closed
area or seasons). Sasi is the traditional system of protecting natural resources, a system banning fishing ac-
tivity in a specific resource at particular areas and periods. Besides regulating the resources, sasi also regu-
lates community relationships by organising and controlling behaviour and attitude. Study of the annual
harvesting of trochus in the last 15 years in Eastern Indonesia indicates that the sasi system by itself is not

adequate to protect trochus resources.

ALL Moluccans are familiar with the word ‘sasi’,
which plays an important role in the traditional way
of managing natural resources in this eastern part of
Indonesia. Everyone in this area knows exactly what
sasi is, how it works in the community, and how far
this system benefits them.

Sasi, (closed areas or seasons) is both written and
spoken regulation to ban the fishing activity of a par-
ticular resource at a particular area and in a particular
period. Besides regulating the resources, sasi also
regulates community relationships by organising and
controlling behaviour and attitude. Related to sasi is
the Lembaga Adat, a community-based board which
elect a suitable person who is given the responsibility
of controlling the operation of the sasi system.

Almost all the coastal villages in Kei Besar harvest
trochus as their main (in most villages the only)
source of cash income. Harvesting trochus is an activ-
ity in which all the families in the village, as part of
the community, fully participate. Although none of
the fishermen in Kei Besar could remember exactly
when they first harvested this resource, they all agree
that trochus exploitation was already taking place
through a number of generations in the past. Previ-
ously the trochus resource was harvested once or

* Marine Resource Management Department, Fisheries
Faculty, Pattimura University, Ambon, Indonesia.
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twice annually. However, in recent years, the fre-
quency of harvesting has been reduced to once a year
or once in two years. This condition applies in almost
all the trochus fishing grounds in Kei Besar.

Like other natural resources, one could expect a
significant reduction in density as well as size distri-
bution of the trochus population in this area. How-
ever, the trochus population in Kei Besar is
considered to be in a healthier condition than any
other trochus population in Maluku. It is believed that
one reason for this condition is that all villages in Kei
Besar strongly practise ‘Trochus Sasi’.

This paper discusses current practice and tradition
related to Trochus fisheries in Kei Besar, Eastern
Indonesia.

Materials and Methods

Ten villages of more than 100 coastal villages around
Kei Besar were randomly chosen as study sites. From
each village, 10% of the population was randomly
sampled for interview and filling in questionnaire
sheets. The questions concerned how sasi is practised
on the trochus resource, the annual harvesting of tro-
chus, the socioeconomic aspects related to the utilisa-
tion of the trochus resource, other sources of cash
income, indigenous environmental knowledge and
awareness and community perception of sasi of the



trochus. All the information was then descriptively
presented and discussed.

Results

In Kei Besar, there are three types of sasi in trochus
resources. First, fishing trochus is banned in particu-
lar trochus fishing grounds for one or two years. In
this type of sasi, other fishing activities are allowed to
take place. However, certain fishing methods usually
practised by local people in collecting small fish and
shell (for example, overturning boulders or rocks) are
not allowed. Second, all fishing activities are banned.
In this type of sasi, no fishing activity at all can be
allowed to take place in this particular area of trochus
population. This is usually applied to the trochus fish-
ing ground which according to local people is the
prime trochus fishing ground or the highest density
trochus population. The period of this type of sasi is
about the same as the first, for one or two years.
Third, fishing is banned to the different trochus fish-
ing grounds, alternatively. In this type of sasi, fishing
trochus is allowed in one or two fishing grounds
while others are closed, then vice versa in the next
period. This fishing banning period is known as
‘tutup sasi’. Regulations and sanctions are set up by
the village leaders for the sasi system.

After the closed period, fishing activity is opened
(called ‘buka sasi’) with an opening ceremony by reli-
gious leaders in the presence of the village leaders and
the traditional institution leaders. ‘Buka sasi’ takes
place for about two weeks to one month. All members
in the community have the right to harvest trochus. In
some villages, there is a small fee for administration
collected from each member who harvests the trochus.
In most villages there is no fee, but they allocate cer-
tain trochus fishing grounds to be harvested only for
village administration purposes, some only for the
church or for other religious bodies in the villages.

In most villages in Kei Besar there is declining
annual production of trochus. This is due to many fac-
tors, including the reduction in the size and density of
the trochus population, the marketing system which
does not allow legal marketing for wild trochus, the
economic pressure which caused ‘sasi’ to open more
often, and other socioeconomic problems such as
migration or young people becoming accustomed to
modern ways.

One of the biggest problems faced by the local
community in maintaining its trochus population is
economic pressure. Most of the village community
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(95%) fully depend on the availability of natural
resources, while the only cash resource for the vil-
lages is from coconuts and trochus. This condition
puts a lot of pressure on the trochus population
because, unlike coconuts which are owned by fami-
lies or at least by clans, trochus is communally
owned. In addition, market demand for trochus
increases while the price of coconut decreases.
Because of these pressures, the sasi system in most
villages has become more tlexible and allows more
frequent trochus fishing during the banning periods.

Discussion

Nationally, the regulation about the conservation of
natural resources and ecosystems is very new (1990),
while regionally, this regulation is already part of life
for the people in Kei Besar from generations of prac-
tising sasi as their traditional way of managing
resources. If the local community is given the choice,
it would rather be regulated by sasi than by national
regulation. Sasi is part of their culture and their iden-
tity, while national regulation is not fully part of com-
munity life activities. One basic reason why the
national regulation is not fully part of community life
activities is that it does not fully spread to all parts,
especially remote communities, in the nation.

In addition, through sasi each person in the com-
munity leamns to acknowledge the communal owner-
ship of the resources. For example, at the opening of
sasi of the particular resource, where all the sasi regu-
lations are withdrawn, the resource will be harvested
by everybody in the community. The harvested
resource will then be divided equally among the
whole community after a small percentage is allo-
cated for village administration purposes. In utilising
the resource each individual in the community has
equal responsibility for protecting the resource.
Besides that, all of the conservation regulations are
applied at the time of harvesting, for example, only
certain sizes can be harvested, or at certain times.

Because sasi is the culture and the identity of the
community, all of the regulations (including its sanc-
tions) will be fully part of its life, to be respected and
abided by by the traditional community. The regula-
tion not to harvest or utilise a particular resource at a
particular area and time will be fully observed by the
community. In this case, sasi is ecologically a very
significant tool in supporting sustainable resources
development in any area maintained by a traditional
community.



Design and Operation of a Land-based Closed
Recirculating Hatchery System for the Topshell,
Trochus niloticus, using Treated Bore Water

C. L. Lee*

Abstract

Saline bore water high in iron was successfully treated and found to be ideal as a source of seawater for a
land-based research hatchery. After aeration, sedimentation and dilution with fresh water, the treated saline
bore water was used successfully to maintain trochus broodstock to produce juvenile trochus in the hatchery
of the Northern Territory University. Wild trochus collected from King Sound, Western Australia were suc-
cessfully translocated and maintained in the closed recirculating tank system developed there. The wild
broodstock spawned and the F; matured and produced F, successfully after 2.5 years, thereby ‘closing’ the
life-cycle. The closed recirculating system was highly efficient in water utilisation and low in labour input.
The system was adequate for producing the juveniles needed for the nutrition and related growth rate and
reseeding studies. Over the three years, several hundred thousand juveniles of different size classes ranging
1-25 mm were produced in the NTU hatchery. Average estimated cost of production for the smaller 1-3 mm

size class juveniles varied <1.0-3.3 cents/juvenile.

THE marine topshell Trochus niloticus forms a small
artisanal fishery in Australia and many Indo-Pacific
countries. Increase in the price of the shell in the last
10 years led to overfishing and serious depletion of
the stock in many countries. As a result, in Indonesia
for example, trochus fishing was banned in 1987
under a decree of the Ministry of Forestry (Arafin and
Purwati 1993). In many Pacific countries and Aus-
tralia, management measures including catch quotas
and catchable size limit (lower and upper limits) at
harvest were implemented, and more recently stock
enhancement of trochus through hatchery-produced
juveniles was considered as one of the options for
sustaining the trochus fishery.

In July 1993, the Northem Territory University
(NTU), Darwin and the University Nusa Cendana
(UNDANA), Kupang, eastern Indonesia were funded
by the Commonwealth Department of Employment,

* School of Biological Sciences, Northemm Territory
University, Darwin 0909, NT, Australia.
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Education and Training (DEET) to commence a joint
research project on trochus hatchery and nutrition
under its Targeted Institutional Links (TIL) Program.
Since trochus was first recorded in the 1980s to
spawn in the hatchery (Heslinga 1980; Heslinga and
Hillmann 1981), numerous papers on the method of
natural spawning and juvenile production have been
published (Nash 1989; Amos 1991; Kikutani and
Patris 1991). All the hatcheries mentioned were based
on flowthrough systems using either untreated or fil-
tered natural seawater; they were mostly sited on
atolls or coral reef islands where high-quality seawa-
ter was readily available.

The NTU hatchery is approximately 1.5 km from
the coast where the seawater quality is at best highly
silty and subject to violent fluctuations in salinities
during the annual monsoon season. Consequently,
seawater obtained directly from the sea is unsuitable
as a source of hatchery water. The hatchery in the uni-
versity therefore sourced its seawater supply from an
underground bore located beside the hatchery com-
plex. This paper reports on the treatment of the saline



bore water prior to its use and describes the closed
recirculating tank system developed for producing
trochus juveniles in the hatchery in NTU using the
treated saline bore water.

Materials and Methods

Water supply and treatment

The NTU hatchery seawater was obtained by drill-
ing an underground bore to a depth of 55 m beside the
hatchery site. Internal diameter of the bore was
146 mm and water from the bore was delivered to the
hatchery via a 50-mm PVC pipe. Its flow was rated at
2.25 Lisecond. The raw bore water has a very high
salinity of 51--52 parts per thousand (ppt), is very rich
in iron and has a low pH (Table 1). It had to be treated
and the iron removed prior to its being used in the
hatchery. The five steps involved in the treatment of
the saline bore water were:

—water was pumped to a circular tank of 12000 L
capacity;

—water was aerated vigorously for 24 hours; during
aeration, the ferrous iron in the water was oxidised
to form precipitate of ferric iron;

—precipitates were allowed to settle for 72 hours to
the bottom of the tank;

—cleared saline water was pumped to a mixing tank
of 9000 L capacity;

—saline water was mixed with tap water until a salin-
ity of 35 ppt was obtained. The water was then
pumped up to an overhead tank which supplied the
entire hatchery complex.

Spawning and larval rearing tank

Trochus were spawned either in rectangular glass
tanks each 800 mm x 570 mm x 470 mm high or in
plastic basins 600 mm x 400 mm x 330 mm high;
each tank was able to hold up to 50 broodstock. The
method of inducing the trochus to spawn in the NTU
hatchery is described by Gimin and Lee (these Pro-
ceedings) and Dobson (these Proceedings). After
spawning, the eggs were transferred to the larval tank
for hatching and for ongrowing to postlarvae (P/L)
and juveniles (Js).

Each rectangular larval tank was made of fibreglass
material and measured 3500 mm x 2000 mm x 900 mm
high. The tank was divided into two compartments, a
smaller filter compartment (SFC) measuring
900 mm x 2000 mm x 900 mm high and a larger
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spawning and P/L and Js rearing compartment (LRC)
measuring 2600 mm x 2000 mm x 900 mm high
(Fig. 1). The two compartments were connected via
two sets of five 50-mm holes drilled through the par-
titioning wall; one set of holes is located at the bottom
and the other two-thirds up the partitioning wall. The
five upper holes allowed up to five 40-mm air-lift
pumps (ALP) to be installed. These were used to cir-
culate the water from the LRC through the SFC.
Water returned to the LRC via the holes at the bottom
of the partition.

Table 1. Quality of bore water supply before and after
treatment by aeration and sedimentation — NTU
hatchery.

Bore water Seawater
Before After

Sodium 16400 10700 10560

Calcium 689 447 400

Potassium 514 339 380

Magnesium 2059 1349 1272

Iron 20 030 0.02

Silica 20 15 8.6

Chloride 30250 20000 18980

Sulfate 4800 2850 2560

pH 6.2 7.8 8.2

Salinity 51 35 35

All ions in ppm, salinity in ppt; before = saline raw bore water;
after = bore water after 24 hours aeration, 72 hours sedimentation
and dilution to 35 ppt.

The SFC served as a biological filter bed and con-
sisted of a ‘false’ bottom filled with layers of graded
shell grits 3-12 mm diameter to a depth of about
400 mm. The coarse shell grits were placed on the
surface of the filter bed with the finer shells placed in
subsequent lower layers. During the period of larvae
rearing, the tank was filled with water to a height of
700 mm thus giving a water capacity (SFC and LRC)
of about 3500 L. Each LRC was able to hold up to
1-2 million eggs although much higher egg densities
had been stocked in the tank.

Water from the LRC was transferred to the biological
filter bed of the SFC by using a series of three 40-mm
ALPs installed via the 50-mm holes located two-thirds
up the partitioning wall. The other two holes are used
to install another two ALPs for closed circulation of
the SFC (Fig. 1). The ALPs pumped water from the
LRC to the SFC via a closed-loop 40-mm PVC pipe
placed on the bottom of the LRC. Approximately
50 8-mm holes were drilled along the closed-loop



PVC pipe at the point furthest from the partitioning
wall. This arrangement allows optimum movement
and efficient filtration of the water in the LRC
(Fig. 1). The water flowed through the filter bed and
returned to the LRC via a series of five 50-mm holes
placed below the false bottom of the filter bed. The
flow rates of the pumps were regulated so that water
passed through the filter bed at least six times a day.
This closed recirculating larval rearing system
(CRLRS) for producing P/L and Js allowed great
flexibility in its operation and was extremely efficient
in producing the juveniles needed.

Results and Discussion

Water quality

The treatment of the raw bore water by aeration to
oxidise the ferrous iron into ferric followed by sedi-
mentation of the precipitate was found to be a cheap
and easy means of removing the high iron content.
After aeration, precipitation and dilution to 35 ppt,
the iron content was reduced to 0.3 ppm which was
found to be acceptable for use in the hatchery. The pH
of the water after treatment had also improved mark-
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Figure 1,
section of SFC.
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Closed recirculating larval rearing and juvenile production system for trochus in NTU; (a) overall view, (b) cross-




edly and all the major ions present in the water were
within the range suitable for growing marine organ-
isms (Table 1). An added bonus of using treated bore
water was the absence of suspended particles, fouling
marine organisms, planktons and organic matters.
The treated water was sterile and could be held in the
delivery system (consisting of 50-mm diameter PVC
pipe) supplying the hatchery for up to a week or more
without deterioration or fouling. In the three years of
using the treated saline bore water to supply the NTU
hatchery, no undesirable side effect or problem was
recorded for the different marine species maintained
in the hatchery, i.e. trochus, barramundi and algae.

Larval tank and system operation

The CRLRS design was found to be adequate for
producing the juveniles needed. It had many features
that made it ideal for producing juveniles of benthic
grazing species such as trochus. The system design
allowed tremendous flexibility in its operation. For
example, trochus were induced to spawn in glass
tanks and the fertilised eggs or trochophore larvae
transferred directly into the SFC where they hatched
into P/L. Alternately, the broodstock were induced to
spawn in the LRC and the fertilised eggs and trocho-
phore larvae gradually air-lifted by the ALPs to the
SFC over 2-3 days before they settled as P/L and
grew on the shell grits in the filter bed of the SFC.
When required, they were harvested and transferred
together with the shell grits to other systems for
ongrowing or experimentation.

If it was preferable to allow the P/L to metamor-
phose and grow in the LRC instead of the SFC, the
system design allowed the LRC to be closed off from
the rest of the system. This was done by simply
switching off the three 40-mm ALPs from the LRC
and turning on the two 50-mm ALPs to recirculating
mode in order to allow the biological filter bed to run
without impairment and deterioration. After the lar-
vae had settled as P/L in the LRC, the SFC could be
reconnected to the LRC to provide the biological fil-
tration function needed to maintain the water quality
in the LRC of the CRLRS.

This CRLRS system reduced the need for manu-
ally handling a large number of eggs, larvae or P/L
and was a valuable labour-saving system for produc-
ing P/L and Js in a high-labour-cost country like
Australia.

Juvenile production

The larvae settled as P/L within 4-5 days after
spawning. At the end of about three weeks,
50 000-100 000 juveniles could be produced. After
this period, food in the form of benthic diatoms grow-
ing on the surfaces of the shell grits was exhausted
and juveniles suffered an increasing rate of mortality.
By week 10, the highest number of juveniles recorded
in the LRC was 11 900 (Table 2).

To reduce mortality and to improve growth rates,
soon after 2-3 weeks the juveniles growing on the
shell grits in the SFC needed to be dispersed into the
LRC, where a larger growing area and food were

Table 2. Hatching rate and larval settlement of trochus induced to spawn in the NTU hatchery.

Spawning Fecundity Survival to settlement  Survival to 3 weeks  Survival to 10 weeks
(%)

5/9/93 >3 000 000 82.0 50 000? ¢

3/8/94 750 000 70.5 d d

8/8/94 250 000 83 105 000 11 900

24/11/94 50 000 71.4 d 1 700°

16/8/95 13000 000 mostly died® d 2700

12/11/95 1 600 000 72 57 000 9 500

3 Very high settlement and survival; more than 50 000 after 3 months; no accurate record kept; 50 F| juveniles reared to maturity and most of

them spawned on 12/3/96.
b Numbers after eight months.

€ Spontaneous mass spawning resulting in overstocking and subsequent fouling of water.

No sampling carried out.
Fecundity rounded up to the nearest thousand.

Survival to settlement (%), survival to 8 and 13 weeks, rounded up to nearest 0.1%.
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available. This was easily achieved by collecting and
transferring the shell grits (together with the attached
juveniles) manually to the LRC. The production and
growth of the benthic diatoms, e.g. Nirzschia sp. and
Navicula sp. in the LRC were accelerated by inocula-
tion with diatom culture followed by fertilisation. Ini-
tially, the hatchery used fibreglass plates to provide
increased surface area for growing diatoms. This was
discarded when it was found that Js grown on plates
in the hatchery were not adapted to grazing on coral
rubbles. It was observed that these Js avoided using
the coral rubbles as their habitats. Consequently, the
hatchery design was improved by replacing the fibre-
glass plates and introducing large coral pieces and
coral rubble into the LRC and fertilising and inoculat-
ing them with diatoms before the newly settled P/L
were released.

The NTU hatchery used a commercially available
water-soluble fertiliser Aquasol™ applied at a rate of
up to 10 ppm weekly to the rearing tanks. Aquasol is
a fast-acting soluble fertiliser with added trace ele-
ments developed for the horticulture industry; its
composition is given in Table 3.

Table 3. Chemical composition of the commercially
available Aquasol™.

Composition (%)

N as mono-ammonium phosphate 1.8

N as potassium nitrate 2.6

N as urea 18.6

Total P as mono-ammonium phosphate 4.0

K as potassium nitrate 7.8

K as potassium chloride 10.2

Zn as zinc sulfate 0.05

Cu as copper sulfate 0.06

Mo as molybdenum as sodium molybdate 0.0013

Mn as manganese sulphate 0.15

Fe as sodium ferric EDTA 0.06

B as sodium borate 0.011

Maximum biuret 0.40

Using the CRLRS developed in NTU, a few hun-
dred thousand 2-25 mm juveniles trochus were pro-
duced over the last three years. Many were sacrificed
for nutrition studies, some were used for reseeding
research in King Sound, Western Australia, a few
were kept to produce future broodstock, and the rest
preserved in formalin for further studies. It was
encouraging to record that the 59 F; bom in the NTU
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hatchery in September 1993 matured and spawned in
March 1996 to produce viable F,, thereby closing the
trochus spawning cycle in the CRLRS of the NTU
hatchery.

Cost of production

The estimated cost of producing small (1-3 mm)
and medium (6-10 mm) size classes of juveniles are
given in Table 4. The production costs are derived by
using the following assumptions.

—The large fibreglass tank can be used six and 2.4
times a year for the small and medium size juve-
niles respectively with the value depreciated to
zero over five years.

—Cost of fibreglass tank plus fittings is calculated to
be $2500.

—The two glass spawning tanks can be used six
times a year with the value depreciated to zero over
five years.

—Cost of glass tanks plus fittings is calculated to be
$300.

—Cost of fertiliser Aquasol™ applied at a dose of
five ppm is $1.50/month.

—Power supply is estimated at $12/month.
—Water supply is estimated at $10/month.
—Labour 10 hours/month at $20/hour.

—1-3 mm size juveniles required one month to pro-
duce and 6-10 mm size juveniles required six
months to produce.

Based on the calculations given in Table 4, depend-
ing on the size of the juvenile, the estimated produc-
tion cost may be as low as 0.7 cents for 1-3 mm size
individuals, increasing to 29-71 cents/juvenile for
610 mm size class juveniles.
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Table4. Estimated production costs for 1-3 mm and 6-10 mm size-class juvenile at different densities.
Descriptions Production cost ($) Production cost ($)

(1-3 mm size class) (610 mm size class)
Items 10 000/tank 50 000/tank 2000/tank 5000/tank
Fibreglass tanks 83.30 83.30 250.00 250.00
Glass tanks 10.00 10.00 10.00 10.00
Fertiliser 1.50 1.50 7.50 7.50
Labour 200.00 200.00 1000.00 1000.00
Power 12.00 12.00 60.00 60.00
Water 15.00 15.00 75.00 75.00
Miscellaneous items 10.00 10.00 25.00 25.00
Total: $331.80 $331.80 $1427.50 $1427.50
Cost/juvenile $0.033 $0.007 $0.71 $0.29
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A Hatchery for the Topshell (T. niloticus)
in Eastern Indonesia

Sigit A. P. Dwiono, P. C. Makatipu and Pradina*

Abstract

The topshell (Trochus niloticus L.) is one of the most valuable marine resources in Indonesia. Due to its
fishing pressure, trochus is categorised as a threatened species. In order to enhance its population, seed pro-
duction of this topshell was initiated in eastern Indonesia in 1994.

Seven batches of trochus have been produced artificially. Strong aeration followed by UV-treated sea-
water is shown effective to induce the broodstock to spawn. The larvae and juveniles are fed mainly on a
cultured sessile diatom, Navicula spp. Growth rate is relatively high but the survival rate is low.

In spite of good growth of the seeds, improvements in the rearing techniques of this species are needed.
The result of the seed production techniques is presented and discussed.

TOPSHELL (Trochus niloticus) is an important marine
resource in eastern Indonesian waters because of its
valuable mother-of-pearl shell. During the last two
decades, fishing was very intensive and endangered
its natural population (Arafin 1993). This situation
has occurred in all Indonesian waters. Accordingly,
the Ministry of Forestry declared a ministerial decree
No. 12/KPTS-1I/1987 which prohibits any form of
exploitation and trade of the topshell.

In spite of the decree, illegal fishing still occurs,
especially in regions where the traditional regulation
‘sasi” was not strictly applied. The catches are mar-
keted under ‘miscellaneous mother-of-pearl shells’.

The need of fishermen of a valuable marine
resource and of government policy to protect this spe-
cies has created a conflict of interest. To solve this
conflict, the Directorate General Forest Protection and
Nature Conservation (PHPA) — Ministry of Forestry
decreed No. 07/KPTS/DJ-VI/1988 mentioning that
protected species may be exploited and traded if they

* Division of Marine Resources, R&D Center for Oceanol-
ogy, Guru-guru, Poka-Ambon 97233, Indonesia.
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are produced from culture. Correspondingly, research
institutions and private enterprises are encouraged to
initiate the culture of protected species.

Division of Marine Resources, R&D Center for
Oceanology, Indonesian Institute of Sciences has
been granted a three-year research project on the cul-
ture of the topshell (Trochus niloticus L.). The
research was initiated in April 1994 and aims to find
and promote seed production techniques.

Work on seed production has been reported previ-
ously (Heslinga 1980, 1981; Heslinga and Hillmann
1981; Heslinga et al. 1983; Nash 1985, 1988, 1993;
Amos 1991; Kikutani and Patris 1991). This paper
describes results in the hatchery of T. niloticus L. in
Ambon (Eastern Indonesia).

Materials and Methods

Marine culture facility

Division of Marine Resources, R&D Center for
Oceanology is situated in Inner Ambon Bay (3°34'S,
126°36’E), Ambon Island, eastern Indonesia. The
Experimental Mariculture Laboratory consists of a



seawater pump, three successive sand filter tanks
and two reservoir tanks (35 m? and 50 mS). Due to
limited depth, the pump can be operated only during
high tides. The culture tanks consist of six 2.25 m’
rectangular fibreglass tanks, five 3 m® cylindrical
fibreglass tanks, five 3 m cylindro-conical fibre-
glass tanks and two concrete rectangular tanks of
5m? and 10 m®. Annual variation of seawater salin-
ity ranged 30-34 ppt, while water temperature in
tanks ranged 28-30°C.

Broodstock collection

The broodstocks were collected by skindiving or
scubadiving from various locations where the natural
population is abundant: Kei Islands, Rhun and Hatta
islands (Banda islands), Nolloth and Sirisori Islam
(Saparua Island). The minimal basal shell diameter of
the broodstock is 60 mm. The broodstock were
tagged with numbered PVC rings and released on reef
flats in Sirisori Islam, Morella and Liliboi (Ambon
Island). These seashores are the natural habitat of the
topshell. A total of 979 individuals was tagged and
used for spawning experiments.

Induced spawning techniques

In each spawning experiment, the broodstock were
brought into the laboratory. They were cleaned of epi-
phytic biota by brushing the shells vigorously.
Induced spawning was conducted by putting the ani-
mals in small plastic jars containing filtered UV-
treated seawater which was aerated strongly for
6-8 hours. In the evenings, the broodstock were
moved into 2.25 m? fibreglass tanks containing fil-
tered UV-treated seawater. The animals were left
without aeration in the tank for spawning in darkness.
If spawning was not obtained, the aeration treatment
was repeated the following day or two days later.

Larval and juvenile rearing

Spawned eggs were left for at least 10 minutes in
the spawning tank to permit fertilisation to take place.
The eggs were then collected in a sieve of 60 um
mesh size, then rinsed by flowing filtered seawater.
During the collection and rinsing the eggs, the bottom
of the sieve was kept in a shallow plastic container to
prevent physical damage to the eggs. The eggs were
then moved into rearing tanks containing cultured
sessile diatom prepared previously or hatching tanks
filled with filtered seawater. In the latter, swimming
pediveliger were usually found 40-48 hours after fer-
tilisation. To induce the settlement of these pedi-
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veligers, they were moved to another tank containing
sessile diatoms. The number of eggs was about
200 000 eggs/m3 seawater.

Depending on the number of tanks available, the
stocking density in larval rearing might vary from
25000 to 100 000 pediveligers/ m> seawater. The
density was lowered if food was lacking. Since ses-
sile diatom medium was used in the trochus culture,
replacement of seawater was done only when the
water quality was very poor, otherwise siphoning
was performed regularly. The duration of rearing
was 5-9 months, depending on the availability of
ocean nursery facilities.

Food supply

Sessile diatom of the genus Navicular was grown in
culture medium prepared by mixing the following
chemicals in 1 ton of filtered seawater: 100 g ammo-
nium chloride, 90 mL sodium silicate, 15 g sodium
phosphate, 15 g calcium carbonate and 1 L of metal
mixture. The mixture consisted of 1.93 g iron chloride,
3.88 g manganese chloride, 3.16 g ammonium molyb-
date, 0.83 g zinc chloride, 0.09 g cobalt chloride,
12.35 g boric acid and 27.74 g ethylene diamine tetra-
acetic acid (EDTA) dissolved in 1 L distilled water.
Semi-pure culture of Navicula spp. was then added to
the culture medium. The sessile diatoms are dense
enough to be used 7-10 days later. During the rainy
season from April to September, diatom growth was
promoted by putting two 40W white tubular lamps
about 20 cm above the water surface in the tank.

This method was used mainly during the first
weeks of larval and juvenile rearing. When the juve-
niles attained approximately 5 mm, the tanks were
equipped with coral rubble to increase surface area
and provide shelter for the juveniles.

Ocean nursery

Ocean nursery experiment of trochus juveniles was
conducted in cages 2 m x 2 m x 0.2 m and several
10m x 1 mx 0.2 m (L x W x H) built on reef flat at
Morella, Ambon Island. The cages were made of fish-
ing net of 2 mm mesh. Predators were excluded by
covering the cages with similar net and cementing the
lower part of the sides to the bottom. Twice a week
the fishing net was cleaned using a plastic brush. This
method proved adequate during the calm season
(eastern monsoon). In the rough season (western
monsoon) which occurs September—October to Feb-
ruary-March, wave action tore off the netting from
the bottom. Improvement was made using concrete
bricks of similar size for the cage wall. To increase



the surface area, some hollow concrete bricks were
put in the cage.

Juveniles measuring 8-15 mm were released in
these cages tor several months. The stocking density
was 50 individuals/m?,

Results

Spawning

Spawning usually occurred at night from
2100-2400 hours, most in the fourth quarter of the
lunar cycle (5-7 days before new moon).

A total of 10 synchronous spawnings regrouped in
seven different batches (Tn001-Tn007) was obtained
from 31 August 1994 to 21 December 1995 (Table 1).
High spawning rates occurred mainly in September
1994 and January, March and December 1995 (35%,
38%, 44% and 46% respectively). Female individuals
showed high spawning in March and December (11%
and 17%), while in males it occurred in March 1995
(33%). In September 1994, January and December
1995 the spawning proportion of males was similar,
i.e. 29% of total broodstock induced.

Hatching rate

The hatching rates were recorded for three batches
(Table 2), and ranged 57.25%-73.47%. For Tn006,
the average number of eggs spawned by female indi-
viduals was higher but hatching rate was low com-
pared to other batches. Spawning experiment data
revealed that these female individuals spawned 10
days after the beginning of induced spawning. The

frequent treatment to induce spawning may cause
exhaustion of the animals which consequently
spawned poor eggs.

On the other hand, Tn002 and Tn007 were
spawned on the first and second days of the spawning
experiment. These fit females produced good quality
eggs with high hatching rates.

Table 2. Hatching rate of topshell (T. niloticus) obtained
for three different spawning batches.

Batch code Tn002 Tn006 Tn007
No. of females 5.00 4.00 12.00
spawned

No. of eggs 400 000.00 1616 000.00 2 149 000.00

Hatching rate 7347 57.25 70.23
(%)

Growth rate

The growth obtained for different batches during
larval and juvenile rearing is presented in Table 3,
which shows that growth rate is not consistent from
one batch to another.

For the first three months (12 weeks), Tn002
attained the highest growth rate compared to other
batches, but decreased afterwards. Oppositely, Tn006
showed slow growth during the first months and
reached the greatest size (13.03 £ 2.27 mm) at 6
months old. This inconsistent growth rate (and survival
rate) was due mainly to the shortage of food supply
observed in the rearing tanks. In fact, 20 000 juveniles
of 4-7 mm can graze out the cultured sessile diatom on
the surface of the tank (6.5 m2) within a week or so.

Table 1.  Result of spawning experiment on the topshell (7. niloticus L.) at Experimental Mariculture Laboratory, R&D

Center for Oceanology, Ambon.

No. Batch No. of Date of spawning Spawning
code broodstock Male Female Total

1 TnOO1 67 31/08/1994 13 1 14
2 Tn0O1 55 05/09/1994 16 3 19
3 Tn002 58 31/01/1995 17 5 22
4 Tn003 99 22/03/1995 33 11 44
5 Tn003 148 28/03/1995 4 3

6 Tn004 101 03/04/1995 2 1

7 Tn004 101 04/04/1995 2 2

8 Tn005 155 30/04/1995 5 3 8
9 Tn006 55 28/10/1995 6 4 10
10 Tn007 69 21/12/1995 20 12 32
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Table 3. Growth of basal diameter of T. niloticus obtained for different batches during larval and juvenile rearing phase.

Age (weeks) Batch code
Tn0O1 Tn002 Tn006 Tn007
0 0.28 (0.02) 0.24 (0.01) - -
2 0.33 (0.02) 0.52 (0.08) 0.38 (0.08) 0.31 (0.06)
4 0.78 (0.07) 1.32 (0.10) 1.05 (0.12) 0.79 (0.09)
6 - 2.08 (0.25) 1.23 (0.21) 1.10 (0.14)
8 1.09 (0.11) 2.90 (0.47) 1.75 (0.21) 1.52(0.23)
10 - 4.00 (0.64) 1.96 (0.31) 1.81 (0.29)
12 5.07 (0.73) 5.94 (0.96) 2.40 (0.87) 2.26 (0.56)
14 - 6.16 (0.99) 421 (1.09) 2.82(0.72)
16 7.06 (0.83) 6.36 (1.05) 6.43 (1.22) 4.94 (1.40)
18 6.67 (0.68) 7.68 (1.16) 8.56 (1.80) 6.21 (1.14)
20 - 7.19 (1.26) 10.24 (2.67) 7.13 (1.41)
22 - 8.11 (1.54) 12.51 (2.78)
2 8.27(1.22) 1127 (1.72) 13.03 (2.27)
26 - 12.66 (2.13)
27 12.57 (1.63) -
28 - 13.53 (2.53)
31 20.35 (2.90)
36 24.55 (4.54)

Value in parenthesis is standard deviation from measurement of 100 individuals sampled randomly.

When food shortage occurred, the juveniles began to
creep the wall of the tank beyond the water level.
These juveniles were not capable of retuming to the
water and tended to die the following day. This phe-
nomenon was observed more frequently in tanks con-
taining bigger juveniles.

Ocean nursery

Data from the growth study in the ocean nursery
are not yet available. However, the growth of tagged
individuals grown under laboratory conditions and
those held in cages is presented in Table 4, which
shows that the growth of cage individuals is very high
(20.73 mm diameter and 17.53 mm height) in com-
parison to those grown under laboratory conditions
(8.63 mm and 5.24 mm respectively). Furthermore,
the lower standard deviation of individuals from labo-
ratory tanks may show limitation of food in the labo-
ratory so that individuals were more homogenous.

Discussion

In order for successful activity in aquaculture, there
is basic information to be studied, including the
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availability of broodstock and mature eggs. Due to
intensive fishing during past decades, the broodstock
of trochus was found only in some regions in eastern
Indonesia (Arafin 1993).

Table4. Growth of young trochus (. niloticus L.) grown
for 37 weeks under laboratory conditions and in
ocean nursery cages.

Rearing type Laboratory Ocean
tank nursery cage
Density (individuals/m?) Unknown 48
No. individuals 36 34
Initial diameter (mm) 18.77 (2.48) 23.17 (2.41)
Initial height (mm) 14.86 (1.49) 17.69 (1.85)
Final diameter (mm) 27.40 (2.16) 43.91 (8.85)
Final height (mm) 20.10 (1.80) 35.22(9.84)
Growth
Diameter (mm) 8.63 20.73
Height (mm) 5.24 17.53

Values in brackets are the standard deviation.

In eastern Indonesia a great number of eggs was
obtained in January, March, September and Decem-
ber. Spawning could also be obtained in April,



August and September, but the quality of the eggs
was not as good as during the main spawning season.
In Okinawa (26.5° N, 128° E), the spawning of tro-
chus was possible only from late May to mid-October
(Murakoshi 1991). In New Caledonia, the spawning
of trochus occurred from December to April which
coincided with the warmest months (Anon. 1989).

The next important aspect is information on
induced spawning and rearing techniques. The
present study shows that strong aeration followed by
the use of UV-treated seawater is effective to induce
spawning of the topshell 7. niloticus L. Induced
spawning was conducted successfully 5-7 days
before new moon.

Larval and juvenile rearing techniques were shown
to be applicable. Meanwhile, there are some incon-
sistencies in hatching and survival rates, and growth
rates among batches. Hatching rate in the trochus
hatchery may be related to the improper timing and
technique of induced spawning which resulted in
poor egg quality. Differences in survival and growth
rates are due mainly to food shortage. In order to
increase the production of natural food, corrugated
PVC sheets can be used in the rearing tanks. In
Okinawa, a 2.75 m® tank can produce about 48 600
seeds of 3—5 mm (35.4-45.5% survival rate) in 3-3.5
months (Murakoshi 1991). Limited food may cause
slower growth and a more homogenous size of juve-
niles reared.

This main problem of food supply in the hatchery
is due partly to the lack of appropriate facilities.
When juveniles grow bigger, the feeding rate
increases accordingly and food shortage invariably
occurs. An ocean nursery seems to be a suitable solu-
tion. In Japan, juveniles were transferred into con-
crete tanks built in the reef flat as soon as they
reached 3-5 mm. Since no report is available of this
culture stage, it is difficult to assess the success of this
method, but it seems that these young juveniles are
still too vulnerable.

In the present study, low concrete cages were used
to rear juveniles of 23 mm basal diameter. An ocean
nursery study using juveniles of different size classes
is underway. The preliminary result shows that the
size of juveniles to be reared in this system could be
as small as 10 mm, a size reached by 20-24-week-old
juveniles. Since aquaculture activity is expensive, this
fact is useful because it can be used to reduce operat-
ing costs. Furthermore, by moving the juveniles into
czlges on the reef flat, the hatchery facility could be
used for another batch.
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Current Status of Topshell Trochus niloticus Hatcheries in
Australia, Indonesia and the Pacific — A Review

C. L. Lee* and M. Amos¥

Abstract

Five institutional and one private hatcheries for trochus, Trochus niloticus, are currently in operation. The
research hatcheries are at the Northern Territory University (NTU), Darwin, Australia; the Indonesian In-
stitute of Science (LIPI), Ambon, Eastern Indonesia; Barrany Lompo Island belonging to the University
Hasanuddin in Ujong Pandang, Eastern Indonesia; the Fisheries Department, Port Vila, Republic of Van-
uatu; and Sopu field station at Tonga. The sole private hatchery is on Seram Island, Eastern Indonesia. The
oldest hatchery currently in operation is at Port Vila, in operation since the late 1980s. The other hatcheries
were established in the early to mid-1990s. The hatchery at NTU is unique and uses saline bore water for
its water supply; all other hatcheries pump seawater directly from the sea. It is also the only hatchery cur-
rently in operation using a closed recirculating hatchery system. The other hatcheries use flow-through or
semi-flow-through systems for producing juveniles. All the hatcheries have successfully produced juveniles
in the last few years. It is encouraging that a private trochus hatchery is currently in operation in Indonesia.
It occupies a floor space of 600 m? and is the largest trochus hatchery currently in operation in the world.

SINCE the first successful spawning and juvenile pro-
duction of trochus T. niloticus was reported in Pulau
by Heslinga (1980) and Heslinga and Hillmann
(1981), considerable interest has been generated in
the possibilities of (a) aquaculture of the topshell and
(b) using hatchery-produced juveniles to reseed
depleted reefs or translocate juveniles to virgin reefs
in other Pacific countries. Trochus mariculture is ide-
ally suited to many countries in the Indo-Pacific
region. It is a very ‘forgiving’ species with a rela-
tively simple lifecycle. Other attributes that make it
such a suitable species for mariculture are:

« broodstock are readily collected and maintained in
the hatchery;

« trochus are fecund and spawn the year round,;

« the eggs are lecithotropic and hatch into planktonic
larvae that do not need to be fed during the larval
phase;

* School of Biological Sciences, Northem Territory
University, Darwin 0909, NT, Australia.
t Fisheries Department, Port Vila, Republic of Vanuat.

= the larval cycle is short and metamorphosis and set-
tlement as benthic postlarvae (P/L) are completed
within four to five days;

» once settled, the P/L feed readily on benthic diatoms
and other associated benthic algae and microbenthic
invertebrates growing on the substrates;

< no known diseases of juvenile and adult trochus
have been reported;

« hatchery technology for producing juveniles is sim-
ple and improved methods of inducing the trochus
to spawn are continually being developed;

« trochus are hardy and are readily transported dur-
ing all stages of the lifecycle.

Consequently, beginning in the mid-1980s and
early 1990s, many countries in the Pacific were inter-
ested in establishing hatcheries to produce trochus
juveniles for culture, or for reseeding to enhance
catchable wild fisheries, or to establish new fisheries.

This paper reports on the early attempts to establish
hatcheries in some Pacific countries and on those cur-
rently in operation in Australia, Indonesia and the
Pacific.



Development of Trochus Hatcheries in
the Tropical Indo-Pacific

The Pacific

Not all countries in the Pacific were interested in or
have the technical and financial capabilities to
develop trochus hatcheries and produce juveniles for
reseeding as a management option for fisheries.

Palau

The first successful trochus hatchery in the Pacific
was established in the Micronesian Mariculture Dem-
onstration Center (MMDC) on Palau (Heslinga
1980). Using a flow-through system in 5000 L circu-
lar concrete tanks, several hundred thousand small
juveniles were successfully produced. Since the early
production, the MMDC hatchery has been upgraded
using equipment from the Japanese International
Cooperation Agency (JICA) and FAO-SPADP
projects (Kikutani and Patris, 1991). However,
recently the hatchery work has slowly wound down
due to lack of operational funds (Kikutani 1991).

Fiji

There was no dedicated trochus hatchery in Fiji.
However, the Makogai Mariculture Station in Fiji
carried out two spawning of trochus in 1989 within
its hatchery complex. Its purpose was to produce
enough trochus juveniles to graze and clean the giant
clam tanks within the hatchery complex. Since that
time no serious attempts have been made to establish
a trochus hatchery in the station or elsewhere in the
country.

Western Samoa

Trochus does not occur naturally in Western
Samoa. In 1991, a shipment of adults was translo-
cated from Fiji to Western Samoa (Henrietta 1991)
and some spawned while being held in the Fisheries
Department aquaculture ponds. Unfortunately no
juveniles were produced and no further attempt to
develop a trochus hatchery was made.

Tonga

Trochus does not occur naturally in Tonga. A tro-
chus hatchery was set up at Sopu by JICA as part of
Japanese Government aid to the Ministry of Fisheries
hatchery in Sopu, Tonga. No further details on the
hatchery are available but Kikutani (pers. comm.) has
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indicated that the hatchery is running well in conjunc-
tion with the green snail Turbo marmoratus.

Republic of Vanuatu

Vanuatu is the only country in the Pacific to oper-
ate a trochus hatchery continuously and successfully
since the latter part of the 1980s. The hatchery was
provided by the South Pacific Aquaculture Develop-
ment Project of FAO (FAO-SPADP) and was
upgraded in 1989 and 1992. The hatchery currently
houses two 5000 L rectangular concrete raceways,
one 4000 L fibreglass tank, two 1000 L, two 500 L
and three 100 L polycarbonate tanks. A new exten-
sion, partly funded by the Australian Centre for Inter-
national Agriculture Research (ACIAR) trochus
reseeding research project implemented in 1995, cov-
ering a floor area of about 100 m? is under construc-
tion. The hatchery extension is due for completion in
December 1996.

The hatchery in Vanuatu is supplied with seawater
pumped directly from the harbour of Port Vila into
the hatchery tanks. Where required, the water may be
filtered through a 1-5 um filter bag which is tied to
the mouth of the tap with a strong rubber band.
Spawnings are usually carried out in the 100 L poly-
carbonate tanks although 500 L tanks are used when
more broodstock are available for spawning.

Spawnings are usually carried out during new or
full moon. Selected spawners are crowded in the
spawning tank and during the day at least one change
of water is carried out. Soon after sunset, the water is
changed again and spawning normally occurs soon
after. Under the ACIAR reseeding project, spawning
has been improved and made more predictable by
using heaters to elevate the water temperature of the
spawning tank. A 1-3°C increase in water tempera-
ture is usually adequate to trigger the spawning.

After spawning, the fertilised eggs are rinsed in
clean filtered seawater and released into the 5000 L
concrete tanks for hatching and larval growth. During
this period, gentle aeration is provided and no water
change is needed. After 4-6 days, the larvae meta-
morphose into postlarvae and settle on the concrete
walls and substrates left in the tank. A week later,
water change commences.

In January 1996, three successful spawnings were
carried out and a total production of over two million
eggs was obtained. The juveniles from this spawning
will be used for the ACIAR-funded Trochus Reseed-
ing Research Project involving Australia, Indonesia
and Vanuatu.



Federated states of Micronesia

There is no dedicated trochus hatchery but some
juvenile production took place under the direction of
Stephen Lindsay at the Kosrae hatchery in 1993-94.
The trochus juveniles were used in polyculture with
giant clam juveniles.

Australia

Queensland Fisheries hatchery

The first trochus ‘hatchery’ in Australia was estab-
lished 1982-1984 (Nash 1985) at the Queensland
Fisheries Department field station on Green Island.
The tanks in the field station were set up for holding
fish but were successfully converted on an ad hoc
basis for rearing trochus juveniles. The trochus were
allowed to spawn in glass aquarium tanks supplied
with a continuous flow of seawater. After spawning,
the fertilised eggs were transferred to either 100 L
glass tanks or to 4700 L fibreglass tanks for ongrow-
ing without special care being provided. Sufficient
juveniles were produced using this system for growth
rate study. After 1984, the system ceased to be used
for trochus work and reverted to its original function.

Orpheus Island hatchery, Queensland

The second trochus hatchery in Australia was at the
field station on Orpheus Island and was run by the
James Cook University. It was set up in 1988-89
under the ACIAR-JCU giant clam project. Trochus
juveniles were produced for stocking in polyculture
with giant clams. The hatchery was discontinued at
the end of the clam project but revitalised for spawn-
ing trochus in 1992-93 as a JCU PhD student
research project (Laura Castell, pers. comm.). The
research station has an aquarium system consisting of
glass tanks and large 2500-L fibreglass tanks. Some
of these tanks were used for spawning trochus and the
2500 L tanks were used for rearing juveniles on a
continuous-flow basis. Over two years some
5000—6000 juveniles were produced for research. As
for the Green Island trochus facility, the trochus
hatchery function was abandoned when the PhD
study was completed in 1995.

Northern Territory University hatchery

The only dedicated and specialised trochus hatch-
ery currently in operation in Australia was developed
and established in 1993 at the Northern Territory Uni-
versity (NTU), Darwin under a research grant pro-
vided by the Department of Employment, Education
and Training (DEET) under its Targeted Institutional

Links (TIL) Program. The hatchery is land-based and
obtains its seawater supply from a saline bore. An
efficient and simple closed recirculating system for
rearing trochus juveniles was developed;, a full
description of the hatchery, its management and run-
ning is provided by Lee (these Proceedings). Cur-
rently, the NTU hatchery consists of ten 250 L glass
tanks, seven 3000 L circular fibreglass tanks and ten
6000 L rectangular fibreglass tanks. It is the most
functional and efficient state-of-the-art trochus hatch-
ery in operation in any part of the world.

The NTU hatchery also pioneered and simplified
the spawning of trochus by using aquarium heaters to
elevate the water temperature by 1-3°C to induce the
trochus to spawn. Elevation of water temperature
coupled with 2-3 changes of water is sufficient to
bring about spawning regardless of the phase of the
moon or the time of the year. In addition to spawn-
ing, the postlarvae (P/L) rearing method has also
been improved at NTU. Until recently, all trochus
hatcheries in the Indo-Pacific and Japan used fibre-
glass plates to provide additional surface area for
food production, i.e. benthic diatoms. It was discov-
ered at NTU that this was undesirable as P/L and
juveniles grown on fibreglass plates do not recognise
coral rubble as their natural habitat when released.
Consequently, a new protocol for juvenile produc-
tion was put in place at NTU. This involved setting
up a system where coral pieces and rubbles were
introduced into the larval tank, fertilised and
reseeded with benthic diatoms such as Nitschia sp.
Within 7-10 days, the corals were colonised by the
benthic diatoms, and P/L released into the tank grew
rapidly. For more details on the NTU hatchery, see
Lee (these Proceedings).

During its three years, the NTU hatchery produced
a few hundred thousand juveniles varying 1-25 mm
in size (basal diameter) for growth rate and nutrition
studies. In early 1996, the F; that were spawned in the
NTU hatchery in late 1993 were successfully induced
to reproduce, thereby closing its lifecycle in a land-
based hatchery using saline bore water. The NTU tro-
chus project was boosted by ACIAR in July 1995
when it agreed to expand the DEET project into a fur-
ther phase on reef reseeding research involving Aus-
tralia, Indonesia and Vanuatu. Consequently, the
NTU trochus hatchery has been expanded and will be
in full operation until 1998. Research will continue to
improve the hatchery system between now and 1998.
Long before the end of this period, it is hoped that
Aboriginal interest groups will set up their own
hatcheries in King Sound, Western Australia. NTU



has agreed to transfer the hatchery and grow-out tech-
nologies to the Aboriginal communities in King
Sound.

Indonesia

Ambon hatchery

The first research hatchery for trochus in the coun-
try was established in 1994 by the Indonesian Insti-
tute of Sciences (LIPI) at its regional station in
Ambon, Eastern Indonesia. The hatchery consists of
four 3000 L rectangular fibreglass tanks, an irregular-
shaped concrete tank of about 6000 L capacity and
some smaller fibreglass tanks. Recently, another large
concrete tank of 24 000 L was added. The method of
spawning trochus in LIPI was based on the method
described by Kikutani and Patris (1991). Since com-
mencement, the hatchery has produced many thou-
sand juveniles for reseeding research and related
studies. LIPI is now linked to the ACIAR-funded tro-
chus reef reseeding research and its hatchery opera-
tion will be supported by the project till 1998.

Ujong Pandang hatchery

The second research hatchery for trochus in Indo-
nesia was set up recently by the University Hasanud-
din (UNHAS) at its field station on Barrany Lompo
Island (BLI) which is situated about 10 km off the
coastal city of Ujong Pandang in South Sulawesi. The
field station of UNHAS was built in 1992-93 under
the Marine Science Education Project (MSEP)
funded by the Asian Development Bank.

The MSEP field station on BLI is supplied with
seawater via a twin 90 mm high density polyethylene
pipe with the intakes sited some 100 m offshore from
the station. After filtration, the seawater is pumped to
a reservoir which supplies all the tanks within the
field station complex. In 1994, part of the field station
facility was adopted for spawning trochus.

The facility allocated for trochus consists of
a9000 L rectangular broodstock-holding tank
(75mx1.5m x 08 m high) and a large
rectangular larval rearing tank of 12500 L
(7.8 m x 1.8 m x 0.9 m high). The water in the tro-
chus tanks was changed continuously and estimated
to be at a daily rate of about 80%. Trochus were suc-
cessfully spawned on 10 January 1996 and some
80 000 small (1-3 mm) juveniles are now growing
in the hatchery using the continuous seawater flow-
through system. To encourage algae growth and
increase food production for the young P/L, fertilis-
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ers in the form of urea and ammonium sulfate are
also added regularly to the rearing tank.

Seram Island hatchery

The first private purpose-built commercial trochus
hatchery in the world was established in early 1996 at
Pohon Batu on the island of Seram, Eastern Indone-
sia. Details of the hatchery are summarised below.

Size of hatchery
building

12 m wide x 50 m long

Water source Intake pipe of 90 mm OD black
polyethylene pipe placed some 6 m
below sea level with a sub-sand slotted

intake end

Water supply Seawater pumped and stored in a 50-ton
concrete reservoir tank; reservoir
supplies seawater to the hatchery by
gravity

A small algae and preparation room
measuring 5 m x 8 m is situated at one
end of the hatchery

10 x 1000 L circular fibreglass
spawning tanks, 12 x 3400 L larvae
rearing tanks and 10 x 15 000 L juvenile
tanks

Laboratory

Hatchery

Hatchery system Flow-through system

Juvenile
production

One million 5-8-month-old juveniles
annually (8-10 spawnings/year)

Grow-out system A combination of intertidal pond,

hanging baskets and ocean nursery
Production target 100-300 tonnes/year

The company has been very progressive in its plan-
ning and development by employing suitably quali-
fied consultants and seeking advice from research
scientists involved in this field.

The commercial hatchery was completed in April
1996 and the first spawning achieved in the same
month.

Discussion and Conclusions

Currently seven trochus hatcheries are in operation in
the Indo-Pacific region. There is one in Australia,
three in Indonesia and three in the Pacific.

The purpose-built trochus hatchery in Australia is
based in the Aquaculture complex of NTU. This
state-of-the-art hatchery has been in operation since
1993. The hatchery system used for producing



trochus juveniles is highly efficient in water utilisa-
tion and labour input. Estimated production cost for
1-3 mm size class juveniles varies from <1.0 to
3.3 cents/juvenile. By operating the hatchery tanks on
constant recirculating mode, a minimal amount of
water is used for each hatchery cycle. In addition, the
use of saline bore water to supply the hatchery elimi-
nates the need for filtration of incoming water; the
hatchery is also free of fouling organisms and other
water quality problems associated with using raw sea-
water supply. The hatchery has improved the method
of (a) spawning by using heaters and (b) production
of juveniles by using coral rubble inoculated with
benthic diatoms to enhance food production in the
hatchery tanks.

The three Indonesian hatcheries include a newly
established private hatchery. It is pleasing to see that
private sector investors in aquaculture have taken up
the challenge of establishing a commercial hatchery
at Seram Island, Indonesia. Based on information
available to the authors, the newly established private
hatchery is well-planned, guided by qualified staff
and with a high chance of achieving its set target of
producing a million 5-8-month-old juveniles annu-
ally to reseed the reefs under the company’s control.
The other two government-funded hatcheries produce
juveniles for research only.

There are three trochus hatcheries in the Pacific
and among them, the hatchery at Port Vila, Vanuatu
is perhaps the most active and is undergoing expan-
sion in 1996. The Port Vila hatchery will continue to
produce juveniles for the ACIAR-funded reseeding
research project; surplus juveniles from the hatchery
will be released in selected reefs scattered across the
country.
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A Simplified Method of Transporting Trochus niloticus
Broodstock over Long Distances for Spawning

C. L. Lee*and C. Ostlet

Abstract

Mature trochus broodstocks 65-120 mm in size were successfully transported over long distances from
King Sound, Broome, Western Australia to the trochus hatchery at the Northern Territory University
(NTU), Darwin, Northern Territory. The transport involved travelling 250 km of mostly unsealed road,
overnight in Broome and jet the following moming to NTU, about 1000 km east of Broome. Using the
method recommended, survival rates on arrival at NTU were in excess of 95% and many broodstocks
spawned naturally in the hatchery tanks at NTU. Induced spawnings on the translocated broodstocks were

also successfully carried out at NTU.

IN July 1993, the Northern Territory University
(NTU), Darwin and the University Nusa Cendana
(UNDANA), Kupang, eastern Indonesia were funded
by the Targeted Institutional Links (TIL) Program,
Department of Employment, Education and Training
(DEET) to carry out research work on the biology and
hatchery requirements of the topshell Trochus niloti-
cus (Mollusca: Gastropoda). Preliminary studies indi-
cated that no trochus broodstock were found within
easy access of NTU. The nearest trochus fishery was
in King Sound, some 250 km by road, mostly dirt
track, from Broome, Western Australia, about
1000 km by air west of Darwin.

Over the past 50 years, live trochus broodstocks
have been extensively translocated across long dis-
tances over waters in the Pacific (Asano 1938; Van
Pel 1957; Parkinson 1984; Sims 1985; Gillett 1986
1989; Izumi 1987). Numerous methods have been
employed by these workers to transport their trochus,
e.g. by airfreight in damp sacks placed in wooden
crates, commonly referred to as the ‘dry’ method; in
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flooded skiff and boxes; in circulating tanks on ships;
in plastic bags filled with water and oxygen. A sum
mary of the results obtained by these authors is shown
in Table 1.

The current study was initiated with the view to
developing a consistent and efficient method of trans-
porting trochus broodstocks over long distances by
road and air to NTU, Darwin.

Materials and Methods

General procedures for transporting trochus from
King Sound to NTU

Trochus broodstocks for the project were collected by
the Aboriginal communities in King Sound and trans-
ported by road to Broome. On arrival in Broome, they
were released into a large black plastic mesh cage,
suspended in seawater and held overnight (usually).
The broodstocks were repacked in oxygen-filled bags
(without seawater) and placed in styrofoam boxes for
transportation by jet to Darwin the following morn-
ing. On arrival at NTU, the broodstocks were released
in tanks filled with fresh, clean seawater and used for
spawning in the hatchery. Over the last two years,
beginning in September 1993, 15 shipments



involving 1001 broodstocks were transported to NTU
with a high degree of success.

Collection and handling in King Sound

Trochus broodstocks were collected with the help of
the Aboriginal communities from the intertidal areas
of King Sound Peninsula or from the surrounding
islands.

Aboriginal fishermen collecting broodstock were
asked to follow a simple set of guidelines during col-
lections to minimise stress on the animals:

» collect all the broodstock at one time;

« transfer the trochus to a damp and clean sack as
soon as possible after collection;

 keep the trochus in the damp sack in the bottom of
the boat; keep the bag shaded from direct sun, and
away from dirty and oily water at the bottom of the
boat;

« send trochus to the delivery point as soon as possi-
ble after collection.

On arrival at the collection point, the shells were
kept either in damp sacks or in black mesh cages
(BMC) with mesh size measuring 10 mm x 20 mm
and held under water on a sand-free bottom for up to
24 hours before transport to Broome. Road transport

by airconditioned 4-wheel-drive vehicle from King
Sound to Broome took about 3 hours for a distance of
230 km. Most was over corrugated dirt track.

Three methods of treating and preparing the shells
for transportation by road to Broome were evaluated.
These are summarised below.

1. Adult trochus were removed from the water,
drained and individually wrapped in dry newspa-
per. They were then neatly arranged in layers in a
rectangular plastic basin or ‘Nelly’ bin measuring
60 cm long x 40 cm wide x 35 cm high; each basin
may take up to three layers of trochus placed with
the larger diameter of the shell facing downward,
and up to 80 shells can be transported in one basin.
Prior to placing the shells in the basin, a damp sack
or layers of newspaper were placed on the bottom
to absorb excess moisture and road vibrations. The
basins were kept shaded from direct sunlight dur-
ing the road journey to Broome.
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. Adult trochus were placed in the basin as in method
1 but without being wrapped individually. To
reduce desiccation, after placing the final layer of
shells they were covered with a damp sack or lay-
ers of damp newspaper. The basins were similarly
kept shaded from direct sunlight during the road
journey to Broome.

Table 1. Summary of translocation of trochus — methods and mortality.
Author Transport conditions and duration Mortality
McGowan 1958 Copra bags?; dry for up to 36 hours Nil
Asano 1938 Circulating water tank on ship
2 days Nil
10 days 21%
Van Pel 1957 Wooden crates; dry transport Some;
No figures given
Sim 1985 Recirculating water tank on ship; 38%
wet sacks 100%
Fagolimul and Price 1987  Recirculating water tank on ship Varies 0-36%;
Mean of 8%
Parkinson 1984 Recirculating water tank on ship; up to 5 days 22%
Gillett 1986 Flooded skiff and boxes with 6 hours dry time 2.2%
Dry in trays; up to 133 hours out of water 100%
Plastic bags with water/oxygen; 3 hours out of water Nil

Gillett 1989

Dry in bags and crates with final release using parachutes;
up to 48 hours out of water

Low mortality; no figures given




3. Adult trochus were removed from the water and
transferred to damp sacks, each containing up to 50
shells. The sacks were placed in rectangular plastic
basins as described previously, each basin holding
up to two bags of shells. The basins were kept
shaded from direct sunlight during the road journey
to Broome.

Handling of shells in Broome

On arrival in Broome, due mainly to the difficulty
in getting a same-day air-connection to Darwin, the
shells were unpacked and transferred into a BMC,
each carrying up to 160 animals. The BMC were left
suspended in at least 2 m of water alongside a boat or
the jetty in the Broome Harbour and held overnight.

The following morning the shells were removed
from the BMC and transferred into double-layer
plastic bags lined with newspaper. Depending on the
size of the trochus, 20-40 shells with newspaper
between them were put into each bag which was then
charged with industrial oxygen. Two such bags could
be transported in a foam box 60 cm long x 40 cm
wide x 25 cm high.

Transport time and handling on arrival at NTU

The removal of the shells from Broome Harbour
and packing and preparation for air transport from
Broome to Darwin required up to 2.5 hours for about
100 shells. Flying time from Broome to Darwin is
about two hours and up to 3.5 hours if the plane stops
over in Derby on the way. On arrival, airport clear-
ance may take up to an hour. The shells were there-
fore out of water for a maximum of about seven hours
from Broome to the NTU hatchery.

On arrival at NTU, the shells were unpacked and
placed into holding tanks for quarantine purposes.
Healthy shells were selected and cleaned with a stiff
brush to remove all encrusting fouling organisms
before transfer to the spawning tanks. The spawners
were closely observed overnight and all mortalities
recorded.

Results and Recommendations

It was found that the preparation time for method 1
involving wrapping shells individually in dry news-
paper for transport by road was too time-consuming
and appears to produce no distinct advaniage. Conse-
quently, methods 2 and 3 were adopted for all subse-
quent road transport of broodstocks.
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The results of trials using methods 2 and 3 are
shown in Table 2. During the first eight shipments
where the shells were wrapped individually, no mor-
tality was recorded when the total exposure time to
air was less than eight hours prior to transport by air
to NTU. Similar results were obtained for unwrapped
shells (shipments 9 to 15) when the total exposure
time was less than eight hours. In contrast, when the
exposure to air was more than 16 hours, high mortal-
ity was recorded. The total transport time, up to
96 hours, apparently has no effect on survival as long
as the shells are not out of water for a continuous
eight hours at any one time.

Table 2. Transport of trochus broodstock from King
Sound to NTU.

Trip No.of Outof Transport Transport Survival
number animals water time method (%)
(hours)  (hours)

1 200 6 48 ab 100
2 72 16 48 ab 69.4
3 145 5 48 ab 87.3*
4 18 5 72 ab 100
5 24 5 96 ab 100
6 2 16 24 ab 86.4
7 41 24 24 ab 73.2
8 90 5 21 cd 100
9 27 4 48 cd 100
10 80 5 28 cd 100
11 46 5 48 cd 95.6
12 52 5 24 cd 100
13 94 4 48 cd 100
14 70 4 48 cd 100
15 59 4 48 cd 86.4*

2 Animals individually wrapped with paper for shipment from
King Sound to Broome.

b Animals individually wrapped with paper and packed into oxy-
gen-filled bags for shipment by air from Broome to NTU.

€ Animals held in a group in a damped sugarbag for shipment
from King Sound to Broome.

4 Animals held in a group and packed into oxygen-filled bags for
shipment by air from Broome to NTU.

*Some of the animals were collected at an air temperature of
40°C.

On arrival at NTU, many of the shells were suc-
cessfully subjected to induced spawning experiments.
Details of spawning, juvenile production and the
postlarval rearing system used at NTU are given in
Lee (these Proceedings).



Based on the results it would appear that the tro-
chus broodstocks should not be out of water for more
than eight hours during extended transport over long
distances. If the transport time is longer, the brood-
stocks must be submerged in seawater for time to
recover before being taken out of water for packing
and subsequent shipment. It is therefore recom-
mended that the following procedures be followed for
shipping broodstocks from King Sound to NTU.

Road transport from King Sound to Broome

About 80 shells may be shipped in a rectangular
plastic basin measuring 60 x 40 x 35 c¢m; three layers
of shells may be placed in the basin with the larger
diameter face down. Alternately, up to 40 shells may
be placed into damp sacks; two bags may be placed
into each basin.

Each basin must be lined with layers of newspaper
or damp sack to reduce road vibrations; after packing,
the top of the basin is similarly covered.

The shells must be released into seawater within
eight hours of packing for road transport in King
Sound.

Shipping from Broome to NTU

Depending on the size, between 40 and 80 shells
can be shipped in a foam box measuring 60 cm
long x 40 cm wide x 25 cm high. Each box contains
two oxygen-filled plastic bags; depending on the size
of the broodstocks, each bag can carry between 20
and 40 animals.

The plastic bags used for packing the shell must be
at least 50 pm thick. A double-bag system with a
layer of newspaper between the bags must be used to
prevent the bags being punctured by the pointed apex
of the trochus shells.

A layer of newspaper is placed on the bottom of the
box prior to packing the bags.

The shells must be released into seawater at NTU
within eight hours of packing and shipping from
Broome.
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Reproductive Biology of Trochus niloticus L. from Maluku,

Eastern Indonesia

Pradina, S. A. P. Dwiono, P. E. Makatipu and Z. Arafin*

Abstract

Observation of Trochus niloticus was carried out in Maluku waters to obtain reproductive information.
About 10-20 individuals were collected every full moon from December 1992 to December 1993 in Rhun
Island (Banda islands), and about 15-25 individuals from Nolloth (Saparua Island) every three days be-
tween June and July 1993. Gonad index and oocytes diameter were analysed from three parts of each gonad.

The change of mean gonad index and oocytes diameter showed that the main spawning season of trochus
in Rhun Island occurred from March to June. Those from Nolloth indicated that spawning period was
around full moon. Some observations of the spawning of trochus in the laboratory are discussed here for
valuable information.

Further histological examination of female gonads (ovaries) demonstrated some interesting phenomena.
Gonad condition is more or less similar in every part of each ovary. Mature oocytes were released through
the opening located at the periphery of the conical area, near the connective tissue separating the digestive
gland and the ovary. Oocytes might be spawned even from an immature gonad, suggesting that trochus

spawn partially.

Variation in gonad development among ovaries might indicate that female trochus spawn unsynchro-
nously. Mature ovaries were found mostly in individuals collected from Rhun, while developing stages

were dominant in trochus from Nolloth.

\

MucH information on trochus has been published,
including that in Pacific, Japanese and Australian
waters. The animal became very popular as the fash-
ion industry uses its beautiful shell for buttons. Its
natural population required extra attention due to
some reports on its depletion (McGowan 1957; Hes-
linga and Hillmann 1981; Wells 1981; Arafin 1993;
Hahn 1988).

Some laboratories, namely Palau, Vanuatu and
Okinawa, have been able to produce young trochus.
Still, many reproductive phenomena of trochus have
not yet been uncovered, such as how gametes are
released, how long one reproductive cycle is, what
the most important factors affecting the release of the
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gametes are and what factors cause the variation of
spawning period among different populations.

Reports of reproductive studies are based mainly
on biostatistics (morphometry) and gonad histology
(Rao 1937, Hahn 1993) or through observation of
spawning experiments in the laboratory (Nash 1985).
Combining that information is useful to obtain more
comprehensive information on the reproductive
behaviour of trochus.

Maluku waters apply a customary law called ‘sasi’
(prohibition), which regulates opening and closing
seasons of fishing, and minimum legal sizes of partic-
ular biota. This law was based mainly on socio-eco-
nomics. Therefore a decline in trochus catch in some
regions is still reported while the sasi is still strictly
followed. This study might enforce traditional regula-
tion by supplying reproductive biology information
of the species.





