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1 Introduction 

1.1 Ecosystem-based monitoring in reef fisheries 

Reef fisheries exploit the resources of coral ecosystems harbouring biodiversity that is as rich, 

or indeed richer, than that of the tropical forests (Connell 1978). They are characterised by a 

broad range of resource use strategies (multi-species and multi-gear) reflecting both the 

richness of the environment concerned and the way local communities have adapted to exploit 

these ecosystems (Ferraris and Cayré 2003). Of prime importance for the economic 

development and food security of numerous developing countries (Dalzell et al. 1996), coral 

reef fisheries are receiving special attention worldwide because of the deterioration in coral 

reefs (Wilkinson 2004). The intensive exploitation of reef resources is one of the main causes 

of reef ecosystem degradation (Jackson et al. 2001), owing to its impact on the target species  

and through the damage caused to associated communities and their habitats and therefore to 

the ecosystem’s structures and functions (Jackson et al. 2001, Dulvy et al. 2004, Mumby et al. 

2006). Ensuring the biological sustainability of fisheries requires that the species harvested 

and the fishing methods used do not endanger the resources’ capacity for self-regeneration 

and the ecosystems’ ability to provide the services that support these resources (Hilborn 

2007). This is the approach advocated in ecosystem-based fishery management (Pikitch et al. 

2004). 

 

Indicators of pressure on the ecosystem, including fishing activity, and of the responses by the 

resources and their associated biocenoses and biotopes, as well as reference values for them, 

are needed in order to favour ecosystem-based management (Jennings 2005). The 

characteristics of the coral ecosystems being used should be taken into consideration: 

diversity of the resources targetted by fishing, many and varied traditional or artisanal fishing 

boats, multiple and complex catch distribution networks (Johannes 1998) ; high natural daily, 

lunar, seasonal and interannual variability in resource abundance (Galzin 1987, Adjeroud et 

al. 2002). As a single indicator would not be capable of depicting the complexity of the 

system being monitored, the joint use of a number of indicators is recommended (Clua et al. 

2005). A multiple-indicator dashboard offers the advantage of making assessments more 

accurate (Trenkel et al. 2007). In this paper, ‘ecosystem-based monitoring of reef fisheries’ is 

defined as meaning the collection of information providing indicators on the status of 

exploited resources and fishing activities and on ecological changes for the purpose of 



3 
 

facilitating the required assessments and decision-making for the sustainable management of 

coral ecosystems. 

 

1.2 Issues 

1.2.1 Difficulties with the implementation of reef fishery monitoring 

programmes  

Fishery monitoring programmes providing guidance for management face many difficulties. 

 

The difficulty is firstly technical. It is difficult to assess and monitor the status of the coral 

reef resources and ecosystems because these ecosystems sustain very diverse species, habitats 

and uses with very complex interactions and very high spatial and temporal heterogeneity 

(Dustan and Halas 1987, Kenchington 1990, Dollar and Tribble 1993, Augustin et al. 1997, 

Connell et al. 1997, Adjeroud et al. 2002). The second difficulty is financial in nature. The 

collection of the data necessary for monitoring, especially on large space and time scales, is 

often difficult and costly for managers, who have limited budgets and staff. Generally, 

governments do not allocate major amounts for reef fishery management as they are seen as 

not very valuable (Zeller et al. 2006). The third difficulty stems from the lack of inter-

connection between monitoring and management programmes. When monitoring 

programmes do exist, they are often devised by scientists and do not meet the needs of 

managers or other stakeholders very closely (Sheil 2001), in particular the local communities 

(Danielsen et al. 2005a). The monitoring information is not adequately disseminated or 

included in the management process and not extensively enough used to influence 

management  decisions (Danielsen et al. 2005b). A final difficulty lies in the lack of user 

involvement in marine resource management, something which is vital to guarantee the 

success of management measures (Nielsen and Vedsmand 1999, Mascia 2003, Walmsley and 

White 2003, Kaplan and McCay 2004, Jackson 2007). As monitoring is an integral part of the 

management process, local users and stakeholders should be involved in it, but this is not 

often the case (Danielsen et al. 2005a).  

 

1.2.2 Participatory monitoring: a solution? 

To help overcome the difficulties associated with the collection of the data needed to monitor 

the state of the environment, many programmes around the world resort to volunteers. When 
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the members of civil society involve themselves in monitoring work, the term used is 

‘participatory monitoring’ or ‘community monitoring’ (Whitelaw et al. 2003). In order to 

respond to the challenges of implementing effective fishery monitoring programmes, civil 

society participation could offer solutions. First, participatory monitoring is a way of meeting 

the technical challenge of ecosystem-based fishery monitoring. Increased sampling effort in 

both space and time, through the use of abundant human resources, makes participatory 

monitoring especially useful in contributing to the production of numerous indicators (Obura 

et al. 2002, Goffredo et al. 2004, Theberge and Dearden 2006, Delaney et al. 2008), while 

benefitting from the empirical ecological knowledge and abilities of the users of the 

monitored environment (Sheil and Lawrence 2004, Wiber et al. 2004). In addition, to a 

background of insufficient financial resources, participatory monitoring schemes prove 

especially relevant because they offer good cost-effectiveness ratios by mostly involving 

volunteers and drawing on their logistical resources (Obura 2001, Moller et al. 2004). 

 

Although, for the reasons mentioned above, participatory monitoring projects may seem able 

to cope with the challenges involved in the implementation of reef fishery monitoring 

programmes, they do also come with some drawbacks. One of the main problems stems from 

uncertainty over the scientific value of local ecological knowledge and data collected by non-

professionals (Greenwood 1994, Bray and Schramm 2001, Savan et al. 2003, Gouveia et al. 

2004, Danielsen et al. 2005a, Hunsberger et al. 2005, Uychiaoco et al. 2005). Another source 

of concern is the level of consistent presence by participants, which is largely unpredictable in 

participatory monitoring programmes (Gouveia et al. 2004). Lastly, participatory monitoring 

raises a technical challenge: how to put forward data collection methods consistent with 

participants’ knowledge, abilities and motivation, while ensuring the scientific accuracy of the 

data generated and their relevance for monitoring the status of resources and ecosystems they 

rely on (Stokes et al. 1990, Cuthill 2000, Bliss et al. 2001). 

 

1.3 Objectives of the study 

The key issue is: are participatory approaches relevant as a contribution to the ecosystem-

based monitoring of reef fisheries? The author’s assumption is that, because of the difficulties 

encountered in implementing ecosystem-based fishery monitoring programmes, participatory 

monitoring is a possible source of solutions. Some aspects, however, require special 

consideration. The first relates to the identification of methods that meet the monitoring 
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criteria while also suiting participants. The second relates to the participants’ regularity of 

presence and the third to the validation of the data produced. 

 

Four objectives are pursued in this study:  

1) Identify realistic generic methods meeting the requirements of monitoring while 

suiting participants;  

2) Assess whether participants’ take part consistently enough to provide the required 

data, especially from the long-term point of view;  

3) Assess the reliability of the data produced;  

4) Determine the value of the information generated by participatory monitoring in 

assessing the biological sustainability of reef fisheries. 

 

The strategy adopted to attain these objectives comprises five phases: 

‐ identification of appropriate participatory monitoring methods (Chapter 2); 

‐ implementation of the methods identified on three distinctly different sites (description 

of methods in Chapter 2). Three differing sites were chosen so as to be sure that the 

conclusions reached after three types of analysis of the experiments carried out on 

these sites would be generically applicable; 

‐ evaluation of the feasibility of the methods used and measurement of participants’ 

degree of participation and regularity (Chapter 3) ; 

‐ validation of the data obtained (Chapter 4) 

‐ Consideration of the relevance of the information produced for assessing the 

biological sustainability of reef fisheries (Chapter 4).  

 

In order to ensure that the participatory methods tested as part of this thesis would be 

applicable to all types of reef fishery, it was necessary to choose a diverse range of sites. 

 

1.4 Study sites 

The three contrasting sites selected are the high island of Moorea and the atoll of Tikehau in 

French Polynesia and Tulear Bay in Madagascar. The socio-economic circumstances of 

residents of French Polynesia are very different from those of Madagascar. Tulear was chosen 

because it is important to assess the feasibility and relevance of participatory monitoring in a 

developing country setting, where the majority of reef fisheries are found. It is in such 
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countries, with limited technical and financial resources, that participatory monitoring shows 

its usefulness, through its ability to provide many data and by using skills available locally at 

low cost. Although French Polynesia possesses more resources than a developing country, the 

issue nevertheless arises of how to monitor resources in the 76 inhabited islands spread over 

an area as big as Europe. The diversity of the sites studied also emerges from the varied 

exploitation strategies in use. On Moorea as on Tikehau, recreational fishing is a major factor, 

while in Tulear fishing from outrigger canoes is carried out entirely by professional fishers. 

Also, in Tulear, a lot of fishing is done on foot, in contrast with the Moorea and Tikehau sites. 

Lastly, the diversity of the three sites is seen in the sizes of the communities residing there. 

Tikehau is home to a small population of several hundred inhabitants, while there are more 

than ten thousand people on Moorea and over one hundred thousand in Tulear. 

 

2 Identification of participatory monitoring methods  

 

2.1 Approach followed 

The first of the five strategy phases implemented to attain the objectives under this approach 

involves the identification of appropriate methods for the participatory ecosystem-based 

monitoring of reef fisheries. ‘Appropriate’ is taken to mean methods that enable the collection 

of data useful for monitoring while also suiting the knowledge, abilities and motivation of 

potential participants. The identification of appropriate participatory monitoring methods was 

achieved in two stages: 1/ identification of a generic protocol; 2/ adaptation of the protocol’s 

methods to each case in point. In order to identify a generic protocol, the following approach 

was followed: a/ identification, through an analysis of the scientific literature, of the 

conditions permitting the success of participatory monitoring programmes; b/ listing of 

potential indicators for the impact of reef fisheries from the scientific literature; c/ 

identification of the main characteristics of reef fisheries influencing the design of a 

monitoring programme and identification of stakeholder groups able to contribute effectively 

to ecosystem-based monitoring of fisheries; d/ analysis of the main methods of participatory 

monitoring already used in the coral environment (bibliographical review). The specific 

features of each site were then identified and allowed for in order to make the necessary 

adjustments to the methods forming the generic protocol. 
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2.2 Description of the monitoring methods tested 

After the stages described above, it was possible to propose a protocol that appeared suitable 

for the participatory monitoring of reef fisheries. This protocol brings together four methods: 

i) perception surveys on changes in the system covered by the monitoring (mostly via the 

fishers); ii) ongoing monitoring of landings (via fishers or fishmongers); iii) periodic direct in 

situ monitoring of the status of the resources and the ecosystem (via divers or fishers); iv) 

household surveys to rapidly gather data on consumption and fishing activity from large 

samples (via schoolchildren). This protocol should yield many indicators providing varied and 

mutually complementary sources of insight by involving a wide range of stakeholders. 

 

2.2.1 Perception surveys 

Semi-directed interviews were conducted individually or in groups with frequent users of the 

marine environment (fishers going out at least three times a week, fishmongers, divemasters). 

A survey, in the form of a semi-directed interview rather than from a questionnaire, is 

conducive to interaction and mutual confidence between the interviewee and the interviewer. 

This method is especially suitable for the gathering of empirical ecological knowledge 

(Huntington 1998, 2000). The target persons are interviewed about changes, in terms of 

resources, habitats, environmental parameters and fishing activity, that they may have 

observed since the beginning of their professional activity.  

 

2.2.2 Catch monitoring  

2.2.2.1 Fishing logs 

Date, duration, technique used, fishing site, catch composition and size of captured fish are 

recorded by volunteer fishers in French Polynesia after each trip.  

2.2.2.2 Landing surveys by fishmongers 

In the Tulear Bay, the (female) fishmongers live near the beaches where the fish are landed 

and work there every day. They wait for the fishers to bring their catch back to the beach so as 

to purchase fish to go and sell it at the markets in Tulear. These fish sellers are chosen and 

trained to carry out landing surveys in addition to their daily work. After testing their 

knowledge regarding the identification of the various fish species, a sampling protocol for the 

outrigger canoes landing thier catches on their beach was put forward to them. Every day, 



8 
 

while still doing their normal work, the fishmongers were asked to gather the following 

information from at least three canoes coming in from fishing: date of the fishing trip, name 

of the main fisher, number of fishers in the canoe, fishing technique, fishing zone, species and 

quantities (weight) caught.  

 

2.2.3 Underwater visual censuses 

The abundance of commercial fish species is recorded through underwater visual census 

techniques (by divemasters) or from the surface (by fishers). Each volunteer has a sampling 

site at his or her usual fishing or diving venue, to be sampled every month.  

 

2.2.4 Surveys by schoolchildren 

This method uses schoolchildren to collect certain information from their respective 

households using a questionnaire which is distributed and explained to them at school. On 

Moorea, a sampling protocol stratified by junior secondary school, relating to the catchment 

population, was applied. Households were chosen at random within each stratum. On 

Tikehau, there was only one school, a primary school, and therefore only one stratum. For 

Tulear, the sampling scheme was not stratified by village or neighbourhood, as the fishing 

population was considered to be homogeneous, with identical fishing activity and techniques 

(Laroche and Ramananarivo 1995). All the primary schools in fishing neighbourhoods or 

villages in Tulear Bay were sampled. After a brief introduction on the purpose of the 

questionnaire and a training session at school (1 hour to 2 half-days), they were given the 

responsability of completing the questionnaire at home and bringing it back to the school a 

few days later. The questionnaire distributed to the schoolchildren was in three or four parts. 

The first was designed to gather general information about fishing activities and the 

consumption of fish by the household (address and size of household, frequency of 

consumption of fish, origin of fish consumed, number of boats, number of fishers). The 

second was for recording trips by a fishing member of the household over a two-week period 

(in this way covering a spring tide period and a neap tide period), for Tulear, or, for Moorea 

and Tikehau, to record the name, size and number of fish consumed at meals over the 

previous three days. The third was aimed at a fisher of the household and seeks to establish 

his or her fishing activity (fishing sites, fishing technique, fishing frequency, species targeted, 
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etc.). The fourth part, concerning the Tulear site only, was intended for a woman of the 

household fishing on foot so as to obtain a better picture of her fishing activity.  

 

3 Assessment of the feasibility of methods and the extent of 

community involvement 

 

3.1 Methodology 

The methods forming the protocol identified as a result of the first phase of the working 

approach were implemented at the three sites (Phase 2). These methods were described in the 

previous chapter. The goal of this pilot scheme was to produce the information needed for an 

assessment of the feasibility of the methods (Phase 3). This assessment of the feasibility of 

each method comprises an analysis of: a) practical lessons learnt directly from the field testing 

of methods and especially their ease of use; b) the degree of involvement (level and 

consistency of participation) by participants for each method. 

 

The methodology for assessing the degree of involvement of the population in each method of 

participatory monitoring is described below. For each method used, the number of 

participants was recorded and the sampling rate worked out. In addition, in order to measure 

participants’ regularity, the return rates of questionnaires and collection data sheets was 

worked out. This was particularly worthwhile with some methods which were tested over 

long periods (12 months for in situ monitoring and fishing logs in French Polynesia and 6 

months for the monitoring of landings by fishmongers in Madagascar) in order to measure 

participant regularity in the medium term. 

 

3.2 Results: feasibility of methods and extent of community involvement 

The date, duration, technique used, fishing site, catch composition and size of fish caught 

were recorded by 9 volunteer fishers on Moorea and 10 on Tikehau, after each trip, on fishing 

logs. Unfortunately, the number of fishers agreeing to perform monitoring was too small to be 

able to work out fishing activity indicators. Monitoring was, however, carried out, under the 

supervision of a scientist, for a year, with volunteer fishers, so as to gauge their regularity. 
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Only 9% of fishing trips by volunteers were covered on Moorea. This figure drops to 8% for 

Tikehau where, after 6 months, feedback stopped altogether. 

 

Three fishmongers were identified, one for each neighbourhood of Ankiembe, the main fish 

landing site in Tulear Bay. They each undertook to sample the landings from at least three 

canoes daily for six months and record their findings on log sheets. At the end of the period, 

98% of the records had been completed. The number of canoes sampled was 1586 or 4.3 % of 

the 36 922 fishing trips recorded at Ankiembe over the period. 

 

Only 2 divemasters and 2 fishers agreed to take part in census work on Moorea. 2 divemasters 

and 1 fisher volunteered on Tikehau. They wanted to have their census site near one of their 

diving or fishing sites and perform one sampling task per month over a maximum of three 

transects. Monitoring went ahead under the supervision of a scientist for a year in order to 

gauge the regularity of the participants. After this experimental year, only 20% of the planned 

censuses had been carried out by volunteers on Moorea and 24% on Tikehau. After 7 months 

and 9 months respectively, on Moorea and Tikehau, no further sampling was carried out. 

 

On Moorea, of the 201 students (average age 14 years) from the island’s 2 junior secondary 

schools who participated in the monitoring programme, 137 returned their questionnaire 

properly completed. The questionnaire return rate was therefore 68%. 127 households were 

surveyed (4.4% of all households on Moorea). On Tikehau, there is just one primary school. 

With the help of a class of primary school pupils (average age 9 years), whose questionnaire 

return rate was 96%, 24 households were surveyed, representing 35.3 % of the households on 

Tikehau. In Tulear, 12 classes from the 8 primary schools (pupils aged around ten years) 

spread over all the neighbourhoods and villages of fishers from Tulear Bay took part. The 

number of households surveyed was 326 (ie 10.3% of the households of the villages and 

neighbourhoods of Tulear Bay fishers). The questionnaire return rate was 86%. 

 

As can be seen then, the perception survey methods used by pupils and the monitoring of 

landings by fishmongers were characterised by high participation, contrary to in situ 

monitoring methods and catch monitoring via fishing logs. Participant consistency for the few 

people using the latter two methods was low: data collection had dropped to almost zero after 

a few months. 
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4 Evaluation of data quality and the relevance of the information 

obtained 

 

4.1 Data quality 

With regard to the perception surveys, only the observations recorded by at least 25% of the 

people surveyed on Moorea, Tikehau and Tulear were included: 14 observations out of 43 

could be compared with facts found in the scientific literature: all the trends observed by 

surveyed subjects were confirmed by trends found in past work. For the 29 other events, no 

scientific study exists to deny or confirm these observations.  

 

The data obtained from pupil-conducted surveys on Moorea and Tikehau were compared to 

data drawn from consumer surveys carried out in 2002 on Moorea (Yonger 2002) and 2003 

on Tikehau (Lagadec 2003). Student’s t-test concludes for both sites that there are no 

significant differences (α=0.05) between the average consumption of lagoon fish per head, as 

calculated from the data collected by pupils and from data collected as part of scientific 

research projects.  

 

Concerning the validity of data from catch monitoring activities, an identification accuracy 

test on fish species showed 98.3% accuracy in the identification of fish species by 

fishmongers involved in monitoring landings in Tulear. Further, it is worth noting that the 

catch per unit effort obtained with this method and the one from surveys by Tulear 

schoolchildren are in a similar range (7.8±0.7 and 7.4±1.2 kg.fisher-1.trip-1, respectively).  

 

In order to test the validity of data from in situ monitoring by divemasters and fishers, five 

census sites were monitored simultaneously by non-professional participants and a scientist, 

on Moorea and in Tulear. There was on average a 73 % similarity (Jaccard coefficient) 

between the species composition of censuses carried out by scientists and those done by non-

professional participants. The Spearman correlation test shows a significant correlation 

between the abundances observed by the scientists and those observed by the non-
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professional participants (r=0.5515; p<0.0001; n=52). As a whole, the results therefore 

demonstrate that non-professionals are capable of collecting reliable data. 

 

4.2 Assessing the relevance of the information obtained 

The objective of this fifth phase is to assess the relevance of the information obtained through 

the participatory monitoring protocol tested on Moorea and Tikehau and in Tulear. The 

indicators generated using the protocol methods are easier to interpret when the methods are 

implemented at regular intervals and trends in the values of indicators can be seen. But once 

collected and compared with existing data, this information should make it possible to prepare 

an assessment of the biological sustainability of the fisheries at the three research sites. This is 

what is done below. These assessments contribute to demonstrating the usefulness of the data 

collected, thanks to the participatory monitoring protocol proposed for the assessment of the 

sustainability of reef fisheries. 

 

4.2.1 Moorea 

The results from the perception surveys show: a decline in the abundance and size of species 

of food fish, increasing scarcity of giant clams, shrinking living coral cover and an increase in 

macroalgae cover. These are all potential signs of resource overuse. According to the surveys 

carried out by the schoolchildren, the yields from lagoon fishing around Moorea are 

1 190±292 t. yr-1 or 24.5±6.0 t.yr-1.km-2. For other fisheries studied in the world, recorded 

yields are between 0.2 et 40 t.yr-1.km-2 with a maximum sustainable yield estimated to be 

around 5 t.yr-1.km-2 (Newton et al. 2007). According to this indicator and depending on the 

benchmark used, the fishery resources of Moorea emerge as being fully exploited or over-

exploited. The number of fishers on the island is estimated at 3769±546 (26% of the 

population of Moorea), or 77 fishers per km². These figures reflect the intensity of the fishing 

pressure applied to the coral ecosystems of Moorea and are potentially indicators of over-

exploitation. From 5 fishers per km², fishing pressure can be considered as high (McClanahan 

et al. 2002).  
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4.2.2 Tikehau 

The results from the perception surveys describe: a drop in the abundance of food fish and in 

particular Epinephelus polyphekadion and Naso brevirostris, increasing scarcity of giant 

clams and lobsters, shrinking living coral cover in the lagoon, a micro-algae invasion and a 

reduction in fishing effort. Apart from the latter two, all these are potential signs of a major 

impact from fishing. The reduction in fishing effort is confirmed by other studies: in 1984, 

fishing was recorded as the main activity for 30 people (Blanchet et al. 1985) and only 7 in 

2003 (Lagadec 2003) and 9 according to this study, while the number of fish traps dropped 

from 37 in 1963, to 25 en 1976 , 22 in 1984 (Blanchet et al. 1985), 16 in 1987 (Caillart 1988) 

and 7 in 2003 (Lagadec 2003). According to the surveys carried out by schoolchildren, the 

yield from lagoon fishing around Tikehau was 150±39 t. yr-1 or 0.4±0.1 t.yr-1.km-2. The value 

of this indicator is well below the maximum sustainable yield, estimated at 5 t.yr-1.km-

2(Newton et al. 2007), meaning that the fishery resources of Tikehau are not over-exploited. 

The number of fishers on the island is estimated at 91±21 (22% of the population of Tikehau), 

or 0.2 fishers per km². This low intensity fishing pressure on Tikehau would suggest that the 

fishery is a sustainable one. 

 

At the scale of the atoll, the resource does not appear to be over-exploited, except possibly for 

some easily accessible target species, taken by spearfishers (Epinephelus polyphekadion and 

Naso brevirostris) or harvested by hand (lobsters, giant clams). The perceived reduction in the 

abundance of edible fish by the population of Tikehau is probably due to the fact that this 

perception is mainly influenced by observation of the sites that they visit the most frequently, 

and that these are the few sites where fishing activity on Tikehau is mostly focussed, and not 

from the lagoon as a whole. A study has shown that the density of commercial species over 

the lagoon in general did not vary significantly between 1987 and 2003, but that, in contrast, 

commercial species were less abundant in 2003 around pinnacles (coral formations inside the 

lagoon), which were more intensively fished than in 1987 (Ferraris, 2005). 

 

4.2.3 Tulear 

Perception surveys carried out in Tulear produced the following conclusions: increasing 

scarcity of commercial fish species, with 88% of the most frequently quoted species being 

piscivores, carnivores or herbivores, reduction in the size of commercial species, change in 

fish behaviour (avoiding humans more and living in deeper waters and further offshore, 
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nursery and breeding zones moving further away from the coastline), fewer turtles, fewer 

edible holothurians, fewer lobsters, fewer edible shellfish, fewer edible urchins, fewer crabs, 

reduction in living coral cover, fewer seagrass beds, smaller mangrove areas, reduction in 

average weight of catches per trip, increase in the number of fishers, increase in the number of 

canoes, fishing grounds becoming more distant, improvements in the effectiveness and 

diversification of fishing gear types (nylon nets, spearguns, mosquito nets), increase in the 

duration of fishing trips, increase in the frequency of fishing trips, increase in the number of 

nets, reduction in net mesh size, reduction in the quantity of fish kept for the consumption of 

the fisher’s household. All these indicators, which are signs of over-exploitation or threats 

that can lead to over-exploitation, converge to suggest that the resources of Tulear Bay are 

probably over-exploited. 

 

The monitoring of landings by the fishmongers has revealed a catch per unit effort (CPUE) 

figure, all techniques combined, of 7.8±0.7 kg.fisher-1.trip-1 (7.4±1.2 kg.fisher-1.trip-1 

according to the results of surveys by schoolchildren), a CPUE for line fishing of 6.3±0.5 

kg.fisher-1.trip-1, a CPUE for net fishing of 7.9±0.7 kg.fisher-1.trip-1, and a CPUE for cast net 

fishing of 9.4±0.8 kg.fisher-1.trip-1 (the average duration of a fishing trip is estimated at 

6.4±0.2 hours according to the surveys by schoolchildren). In 1989-1990, monitoring of 

landings relating to the same sample (canoes unloading on Ankiembe beach between August 

and February) returned relatively similar CPUEs (line CPUE: 4.8±0.4 kg.fisher-1.trip-1 ; net 

CPUE: 6.7±1.8 kg.fisher-1.trip-1; cast net CPUE: 8.2±1.9 kg.fisher-1.trip-1). This relative 

stability of CPUEs over the last decade is not in contradiction with the observations of falling 

trends in CPUE from the perception surveys over the past three decades. 1958 CPUEs in 

Tulear bay were in fact much higher than the 1990 figures (Lagouin 1959) or those of the 

current period. It can be theorised that, over the past ten years, fishers have managed to 

maintain a constant CPUE (calculated in terms of kg.fisher-1.trip-1 and not per hour) by 

diversifying fishing techniques and zones, increasing the duration and frequency of trips 

(which is what emerges from the perception surveys) and by diversifying target species, 

turning to species of a lower trophic level and lower value  (Laroche et al. 1997). Indeed, a 

comparative analysis of catch composition in 1989-1990 (Laroche and Ramananarivo 1995) 

and in 2006-2007 (landing surveys by the fishmongers) shows that reef or reef-associated 

species (Siganidae and Caesionidae) that dominated cast net catches in 1989-1990 have been 

replaced by coastal pelagics (Clupeidae and Engraulidae). The appearance of Acanthuridae, 

accounting for 41.4% of hot season catches and 18.2% of cool season catches in 2006-2007, 
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while not being reported among the main families caught in net fishing (meaning that they 

represent 2% of catches at most) in 1989-1990 is noteworthy. The diet of Acanthuridae 

species on Tulear reef was studied between 1969 and 1972, with these species being 

described as herbivores grazing on the algal bed or herbivores grazing on large soft algae 

(Harmelin Vivien 1981). It is probable that these species have proliferated because of the 

deterioration of the coral habitat, losing ground to an algae-dominated habitat  (Vasseur 

1997). 

 

According to the results of the surveys by schoolchildren, the yield from fishing in Tulear Bay 

was 2700±436 t. yr-1 or 14.2±2.3 t.yr-1.km-2. According to this indicator, which is much higher 

than the maximum sustainable yield, estimated at 5 t.yr-1.km-2 (Newton et al. 2007), the 

fishery resources of Tulear bay are over-exploited. The number of fishers living around 

Tulear Bay is estimated at 1970±438, or 10.4 fishers per km², with 1902±317 canoes and 159 

fishing trips per month and per km². Fishing pressure at Tulear can therefore be seen as high, 

suggesting an unsustainable fishery. Canoe fishing is not the only technique to have an impact 

on the Tulear Bay ecosystems. 570±205 women fishing on foot in Tulear bay were counted, 

with a CPUE of 14.4±2,5 kg.fisher-1.trip-1. The number of women fishing on foot in Tulear 

Bay has consequences on the habitats, which are trampled, and the resources, which are 

harvested (Vasseur 1997). 

 

The information provided by the range of indicators produced by the participatory monitoring 

protocol would seem to indicate that the Tulear Bay fishery is unsustainable. Other research 

had arrived at the conclusion that Tulear Bay is definitely over-exploited by fishing and 

already was by the early 1990s (Laroche and Ramananarivo 1995, Laroche et al. 1997, 

Vasseur 1997). 

 

Whatever the circumstances, therefore, these assessments demonstrate the effectiveness of the 

protocol’s contribution to the evaluation of the sustainability of the fisheries, through the 

provision of much useful and supplementary information (concerning the exploited 

populations, colonies, habitats, fishing activities, fish consumption and threats or pressures), 

favouring an ecosystem-based vision of the impact of fisheries (impacts on resources, 

colonies and habitats). This assessment was facilitated by the existence of previous research 

results, making it easier to compare the data obtained under the participatory monitoring 

protocol with those from past scientific studies. If such scientific studies are not available, the 
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participatory monitoring protocol will show its true value if it is implemented over the long 

term (favouring the emergence of trends for the indicators produced). 

 

5 Discussion - Conclusion 

 

The general objective of the study was to appraise the relevance of participatory approaches 

as a contribution to the ecosystem-based monitoring of reef fisheries. 

 

The study also pursued the following sub-objectives: 1) to identify realistic generic methods 

meeting monitoring needs while suiting participants; 2) to assess whether the degree of 

participation and the regularity of participants are adequate to provide the required data, 

especially in the long term; 3) to evaluate the reliability of the data produced; 4) to determine 

the value of the information generated by participatory monitoring projects in order to assess 

the biological sustainability of reef fisheries. 

 

This study has shown that it was in fact possible to identify methods which were useful for 

the ecosystem-based monitoring of reef fisheries and which matched the knowledge and 

abilities of the participants. It also clearly emerges from this experiment that the involvement 

of civil society is relevant for both limited-scope and large-scale sampling projects. In 

contrast, the inconsistent mobilisation of participants over time is not favourable to the use of 

participatory monitoring on a purely volunteer basis and with no high-profile continuous and 

long-term communication. Also, this study proved that, with certain precautions, the members 

of civil society are quite capable of producing scientifically valid data from the suggested 

protocol methods. Lastly, through the quality, quality, variety and relevance of the 

information produced, participatory monitoring approaches can contribute positively to the 

assessment of the sustainability of reef fisheries. 

 

It can therefore be stated that participatory approaches can be relevant for the ecosystem-

based monitoring of reef fisheries. 

 

Such approaches may however encounter a number of difficulties. First and foremost, the 

availability of volunteers is a major limiting factor. In some cases, particularly in developing 

countries, it can prove very difficult to find volunteers who are ready to give their time and 



17 
 

energy to contribute to environmental monitoring. In these countries, the members of local 

communities often live in difficult circumstances. Even if they are aware of the pressures 

weighing on the environment that they are using, the survival situation in which they find 

themselves preclude them from involvement in activities other than those enabling them to 

cater for their families’ basic needs. For these reasons, their vision is a short-term one and is 

turned towards the requirements of day-to-day survival. It is therefore very difficult to involve 

them in volunteer environmental status monitoring activities contributing to sustainable 

resource management, a concept that is based on a long-term vision. For cultural reasons, 

communities may not always share the environmental concerns that give motivation to 

volunteers to get involved in environmental monitoring programmes. Under these 

circumstances, it becomes very difficult to build and give long-term impetus to a participatory 

environmental monitoring programme. Like other studies, this research has shown that, if the 

volunteers are properly supervised, they are capable of providing relevant and useful data. In 

countries where the environmental conscience of civil society is highly developed, it is easier 

to involve volunteers in environmental monitoring activities. This is the case in Australia, 

Europe and North America, where participatory monitoring programmes abound (Harvey et 

al. 2001, Whitelaw et al. 2003, Goffredo et al. 2004, Schmeller et al. 2009). When dealing 

with a community in which there is little will to participate in data collection programmes, it 

would seem preferable to launch this activity at a very small scale and to associate it closely 

with evidence of the benefits of management measures. For example, in 1997 in Fiji the 

community of Ucunivanua measured the consequences of a ban on the harvesting of a species 

of shellfish (Anadara spp) in a 24 hectare zone.  After a two-year closure, the community 

could observe that the density of Anadara spp. had increased by 1365% within the protected 

area and 523% around its edges. The evidence of this success prompted the community of the 

concerned and the surrounding villages to also introduce other protected areas (Johannes 

2002). Strengthening the participation of local stakeholders in environmental monitoring and 

management activities is a long process and requires time and very specific skills to secure 

the trust of the population (Reed 2008). This must necessarily include involving the 

population before the data collection phase and by small-scale demonstrations of the benefits 

of monitoring activities. 

 

The participatory monitoring methods tested in this study mostly provide qualitative data. By 

their very nature, however, these data do not always lend themselves to statistical analysis 

facilitating the scientifically proven detection of trends or cause-and-effect links between the 
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events observed and human activities. This has two consequences. First, the information 

obtained from participatory monitoring can easily be disputed. In the event of a conflict, it can 

be difficult for managers to use such qualitative data to justify the introduction of one or more 

management measures to politicians or the community. For example, when a particular user 

group opposes a management measure that constrains their activity, they may query the 

validity of the information used to justify the measure. Because this information is produced 

by monitoring carried out by non-professionals and consequently doubt can be cast on the 

quality of the data. But also because the people involved in the monitoring work are local 

users or stakeholders whose position could have an influence on the information produced. It 

is not information from monitoring performed by impartial external parties. The second 

consequence is that, without any scientific explanation for the causes of the situation 

observed, it is difficult to know how to identify appropriate remedial measures. Their amount, 

cross-checking potential and variety make data from participatory monitoring very suitable 

for a snapshot of the system observed. On the other hand, this often crude description is not 

adequate for a thorough analysis of the causes of the events observed. It then becomes 

difficult to ensure that the measures taken are indeed capable of improving the situation. If, 

however, there are many volunteers, then the number of sampling sites will also be high and 

this will improve the accuracy of the data collected.  

 

A third difficulty relates to the energy needed to run and coordinate a participatory monitoring 

programme, which can be too demanding, especially when the effort needs to be kept up over 

a long period. Experience shows that a major effort is required in terms of communication, 

prompting, motivation, rewarding and encouraging volunteers, scientific supervision 

(establishment of data  collection protocol, training, data quality checking, data analysis) and 

information feedback. Participatory monitoring does not mean absence of involvement by 

scientists, on the contrary. But resources and skills in supervision and communication are also 

needed. In participatory monitoring, non-professionals can definitely supply reliable data if 

the data collection protocol, analysis method and communication strategy are properly 

planned (Schmeller et al. 2009). With continuous monitoring projects, requiring frequent data 

collection operations over the long term, the supervisory role must be played consistently. 

Any slackening quickly leads to a reduction in and then the termination of data collection 

work by the participants. As shown by the experiment carried out in French Polynesia, even 

when relatively comprehensive supervision is provided, the participants may give up because 

they lose interest or find the data collection tasks too onerous. Participatory approaches do not 
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therefore seem very appropriate for constant, regular long-term monitoring of the state of the 

environment in countries where the socio-economic and cultural context is such that civil 

society is disinclined to engage itself in this type of programme. Participatory approaches 

such as these do however hold strong potential for one-off large-scale assessments of an area, 

at low cost (Goffredo et al. 2004, Lee et al. 2006, Theberge and Dearden 2006, Delaney et al. 

2008). Concentration of the data collection phases offers the dual benefit of eroding neither 

budgets nor participant enthusiasm. And as the effort needed to mobilise the members of civil 

society in the short term is more reasonable, this approach seems more realistic. By taking 

advantage of locally available knowledge and expertise, it is possible to quickly obtain a lot of 

varied, accurate and relevant information for the characterisation and assessment of the 

sustainability of a fishery, as the experiments carried out as part of this thesis prove. This 

approach is therefore especially suitable for developing countries, where most reef fisheries 

are found, and which have limited budgets for fishery monitoring. 

 

If participatory monitoring projects are compared to monitoring run by scientists, it emerges 

that volunteer availability is sometimes lacking, that the organisation and coordination of 

participatory monitoring programmes is more complex and that the data acquired are less 

accurate and more questionable. But to compare participatory monitoring with scientific 

monitoring only in terms of data collected would be a mistake. A programme of participatory 

monitoring, as has been demonstrated, offers other advantages than the production of data that 

are reliable, abundant and relevant for the ecosystem-based monitoring of reef fisheries.  

 

An analysis of the bibliography concerning participatory monitoring showed that the critical 

aspects of these approaches related to data reliability and participant involvement. The study 

was therefore focussed on these issues. In addition, however, to benefits such as increased 

data collection capacity, participatory monitoring schemes also produce effects on: 

sensitisation and education of civil society on environmental conservation; greater 

participation by local communities in processes of management and capacity-building to 

detect changes and be able to adapt to them to guarantee sustainable management of coral 

ecosystems. 

 

The first such benefit, a contribution to community awareness-raising, is the key to coral 

ecosystem conservation, especially in the long term. It in fact makes it possible to have a 

profound influence on the community’s perception of the environment and their relationship 
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with it. It is conducive to a change in attitude and behaviour in each citizen towards greater 

respect for the marine environment and makes each of them into players in the protection of 

that environment through their support for relevant policies. The second benefit, no less 

important, is the guarantee of a civil society more involved in the management process. Such 

involvement facilitates the identification of measures that are more appropriate locally, 

legitimate and better understood, and therefore more broadly respected. The third benefit, an 

improved ability in the local community to detect changes to the ecosystem and adapt to 

them, is crucial for the long-term sustainability of coral ecosystems. Uncertainty and non-

linearity characterise the dynamics of these ecosystems. Hence the need to keep them under 

constant observation and to adapt management measures in order to endeavour not to erode 

their resilience, in other words their ability to cope and adapt to changes. Such adaptive 

management is favourable to maintaining resilient, less vulnerable coral ecosystems, thus 

securing the long-term survival of the goods and services they provide to human societies. 

Lastly, in terms of management, to be truly effective, the data collected should be 

disseminated, used and substantiated in implemented decisions (Johannes 1998, Sheil 2001, 

Nichols and Williams 2006). Otherwise the effort will have been in vain. Participatory 

monitoring has the advantage over scientific monitoring of favouring a number of factors 

(strengthening cooperation and participation, awareness-raising among the community, 

provision of easy to understand information, which is more directly useable by decision-

makers) making it easier to convert monitoring results into management measures (Whitelaw 

et al. 2003, Danielsen et al. 2005b, Uychiaoco et al. 2005). 

 

Raising the interest, feeling of ownership and active and effective participation by local 

communities in the management of the environment should be a priority, because that is the 

real hindrance to action and not just the lack of data. Participatory monitoring contributes to 

both. 
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ABSTRACT

In order to ensure a sustainable management of reef 
fi  sheries, it is necessary to get regular data about the 
effect of these fi  sheries on both fi  sh resources and 
ecosystems that sustain these resources. Ecosystemic 
monitoring programs provide those information, but 
they are diffi  cult to implement because they need 
many technical, fi  nancial and human resources. Re-
garding those problems, the involvement of the local 
population in monitoring programs, called participa-
tory monitoring, seems to supply solutions. Indeed, 
participatory monitoring has the potential of in-
creasing the number of collected data for a low cost, 
while taking advantage of the traditional ecological 
knowledge available locally. However, some ques-
tions have to be clarifi  ed: Which methods can bring 
relevant information to the ecosystemic monitoring 
of reef fi  sheries while being appropriate to the mo-
tivations and skills of the local population? Can we 
trust data collected by a non scientifi  c population? Is 
the level of participation of the local population suffi  
cient to make the monitoring program work, particu-
larly on the long term? To answer those questions, 
a generic protocol for theparticipatory ecosystemic 
monitoring of reef fi  sheries has been developed and 
tested on three different sites: Moorea and Tikehau in 
french Polynesia, and Tulear in Madagascar. Results 
of this study underline the relevance of participatory 
monitoring programs for snapshot and large-scale 
surveys, but slightest interests for regular data gathe-
ring on long-time scales. In any case, strong coordi-
nation and supervision by scientists are considered 
as essential.

RÉSUMÉ

Afi n d’assurer une gestion durable d’une pêcherie 
récifale, il est nécessaire de disposer régulièrement 
d’informations sur l’impact de celle-ci sur les res-
sources halieutiques et sur les écosystèmes dont elles 
dépendent. Les programmes de suivi écosystémique 
permettent de fournir ces informations. Mais ils sont 
très diffi  ciles à mettre en oeuvre, car ils nécessitent 
de nombreuses ressources humaines, techniques et 
fi nancières. Face à ces problèmes, l’implication de 
la société civile dans les programmes de suivi, ap-
pelé suivi participatif, semble en mesure d’apporter 
des solutions. En effet, les suivis participatifs présen-
tent l’avantage d’accroître le nombre de données 
collectées pour un faible coût, tout en profi tant des 
connaissances écologiques empiriques disponibles 
localement. Cependant, certaines questions doivent 
être éclaircies : Quelles méthodes permettent d’ap-
porter les informations nécessaires au suivi écosysté-
mique des pêcheries récifales tout en étant adaptées 
aux motivations et compétences des participants is-
sus de la société civile ? Quelle est la validité des 
données collectées par des participants non profes-
sionnels ? Le degré d’implication des participants est 
il suffi  sant pour faire fonctionner le programme de 
suivi, notamment sur le long terme ? Pour répondre 
à ces questions, un protocole générique pour le suivi 
écosystémique des pêcheries récifales a été dévelop-
pé et testé sur trois sites contrastés :
Moorea et Tikehau en Polynésie française et Tuléar 
à Madagascar. Les résultats de cette étude soulignent 
la pertinence des suivis participatifs pour des actions, 
de collecte de données, ponctuelles et de large en-
vergure, et leur intérêt moindre pour la collecte conti-
nue de données sur de longues échelles de temps. 
Dans tous les cas l’existence d’une structure de coor-
dination et la supervision par des scientifi ques sont 
primordiales.




