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Introduction

Between 1997 and 2000 the Japanese Overseas
Fishery Cooperation Foundation (OFCF) and
ICLARM - The World Fish Centre worked
together in Solomon Islands on a joint program to
develop methods for restocking trochus.
Restocking with cultured individuals is often seen
as an impractical fishery management tool for
trochus due to the expense of the hatchery and
rearing systems needed to raise juveniles to a size
where they survive in acceptable numbers when
released on reefs (Heslinga 1981; Nash 1988; Amos
1991, 1997; Crowe et al. 1997; Lee et al. 1998). The
option of reducing costs by releasing trochus at a
smaller size has also been problematic due to high
rates of predation on juveniles.

It is now widely accepted that the larger the juve-
nile trochus are when released, the higher the rate
of survival (Nash 1987; Castell 1995; Isa et al. 1997;
Lee et al. 1998). Consequently, a priority for
research is to develop methods for producing
trochus of at least 40 mm at low cost. The research
by OFCF and ICLARM tested whether trochus
could be reared effectively to a size > 40 mm in
land-based tanks previously used to rear giant
clam seed, and whether trochus could then be
transferred to the sea cages used to farm giant
clams. An experiment was also designed to test
the hypothesis that hatchery-reared trochus
> 40 mm have acceptable rates of survival when
released in the wild. The results presented here
summarise the full report of the study by Clarke et
al. (2001) and present further details of the move-
ment of trochus after release.

Combined culture of trochus 
and giant clams

The trochus used for this study were derived from
wild broodstock spawned at the joint ICLARM-
OFCF facilities in Solomon Islands in September
1998. The larvae were settled in outdoor one-tonne

fibreglass nursery tanks, where they fed on the
tank walls and on introduced flat polycarbonate
plates covered with sessile diatoms and bacterial
film. After five months, the trochus were trans-
ferred to concrete tanks for polyculture with giant
clams under various treatments. 

After 22 weeks in the concrete tanks, a subset of
trochus of about 30 mm were placed in sea cages
(0.6 m2 with 18 mm mesh) with and without juve-
nile giant clams, Tridacna derasa, under various
treatments. After 18 weeks in the sea cages, the
trochus were a mean size of 46 mm. They were
then transferred to ICLARM’s field station at Nusa
Tupe in Western Province, Solomon Islands for
release into coral reef habitats.

Release method

On 31 January, 20 trochus were released at each of
seven sites on Nusa Nane reef (8°8'S, 156°54'E).
This location was chosen because a preliminary
survey showed that juvenile wild trochus of
40–50 mm occurred on the reef flat, and it is
locally respected as a research area. The seven
sites were 20 m apart, 200 m leeward of the reef
crest, and had substrata ranging from coral bench
to mixed rubble/rocks with varying coverage of
coralline and filamentous algae.

All trochus were measured and tagged prior to
release and placed within a 1-m radius of a central
release point (marked by a rod) near rocks that
provided protection from predators. Every second
day after the release for four weeks, the surviving
trochus at each site were located and their distance
and bearing from the release marker was noted.
This required systematic searching of a site for up
to 45 minutes by a team of four to six people using
snorkels and masks. When all trochus were
located at a site, or the time limit expired, the next
site was searched. When dead trochus were
located, entire or broken shells were collected and
the nature of the predation was recorded.
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If the trochus moved more than 8 m from the
release point they were moved back to the marker
(re-zeroed). This facilitated the location of the
trochus and reduced the risk of attributing unlo-
cated living trochus as mortalities. We tested the
effects of relocation and found that it did not cause
greater susceptibility to predation for relocated
animals. Crowe et al. (1997) also suggested that
readjustment and trauma associated with reloca-
tion of trochus following initial placement on the
reef are not as significant for individuals > 40 mm.

Survival

Four weeks after release 107 (76%) trochus were
retrieved alive, 21 (15%) were found dead, and 12
(8.6%) were missing. Eleven (52%) of the dead
trochus were killed by crushing, i.e. only shell
fragments were found. For the remaining dead
individuals, the shells were intact but five were
occupied by the hermit crab Dardanus lagopodes,
three were being eaten by whelks, and two were
dead and partially eaten. If the tagged individuals
that were missing were actually alive but could
not be located due to crypsis, then survival was as
high as 85%.

The survival of trochus released into coral reef flat
habitats was far greater than recorded by Castell
(1995), or Castell and Sweatman (1997) for trochus
< 40 mm, and for estimates of survival in several
restocking experiments (Hoffschir 1990; Amos
1991; Kubo 1991; Isa et al. 1997). This finding sup-
ports the supposition that a size of > 40 mm may
represent the practical threshold size for release of
trochus in the wild. Previously, 30 mm was
regarded as the most effective size for releasing
trochus to enhance stocks (Nash 1993). Although
the rates of survival we recorded are most encour-
aging, the merit of releasing trochus > 40 mm
needs to be measured against the results of releas-
ing larger numbers of smaller trochus. Economic
modelling, taking into account the advantages of
combined culture with giant clams and similar ini-
tiatives in rearing trochus, is also needed to
demonstrate whether restocking with hatchery-
reared juveniles is a viable management option.

Contemporary restocking theory suggests that the
first few days after release are when the animals
are the most vulnerable; however, the rate of mor-
tality in the first two weeks after release was
slightly less than for the second two weeks, sug-
gesting an almost linear rate of mortality (Fig. 1).
This might suggest that the method of release was
successful in protecting the trochus when they
were most vulnerable, or that they were subject to
a continuing level of vulnerability, potentially per-
petuated by the practice of returning trochus out-
side the 8 m mark back to the release point. The

comparatively good rates of survival would sug-
gest the former.

Movement of released trochus

On the great majority of occasions, released
trochus dispersed immediately towards the reef
crest. This uniform behaviour indicates that the
rearing process did not cause variation in the ini-
tial locomotory response of trochus placed in the
wild, which otherwise might be expected to lead
to increased vulnerability of released animals.
Daily movements ranged from 0 to 24 m per indi-
vidual, however, some trochus often remained
near a rock or patch of rubble for several days. The
mean vector daily movement for 2193 individual
observations (including relocated trochus) was
0.64 m in a south to south-south-westerly direc-
tion. The mean net daily movement per individual
was 1.77 m . day-1.

Movement towards the reef crest appears to be an
inherent behaviour and has also been observed in
release studies in Vanuatu (Amos 1991) and Japan,
although dispersion may become almost random
after a longer period after release (Isa et al. 1997).
However, in one study, migration of wild trochus
from the reef flat to the windward side of the reef
crest occurred at a threshold size of about 65 mm
(Castell 1997). Movement of released trochus
towards the reef crest at smaller sizes may there-
fore be premature and due to influences other
than the size of the trochus.

The effect suggested by these movements is that
hatchery-reared trochus are over-sensitised to
water currents when released, which causes them
to over-compensate for the effect of the wave and
current action and steadily move against the pre-
vailing current, i.e. towards the reef crest. The more
uniform dispersion of trochus after 74 days (Isa et
al. 1997) suggests that, over time, hatchery trochus
become normally sensitised to the directional influ-
ences of current and compensate accordingly.
Presumably this normalisation happens gradually
and could be observed as a reduction in directional
preference in movement by released individuals.
Trochus released in our study showed a strong pat-
tern of movement south over all observations
throughout the term of the study (Fig. 2). The high-
est recorded mean daily movement south was after
the trochus were not surveyed for three days, sug-
gesting that rates of dispersion would increase if
the trochus were not surveyed, and that move-
ments may have been affected by the disturbances
associated with locating trochus and moving those
outside the 8 m mark back to the release point. A
continuous southerly preference that settles down
around 0.9 m . day-1 (Fig. 2) suggests that there has
been some level of acclimatisation to the prevailing
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currents, but still a strong pat-
tern of movement towards the
reef-crest. Wave action and the
predominant direction of the
current might necessitate a level
of movement compensation
that in a short-term study like
this may continue to appear as
an over-compensation, but is in
fact necessary for the animals
under normal circumstances to
maintain some kind of geo-
graphical stasis.

There was also a mean west-
east movement over all obser-
vations of 0.08 m . day-1, indi-
cating a marginal preference
for movement to the west
(Fig. 2). This was potentially
due to site-specific substratum
influences, but not nearly as
strong as the movement
against the prevailing current.

The average distance of the
trochus from the release point
can be estimated in meters as
((Release Radius + (Average
Daily Movement away from
Release Point x Days Between
Surveys))/2), in this case,
((8+(0.64x2))/2) = 4.64 m.  The
average recorded distance
from the marker approaches
this value (Fig. 3), suggesting
that the level of dispersion in
the demarcation zone had not
yet stabilised.

Assuming the tendency with
time towards random direc-
tional movement of the trochus
around the release point (Isa et
al. 1997), half the trochus in a
release should be able to be
located on each survey within
the average estimated radius.
Surveying resource require-
ments for locating the majority
of trochus can thus be esti-
mated based on the constraints
of the number of surveyors,
their rate of searching
(m2 . minute-1), the release
radius (8 m in this experiment)
and days between surveys.
Unfortunately, a minority of
trochus individuals require the
larger investment in search
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(b) West-east movements (west as positive Y axis)

(a) South–north movements (south as positive Y axis)
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Figure 1. Cumulative mortality of trochus >40 mm after release 

on reefs in Western Province, Solomon Islands
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Figure 2. Net daily average direction of movements to the south 
and west by trochus released in Solomon Islands
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Figure 3. Mean distance of trochus from the release markers
(logarithmic trend-line) during a one-month release experiment

in Solomon Islands
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resources. The high-observed variance in the daily
movement of the trochus, and the data we col-
lected, suggest a Poisson distribution of the rates
of dispersion, with a minority dispersing at a far
greater rate. For a full recovery of all trochus in a
release, the necessary search area increases pro-
portionally by the square of the maximum dis-
tance an animal travels between surveys. For prac-
tical purposes, search areas could be based around
the assumed recapture of a majority of animals in
a defined area, writing off an expected proportion
of more mobile trochus that would escape the
defined area per survey. Such a method would
need to assume the stabilised movements of the
released trochus, and results could be influenced
by factors such as subtratum, crypsis, food avail-
ability and currents. 

Although our survey results suggest that there will
be no shortcuts in limiting the area that needs to be
searched for a full account of released trochus, they
help to identify the likely direction and rates of dis-
persion of trochus in a defined environment.
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