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Coastal fisheries in Pacific island countries are characterised by a strong predominance of catches
for subsistence purposes which involves mainly finfish and is difficult to quantify. In 1997-1998, a
consumer survey conducted in the Northern Province of New Caledonia (Southwest Pacific Ocean)
made it possible to indirectly estimate subsistence fishing production. Catch from subsistence fishing
did not result in a significant change of the exploitation potential. The catch composition of
subsistence fishing differed significantly from commercial fishing, with a higher proportion of species
less vulnerable to exploitation. Interpretation of the consumer typology highlighted the importance
of factors such as ethnic group and geographical location in explaining eating habits and therefore,
indirectly, fishing behaviours. These results suggest that this fish consumption survey could assist in
the design of subsistence fisheries monitoring programmes.

1. Introduction

For a very large proportion of the population of Pacific island countries, seafood
products account for most of their protein intake. This population consumes more seafood
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products per capita than any other area in the world, except the islands in the Indian
Ocean [1]. This is particularly true for the smallest islands (i.e. Micronesia and Polynesia)
which do not have enough land area to develop significant agricultural activities. In terms
of monetary value, coastal fishing, particularly reef and lagoon fishing, is not comparable
to high seas industrial fishing [2]. Reef and lagoon fisheries are characterised by a wide
variety of exploitation types and an important role of subsistence fishing. Catch of the
latter is clearly higher than for commercial fishing, the percentage being roughly estimated
at about 80% of the volume of total catch of reef and lagoon fisheries [1]; value lies much
more in the importance it has for islanders themselves, particularly for rural and tribal
communities. For some authors, reef fishing pressure for the South Pacific is linked to
population growth and in the Pacific islands, with a direct relation between the number of
inhabitants and fishing pressure on resources [3,4]. This pressure has increased significantly
[1]. It has also been directly affected by the introduction of high performance gear and
motorised boats, the emergence of new markets and constraints linked to the switchover
from a subsistence economy to a market one [5]. For these reasons, over fishing and
habitat degradation are on the increase in coastal and reef and environments. These
disturbances affect both the resource characteristics and its uses [4,6-8]. In the long run,
they may threaten the food security of island communities and affect their sources of
income at the risk of deepening their economic dependence [2,9].

In spite of its importance, subsistence fishing is poorly documented from the point of
view of fisheries assessment. Often underestimated, its impact is almost unknown [10]
mainly because this activity is difficult to assess directly, i.e. by monitoring fishing effort
and landing surveys. This situation leads to a general lack of reef fisheries statistics which
makes difficult the implementation of fisheries management plans [11]. Obtaining new data
which would make it possible to deal with this activity and determine its evolution remains
a major concern for Pacific island managers and decision-makers [12]. Consumption is one
known mean of indirectly assessing subsistence fishing [13—16]. Fish consumption has been
proposed to indirectly assess subsistence fishing in tropical island setting and may be
considered as an indicator of this activity [17]. Indeed, exchanges of fish between islands
are negligible for most of isolated islands. In such cases, the equation ‘““produc-
tion = consumption’ is almost verified. Consequently, surveying the consumption could
assist in monitor the trends of reef fisheries including the most important part represented
by subsistence fishing. This approach might also be integrated in the fishery ecology based
management context by comparing captures with resources assessed during ecological
surveys [18]. Nevertheless, most of the results of consumption surveys implemented up to
now have been reported in technical reports. In particular, they have been little exploited
to understand the structuring factors of subsistence fishing. In addition, this information
may be useful for reef fisheries management purposes, which is particularly important in
the context of transition from a subsistence economy to a market economy in Pacific
islands countries.

New Caledonia has not escaped from the difficulties related to estimating subsistence
fishing [19,20]. An initial approach based on landing surveys [21] estimated production at
2700t for the whole of New Caledonia in the end of 1970s. A second study implemented in
the same years and based on both production per vessel and fish consumption estimated
production between 4410 and 5430t [22], i.e. nearly twice the previous assessment. More
recently [17] finfish production was assessed in Ouvea Atoll only (Fig. 1), with an estimate
of 220 t/year. A resource assessment survey of demersal lagoon finfish was undertaken on a
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Fig. 1. Location of New Caledonia in the Southwestern Pacific Ocean and studied areas in the Northern Province.

large spatial scale in the Northern Province of New Caledonia between 1995 and 1998,
covering more than 10000 km? of lagoon area [23,24]. To compare standing stocks with
fishing pressure, commercial catches were estimated using fishermen tally sheets and a
quantitative assessment of subsistence fishing was undertaken using data and results from
household consumption budgets in 1991 [25] and the latest population census in 1996 [26].
This last estimate was based on the assumption that for fresh fish, local consumption
equals local fisheries production [16,27]. Yearly subsistence fishing was roughly estimated
at about 1350t of fish, i.e. 92% of all reef and lagoon fish catches. However, this approach
did not allow the qualitative estimate of catch necessary for the management of a multi-
species resource. In addition, in the Northern Province of New Caledonia, the expected
development of nickel mining activities and especially the building of a large factory will
likely speed up the transition from a subsistence economy to a merchant economy in this
area in a near future. In term of monitoring, it represents an interesting case to assess the
impact of this change on reef fisheries. This situation justified a target survey on fish
consumption on a sample population in the Northern Province. This work was



implemented in 1998 and its purpose was (i) to quantify and identify the main fish species,
or groups of species, consumed and, therefore, harvested, (ii) then to explain these results
by socio-economic and geographic criteria linked to consumers. The aim of this analysis
of this fish consumption structure is to give some preliminary assessment of the impact of
subsistence fishing on reef and lagoon fish resources and to evaluate the usefulness of
household consumption budgets in order to monitor fishing activities and fishing pressure.

2. Materials and methods
2.1. Study zone

New Caledonia is located in the South-Western Pacific Ocean (Fig. 1). The main island
(New Caledonia proper) is surrounded by a barrier reef which borders one of the largest
lagoons and coral ecosystems in the world. Administratively, it is divided into three
provinces (Northern, Southern and Loyalty Islands). This research work was conducted
throughout the Northern Province between October 1997 and March 1998 (Fig. 1). The
population structure of the Northern Province of New Caledonia is characterised by a
large majority of Melanesian (79%) followed by Europeans (17%) and other ethnic groups
(4%) [26]. Almost the entire population lives along the coast.

2.2. Sampling strategy

Due to time and cost restrictions, an empirical sampling method was used, i.e. random
walk quota sampling. The information available from the last census of New Caledonia’s
population was taken into account in setting quotas [26]. Consequently, a total of five
criteria were thought to have an influence on individual behaviour with regards to fish
consumption and were selected in order to formulate the sample design (Table 1): gender,
age, ethnic group (Melanesian, European, other), urban area stratum (rural or tribal) and
geographic location (northern, eastern or western zone) (Fig. 1). Previous analysis of a
seafood consumption survey in Noumea [28] and of the last household consumption
survey performed in 1991 in New Caledonia [25] indicated significant differences in
consumption patterns between urban, rural and tribal stratum, and between ethnic groups.
Geographic location was selected for two main reasons: the differences of geographical
characteristics (coastline topography, reefs and lagoons morphology, population structure)
and differences in the structure of finfish assemblages [23,24].

Given the similarity existing with the quota method, the sample size was calculated using
the formula of calculation of the minimum sampling size for a stratified random sampling.
The Kish correction (i.e. by multiplying the margin of error value by 1.4) was applied in
order to take into account sampling biases [29]. Using this formula, a sample of 646 people
was surveyed. This sample size gives a 5.4% error of estimate for a confidence level of 95%
on the basis of consumption’s variable. The quotas (i.e. the number of persons to be
interviewed for each selected criteria) were calculated from the demographic data available
for the entire population of the Northern Province (41413 inhabitants). However, for
practical reasons, only residents over the age of 7 were interviewed (size of statistical
population = 35471 inhabitants). Each individual accounted for a sampling unit.



Table 1
Population and sample size for the various criteria selected for analysis, N = 646 people for each criteria

Criteria Size of population Size of sample %
Gender

Male 21742 342 52.5
Female 19671 304 47.5
Age

0-19 years old 14702 288 449
20-59 years old 23895 314 48.3
60 years and over 2816 44 6.8
Ethnic group

European 7868 110 16.9
Melanesian 32261 504 77.9
Other ethnic groups 2153 32 5.2
Stratum

Rural 13942 217 34
Tribal 27471 429 66
Zone

Northern 923 14 2.2
Western 15401 238 37.2
Eastern 25089 394 60.6
Source: [26].

2.3. Questionnaire

The survey was run during the austral summer, between October 1997 and March 1998.
The surveyors (Pierre Labrosse, Yves Letourneur, and three persons of the Fisheries
Service of the Northern Province: two Melanesians and one European) walked randomly
in the selected areas and interviewed people following the quotas allocated in the sampl-
ing plan for other criteria. They used a 13 question form divided into three parts (see
Appendix A). The first part covered both quality and quantity of fish consumption
during the last three meals, as well as the origin of the fish (calling on “‘short-term
memory” of the survey participants). The purpose of these questions was to quantify
consumption in order to estimate the Northern Province’s overall reef fisheries produc-
tion at the time of the survey and, more specifically, catches for subsistence purposes.
The second part dealt with yearly average amount consumed per meal, meal frequency
and the most widely consumed species in order to get an overall picture of fish
consumption in the Northern Province. These two parts of the questionnaire included
questions about the origin of the fish consumed (i.e. bought or caught) in order to
distinguish real subsistence fishing and market-based fishing. Finally, the third part
included information on quota criteria designed to explain consumption behaviour
through socio-economic variables. People were interviewed in French. The possible
answers to each question are presented in the Appendix A. These were either figures for
quantitative variables (e.g. quantity consumed) or categories for qualitative variables (e.g.
gender = female or male).



2.4. Data analysis

Total fish consumption estimates were calculated from quantitative data according to
the sampling design. Qualitative data were processed in order to build a consumer
typology using a multivariate statistical analysis divided in two steps (Fig. 2): (i) the
analysis of the structure of the data set (relationships between variables and individuals) by
factorial analysis and clustering methods and (ii) the identification of the socio-economic
explanatory variables for each consumer category by contingency tables (y* test). The

18 consumption 7 socio-
variables economic
(646 individuals) variables

\ 4

Individuals filtered and
variables recorded

PCA on the ranking of species
consumed (ranking in
descending order from 4 to 1)
AHCA of individuals

New qualitative variable describing the
categories of fish consumed (5 categories)

IDENTIFICATION OF STRUCTURE

MCA on 3 variables, quantity,
frequency and category of fish
consumed
AHCA of individuals

New qualitative variable describing
consumer categories

Crossed tables
Explanatory variables identified

INTERPRETATION OF STRUCTURE

CONSUMER TYPOLOGY

Fig. 2. Statistical framework of the analysis of the frequencies, quantities and species of fish consumed performed
to determine consumer typology (principle component analysis, PCA; ascending hierarchical cluster analysis,
AHCA; multiple correspondence analysis, MCA).



multivariable statistical processing is based on principal component analysis (PCA)
applied on rank variables (consumed species), multiple correspondence analysis (MCA)
adapted to the multivariable contingency table analysis [30] and ascending hierarchical
cluster analysis by the Ward method (AHCA). The classification of individuals
(consumers) was carried out after the factorial analyses (PCA or MCA), on the basis of
the individual coordinates projected on the factorial axes [30]. Only consumption variables
were used in the factorial analyses and classification. Explanatory variables were projected
onto the structures given by the previous analyses (factorial axes or categories) in order to
interpret and explain the results of the consumer typology.

The statistical analysis framework was based on a synthesis of the information coming
from the data set by constructing new variables which summarise consumption behaviours
and explaining the final consumer typology through socio-economic variables. Data
analysis comprised four main stages (Fig. 2). First, a data filter was applied in order to
differentiate fish consumers from non-consumers and to keep only people who met all the
consumption variables. Second, a PCA was run on the table of consumed species ranked in
descending order of preference (Rank 4 = preferred species— Rank 0 = species not
mentioned) by keeping the difference in scale between species (PCA on variance-
covariance matrix); from AHCA applied on individual coordinates of the factorial axes,
consumers were characterised by a single new qualitative variable corresponding to the
combinations of the most frequently consumed species. Third, consumers were classified
on the basis of three consumption variables, i.e. type of species (previous stage), frequency
and quantity of fish consumed using both MCA and AHCA. MCA was applied to the
three consumption variables after pooling the classes to balance the numbers in each
variable. “Eat fish at every meal” and “Once a day” were combined into “1-2 meals a
day”. In the same way, the average quantities 300400 g and ““>400 g were combined
into “>300g”. Finally, the classification results were interpreted through socio-economic
variables to give a consumer typology (x> test).

3. Results

Of the 646 people who participated in the survey, only 7 said that they never ate fish (i.e.
1.3% of the sample). Analysis of the relation between whether or not people ate fish and
available socio-economic variables (quota criteria) did not uncover any significant
correlation (y° test), which indicates that this phenomenon is not linked to gender, age,
ethnic group or geographic location and can be explained by simple food preferences.

3.1. Mean annual per capita consumption

On the basis of both the average quantity consumed when fish was included in the menus
of the last three meals (233 g/meal+16g) and the average weekly frequency of meals
including fish (4.8 meals/week +0.7), mean annual per capita fish consumption was
estimated at 28.0 (+2.0)kg. Subsistence quantities (non-monetary consumption)
amounted to 25.7 (£2.1) kg/inhabitant/year, i.e. about 92% of the total, with the other
8% corresponding to purchased fish (monetary consumption). Subsistence fish came from
two different sources, i.e. fishing by a member of the respondent’s household (83%) and
gifts (17%). Applied to the whole population of the Northern Province, it represents about
1064 t/year.



3.2. Consumption distribution by species group

In all, 41 species or groups of species were mentioned during the survey. The first ten
categories of fish accounted for more than 75% of all fish consumed during the last three
meals (Table 2). Mullet headed the list with more than 18% of the mentions, followed by
rabbit and surgeon-fish and sprangled emperor. Spanish mackerel was fourth with slightly
more than 8%.

Examination of how often the fish most frequently eaten over the year were mentioned
corroborated these results overall (Table 2). Apart from two exceptions (Scaridae and
Naso spp.), the most frequently mentioned categories were the same with, in descending
order: mullet, rabbit and surgeon-fish, spangled emperor. These three categories alone
accounted for about 40% of all mentions.

3.3. Consumption structure

Using the PCA axes for consumed species to classify individuals made it possible to
identify five classes corresponding to a combination of species (Table 3) which explained
35% of the data set variability. The principal sources of variability between consumers and
the relationships between the three consumption variables were analysed on the MCA
factorial axes, as shown on the first plan (Fig. 3). The first axis is linked to a frequency and
quantity gradient (positive section = unfrequent consumption and in low quantities;
negative section = 2-3 times/week and in large quantities). This gradient is associated with
a type of consumption in which the freshwater species group with the category “tilapia’ is
opposed to the “emperor/bream’ and ‘“‘rabbit fish and surgeon fish” categories (Table 3).

Table 2

Quantities (as percentages) of the main fish groups or species eaten during the last three meals (CONSUM:
question 4 of the questionnaire) and how often (as percentages), on average, mention was made of the most
frequently consumed fish groups or species (QUOTED: question 8 of the questionnaire)

Fish species, or group of species CONSUM  QUOTED
Taxa Local name

Mugilidae Mullets 18.6 16.8
Siganidae and Acanthuridae other than the genus Naso ~ Rabbit fish-surgeon fish ~ 11.6 14.6
Lethrinus nebulosus Sprangled emperor 10.4 9.9
Scomberomorus commersonii Spanish mackerel 8.3 5.2

“Mixed " 5.5 NMP®

Scaridae Parrot fish 5.1 6.6
Lethrinidae other than Lethrinus nebulosus Breams 4.9 4.1
Thunnus spp. Tuna 3.7 1.4
Plectropomus spp. Coral trout 3.7 2.0
Naso spp. Unicorn fish 33 8.2
Oreochromis niloticus Tilapia 1.3 4.8
Serranidae other than the genus Plectropomus Groupers 0.2 3.9

#“Mixed” correspond to an undetermined and unquantified mixture of various species but often involving
parrot-fish, rabbit-fish, surgeon-fish and/or mullets.
®NM = not mentioned.



Table 3
List of the three qualitative variables used in the multivariate correspondence analysis

Variables Number of people %

Frequency of consumption

Very often (1-2 times/day) 71 11
Often (2-3 times/week) 289 45
Fairly often (1 time/week) 183 29
Rarely (1 time/month) 85 13
Missing 11 2
Quantity consumed

Very small quantity (<100 g) 152 24
Small quantity (100-200 g) 219 34
Average quantity (200-300 g) 154 24
Large quantity (>300 g) 112 17
Missing 2 1
Species consumed

Spanish mackerel—Parrot fish 184 29
Emperor—Breams 114 18
Tilapia 76 12
Mullets 112 17
Rabbit fish and surgeon fish 153 24
Missing 0 0

The last one corresponds to the main consumed species characteristics of the five classes obtained after the
principal component analysis of the ranking species by preference order (on 639 people, i.e. 646—7).

CATEGORY 4 @CATEGORY 3

L] B Mullet - Rabbit fish and surgeon fish
0.4 = Rabbit fish and surgeon . A

fish - Mullet /z() 2 times a day
CATEGORY 1 /
. —
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2 to 3 times at week
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Fig. 3. Factorial map (axis I/I1) of the multiple correspondence analyses applied to variables of consumption: fish
consumption categories are given in term of species (square), quantity (diamond) and frequency (triangle). The six
consumer categories centres of gravity obtained by hierarchical cluster analysis are projected as supplementary
elements; the size of the circles is proportional to the number of elements in each category.



All the MCA axes were kept for the final classification. This made it possible to create
six categories of consumers (Fig. 4). The first dichotomy of the dendogram opposes
occasional consumers (22% of the population who ate fish) to frequent consumers (78%).
Table 4 and Fig. 5 illustrate the characteristics obtained for each category of consumer
depending on the control values used in the study.

Categories 1, 3 and 4 involved mostly Melanesians people living in tribal areas. Category
1 was represented by rabbit and surgeon-fish consumers who ate between 100 and 300 g of
fish per meal, 1-3 times a week. They were fairly young (54% of this category was under
20). People of category 3 ate fish 1 time per week in average, mainly mullet. Consumers of
the category 4 comprised mainly males who ate fish very often (once or twice a day)
without any preference for a specific species. 11% of whom came from the northern area.
Some 52% of this category was under the age of 15.

Category 2 comprised mainly European people living in the rural areas of the west coast
(coastal villages) who mainly ate spangled emperor, bream and coral trout. About 69% of
them were between 20 and 60 years old and they ate fish 2 to 3 times a week, at a rate of
more than 300 g per meal.

Categories 5 and 6 were composed of individuals who ate fish on an occasional basis
(once or twice a month). Consumers of category 5 were mainly Europeans living in rural
areas (villages). On the other hand, half of the consumers of the category 6 were
Melanesians living on the West Coast and in tribal areas in the mountains. Their fish
consumption is mainly represented by freshwater fish, mostly tilapia.

Categories 1 and 2 accounted for more than half the people who said they ate fish. It
should also be noted that all those individuals who said they ate fish once or twice a month
were included in either Category 5 or 6.

An age and household size effect linked to the axis I of the MCA can be noted along
with a geographic effect (Fig. 3). The northern zone differentiated itself from the eastern
and western zones. The mountain chain region was clearly different from the coastal area
with less variance in the observed behaviour. These trends indicated that a correlation

Frequent consumers Occasional consumers
Category 4
Category 3 Category 5 Category 6
Category 1 Category 2
5
34% 20% 13% 1% 10% 12%

]%Jmﬂmrﬁﬁﬁﬁﬁ

I
6 7 8 8

12 9

Fig. 4. Results of the hierarchical cluster analysis of individuals using their coordinates on all multiple
correspondence analysis axes. The number of branch for each category is given by the lowest row of numbers.
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Table 4
Main characteristics of the consumer typology obtained from the multivariate correspondence analysis (% of
individuals of the consumer category with one characteristic of qualitative variables)

Categories Species Frequency Quantities Number
1 Rabbit fish and surgeon fish- 1 time/week 200-300 g 220
Mullet (49.5%) (49.9%) (32.3%)

Spanish mackerel Parrot fish 2-3 times/week 100-200 (42.7%)
(50.5%) (58.2%)
2 Emperor-Breams (67.5%) 2-3 times/week >300¢g (49.2%) 126
(73.8%)
300-400 g
(27.8%)
3 Mullet (100%) 1 time/week — 84
(44%)
4 All species except tilapia 1-2 times/day — 67
(100%)
5 All species except tilapia 1-2 times/month — 66
(96.9%)
6 Tilapia 1-2 times/month — 76
(27.6%)
7%, DDL, 1405.53, DDL = 20, P<0.001 1108.64, 152.59,
probability DDL =15, DDL = 20,
P<0.001 P<0.001
N = 639 people.

— corresponds to a value of zero and indicates that the category shows no significant differences in values for that
variable’s modalities. The value of 4° is a function of the deviation from the initial hypothesis of independence
between the two qualitative variables (typology in six categories and active variables) and the associated
probability indicates whether or not that correlation is significant (P<0.01).

existed between eating behaviours and socio-economic variables, which was tested
statistically once classification were completed (Fig. 5).

4. Discussion

Although this survey was conducted in 1998, its output is still meaningful as the mining
factory of the Northern Province in New Caledonia has not yet been built and as there has
been no important social or economical changes during these 8 last years [31]. Moreover,
fish communities show little variations from year to year in their abundance and structure
[32]. Therefore, it may be assumed that little significant changes occurred which may have
some effects on the validity of these results.

4.1. Annual per capita fish consumption

The estimated annual per capita fish consumption for this study (i.e. 28.0 +£2.0kg) was
about the same as that obtained from a previous household consumer budgets and
therefore confirms that figure [16] (Table 5). The same was true for its distribution in terms
of monetary consumption (purchases) and non-monetary consumption (subsistence)
(Fig. 6). The annual consumption value fits into the range proposed by Veillon (Table 5)

11



120- 1601

100+ H Men 140 - H Rural

> > 120 .
% 80+ OWomen % 1004 OTribal
g g
& 401 i

20+

O.
1 2 3 4 5 6 1 2 3 4 5 6

x*=18.11,5DDL  Categories x>=78.85, 5 DDL Categories
P =0.003 P <0.001

140+ 200 -

120- mO0 - 19 years old M Eastern zone
~ 100- 20 - 59 years old 3 150 4 Western zone
% sl 0>60 years old S O Northern zone
3 7 > 100 -

g 601 Z 5
L 404 Z L 50
201§ /
0- é Z é 4 04
1 2 3 4 5 6
x’=52.30,10DDL  Categories x’=65.01, 10DDL  Categories
P <0.001 P <0.001
2001 W European
Melanesian
z 1501 O Other
C
2 100
o
o
[T 50

0-

x%= 66.24, 10 DD Categories
P <0.001
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correlation is significant (P<0.01).

but it is lower than the value given proposed by Loubens for New Caledonia (Table 5).
This difference may mainly be explained by (i) the hypothesis chosen by Loubens, i.e. that
the consumption level of Melanesians is the same as that of Tahitians, i.e. 50 kg/inhabitant/
year [22] was most likely incorrect and (ii) a greater fish abundance which might be linked
to the lower number of inhabitants in New Caledonia when the survey was performed.
With regards to the Pacific islands, annual per capita fish consumption can be compared
to those reported for other island countries in Melanesia (Table 5). It is close to the mean
annual per capita value estimated for the entire Pacific region, i.e. 23 kg, but differs
significantly from some obtained in several islands with value ranking from 4.8 to 40 kg/
inhabitant/year [1]. Several causes may explain these differences. There are many different
types of behaviour which are probably linked to the islands’ characteristics and natural
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Table 5
Mean annual consumption seafood product per inhabitant in some island countries of Melanesia (in kg/
inhabitant/year)

Country Consumption Source
New Caledonia (Northern Province) 28% Present study
New Caledonia (Northern Province) 30.3% [16]
New Caledonia (Loyalty Is.) 39.4° [16]
New Caledonia (Europeans) 35 [22]
New Caledonia (Melanesians) 50 [22]
New Caledonia 27-37 [33]
New Caledonia 23 [16]
Vanuatu 22.8-23.7 [34]
Vanuatu 27 [35]
Fiji 40 [36]
Fiji 30 [6]

Fiji (Viti Levu) 32.5-41.2 [38]
Fiji 41.8 [35]
Papua New Guinea (West Sepik Prov.) 18.4 [37]
Papua New Guinea 16.9 [35]
Solomon Islands 44.8 [35]

“Finfish only.
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Fig. 6. Comparison of the fish consumption estimate for this study and the estimate made from household
budgets (source: [25]) (in kg/inhabitant/year).

resources as well as to market influences. The sampling strategies and the occasionally
local nature of some studies are limited to a few villages and may not necessarily lead to a
good representation for the island system as a whole. Ethnic, economical and cultural
components, particularly the issue of access to land and marine resources, which is linked
to geographical characteristics and types of traditional exploitation [39], are rarely taken
into consideration [10]. Although fish do account for the major part of subsistence catches
[1], the values recorded on other Pacific islands cover all seafood products consumed, and
therefore include in particular invertebrates. Finally, it is important to notice that
quantitative approaches to fish consumption and subsistence fishing are very poorly
documented and it is often difficult to make comparisons mainly because of the different
methods and sampling designs applied.
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4.2. Species targeted by subsistence fishing

Despite this study was conducted only during the austral summer, it may be however
broadly assumed that fish consumption does not significantly vary between seasons,
mainly due to the fact that temporal variations in fish abundance are relatively low in New
Caledonia [40]. One exception could be the Spanish mackerel, which tends to be more
abundant during the reproductive season (October—December). Until now, no quantitative
data on the distribution of fish categories consumed was available. Commercial and
subsistence fisheries were significantly different in the importance of the seven main
categories of fish caught. These categories accounted for over 80% for commercial fisheries
[27] and for less than 60% for subsistence fisheries. The relative percentages of the three
most frequently targeted species, or groups of species, by subsistence fisheries (mullets,
spangled emperor, and rabbit-fish) were lower than those for commercial ones (Table 6). In
contrast, parrot-fish accounted for a greater share of commercial fisheries. Similar
differences were also observed for less frequent groups of fish. This may be explained by
several reasons. The quantities consumed, and therefore produced by subsistence fishing
are spread out over a wider number of species or groups of species than commercial fishing
catches. In addition, commercial fisheries target species according to their market value.
They follow the demand on the Nouméa market, the main destination for seafood
products, where eating habits differ [28]. Home consumption based on subsistence fishing
depends heavily on fishing capacity in terms of material resources, i.e. both gear and
vessels. Limitations in this area often lead fishermen to remain close to shore leading to the
catch of a majority of inshore species, in particular rabbit-, surgeon-fish and mullets. This
type of assessment is relevant if the assumption “finfish production = finfish consump-
tion” [16,17] is validated. With the exception of commercial fishing activities, it implies that
catch is consumed on the spot, which is only partially true. In fact, some catch is sold
outside the legal market system and so does not enter “‘consumption”. However, this catch
probably accounts for only a very small part of the overall catches and therefore has a very
limited impact on the observed differences.

Table 6

Catch distribution (as percentages) of the main species or groups of species caught by commercial (mean from
1993 to 1995, Source: Northern Province Fisheries Service, unpublished data) and subsistence fisheries (according
to consumption) in New Caledonia’s Northern Province

Species or group of species Commercial fishing Subsistence fishing
Taxon Common name

Mugilidae Mulets 26 18.6
Lethrinus nebulosus Spangled emperor 25.9 10.4
Siganidae and Acanthuridae other Rabbit fish and 2 11.6
than Naso spp. surgeon fish

Scaridae Parrot fish 12 5.1
Naso spp. Unicorn fish 7.2 33
Lethrinidae (other than L. nebulosus) Bream 5.7 4.9
Serranidae Cod 5 34
Total 84 57.3
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From the consumed species, some indications can be broadly deducted about the most
important fishing gears and fishing grounds. Mullets, rabbit and surgeon-fish are species
mainly encountered along the shore and caught with nets. Other species are caught on all
types of reefs (coastal fringing reefs, reefs around lagoonal islets, and barrier reefs) using
mainly hand-line and spear-guns. Therefore, most of the fishing pressure is probably to be
located close to the shore.

Among those species targeted for home consumption, it should be noted that the
percentage of fresh water fish was 3.4%, distributed as follows: tilapia (1.3%), carps
(Kuhlia spp. 1.2%), river mullet (Cestraeus plicatilis 0.6%) and eels (Anguilla spp. 0.3%).

4.3. Consumption structure: impact on fishing pressure and potential yields

On the basis of non-monetary consumption and given the number of inhabitants
recorded in the 1996 census [26] subsistence harvest was estimated at 1064 t/year. This
value is within the same range as what was previously reported using household
consumption budgets (1184t) [16] but rises again the question of the relevance of the
official reef fisheries statistics in New Caledonia, as will in a large number of Pacific island
countries. Subsistence fishing catch was clearly higher than commercial catch, which has
been estimated at about 140 mt/year [14,16]. Total catch (reef and lagoon fish) combining
subsistence and commercial sources, was estimated at about 1204 mt in 1996, i.e. less than
1% of total stock (estimated at 138 300t), and about 10% of the potential yields [23,24].

The analysis of home consumption gave detailed information on the nature of
subsistence fishing catch. More than a third of the most frequently targeted fish species, or
groups of species, (in particular, mullet, rabbit and surgeon-fish) are characterised by rapid
growth rates, short life spans, small to medium sizes and high fertility (demographic
strategies close to the “r” type) [41]. These species usually belong to low trophic levels. This
quantitative aspect is significant in terms of management because this species are less
vulnerable to exploitation than fish like spangled emperors, groupers or breams the main
targets of commercial fishermen and/or consumption by New Caledonians of European
origin. The latter species belong to high trophic levels and many have a long life span and
reproduce later in life than species targeted by subsistence fishing.

Labrosse et al. [16] estimated the potential yields for the Northern Province at 12 600 t
based on a biomass model [42]. By carrying out the same calculations with the subsistence
catch from our study, this potential increased by 50t, which may be considered as
negligible in comparison to total catch. Similar conclusions were obtained for the potential
yields of the main fish species or families, which did not vary by more than 1%. This is
explained by the very low volume of the catch. However, it should be emphasised that the
higher the fishing pressure, the greater the impact of subsistence fishing on exploitation
potential. In this context of multispecies fishery, even if the catch is well under the potential
yield, some species might be overexploited due to their specific life history characteristics
(that make them more vulnerable). Socio-economic changes (increasing of mining and
industrial exploitation, and possibly of European population, employment, etc.) may also
lead many fishermen to switch from subsistence to commercial fishing. These species are
often those that fetch a highest market prices and the preferred targets of commercial
fishermen (e.g. spangled emperors, breams and groupers).

The consumer typology showed a strong relation between the characteristics of fish
consumption and certain demographic parameters. In particular, it confirmed the influence
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of ethnic composition on the consumption patterns, as already reported in the greater
Nouméa area [28]. Geographic distribution and age were also significant factors. This can
be explained by differences in eating habits, purchasing power and access to resources.
Melanesians eat fish more often than Europeans. For the latter, the preference for
groupers, emperors and breams confirmed a trend already observed [28]. Melanesians
seem to prefer rabbit fish, surgeon fish and mullets, which probably corresponds to eating
habits, but also to the fact that these fish can be easily caught from the shore, without
using a motorised vessel. Freshwater fish consumption was mainly associated with tribes
living in the mountains for which reef and lagoon resources are difficult to access (limited
means of transportation). In addition, finding a source of ocean fish is problematic for
them, due to absence of fish trade between the coast and the mountain and to the
gradual disappearance of bartering. This situation could also explain their low level of
fish consumption.

5. Conclusion

Through the case of the Northern Province of New Caledonia, this study showed that
the analysis of fish consumption surveys can yield useful quantitative and qualitative
information on subsistence reef and lagoon fisheries (e.g. the most frequently caught
species, the amount of catch and types of consumers) with regards to their impact on reef
and lagoon fish resources and management issues. This approach allowed indirect
estimates of subsistence fishing production (1064 t/year). This fishery alone accounted
for 88% of the total volume of the catch, estimated at 1204t in 1996. It also revealed
that the catch composition of subsistence fishing differed significantly from commercial
fishing. In particular, subsistence fishing was more diversified and caught less vulnerable
species. The low catch level of subsistence fishing had little influence on the potential
yield as it represented a small proportion of the available stock. For that reason, fish
populations of interest for consumption and/or marketing seem generally not endangered
in the Northern Province. The consumer typology suggests that combinations of control
variables should be used to stratify future samplings in order to assess fish consumption
as an indicator of fishing level [43], and consequently as an estimator of reef and lagoon
fish production. It could also be of interest for predictions as these results in combination
with information about the population’s demographic structure may allow to assess the
future variations of fishing pressure over time given that the shift towards a monetary
economy is taken into consideration. Finally, although fish exchanges with other
islands are negligible for most of isolated islands and that “production equals
consumption” is nearly validated, the efficiency of this method depends however closely
on the possibility of getting a reliable and accurate estimate of the balance between fish
importations and exportations.
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Appendix A. Presentation of the questionnaire with possible responses for each variable

Question

Variable name

Possible responses

Do you eat fish?

Consumption

Yes
No

Did you eat fish at one or more of your
last three meals?

Meals

Yes
No

If yes, how often?

Number of meals

1 time
2 times
3 times

Which fish and what quantities of fish
did you eat ofyour last three meals?

Fish

Quantity

Fish 1

Fish 2

Fish 3
Quantity 1
Quantity 2
Quantity 3

How did you get this fish?
. bought

. caught

. given

Origin meal 1

Origin meal 2

Origin meal 3

Bought 1
Caught 1
Given 1
Don’t know 1
Bought 2
Caught 2
Given 2
Don’t know 2
Bought 3
Caught 3
Given 3
Don’t know 3

On average, how often do you eat fish?

Mean frequency

FRQ RE
FRQJ
FRQ S

FRQ23S

FRQ M

Don’t know

On average, what quantityof fish do you
eat at each meal?

Mean quantity

<100 g
1002200 g
2002300 g
3002400 g
400 2500 g
Don’t know

Which fish do you eat the most often?

Fish consumed

Fish 1
Fish 2
Fish 3
Fish 4

Interviewee is...

Gender

Man
Woman

10

What is your age?

Age

Age

11

What is your ethnic groups?

Ethnic group

European
Melanesiann
Other

12

Which village or tribe doyou live in?

Location

Location

13

How many people live inyour house?

Household

1 person

2 persons

3 persons

4 persons

5 persons
6 a9 persons
> 9 persons

17



References

[1] Dalzell P, Adams TJH, Polunin NVC. Coastal fisheries in the Pacific islands. Oceanography and Marine
Biology: An Annual Review 1996;34:395-531.

[2] Gillett R, Lightfoot C. The contribution of fisheries to the economics of Pacific island countries. Pacific
Studies Series, Asian development Bank; 2001. 217pp.

[3] Russ GR, Alcala AC. Effects of intense fishing pressure on an assemblage of coral reef fishes. Marine
Ecology—Progress Series 1989;56:13-27.

[4] Jennings S, Kaiser MJ. The effects of fishing on marine ecosystems. In: Blaxter JHS, Southward AJ, Tyler
PA, editors. Advances in marine biology, vol. 34; 1998. p. 201-352.

[5] Johannes RE, Riepen M. Environmental, economic and social implications of the live reef fish trade in Asia
and the Western Pacific. Nature Conservancy and South Pacific forum Fisheries Agency report; 1995. 82pp.

[6] Bayliss-Smith T. The price of protein: marine fisheries in Pacific. Unpublished manuscript, Department of
Geography, University of Cambridge; 1975. 29pp.

[7] Johannes RE. Pollution and degradation of coral reefs. In: Wood EJ, Johannes RE, editors. Tropical marine
pollution. New York: Elsevier; 1975. p. 13-50.

[8] Roberts CM. Effect of fishing on the ecosystem structure of coral reefs. Conservation Biology
1995;9(5):988-95.

[9] Anonymous. Governance for a sustainable future. II: fishing for the future. World Humanity Action Trust,
London; 2000. 200pp.

[10] Mac Manus JW. Social and economic aspects of reef fisheries and their management. In: Polunin NVC,
Roberts CM, editors. Reef fisheries. London: Chapman & Hall; 1996. p. 249-81.

[11] Munro JL, Fakahau ST. Appraisal, assessment and monitoring of small-scale coastal fisheries in the South
Pacific. In: Nearshore Marine Resources of the South Pacific, editor. Suva, Fiji: Andrew Wright & Lance
Hill, Forum Fisheries Agency and Institute of Pacific Studies; 1993. p. 15-53.

[12] Adams TJH. Modern institutional framework for reef fisheries management. In: Polunin NVC, Roberts CM,
editors. Reef fisheries. London: Chapman & Hall; 1996. p. 337-60.

[13] Coblentz BE. Subsistence consumption of coral reef fish suggests non sustainable extraction. Conservation
Biology 1997;11:559-61.

[14] Letourneur Y, Labrosse P, Kulbicki M. Distribution spatiale des stocks de poissons récifaux d’intérét
commercial et effort de péche en Province Nord de Nouvelle-Calédonie (Pacifique occidental). Oceanologica
Acta 2000;23:595-606.

[15] Loubens G. Quelques aspects de la péche en Nouvelle-Calédonie. Nouméa: Nature Calédonienne
1975;9:27-30.

[16] Labrosse P, Letourneur Y, Kulbicki M, Paddon JR. Commercial demersal fish stock assessment in the
northern New Caledonian lagoons. 3: fishing pressure, potential yields and impact on management options.
Aquat Living Resour 2002;13:91-8.

[17] Léopold M, Ferraris J, Labrosse P. Assessment of the reliability of fish consumption as an indicator of reef
fish catches in small Pacific islands: the example of Ouvea Island in New Caledonia. Aquatic Living
Resources 2004;17:119-27.

[18] Kulbicki M, Labrosse P, Ferraris J. Basic principles underlying research projects on the links between
ecology and the uses of coral reef fishes in the Pacific. In: Visser L, editor. Challenging coasts.
Transdisciplinary excursions into integrated coastal zone development. Amsterdam University Press; 2004.
p. 119-58.

[19] Devambez J. L’exploitation des ressources de la mer en Nouvelle-Calédonie. Bulletin de la Société des Etudes
Meélanésiennes 1960;14/17:70-86.

[20] Labrosse P, Fichez R, Farman R, Adams TJH. New Caledonia. In: Sheppard C, editor. Seas at the
millenium: an environmental evaluation, vol. II. Amsterdam: Elsevier; 2000. p. 723-36.

[21] Cecil RG. La péche professionnelle dans le systéme d’exploitation des ressources maritimes en Nouvelle-
Calédonie. Unpublished report; 1976. 198pp.

[22] Loubens G. La péche dans le lagon néo-calédonien. Nouméa, ORSTOM: Océanographie, Rapport
Scientifique et Technique no 1, 1978. 52pp.

[23] Kulbicki M, Labrosse P, Letourneur Y. Commercial demersal fish stock assessment in the northern
New Caledonian lagoons. 2: lagoon bottom and near-reef fishes. Aquatic Living Resources 2000;13:
77-90.

18



[24] Letourneur Y, Kulbicki M, Labrosse P. Commercial demersal fish stock assessment in the northern New
Caledonian lagoons. 1: structure and stocks of coral reef fish communities. Aquatic Living Resources
2000;13:65-7.

[25] ITSEE (Institut Territorial des Statistiques et des Etudes Economiques). Budget consommation des ménages
1991, principaux résultats, tome 1; 1993. 200pp.

[26] Ahmed-Michaux P, Roos W. Images de la population de la Nouvelle-Calédonie, principaux résultats du
recensement 1996. Public. Institut Territorial des Statistiques et des Etudes Economiques; 1996. 64pp.

[27] Paddon JR. Fishing pressure on demersal lagoon fish in the North Province of New Caledonia, South Pacific:
evaluation, impact on stock assesment and implications for management. Master of Arts Thesis, RSMAS,
University of Miami; 1997. 158pp.

[28] Anonymous. La consommation des produits de la mer a Nouméa, Nouvelle-Calédonie. Rapport EGC (Ecole
de Gestion et de Commerce); 1991. 173pp.

[29] Chirouze Y. Le marketing: les études préalables a la prise de décision. In: Belletante B, Chirouze Y, editors.
Edition Marketing, Paris, France; 1993. 224pp.

[30] Lebart L, Morineau A, Piron M. Statistique exploratoire multidimensionnelle. Dunod, Paris; 1995. 439pp.

[31] ISEE/OE. Nouvelle-Calédonie : Bilan économique et social 2003; 2004. 70pp.

[32] Kulbicki M, Mou-Tham G, Randall JE, Rivaton J. Suivi mensuel des peuplements ichtyologiques des récifs
coralliens dans le lagon sud-ouest de la Nouvelle-Calédonie. Rapport Scientifique & Technique, Centre
Orstom Nouméa; 1991. 61pp.

[33] Veillon P. Etude de la filiére péche. Rapport Province Sud—Territoire de Nouvelle-Calédonie; 1991. 81pp.

[34] David G. Péche villageoise et alimentation au Vanuatu: exploration d’un systéme. Thése doctorat de
géographie de la mer, Univ. Bretagne Occidentale; 1991. 915pp.

[35] Gillett R. The importance of tuna to Pacific island countries. Forum Fisheries Agency report; 1997. 33pp.

[36] Zann LP. The subsistence fisheries of Fiji. Unpublished manuscript; 1994. 97pp.

[37] Walain KU. Estimates of subsistence fish consumption in the villages of Sissano lagoon and Tumleo island,
West Sepik Province, Papua New Guinea. Technical paper no 92-01; 1987. 6pp.

[38] Rawlinson NJF, Milton DA, Balber SIM, Sesewa A, Sharma SP. A survey of the susbsistence and artisanal
fisheries in rural areas of Viti Levu, Fiji. ACIAR Monograph no 35; 1995. 138pp.

[39] Leblic I. Les Kanak face au développement: la voie étroite. Presses Universitaires de Grenoble; 1993. 412pp.

[40] Letourneur Y, Kulbicki M, Galzin R, Harmelin-Vivien M. Comparaison des peuplements de poissons marins
de trois iles de [I'Indo-Pacifique (La Réunion, Moorea et Nouvelle-Calédonie). Cybium
1997;21(Suppl.):129-45.

[41] Kulbicki M, Bargibant G, Menou JL, Mou-Tham G, Thollot P, Wantiez L, et al. Evaluation des ressources
en poissons du lagon d’Ouvéa. III: Les poissons. Rap Conv Sci Mer Biol Mar Orstom, Nouméa; 1994. 448pp.

[42] Garcia S, Sparre P, Csirke J. Estimating surplus production and maximum sustainable yield from biomass
data when catch and effort time series are not available. Fisheries Research 1989;8:13-23.

[43] Clua E, Beliaeff B, Chauvet C, David G, Ferraris J, Kronen M, et al. Towards multidisciplinary indicator
dashboards for coral reef fisheries management. Aquatic Living Resources 2005;18:199-213.

19



	Assessing the sustainability of subsistence fisheries in the Pacific: The use of data on fish consumption
	Introduction
	Materials and methods
	Study zone
	Sampling strategy
	Questionnaire
	Data analysis

	Results
	Mean annual per capita consumption
	Consumption distribution by species group
	Consumption structure

	Discussion
	Annual per capita fish consumption
	Species targeted by subsistence fishing
	Consumption structure: impact on fishing pressure and potential yields

	Conclusion
	Acknowledgements
	Presentation of the questionnaire with possible responses for each variable
	References


