
Three important SPC projects concluded in 2009.The SPC 
Regional Tuna Tagging Programme ended when the fishing 
vessel Soltai 105 arrived in its base port of Noro, Solomon 
Islands on 15 October 2009. But, with more than 260,000 fish 
tagged and 4,000 fish stomachs collected, the data analysis 
should keep SPC’s Oceanic Fisheries Programme busy for 
awhile (see article on p. 5). Funded by the European Union, 
the PROCFish/C and CoFish projects ended in December 
2009. These two ambitious projects aimed at providing SPC’s 
Pacific Island members with scientific information for use in 
planning the sustainable management of their reef fishery 
resources (see article on p. 13). 

Can FADs assist with food security in two costal villages 
affected by the earthquake that struck Solomon Islands’ 
Western Province in April 2007? Is there a way forward for 
tilapia aquaculture in the Pacific Islands region? Can special 
management areas (SMAs) be considered a success in Tonga? 
These are just three of the many questions to which authors 
have tried to reply. I hope you will enjoy this issue; don’t for-
get to send in any fisheries-related news that you would like 
to share with other readers. 

Aymeric Desurmont 
Fisheries Information Officer (aymericd@spc.int)
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A red-hybrid tilapia reared on Efate Island in Vanuatu. Sold 
under the market name of “perche cerise” (cherry perch), it 
has a good growth rate in culture and a very attractive colour 
(see article p. 24). (Photo: Paul Ryan) 
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  NEARSHORE FISHERIES DEVELOPMENT AND TRAINING SECTION

Their toolkit was, in fact, extra 
gear that would be needed to 
produce fish silage. The proc-
ess is simple: fisheries waste 
is recovered and put through 
a grinder. The enzymes in the 
fish cause it to liquefy while the 
natural formic acid that is add-
ed inhibits putrefaction, and in 
particular the awful smell. The 
result is a brownish liquid that 
can be used as fertiliser, either 
by pouring it directly on the 
ground or spraying it on plants. 
It can also be used as a feed sup-
plement for pigs and chickens 
(see Fisheries Newsletter #126 
for a detailed description of the 
process and how this product is 
used). The product can be stored 
for up to two years. 

Following a pilot project in 2008 
that SPC conducted on Lifou Is-
land in New Caledonia, and a 
presentation that was made at 
the 6th SPC Heads of Fisheries 

meeting, Niue asked SPC to 
hold a training session on pro-
ducing fish silage there.

Upon their arrival in Niue, An-
gus and Michel, together with 
Brendon Pasisi, Director of 
Niue’s Department of Agricul-
ture, Fisheries and Forestry, as-
sembled the motorised grinder 
that had been shipped from 
New Zealand. The cutter, which 
was to be used to pre-cut big 
pieces of fish, particularly the 
heads, was bolted to a work-
bench. Formic acid had been 
ordered well ahead of time and 
fish waste was collected for this 
trial run.

Operations began on the second 
day. Vanessa Marsh from Niue 
Fisheries worked with another 
woman to chop up the fish with 
the cutter, while Brendon and 
Angus worked at the grinder. 
The ground fish waste was 

collected in a bucket under the 
machine.

On average, fishing activities 
on Niue produce 1.5 tonnes of 
waste per month that can be 
used for processing. About one 
tonne comes from the offshore 
fishing activities of the island’s 
only longliner. The remainder 
comes from about 20 motorised 
boats and aluminium skiffs, 
which mainly trawl for wahoo. 
In addition, there are a number 
of small canoes used for fishing 
around Niue, but these are not 
economically viable as a source 
of waste for processing, as they 
catch relatively few fish, and are 
spread out around the island.

The grinder is a prototype 
adapted from gear found on 
some fishing boats, particular-
ly in New Zealand. Small reef 
fish grind up much more easily 
than large oceanic fish that have 
very large and hard heads. The 
grinder seized up several times 
and even after smaller pieces 
were cut with the guillotine, 
the motor ended up “blowing a 
gasket”. We found an electron-
ics engineer who was able to 
identify the broken part. By the 
afternoon, the grinder was once 
again ready to use and Angus 
and Michel made a giant leap 
forward in the learning curve 
for this project.

Several batches of ground waste 
were prepared over the week 
and mixed with formic acid. 
These trials confirmed that the 
amount of viscera, which con-
tain the liquefying acid, and the 
freshness of the waste have an 

Initial fish silage test in Niue

On 2 October 2009, Angus McNeil (Nelson Consultants) and Michel Blanc (SPC’s Fisheries Training Adviser) 
took the weekly flight from Auckland, New Zealand to Niue. In their personal baggage they carried latex gloves, 
safety goggles, a pH-metre and a large guillotine cutter. Those of us who have been forced to give up our Swiss 
army knife or nail clippers to airport security might wonder how they were allowed on…

A page of the comic book on fish silage produced by SPC
(see: http://www.spc.int/coastfish/Fishing/Silage/Silage.htm)
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effect on the hydrolysis process. 
The 15 farmers and fishers who 
attended the fish silage training 
session each left with a litre of 
freshly made fertiliser, which 
they will be able to dilute and 
test on farm and food crops.

Enriches the earth and 
nourishes bacteria 

Fish silage is not new, and Aus-
tralia and New Zealand have 
produced and used it for many 
years. Fish silage is a natural 
product that can be used for or-
ganic farming, and is of particu-
lar value due to the fish oil and 
trace elements it contains.
 
Regular fertilisers made from 
fish waste are emulsions, in 
which the fish oil has been re-
moved (it is used for other 
purposes, most notably in the 
cosmetics industry). Because 
consumers want high nitro-
gen levels, these emulsions are 
high in urea, which can be ab-
sorbed directly and efficiently 
by plants. These fertilisers do 
not help enrich the soil or pro-
tect plants from pests, however, 
because they harm the soil’s 
microbiology.

In contrast, fish silage enriches 
the soil and contains all the nutri-
ents that micro-organisms need 
(e.g. trace minerals, selenium, 
omega oils). By feeding the bac-
teria and fungi in the soil, fish si-
lage helps improve and preserve 
soil structure. As a result, lower 
nitrogen, phosphorus, and potas-
sium levels are required, because 
their yields are increased by the 
soil’s microbiology. Bacteria act 
like nitrogen captors in the soil, 
while bacteria on leaves transport 
the nitrogen the plant takes out 
of the air. Thus silage poured on 
the ground or sprayed on leaves 
contributes to the reproduction of 
such “worker” bacteria. The bac-
teria’s activity and the enzymes 
they secrete enrich the soil and 
nourish the plants. We also know 
that micro-organisms in the soil 
reduce the need for water, which 
leads to better resistance during 
drought-like conditions.

In addition to being a source of 
nutrients, the texture of the fish 
oils in the silage helps hold nu-
trients in the soil longer. In ad-
dition, the sticky nature of silage 
makes herbicides used in farm-
ing adhere to the plant, thereby 
ensuring they do not drain into 
the ground and then into the 
water table.

Sustainable development and 
economic activity 

Using fish silage for fertiliser 
contributes to sustainable agri-
cultural development. The envi-
ronment is preserved, and rath-
er than targeting optimal yields 
over the short-term (e.g. one 
season), producers condition 
and protect their main resource 
— the soil — thereby making 
their activities sustainable.

Sustainable development is at 
the heart of SPC’s concerns, 
and the advantages of fish si-
lage extend beyond farming. 
This project combines the prac-
tical needs of the fishing indus-
try (which must deal with its 
waste), a growing awareness 
of the need to preserve our en-
vironment, and the economic 
imperative to create work for 
island communities.

SPC has produced a comic strip 
that describes the stages in-
volved in producing fish silage, 
including a summary of the 
project’s advantages in terms of 
sustainable development.

The fish silage project is a very 
accessible example of a sustain-
able development project. 

Vanessa Marsh from Niue 
Fisheries adds formic acid 
to the ground fish waste.



Fair winds and happy sailing to Terii Luciani…

One of the direct results of the 
severe financial crisis SPC expe-
rienced in 2009 was a “freeze” 
placed on several professional 
staff positions. The Marine 
Resources Division did not 
escape from this and it was 

with very heavy hearts that 
we had to say goodbye to Terii 
Luciani at the end of December. 

Terii joined the Fisheries Train-
ing Section in 1997 from the 
French Polynesia Fisheries 
Department. He brought his 
development experience in 
island settings, his knowledge 
of aquaculture, and his strong 
computer and desktop publish-
ing skills. Terii then became 
Fisheries Training Adviser 
when the Training and Devel-
opment Sections were com-
bined into one unit. 

Terii’s many talents perfectly 
matched those of the other 
members of the new Section: 
William Sokimi, Steve Beverly, 
Jonathan Manieva, Christine 
Bury, and Jennifer Corigliano. 
A short, very fruitful period 
(2006–2009) then followed; the 

Section was active and inno-
vative in several areas such as 
shallow-water inshore FADs, 
fish silage production, and 
developing coastal sport fish-
ing. Terii took part in these 
initiatives while continuing to 
coordinate the Section’s capac-
ity building activities, includ-
ing holding yearly courses 
on safety at sea and fisheries 
techniques, and keeping our 
databases up to date. He also 
brought an “artistic touch” to 
all our documents, manuals, 
posters, brochures and DVDs. 

Our team is deeply grateful for 
his 12 years of contributing to 
capacity building in the Pacific 
Islands fisheries sector. 

Thanks for everything and 
happy sailing, Terii!
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Manual grinders are available, 
meaning silage can be pro-
duced at an individual level 
as well as on an on industrial 
scale. The pilot projects on Li-
fou and Niue were funded by 
SPC, but communities that 
want to invest in this activity 
will find that the initial invest-
ment is well within their means 
and they will get rapid returns 
on that investment. 

It costs about AUD 20,000 for a 
big machine like the one used 
on Lifou and about AUD 4,000 
for a grinder like the one used 
on Niue.

In Noumea, New Caledonia, the 
existing volume of fish waste 
and potential market for silage 
suggest a high potential for this 
type of investment. The Cook 
Islands and Nauru have also 
shown interest in this technique. 

Meanwhile on Niue…

Fish silage continues to be 
produced on Niue. The ferti-
liser is being tested on various 
farm produce to measure both 
its nutritional and financial 

advantages. Niue will have to 
organise the collection of fish 
waste, build appropriate fa-
cilities, identify who will be in 
charge, and set a per-litre price 
for silage.

Workshop participants could go back home with 
a bottle of freshly made fish silage.
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  OCEANIC FISHERIES PROGRAMME

The fishing vessel (FV) Soltai 105 
arrived in its base port of Noro, 
Solomon Islands on 15 Octo-
ber 2009, marking the end of 
SPC Pacific Tuna Tagging Pro-
gramme activities involving the 
last pole-and-line fishing com-
pany in the tropical Pacific. 

Summary of results

Since August 2006, and after 
19.5 months of chartering the 
FV Soltai 6 and FV Soltai 105, 
nearly 250,000 fish (see Table 1) 
have been tagged and released 
in 10 countries including  In-
donesia, the Philippines, Palau, 
Federated States of Micronesia, 
Marshall Islands, Kiribati (Gil-
bert Islands), Nauru, Solomon 

Islands, Papua New Guinea and 
Tuvalu (Fig. 1). The two vessels 
covered an astonishing 44,564 
nautical miles, equivalent to 
more than twice the Earth’s cir-
cumference

By 19 January 2010, nearly 
13% of all tags were recovered 
(Table 1) and recaptures are 
still coming in from various 
unloading points.

Using two smaller, longline-
type vessels from Hawaii, three 
central Pacific tagging cruises, 
lasting four to six weeks each, 
were concluded in 2008 and 
2009. These cruises targeted 
the US National Oceanic and 
Atmospheric Administration 
Tropical Atmosphere Ocean 

oceanographic buoys anchored 
along the 155°W and 140°W me-
ridians. The cruises increased 
the overall spatial coverage of 
tag releases and also greatly in-
creased the number of bigeye 
tuna releases (Table 2). 

Of the conventional tags, 886 
archival tags were deployed 
during all cruises and 10% have 
been recovered so far, providing 
SPC’s Pacific Tuna Tagging Pro-
gramme with more than 5,500 
days of data, containing fasci-
nating aspects of tuna behav-
iour. A dedicated database has 
been set up, allowing scientists 
to extract specific information 
from the 8.3 million records.

More than 4,000 fish stomachs 
were collected and almost 3,000 
Fatmeter measurements were 
taken (see Fisheries Newslet-
ter #128 for more details) dur-
ing the cruises. To date, 1,768 

Pacific Tuna Tagging Progamme: End of the adventure

Numbers of fish released
3,000
1,500

300

Bigeye
Yellowfin
Skipjack

Catch, tag and release activities in 
full action on the FV Soltai 105.

Figure 1.  Releases per species, and per 0.5° squares.

FV Soltai 6.

An anchored US National Oceanic 
and Atmospheric Administration 

TAO oceanographic buoy.

Inserting an archival tag requires 
some surgical skills…
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stomach contents have been an-
alysed and 190 different species 
have been identified within the 
53,091 prey counted.

Behind the scene

Behind these dry numbers, 
which reflect the success of the 
tagging experiment, hides the 
immense organisation of this 
programme.
Before the tagging cruises be-
gan:
• The Soltai fishing company1 

fished only in local waters 
and was unable to support all 
of the necessary requirements 
involved in having both boat 
and crew outside Solomon 
Islands exclusive economic 
zone.

• Most of these Solomon Is-
lands fishermen had no 
passport and had never been 
overseas. 

• Boats had to be modified (es-
pecially for accommodations 
and the addition of a small 
office) and serviced before 
departure (See Fisheries News-
letter #118). 

In fact, in addition to oversee-
ing the research project itself, 
SPC scientists were in charge of 
a large fishing vessel and its 30 
crew members, which was quite 
a challenge.
 

Dealing with very 
different clear-
ance procedures 
when arriving in 
a new country can 
be quite frustrat-
ing. Numerous ad-
ministrative forms 
were completed, 
including those for 
immigration, quar-
antine and cus-
toms. Thankfully, 
we had a reliable 
printer onboard! 

Another big task 
was to manage the 
money to oper-
ate the boat dur-
ing cruises of up 
to five months. 
Bank accounts spe-
cifically for the 
project were set 
up in some coun-
tries, but having a 
cheque book didn’t 
resolve everything. 
For example, fuel 
companies rarely 
accept a personal 
cheque to pay for 
60,000 liters of die-
sel oil (needed to 
fill the boat fuel 
tanks). Also, crew 
members needed 
cash when on-

shore, and the amount required 
for 30 people could quickly rise 
to impressive sums. In some 
small island countries, local 
banks were not unable to pro-
vide the amount needed.

Food shopping for 35 people 
for two weeks is also a test in 
remote places but luckily it was 
possible to exchange fruits and 
vegetables for fish at the bait-
ing grounds. About 20 kg of rice 
were consumed every day on-
board the FV Soltai 6 and the FV 
Soltai 105.
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Measuring fish and collecting stomachs and their contents.

Trading food in Gasmata, Papua New Guinea

Trading coconuts and bananas for fish in 
Satawan, Federated States of Micronesia.
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What’s next?

Tagging

The main purpose for tagging 
tuna is to obtain information 
on stock status. It has been sug-
gested that instead of organis-
ing a large tagging experiment 
every 10–15 years, it would 
be more efficient to conduct 
“ongoing tagging” (i.e. two 
to three months every year) 
to regularly update the data 
needed for stock assessments. 
The FV Soltai 105 and its well-
trained crew would have been 
the perfect tagging platform for 
this purpose but the future of 
the few pole-and-line vessels 

remaining from the Soltai fleet 
is currently less than certain.

Two additional central Pacific 
tagging cruises are scheduled 
for May and October 2010.

Soltai pole-and-line vessels in port 
in Noro, Solomon Islands.

Analysis 

We expect a final tag recovery 
rate of around 15%. No doubt 
the amount of information col-
lected will keep the Stock As-
sessment and Modelling section 
of SPC’s Oceanic Fisheries Pro-
gramme busy for quite a while!  
 
First use of the data will be pre-
sented during the next Scientific 
Committee of the Western and 
Central Pacific Fisheries Com-
mission, which is scheduled to 
be held in Tonga in 2010. 

1. The Soltai fishing company ceased 
its fishing activities in 2009.

  NEW SPC PUBLICATION: Longline 
terminal gear identification guide

This new SPC publication will help observers, re-
searchers, and captains of longline boats to correctly 
identify hooks, swivels, trace lines and baits used in 
pelagic longline fishing. It is important for longline 
terminal gear to be correctly identified because it has 
an effect not only on target species catch rates, but also 
on catch rates and post-release survival of bycatch 
species, including marine turtles. The guide is divid-
ed into four sections: hooks used in longline fishing, 
swivels, trace lines, and baits (including lightsticks). 
Of these, the most important are longline hooks. Past 
and current research shows that the use of large cir-
cle hooks reduces the catch rate of some bycatch spe-
cies while improving (or not affecting) the catch of 
target species. Circle hooks also improve the chances 
of post-capture survival of released bycatch species. 
Standardisation of hook types and sizes is therefore 
very important for data recording and analysis for 
observer logsheets, wheelhouse logsheets, and for sci-
entific studies on the effects of terminal gear on catch 
rates and post-capture survival. 

The pocket-size guide (95 mm x 135 mm) is printed on 
plastic for use in a marine environment. It was printed 
with financial support from Australia and the Pacific 
Islands Forum Fisheries Agency.

For more information on this publication and ways to 
obtain copies, please contact:

Steve Beverly 
SPC Fisheries Development Officer 

(SteveB@spc.int)
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 COASTAL FISHERIES MANAGEMENT SECTION

Implementing the ecosystem 
approach to fisheries (EAF) 
management in Pacific Island 
countries is becoming important 
for managing the region’s coast-
al fisheries. This has been re-
flected in the recommendations 
of the sub-regional joint Food 
and Agriculture Organization 
of the United Nations (FAO)/
SPC EAF workshops held in 
Nadi, Fiji (November 2008), and 
in Guam (March/April 2009). 
The two respective workshops 
requested the formulation of a 
manual and guidelines to inte-
grate EAF components into ex-
isting coastal resources manage-
ment programmes, which are 
in most countries implemented 
by communities with national 
agencies or non-governmental 
organisations (NGOs) playing a 
supportive role. 

Managing a resource or fish 
stock in isolation from its eco-
system ignores the fact that the 
very ecosystem that the resource 
or fish species depends on is be-
ing affected by fishing activi-
ties and other human activities. 
Fishing can affect an ecosystem 
by 1) catching unwanted spe-
cies, 2) causing physical damage 
to habitats, 3) disrupting food 
chains, and 4) causing changes 
in biodiversity. Other human 
activities unrelated to fishing — 
such as agriculture, forestry and 
development — can also affect 
marine ecosystems, including 
the species that are part of them. 
The effects of climate change 
also often exacerbate human 
impacts on an ecosystem.

It is pointless to address the 
problem of depleted fish stocks 
merely by placing controls on 
fishing activities if the key threats 
to their recovery are related to 
other human activities and natu-
ral factors that cause ecosystem 

degradation. For these reasons, 
fisheries authorities are replac-
ing narrow, target species-based 
fisheries management strategies 
with a broader approach that at-
tempts to manage fish stocks as 
components of marine ecosys-
tems. Under an EAF, the usual 
concern of fisheries managers 
(i.e. the sustainability of target 
species) is extended to address 
the sustainability of an ecosys-
tem on which a fishery depends, 
which includes people and fish 
stocks. EAF addresses both hu-
man and ecological well-being 
and merges two paradigms: 
that of protecting and conserv-
ing ecosystem structure and 
functioning, and that of fisheries 
management, which focuses on 
providing food, income and live-
lihoods for humans. 

Because the objective of EAF 
is the sustainable use of entire 
ecosystems as well as target spe-
cies, non-fisheries activities that 
impact marine ecosystems must 
also be managed, even though 
these activities may be outside 
the responsibility of fisheries 
authorities. In addition to fish-
ing, target stocks are affected by 
non-fishing factors, including 
climate change, coastal develop-
ment, pollution, and the loss of 
critical habitats by reclamation. 
Because of the broad issues in-
volved, fully implementing an 
EAF requires collaboration and 
cooperation between communi-
ties and a range of government 
agencies responsible for manag-
ing activities that impact on ma-
rine ecosystems. 

In instances where communities 
are involved in managing fisher-
ies, actions are already being tak-
en to protect key ecosystems such 
as coral reefs and mangroves. In 
other words, addressing human 
impacts on ecosystems is not a 

new concept within community-
based fisheries management. 

A community-based ecosystem 
approach to fisheries manage-
ment (CEAFM) represents a 
combination of three different 
perspectives: fisheries manage-
ment, ecosystem management 
and community-based man-
agement. An appropriate defi-
nition of CEAFM is the man-
agement of fisheries — within 
an ecosystem context — by lo-
cal communities working with 
government and other part-
ners. The close involvement of 
communities accentuates the 
fact that humans are an integral 
part of ecosystems and their 
needs must be addressed. 

In an effort to assist coun-
tries with implementing their 
CEAFM programmes, SPC and 
FAO in partnership with The 
Nature Conservancy developed 
guidelines for implementing na-
tional CEAFM programmes. The 
guidelines are intended to help 
communities, government agen-
cies and NGOs in Pacific Island 
countries to work together to 
develop and implement commu-
nity-owned fisheries manage-
ment plans for a designated area. 
Although the guidelines are 
particularly designed to enable 
a government fisheries agency 
to work with communities to 
manage coastal areas, they may 
be used by any group, including 
community leaders, an environ-
mental agency, or an NGO, for 
the same purpose.

The guidelines that have been 
drafted give some background, 
including a summary of key is-
sues with regard to coastal eco-
systems in Pacific Island coun-
tries, and present step-by-step 
guidelines and simple tools to 
assist communities and their 

Community-based ecosystem approach to fisheries management: Guidelines for 
Pacific Island countries
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The Vanuatu Fisheries Depart-
ment requested assistance from 
SPC’s Coastal Fisheries Man-
agement Section in developing 
a framework for implement-
ing its integrated coastal man-
agement project.  The project, 
”Enhancing coastal and ma-
rine ecosystems resilience to 
climate change through coastal 
governance and conservation 
measures”, was established 
by the Pacific Regional Envi-
ronment Programme’s Coast-
al Zone Management Pro-
gramme, and was spearheaded 
by the National Fisheries Au-
thority. The project envisages 
developing a coastal fisheries 
management plan for selected 
communities and assisting 
those communities in develop-
ing actions not only to manage 
coastal fisheries, but also to 
build resilience toward the im-
pacts of non-fisheries activities 
and climate change.

Kalo Pakoa, Project Coordina-
tor, stated: 

“One of the main objec-
tives of the project is to 
develop a framework 
policy to bind all our ef-
fort towards our adapta-
tion in the long term. The 
issue of climate change is 
so broad involving many 
sectors whose respon-
sibilities are guided by 
different legislations, pri-
orities and overlapping 
responsibilities. Working 
together can be very diffi-
cult and complicated; we 
therefore need a frame-
work policy based on our 
local situation to guide 
us forward.  With global 
phenomenon at the rise in 
terms of climate change 

and sea level rise, we in 
Vanuatu can contribute 
immensely to strategic 
actions only in a coordi-
nated manner.” 

In response to Vanuatu’s re-
quest, SPC’s Coastal Fisheries 
Management Section conducted 
a national consultation work-
shop and funded two officers 
from Vanuatu to undertake a 
two-week attachment at SPC’s 
headquarters in Noumea.  

The aim of the workshop was 
to initiate the process for de-
veloping a national frame-
work for an integrated man-
agement approach to coastal 
ecosystem and fisheries. The 
workshop considered fisheries 
and non-fisheries impacts on 
the marine environment and 
the effects of climate change 
on fisheries resources. The 
process provides guidelines 
on implementing strategic ac-
tions to improve the natural 
resilience of marine ecosys-
tems and livelihoods of local 
communities who are depend-
ent on marine resources. 

In opening the workshop, the 
Director General of Vanuatu’s 
Ministry of Agriculture, Quar-
antine, Forest and Fisheries, Jef-
fery Wilfred, stressed that the 
impacts of climate change are 
no longer a future threat: 

“Right now, changes in 
weather patterns brought 
about by changing cli-
matic condition are affect-
ing the very basics of our 
lives, increased rainfall, 
floods and erosion and 
increasing frequency and 
intensity of tropical cy-
clones. Rising sea surface 
temperature has already 

caused mass loss of our 
corals to bleaching and 
crown of thorns outbreak 
which threatens fisher-
ies and marine based 
economies and liveli-
hoods. Climate change 
is affecting the resources 
and the ecosystems upon 
which we rely on for our 
food security needs, wa-
ter supplies, agriculture 
landscape and the pro-
ductivity of our reefs and 
oceans.” 

Fisheries are a “down stream 
sector”, which depend very 
much on the quality of coastal 
ecosystems. Waste derived from 
land-based sources ends up in 
the sea and when the marine 
ecosystem is damaged, fisheries 
and marine biodiversity are the 
first to be affected. 

The purpose of the attachment 
of Kalo Pakoa (Project Coor-
dinator) and Touasi Kalsaria-
Tiwok of the Department of 
Environment was to develop a 
draft national framework based 
on recommendations from the 
national workshop.  The Coastal 
Management Framework is a 
policy document intended to 
inform and guide the Depart-
ment of Fisheries as the lead 
agency on coastal environmen-
tal matters and other line agen-
cies, whose activities are linked 
to the coast, to improve strate-
gic decision-making in order to 
address the impact of climate 
change. It is also developed to 
promote and ensure compliance 
of existing measures to achieve 
sustainability through promo-
tion of sound practices by line 
government agencies and com-
munities.   

 

Developing a national coastal management framework for Vanuatu

partners in creating and imple-
menting community plans that 
reduce human impacts on eco-

systems and ensure that catches 
of seafood species are sustain-
able. The guidelines also provide 

some basic requirements for im-
plementing a CEAFM. 
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The Coastal Fisheries Pro-
gramme’s Coastal Fisheries 
Management Adviser, Ueta 
Fa’asili finished with SPC after 
nine years of service in Decem-
ber. Ueta has been instrumen-
tal in developing and promot-
ing community-based fisheries 
management in the region, and 
in more recent times, has ex-
panded this to include ecosys-

tem approach to fisheries 
principles within a commu-
nity-based approach. The 
CFP staff wish Ueta well in 
his future endeavours.

Ian Bertram, currently Sec-
retary for Fisheries in Cook 
Islands, will take up the 
position of Coastal Fisher-
ies Management Adviser 

in mid-January 2010. 
Ian will manage not just 
coastal fisheries manage-
ment, but also coastal 
fisheries science, as these 
two work areas have 
been amalgamated into 
the Coastal Fisheries Sci-
ence and Management 
Section. Ian joins SPC with 
a broad and varied back-
ground in coastal fisheries 
science and management 
gained through his years of 
working with the Ministry 
of Marine Resources in Cook 
Islands. Ian has a Bachelor’s 
degree in Fisheries from the 
Australian Maritime Col-
lege and has worked his 

way up through the ranks from 
Fisheries Trainee in 1988/1989, 
to Hatchery Manager at Aitu-
taki in the early to mid-1990s, 
then as Director of Economic 
Development in the late 1990s 
and Director of Aquaculture 
and Inshore Fisheries in the ear-
ly 2000s, before becoming Sec-
retary of Fisheries in July 2004. 
The CFP staff welcome Ian to his 
new position with SPC.

Change of Coastal Fisheries Management Adviser at SPC

Ueta Fa’asili headed the Coastal 
Fisheries Management Section 

from 2000–2009.

Ian Bertram will join SPC as the new 
Coastal Fisheries Management Adviser 

in mid-January.

  AQUACULTURE SECTION

The French Pacific Fund grant-
ed funds to Wallis and Futuna 
for a project aimed at determin-
ing the potential for aquacul-
ture development in the terri-
tory.1 As part of this project, 
a delegation from Wallis and 
Futuna came to New Caledonia 
in October 2009 to visit aquac-
ulture facilities and meet with 
key stakeholders of New Cal-
edonia’s aquaculture sector.

The initial phase of this project 
determined whether aquacul-
ture could be developed in Wal-
lis and Futuna given its social 
and economical contexts, and 
also determined which com-

modities should be considered. 
Jacques Trichereau from IDEE 
(Ichthyo Developpement Eau 
Environnement) Aquaculture 
initially identified two key prod-
ucts: marine shrimp and finfish. 
Although these commodities 
would need to be imported as 
post-larvae or fingerlings, both 
have promising potential in a 
country where the demand for 
seafood is high but the supply 
is currently low, and mostly im-
ported at prices that often exceed 
the population’s buying power 
(see Fisheries Newsletter 129:19–
20).The delegation from Wallis 
and Futuna comprised two rep-
resentatives from the fisheries 

services (Bruno Mugneret and 
Amalia Fotofili), one from the 
fishermen’s association (Kusi 
Toa), one from the government 
(Petelo Lié), and one from the 
department of the environment 
(Aurélie Chavez). The delega-
tion , which’s, met with special-
ists and gathered technical infor-
mation while visiting research 
centres and production sites.
The visits were very enriching 
for the delegation. Upon arrival 
and after several presentations 
delivered at SPC, they travelled 
to Ngo Bay where they visited 
Aqualagon rabbitfish hatchery 
and grow-out project, and met 
with manager Frank Legarrec. 

Wallis and Futuna delegation visits New Caledonia aquaculture facilities
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A visit was made to the French 
Research Institute for the Ex-
ploitation of the Sea (IFREMER) 
where Jacques Patrois described 
various aspects of shrimp aqua-
culture that the research centre 
works on. Other shrimp facili-
ties, such as the Eori hatchery 
in Bourail (Bruno Castelain) 
and later a large (Webhuione) 
and a small prawn farm man-
aged by a family (John Kuhn), 
were also visited. These visits to 
shrimp farms were extremely 
useful and helped the Wallis 
delegation to understand the 
ins and outs of this industry in 
New Caledonia. Although the 
social, economic and environ-
mental contexts are much dif-
ferent in these two countries, 
practical information was 
taken home by the delegation 
along with some understand-
ing of a commercial approach 
to shrimp aquaculture devel-
opment. Participants’ aware-
ness was also raised on biose-
curity issues and ways to deal 
with these issues.

A visit was also made to the 
Northern Province aquacul-
ture research laboratory in 
Kone where the delegation 
met with Nathalie Baillon and 

Claire Marty. This project is cur-
rently under construction and 
aims at having a fully functional 
multispecies fish hatchery oper-
ational by late 2010. The species 
that will be produced in the fu-
ture are of interest to Wallis and 
Futuna, and the laboratory could 
well be a fingerling supplier for 
the future industry there, along 
with Aqualagon. The laboratory 
also acts as a regional training 
centre. Discussions were held on 

the possibility for Wallis to use 
the centre to gain practical expe-
rience on tropical fish farming.

Other official visits were made 
to government agencies in New 
Caledonia such as the Southern 
Province Fisheries Department 
(Thomas Réquillart and Bernard 
Fao) and the Department of Envi-
ronment (Emmanuel Coutures), 
where everyone shared their ex-
periences with enthusiasm.

This visit was a success thanks 
to the willingness and generos-
ity of all stakeholders. It is now 
up to Wallis and Futuna to de-
termine if, and how best, to de-
velop their aquaculture sector.

For more information, contact:

 Bruno Mugneret 
Wallis and Futuna Fisheries 

Department (speche@mail.wf)
 or 

Antoine Teitelbaum 
SPC Aquaculture Officer

(AntoineT@spc.int)

1. The Wallis and Futuna aquaculture 
development plan will be available 
online in early 2010 at www.spc.int/
aquaculture.

Bruno Castelain (left) from the Northern Province, briefing the Wallis 
and Futuna delegation prior to the Eori Hatchery visit.

Jacky Patrois (third from left) from the French Research Institute for 
Exploitation of the Sea (IFREMER) showing a broodstock tank 
to the Wallis and Futuna delegation at the St Vincent Center.



  REEF FISHERIES OBSERVATORY

The coastal component of the 
Pacific Regional Oceanic and 
Coastal Fisheries Development 
project (PROCFish/C) began 
in March 2002, funded by the 
European Union through the 
eighth European Development 
Fund (EDF). The project covered 
the eight African, Caribbean 
and Pacific (ACP) countries in 
the Pacific (Fiji, Kiribati, Papua 
New Guinea, Vanuatu, Samoa, 
Solomon Islands, Tonga and 
Tuvalu) and the three French 
Overseas Territories in the Pacif-
ic (French Polynesia, New Cal-
edonia, and Wallis and Futuna). 
The project’s aim was to provide 
Pacific Island ACP governments 
and community leaders with 
the basic information necessary 
to identify and alleviate critical 
problems that prevent the better 
management and governance of 
reef fisheries, and plan appro-
priate future development.

Two years later, in May 2004, a 
sister project was agreed on and 
started under the European Un-
ion’s ninth EDF funding, the Pa-
cific Regional Coastal Fisheries 
Development project (CoFish). 
The project covered six new 
Pacific ACP countries (Cook Is-
lands, Federated States of Micro-
nesia, Marshall Islands, Nauru, 
Niue and Palau) and had exact-
ly the same objectives and aims 
as the PROCFish/C project. The 
joint projects were designed to 
implement the first ever com-
prehensive multi-country com-
parative assessment of reef fish-
eries (including resource and 
human components) in the Pa-
cific Islands region, using iden-
tical methodologies at each site 
in order to:
• provide a baseline and 

help fill the massive infor-
mation gap hindering the 
effective management of 
reef fisheries; 

• improve information link-
ages between intergovern-
mental and governmental 
institutions and small-island 
community processes; 

• provide methodological 
training and, by working di-
rectly with Pacific Islanders, 
foster the development of 
management plans and poli-
cies; 

• ensure that information 
reaches the appropriate tar-
gets through local work-
shops and national and re-
gional colloquia; and 

• generate a large body of pub-
lished information for per-
manent reference.

The expected outputs from the 
projects were:
• a first ever region-wide com-

parative assessment of the 
status of reef fisheries using 
standardised methodology; 

• application and dissemina-
tion of results in country 
reports comprising a set of 
“coastal fishery resource 
profiles” for sites in each 
country in order to provide 
information for coastal fish-
eries development and man-
agement planning;

• a set of indicators/proxies, 
or fishery status reference 
points, for use as guidance 
when developing local and 
national reef fishery man-
agement plans and monitor-
ing programs; 

• toolkits (manuals, software 
and training programmes) 
for assessing and monitor-
ing reef fisheries and in-
creased capacity in using 
standardised survey meth-
odologies across fisheries 
departments in participat-
ing countries; 

• data/Information manage-
ment systems – regional and 
national databases; and

• although not specified but 
proposed, follow-up projects 
that use this information to 
address specific challenges 
commonly experienced by 
fisheries departments and 
target communities, thereby 
working towards improving 
resource management in the 
region.

To achieve project outputs over 
a period of almost eight years1, 
a comparative analysis of reef 
fisheries in 17 Pacific Island 
countries and territories was 
carried out using standardised 
survey methodologies. These 
methodologies included com-
mercial finfish species through 
underwater visual census (UVC) 
surveys (Fig. 1), and invertebrate 
resource surveys using a range 
of methodologies (Fig. 2), some 
of which were species specific. 
In addition to in-water surveys, 
socioeconomic surveys of coastal 
communities involved in both 
subsistence and commercial 
harvesting of finfish and inver-
tebrates in the surveyed areas 
were conducted (Fig. 3). Table 1 
summarises the countries sur-
veyed and the approximate tim-
ing of the survey work.

In total, 63 sites were surveyed 
in 17 participating countries and 
territories. In the cases of Niue 
and Nauru, the whole country 
was surveyed as a single site. 
A report was produced for each 
country and territory, summaris-
ing the results of the finfish and 
invertebrate resource surveys, 
and socioeconomic surveys for 
each site. A single set of resource 
management recommendations 
was also included in the report 
for each site. For many of the 
participating countries and ter-
ritories, the PROCFish/C and 
CoFish survey data are the only 
data available, and so these can 

End of an era — PROCFish coastal and CoFish projects come to an end
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be considered as baseline data 
for future surveys or assess-
ments to identify changes in 
stock status.

In addition to the standardised 
surveys, eight specific surveys 
were undertaken at the requests 
of governments on certain spe-
cies that needed scientific as-
sessment for management pur-
poses. These surveys focused 
mainly on commercial inver-
tebrate species such as trochus 
and beche-de-mer and were 
conducted in the Federated 
States of Micronesia (Kosrae, 
Pohnpei and Yap), Palau, Sa-
moa, Tonga and Vanuatu, where 
there was concern regarding ex-
ploitation, or where the govern-
ment wanted to open the fish-
ery. In the case of Cook Islands, 
the survey focused on parrotfish 
at Palmerston Atoll where there 
has been a long history of com-
mercial harvesting.

The PROCFish/C information 
system (Fig. 4) was built around 
a central database containing 
three bodies of data: data col-
lected by the PROCFish/C 
team during site surveys, exter-
nal data used for analysis and 
calculations (for example bio-
logical data), and a document 
repository with reports and un-
structured data. Software mod-
ules allow data entry, query and 
analysis by the PROCFish/C 
team, and attachments and can 
be used either to access the cen-
tral database or a stand-alone 
database installed with the soft-
ware. Each country and terri-
tory has been provided with a 
copy of the information system 
with their specific data, so ad-
ditional data collected at the na-
tional level can be included and 
analysed. 

During the course of the 
projects, two manuals were pro-
duced and published with two 
others drafted. A manual on 

Figure 2. Assessment of invertebrate resources 
and associated environments. 

Techniques used include: broad-scale assessments to record large sedentary 
invertebrates (1); fine-scale assessments to record epibenthic resources and 
potential indicator species (2) and (3); quadrats to count targeted infaunal 

molluscs (4); searches to determine trochus and beche-de-mer aggregations 
in the surf zone (5), reef edge (6) and using scuba (7); and deep dives to 

assess deep-water sea cucumber populations (8).

Figure 1. Assessment of finfish resources and associated environments 
using distance-sampling underwater visual censuses. 

Each diver recorded the number of fish, fish size, distance of fish from the 
transect line, habitat quality, using pre-printed underwater paper. At each 
site, surveys were conducted along 24 transects, with six transects in each 
of the four main geomorphologic coral reef structures: sheltered coastal 

reefs, intermediate reefs and back-reefs (both within the grouped “lagoon 
reef” category used in the socioeconomic assessment) and outer reefs.

Diver 1

Diver 2

50 m

10 m

20 m

30 m

40 m

D2

D1

D1

Sheltered coastal reef Intermediate reef Outer reefBack reef

Lagoon



 SPC ACTIVITIES

15 SPC Fisheries Newsletter #130 – September/December 2009

Table 1. Countries and territories surveyed by the PROCFish/C and CoFish projects with approximate timing 
and number of sites surveyed.

Country/territory Approximate timing of fi eldwork/surveys Number of 

sites surveyed

Tonga* November and December 2001, March to June 2002; re-survey April to June, 
September and October 2008

6
re-surveyed 4

Fiji Islands* September to November 2002, April to June 2003; 
re-survey June and July 2007, and February 2009

6
re-surveyed 4

New Caledonia** March, April and November 2003; January, February, April, June, August and 
November 2004; April and May 2005; January to March 2006; and January 
and February 2007

5

Vanuatu July to December 2003 4

French Polynesia September to October 2003, January to March 2004; and May to June 2006 5

Kiribati May to November 2004 4

Tuvalu October to November 2004, and March to April 2005 4

Niue May and June 2005 1 (country)

Samoa June 2005 and August/September 2005 4

Nauru October and November 2005 1 (country)

Wallis and Futuna August to December 2005 and March 2006 3

Federated States of 
Micronesia

April and May 2006 4

Papua New Guinea June to November 2006 4

Solomon Islands June to September 2006 and December 2006 4

Cook Islands February and October 2007 4

Palau April to June 2007 4

Marshall Islands August and September 2007 4

* Tonga and Fiji were initially surveyed under the “joint application of demography and ecology in evaluating the role of coastal fisher-
ies resources in the Pacific Islands — DemEcoFish project”, then re-surveyed under PROCFish/C

** Because New Caledonia was the home base for project staff, surveys were conducted when time permitted between survey work in 

other countries.

Figure 4.  The PROCFish/C and CoFish information 
management system.

UVC finfish survey methodolo-
gies was one of the first outputs 
of the project, although as the 
survey methodologies were re-
fined, some parts of the manu-
al became obsolete, including 
some of the analysis formulae. 
This manual has been redrafted 
to take account of the changes 
as well as simplifying the meth-
odology so that a monitoring 
regime can be established in-
country based on the techniques 
described. This manual will be 
finalised under the EU project 
“Scientific support for the man-
agement of coastal and oceanic 
fisheries in the Pacific Islands 
region (SciCOFish)”, which is 
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scheduled to start in 2010. The 
other draft manual covers sur-
vey methodologies for inverte-
brate species using a mix of ap-
proaches. This manual will also 
be finalised and printed under 
the SciCOFish project, which 
will focus on assisting Pacific 
Island countries with setting up 
and running monitoring finfish 
and invertebrate programmes.

The final manual produced by 
the PROCFish/C and CoFish 
projects focuses on a proposed 
method to plan, conduct and 
use socioeconomic fisheries sur-
veys in Pacific Island countries 
and territories to help commu-
nities and managers to improve 
reef fisheries management. The 
manual is mainly aimed at fish-
eries officers and staff engaged 
in governmental and non-gov-
ernmental organisations and in-
stitutions, and is complemented 
by software called SEMCoS. 
Both the manual and the soft-
ware follow the same structure 
and make the link between the 
manual, data entry and data 
retrieval. A series of three sub-

regional workshops were held 
in 2007 and 2008 to train staff 
members from each of the 17 
participating countries in the 
methodologies and analysis 
covered in the manual.

Capacity building was a main 
component of the projects, and 
this was provided through the 
hiring an attachment for six 
months in some countries to 
assist with project implemen-
tation, or several attachments 
for shorter periods. During 
the surveys themselves, coun-
terpart officers from fisheries 
departments and other organi-
sations were trained in how to 
conduct finfish, invertebrate 
and socioeconomic surveys. 
A series of three sub-regional 
workshops was conducted in 
2008 covering the UVC meth-
odologies used by the project, 
with two fisheries staff per 
country trained over a 10-day 
period. Many workshop partic-
ipants were also involved in the 
in-country survey work, so this 
was more of a refresher training 
for those fisheries officers.

The final component of the 
projects is the production of a 
report covering the regional as-
sessment across the 63 sites in 
the 17 participating countries 
and territories, which also in-
cluded the identification of in-
dicators on reef fisheries status. 
Most of the data analysis has 
been completed and some sec-
tions of the report drafted, with 
the regional report to be final-
ised and released in early 2010. 
Some of the interesting points 
coming out of the regional as-
sessment include the very low 
stock levels in most countries 
across the region for the com-
mercial invertebrate species, 
sea cucumbers and trochus. 
There are some exceptions, 
such as French Polynesia and 
some sites in Palau and Cook 
Islands, and some countries 
now have management ar-
rangements in place to try to re-
build stocks in the future. Small 
fish size is another concerning 
factor coming out of the data 
analysis, with over 65% of the 
total fish recorded being 20 cm 
in length or less.

Harvey Renguul (on the right), PROCFish local counterpart in Palau, 
conducting a finfish survey.
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Farewell to the last of the 
PROCFish/C and CoFish staff

Mecki Kronen (Community 
Fisheries Scientist) and Franck 
Magron (Reef Fisheries Informa-
tion Manager) who have been 
with the project from the start in 
March 2002, both finished with 
the project in October. However, 
Mecki stayed on at her own ex-
pense to finalise the write-up 
of the socioeconomic compo-
nent of the regional assessment. 
Mecki will be starting a new po-
sition as Project Officer with the 
European Union office in New 
Caledonia in 2010, and we wish 
her well with her new position. 
Franck will stay with SPC in a 
different capacity as he will be 
the coordinator of a project on 
“Monitoring the vulnerability 
and adaptation of coastal fish-
eries to climate change” that is 
being funded from Australia’s 

International Climate Change 
Adaptation Initiative.

The Project Administrator for 
the project, Marie-Therese Bui, 
has also been with the project 
since the start and she will as-
sist with the final auditing of 
project accounts in early 2010. 
Marie-Therese will also remain 
at SPC, now being the Project 
Administrator for the Fisher-
ies Science and Management 
Section of the Coastal Fisheries 
Programme. The Technical Sup-
port Officer, Céline Barre, has 
been with the project since April 
2008, working on the formatting 
and layout of the 17 country re-
ports. Céline finished in Decem-
ber, and is currently looking for 
a job and would like to stay in 
the region and work.

On behalf of all of the staff 
that have worked on the 

PROCFish/C and CoFish 
projects over the years, SPC 
would like to acknowledge 
with thanks the funding sup-
port of the European Union, 
and the collaborative support 
of the staff from the fisheries 
departments or fisheries serv-
ices, environment or conser-
vation departments, other sci-
entific institutions, and parts 
of the private sector in the 17 
participating Pacific Island 
countries and territories where 
fieldwork was undertaken. 
Special thanks is also given to 
the chiefs, elders, mayors, com-
munity groups and community 
members across the 63 sites 
that were surveyed, for without 
their cooperation, support and 
assistance of these groups, the 
project would not have been as 
successful as it has.

Franck Magron
former Reef Fisheries 
Information Manager.

Mecki Kronen
former

Community Fisheries Scientist.

Céline Barre 
former Technical Support Officer.
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 Transplanted trochus from Fiji to Tonga

By Bob Gillett 

In the Pacific Islands region, the 
natural distribution of trochus 
is limited to a line between Yap 
Island in Micronesia and Wallis 
Island in western Polynesia. 
During the past 70 years there 
have been numerous attempts 
to introduce trochus to new 
areas. Starting with work by 
the Japanese in the western 
Caroline Islands in the 1920s, 
at least 70 transplantations 
have taken place between 
Pacific Island countries. 

Between August 1992 and 
January 1995 about 2,300 tro-
chus were transferred from 
the Lau Group in Fiji to vari-
ous islands in Tonga (Table 1). 
A visit to the handicraft mar-
ket in Nuku’alofa in October 
2009 revealed that a substantial 
number of handicrafts were 
made from the progeny of the 
transplanted trochus.

Table 1. Summary of the Fiji to Tonga trochus transplants.

August 1992 Fiji to Tonga 
(Vava’u)

545 shells collected from Lakeba Island, 
Lau Group and fl own by commercial 
aircraft to Tongatapu. 250 of these 
were fl own to Vava’u and placed on 
the reef west of Tapana Island. In early 
1998, several juveniles were found by 
the Fisheries Depart and by the Japan 
International Cooperative Agency (JICA) 
near the Pangaimotu causeway. An 
additional 384 shells were transferred 
from Tongatapu to Vava’u in July 1998.

May 1994 Fiji to Tonga 
(Tongatapu)

1,172 shells were collected from Lakeba 
Island. 1,070 of these were delivered 
live to Tongatapu. The majority were 
eventually placed on a reef in northwest 
Tongatapu; some juveniles reported by 
JICA in mid-1998.

January 1995 Fiji to Tonga 
(Ha’apai)

594 shells were collected at Lakeba 
Island and transplanted to Uoleva Island, 
Ha’apai. An additional 350 shells were 
transferred from Tongatapu to Uoleva in 
July 1998.

Handicrafts made from transplanted trochus, 
and sold at Nuku’alofa market, Tonga.
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Nearshore fish aggregating devices: A means of habitat protection and food 
security in post-disaster Solomon Islands  

by Dr Joelle A Prange1*, Cletus P. Oengpepa1 and Dr Kevin L Rhodes2

In April 2007, an earthquake 
measuring 8.1 on the Richter 
scale triggered a tsunami and 
caused land and reef uplift and 
extensive damage to fringing 
coral reefs in areas of Western 
Province, Solomon Islands. 
Consequently, some coastal 
communities suffered detri-
mental effects to their fishing 
grounds through the partial or 
complete loss of coastal habitats 
(including coral reefs, seagrass 
beds and mangroves).    

Solomon Islands coastal com-
munities are heavily dependent 
on marine resources and coastal 
fisheries for their livelihoods. Be-
cause the reef and coastal ecosys-
tems impacted by the earthquake 
would take time to recover, there 
was concern that fishing pres-
sure would impede recover, as 
local communities tried to meet 
their daily needs from a compro-
mised coastal resource.  

In the aftermath of the tsuna-
mi, in an effort to assist com-
munities in Western Province, 
the World Wide Fund for Na-
ture, Solomon Islands (WWF-
SI) received funding from the 
David and Lucille Packard 
Foundation for a project on 
“Post-disaster fisheries and 
marine conservation recovery 
activities in the Western Prov-
ince, Solomon Islands”. The 
WorldFish Center worked in 
partnership with WWF-SI on 
this component of the project, 
with the goal of examining 
whether nearshore fish aggre-
gating devices (FADs) could 
help to maintain food security, 
while diverting fishing effort 
away from recovering reefs. 

FADs were deployed at three 
earthquake-affected coastal 

communities (Rarumana, Pi-
enuna and Buri).  The simple, 
cost-effective FADs were made 
primarily from locally avail-
able materials (e.g. 
empty fuel drums, 
cement anchors) 
and imported ropes 
and floats. The FAD 
deployment sites 
were in nearshore 
coastal areas, both 
near the outer part 
of a reef and lagoon 
system (40 m) and 
on island dropoffs 
(100–200 m).  

The FAD raft struc-
ture was made 
from locally avail-
able bamboo, held 
together with a car 
tyre and rope. Main-
tenance visits indi-
cated that the raft 
materials have a life 
of approximately 
nine months and it 

Figure 1.  Fishers remain in awe at the uplifted 
reef on the island of Ranongga after 

the 2007 earthquake.

Figure 2.  Rarumana community members transport the raft 
component of their FAD to the sea for deployment.

is envisioned that communi-
ties will be able to maintain 
the raft component of the FAD 
after the project ends.
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Two of the communities 
where the FADs were de-
ployed were able to pro-
tect and secure the FADs for 
more than 12 months. One of 
the deployed FADs was lost 
about six months after initial de-
ployment (suspected sabotage), 
highlighting the need for better 
planning with the community, 
more widespread communica-
tion and further consideration 
of FAD placement.

Catch per unit of effort (CPUE) 
data (before and after FAD de-
ployment) collected by the com-
munities has provided an initial 
assessment of FAD effective-
ness. The data suggest that the 
two FADs were successful in at-
tracting fish within a few weeks 
when appropriately located. 
Higher CPUE was recorded af-
ter deployment of the FADs, and 
CPUE was markedly greater for 
FAD fishing compared with reef 
fishing (at Rarumana), suggest-
ing that nearshore FADs can be 
effective in supplementing food 
and income for Solomon Island 
coastal communities.  

Although there was clear anec-
dotal evidence that reef fish and 
coral communities changed as a 
result of the disaster, it is unclear 
whether reef fish standing stock 

also changed as there was no 
pre-disaster information availa-
ble to gauge the effect on reef fish 
catch volumes and composition. 
Nonetheless, CPUE data provide 
some interesting insights into 
the reef and FAD fisheries that 
can be used to help develop a 
future research focus for man-
agement within these communi-
ties. Fishers were able to adapt 
their fishing efforts by targeting 
FADs to increase CPUE. In addi-
tion fishers rapidly acquired and 
used knowledge about fishing at 
the FADs to target certain fish at 
certain times of the day and lu-
nar phases.  In some situations, 
fishers used FADs not only for 
target species for consumption 
and sale, but also for catching 
baitfish, thereby allowing more 
desirable fish to be caught else-
where (e.g. deepwater snapper), 
which was a previously under-
utilized fishery. 

The results from this work indi-
cate that FADs have the poten-
tial to divert fishing effort away 
from reef systems by making 

pelagic fish more accessible to 
village fishers. The notable in-
crease in the catch and weight 
of fish from FADs indicates that 
FADs may in fact increase the 
quantity of fish that coastal reef 
dwelling communities catch 
and consume, thereby contrib-
uting to increased protein intake 
and community health.  

This is the first project in Solo-
mon Islands to examine the util-
ity of FADs in altering fishing 
habits, and improving the availa-
bility of fish for local disaster-af-
fected coastal communities. The 
catch data collected through this 
project provide a preliminary 
indication that FADs may act to 
reduce pressure on reefs follow-
ing perturbations such as natural 
disasters and overfishing. 

1. The WorldFish Center, Solomon 
Islands 

2. University of Hawaii, Hilo, HI
* Email: j.prange@cgiar.org
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Figure 3.  Nearshore FAD 
deployed at Rarumana.

Figure 4. Average fishing catch per unit of effort (kg person-1 hr-1) 
at the two study sites (Rarumana and Pienuna) before 

and after the FAD deployment.
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 The diet of tunas: A global comparison

By Valérie Allain, SPC Fisheries Scientist (Ecosystem Analysis) and Jock Young, CSIRO Senior Research Scientist

In October 2009, 14 scientists 
from research institutes in 
France, Australia, USA, Spain, 
and two Pacifi c regional organi-
sations — SPC and the Inter 
American Tropical Tuna Com-
mission (IATTC) — met in Sète, 
France for a one-week work-
shop on tuna diet.

The workshop was sponsored 
by the international pro-
gramme Global Ocean Eco-
system Dynamics through its 
programme on Climate Im-
pacts on Oceanic Top Preda-
tors (CLIOTOP). CLIOTOP is 
devoted to the study of top 
oceanic predators within their 
ecosystems, and is based on a 
worldwide comparative ap-
proach among oceans. The 
goal is to improve knowledge 

and to develop a reliable pre-
dictive capacity for single spe-
cies and ecosystem dynamics.

The workshop was one of the 
activities of the CLIOTOP work-
ing group on “trophic pathways 
in open ocean ecosystems”. 
Entitled “Feeding in tunas – a 
global comparison”, the aim 
of this meeting was to answer 
this question: “Can a compari-
son of top predator diets within 
and between the Pacifi c, Indian 
and Atlantic Oceans lead to an 
understanding of the effects of 
ocean warming in these preda-
tor communities?”

This workshop gathered seven 
datasets from tuna and other 
pelagic top predator diet stud-
ies covering the three oceans. 

The information will enable a 
large-scale analysis to identify 
differences between oceans and 
regions. The data come from 
two studies in the Indian Ocean 
(one of them also covers the 
Atlantic Ocean), one from the 
eastern Pacifi c Ocean (IATTC), 
two from the western Pacifi c 
Ocean (including SPC), and 
two from the Atlantic Ocean. 
These data were collected be-
tween 1969 and 2009.

The focus was on eight spe-
cies: bluefi n (Thunnus thynnus), 
yellowfi n (T. albacares), bigeye 
(T. obesus), albacore (T. alalunga), 
skipjack (Katsuwonus pelamis), 
swordfi sh (Xiphias gladius), lan-
cetfi sh (Alepisaurus ferox), mahi-
mahi (Coryphaena hippurus), and 
gathered a total of ~20,000 fi sh.

Figure 1.  Stomach sample positions in relation to ocean 
and to Longhurst biogeographic zones (see footnote).

CSIRO: Commonwealth Scientific and Industrial Research Organisation; IATTC = Inter American Tropical Tuna Commission; 
SPC = Secretariat of the Pacific Community; IRD = Institut de recherche pour le développement

UNH = University of New Hampshire; YugNIRO= Institute of Marine Fisheries and Oceanography (Ukraine);
AZTI = AZTI-Tecnalia, Centro tecnológico experto en Investigación Marina y Alimentaria  

(original map by Petra Kuhnert).
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The fi rst workshop objective 
was to assimilate and check 
data from stomach content data-
sets. This objective continued to 
be the major focus of the work-
shop, and many issues regard-
ing data standardisation arose 
and were solved.

Initial examination of the data-
base revealed a prey species list 
of ~600 taxa from ~300 families. 
Using these data, our major ob-
jective was to examine the rela-
tionship between latitude and 
prey composition. However, 
other environmental, physical 
and sampling variables were 
included in the multivariate 
regression tree analysis, such 
as Longhurst area,1 year of col-
lection, sea surface tempera-
ture, predator species, predator 
length and fi shing gear.

The regression tree resulting 
from the overall comparison 
identifi ed the Longhurst zone, 

followed by predator species 
and fi shing gear (linked to fi sh-
ing depth), as the major varia-
bles of diet composition among 
top predators.

This work is still in progress 
and more analysis will be con-
ducted during 2010 to try to 
improve our understanding of 

trophic relationships in pelagic 
ecosystems.

1. Based on values and variability of 
parameters such as temperature, 
water masses and circulation, wind, 
nutrients, primary production, 
ecosystem functioning, Longhurst 
divided the oceans into biogeo-
graphic provinces characterised by 
specific ecosystems (see Figure 1).
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Figure 2.  Stomach sample collections by project and year.

From left to right: Robert Olson (IATTC, USA), Frédéric Ménard (IRD, 
France) and Jock Young (CSIRO, Australia), the three scientists who 

coordinated the workshp on tuna diet.
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  A new diploma in aquaculture at the Nelson Marlborough Institute of Technology

Programme introduction

The New Zealand-based 
Nelson Marlborough Institute 
of Technology (NMIT) has 
developed a new Diploma in 
Aquaculture in consultation 
with Dr Mark Burdass from 
Sparsholt College in the United 
Kingdom, which will be 
delivered as an industry-based, 
highly applied programme. 
The Institute will look to 
produce technically skilled, 
management-aware graduates 
who will be an asset to both 
the local and international 
aquaculture industry. 

Throughout the two-year pro-
gramme, students will learn 
concepts and acquire techni-
cal skills by working together 
to solve open-ended problems 
based on real life industry situ-
ations. Many of the courses will 
be integrated around key major 
projects and industry place-
ments. This combination of the-
ory and practical training will 
provide students with an excel-
lent background to move into 
the aquaculture field.

Cawthron Institute is a princi-
pal industry partner involved in 
the aquaculture infrastructure. 

NMIT is currently in the process 
of building a shared practical 
training resource at Cawthron’s 
Aquaculture Facility at Glen-
duan, to be opened in mid 2010. 
Communication links have also 
been established with the Sea-
food Industry Training Organi-
sation and industry providers 
as the programme’s content and 
logistics continue to be devel-
oped. A substantial dialogue has 
already taken place with indus-
try to ensure the programme 
meets their needs. This dialogue 
will be an ongoing process to 
ensure the programme remains 
industry focussed and relevant.

Start date

The programme will begin in 
July 2010 and will consist of a 
range of single semester papers 
that will allow students to join 
at multi-entry points, thereby 
encouraging flexibility. This is a 
model currently utilized in the 
successful NMIT Diploma in 
Viticulture and Wine Production.

Delivery mode

Students will have the option 
of studying two years full time 
or by part time throughout the 
length of the programme. 

Courses

Subjects will include aquatic 
animal anatomy and physiol-
ogy; aquatic ecology; fishery 
management; aquaculture; fin-
fish and shellfish health and 
nutrition; Maori aquaculture 
interests; business and environ-
mental management.

Aquaculture industry 
experience

The NMIT Diploma in Aquac-
ulture programme will include 
an industry experience compo-
nent for students not already 
working in the field. Students 
will spend a minimum of eight 
weeks (at least two weeks of 
each term) working in industry 
to hone their learned skills. 

For more information on this 
programme, please contact:

Beth Mills 
Phone: +64-3-546-9175 (ext. 639) 

(beth.mills@nmit.ac.nz)

NMIT Diploma in Aquaculture (Fish Farming and Fishery Management) (Level 5)
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In many islands of the Pacifi c, the 
environmental costs from past 
introductions of tilapia have already 
been paid. How can people in these 
places now responsibly obtain the 
expected social benefi ts? 

This question emerged as the 
main theme of a meeting of 
regional and international ex-
perts hosted by the Secretariat 
of the Pacifi c Community (SPC) 
in Noumea, New Caledonia in 
December 2009. On one hand, 
tilapia farming is one of the 
readily available options to 
regional food security concerns. 
On the other hand, tilapia is an 
introduced species, which raises 
concerns about its impacts on 
the biodiversity of indigenous 
freshwater fi sh. 

The SPC meeting — “Future 
directions for tilapia in the 
Pacifi c” — found that tilapia 
farming is already making 
a useful contribution in the 
region, and has much more 
still to offer. But careful plan-
ning will be needed to obtain 
the anticipated economic and 
social benefi ts while avoiding 
further environmental costs.

Pacifi c Island countries will 
face an increasing shortage of 
fi sh for domestic consumption. 
Recent results of environmen-
tal and demographic studies 
presented by SPC show that the 
region’s growing populations 
will need an additional 100,000 
tonnes of fi sh by 2030 if present 
per capita fi sh consumption 
(essential for dietary health) is 
to be maintained1. Even with 
good management, the region’s 

coastal fi sheries will not be able 
to supply the increased quantity 
of fi sh needed to meet the pro-
jected future demand. Without 
good management, and com-
bined with threats to coral reefs 
by climate change, the supply of 
fi sh from coastal reef fi sheries is 
in fact likely to decrease.

To cope with future demands 
for fi sh, the time to start plan-
ning is now. Governmental and 
regional agencies have identi-
fi ed two main options to make 
up the projected shortfall in fi sh 
supply: 1) allocate more of the 
region’s tuna catch to domes-
tic food security needs, and 2) 
develop small-pond aquacul-
ture. The aquaculture option is 
a good one for providing fresh 
fi sh to rapidly-growing urban 
centres, and to inland popula-
tions, in countries with adequate 
land and freshwater resources 
for fi sh farming.

Tilapia — An obvious choice

Small-scale fi sh farming requires 
simple production methods. 
The type of fi sh chosen for farm-
ing must be one that is simple to 
breed and feed. There are pres-
ently no obvious candidates 
among the indigenous fi sh in 
the Pacifi c Islands region. To 
identify and develop any local 
species with potential for aqua-
culture takes time. Typically, 10 
or 15 years of scientifi c research 

is needed before a new fi sh 
species reaches commercialisa-
tion, even if it has the attributes 
needed for mass production. 

Tilapia was introduced in much 
of the region in the 1950s and 
1960s. It is one of only a hand-
ful of fi sh species available 
worldwide that is ideal for suc-
cessful low-cost farming. It is 
easy to breed and grow without 
needing high technology, eats 
a range of low-cost foods, and 
tolerates a wide range of pond 
conditions. Originally from 
Africa, tilapia is now so domes-
ticated for farming in Asia and 
the Americas that it has been 
dubbed “the aquatic chicken”. 

Internationally, farmed tilapia 
is a commodity. The SPC meet-
ing heard from US Tilapia Asso-
ciation past-president Professor 
Kevin Fitzsimmons that tilapia 
has now reached the top fi ve 
preferred “sea foods” in the 
USA, overtaking salmon for 
the fi rst time during 2009. “The 
amazing thing about tilapia is 
how rapidly sales continue to 
grow: in 2000, global consump-
tion was worth USD 1.75 billion, 
in 2005, this had reached USD 
2.5 billion, and in 2010 it will be 
USD 5 billion”. Secretary-Gen-
eral of the Network of Aquac-
ulture Centres in Asia and the 
Pacifi c (NACA), Professor Sena 
De Silva concurred, informing 
regional representatives about 
the huge contribution to rural 
food security and livelihoods 
now being made by tilapia farm-
ing in Asia. “If we ask whether 
tilapia, as an introduced alien 
species in Asia, is a ‘friend’ or a 
‘foe’, the answer is overwhelm-
ingly that it is now a ‘friend’ to 
millions of our people”. 

Farming tilapia for food security 
is not a new idea in the Pacifi c. 
Fiji and Papua New Guinea 
(PNG) both have long-standing 
policies of government support 

TILAPIA FISH FARMING 
IN THE PACIFIC - A RESPONSIBLE 

WAY FORWARD 

Tim Pickering
SPC Aquaculure Officer 

(TimP@spc.int)
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for tilapia farming in rural areas. 
PNG’s representative at the meet-
ing, Peter Minimulu (National 
Fisheries Authority), reported 
that somewhere between 10,000 
and 20,000 household-scale tila-
pia farms now exist in PNG’s 
remote  highlands and northern 
coastal provinces.  This level of 
activity makes PNG the Pacifi c 
region’s leader in tilapia farm-
ing. Fiji’s Department of Fish-
eries similarly encourages and 
supports rural small-scale tilapia 
farming, by providing farmer 
training, hatchery services and 
marketing assistance.

Household-scale, versus 
medium-scale enterprises

The SPC meeting heard from 
WorldFish Center representa-
tive Dr Randall Brummett, 
based in Cameroun, about cen-
tral Africa’s past experiences 
in small-scale tilapia farming 
development targeting poor 
households. “As an approach 
to food security, such projects 
are better than giving out food 
relief. But without a deliberate 
and accepted policy to provide 
ongoing subsidies, such as giv-
ing out fi ngerlings for free, they 
are not usually self-sustaining 
businesses”, he said. 

The more promising approach 
now being taken in Africa is one 
of medium-scale enterprises. 
These larger fi sh farms have 
economies of scale to support 
infrastructure such as fi sh hatch-
eries or feed mills. Smaller-scale 
operators can then also access 
these services. Most importantly, 
jobs are created — on the farms 
themselves and in support-
ing industries. “In the last 10 
years, African aquaculture has 
fi nally started to grow,” said Dr 
Brummett. “The difference has 
been a switch to a business-like 
approach with a focus on mar-
kets and profi ts. To earn enough 
to keep their fi sh farms running, 

people have to be able to get 
their product out of the village 
because their neighbours have 
little spare cash to buy fi sh.”

Vanuatu already boasts one 
such medium-scale enterprise. 
Vate Ocean Gardens is operated 
by Paul Ryan in Lake Manuro 
on Efate Island, using fl oating-
cages to culture an attractive 
red-colour variety of hybrid 
tilapia sourced from Thailand. 
“It’s become a nice little busi-
ness”, says Mr Ryan, whose reg-
ular harvests of fresh “perche 
cerise” (“cherry perch”) are usu-
ally sold out in Port Vila within 
two hours. “I grow the fi sh in 
a small lake already degraded 
by previous fi sh introductions 
and by the dumping of tree rub-
bish from land-clearing, so our 
tilapia farm is not only econom-
ically viable, it has little addi-
tional negative environmental 
impact.” At the meeting, repre-
sentatives from Guam, Saipan 
and American Samoa reported 
that they too have successful 
commercial operators growing 
and selling tilapia, mainly in 
backyard operations that rear 
the fi sh intensively in swim-
ming pools or cement tanks. 

The Pacific was given the 
“wrong” tilapia

The species of tilapia introduced 
to the Pacifi c was the Mozam-
bique tilapia (Oreochromis mos-
sambicus), whereas 90% of the 
tilapia farmed globally today is 
Nile tilapia (Oreochromis niloti-
cus). Distinctions between the 
two species are not always clear-
cut because they hybridise eas-
ily. However, the Mozambique 
tilapia is generally much slower 
growing (in culture) and poten-
tially more invasive because it is 
more tolerant of salt water. 

To make matters even worse, 
the particular Mozambique 
tilapia distributed throughout 

the Pacifi c are reputedly the 
inbred descendants of less than 
a dozen fi sh found at a place in 
Indonesia in 1939.  As a result, 
according to a recent study 
supervised by geneticist Profes-
sor Peter Mather of Queensland 
University of Technology: “... 
the Mozambique tilapia in the 
Pacifi c are so lacking in genetic 
variation that improvement by 
selective breeding will be almost 
impossible”, he said.

For Nile tilapia, however, 
improved varieties are now 
available, which have been 
selected to give better growth 
performance when domesti-
cated in pond conditions using 
formulated pellet feeds. Some 
countries in the region such as 
Fiji and PNG are already using 
these varieties for farming. 
Other countries in the region 
wishing to establish success-
ful tilapia farms will need to 
ignore the feral Mozambique 
tilapia already present in their 
rivers and use a domesticated 
variety of Nile tilapia. “Domes-
ticated varieties do better in 
culture with good feeding”, 
advised Prof. De Silva, “but 
they don’t do so well as feral 
types if they escape into rivers. 
This is especially so with red 
hybrids, whose bright colour 
makes them more easily caught 
by fi shers or by hunting birds 
like herons and cormorants”.

Mozambique tilapia were stocked 
into many inland water bodies 
of the Pacific region during the 

1950s and 1960s, as part of efforts 
to increase freshwater fisheries 
production. It is unsuitable for 

aquaculture. (Photo: Tim Pickering).
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Managing environmental risks 
of tilapia 

The SPC meeting was briefed 
about threats to biodiversity 
among the region’s freshwater 
fi shes by Suva-based Dr Aaron 
Jenkins of Wetlands International 
– Oceania. Dr Jenkins includes 
feral tilapia among several 
threats to indigenous river fi shes 
in the Pacifi c. “In Fijian streams, 
we’ve found that the presence of 
tilapia along with deforestation 
is associated with the absence 
of as many as 10 of the indige-
nous fi sh species.” Pacifi c Island 
river fi shes are more vulnerable 
to these multiple threats than 
those in Australia or Asia, he 
says, because more of our spe-
cies have early life history stages 
that spend time in the ocean, and 
so cross several habitats during 
their lives. 

Prof De Silva commented on 
Asia’s experience that tilapia do 
not easily invade pristine clear-
running forested streams, but 
prefer slower-moving muddy 
rivers in open sunlit country-
side. “If deforestation occurs, 
tilapia will move in. They can 
often be found at the scene of 
the crime, but are not neces-
sarily the criminal.” Dr Jenkins 
counters that the unusually high 
level of connectivity between all 
sections of Pacifi c Island rivers 
and the ocean itself means that 
ecosystem-based approaches 
are needed for protection of 
our indigenous fi shes, many of 
which are “endemic” (not found 
anywhere else). “Resource own-
ers and managers will need to 
take into account all likely threats 
throughout the entire river, to 
avoid loss of species or further 
reductions in useful indigenous 
food fi shes such as the Fijian vo. 

“It’s increasingly important to 
protect the invasive-free status 
of those river catchments that 
are still pristine”. Dr Jenkins 

recommends that the distribu-
tions of indigenous species, 
and of tilapia, be mapped and 
used as guides for aquacul-
ture planning. “We defi nitely 
need policies in place to avoid 
introducing tilapia into remain-
ing areas of high conservation 
value”, he said. 

The way ahead for tilapia 
farming

It is obvious that the demand 
for fresh fi sh in the region will 
increasingly drive new initia-
tives to farm tilapia. Already the 
region is witnessing an expan-
sion from household-scale fi sh 
farming projects to economically 
viable medium-scale enterprises 
based on aquaculture of this 
versatile fi sh. Participants at the 
SPC-hosted meeting “Future 
directions for tilapia in the 
Pacifi c” have helped to clarify the 
main issues still to be addressed 
if this industry is to expand in a 
responsible and environmentally 
sustainable way. 

The success of new entrants to 
tilapia farming will depend on 

being able to work with suit-
able domesticated varieties. This 
means having the capacity to 
manage aquatic-species quar-
antine protocols at the national 
level. It also means carrying out 
an import risk assessment for the 
proposed new variety, to ensure 
that no characteristics (such as 
higher salt tolerance) are added 
to the local feral tilapia gene 
pool that may increase invasive 
properties any further. Zoning 
approaches to aquaculture plan-
ning can be developed to protect 
areas of high conservation value 
from the introduction of tilapia. 
The need for, and viability of, a 
tilapia farming industry should 
be assessed country by country 
and province by province, before 
any decision is made to go ahead 
with it. SPC plans to work with 
its member countries and terri-
tories, and other stakeholders, to 
further develop these and other 
ideas in support of sustainable 
and profi table tilapia farming in 
the Pacifi c Islands region.

1. See Pacific Island Business, October 
2007: “Fish – cornerstone of future 
food security”

An experimental tilapia pond constructed on the initiative of Mr Fred 
Manu in 2002 in North Malaita, as a village-level development project.  

The growth rate of the tilapia was so slow that the project was suspended.  
This is because only Mozambique tilapia is presently available in the 

Solomon Islands. (Photo: Tim Pickering).
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Success stories of coastal fisheries 
management within the Pacific Is-
lands region have been few and far 
between. One particular situation 
in Tonga, however, appears to be 
quite successful and is deserving of 
more attention.

Background

The Kingdom of Tonga — an 
archipelago in the South Pa-
cific comprising 168 islands 
— stretches 800 kilometers and 
has a total land area of 678 km². 
As of January 2009, Tonga’s 
population was estimated to 
be slightly greater than 100,000 
(Gillett and Cartwright 2010) 
with over 70% of its residents 
living on the main island of 
Tongatapu. Tonga is unique in 
being the only sovereign mon-
archy in the Pacific Islands, 
and has the distinction of be-
ing the only island country in 
the region to have avoided for-
mal colonization. 

Inshore fisheries management 
in Tonga

Tonga is unlike many other Pa-
cific Island nations with respect 
to traditional management of 
inshore fisheries. The differ-
ence being that in the mid-
1800s, King Taufa’ahau Topou I 
united all of the Tongan islands 
into a kingdom, establishing 
himself the sole owner of the 
land and sea. A proclamation 
by the king during this time 
stated that 1) all Tongans had 
equal fishing access to all Ton-
gan waters, and 2) any tradi-
tional claims to the local control 

or management authority over 
fishing areas were abolished. In 
other words, traditional com-
munal-based fisheries manage-
ment was extinguished, and 
any Tongan could fish wherev-
er they pleased, whenever they 
pleased. This situation is often 
referred to as an “open access” 
fisheries management regime. 

Problems of open access fish-
eries management regimes

Petelo et al. (1995) give some 
disadvantages of open access 
fisheries in Tonga:

This system may have 
worked reasonably well 
in the era of subsistence 
fisheries, but it has fairly 
recently collided with 
commercial realities and 
the carrying capacity of 
inshore resources.

This lack of commu-
nity control creates 
conditions that do not 
encourage a long-term 
relationship with the re-
source. The first-come-
first-served regime now 
prevailing is incentive to 
harvest as much as pos-
sible, as fast as possible. 
Fisheries management 
in Tonga is currently be-
ing attempted on a cen-
tralized basis.

One frequent com-
ment from villagers in 
Ha’apai is that, even if 
a community conserves 
and manages its adja-
cent marine resources, 
it may be a useless ex-
ercise as outsiders can, 
and have, moved in to 
overharvest.

For many of the villages 
in Ha’apai, the prior-
ity concern is the fact 
that Tongans from any-
where, especially com-
mercial operators from 
Tongatapu, could har-
vest the food resources 
adjacent to villages 
thereby affecting the 
food security situation.

Wilson et al. (2008) conducted 
research on the effects of open 
access fisheries on ‘O’ua Island 
in the Ha’apai group, citing ad-
ditional problems:

The reef system of 
‘O’ua, due to its richness 
in fish resources, has 
been subject to intense 
fishing by the people 
of ‘O’ua, neighboring 
islands and small com-
mercial vessels from 
Tongatapu. This has led 
to the damage of coral 
reef and other habitats 
in the area and the se-
rious depletion of fish 
resources. So much so, 
that it threatens the 
people of ‘O’ua’s future 
food security and de-
velopment prospects.

Gillett et al. (1998) give two ad-
ditional drawbacks of open ac-
cess fisheries in Tonga:

Recently there has been 
an increased amount of 
commercial fishing ac-
tivity in inshore areas 
adjacent to villages by 
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Tongans from outside 
the communities. Given 
the limited production 
of the inshore areas, the 
benefits from this out-
side commercial activity 
appear to be, at least to 
some extent, at the ex-
pense of the subsistence 
food supply.

It is somewhat ironic 
that the coastal com-
munities in the outer 
islands of Tonga with 
limited opportunities 
for nutritional or eco-
nomic advancement 
are, in effect subsidiz-
ing outside commercial 
operations.

What is being done about 
problems regarding Tongan 
open access fisheries?

In 2002, a new fisheries law was 
enacted, which included a pro-
vision for special management 
areas (SMAs). A main feature of 
the Fisheries Management Act 
2002 is that:

“the Minister may, in con-
sultation with the Com-
mittee, designate any 
local community in Ton-
ga to be a coastal commu-
nity for the purposes of 
community-based fish-
eries management, and 
may prescribe the rights 
and responsibilities of 
such a coastal communi-
ty in respect of the SMAs, 
or part thereof”. 

An SMA grants a community 
management control of its in-
shore resources; in effect, pro-
viding a community with the 
basic tools and skills for better 
management initiatives. The 
main objectives of a manage-
ment plan are to 1) enforce 
the authority to exclude out-
siders from entering an SMA, 

2) establish marine parks, and 3) 
implement restrictions on har-
vested resources, including, size 
limits and catch amounts.

A discussion with the head 
of Tonga’s Fisheries Division 
in Nuku’alofa (Sione Matoto 
Vailala pers. comm., September 
2009) indicated that six 
communities had applied and 
been selected for the SMA 
program. These communities 
are ‘O’ua, Felemea (see photo), 
and Ha’afeva in Ha’apai; 
Ovaka in Vava’u; and ‘Atata 
and ‘Euaiki in Tongatapu. 

Wilson et al. (1995) further com-
mented on the selection process 
of the SMA program on ‘O’ua in 
Ha’apai:

The ‘O’ua community 
made a request of the 
Department of Fisher-
ies in March 2005 to as-
sist them in establishing 
a Special Management 
Area as a means to help 
ensure that there will 
be enough fish for their 
families today and for 
their children in the 
future. This historical 
event was marked and 
officially opened by the 
Minister for Agriculture 
and Food, Forests and 
Fisheries, Hon. Sione 
Peauafi Haukinima on 1 
November 2006.

SMAs: Advantages and 
drawbacks

Dr Sione Vailala Matoto pointed 
out to me the positive and 
negative effects that SMAs are 
having on the six selected com-
munities. Since the initiation in 
2006, Matoto stated that these 
selected communities feel much 
greater ownership towards 
their adjacent resources than 
anytime in recent history. These 

coastal communities now have 
an incentive to conserve and 
protect for the future, and out-
siders are no longer able to fish 
there, (ie. What the commu-
nitiy conserves today, will not 
be taken by outsiders tomor-
row). Other comments made 
by Dr Matoto suggest that since 
the SMA programs have been 
put into effect, villagers have 
gained significant fishery and 
financial resources. Commu-
nities with established SMAs 
provide protection for valued 
species such as lobsters, clams 
and bece-de-mer. In communi-
ties without SMAs, however, 
these resources were either dec-
imated by locals or outsiders.

Drawbacks of the SMA program 
tend to be centered on the com-
munities not involved. These 
outside communities do not 
like the fact that they are be-
ing restricted from open access 
fishing, or are being denied ac-
cess to a place where they once 
used to fish. Secondly, financial 
restraints of Tonga’s Fisheries 
Division make it difficult to es-
tablish an SMA in a timely fash-
ion. Many communities have 
applied, knowing the advantag-
es of the program, but the appli-
cation process is slow due to a 
lack of funding.

Other opinions on the SMA 
initiative

Besides Sione Matoto’s input, 
there have been various outside 
opinions on the development 
and success of this program. 
Semisi Fakahau, Pacific Islands 
Forum Fisheries Agency fisher-
ies advisor to Tonga, states that, 
since the Tongan beche-de-
mer fishery has been opened, 
communities involved with 
the SMA program have been 
highly appreciative that they 
now have protection from com-
mercial operators from Tonga-
tapu that take large amounts 
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growth in Tonga. As it stands 
now, SMAs have been a tremen-
dous success in terms of Tongan 
in-shore fisheries management, 
deserving national attention. 
Communities all around Tonga 
have taken notice of this pro-
gram’s success. 

The main establishment issue 
however, lies in the hands of 
Tonga’s Fisheries Division and 
its financial constraints. With a 
substantial amount of national 
and international awareness, 
publicity, and funding, there is 
no doubt that SMAs could be a 
major turning point for fisheries 
management in the country.

Why this is a governance 
success story

Given the major decline in Ton-
ga’s inshore resources, I believe 
the most successful aspect of the 
SMA program is how SMAs are 
promoting the sustainable fish 
stocks for the future. They do 
it by inviting a community to 
participate in something that is 
inherently in their self-interest 
by allowing the exclusion of 
outsiders, resulting in less com-
petition, and more abundant in-
shore resources for the adjacent 
community. It now seems there 
is light at the end of the tunnel 
for both Tonga’s Fisheries Di-
vision and SMA communities 
in terms of maintaining and 
sustaining a healthy fisheries 
environment. Other important 
aspects of SMA governance suc-
cessfulness include:

• Protect the future of fisheries 
by giving local communities 
the essential tools for manag-
ing inshore resources.

• Unlike with open access fish-
eries, there is no pressure to 
take as much as possible as 
fast a possible.

• Bonds between the commu-
nity and inshore resources 
are stronger.

Ovaka, ‘Atata and 
‘Eueiki communities 
are now near comple-
tion with respect to the 
development of their 
Coastal Community 
Management plans. 
These plans included 
awareness about fisher-
ies activities, conserva-
tion and management as 
well as regulations that 
directly apply to com-
munity small-scale and 
subsistence fishing. This 
process has evolved dur-
ing number of visits to 
ensure each community 
understands the man-
agement process. Each 
village has agreed to the 
conditions put forth by 
the district officer and 
has set a completion 
date of June 2008.

Other communities hav-
ing shown great inter-
est in the SMA program 
include Hunga and 
Taunga in Vava’u and 
Fonoi and Nomuka in 
Ha’apai. Each commu-
nity has put in a request 
asking the Ministry for 
assistance in the SMA 
development process. 
However, as stated by 
Dr Matoto above, assist-
ance to these interested 
communities was not 
possible due to various 
reasons, including lack 
of resources and finan-
cial constraints.

What the future holds for 
SMAs

According to Tonga’s Depart-
ment of Fisheries website, a main 
goal in implementing SMAs is to 
raise awareness of the approach 
of community management as 
a long-term strategy to achiev-
ing environmental sustainabil-
ity and economic stability and 

of their inshore resources. In 
addition, Robert Gillett, former 
fisheries advisor to Tonga who 
maintains contact with Ha’apai 
communities, indicates that the 
SMA program represents one 
of the most positive develop-
ments in the management of 
coastal resources in Tonga.

Current status of SMAs

The most recent annual report 
released by Tonga’s Fisheries 
Division (Fisheries Division 
2008) states the following status 
of SMA communities:

‘O’ua’s management 
strategies include re-
plenishing on the fish 
habitat reserve with gi-
ant clams, recording fish 
catch information, mon-
itoring SMA bound-
ary lines, and closely 
watching the SMA par-
tition and enforcing 
their management plan 
actions.

The Ha’afeva people 
have achieved their 
goal in the development 
process for their SMA 
with the completion of 
their Coastal Commu-
nity Management Plan 
(CCMP). Meetings are 
currently being held in 
order to promote aware-
ness of fisheries laws 
as well as management 
skills.

The Felemea communi-
ty is in the development 
process for their SMA 
with a goal of establish-
ing their Coastal Com-
munity Management 
Plan. A district officer 
conducted the latest 
meetings, where fish-
eries law and manage-
ment were the topics of 
discussion.
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• Communities have little to 
lose and much to gain from 
this program.

• Tonga’s Fisheries Division 
has strengthened its links 
to fishing communities that 
now see the division as a 
partner.

• Law enforcement now lies 
in the hands of participating 
communities; activities such 
as entering an SMA without 
unauthorization or engaging 
in illegal fishing are being 
closely monitored.

• If a community does not 
want an SMA, they do not 
have to, it is purely in their 
self interest, no one is forced 
to join the program.
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Introduction 

Coral reef populations are char-
acterised by large spatial and 
time variability and high lev-
els of diversity. Many studies 
have made comparisons of fi sh 
populations in coral reef envi-
ronments. In French Polynesia, 
Galzin and Harmelin-Vivien 
(2000) studied qualitative and 
quantitative variations in fi sh 
populations in space and time. 
We know that coral reef popu-
lations do not remain steady 
over time but, rather, fl uctuate 
at a variety of scales (e.g. daily, 
monthly and seasonal). In ad-
dition, we can see that such 
populations are also unstable 
on a spatial scale (Galzin 1987b). 
Moorea’s fi sh population is 
not spread out evenly around 
the island (Galzin 1985; Galzin 
1987a). Its distribution is linked 
to ecological factors such as 
coral cover and physical factors 
such as the height of the water 
column as well as hydrody-
namic conditions (Galzin 1985). 
Other studies have shown that 
the structure of reef fi sh com-
munities depends on reef geo-
morphology, which is a key 
element (Bell and Galzin 1984; 
Galzin 1987a; Adjeroud et al. 
2002), and on different types of 
fi shing pressure (Russ and Al-
cala 1989; Labrosse et al. 2000). 
In the Pacifi c, fi shing pressure is 
strongly tied to population den-
sity (expressed as the number of 
inhabitants per square kilom-
eter). In addition, increases in 

fi shing effort result in changes 
in target populations (Jennings 
and Lock 1996) and even in the 
entire fi sh community (Jennings 
and Polunin 1996). Studies on 
the effects of fi shing on reef eco-
systems and fi sh populations 
have covered several variables, 
including size, basic outline of 
target fi sh life cycles, relative 
abundance of the species or the 
reef community’s trophic struc-
ture (Jennings and Lock 1996; 
Jennings and Kaiser 1998). The 
purpose of comparative studies 
on fi sh communities of commer-
cial interest (i.e. fi sh harvested 
as food) between a protected 
area and a zone subject to fi sh-

ing, is to identify resource status 
bioindicators. This makes it pos-
sible to design tools to properly 
manage the resource. Among 
such tools are marine protected 
areas (MPAs), whose use has 
signifi cantly grown around the 
world. As a tool to sustainably 
manage both biodiversity and 
fi sheries yields, MPAs protect 
endangered species and pro-
mote tourisism activities. The 
reserve effect of MPAs has both 
spatial and temporal compo-
nents (Francour 2000). The spa-
tial component includes differ-
ences between protected and 
unprotected zones (Russ and 
Alcala 1989; Harmelin-Vivien 
et al. 1995; Francour 2000). The 
purpose of this study is to iden-
tify the effects of fi shing on cer-
tain ecological characteristics of 
target fi sh communities by com-
paring an exploited zone and an 
MPA.

Materials and methods 

Moorea is one of 14 islands in 
French Polynesia’s Society Is-
lands group (Fig. 1). Volcanic in 
origin, it is 25 km northwest of 
Tahiti at 149°50 W and 17°30 S. 
It is triangular in shape and has 
a surface area of 134 km2 and a 
70-km-long coastline. Its sum-
mit, Mount Tohivea, reaches a 
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height of 1,207 m. The island 
is surrounded by a barrier reef 
that marks the borders of a 49 
km2 lagoon, whose width var-
ies from 500–1500 m, in depths 
of 0.5–30 m. There are 11 passes 
of varying depths (10–70 m) 
through the reef that boats use 
(Galzin and Pointier 1985). Tia-
hura, a favourite site for reef 
community studies since 1971 
(Fig. 1), is located northwest of 
the island. Tiahura’s transect 
is an imaginary 1,040-m-long 
line perpendicular to the coast 
(Fig. 2). It is divided into 22 sta-
tions forming squares 50 m long 
on each side, with 5 stations on 
the fringing reef, 9 on the bar-
rier reef, 6 on the outer slope 
and 2 in the channel (Galzin 
1985). In June 2006, the Pacifi c 
Regional Oceanic and Coastal 
Fisheries programme collected 
data in the village of Maatea 
in the southern part of Moo-
rea (Vigliola and Boblin 2006). 
A total of 24 transects were set 
up on all the habitats (6 on the 
fringing reef, 6 on the inter-
mediate reef, 6 on the barrier 
reef and 6 on the outer slope) 
(Fig. 3). For this analysis, only 
data from two geomorphologic 
units were used for each of the 
two sites (i.e. the outer slope 
and barrier reef).

Every year since 1990, a CRI-
OBE research team has collect-
ed qualitative and quantitative 
data on the barrier reef and out-
er reef slopes as part of the ATPP 
(Temporal Population Patterns 
Programme). Fish are counted 
by divers at a set distance that is 
ideal for monitoring fi sh popu-
lations without disturbing them 
over time (Harmelin-Vivien et 
al. 1985). On the barrier reef, 
the census zone covers a 100 m 
x 200 m rectangle, divided into 
200 quadrates measuring 50 m x 
2 m each laid out parallel to the 
coastline, with 10 sample units 
chosen randomly. On the outer 
slope, the arrangements are 

similar but there are only eight 
sample units. 

As part of the coastal component 
of the PROCFish programme 
and the Pacifi c Regional Coastal 
Fisheries Development Pro-
gramme (CoFish), the Secre-
tariat of the Pacifi c Community 
(SPC) conducted census surveys 
on Moorea in 2006. Censuses 
of commercial fi sh popula-

tions were done visually along 
transects at variable distances 
(Labrosse et al. 2003). The sam-
pling strategy used on Moorea 
(Vigliola and Boblin 2006) (Fig. 
3) was the same PROCFish has 
used in 17 countries and on 
more than 60 islands.

In order to compare the two da-
tasets, PROCFish’s technique 
was standardised with ATPP’s, 

22

21

19

18

17

16

15

13

12

11

10

9

8

7

6

4

3

2

1

B

A

50 m

Barrier
reef

Channel

Taotoi
pass

Outer slope

Fringing reef

“Plaine aux 7 doigts”

Motu
Irioa

N

Legend:    1 to 22 : Benthos Tiahura Moorea
     5, 14 and 20: Fish Tiahura Moorea
     A and B: ATPP Tiahura Moorea

Land

Barrier reef

Figure 2.  Position of fish stations in the Tiahura sector (A and B). 
Source: CRIOBE (ATPP Programme).

Land

Sheltered coastal reef

Non-reef lagoon area

Back reef

Outer reef

Deep ocean & passes

15

16

07

14
06

08

13

05

12

24

20 19

23

02
04

01

11

10

22
09

03

21

18
17

N

0 1 2

kilometres

Figure 3.  Location of the 24 fish census transects (PROCFish data) in 
the southern part of the island at Maatea. Source: Andrefouet S. (IRD 

Noumea) modified by Vigliola and Boblin (2006).



COMPARATIVE STUDY OF THE STRUCTURE OF COMMERCIAL FISH POPULATIONS ON MOOREA, FRENCH POLYNESIA

33 SPC Fisheries Newsletter #130 – September/December 2009

by setting observation distances 
at 1 m on either side of the 50 m 
transect (i.e. a surface area of 
100 m2).

Data density was calculated as 
follows: D = N/S

D: number of fi sh m-2

N: number of fi sh observed;
S: sample surface = 100 m2

For theses comparisons, we 
only analysed the data for the 
22 commercial species that were 
common to both PROCFish and 
ATPP.

In order to identify changes in 
the trophic structures of popula-
tions subject to fi shing pressure, 
the commercial fi sh selected 
were divided into fi ve trophic 
groups: four main groups (mi-
cro-algae eaters, macro-carni-
vores, piscivores, macro-algae 
eaters and one combined group 
(mixed piscivores /macro-car-
nivores) (Kulbicki 1992).

To test the differences between 
trophic groups, a single-classifi -
cation-category variance analy-
sis (ANOVA) was carried out. 
To identify means that were sig-
nifi cantly different, a multiple 
comparison student Newman-
Keuls test was performed. 

Results 
At both sites, the highest total 
species richness was found on 
the outer slope and the low-
est fi gures were on the barrier 
reef. Tiahura had a higher mean 
commercial species density than 
Maatea (Fig. 4). A T mean com-
parison test showed a net dif-
ference in total density between 
the two outer slope sites (t = 
-9.3038; dl = 12; p < 0.000) and 
the barrier reefs (t = -4.2742; dl = 
14; p < 0.000).

At the Maatea barrier reef, the 
highest total densities were 
found in the families Acanthuri-

dae (2.30 ind. m-2) and Scaridae 
(0.24 spec. m-²). The Acanthu-
ridae family was mainly repre-
sented by Acanthurus triostegus 
(manini) and Ctenochaetus stria-
tus (maito), 37% and 34% of the 
total density, respectively. For 
the Scaridae family, only Scarus 
psittacus (common parrotfi sh) 
was well represented with 7% 
of the total density. On the outer 
slope, the Acanthuridae family 
was once again dominant (1.61 
spec. m-²) with Ctenochaetus stria-
tus, Acanthurus nigroris and A. 
olivaceus (i.e. 29%, 10%, and 7.5% 
of the total density, respectively). 
This top rank was followed by 
the Scaridae family (1.41 ind. 
m-2) with Chlorurus sordidus and 
Scarus psittacus (i.e. 32% and 8% 
of the total density, respectively).

In general, there were signifi cant 
differences in density between 
sites in the same biotope for the 
six main families: Acanthuridae, 
Labridae, Lethrinidae, Lutjani-
dae, Mullidae and Serranidae 
(Tab. 1). All of these families 
were more abundant at Tiahura 
except for Lethrinidae (t = 2.679 ; 
dl = 14 ; p < 0.05) and Lutjanidae 
(t = –2.846 ; dl = 5.56 ; p < 0.05), 
which were more abundant at 
the Maatea barrier reef.

Main species

Just 12 species (Fig. 5) account-
ed for 87% of the total density 
of the 22 target species selected 
for comparison at Tiahura and 
96% at Maatea. They belonged 
to the families Acanthuridae 
(seven species), Serranidae (two 
species), Scaridae (two species), 
and Mullidae (one species).

The highest densities were re-
corded for Ctenochaetus striatus 
(maito) and Acanthurus triostegus 
(manini). 

However, there were only eight 
signifi cant differences between 
sites for the same biotope. This 
involved Ctenochaetus striatus, 
Naso lituratus, Acanthurus nig-
ricans, Cephalopholis argus and 
Acanthurus thompsoni, whose 
densities were signifi cantly 
higher at Tiahura. In contrast, 
two species had densities that 
were signifi cantly higher at 
Maatea: Acanthurus olivaceus 
(havari) and Acanthurus triostegus 
(manini) (Fig. 5). 

Trophic structure 

The trophic structures study 
showed signifi cant differences 
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Figure 4.  Mean densities (ind. m-2) (± standard deviation) of food 
fish for the two morphological zones at each site. 

Meaning of codes p < 0.000 (***).
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algae eaters at Tiahura. They 
were four to fi ve times more 
numerous than macro-carni-
vores and piscivores. However, 
densities for piscivores (Variola 
louti, Epinephelus hexagonatus, 
Cephalopholis sexmaculata, Cepha-
lopholis argus, and Caranx mela-
mpygus) and mixed piscivores/
macro-carnivores (Parupeneus 
cyclostomus, Elagatis bipinnula-
tus, Cephalopholis urodeta, and 
Aphareus furca) were higher on 
the outer slope at Tiahura. 

Macro-algae eaters mainly con-
sisted of Naso lituratus (ume ta-
rei), which were very abundant 
on the outer slope of Tiahura. 
The micro-algae eater group con-
sisted of several taxa and species 
on the outer slope of Maatea. Fi-
nally, the macro-carnivore group 
covered the barrier reefs of both 
Tiahura and Maatea and includ-
ed several families. 

Conclusion

Four of the results allow us to 
conclude that commercial spe-
cies at certain sites on Moorea 
are beginning to show signs of 
overexploitation.

cies). In contrast, trends differed 
in terms of density (Fig. 6). Mi-
cro-algae eaters had the high-
est density followed by macro-
algae eaters. 

The trophic structure analysis 
revealed a clear predominance 
in density for micro- and macro-

between fi sh populations at Tia-
hura and Maatea. 

In terms of the number of spe-
cies, the commercial fi sh trophic 
groups that were the most nu-
merous at both sites were the 
macro-carnivores (6 species) 
and micro-algae eaters (10 spe-

Table 1. Mean densities (spec. m-2) (± standard deviation) of commercial fish families at the two study sites and bi-
otopes. Means given in bold indicate significant differences between sites for the same biotope. Meaning 
of codes: p < 0.000 (***); p < 0.01 (**); p < 0.05 (*).

Family         

Tiahura Maatea

Outer 
slope

± SD
Barrier 

reef
± SD

Outer 
slope

± SD
Barrier 

reef
± SD

Acanthuridae 1.314*** 0.173 0.965** 0.125 0.290*** 0.111 0.388** 0.315

Balistidae 0.003 0.005 0.000 0.000 0.000

Carangidae 0.000 0.000 0.000 0.001 0.004

Holocentridae 0.029 0.051 0.026 0.036 0.000 0.016 0.019

Labridae 0.068* 0.046 0.039** 0.028 0.011* 0.019 0.005** 0.005

Lethrinidae 0.001 0.004 0.009* 0.007 0.000 0.021* 0.012

Lutjanidae 0.038* 0.045 0.001* 0.003 0.000* 0.013* 0.010

Mullidae 0.010 0.019 0.070* 0.053 0.013 0.015 0.026* 0.016

Scaridae 0.170 0.088 0.269 0.33 0.241 0.132 0.061 0.088

Serranidae 0.078** 0.030 0.005 0.005 0.029** 0.004 0.008 0.013

Figure 5.  Mean densities (ind. m-2) (± standard deviation) of food 
fish for the two morphological zones at each site. 

Meaning of codes p < 0.000 (***); p < 0.01 (**); p < 0.05 (*).
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According to the T test, Tiahura 
had a higher mean density for 
commercial species on its outer 
slope and barrier reef than 
Maatea does. The mean density 
of four families (Acanthuridae, 
Labridae, Lutjanidae and 
Serranidae) was higher on the 
outer slope of Tiahura and the 
mean density of three families 
(Acanthuridae, Labridae and 
Mullidae) on the barrier reef. 
At the Maatea site, the compari-
son showed that two families 
(Lethrinidae and Lutjanidae) 
had a higher mean density on 
the barrier reef. 

Factorial correspondence anal-
ysis of the trophic structure 
showed that piscivores and 
piscivores/macro-carnivores 
were associated with the out-
er slope of Tiahura and that 
micro-algae eaters were as-
sociated with the outer slope 
of Maatea. These results con-
fi rmed that fi shing pressure at 
Maatea is continuous because 
no fi sh from the higher trophic 
levels were recorded, whereas, 
at Tiahura, a site that is not di-
rectly subject to fi shing pres-
sure, they were. 

Small species of parrotfi sh, 
goatfi sh, soldierfi sh, rabbitfi sh 
and very small specimens of 
larger species, Naso unicornis 
(ume), comprised the major part 
of fi shers’ catches at Maatea 
(Vigliola and Boblin 2006). This 
decrease in catch size is a clear 
indication of generalised over-
exploitation of fi sh stocks, par-
ticularly larger fi sh.

According to PROCFish project’s 
socioeconomic survey in Maatea 
(PROCFish/C 2006), there were 
294 fi shers (i.e. 31% of Maata’s 
population and 57 fi shers km-2). 
Fishing pressure can be consid-
ered high when there are at least 
5 fi shers km-2 (McClanahan et al. 
2002). This high fi sher density 
confi rmed the overexploitation 
of Maatea’s fi sheries resource.

This difference in density and 
spatial distribution can also be 
explained by habitat factors 
between the not-so complex, 
wave swept coast in the south 
(Maatea) and the more protect-
ed one in the north (Tiahura). 
The topographical complexity 
of the northern geomorpho-
logic zone does, in fact, pro-

vide more shelter and greater 
food resources.

Bibliography

Adjeroud M., Augustin D., 
Galzin R. and Salvat B. 
2002. Natural disturbances 
and interannual variability 
of coral reef communities 
on the outer slope of Tia-
hura (Moorea, French Poly-
nesia): 1991 to 1997. Marine 
Ecology Progress Series 
237:121–131.

Bell J.D. and Galzin R. 1984. In-
fl uence of live coral cover 
on coral-reef fi sh com-
munities. Marine Ecology 
Progress Series 15:265–274.

Francour P. 2000. Évolution 
spatio-temporelle à long 
terme des peuplements 
de poissons des herbiers 
à Posidonia oceanica de la 
réserve naturelle de Scan-
dola (Corse, Méditerranée 
nord-occidentale). Cybium 
24(3):85–95.

Galzin R. and Harmelin-Vivien 
M. 2000. Écologie des pois-
sons des récifs coralliens. 
Oceanis 26:465–495.

Galzin R. 1985. Écologie des 
poissons récifaux de Poly-
nésie française. Variation 
spatio-temporelles des 
peuplements, dynamique 
des populations de trois 
espèces dominantes des 
lagons nord de Moorea, 
évaluation de la production 
ichtyologique d’un secteur 
récifo-lagonaire. Académie 
de Montpellier. Université 
des sciences et techniques 
du Languedoc. p 195.

Galzin R. 1987a. Structure 
of fi sh communities of 
French Polynesian coral 
reefs. I. Spatial scales. Ma-
rine Ecology Progress Se-
ries 41:129–136.

12

10

8

6

4

2

0

µ-algae
p<0,000

M-algae
p<0,000

Piscivores
p<0,000

M-carn
p<0,01

Pisc/M-carn
p<0,000

D
e

n
si

ty
 (

in
d

. 1
0

0
 m

-2
)

a  b  a  c a  b  b  b a  b  a  a a  b  c  c a  b  c  b

Tia OS

Maa OS

Tia BR

Maa BR

Figure 6. Differences in mean densities for each tropic group (µ-algae: 
micro-algae eaters, M-carn: macro-carnivores, Pisc/M-carn: piscivores and 

macro-carnivores, M-algae: macro-algae eaters, p: probability from the 
results of the single-factor ANOVA, Student Newman Keuls : histograms 

that have similar letters are not significantly different. TiaOS = Tiahura 
outer slope; TiaBR = Tiahura barrier reef and Maatea: MaaOS = Maatea 

outer slope; MaaBR = Maatea barrier reef).



COMPARATIVE STUDY OF THE STRUCTURE OF COMMERCIAL FISH POPULATIONS ON MOOREA, FRENCH POLYNESIA

36  SPC Fisheries Newsletter #130 – September/December 2009

McClanahan T., Polunin N. and 
Done T. 2002. Ecological 
States and the Resilience of 
Coral Reefs. Conservation 
Ecology 6(2):18.

PROCFish/C 2006. Socioecono-
mic survey - Maatea - Pre-
liminary draft report. 28 p.

Russ G.R. and Alcala A.C. 1989. 
Effects of intense fi shing 
pressure on an assemblage 
of coral reef fi shes. Marine 
Ecology Progress Series 
56:13–27.

Vigliola L. and Boblin P. 2006. 
PROCFish/C trip report 
Maatea, Moorea, French 
Polynesia Finfi sh resource 
assessment. 8 p.

1. EPHE: École Pratique des Hautes 
Études (Practical School of High 
Studies) – Perpignan, France; 
CRIOBE: Centre de Recherches 
Insulaires et Observatoire de 
l’Environnement (Insular Research 
Center and Environment 
Observatory) – Moorea, French 
Polynesia. 

193–218. In: Polunin N.V.C. 
and Roberts C.M. (eds). 
Reef fi sheries. Chapman 
and Hall, London.

Jennings S. and Polunin N.V.C. 
1996. The effects of fi shing 
efforts and catch rate on the 
structure and biomass of Fi-
jian reef fi sh communities. 
Journal of Applied Ecology 
33:400–412.

Kulbicki M. 1992. Distribution 
of the major life-history 
strategies of coral reef fi sh-
es across the Pacifi c ocean. 
p. 908–919. In: Richmond 
R.H. (ed). Proceedings of 
the 7th International Coral 
Reef Symposium, Guam.

Labrosse P., Kulbicki M. and 
Ferraris J. 2003. Comptage 
visuel de poissons en plon-
gée, conditions d’utilisation 
et de mise en œuvre. Col-
lection ReacT CPS, Secréta-
riat de la Communauté du 
Pacifi que, Nouméa, Nou-
velle-Calédonie. 54 p.

Labrosse P., Letourneur Y., Kul-
bicki M. and Paddon J.R. 
2000. Fish stock assessment 
of the northern New Cale-
donian lagoons: 3 – Fishing 
pressure, potential yields 
and impact on manage-
ment options. Aquatic Liv-
ing Resources 13(2):91−98.

Galzin R. 1987b. Structure of 
fi sh communities of French 
Polynesian coral reefs II. 
Temporal scales. Marine 
Ecology Progress Series 
41:137–145.

Galzin R. and Pointier J.P. 1985. 
Moorea Island, Society Ar-
chipelago. 1:73–102. In: De-
lesalle B., Galzin R, and Sal-
vat B. (eds). Proceedings of 
the 5th International Coral 
Reef Congress, Tahiti.

Harmelin J.G., Bachet F. and 
Garcia F. 1995. Mediterra-
nean marine reserves: Fish 
indices as tests of protection 
effi ciency. Marine Ecology 
Progress Series 16:233–250.

Harmelin-Vivien M.L., Harme-
lin J.G., Chauvet C., Duval 
C., Galzin R., Lejeune P., 
Barnabé G., Blanc F., Che-
valier R., Duclerc J. and Las-
serre G. 1985. Évaluation 
visuelle des peuplements 
et populations de poissons: 
méthodes et problèmes. Re-
vue d’Écologie (Terre Vie) 
40:467–539.

Jennings S. and Kaiser J.M. 1998. 
The effects of fi shing on 
marine ecosystems. Marine 
Biology 34: 201–352.

Jennings S. and Lock J.M. 1996. 
Population and ecosystem 
effects of reef fi shing. p. 

 © Copyright Secretariat of the Pacific Community, 2010

All rights for commercial / for profit reproduction or translation, in any form, reserved. SPC authorises the
partial reproduction or translation of this material for scientific, educational or research purposes, provided that

SPC and the source document are properly acknowledged. Permission to reproduce the document and/or
translate in whole, in any form, whether for commercial / for profit or non-profit purposes, must be requested 

in writing. Original SPC artwork may not be altered or separately published without permission. 
The views expressed in this Bulletin are those of the authors and are not necessarily 

shared by the Secretariat of the Pacific Community.

Original text: English

Secretariat of the Pacific Community, Marine Resources Division, Information Section
BP D5, 98848 Noumea Cedex, New Caledonia

Telephone: +687 262000; Fax: +687 263818; cfpinfo@spc.int; http://www.spc.int/coastfish


