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ABSTRACT

In view of strengthening the current artishaad subsistence catch sampling an appraisal of

the two monitoring programmes of Fiji Fisheries Department was carried out. An overview of
the artisanal fishery sampling programme and its related strengths, weaknesses, opportunities
and threats revealedmaajor limitation of the Department not having the capacity to follow

the current sampling regime. Thus statistical analysis was carried out to determine if this
sampling regime organised by month, which necessitates sampling each day from Monday to
Saturcay was warranted. Survey data from markets Lautoka, Ba, and Nadi for the period
April to August 2005 were analysed as an indicator. Analysis of the variations in total landed
catch weights (by performing analysis of variance) and associated species tomgbgi
applying hierarchical cluster analysis) between the markets, days and months, indicated that
the sampling strategy is not warranted. Sampling can be organised by season since there were
no significant variations in catch landings and species ceitipo between the months April

and i August, which indicate a season. Saturday and Monday are exceptional days in the
fishery. Saturday has the highest landed catch and species composition and Monday the
lowest. Tuesday, Wednesday and Thursday are simithra slight increase in landed catch

and species assemblage as the week progresses. Equal sampling for all days is not warranted
but sampling on Saturdays and Mondays is important. Subsistence catch (tonnes) for the
seven communities namely Namatakulagnkave, Taqage, Lami, Suvavou, Vugalei and
Nasavusavu tikina were evaluated using the secamomic household survey data.
Bootstrapping was done to obtain a standard deviation for the estimated catch and a CV for
the sampling. Some suggestions were preditbr strengthening the survey as this is an on
going programme and in future the samples can be utilised in estimating the total subsistence
catch for Fiji.
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1 INTRODUCTION
1.1 Fisheries in Fiji

Fiji is an archiglagic state situated in the South Pacific region comprising 322 islands with a

total land area of 18,272 Kma coastline of 5,010 km and a surrounding EEZ of about 1.3

million km? (Oliver et. al2005. The group includes two large high islands, seveediom

sized high islands, numerous small islands and atolls. Most of the islands are surrounded by
fringing and barrier coral reefs occupying an area of 10,000 kmMu c h o f Fiji6s
waters occur off the main islands of Viti Levu and Vanua Levu aediglands of the
Mamanuca and Yasawa groups. The population of Fiji as of December 2004 was 840,201

(Fiji Islands Bureau of Statistics (FIBOS) 2006).
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Figurel: Map of Fiji (FVB 2005).

Most Fijians are maritime people with omgg fishing traditions (Veitayaki 2005) and
fisheries have been part of their lives throughout their history. The industry makes up a
significant part of the economy of the nation, contributing approximately US$54 million
towards the annual revenue earsiray approximately 2.5% of the Gross Domestic Product
and employs a labour force of approximately (&»B 2005). The Department of Fisheries
under the Ministry of Fisheries and Forestry is mandated to ensure sustainable development
and management of thesfieries resources. The sector is-diMided into industrial fishery
(offshore and inshore), artisanal and subsistence fishery. The total catch from the Fiji waters
was estimated at 44,000 tonnes in 2004 (DOF 2004). The offshore industry is dominated by
tuna export, which is the major revenue earner of the sector and comprises 27% of the catch.
The inshore industrial sector, which constitutes 5% of the total catch deals with export of reef
fish (live and frozen), bech@e-mer, trochus, and marine aquariuishéry. The remaining

68% is domestic catch by the local fishermen and collectively forms the artisanal and

! Themarineaquarium fishery comprises of corals, coral base rocks, aquarium fish and ornamental
invertebrates.
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subsistence fishery. These sectors are a complex group of diverse fisheries systems and
community organisations exploiting a great number of spe@iee fishery is highly flexible,
adjusting modes of production, distribution and social organisation to changing social and
economic circumstances (FAO 199%he per capita comsuption of fish for the country is
higher than the world average and stand®lekg per year (ADB 2005).

1.2 Resources exploited by artisanal and subsistence sectors

In the Pacific Islands region the definition of artisanal and subsistence fishery is usually
vague. Every Pacific Islander is a potential fisherman, and the distinbetween
commercial, recreational and subsistence fishing is blurred, making it difficult to estimate
production and effort in these separate sectors (Dalzell and Adams 1996). However, in this
study artisanal fishery refers to smatlale commercial fish@) where the catch is retailed in

the local market and the subsistence fishery refers to the catch for home consumption, which
is not caught specifically for marketing. Both artisanal and subsistence fishers target the same
fishing grounds. The fishing zes exploited by the local fishermen are the inland river
systems, mangroves, estuaries, lagoons, shorelinesiefefrereefflats and outer slopes of

the reefs to abyssal depths and deeper waters beyond the outer reef.

The archipelagic and inshore water o f Fiji are rich in marine
recorded close to 300 species of corals, 475 species of molluscs and almost 2000 fish species,
although the actual number of species of fi
coral reefsar e thus rightfully recognised as bein
(WWF 2003). The most commonly targeted food finfish &ethrinidae, Serranidae,
Carangidae, Lutjanidae, Mugilidae, Scrombigda8caridae and Sphyraenida&/arious
invertebrate are also fished on a large scale. These mainly include bivalve molluscs, sea
cucumbers, crustaceans mainly crab, prawns, lobsters and octopus.

The coastal waters (shorelines, lagoons and reefs) are the most heavily targeted for food
supply. Among theimfish, the reef fisheries comprise approximately 60% of the artisanal
catch. The estuaries, lagoons and river fisheries collectively form 20% of the catch and the
remaining 20% is comprised of pelagic species as apparent from thsetiiee of artisanal

catch statistics available from the Fisheries Department of Fiji.

Artisanal and subsistence fishers practice similar fishing methods, predominantlyninagnd

and gilknetting. Other methods of fishing include the use of fish traps (both traditional and
modern traps), fish fences, seine nets, hand nets, fish drives, spears, use of poisonous plants
(such aderris roots), line trawling, reef gleaning and skin diving (especially for collecting
shellfish and sea cucumber). Women carry out reef gleaninggdilmin tide. Women
gleaning on reefs target shellfish, sea cucumbers, octopus, worms, sea urchins, eels and small
fish. Men dominate hanlihe fishing, skin diving and spear fishing (Vuéd al. 2000).

The coastal zone is divided into 410 fishing groundsa d i t i o n allQoligolisk The wn a's
coastal and foreshore resources are managed under dual ownership. The state owns the land
beneath the sea and the marine biodiversity, while Fijian tribal units own the right to fish the
marine biodiversity. Thestibal rights are exercised in the coastal zone but not in the deeper
waters beyond the redRichardset al. 1998).

UNU-Fisheries Training Programme 6
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Artisanal fishers consist of commercial licensed fishermen, which also include subsidised
fishermen under the smadtale skipjack tundishery, smaHlscale deepvater snapper
fishery, and since 2003 the Rural Fisheries Service Certexelopment. Village
fisherwomen are also included in this category as they sell invertebrates at the local market.

The District Administration is respoife for deciding, in consultation with customary
fishing rights owners and the Fisheries Department, which commercial (licensed) fishermen
shall be allowed to fish in the customary areas. The Fisheries Department is responsible for
providing advice on théisheries resources to customary fishing rights owners and issuing
fishing licenses to commercial fishermen (Richaetisal 1998). his rule does not apply
beyond the outer reef. Therefore the Department issues two types of licérsds
Demarcated Agas (IDA) and Outside Demarcated Areas (ODA). Licenses and registrations
are issued on a calendar year bakendings from the artisanal fishery in 2004 were
approximately 11,000 tonnes with a market value of US$26 million as estimated by the
Fisheries Dpartment, with 1185 licensed fishermen and 840 registered vessels in operation.
The number of fisherwomen in operation is not available.

A large number of stocks are exploited for subsistence purpeiiess. a small island state

and the majority of theopulation is still confined to rural areas. There are over 800 villages
in Fiji and he customary marine owners rely heavily on the reefs for subsistence, livelihood
and a source of income. As such, landings occur throughout the coastal areas ofttlge coun
roughly in proportion to the distribution of the population (FAO 2002)e Department
estimated a total removal of 18,800 tonnes by the subsistence fishery in 2004.

1.3 Resource status and management

Observations have been made by fishers that tluksstaf reef fish have been declining in
recent years. A World Bank comparative survey in 1998f coastal communities in the
Pacific, which included six Fijian communities, indicated that the communities were
generally pessimistic about their resourced anly 10% perceived an increasing CPUE over

the previous decade (Mullest al. 2000). The study recommended a reduction in fishing
effort and effective cananagement between coastal communities and external partners. A
number of other studies carried dut Fong (1994), Jennings and Polunin (1995) and ¥tki

al. (2000) and recent studies carried out by the University of the South Pacific (USP) and
other norgovernmental organisations (NGOs) such as World Wildlife Fund for Nature
(WWEF), also state that ¢hbiodiversity of the coral reefs of Fiji are under threat mainly from
overfishing, unsustainable fishing practices, and faptution and agricultural runffs and
climate change (WWF 2005a). The Fisheries Department made a rough estimate of 70
goligolis” being overexploited, around 250 fully developed and the remainingd@igolis’

could sustain more fishing pressure. These estimates give some initial guide as to the
variability of fishing pressure acrogsliqolis” (ADB 2005).

2 Rural Fisheries Service Centres are establishments in remote villages and consist of an ice plant, fish

storage facilities, slipway, jetty, fish gradingibcessing facilities, collection vessels, pigktrucks and office
facilities. The establishment of these centres is a policy directive of the Government to bridge the economic gap
and enable the resource owners to fully benefit from the resourceshiearfighing grounds.
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Importance of resoura®anagement and conservation has been realised and substantial work
is being done by the NGOs and the Fisheries Department in rapid assessment of the stock
status of most of the coastal zones. WWEF in collaboration with other NGOs is taking an eco
regional approach to marine conservation (WWF 2005b). Theugedf marine protected

areas has been realised as an excellent means of protecting biological diversity (WWF
2005b). The Fiji Locally Managed Marine Areas Network in collaboration with WWF and
the Fisheies Department are establishing marine reserves in many villages around Fiji where
stock abundance is decreasing. Training and awareness is conducted at the village level to
educate the communities about their resource management and conservation.villofesf

have become members of this network, which assists them in setting up closed areas in their
fishing grounds (DOF 2004).

The most significant traditional management practise still followed in Fiji is the customary
marine tenure system. Tradit@infishing area rights are defined and ownedvhyua or

tikina (social units that include a number of villages in a district), which regulate their use

and exploitation. People are expected to use their own allocations, and those seeking to use
grounds bknging to others are expected to get permission from the owners. From time to

time fishing ground owners may declare a portion of their grounds out of bounds, known as
Aitabuo areas to preserve the resources (Veit

1.4 Purpose of the study

Sound isheries management requires reliable multiple surveys on the resources, fleets,
landings, fishing effort, fishery costs and earnings and other related data (Tsimehalias
1993). What the management system is lacking is an effective monitoring pnogréom
capture the entire domestic catch (artisanal and subsistence) and associated fishing effort.

The Fisheries Department is the responsible agency for collecting the national statistics on

fish catch and effort and has an artisanal fishery monitoriogramme in place. The present

objective of the programme is to provide annual estimates of the total artisanal catch and its
market value, of all species, which are targeted by the fishery. The data are collected from the
market outlets where the fish ateanded f or sal es. However, t
artisanal fishery monitoring programme strategy is demanding relative to the present
manpower and financial resources and is not adhered to in practise. Consequently, the data
collection system has in gctice developed in an improvised ad hoc manner over the years. A
thorough review of the sampling strategy is thus required and this study is the first step
towards such a review.

Lack of resources has also restricted the Department from monitoringoistsace fishery

for the past 26 years. The subsistence fishery estimates reported by the Department are based
on a survey carried out by the Fisheries Division in 1979. That survey covered only Viti Levu
and was based on the ability of a single respanitdesach village to recall landings over the
previous 12 months (Gillet and Lightfoot 2002). The estimates from the sampled population
were then extrapolated to the whole of the Fiji Islands giving an estimated total removal of
14,000 tonnes in 1979. Smdhen 200 tonnes have been added every year to provide an
estimate of subsistence catch over the years giving a current estimate of 18,800 tonnes for the
year 2005. The 200 tonnes is accounting for population growth as proposed by the study.
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However, therecent fishing behaviour and actual landed catch from this sector is presently
unknown.

Monitoring of the subsistence fishery thus commenced in 2002 asesmmomic household
guestionnaire surveys of the rural communities. Approximately 50 villages haen
surveyed in the past two years. The data obtained from the-emmimmic surveys so far

have not been analysed. In the present study an attempt will be made to evaluate the socio
economic data to obtain subsistence catch estimates for the sevemwmtd communities.

This study attempts to address the critical issue of lack of appropriate fisheries data for proper
resource management of the coastal and the outer reef fishery. Artisanal and subsistence
fisheries target the same stock and the stishéng locations. Both fisheries are considered
simultaneously in this study. In order to ensure proper resource management, data from both
these sectors are required. According to the DOF (2004) statistics, the artisanal fishery forms
25% and the subsemce fishery forms 43% of the total catch from Fiji waters. The two
fisheries have separate monitoring programmes and therefore are considered separately in
this study. Thus this study has two main components with respective major objectives, which
were executed as the specific objectives outlined below:

1.4.1 Strengthen the artisanal fishery monitoring programme:

e To provide a detailed description of the current sampling scheme and identify the
potential strengths, weaknesses, opportunities and threats.

e To examine if the current sampling regime organised by month, which necessitates
sampling each day Monday through Saturday is warranted.

¢ To examine if there are differences in the amount of catch among the different
sampling sites within a region.

e To suggest@me improvements to the sampling scheme based on the analysis.

1.4.2 Strengthen the subsistence fishery monitoring programme:

e To evaluate the catch from subsistence fisheries from the data that has been collected
so far and is practically available (for sewaltages) through processing the sacio
economic survey data.

e To suggest some improvements to the current sampling scheme.

A general idea was to identify and learn the appropriate techniques that can be used for
analysing the existing data and that camjmelied to future analysis.
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2 REVIEW OF THE ARTISA NAL FISHERY SAMPLING PROGRAMME
2.1 Overview

A summary was prepared of the current status of the artisanal fishery monitoring programme
of the Fiji Fisheries Department.

The information regarding the prognane was acquired from the
reports, quarterly statistics reports, raw data records from municipal market sampling, and
personal communication with senior employees.

2.1.1 Present sampling regime

The sampling system has been in practicehbgt Fi sheri es Depart ment
At present the inshore statistics section under the Management Services unit of the
Department is administering the artisanal fishery survey programme. The section employs
one fisheries officer that overseée fprogramme and is subordinated by one project assistant
and three data collectors. The main objective of this programme, as stated earlier, is to
estimate the total artisanal catch and the market value of all species, which are targeted by the
fishery.

The data collection system involves sampling the market outlets where the catch is retailed.
The sampling frame, which includes the two main islands Viti Levu and Vanua Levu, is
stratified into three groups according to geographical location. Viti Lewlivised into
western and central divisions and Vanua Levu is the northern division. The groups are further
divided into municipal markets and other outlets, which comprises of hotels, restaurants,
butchers, fish shops, and roadsides.

In the eastern divisn, which comprises of the smaller outer islands, there are no public
market places and most of the catch is considered for subsistence consumption. There are,
however, some minor sales of fish within the division but this is not monitored by the
Departmat.

One data collector is based in the western area (Lautoka office), one in the northern area
(Labasa office) and one in the central area (Wainibokasi office). They are responsible for
sampling all the municipal markets and other outlets in their ragpatvisions. The project
assistant is responsible for entering all the raw data into a computerised system. A database in
Microsoft Access was sefp in mid 2003 for the sole purpose of storing data. All the raw
data from the data collection forms (bottunicipal and other outlets) since #2003 has

been entered. The fisheries officer is responsible for producing the quarterly and annual
statistics reports, information dissemination and other policy and planning matters of the
section. All data analysis performed in an Excel spreadsheet (DOF 2003).

Municipal market sampling

There are nineteen public fish marketing places, which need to be sampled. Eight of the
survey sites are located in the central, six in the western and five in the northeondisi
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these, nine are municipal markets managed by market masters with six based in the western
and three in the central division. The municipal markets in the northern area were destroyed
in a cyclone that struck the Fiji Islands in January 2003. Theskets are under repair. In

the interim period, catch is being sold along the roadsides adjacent to where the markets were
based.

The survey design involves sampling each municipal market once per month for each
weekday, Monday through Saturday. A cadiiex plan is drawn out in each division by the

data collector and his immediate supervisor. During the survey data is recorded on a standard
form which captures information on the sampling location (name of market place), name of
recorder, date/day, timd eurvey, species, total weight of a particular species, total number

of a particular species, average length by species, selling price/kg by species and fishing
locations. This form is included as Appendix 1a of this report.

For sampling the data collers use a weighing scale (spring balance) and a measuring tape.
All the catch present in the market is sampled. Actual weights of the fish are taken. Where a
variety of species are bundled together, the weights per fish of all different species are
estimded. Some of the fish are measured and an average length is recorded. Lengths of the
fish are not easily obtained, as the market vendors are not always cooperative.

A figure for total catch landed in the market in a month is obtained by the marketanaster
The market masters record the total volume of fish, which enters the markefodatihg
purpose of collecting market fees for the utilisation of the facilifiéss information is easily
obtained only in the western area and recently from the Laagneet in the central area.

Other outlets sampling

Monthly figures are also collected from outlets other than the municipal markets that receive
their supply of seafood directly from the fisherman. A standard data request form has been
designed by theestion and is either hand delivered or faxed to the various major outlets in
the different divisions on a monthly basis to obtain monthly weight of fish retailed by the
outlet with a species breakdown. This form is included in Appendix 1b of this report.
However, only approximately 30% of the outlets are responsive towards the request.

A survey done in the central division by the section in late 2004 revealed that almost all the
hotels, restaurants and butchers buy their fish from the three major figh ishthe vicinity.
Therefore the section is changing the practise to collecting data from these fish shops only on
a monthly basis. In the northern area also the fish shops receive the bulk of the catch and
retail it to smaller businesses therefore thia des been collected from the fish shops since
mid 2005. However there are some other businesses that receive the catch directly from
fishermen (pers. comm.).

Limitations
In practice, the Department is not able to carry out the survey as per the gastyaliagy.

This is mainly attributed to lack of operating resources and some administration issues. Lack
of transportation is a major impediment. The data collection section does not have an official
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vehicle and in most cases samplers do not have accefiet official vehicles. This restricts
movement between sampling areas especially to the stations based outside of the main district
(where the office is based). Data collectors have attempted to use public transport. However,
t he sect i onsufficient lsudgét tallodatervte reimburse claims for transportation
expenses.

The data collectors are recruited on an annual contract basis with standard working hours of
0800 to 1630 from Monday to Friday. Under the General Orders of civil servicdiaar of

entitled to meal allowance for working on weekends (pers. comm.). Due to lack budget
allocation for allowances, the data collectors are not compensated for their effort when they
work on weekends. Therefore data collectors are not deployed oenaselhen the section

is taut on budget.

Catch details from late December and January are mostly not available because the contract
of employment of the samplers expires in the middle of December and is not renewed until
early February.

Sampling detail§or 2004 and 2005

The actual sampling of the municipal markets carried out by the Department in the western

and central divisions in 2004 and 2005 is summarised in TalleS e figures represent the

number of times each market was surveyed in thesponding month. As stated earlier, the

strategy requires each market to be sampled six times a month. The underlined numbers
indicate places that were sampled six or more times in a month and yet were not able to cover
Monday through $atiurddaya.t elsh emissisgmgd i nf or mat i
not be obtained for the purposes of this study.

The information from these two areas is being used as an indication of poor sampling
practises according to the standards of the sampling strategymil&r tendency is noticed in
sampling from the northern area and roadsides.

Data storage and processing

For municipal markets, the total catch is extrapolated on a quarterly basis since there are not
enough samples available for each market in a ménthising factor (Rf) is applied to the
sampled catch to obtain a total catch for the whole quarter for each market. The raising factor
is:

Rf = Total number of days of fish sales in a quarter / number of days sampled.

Total catch is raised by species £ach marketing area. For markets that are not sampled at
all, data from the previous years is used to make estimates, taking seasonality into
consideration.

A general assumption is made for the other outlets, that outlets of similar sizes sell the same

amount of fish. Knowledge of the number and size of outlets is utilised and the total estimate
of the amount of seafood retailed through these outlets is based on the available samples.
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This data analysis system has been in place since 2003. Overaltdrendlysis has not been
systematic over the years and has been changing under different management.

Catch estimates

The total catch from the artisanal fishery sector and its retail through the municipal markets
and other outlets has been fairly coreistover the years. A substantial increase was reported
in 2004, however, with a total catch of 10,969 tonndfe catch comprised of 3997.51
tonnes of fish and 4450.27 tonnes of invertebrates. 53.3% of the catch was retaigt th

the municipal markets and the remaining 46.7% was retailed through other outlets. This
shows a shift from the previous trend of majority of the catch being retailed through the other
outlets. Overall the reported landed catch increased by 82% in &ii04a substantial
increase in the municipal markets.

The proportional landed catch in the major areas is delineatdélgime The highest
proportion of catch was recorded in the western area followed by the centralthéhen
northern area. Most of the catch from the northern area is transported to the central area and
sold.

The proportions are based on the 2004 figures. The proportion of landed catch between areas
has been similar for the past few years, except a migttethamount of landed catch was
reported in 2004.

The substantial increase in the catch in 2004 could be attributed to the establishment of rural
fisheries service centres. Two of these centres, in Wainikoro and Vanuabalavu, were in full
operation. Alspin 2004 a fulltime data collector was based in the northern division. This

area was lacking sampling in the previous years and the catch estimates were being based on
the previous yearb6s dat a. Whet her tlyiors i ncr
increase in catch, or a combination of the two, needs to be verified by the Department.

Information dissemination

The data on tot al catch given by species is
Report every year. Copies of the Annual Be@re disseminated to other fisheries agencies.

Total catch figures are also submitted to the Bureau of Statistics, National Planning Office

and the Reserve Bank of Fiji on a quarterly basis as per requirement. Data is also given to

other fisheries ageres upon request.

2.2 SWOT analysis

A SWOT analysis technique was applied to review the sampling syS¥#@T analysis is a

tool for auditing an organisation and its environment. It is the first stage of planning and
helps to focus on key issueSWOT standsfor Strengths, Weaknesses, Opportunities, and
Threats . Strengths and weaknesses iaternalfactors. Opportunities and threats asgernal
factors (Marketing Teacher 200@WOT analysis can be very subjective and is only used as
a guide in this study.
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Artisanal fishery sampling programme SWOT

Strengths

Proper sampling (as per strategy) can give very reliable estimates of total catch as it
incorporates frequent sampling of all the major marketing places.

Provides good estimates of the existing mapkites.

Provides a complete species breakdown and corresponding catch in volume.

The monthly figures obtained from market masters on catch brought into the municipal n
can be used for verification of the estimated catch from the samples.

Weaknesss

Departments constraints and weaknesses in relation to the survey programm

Demands excessive sampling effort as frequency of sampling is high relative to available
resources and requires recording catch for all species.

Not able to account for catch bypassing the market outlets.

No system to detect catch landed by unlicerisers. This would result in an unreliable
estimate of effort in relation to the total catch from the fishery.

Data collection deals with middlemen and is therefore not able to get precise information
fishing grounds.

Not able to get all the necessamformation as the middlemen/ market vendors are not very
cooperative at times.

Not able to estimate catch by area from the data available.

Not appropriate for recording information on lendtbquency of species.

Data analysis is not systemised and Hasead hoc estimates for areas that are not sample

Lack of manpower to carry out sampling on the required scale.

Lack of transportation.

Lack of funds to compensate the datdeabrs for their extra working hours

No proper data recording system until mid 2003.

No raw data is available for years earlier than 2002 as there was no proper filing system.

Singh

Opportunities
e Sampling design can be modified to be more efficient.
e Thedatx ol | ectorsé contracts of empl oyment
Threats

The sampling programme is not focused on resource management and conservation (the
surveying system focuses on total catch and associated econommig retu
Ad hoc manner of data analysis could have resulted in discrepancies in estimates of catg
the years.

The Fisheries Department is continuing to invest in a programme that is not efficient eno

terms of managing the fishery.
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2.3 Analysis of otal catch variations
2.3.1 Methodology

An analysis of variance was performed to determine any significant variation in the total
catch landed among different:
e Days of the week (MondaySaturday)

e Markets
e Months
Data

Data sets from the municipal market sdimgp of finfish for markets Lautoka, Ba and Nadi
were analysed. This was from the period when the sampling strategy was followed which is
April T July 2005 indicated in bold ihable 1.

. The data comprised total catch by markednth and day. Each market had six samples per
month, which were samples from Monday to Saturday.-ttagsformed data was used to
obtain a normal distribution with equal variance.

Analysis of variance (ANOVA)

Analysis of variance, often abbreviated witle acronym ANOVA is a broad class of
techniques for identifying and measuring the various sources of variation within a collection
of data (Kachigan 1991). It is a flexible technique that allows making comparisons between
any numbers of sample means, ialla single test. The potential sources being tested are
someti mes referred t oThamoddldssum@idaneewent so or Af a
1. The observations in each cell constitute an independent random sampleroasize
from a population with meag);
2. Ezach population represented by the cell samples is normal and has the same variance
u-.

The Model hypotheses are:
1 Hpei= &= eég=
2. Hga at least one pair @fsis not equal.

Difference in the mean of the samples gives rise to two sourcesiability referred to as
Total Sum of Squares [$s] Which is partitioned into variability due to differences among
treatments [Sfeat] and variability within treatments [$%r] (Glover and Mitchell 2003).

The analyses of the sums of squarescareverted to variances by dividing the degrees of
freedom in order to apply thetEst to compare them. F £$s,° (between sample variance/
within sample variance). The F ratio is the statistic used for testing the difference among two
or more sampleneans (Kachigan 1991). If the F ratio is 1 thenisHrue and the hypothesis

is rejected with F ratio > 1. P gives the level of significance of the variability. Thevape
ANOVA is performed where a single input factor is varied at different settingsvels.
Two-way ANOVA allows estimating the effects of two independent variables on a dependent
variable (Fowleet al. 1998).
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The factors tested were the landed catch weight (amount of catch retailed) among; markets
Lautoka, Ba and Nadi (specified as B,& N respectively in the results), months Agpiril
August and days of the week Mond&gturday.

The test was carried out to examine any significant variability in the landed catch weight in
between markets, ibetween different days of the week for athmets combined and within
each market, and ibetween months. A twtactor model with interaction was applied to
compare markets, days and months. A-oag ANOVA was used to determine the
variability of the landed catch among the days within each market.

A Tukey multiple comparison test was undertaken to determine between which treatment
levels (markets and days in this case) the actual differences lay.

2.4 Analysis of catch composition
2.4.1 Methodology

A cluster analysis was performed to obtain the hieraathiluster of species assemblage
according to the markets, days and months to determine if species assemblage varied by these
factors.

Data

A group of eighteen major fish species, that generally form >75% of the catch in each of the
three markets fromhe western area, was analysed to observe any significant difference in
species assemblage among markets, days and months. The group of species comprised of the
following with the respective codes as used in the analys#rinus elongate$LEL],
Sphyraea genie [SPQ], Lethrinus nebulosfkNB], Caranx spCRS], Scarrus
ghobaiSCG], Restrelliger brachysomfREB], Lethrinus harak [LHK], Valamugil
sehelfVLS], Plectropomus sp, [PLS], Cephalopholis argus [CPA], Lutjanus
argentimacalatugLJA], Lethrinus mahsea [LMS], Siganussp[SGS], Epinephilusfocus

[EPF], Lethrinus xanthochilufLXA], AcanthurusmatgACM], Liza melinoptera[LZM],
Euthynnusaffinig[EUF]. Table 13 in Appendix 2b outlines the list of species with common
names and Fijian names. The total visgof species by market, day and month were
utilised. The data were scaled to 0 mean and 1 variance.

Hierarchical cluster analysis

Cluster analysis aims to find natural groupings such that samples within a group are more
similar to each other, genensallhan samples in different groups. Cluster analysis of species
similarity can be used to define species assemblage i.e. groups of species that tend to co
occur in a parallel manner across sites (Clarke and Warwick 2001). In a hierarchical
classification he data are not partitioned into classes in one step. They are separated into a
few broad classes each of which is further-divided into smaller classes, and each of these
further partitioned and so on until terminal classes are generated which dwetimet sub

divided (Everett 1980). Similarity between the clusters diminishes moving from lower levels
to upper levels.
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A chi-s q u & test was performed to determine the independence of the markets, days and
mont hs bet we e nist boaenient wag of eling how far the results differed
from what was expected:

6°=x (Expected Observedy

Expected

The test resul t s?andivénhlowlvauegoé p indicael thatetse expdcteds
values differ from the observed values. This test was performed on the identifetcho
examine distribution of the markets and the days among the clusters.

An analysis of variance was performed to study the link between the groups in the cluster
analysis in terms of the total landed catch weight and number of species in thporuties
samples. A twdactor model with interaction was applied to determine the variability of the
total landed catch weight, and total number of species between the clusters.

The R software was used to carry out all the analysis. The scripts ademaiuAppendix 5.
2.5 Results
2.5.1 Analysis of total catch variations

The boxandwhisker plots inFigure 4shows the logransformed data on which the test was
performed to see the differences between the landed catch weight amaonagrkie¢s, days
and months.

The results given by the twiactor model with interaction for factors market and day are
outlined inFigure 5.The difference in the landed catch weight among the markets Lautoka,
Ba and Nadi were statically significant (F= 23.449, df: 2, P < 0.05). The Tukey test
indicated that Lautoka market receives more catch than Ba and Nadi markets. Nadi and Ba
markets are not significantly differefthe dfference between days was also significant (F =
48.132, df: 5, P < 0.05). Overall between all markets Saturday is significantly different from
the rest of the days with the highest landed catch weight. Monday is also different but it is
less significanthan Saturday and shows the lowest landed catch weight. Tuedéiagays

are not significantly different. This is also indicated in Figure 2ii. Appendix 2a, Figure 13
demonstrates the Tukey test results.

An interaction effect exists between the marketstae days (F = 3.221, df: 10, P < 0.05

No significant difference existed in the amount of catch retailed amongst the months April
August (F = 0.96, df: 5 P > 0.055igure 2iii ilustrates this. A Tukey test result igure 13
il in Appendix 2a confirms this.

Since there was an interaction between the markets and days, the difference between days
within each market was tested using the simple mod#ithin Lautoka market, the
difference in the catch retailed between the days of the week was statistically significant (F =
38.878, df: 1, P < 0.05). The Tukey test indicates that Saturday is sigtyfickifierent.
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There are no significant differences between Monday and Friday in the amount of catch
retailed. For Ba market there is a significant difference between days (F = 12.418, df: 1, P <
0.05). Monday is exceptionally different in this case. Té= of the days show no significant
difference. In Nadi market a similar observation of statistical difference is made (F = 4.984,
df: 1, P < 0.05), and Saturday is significantly different. The Tukey test results in Appendix 2
demonstrate these differences.

2.5.2 Analysis of catch composition

The result of hierarchical clustering is represented by a tree diagram or dendrogram, with the
x-axis representing the full set of samples and thgig defining similarity levels at which
two samples or groups are considered to have fused (Clarke and Warkick 2001).

The dendrogram was split at 70% level of similarity to generate four clustguse 6 shows
clustering labelled by market&igure 7 shows clustering la#led by days andrigure 8
shows clustering labelled by months.

A chi-squarex” test of the distribution of markets, days and months in the clusters indicated
that the allocation of markets to the clusters was very differx’nt 41.73, p=2.08@7) and

days was different but less <x* € 36.01, p=1.0703). This signifies that there is variability

in species assemblage among markets and days. Months are not significant and are evenly
distributed among the clusterx’ € 3.814, p=(8).

The details of the markets and days present in each cluster are ghrgara

9. Weekdays of Nadi and Ba markets are grouped together in cluster 1. There is no Lautoka
market, and no Saturdays in this cluster. Cluster 2riwsly end of the week of Ba market
grouped with weekdays of Nadi market and Mondays and Tuesdays of Lautoka market. No
Mondays for Ba market are present in this cluster. When cluster 3 is split further, Lautoka
and Ba markets are separate except foradrservation. Lautoka is clustered with some Nadi
market in clusters 3 and 4 with no Ba market. Cluster 3 has Saturdays of Nadi market
grouped with Fridays and Saturdays and some weekdays of Lautoka market. Cluster 4 has
weekdays of Lautoka market combinadth Wednesday, Friday and Saturday of Nadi
market. This indicates that Nadi and Lautoka markets are similar in terms of species
assemblage on some days.

The group of species present in each cluster is delineatgdure 9 which was obtained by
summing up all the samples in the clusters.

There is not much diversity of species in Ba and Nadi markets during the week as shown in
cluster 1. The catch is dominated RgstrelligerbrachysomgChub mackerel)Catch inBa

market towads the end of the week is more diverse in species compared to the weekdays as
illustrated in tuster 2 and has four predominant spe&estrelligerbrachysoma, Sphyraena
genie(Barracuda)Lethrinus elongated.ong-Nosed Emperor)Caranx sgTrevally). This is

similar to Lautoka market early in the week. High amountRedtrelligerbrachysomaare

landed in Ba market.
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Species diversity in catch is high in Lautoka market throughout the week as illustrated in
cluster 3 and 4. Catch in Nadi market is ocmaally similar to Lautoka market as indicted in
cluster 3 and 2. In cluster 2 early week of Lautoka market is grouped with weekdays of Nadi
and in cluster 3 Saturday of Nadi market is grouped with Friday and Saturday of Lautoka
market.

The highest diversy of species is found on Saturdays is in Lautoka. The predominant species
arelLethrinus elongates, Sphyraena genie, CaranxXCsich in the weekdays is dominated by
Restrelligerbrachysoma, Lethrinus elongates, Caranx Bpstrelligerbrachysomaand is
relatively low on Saturdays. In general, for Lautoka matlethrinus elongateand Caranx

sp. seem to be significant in the landed catch.

The boxandwhisker plots inFigure 10show the logiransformed data on which ANOVA

was ferformed to determine the difference between the total landed catch weight and total
number of species between the groups. There were significant differences between the total
landed catch weight (F = 38.493, df: 3, P < 0.05) and total number of spetuiesl IgF =
48.644, df: 3, P < 0.05) between the groupke total landed catch weight is strongly
correlated Figrue 1) to the number of species being landed with a correlation factor of 0.93.
The landedcatch is highest on Saturdays with the highest number of species (Figure 10iii,
10iv).

A pattern in the fishery is noticed where, with an increase in the total landed catch; an
increased number of species are recorded. This is illustrated in Appendpp2ndix 2c:
Relationship between the total landed catch weight and total number of species

which shows how the proportion of the sjgs decreases with increasing landed catch for 18
major fish species. Because of the presence of many species in the samples, the proportion of
a particular species is low. Even though the catch of a particular species is high in Lautoka
market in compasion to Nadi and Ba markets the proportion of the species to total landed
catch weight is lower than the other two markets.
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2.6 Discussion

Despite having a sampling programme for the artisanal fishery, the Fisheries Department is
unable to follow and fulfilthe requirements of the sampling strategy. This is due to the
constraints arising from lack of operating resources such as funding and manpower. This has
greatly hinderedhe survey programme over the yedirss evident from Tables 1L 4 that the

official sampling program requiring six samples per month in each stratum (market site,
month) is not followed. The main reason is that the Department simply lacks the capacity to
follow this programme. For example, one data collector is responsible for thermvest
division. This division has six municipal markets and a substantial amount of fish sales along
the roadsides. The requirement of sampling each municipal market and roadside six times in
a month makes 42 working days in a month by simple multiplicafibis is clearly not in

the capacity of one individual. The central and northern areas also have one data collector
each so this problem is prevalent in all three main divisions. In the west the main branch of
the Department is based in Lautoka distridcte Tata collector when unable to travel out of

the station ends up surveying the Lautoka market and as a result this market is the most
frequently sampled. In the central division the data collector is based in the Wainibokasi
office. Lagere market is inhé vicinity and hence is the most frequently sampled in that
region. Many a times the data collectors have to adjust their monthly collection plan
according to the availability of transport. This disrupts the plan and results in repetition of
days being sapled, as indicated by the underlined figures in Tablés4l This sampling
programme is thus too ambitious for the Department with the present state of manpower and
financial resources.

The current sampling strategy of the artisanal fishery is discuisdbe subsections below
with suggestions for improvements in relation to the findings of the present analysis and in
relation to other reviews.

2.6.1 Suggested improvements

Sampling of the municipal markets

The analysis of catch variations and associapeties assemblage from Lautoka, Ba and
Nadi markets in 2005 show that there is no significant difference between the months of
April through August, which would represent one season. Based on this, the current monthly
sampling stratification is not warrad. It is thus suggested from this analysis that sampling
should be stratified by fishing season. This is a preliminary analysis performed on an
available sukset of data but further analysis based on samples from all the divisions and
including more thamne year should be performed to verify this conclusion.

The bulk of the catch goes into Lautoka market as it is close to the main fishing port and has
a larger market with higher demand for fish. Ba and Nadi markets receive lower catches as
these are sntlaareas and do not have any major fish landing sites. In principle one would
obtain the most precise estimate of the overall mean volume of catch that goes through the
markets by allocating the samples among different markets proportional to the standard
deviation of the daily catch estimates within each market. Since the CV among the three
market sites studied here is roughly equBkrdr! Reference source not
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found. ), the sampling allocation would effectively be proportionahtolume of the fish
that goes through each market (FAO 1998). The current sampling strategy of equal sampling
frequency among the different markets should thus be revised accordingly.

Two factors need to be taken into account when considering theisgmggime. These are
the total volume of catch that goes through the markets and the associated species
composition.

Comparison between markets indicates that Lautoka and Ba markets are considerably
different both in landed catch weight and speciesnalstsgie. The species assemblage in Ba
market towards the end of the week is somewhat similar to Lautoka market early in the week.
Nadi market is intermediate between Lautoka and Ba. It is similar to Ba market in the amount
of catch being landed but moredikautoka market in terms of species assemblage. Because
of these differences each market needs to be sampled.

When considering the days, Saturday is an exceptional day in all markets. In Lautoka and
Nadi markets high amounts of catch are being landed avivider variety of species. In Ba
market the landed catch weight is not significantly different from weekdays (Tuesday through
Friday) though the catch composition is unlike any other days. As such Saturday sampling
would be deemed necessary in all theé markets.

Monday is also different, but not as much as Saturday. Low amounts of catch are being
landed. In terms of species composition Monday is most similar to Tuesday. Thus Monday
can also be considered as an exceptional day.

The species compdgin from Tuesday through Friday is similar within each market, except
there is a trend of increase in landed catch weight. However the differences in weights are not
statistically significant. Therefore these days would be considered similar.

In the clwster analysis, mostly days closer together get clustered together. This would indicate
that the species composition gradually increases as the week progresses with more catch
being landed.

Thus equal sampling of Monday through Saturday is not warrantad. ahalysis would
indicate the Saturday and Monday sampling is necessary and a random selection can be made
on the other days.

Generally, between and within all three markets the landed catch increases as the week
progresses. Four major species domintite catch, Lethrinus elongatesLong-nosed
emperor), Restrelliger brachysomgChub mackerel),Sphyraena genigBarracuda) and
Caranx sp(Trevally).

The actual sampling allocation within each division could be based on analysis presented
here but as memned earlier further analysis would be required to draw some firm overall
conclusions about the sampling due to the complex nature of the fishery. The general idea
would be to draw out a common sampling strategy for all markets once further analysis on
other areas has been preformed.
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Since the Department is facing manpower shortage in data collection independent
information that is already recorded on the fishery should be utilised wherever possible. In
Fiji the market masters of the municipal markets wailjthe fish that comes into the market
everyday for sales and this information is recorded manually in their registers. The
information on the monthly catch from some markets is currently collected by the
Department. It is suggested that the Departmbatlgl put greater emphasis on obtaining
such data on a more systematic basis from all the markets and at the highest resolution
possible. At a minimum the daily catch that goes through the market should be collected and
stored. A similar technique can bepdied to the rural fisheries services centres, where fish is
mainly landed by the village fishermen and the market manager records the weight of the
total landed catch in the market. These estimates would serve the purpose of independent
estimates of totecatch. If they are judged to be accurate estimates of total catch, the focus of
the market surveys by the Department could, as already suggested by Cook (1986), be shifted
from obtaining information of total catch of all the different species towardssiiog on

getting more accurate estimates of the proportion of different species. Such a shift in the
sampling design may free up time for the data collector, enabling him/her to visit more
markets each day or to obtain more detailed information on the@mposition of selected
species.

Cook (1986) also suggested a further simplification, which would reduce the number of
species being sampled. He reasons that most of the species have very low catches and the
justification for sampling these is questiotebn the basis that many of the species volumes

are | ow, and since this survey doesnot al I c
l i mited use for stock assessment and fisher
carry out fish stock ssessments for all commercially important living stocks. Most tropical
fisheries involve a large number of species. There is no available manpower or funds which
would allow for all species to be recorded. Even if the stock concept was replaced by the
manaement units, there are still too many units to assess all of them. Therefore, the solution

is to prepare a list of important species representative of the sample and classify the
remai ning as AOt her so (FAO 2000) . 0 Hoe Depa
sampling. The list of the important species could either be drawn out according to their
commercial importance or by their importance in terms of abundance in the catch (weight in

the catch) or by ecological significance, which would consider spiectee different trophic

levels.

It should be noted that the above suggestions are only applicable to the landed catch of fish
species. The invertebrates are mostly sold by village women in the municipal markets but
outside of the fefoiethis catthabrokgattinto the maekat is nok teerded

by the market masters (pers. comm.). The invertebrates are laid on plastic on the floor and
sold. Therefore the sampling programme would require sampling the invertebrates for the
weights, togethewith species breakdown and price, akin to the present system. There are
other noAmunicipal market areas, which have considerable sales. These include roadsides
and areas such as Nabukulou Creek, the marketing areas in Vanua Levu (after the destruction
of municipal market facilities by the cyclone) and Lautoka Fishing Port on Sundays. For
these areas the present system of obtaining total catch by each species still applies.
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Sampling of other outlets

The present system intends a complete survey of abbttiex outlets. A complete survey is
feasible for major outlets such as the fish shops in the central and northern divisions that
provide landed catch weight to the Department on a monthly basis. In the central area this
information from the fish shops gig 98% of the total landed catch that flows through all the
outlets because most of the smaller outlets in this area buy their fish from the major fish as
determined by the survey carried out by the Department in 2004. A similar survey should be
carried ot in the western area and for the smaller outlets in the northern area. A complete
sampling would be essenti al initially and
stratification of the outlets sampled could be considered. The department should continue
using their standard request forms and try to build a friendlier and transparent relationship
with the businesses to ease the inflow of information. A verification of the catch retailed
through the other outlets seems essential as a lot of the estimatestiof the areas are
being based on previous surveys carried out some years ago.

Fishing patterns

A pattern in the fishery is noticed in the current analysis of market samples. The landed catch
increases as the week goes by but at the same time #rsityivwf the species increases. The
actual cause for this trend needs to be determined. It is known that the demand for fish is
higher on weekends (pers. comm.). The increasing diversity of the species may also be
related to demand. It would be informatito find out if this pattern can be directly related to

the behaviour of the fleets, the types of gear used and/or the location of the fishery as the
week progresses. The pattern may arise due to such changes but may also be an artefact due
to less marketlemand for fish variety during the week. The fishermen, may for example,
give away the species of lesser commercial value in the earlier part of the week because using
market facilities requires paying fees according to the weight being sold. It is wetes

the Department should make a specific investigation related to the above pattern with the
specific objective of aiding in designing an appropriate sampling strategy.

Catch estimates

A huge increase in catch landings is reported in 2004 compatie@stimates from previous
years. It is not clear if this anomaly is due to an increase in fishing effort, increase in biomass
or change in sampling methods by the Department. It is known that a lot of agricultural native
land leases in the northern areapecially in Macuata Province, were not renewed in 2004.
Therefore households that were involved in farming previously have started venturing into
fishing as their source of livelihood (pers. comm.). This may in part explain the increase in
landed catchin 2004. It is however unlikely that the almost doubling in catches can be
attributed to this factor alone. There have been indications that the Fisheries Department is
underestimating the artisanal fishery catch (Rawlingbral. 1994, Gillet and Lightfot

2002). The reported catch landings estimates in 2004 may thus be more reflective of the true
annual removal by the artisanal fishery. There is however no information provided in the
Department report for 2004 as to a major change in sampling and datsging so this
anomaly in catch estimates is suspect and needs to be verified.
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Collection of effort data

Catch and effort are the two fundamental data required for monitoring the development of the
fisheries and are often used in assessment and masaigéPAO 1999). CPUE (catch per

unit effort), also called catch rate, is frequently the single most useful indicator fetelong
monitoring of a fishery. Declines in CPUE may mean that the fish population cannot support
the level of harvesting and incses in CPUE may mean that a fish stock is recovering and
can sustain more fishing effort (FAO 2000).

In the present state, only information documented on the effort in the artisanal fishery is the
number of licensed fishers and boats in operation. Howawee details on the effort applied

to a fishery are required for management of any fishery. An ideal opportunity for collecting

this information at a minimal cost would be from the existing fishing license questionnaires

that every licensee is required fil during license application. The license form inquires
about the fishersdé personal det ai | s, fishioi
method of fishing, place of landing, volume of catch/trip, main species caught, place of retail,
revenuegenerated, and a general question about the status of the stock in the fishers view.

In practice, information on personal details and authorised fishing area is recorded for each
fisherman and the essential information related to fishing effort is nibalalea Nonetheless,

the importance of this information has been recognised and all extension and licensing
officers have been requested by the statistics unit to resume the practice of recording all this
information as of 2005 (pers. comm.)

It is strongy recommended that this practice be established on a systematteilongasis.

A questionnaire requires the respondents to fill out the form themselves; this would require
high level of literacy therefore questionnaire should be prepared using thelangjoage of

the target group (FAO 1999)ranslating the questionnaires, which are in English, Hijtan

and Hindi would greatly ease the process as also recommended by Cook (1986). Currently
the licensing officers need to assist the fishermen in fillimgthe formsdue to low literacy

rates of the majority of the fishermeWwith vernacular language thHishermen will require
minimum assistance in filling out all the requested information. A revision of some of the
guestions could also be considerede Tihensing officers could educate the fishers about the
use and importance of fishery data so that they are more cooperative and this could also
reduce some subjectivity in the information provided.

Under the Fisheries Act the village fisherwomen aguired to obtain a fishing license from

the Fisheries Department to operate. However, a fee is not levied for this license as the
women utilise their own fishing grounds. Only a letter of consent is required from the chief of
the village to obtain a licese. This provision under the act should be fully utilised. Issuing
licenses to the fisherwomen would keep track of the effort applied to the fishery.

2.7 Conclusion
Fisheries information cycles require continuous and circular reappraisal. Setting up a data

collection system and then operating it without continuous feedback and possible revision
may waste resources either on unreliable estimates or orsawvgled variableEvans and
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Grainger 2002). The current sampling regime of the Department has beeace fot
approximately 30 years and is in need of an appraisal to increase reliability in the fisheries
statistics, and for a better informed management system.

The Department should consider addressing the shortcomings in the sampling- and re
examining tle scope of the survey. It is important simultaneously to consider the survey
requirements taking into consideration the manpower and financial constraints. Setting up a
data collection programme follows from defining objectives, identifying data needsgkhro

to working out how the data should be collected, stored and analysed. In designing the
programme, all options should be carefully considered. The strategy will be strongly
influenced by the budget and personnel available (FAO 1999).

In view of the abwe, it is statistically indicated that the current sampling strategy organised
by month is not warranted. Sampling could be organised by season. Equal weighting of the
weekdays Monday through Saturday is also not warranted for the three studied markets.
Similar studies can be carried for others areas in order to revise the sampling regime.

From this analysis it could be said that sampling allocation would be proportional to the
volume of catch that is retailed through each market, considering the aggewidpecies.

However, should the objective be modified to sample a group of important species instead, a
similar analysis would be applied by species to determine the amount of each species that
goes through each market. Sampling would then be bas#ueqgoroportion of the species
catch weight that is landed in each market.

The main objective of the market sampling needs to be defined clearly. The level of accuracy
of the sampling needs to be decided upon in relation to the available manpower and
resouces. The sampling regime would then be designed accordingly.

A thorough survey of the other outlets needs to be carried out in the western and northern
divisions to determine their source of fish supply. An initial complete survey of the outlets
would benecessary and then 25% stratification of outlets sampled can be applied.

Collection of effort data is deemed necessary, as it is fundamental for fisheries management.

3 EVALUATION OF THE SU BSISTENCE FISHERY

The socieeconomic household questionnairerveay for the subsistence fishery is
incorporated in the Marine resource inventory survey of the Fisheries Department. Apart
from the household questionnaire survey the methodology incorporates Underwater Visual
Census Surveys (UVC) and creel surveys atestanding sites in the village to sample the
actual catch by species for weight, length, number and information on catch/unit effort,
fishing methods and gender of fishers.

This survey was initiated with the objective to survey all the gdl@olis. Thiswas set as a
policy directive by the Government in place of a directive under which the total ownership of
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the customary fishing rights areas would be given to the indigenous communities. The
resource surveys of the fishing rights areas have to be ukeletia determine the status of
eachgoligoli.

The main objective of the surveys is to identify the biodiversity and determine the resource
status of the fishing areas through gathering Hiasebiological, ecological and soeio
economic data. The studyfammation will be utilised to draw out the Inshore Marine
Resources Profiles for each fishing ground and the Department will work with the local
indigenous communities adapting a community participatory approach to formulate a
Fisheries Management and Censation Plan.

Each fishing area is targeted only once and the aim is to survey all the villages (DOF 2002).
Eachgoligoli has many villages and this task appears unfeasible with this strategy.

For the 50 communities surveyed so far, UVC data is amalys obtain the biomass of
different species in all the survey areas (DOF 2005). As mentioned earlier the socio
economic data have not been processed to date and are being analysed for seven communities
in this report.

3.1 Methodology
3.1.1 Study site

Householdsurvey information from nine communities was processed. This included eight
villages namely: Namatakula, Navola, Tagage, Komave, Lami, Delainavesi, Suvavou,
Vugalei and one tikina, Nasavusavu.

Namatakula, Navola, Komave and Tagage are rural settlenieratted adjacently along the
Coral Coast in Sigatoka on the main island of Viti Levu marked as 1 on Figure 12. This part
of the island is surrounded by fringing reefs. Navola is a small village beside Namatakula and
is considered part of the Namatakula coumity in the household census survey conducted
by the Fiji Bureau of Statistics. These settlements come under the Nadroga/Navosa province.

Lami, Delainavesi and Suvavou are located on the flank of Suva Harbour on the main island
of Viti Levu marked as 2n Figure 12. Lami is an urban settlement and Delainavesi is
situated within Lami. The harbour is protected by the Suva Barrier Reef. Suvavou is an urban
village located beside Lami. These settlements are part of Rewa province.

Vugalei is a small rural {fage located in Labasa Tikina. Nasavusavu tikina is a combination

of rural and urban settlements based on the coast marked as 3 on Figure 12. It comprises of
the following 21 villages: Drekeniwai, Dromuninku, Korolevu, Koronatoga, Korosi, Leya,
NacavanadiNagigi, Naidi, Nasinu, Navakaka, Naweni, Savudrodro, Tabia, Tacilevu, Viani,
Vivili, Waivula, Waivunia, Nacekoro, Yaroi and remaining urban area (FIBOS 1996). These
two tikina are part of Cakaudrove province located in Vanua Levu.
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3.1.2 Socieeconomic survey

The socieeconomic survey involves questionnaire interviews of randomly selected
households in a community. This survey 1is
Inventory Survey as described in the introduction. These study areas were surveyed during
the period 2003 2004. The interviews were conducted by Fisheries Department staff. For
random selection, the households of the whole community are categorised into groups of five
based on area. From each group, three households are chosen at randover Hosame

surveys this strategy was not followed and very few samples were taken. For Nasavusavu
tikina random samples were taken from 12 villages including some urban area.

The questionnaire used in this survey was obtained from the study done bydRawh

1993 and is included herein as Appendix 3. A senior member of the household was
interviewed and the information gathered includes fisher and community attributes, such as
age, education, household size, assets, occupation, dependence on fisbergeses
frequency of fishing trips, trip duration, fishing methods, fishing area, catch per trip with
species composition, and fish consumption rates. Each community was surveyed once during
the period of survey. The number of households surveyed in emehmunity is given in

Table 12.

3.1.3 Catch evaluation

All raw data from the household survey questionnaires was entered in a spreadsheet. Catch
per trip per household and number of fishing trips per household were utilised to evaluate the
subsistence fisheriggeld for all communities.

The following catch details for fish were recorded: average weight (grams)/fish, numbers of
fish and maximum and minimum lengths. For invertebrates total weights (grams) were
recorded. The following discrepancies were iderdifie the record of catch details, in some
guestionnaires, during analysis:

i.  Weights were missing for some species (including fish and invertebrates)

ii. All weights were missing and only numbers were recorded.

iii. All numbers were missing and only weights were rded.

iv. Total weights of fish were recorded instead of average weights, with no information

on the number of fish.
v. The number of trips was not recorded.

As such, 22 out of 161 households were deleted for all communities combined. These
comprised recordstha di dndét have numbers of fi sh, had
did not state the number of fishing trips.

Weights of some species for some of the households were still missing. Therefore average
weights were obtained from the available data andiexpfor missing information for both

fish and invertebrates. This assumption was made for 11 households for which some weights
were missing and 20 households for which all the weights were missing.
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The catch per trip was recorded under one of the fatigwiategories in the questionnaires:

3-7 times/ week, 2 times / week, > once a month, < once a month. These categories were
converted into values for the purpose of analysis. This technique was taken from Rawlinson
(1993) as an equivalent questionnagdeing analysed. The factors used by the 1993 survey
were 3, 1.5, 0.5 and 0.25 for the four categories respectively. The same factors were used
except for the first categoryBtimes/ week. The factor used in this study was 3.5 because it
was known fronthe survey that, when marked under the categeafyifies / week, fishing is
actually carried out-3 times in a week by the majority of the households.

For each household total catch/ yeas)(@as calculated:

Cy=C*N¢*52
where,
Ci: Catch/ trip
N¢: value for the number of fishing trips/ week
52 represents the number of weeks in a year.

The total catch was calculated by species.

Assuming that the survey is a true sample representative of the population (as it includes
fishing and norishing howseholds) a deterministic total catch per community{Cwas
obtained:

Ceom= X TRf
where Rf is a raising factor calculated by the total number of households in a community
divided by the number of households sampled.

For Nasavusavu Tikina the samples were not truly representative of the proportiort of non
fishing householdsln Nasavusavu Tikina 70% of the households are based in the coastal
area and 30% of the households are in the urban area. Therefore an assumption was made that
70% of the households are frequent fishers.

The total number of households per community whktioed from the 1996 household
census conducted by the Fiji Bureau of Statistics. These were the most recent figures
available, as the next census will be conducted in end of 2006.

It was known that in Namatakula 67% of the households were surveyedbtkethe total

number of households in the community was calculated based on this information. For
Vugal ei vill age the househol dsd6 samples are
present in the village according to the 1996 census. No auxih&mymation for Vugalei

village was available therefore a raising factor of 1 was used. For the rest of the communities

the 1996 census figures were used. During analysis, Navola samples were added to
Namatakula samples and Delainavesi samples were addeaniosamples. This was done

because under the national census, Navola is counted as part of Namatakula, and Delainavesi
as part of Lami. As such, catch by subsistence fishery was evaluated for seven communities.
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Bootstrap was used to estimate the varéaby resampling the data on annual catch per
household. Bootstrap 4®ampling is a general form of-sampling in that it is resampling

with replacement to produce samples of size n (Haddon 20019ampling generates a
unique sampling distribution bad on the actual data at hand using experimental rather than
analytic methods. Unlike approximation with generic distribution tablesamgpling yields
unbiased estimates because it is based on unbiased samples of all possible outcomes in the
data beingstudied (Garson 2006). Bootstrap becomes most useful where the sampled
population cannot be represented by a normal distribution and especially where the
underlying distribution is unknown (Haddon 2001). The annual catch per household in all the
villages B not normally distributed. Therefore-sampling technique was applied and 1000
re-samples from the original data were generated. The bootstrap estimates of total catch were
normally distributed. The rsamples were raised and mean and standard deviagom
obtained. A coefficient of variation (CV) was also calculated. The coefficient of variation
provides a relative measure of data dispersion compared to the mean: sfAhdard
deviation / mean for the normal distribution (Barringer 1999). This was done for all
communities except Komave because sufficient samples were not available. The non
parametric catch estimates with standard deviation from bootstrap are presented. It should be
notedthat the uncertainty estimate is only taking into account the uncertainty associated with
sampling. The uncertainty related to the raising factors has not been accounted for.

An attempt was made to estimate the total removal by the subsistence fishergliftbe

coastal rural communities in Fiji, based on these samples. Estimates are attempted for coastal
communities only as the samples are from coastal areas and assumed to be representative of
all the coastal areas. An overall average catch/ housebg)dras calculated:

Cav= Xofe! X TH
where
x Gom Total catch for all communities surveyed combined
x T H: Total number of households for all communities combined.

3.2 Results

The estimates for the removal by subsistence fishery for all the comesuerié delineated in
Table 12 Only Vugalei shows @V greater than 30%.

The majority of the households interviewed in all villages are involved in fishing times
per week with an exception of Natakula community where a significant number of
households (33%) go fishingi34 times per week.

Approximately 32% of the community in Lami is not involved in fishing and 13% fish less
frequently than 1 2 times per week.

Only a few households per camnity own a boat. Fishing is mainly carried out along the
shoreline and on the fringing reef where fishers mostly wade into the water and fish.
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On average, the amount of time spent fishing is4Lhours with an exception to Lami and
Suvavou where consdable number of fishers are out at sea fbrl2 hours.

In most villages both males and females are equally involved in fishing except Lami and
Nasavusavu area where the proportion of male fishers to female fishers is 2:1.

The predominant gears use®@ &and line and spear except in Vugalei where gillnets are used

as frequently and in Lami and Suvavou where spear seems to be of less importance. These
are based on the number of reported cases. The ranking of the gear usage was not available.
The major labitats targeted by all communities are shoreline and lagoons (shallow and
deepwater). Some people from Lami and Suvavou village also fish on the reef. Hardly any
fishing occurs on the reefs of the Coral Coast adjacent to Namatakula.

All the communitiesconsume fish I 3 times per week except Lami where 40% of the
households consume fish once a week only and for some households fish is part of the diet 4
T 6 times per week. All communities also consume canned fish apart from consuming their
fresh catch.

All the coral coast villages show similar fishing behaviour and consumption rates. Komave
area had three samples only therefore the inferences made from this sample will need
validation.

For Nasavusavu tikina the information on the fishing methodsg#ar types used, fishing
area, trip duration, and consumption of fish was not available from the questionnaires. For
interested readers some details by community are provided in Appendix 4a.

Generally within a community, the number of fishing trips peek does not affect the
amount caught. Households that go fishing 2 times per week catch approximately the
same amount per trip as those that fish 8 times per week with the exception of some
outliers (Appendix 4b, Figure 19). The correlation fad$00.22. The trip duration also does

not affect the catch size with the correlation factor of Ul# distribution of annual catch,
number of fishing trips and trip duration by household is illustrated in Figures 16, 17 and 18
in Appendix 4b respectilefor all the communities.

The highest diversity of species caught is in Namatakula followed by Nasavusavu tikina.
Komave and Vugalei villagers do not catch a lot of species. Lami, Suvavou and Tagage are
intermediate. Three main species are landedliarabs,Lethrinus mahsengyellow-tailed
emperor) Cephalopholis argus(rockcod) and Lethrinus harak(thumbprint emperor)
Scarrus sp (parrot fish) are caught is high amounts in all the areas except Suvavou and
Vugalei where there were no reported cases.

In Komave, Lami, Suvavou and Vugalei not much invertebrates are landed. Despite a turtle
moratorium in place, turtles are being landed in Namatakula and Nasavusavu.

An estimate of catch (tonnes) by species according to community is provided in Appendi
Table 14.
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Some commercial (licensed) fishers are also present in these villages. The details per
community are given in Appendix 4a. The catches landed by these fishers are not available
from this survey.
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4 DISCUSSION

There is a lot of variabilityn the catch sizes between the different households in the studied
communities. The high values obtained for the i@tficate the dispersion of the actual

catches of the households from the mean catch. This is generally expected in all these
communities whee all households are not involved in fishing on the same scale. A further
confirmation to this variability is that a lot of fish is also sold within the villages among
households, as reported in most of the questionnaires. This indicates that housettolds t
dondt go fishing so often buy the catch fro
regarded as subsistence fishery as they are-soal# sales on the village level.

Coastal communities concentrate their fishing effort in areas adjacethteito villages
(Rawlinsonet al. 2004. All the studied communities mainly target the shoreline and the
lagoon for food security. Fiji has an extensive and high diversity of coral reef habitats. These
inshore reefs support major subsistence and moderataeamnl fisheries (Vuki 2000). This
dependency has led to owexploitation of the coastal zones in many fishing grounds as
studies indicate. Most of the families in all communities do not own a boat, which also leads
to the shorelines and lagoons being\iky targeted for fishing.

The Coral Coast area has a higher average catch in comparison to the other two areas,
indicating that the people in this area are more actively involved in fishing in comparison to
the people living along Suva Harbour andhe two areas surveyed on Vanua Levu. Based

on the coast, the villagers heavily rely on fish as their main source of protein and livelihood.
The reef adjacent to the Namatakula village was in a deteriorating state and therefore a
marine protected area hasem established on the reef. The villagers in Navola do not have
permission to fish on the reefs adjacent to their village as the area belongs to the Komave
tikina.

WWEF based in Fiji together with Fisheries Department is currently carrying out awareness
programmes on the turtle moratorium in some of the villages in Fiji, especially places where
people are still catching turtles.

The information gathered by household surveys can be very subjective. Such information is
al so subject to rvyardarorucsr &k ianndds a ft d@inmkenmocy t o
respondent (FAO 2000). As such these estimates need to be verified. Previous surveys done
of this nature also have a parallel independent survey, which is used for the verification of the
household gestionnaire survey information.

Rawlinsonet al. (1994) carried out a soceconomic survey of artisanal and subsistence
fishery for Viti Levu. In this survey, a creel survey was also carried out in three villages that
were interviewed for verificatioof the information obtained by the respondents. Kuedte.
(2005) carried out a questionnaire survey on the island ofi@aa. In this study the
verification process involved taking a ssbmple of the population and monitoring their fish
consumptiordaily for two weeks.

Rawlinson et al. (1994) recommended that future surveys must employ the composite
approach using questionnaire, creel and fish consumption surveys simultaneously in order to
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get an accurate assessment of the fisheries and the ereeyss should be undertaken at
different times of the year to take into account any seasonal effects on catch. The overall
survey planning should place more emphasis on the creel survey and utilise this data for
verification. At present the creel survey most of the villages is not carried out as
anticipated because of some administration constraints (pers. comm.). These issues should be
addressed during the planning stage of the survey. Nonetheless, verification of these
estimates is necessary.

The impatance attached to soeszonomic information on the fisheries sector has greatly
increased for several years (Sabatella and Franquesa 2004). Without subsistence fisheries,
individual pacific island countries would have to import an estimated US$3 toli8mal

year in substitute foods (Gillet and Lightfoot 2002).

A lot of rural areas in Fiji are heavily dependent on the marine resources as their main source
of livelihood. This household survey information could prove to be of immense value. The
two survgs UVC and household survey of the marine resource inventory survey greatly
complement each other. The UVC data are used to estimate the biomass of the marine
diversity in each of these fishing areas through underwater visual surveys. With this
informationon fish abundance in an area and the total removal from the same area would
simply indicate whether the fishing practices are sustainable. One of the major objectives of
the Marine resource inventory survey is to ensure sustainable management of tlee marin
resources (DOF 2005).

4.1.1 Suggested improvements

Survey design, planning and sample selection

A detailed design and planning of the survey including implementation scheduling, training,
equipment, logistics, eordination, and monitoring should be ensupeidr to the survey. A
survey design should be realistic and have outlined achievable tasks, which can be
accomplished (FAO 1985).

The Department mostly encounters budgetary constraints. In resource limited situations few
samples can be taken providédtithe samples sizes are representative. Good accuracy levels
can be achieved at relatively small size, provided that the samples are representative (FAO
2000).However it must be ensured that enough samples are taken at rancdame of the
villages seh as Komave and Tagage very few samples were taken during the survey.

It should be ensured that the sample obtained should be truly representative of the community
being studied and not be biased in its selection. A true sample will be an indicatian of t
number of fishing and nefishing households and commercial operators. None of the
samples from any communities included licensed households, even though all the studied
communities have licensed fishermen. This indicates selection bias as one partasfét
population is not in the sampled population (Lohr 1999).
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A poststratification approach can also be applied for sampling where the households within a
community can be divided into frequent fishing, #Aoequent fishing, and licensed
householdgor instance and random samples taken from each strata.

Data recording system

Weaknesses were identified in the data recording system as outlined in the methodology
section above. Samples that have missing information are a loss therefore considieacy in
data recording system needs to be ensured. It is natural that some households will have
problems in remembering their catch amounts and species composition. Therefore if it is
realised during the survey that one sample is not fully representatshmuld be discarded

and a replacement sample taken. However, care must be taken that this strategy does not
create a bias in the sampling. For example, discarding households that cannot remember their
catch because they are infrequent fishers might resualbly frequently fishing households

being sampled.

The design of the questionnaire used allows ranking of the fishing areas and fishing methods.
However information is not being recorded according to rank. Recording information in this
manner would beecommended as this information would be useful for examining the catch
composition. Some details on the number of gear used per household would also be useful.

Other qualitative information such as the number of fishers per household operating at one
time could also be collected.

The questionnaires used in surveying Nasavusavu tikina had missing questions on fishing
area and fishing methods. In order to achieve consistency in the survey-axanwssation

of all the questionnaires should be carried afteer the survey to ensure all information has
been recorded in the proper manner.

Training of data recorders

AThe backbone of a fishery survey is the fi
who form the primary interface between fisherstnds her i es management 0o (
important that the data recorders should have a good understanding of the purpose and the
utility of the survey. To ensure this, thorough training anttaiming is required. Workshops

and training courses concergiaspects of data recording would ensure positive contributions

to survey planning and the revision of the survey design (FAO 2000). Currently the data
recorders participate in meetings with USP and other NGOs regarding similarelaidd

issues. The suey team should be actively involved in such relevant trainings and
workshops.

Supplementary information

For determining the stock status and sustainability of fishing habits, the total removal from a
fishing ground needs to be determined. Apart fromemening the total removal from
subsistence fishers, the removal from commercial operators also needs to be known.
Therefore it is necessary to sample some of the households that operate on a commercial
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scale. Catch information of other licensed fisherwio are not residents of the village but
have a permit to fish in the area would also be necessary.

Effectiveness of the field operations will directly affect the quality of the collected data. The
quality of the data will affect its utility and statisicreliability. Poor data quality, even
assuming sample predictability from stratif.i
Grainger. 2002). Therefore, during survey design it is better to establish accuracy indicators

so that sample sizes can guatee an acceptable level of reliability for the estimated data
population parameters (FAO 1985).

The socieeconomic survey is an ongoing programme and the effectiveness and the
dependability of the statistics gathered should be ensured. The efficietiey mrogramme
will be a direct function of ascertaining lotgrm sustainable use of the resources.

The ADB (2005) sector review expresses the concern that the marine resource inventory
survey is too comprehensive and recommends that the survey odselsniore focused on

the collection of information relevant to management needs. It was also recommended to
focus on thegoliqolis” most at threat and/or which have the highest environmental values.
This could greatly increase the effectiveness of theegmanagement plan development
process in managing risks associated with -@xgroitation.

The unfeasibility of the survey strategy has been realised by the Department and a change in
the scheme is being proposed. The Department will focus on sampéysuather than
complete survey of all the areas and will work in collaboration with NGOs and the USP to
ensure that the objectives are attained within a realistic time frame.

An attempt was made to estimate the total removal by the subsistence freimerslif the
coastal rural communities in Fiji, based on these samples. An estimate was made for coastal
communities only as the samples were from coastal areas and assumed to be representative of
all the coastal areas. An overall average catch/ houselasldaiculated:
Cav= Xofe! x TH
where,
x Gom Total catch for all communities surveyed combined
x T H : Total number of households for all communities combined.

The total catch for all coastal villages was obtained:

CTotaI = Cav * HTotaI
where,
Hrow: Total numbenof coastal village households in Fiji.

The total number of households were approximated from the population and household
census and some additional qualitative information provided by FIBOS.

Some broad assumptions were made to calculate the numiealafaastal villages by
province.
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The order of the catch estimate obtained was slightly lower than the current estimate of the
Department. However these assumptions and estimates were only based on the catch from
these seven coastal communities. Nonehef samples were representative of the inland
village households.

Fiji has over 800 rural communities.

This analysis can be regarded as a first step towards revising the current total subsistence
catch estimate. Once additional samples are available fn@msocieeconomic survey,
provided they are truly representative of coastal, inland and outer island villages, the above
technique can be applied to raise the estimate.

The communities can be divided into groups according to the geographical areageAvera
catch can be obtained for each group and the estimates raised by group using the above
approach.

FIBOS will be conducting a population and household census in the end of 2006. An official
arrangement can be made between DOF and FIBOS to also clhsesifijldges as coastal or
inland to ensure the reliability of the available statistics.

4.2 Conclusion

The socieeconomic household questionnaire survey is an ongoing programme for evaluating
the level of subsistence fishery in different communities throuigkgi. The subsistence
fishery is a major part of the lives of the village people and sustainable management of the
fishery is necessary to safeguard the resources and in turn the livelihood of the people
benefiting from it.

Some weaknesses were idéat in the survey programme and recommendations were
proposed for strengthening the survey.

Subsistence catches for seven communities were calculated. From the analysed samples some
general fishing behaviour was identified between communities. All thencmities across

the island practice similar fishing methods. The two major fishing methods used were hand
lines and spears. Gill nets are also important in Vugalei village in the north. Subsistence
fishery catch estimates indicate that the Namatakula aomtynis heavily dependent upon

fishing and catch a much wider variety of species than other communities. Lami is an urban
community and therefore shows different fishing habits.

Similar analytical techniques can be applied to the samples from the cottmenunities.
Eventually samples, which are representative of all the rural communities involved in
subsistence fishing, can be utilised in raising the subsistence fishery estimates for Fiji.

In order to develop an effective fisheries management and gatiserplan for each fishing

ground as directed by the Government, information from both subsistence and artisanal
fisheries exploitation is required for each location.
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5 TABLES

Tablel: Frequency of market sampling by monthdaisanal catch in the western division
in 2004.

Sigatoka Nadi Lautoka Ba Tavua Rakiraki

Jan 0 0 7 0 0 0
Feb 0 0 5 0 0 0
Mar 0 0 13 0 0 0
Apr 0 4 7 3 1 2
May 0 4 4 3 2 0
Jun 0 0 0 0 0 0
Jul 0 6 7 4 3 1
Aug 0 5 6 4 5 1
Sep 0 3 3 4 5 1
Oct 1 6 6 6 5 1
Nov 0 5 5 6 5 1
Dec 0 0 0 0 0 0

Table2: Frequency of market sampling by month for artisanal catch in the western division
in 2004.

Month Sigatoka Nadi Lautoka Ba Tavua Rakiraki
Jan 0 0 0 0 0 0
Feb 0 1 3 1 1 0
Mar 0 3 5 2 1 1
Apr 1 6 6 6 4 0
May 1 5 6 6 6 2
Jun 1 5 5 6 4 2
Jul 0 5 6 7 3 1
Aug 1 6 6 6 5 3
Sep 0 3 9 3 5 2
Oct 0 4 4 5 1 0
Nov 0 - - - - -
Dec 0 - - - - -
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Table3: Frequency of market sampling by month for artisanalcist the central division in 2004.

Navua Korovou Lagere Nausori Suva Raiwaga Lami Nabukulou Creek
Jan 0 4 4 4 0 0 0 0
Feb 0 0 0 0 1 0 0 1
Mar 0 0 5 0 8 0 0 8
Apr 0 6 9 5 10 0 0 0
May 0 2 8 3 9 0 0 0
Jun 0 0 0 0 2 0 0 0
Jul 0 6 6 6 8 0 0 9
Aug 0 5 5 7 3 0 0 2
Sep 0 4 14 5 2 0 0 2
Oct 0 0 18 3 0 0 0 0
Nov 0 3 22 5 0 0 0 0
Dec 0 0 0 0 0 0 0 0

Table4: Frequency of market sampling by month for artisanal catch in the central division in 2004.

Navua Korovou Lagere Nausori Suva Raiwaga Lami  Nabukulou Creek

Jan 0 0 4 - 0 0 -

Feb

Mar

Apr

May

Jun

Jul

Aug

O|Wk| A~ Ol W|0
1

Sep

Vo|lw|o|r~ol 2N

Oct

O|O|O0O|0O|0O|0O|O0|0|0o|O

Nov

O|O|O|O0O|o|O|0O|Oo|o|o|o
1
O|O|O|O|Oo|Oo|O|Oo|o|o|o
O|O|O|0O|Oo|O|O0|O0|0o|o|Oo
1

o
1

Dec

NB: Raiwaga and Nabukulouaek are part of Suva but have separate market sites

Table5: The proportion of artisanal catch retailed through the major marketing sites in the central,
western and northern divisions.

Central Western Northern

Markets 0.163 Markets 0.223 Markets 0.147
Navua 0.006 Lautoka 0.120 Labasa 0.059
Lami 0.005 Ba 0.038 Savusavu 0.032
Raiwaga 0.009 Tavua 0.015 Nabouwalu 0.023
Suva 0.096 Rakiraki 0.009 Seqaga 0.018
Nausori 0.016 Nadi 0.028 Wainikoro 0.015
Lagere 0.025 Sigatoka 0.013

Korovou 0.006

Other Outlets 0.202 Other Outlets 0.168 Other Outlets 0.095
Total 0.365 Total 0.392 Total 0.243
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Table6: ANOVA two-factor model with interaction results for landed catch weight between,
markes Lautoka, Ba & Nadi and days (Mond&yaturday) [DayN].

Df Sum Sq Mean Sq F Value Pr(>F)
Market 2 36.567 7.319 23.449  1.537el3 ***
factor(DayN) 5 30.048 15.024 48.132 1.101el3 ***
factor(DayN):Market 10 10.053  10.053 3.221 0.001946 **
Residuals 83 20.913 0.312

* indicates the level of significance of interaction

Table7: ANOVA two-factor model with interaction results for landed catch weight between
markets Lautoka, Ba and Nadi and months April to August 2005.

Df Sum Sg Mean Sq F Value Pr(>F)
Market 2 30.3 15.15 17.093  9.014e07 ***
factor(MonthN) 4 1.574 0.393 0.444 7.76E01
Market:factor(MonthN) 8 3.698 0.462 0.5215 8.36E01
Residuals 70 62.04 0.886

Table8: ANOVA onefactormodel results for landed catch weight within markets Lautoka,
Ba and Nad..

Df SumSq MeanSq F Value Pr(>F)

Market L

factor(DayN) 5 9.866 1.973 11.794 9.836e06 ***
Residuals 23 3.848 0.167

Market B

factor(DayN) 5 16.083 3.216 5.978 0.001104 **
Residuals 23 12.375 0.538

Market N

factor(DayN) 5 20.448 4.089 18.314 5.046e07 ***
Residuals 21 4.689 0.223
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Table9: Allocation of markets and days to the four identified clusters.

Mon Tues Wed Thurs Fri Sat

Cluster 1

Ba 3 2 4 2 2 0
Lautoka 0 0 0 0 0 0
Nadi 0 2 0 2 1 0
Cluster 2

Ba 0 3 1 2 3 5
Lautoka 5 2 0 0 0 0
Nadi 3 2 4 2 3 0
Cluster 3

Ba 0 0 0 0 0 0
Lautoka 0 1 1 0 4 5
Nadi 0 0 0 1 0 4
Cluster 4

Ba 0 0 0 0 0 0
Lautoka 0 1 4 5 1 0
Nadi 0 0 1 0 1 1

Table10: ANOVA two-factor model results for total landed catch weight (TTW) and total
number of landed species (TN) between the four identified clusters.

Regonse: log(TTW) Df Sum Sq Mean Sq Fvalue Pr(>F)
factor(gp) 3 47.917 15.972 75.359 2.2e16 ***
log(TN) 1 16.413 16.413  77.436 3.579el3 ***
factor(gp):log(TN) 3 0.472 0.157 0.742 0.5304
Residuals 75 15.896 0.212

Tablell: Bootstrap estimates for total landed mean catch (kg) per day and standard
deviation for markets, Lautoka, Nadi and Ba and the coefficient of variation of sampling.

Market n Mean sd cv

Lautoka 29 1130.35 149.44 13.22
Ba 29 335.08 50.91 15.19
Nadi 27 460.36 97.1 21.09

Table12: Subsistence catch evaluation by community.

Vilage TH TP HS PS FM FH AVC Ceomlt] cV
Namatakula 61 241 46 196 227+048 098 2.46 151.06 £ 2659  17.06
Komave 27 164 3 15 2.00£029 100 0.74 19.9 -

Tagage 32 199 6 41 200+0.26 1.00 0.97 30.85+ 7.35 23.84
Lami 226 1,509 38 65 2.30+0.30 068 0.24 24.54 + 7.06 28.79
Suvavou 102 619 10 113 1.08+0.19 1.00 0.19 4351+ 8091 2.82
Vugalei 5 25 7 43 157+£020 1.00 0.97 1.82+0.78 42.78
Nasausavu 1892 10025 29 148 1.86+0.28 093 058 109589+ 246.91 2253

Key:
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TH:
TP:
HS:
PS:
FM:
FH:

AvC:

Total number of households in the community

Total population of the community

Number of households surveyed

Population surveyed

Mean number of fishers paousehold with standard error
Proportion of fishing households

Average catch per household in the community

Ceom[t]: Total catch (tonnes) and standard deviation by community

CV:

Coefficient of variation of the survey
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6 FIGURES
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Figure2: Map of Viti Levu and Vanua Levu showing the market sampling.sites
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Figure3: A trend in the total landed artisanal catch by markets and other outlets from 1981
2004.
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Figure4: Box plots of logtransformed total landed catch weight by (i) market (ii) day (iii)
month (iv) days within Lautoka market (v) days within Ba market (vi) days within Nadi

market.
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Figure5: ANOVA interaction between marketalitoka, Ba, Nadi and days (Monday
Saturday) for total landed catch weight.
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Figure6: Dendrogram of species assemblabelled by market.
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Dendrogram of species composition in
landings labelled by day
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Figure7: Dendrogram of species assemblatgbelledby days.
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Figure8. Dendrogram of species assemblaf@belled by month.
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Figure9: Distribution of the total catch of the 18 major species studied (obtained by sum of
all observations in each clesj for the four identified clusters.
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FigurelO: Box-plots of logtransformed total landed catch weight by (i) cluster (iii) day &
total number of species landed by (ii) cluster (iv) day.
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Figurell: Correlation between landed catch weight and total number of species in the
landed catch for markets Lautoka, Ba and Nadi combined.
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Figurel2. Map showing the locations of the surveyed communities for which subsistence
catch was estimated.
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