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SUMMARY

Trochus niloticus is a large marine mollusc exploited for its
nacreous shell. It is an important living resource for New Caledonia,
from which it has been exported for over seventy years. The decline in
trochus captures, after a record harvest in 1978 when 2 000 tonnes were
exported, led the Territory to request ORSTOM to undertake a stock
assessment by means of a systematic sample survey in the lagoon. From
density measurements made at 312 stations, the total biomass and the
exploitable biomass were estimated, for New Caledonia as a whole and
for four main lagoon zones. The results obtained were included in a
cohort analysis which has resulted in a better knowledge of the
fluctuation of the fishing mortality coefficient, for each age class
of the exploited trochus stock. On the basis of the data obtained
from this survey and their structural analysis, a two-stage stock
management strategy has been developed. The initial stage will start
with a capture rate of 100 tonnes per year, gradually rising over five
years to 400 tonnes per year. With the annual harvest kept to around
400 tonnes, the trochus fishery would then enter a "sustained production"
stage that should, according to the model used and unless adverse
climatic factors intervene, allow the exploitable biomass to be main-
tained at an optimum level. It would then be possible to ensure a
regular supply of shells to local processing units, and thus to develop
a small export industry of typically Pacific Island products.
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ASSESSMENT AND MANAGEMENT OF THE TROCHUS RESOURCE
IN NEW CALEDONIA

INTRODUCTION

New Caledonia, which is surrounded by one of the largest lagoons

in the world, is a good reservoir of the Pacific species of trochus

(Trochus niloticus). The shell of this marine gastropod yields one of

the thickest, most resistant, most beautiful mother-of-pearl available

on the world market.

Figure 1 shows fluctuations in trochus shell exports since 1907.

The zig-zag curve reflects the vulnerability of the trochus stock, which

is relatively easy to harvest, even by diving. Two major interruptions

in commercial exploitation occurred, one during World War II and one

during what is referred to as the "nickel boom" of the 60s. The end of

the war and the mining slump in 1973 both gave rise to record trochus

exports as a result of the long periods of stock regeneration.

1. SURVEY OF REEFS AND REEF FLATS SUITABLE FOR TROCHUS
AND ASSESSMENT OF THE RESOURCE

1.1 Field sampling plan

Trochus colonies develop best on hard, creviced reefs and

reef flats, generally consisting of dead coral heads and slabs encrusted

with calcareous algae. This type of biotope is very common in the lagoon

and the area to be inventoried was therefore very extensive.

During a first field trip, the sampling sites were marked out at

random in the survey area, with the number of sites depending on the

size of the reef to be sampled and our survey capability.

On each site, sampling was carried out as follows:

- along a transect: a strip about 2 metres wide was explored by two

divers equipped with a flowmeter generally moving forward and then back

over the same distance to allow for the current. The flowmeter enables

the distance covered to be estimated. The trochus shells were counted

on sight and a sample of sizes was measured.
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- at a fixed station: a circular area with a radius of 3 metres,

centred on a small buoy, was very thoroughly explored to assess the

proportion of trochus shells hidden under coral blocks.

2. RESULTS OF THE SURVEY - DETERMINATION OF BASE DATA

2.1 Methods for calculating base data

2.1.1 Density

On each site, the area sampled was a rectangle having a width

of 2 metres and a length equal to the distance covered along the transect.

The number of trochus collected is converted into number of trochus per

1 000 m2. This figure represents the density calculated for the

station :D.

2.1.2 Measurement of areas

Assessment of the trochus population by numbers calls for an

estimation of the area of reef they occupy.

The areas suitable for trochus were inventoried, their area was

measured by planimetry on marine charts and aerial photos. On a trial

basis, processing of LANDSAT images of three large reefs off the East

coast was also carried out, to identify the biotope suitable for trochus

and estimate its total area.

2.1.3 Trochus numbers and biomasses for the total population
and for the exploitable stock

From known densities and areas the total number of trochus can

be estimated. The mean weight of each sample was calculated using a

size/weight ratio for the empty shell, previously determined during growth

studies. In addition, from the size measurements it was possible to

determine the percentage of trochus that are within the size range per-

mitted by regulations since 1983 (9 to 12 cm). For each density, a mean

weight value and a percentage thus allowed estimation of the total weight

of empty shells, and the weight of exploitable empty shells. The flesh

of a trochus accounts for about 15 per cent of its total weight and it

is therefore easy to calculate the live weight. Since the useful value
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of exportable empty shells, we shall define total biomass as the weight

of empty shells of the total number of trochus, and exploitable biomass

(or exploitable stock) as the weight of shells with a base diameter over

8 cm for the years 1978 to 1982, and between 9 and 12 cm for the years

1983 and 1984.

2.2 Presentation of results

2.2.1 Loyalty Islands and Isle of Pines

( Trochus seem to have disappeared from these islands (one living

trochus was found on Ouvea). It can be assumed that the trochus stocks

there were depleted through over-fishing on the rather small reef flats

and were gradually replaced in the same ecological niche by another

species of the Trochidae family: Tectus pyramis which is not exploited

and is plentiful in these islands.

2.2.2 Lagoon of Main Island

Our survey was divided into several large lagoon zones and the

sum of the shell weights for each of these zones gives the overall state

of the resource in 1984. Table 1 shows trochus numbers, weight and

percantages for each zone.

Map 1 shows the four main lagoon zones surveyed, with the

distribution of the mean density calculated for each sampling trip and

the respective contribution of these zones, in area and in total and

exploitable biomasses, to the overall total.

2.3 Validity of results

A statistical study of the observed densities on certain

transects enabled the standard error in relation to the mean to be

estimated at 19%. The confidence interval (at p = 0.95) of the mean

density would therefore be around - 38%. The stochastic pattern of the

survey plan suggests that the other sources of error (areas, extra-

polations, mean weights) would be slight in comparision with the error

on density. Biomasses would therefore be included in a confidence

interval of about the same size, which is not a heavy handicap for the

order of magnitude dealt with in this study.



Table 1. Summary of survey results, in values and percentages,
by main lagoon zones.
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3. STATISTICAL ANALYSIS AND TROCHUS POPULATION DYNAMICS STUDY

3.1 Synthetic or global approach

The statistical data compiled for this study on trochus

do not lend themselves very well to the use of a global model, of the

Schaefer type for example. For one thing, the fishing effort must be

known with a good degree of accuracy for it to be satisfactorily

linked to catch. In our case, fishing effort could only be roughly

estimated from the trochus fishing licences issued, and these are

issued per craft and do not always indicate the number of crew members.

Furthermore, this estimation includes neither casual fishing, which is

quite considerable in the tribes and villages, nor undeclared commercial

catches. Secondly, a global model assumes that the stock studied is

subjected to a fishing pressure distributed at random over fishing

grounds whose area does not vary too widely in time. In the case of

trochus, considerable spatio-temporal fluctuation of the effort does

occur (variable local interest in trochus fishing, variable difficul-

ties of access to fishing grounds...). The trochus fishing activity

must therefore be regarded as applied to mini-stocks that probably

do not have identical characteristics, and in particular where the

coefficient of catchability is not constant, which rules out use of

the global model.

3.2 Analytic or structural approach

This type of modelisation is more demanding as regards parameters

and requires a good knowledge of the growth and age structure of the

catches, but it does not need the basic assumptions of the global model

discussed above.

A previous study on trochus growth and natural mortality

(Bour et al, 1982) as well as the size frequency distributions obtained

from our survey, allowed calculation of the data required for the

analytic model.
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3.2.1 Analysis of cohorts of the trochus stock

The data used for this analysis were:

- Ci,j; Fi,j; Ni,j, which are respectively catch, fishing

mortality coefficient and size of age class i, for the year j.

- The survey enabled estimation of Ni,84.

- F12,j were estimated from samples of trochus ready for export

(in warehouse).

- The natural mortality coefficient M = 0.10.

Table 2 gives the results of the cohort analysis. On the basis

of the above data, and by back calculation, the squares in the table were

filled in diagonally from the Ni,j and Fi,j. The arrows in the table

show the reconstructed and presumed development of each cohort since its

position in 1978. The cohort concept reflects a factual situation for

trochus, since the spawning season takes place from November to April

(Bour et al, 1985) thereby creating a new generation each year that can

be seen in the size frequency distributions of the young individuals.

3.2.2 Exploitable biomasses estimated from the numbers
calculated by cohort analysis

The size/weight/age relationship gives us the mean weight of

the shell of one trochus for each age class. Knowing the mean stock

numbers for each age and for each year, it was possible to calculate

the mean total exploitable biomass for each year. (The stock numbers

obtained by cohort analysis correspond to the numbers at the beginning

of the year; we calculated the mean numbers, in order to estimate the

biomass).

Table 3 summarises known data on trochus stocks since 1978:

fishing effort, actual catch, mean fishing mortality coefficient, mean

exploitable biomass. It is recommended that in a fishery the rate of

exploitation E should not exceed 50%. With E = F/F + M (M = natural

mortality), we get F = 0.10 for this level of exploitation. The last

line of the table gives the anticipated catch under these circumstances

for each of the annual mean biomasses. This anticipated catch may be

called optimum and sustainable since, for a given biomass, it ensures

that exploitation does not endanger the stock.



Table 2: Cohort analysis (natural mortality M = 0.10)
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Table 3: Data to be taken into account for management of the trochus stock.



SPC/Fisheries 17/WP.ll
Page 12

Figure 2 shows how the data to be taken into account

fluctuated from 1978 to 1984. It shows in particular that, since the

new regulations were introduced, F has been very close to the optimum

exploitation value 0.10. The mean biomass, which had been halved by

the intensive exploitation that occurred in 1978, stabilized from

1981 around 2 000 tonnes because of a considerable decline in actual

catches. The sharp drop of F since 1983 has a favourable effect on

the biomass which shows an increase in 1984.

This stabilization followed by the regeneration of the mean

exploitable biomass that can be seen on the curve, are encouraging

for an attempt to boost stocks to their 1978 level, i.e. an exploitable

biomass of about 4 000 tonnes, through appropriate management. With a

biomass of this magnitude, the optimum sustainable catch would be

400 tonnes (five times less than the actual catch in 1978). This

figure should therefore be regarded as a target in the first instance,

and then as a level to be maintained, by a quota system for example,

to ensure sustained and regular production, which is a prime

consideration for any export resource.

5. MANAGEMENT PROPOSALS FOR THE TROCHUS FISHERY

5.1 Initial stage

A catch quota (or restriction of the number of fishermen)

together with regulations on permissible sizes, will be necessary for

the success of this stage which could be implemented according to the

following pattern (permissible sizes: between 9 and 12 cm).

Year

1986
1987
1988
1989
1990
1991

Quota fixed
for year i
(tonnes)

100
150
150
200
300
400

Exploitable biomass
for year i + 1
(tonnes)

2 557
2 868
3 234
3 616
3 967
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FIG. 2: FLUCTUATION OF THE MAIN DATA TO BE TAKEN INTO ACCOUNT
FOR MANAGEMENT OF THE TROCHUS FISHERY.
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5.2 Sustained production stage

An optimum quota of 400 tonnes of empty shells fits a theoretical

model that assumes a constant environment and does not, for example, allow

for a sudden drop in recruitment of juveniles following climatic changes

or other factors. Regular monitoring of the level of the exploitable

biomass is essential; it can be assessed in terms of stock abundance and

measured by catch per unit of effort (C.P. U.E.).

For this monitoring to be effective it is necessary to know

precisely the fishing effort applied, and therefore the number of fisher-

men who produced the catch recorded in a particular year. If the fishing

effort and the total catch can be broken down by area, the abundance can

be assessed for each area and the fishing strategy adjusted accordingly.

These prospects all depend on the collection of reliable statistical data

on catch and number of fishermen for each different area.

6. CONCLUSIONS

Despite the extensiveness of the New Caledonian lagoon, our survey

of the reefs appears to have yielded a fairly clear picture of the state of

the trochus resource in New Caledonia.

Analysis of the data showed that the decline in the biomass

resulting from intensive exploitation was not irreversible, but that

stocks would need at least five years for regeneration to allow sustained

even production rather than the zig-zag pattern observed since the

beginning of the century.

The establishment of trochus processing units (manufacturing

buttons, mother-of-pearl handicrafts, etc.) in the various localities

along the New Caledonian coast could be a good way of ensuring that

catches are kept to the recommended level and evenly distributed geo-

graphically. Export of unprocessed shells would consequently be reduced

by the quantities absorbed locally. Besides generating new jobs, processing

of this valuable natural resource by a small local industry would offer

opportunities for exportation of finished or semi-finished products

typical of the Pacific Islands.
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