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Summary

Project Approach

The research reported here examines locd ecologica knowledge (LEK) and its potentia
contributions to building a knowledge base within a cooperative, co-management gpproach to
fisheries management. 1t examines thisissue in two contexts: the artisand fishery in the
Sedone River in Southern Laos and the shrimp fishery in Dam Doi Provincein Viet Nam.
The central conceptua device usad in the research isthe “smpleindicator of the hedth of

fish socks’. These ampleindicators are the foca point around which we examine the
contribution of LEK to management. We begin from the premise, however, that even with an
indicator gpproach the question of including LEK in fisheries management is problematic.

For LEK to contribute to management we must have some collective understanding of what
kinds of knowledge make up LEK, to what extent is this knowledge shared both within and
among different user groups, and how this knowledge is used (and abused) in debates around
the use and control of the fisheries resource.

The research began with conversations between trained researchers and loca fishermen
which produced ideas about smple indicators of the hedth of fish ocks. The biologicd
teams then subjected these indicators to a biologica evauation while the socia science teams
examined @) the degree to which there was a consensus among the fishers about their LEK
and b) the degree to which environmenta, economic and ingtitutiona differences among
stakeholders influenced their perspective on the LEK and the role of the indicators.

Four socia science methods were used in this research: In-depth interviews,; consensus
andysis, pile sorts and Q- sorts. In-depth interviews and consensus analysis were carried out
in both Laos and Viet Nam. Pile sorts were carried out only in Laos, while g-sorts were
carried out only in Viet Nam. Both biologists and socia scientists participated in the in-depth
interviews. The biologists then proceeded to evauate the statements made by fishersin the
interviews in light of dready existing biologica information about the fisheries The

consensus andyses, pile sorts and Q- sorts were use by the socid scientists to evaluate the
degree to which the fishers agreed among themselves about the information provided in the
interviews. They were o used to score fishers on their individua level of expertisein LEK.
The socid scientists then proceed to search for systematic patterns in both agreement and
level of expertise anong the fishers,

Summary of Results

A shared local ecologica knowledge was found to exist on both the lower Sedone River and
Dam Doi shrimp fishery. But our atempt to classfy statements and find systematic
differencesin levels of knowledge about fish abundance, fish habitat, or fish behaviour failed.
Whether thisfailure is based on substance or methodology, the implication is that we do not
know how to categorize LEK in away that is useful for quickly developing management-
related indicators.

The fishers with the highest level of LEK are the fishers who fish using smdler gearsthet are,
in fact, frowned upon by the government fisheries managers. Thisresult isclearer in Dam
Doi, where the comparison is between smdler stationary gears, large stationary gears, and
large mobile gears, than it isin Laos, where the trap fishers have dightly more LEK than the
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other artisana fishers, but where using more types of gear has an even greater influence on
levelsof LEK.

Many specific ideas for indicators were subject to both sociologica and biologica
evauation. In Laos, indicators related to catch composition (fish Size and species diversity)
has the best fit. In fact, thisislikely the only kind of indicators where the proportions of
correct answers about the indicators by the fishers were high enough to be ussfully religble.
For the Dam Dai inshore fishers the most reliable observations were those related to sdinity,
the geographica digtribution of the shrimp, wind and spawning behaviour. The Dam Doi
offshore fishers are fairly smilar to the inshore fishers but their highest proportion correct is
not very high.

In generd, as would be expected, higher scores are found for those naturd conditions which
appear Smilar acrosswide areas. In Laos these conditions attach more to the stocks with
such things as fish Sze and diversity, catch changes, spawning behaviour rather than to the
environment because environmenta conditions dong theriver are o varied. Thisisan
important contrast with the fact that the Laotian fishers consder environmenta conditions
important as an indicator of fish abundance. In Viet Nam the more generd conditions are
environmenta, e.g. sdinity, temperature, and not as much indicators of the condition of the
stocks changes, dthough catch rates showed borderline reliability among the inshore fishers.
Asfar aspaliticd influence on the understanding of the indicators is concerned, in Laos there
does not seem to be as sharp asplit asisfound in Viet Nam. At least thisis true among the
stakeholders directly related to fishing, it may not be true among other groups wishing to
make use of Laotian rivers for water or power. In Viet Nam the divisonsin terms of both
knowledge and management options are more stark. Both habitat and fishing techniques are
aress of disagreement. Thereisafairly dominant discourse among the non-fisher respondents
that supports new technology and places the blame for the fal in shrimp production on over-
fishing inshore by smdll boats. This same basic position reflects the beliefs of many fishers as
well, but another group of fishers sees the mesh Sizes being used as the main problem.
Among the potentid indicators where the LEK isthe mogt reliable, as measured by degree of
consensus, it is spawning and geographical distribution that are the most relevant to
management discussions. The idea of protecting spawning shrimp is seen as both feasible and
biologicaly reasonable from the LEK perspective. The protection of spawning aressis dso
related to the main disagreement among fishers: the role that mangrove forests play in
protecting juvenile shrimp. Thisis expressed in disagreement over the purpose of the main
government policy programme, the Integrated Mangrove and Aquaculture Modd. Offshore
fishers and fishing communities are very concerned that this habitat be protected and see this
as the main purpose of the programme. Inshore fishers and fishing communities, on the other
hand, see it more as an aguaculture development programme. It is unlikely that there would
be any agreement about using the extent of the mangrove forests as an indicator of fisheries
hedth.

In Dam Doi, biologica analyssincluded comparing satements from the interviews with
biologica data gathered by officid enumerators. The enumerator data indicates thet alittle
over hdf, or five of the eight satements that could be most clearly evauated, had good
agreement within the fishermen’ s satement groups.

The case study in the Sedone River shows that it is possible to gather information about the
fishery and the condition of the river. Thisinformation may be used in the management
system to issue regulations to protect the fish and secure a degree of sustainability in the
fisheries. It isaso clear that afisheries management based on indicators of ecosystem

3



Draft Report - Not for citation or dissemination beyond research partnership

condition evauated by loca knowledge is prone to make serious mistakes. Due to the lack of
scientificaly proven information of the fishes in the Mekong system, it is not possible to test
the qudlity of the information provided by LEK, but ongoing attempts to provide time series
of CPUE-datafor severd important species, may provide such informetion in the near future.

Main Conclusions

Interviewing loca fishers can be a method of obtaining basic information about the fishery
and the resource, but this information istoo wesk to congtitute the exclusive basis of
management decisons. Thereisarough consensus about conditions in the fishery among the
fishers but that the degree of consensusiis highly variable. In generd, higher consensusis
found in reference to those natura conditions which agppear Smilar across wide aress. The
main, practical conclusion of the present research is that using smple indicators for
management does not subgtitute for ongoing interactions between scientists and fishers where
management goas are sat and refined. Such interactions must include the identification and
re-identification of indicators thet tell the stakeholders when those god's are reached.
Indicators are part of alarger process and cannot be understood when abstracted from that
process.
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Introduction

The research reported here examines local ecologica knowledge (LEK) and its potentia
contributions to building a knowledge base within a cooperative, co-management agpproach to
fisheries management. The central conceptua device used in the research isthe “smple
indicator of the hedlth of fish socks’. These smple indicators are the focd point around
which we examine the contribution of LEK to management. This gpproach contrasts with the
assumption that fisheries management should be carried on in a particular way, such asthe
traditiona stock assessment model followed by catch restrictions, and that LEK should be
examined from the perspective of how it can contribute to the knowledge base of this
prepackaged approach. The smple indicators are devices that can emerge from LEK, or from
discussons between LEK and formally trained scientists, that can be the basis of

management decisons. Most of these indicators are established ideas in fisheries
management. Their use here, however, is not as something one picks from atext book and
gopliesto afishery, ingead the point of the smple indicators is that they have the potentid to
be devel oped cooperatively by stakeholders as a basis for understanding the condition of that
fishery and how management can respond to that condition. We do not take this fina step of
developing them as the basi's of management of the fisheries we examine. The stakeholders
are the ones who have to do that. Rather we examine LEK from the indicator perspective in
order to learn some basic lessons about the potentias and pitfals of involving LEK in
cooperative management.

We begin from the premise that even with an indicator gpproach the question of including
LEK in fisheries management is problematic. For LEK to contribute to management we must
have some collective understanding of what kinds of knowledge make up LEK, to what
extent is this knowledge shared both within and among different user groups, and how this
knowledge is used (and abused) in debates around the use and control of the fisheries
resource. We do not have complete answers to these questions to offer. Indeed, a great dedl of
our effort has gone in to beginning the task of developing methods to answer these questions.
Nevertheless, we have developed, from both a biological and a sociological viewpoint, some
initid pictures of therole of LEK and potentia indicators in management debates in specific
fisheries that are worth sharing with other natural resource management partitioners and
scholars.

The research began with conversations between trained researchers and locd fishermen
which produced ideas about smple indicators of the hedth of fish stocks. The biologicd
teams then subjected these indicators to a biologicd evauation while the socia science teams
a) examined the degree to which there was a consensus among the fishers about their LEK
and b) the degree to which environmenta, economic and indtitutiona differences among
stakeholdersinfluenced their perspective on the LEK and the role of the indicators. We
examine LEK in two practica contexts: the artisand fishery in the Sedone River in Southern
Laos and the shrimp fishery in Dam Doi Province in Viet Nam.
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1. Research Methods

Four methods were used in this research: In-depth interviews, consensus anaysis, pile sorts
and Q-sorts. In-depth interviews and consensus analysis were carried out both Laos and Viet
Nam. File sorts were only carried out in Laos, while g-sorts were only carried out in Viet
Nam.

1.1 In-depth Interviews

Research in both cases was initiated by holding long conversations with fishers, aswdl asa
smdl number of fish traders and government officers, about the kinds of things they were
seeing and learning about the fisheries and their habitats in the areas where they were fishing.
These interviews are designed to illuminate the concepts and categories that the fishers
themsdlves use to understand the fishery and its environment. They begin with generd
discussions of time lines and maps because these are well known techniques that alow the
discussion to be framed in respondents terms in ways that Smply responding to specific
questions does not. The interviews are structured so that the discussions become more
gpecific asthe interview progresses.

These conversations lasted from one to two hours. They were recorded on tape and then
transcribed and trandated. The statements that fishers made during these interviews were the
bass of further research. On the biologica side the transcripts were studied for cluesto help
identify candidates for smple and understandable indicators of ecosystemn hedlth. On the
socid sSde satements were isolated for use in further interviewing. Smple, factual statements
about the fishery and the environment were identified for use in the consensus andyss and
more complex statements were identified to be used in sorting.

The guiddlines used for these interviews are included as Appendix One.

1.2 Methods for the Social Science Evaluation of the Candidate
Indicators

The socid science evauation of the candidate indicators is tasked by the work plan to
implement a discourse andyss that will illuminate how claims about the ecologicd
relationships implied by the indicators are used in debates over control of the resources. We
interpreted this broadly as meaning that we needed to both describe the discussion about
fisheries management in generd among the rdevant sakeholders. This means explaining

how the different stakeholders see the resource, the categories they used to understand what
they are seeing and then how they related these understandings to the main issuesin the
management of their fishery. Having accomplished such a description, we then needed to
evaluate how claims both directly and indirectly related to possble indicators were being
used in these debates.

The extent to which we could use the indicators directly in accomplishing the generd
description of the debate is limited by two things. Thefirgt is that the methods must build off

of what the fishers actudly say if we areto try to characterise their ways of understanding the
fishery. Indicators developed for management purposes are not things that arise
spontaneoudy from the way stakeholders, particularly user groups, describe the resource. The
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second is that the methods, particularly the sorting methods, derive their power from asking
respondents to Situate different aspects of the debate in respect to the whole debate.

Hence, the selection of the statements was primarily made to try to be representative of the
main points raised by the fishers, so that the overal LEK and its relaionship to economics

and management politics could be assessed. Having this comprehensive picture would, in

turn, make it possble to place the candidate indicators in their proper context. Nevertheless, a
number of the statements are related directly to the candidate indicators. This makes possible
aninitid assessment of how well fishers agree about observations related to the indicators.

1.2.1 Consensus Analysis

The basic idea of consensus analysisisthat if fishers have and are able to communicate vaid
information about the environment then fishers working in smilar areas will agree in their
answersto the questions. Agreement is seen as an indicator of the vaidity of the
observations.

The ideathat the degree of consensus is a measure of the rdiability of loca knowledgeis
derived from research within the anthropology of knowledge. Romney et d. (1986) offer a
useful model for research into culture knowledge in generd, and into LEK in particular, that
has been used in fisheries LEK research (Boster and Johnson 1989, Guest 2002). A matrix of
agreements and disagreements between afairly smal number of respondentsto a set of
questions is subjected to afactor andyss. If thereisagenerd consensusit will gppear in the
form of alarge amount of variance being explained by one factor while and dl the other
factors are comparatively tiny if thisis not the pattern then some form of systematic
disagreement exists. The gpplication of the modd to LEK makes the robust assumption that
this one factor reflects people’ s common experience of a natural phenomenon.

The procedure isto select a set of twenty or more dichotomous (i.e., having exactly two
possible answers) factuad questions about the resource. These questions will be things that
fishers and otherstold usin theinitia interviews. Some editing is of these questionsis done.
Mot importantly smple, factud assertions are isolated from alarger discussion that may
involve statements about the implications of these facts or thelr relationship with other facts.
No complex statements are used in the consensus andlysis, they are analysed by the sorting
procedures discussed below. About athird of the statements are ‘negated” meaning that they
are changed to mean their opposite. The reason for thisis that we assume that most of the
gatements made by the fishers will be true, which means that if we did not negate any
gtatements the fishers would be responding ‘agree’ over and over again, leading to rote
responses. We explained this negation to respondents and asked them to listen carefully to the
questions as they were actudly read.

The responses to these questions are then tested using Stetistical proceduresto seeif thereisa
consensus among respondents, in other words to seeif the responsesfit the “cultura
consensus modd.” The culturd consensus modd means that 1) that respondents agree with
each other to avery high degree and that 2) there is only one thing that is exerting any
sgnificant influence on their responses. If the mode does nat fit, it means that something

€lse besdes what they actudly see in nature is having an important influence on their

answers.

Consensus data are entered and stored in a smple matrix of respondent by responsesto
questions. The statisticd analysis is done on arespondent by respondent matrix of

7



Draft Report - Not for citation or dissemination beyond research partnership

amilarities, i.e. the proportion of questions that they answered the same way. A factor
andyss of thismatrix yidds “egenvaues” The largest eigenvaue tdls us, following our

basic theory, the percentage of the variance in the matrix that is accounted for by respondents
observing the same thing in the world. If there is another large eigenvaue, then that indicates
that there is another important pattern thet isinfluencing their responses. If such a pattern
exigs then it must represent some sort of underlying bias thet is producing the paitern. We
test this by comparing the first and second eigenvaue, the rule of thumb isthat if the firgt
egenvaueisnot a least three times as large as the second elgenvaue then no consensus
exists among respondents. When this second eigenvaue is large relative to the first one it
may represent some systematic bias that comes, for example, from different stakeholders
seeing the world differently. It may aso come from the systemtic bias introduced when
some of the questions are difficult and unclear. If we do not have a consensus we can
experiment with the data to seeif we can find the underlying cause. It is, of course, best if
this underlying cause is not poorly chosen or formed questions.

If the modd isa correct fit then it is possible to generate from the Smilarity data two more
pieces of information. The first isameasure of competence for each fisher, i.e. how well each
fisher understands the cultural consensus. The second is the estimation of the correct answers
(i.e. correct from the loca ecologica knowledge perspective as calculated here, thisisthe
rediricted meaning given to terms like “correct” and “right” in the remainder of the report )

for dl the questions. Although these estimations of correct answers begin with what the
mgority of fishers sad, the caculation isiteratively weighted by individud fishers
competence. Because the mode estimates both this competence measure and correct answers
to the questions, we can them examine various characteristics of the fishersto seeif we can
identify groups of fisherswho have greater or lesser LEK expertise. This can be done by
examining the variation of ether the competence measure generated by the model or the
proportion of questions that a fisher answered correctly. These two variables are highly
corrdlated, indeed they are iteratively caculated from one another, and give essentidly the
same results. In the interests of smplicity and ease of interpretation, we will report the results
for the proportion of questions that a fisher answered correctly™.

1.2.2 Pile Sorts

Pile sorts consst of asking respondents to group objects according to whatever criteria they
please. The sorts of different groups are then compared in hopes of uncovering ingghtsinto
the differing ways the groups view the objects. Two kinds of pile sorts are common.
Congrained pile sorts require the respondents to create piles of particular Szeswhile
uncongrained sorts dlow the respondents to classfy the objectsin any way they please. We
used uncongrained pile sorts as this gives the respondents the maximum freedom to express
how they see the relationships between the objects.

The focus of the andyss of the pile sortsis the frequency, across groups of respondents, with
which any two objects gppear in the same pile. This frequency is then trandated into

“Throughout the discussion these measurements are referred to as the level or degree of LEK that a
respondent has. Thisis clearly amethodological reification of avery imperfect measurement. Unfortunately we
have no good way to judge the validity and reliability of this measure of “level of LEK” beyond it repeated use
in thisstudy. The reader will have to consider this and make his or her own judgements about this measurement
in light of the coherence, or lack thereof, found in the overall analysis.
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distances which are analysed through multidimensiond scding (MDS). Because we used the
unconsirained pile sort method, each pile sort resulted in a different number of pilesand a
different number of objectsin each pile. In trandating the frequenciesinto distances we gave
greater weight to smaler groups than to larger groups. In other words, if two objects were
placed in the same large group in one pile sort (e.g. they were two of nine objectsin apile)
and in the same smdl group in another pile sort (e.g. they were two of three objectsin apile)
we weighted the smaller group more heavily in caculating the frequency with which these
two objects were classfied together. When a satisfactory MDS solution was identified the
dimension scores of each object were then subjected to a hierarchica cluster analysisin order
to produce an easily understandable dendrogram of the relationships between dl of the
objects.

1.2.3 Q-sorts

The purpose of a Q-sort isto describe the differences in the kinds of clamsthat different
stakeholders make about an issue, in this case fisheries management. Socid sciertists have a
large number of ways to describe this kind of subjectivity. The most well known quantitetive
approach isthe smple interview question where a respondent is asked to rate a statement on
some scale from strongly disagree to strongly agree. The intent of the Q-sort isto perform the
same kind of measurement, but Q- sorts are amore vaid measurement technique for two
reasons. Thefirg isthat a Q-sort istraditionaly done with statements generated by previous
qudlitative interviews, while survey techniques are traditionaly done with statements
generated by the researchersinitia theories about what isimportant. Standard surveys are
usudly used to try to characterise alarge population in terms of some fairly smple questions.
It isvery difficult and likely not cogt-€effective to do in-depth quaitetive interviewing and
selection of gatements when trying to understand smple questions about a large population.
However, itis, in principle, possible to use statements generated by the study popuaionina
standard survey. The other reason the Q-sort is superior isthat it does not Smply ask the
respondent to give his or her opinion of a statement that has been abstracted from the
discussion, it forces the respondent to dedl with the statement through a comparison with a
number of other statements that cover the main points in the discusson. Respondents do not
only rate a satement in terms of agreement or disagreement, they must also decide how
strongly they agree or disagree with the statement in comparison to these other statements.
The forced norma shape of the Q-sort means that the statements that generate the strongest
fedings will have the greatest influence on the outcome of the andyss.

These methodologica issues are why we could not base the statements directly and
exclusively on the candidate indicators. First, management indicators are not usudly apre-
exiging part of how fishers see the world. We use the statements generated in the in-depth
interviews in order to base our research, which is meant to try to understand the fishers
world view, as much as possible within that world view. Thisis the reason the in-depth
interview guidelines themsdves are designed to begin with the maps and time lines, so that
our categories were not imposed on the fishers discussion too soon. The mgority of the
things that fishers find important are not directly related to the indicators, and this fact comes
through in these results. Asthe Q-sort statements have to cover the main pointsin the overal
fisheries management discussion in order to force comparative decisions, the use of the Q-
sort to evaluate the candidate indicators must beindirect. A two step processisrequired in
which the use of knowledge by the fishers and other stakeholders is mapped, and then
whether and how the indicators fit into that map can be evauated.

9
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In a Q-sort, anumber of satements made in the initid interviews (in this case 20) were
selected to represent the range of opinions found in the interviews. The statements are left as
close as possible to the origind wording. These sets of statements are given to respondents
who are asked to order them according to both agreement and importance. After they sort the
gatements thereis afollow up interview asking themtheir reasons for their various choices.
Respondents order the statements following aforced distribution. With twenty statements
they give avaue of -4 to one statement, -3 to two statements, -2 to two, -1 to three, and 0 to
four statements with the positive numbers from 1 to 4 being the mirror image of the negetive
ones. The statements that the respondents fedl the strongest about, whether through
agreement or disagreement, end up with the highest absolute vaues, while the larger group of
satements that dicit aless strong reaction cluster around the values of -1, 0 and 1.

These rank orderings are then submitted to a Q factor analysis. Standard or R factor analysis
consgts of taking aset of correlations between red variables and identifying underlying
pseudo-varigbles called factorsin order to illuminate the underlying structure of the data.

The point of these factorsisthat they are independent, i.e. not correlated at dl with one
another. The basic results of factor andyss are factor "loadings’, numbers which indicate

the extent to which each red variable is correlated with the factors, and factor "scores’ which
indicate how a particular respondent ranks on each of the factors. Q factor andysisturns
dandard R factor andysis on its Sde: rather than extracting factors from correlations between
variables they are extracted from correlaions between respondents. Thus the factor loadings
apply to each person and the factor scores apply to the "variables', i.e. they apply to the
statements that the respondents ordered. The key to understanding how the andysisworksis
that these factor are linear associations between the matrix variables (e.g. the respondents
answers). In other words, the factors are the product of al the response answers multiplied by
a st of weights and added together. The firdt linear association is calculated and then the
variance that that association explainsis removed from the matrix and the process is repeated
until no linear relaionships remain between the variables. This cdculating of linear
asociations can begin, in principle, with any set of weights. We use weights that maximize
the amount of variance that is removed by the factor we are caculating. When dl the factors
have been cdculated in thisway we have the ‘non-rotated’ solution. Then we rotate the
factors by transforming each one with a single formula, which means that they change their
position in relation to each respondent’ s answers while remaining independent of one

another. Thisformulais chosen to maximize the degree to which the factors illuminate
differences between the respondents.

10
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2. Results: The Lower Sedone River in Laos

2.1 Description of Research Area

The area of this case-study was the lower part of the Sedone river, asgnificant tributary to
the mid-Mekong river in Southern Laos. Sedone is about 60 km long and joins the Mekong at
the provincid capital Pakse. About 35 km upstream, the Selabam hydro power dam
condtitutes an effective barrier to fish migrations. From Selabam to Pakse there are 15
(named) villages on both sides of the river. The sizes of these range from 80 — 160
households. Mogt families are engaged in both fisheries and agriculture and often the sdlling
of fish provides supplementary income for the family. The fishing ismainly part-time and is
caried out from smdl boats, mainly with gill-nets in the dry season and long lines and traps
in the wet season. The use of cast-netsis dso common in the dry season. The important
fishes of the Sedone river can be divided into two very different groups: Migratory and non
migratory species. The migratory species come from Mekong and typicaly enterstheriver in
the beginning of the wet season and presumably disperse in the lower river to spawn. The
fisheries are managed by the Provincia Department of agriculture and forestry in cooperation
with the Department of Livestock and fisheries. The few regulations (ban on use of poison
and explosives) are issued and reinforced by the district management.

2.2 The Initial In-depth Interviews

In Laos, 18 interviews with fishers, two interviews with fish traders, and three interviews

with government officers were carried out in February of 2001 in villages aong the entire
length of the study area. Mogt of the fishermen we interviewed, told us that the fishery inthe
Sedone used to be good, but that catches had decreased much during the last few years. A
few of them however, Sated that there had been no change in the fishery. The other genera
opinion was that the water level of the Sedone had gone down quite alot over the last few
years. When asked about the reasons for the decreasing catches most fishers mentioned
increased fishing effort and extengve use of gill-nets. Many of the fishers had suggestions for
regulations of the fishery and severa villages had decided to put such regulations into effect
(and reinforce them in cooperation with the Didtrict authorities). These regulations were
primarily aiming & protecting the upstream migrating spawners from being harvested when
they move into the small seasond streams. We dso interviewed people working in the fish
trade business and we expected them to confirm the fishers' observation of steeply decreasing
catch, but this was not the case. The two traders we interviewed agreed that the business went
just as dways with no shortage of fish.

The generd evauation of the (biologica) information provided through the interviews is that
it is possible to obtain meaningful information about the fishery and to a certain degree about
the environmental State of the river. There are savere limitations in the qudity of the
information we got about individua fish species, especialy because much of the life history

of most important species is unknown. The pictureis further complicated by the fact that it is
very difficult to talk about individua species with local people because many (most!) local
names refer to a group of fishes rather than to one particular species. Some fishers were very
knowledgesable and others knew very little, but our main problem is that we have no ways of
verifying the statements. When most fishermen say that the Pa Jork eat shrimp, worms and
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frog, because that' s what they use for bait, that information can hardly be used to draw
conclusions about the fish's diet. Thus, we may get much information, and there may even be
abroad local consensus on that information, but that does not mean that it is biologicaly
meaningful information that can be used as basis for management. However, as there will
aways be alack of vaid biologica information to base management decisions upon, loca
knowledge should be utilised.

Bdow isalig of possble indicators, whose ahility to provide meaningful biologica
information and be useful from a management perspective, was initidly tested through our
talks with fishermen in Sedone.

Habitat Abundance
1) Water level 1 Fish catch
2 Water quality 2 Fishsize
Effort 3) Species diversity
1) Number of people fishing 4) Algae on rocks.
2 Amount of fish sold 5) Smell of the water.
3) Number of boats 6) Surface activity.
7 Fish-made noise.
8) Fish gathering in deep pools

In addition alarge number of statements were generated and used in the later socid
evauation methods.

2.3 The Social Evaluation of LEK and the Role of the Indicators

2.3.1 Consensus Analysis

In Laos the Consensus Analysis was carried out twice. Thefirgt time wasin April of 2001.
Asthiswasthe firgt time we used the method we did four days of the field testing using a
team than included both biologists and socid scientists. A subgtantial number of statements
were regjected as being unclear, the main problem was unclear species names. Some fish
gpecies had different locd names even in villages within afew kilometres of each other and
other local names referred to groups of species rather than to individua species. The April
2001 work finished with carrying out 70 consensusinterviews using 27 statements that
survived the various changes and tests. In October of 2001 we repeated the consensus
interviewsin Laos with another set of 24statements. The reason for this repesat testing was to
help us evaluate the degree to which we might be getting biassed results because of the
idiosyncrasies of particular satements. This retest was not very effective, however, because
we had made use of the clearest satementsin April and the ones we had left in October were
lower qudity ‘leftovers. The consensus statements for both April and October 2001 are
included as Appendix Two.

The culturd consensus model (Table 2.3.1) doesfit fishers observations about the Sedone
ecosystem. The second column holds the main result, the ratio of the first and second
eigenvaues. If the reported ratio is grester than 10 then the rule of thumb isthat the cultura
consensus mode certainly fits the data, if it isless than three then a cultural consensus moded
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does not fit. The culturd consensus modd means that 1) that fishers agree with each other to
avery high degree and that 2) thereis only one thing thet is exerting any sgnificant influence
on their responses and we interpret this one thing as being whet they actudly seein nature. If
the mode does not apply it means that Something el se besides a high agreement coming from
obsarvations is having some influence on their answers. This may be that different groups are
observing different things, (for example, exduding the fishersinterviewed in April who
reported that they frequently fish in the mainstream Mekong improved thefit of the modd) or
some other factor is causng systematic bias.

Table 2.3.1: Test of Modd Fit for the Consensus Andysis

FHed Trip Eigenvdue or the Ratio of first and Number of N
firg factor second eigenvaues questions

April 33.063 8.292 27 70

October 12.161 4.455 24 34

October 12.253 4.335 19 34

Table 2.3.1 reports the results for the consensus analysis. The 70 interviews from the April
fildwork strongly support the hypothesis that there is a cultural consensus around LEK
among fishers on the Sedone River. The two tests from October involve the same set of
questions. The differenceisthat Sx of these statements were in a new category where we
asked about the behaviour of fishers. Four statements, of which one was abouit fishing
behaviour, were not used in the analysis because the interviewers could not be sure that they
had been clearly understood. (Including these statements, however, made no difference in the
results)) Table 2.3.1 reports the results from both the remaining 24 statements and the 19
remaining Satements that dedlt only with LEK, excluding those related to fishing behaviour.
An important consderation in interpreting Table 2.3.1 isthat because the statements were
selected from the same set of transcripts, the clearer and more representative statements were
sdlected in April, while those used in October were “leftovers’ that had not been chosen for
incduson in April.

A second et of resultsinvolves the type of question asked. One important hypothesisis that
number of correct answers will be different for different kinds of local knowledge. Thisisa
critica test for helping us to understand the role that local knowledge can be play in
management because the proportion of correct answers measures the religbility of loca
knowledge in the different knowledge categories. We examined three kinds of biologica
knowledge: knowledge about fish behaviour; knowledge about fish habitat; and knowledge
about fish abundance. Two tests areredly involved in this. The firg test is whether or not
there are differences in the number of correct answers for statements that purport to reflect
these three theoretica categories of knowledge. Thisis accomplished by asmple statistica
comparison of mean right answers. The other test isif the three theoretical categories are
actudly meaningful ways to conceptualize local knowledge. Thistest can only be done by
repegting the Satistical tests using difference sets of statements that the investigators believe
represent the categories. If smilar datistical results emerge from these repeated tests then a

13



Draft Report - Not for citation or dissemination beyond research partnership

conclusion that the categories are meaningful and that the statement selected represent these
categories is warranted.

Table 2.3.2: Mean Proportion of Correct Statements by Type of Statement
Laos Data from 2001
Abundance Habitat Fish Behaviour
April | Mean .61 BLx** .82
N 70 70 70
October | Mean .85 B7x** T9x**
Abundance - Behaviour difference is not sgnificant
N 34 34 34
Agerisksindicate sgnificant of difference between the indicated mean
and the mean to itsimmediate |ft.

The April resultsfind significant? differences between knowledge habitat and abundance and
behaviour and abundance, with behaviour have the highest proportion of correct answers
highest and abundance the lowest (Table 2.3.2). The October results find sgnificant
differences between al three types of statements, but find abundance to have the highest
proportion of correct answers, followed by behaviour and habitat. These results do not
support the ideathat these categories are meaningful predictors of the degree of agreement
that will be found among fishers.

A third st of results examines how loca knowledge varies between different groups of
fishers. One of the products of the consensus modd isaset of correct answers with which
knowledge of the various respondents can be evaduated. We examined how the proportion of
correct answers varied according to when or where the fishers fished, how long they had been
fishing, how long they had been fishing in the Sedone, and what kinds of gears they used.

The only systematic differences we found were reated to the kind of gear used (a pattern
which, as reported below, was found in the Viet Nam case as well.) These differences are
reported in Tables 2.3.3 and 2.3.4.

2The research situation in both Laos and Viet Nam involves extremely tight government control over
activities. It was not possible to carry out any kind of randomization procedure, respondents were instead
selected by village government officials and interviews took place under government observation. The research
itself did not seem to be politically sensitive to these officials, this was merely their standard operating
procedure, so we have no reason to believe thisintroduced a systematic bias. The use of term “significant”
should be interpreted merely as a description of the strength of the relationship found among respondents and
not as a claim about the general population of fishers.
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Table 2.3.3: Differencesin Mean Proportion of Correct Answers by Gear Type

Fishershasa.. April October Both

Difference p N Difference p N Difference p N
Trap +.05 09 14 +.05 14 8 +.05 .03 22
Gillnet +.03 44 64 +.01 75 30 +.02 4 A
Castnet +.02 31 41 +.04 2 | 26 +.02 16 67
Longline +.02 19 56 +.01 .68 14 +.02 16 70
Total N 70 A 104

Table 2.3.3 compares the mean proportion of correct answers among fishers who used
different gears. Only the fisherswho use atrap are found to be sgnificantly different, on
average they get a.05 higher proportion of answers correct than do other fishers. The
ostensible anomaly that al the gearsincrease the mean proportion correct a least dightly is
explained by Table 2.3.4, which reports the mean proportion of correct answers by the
number of different gears used by the fisher. The table shows nearly the same pattern for
April data, October data and their combination. Thereis a sharp increase in mean proportion
of correct answers as we move from fishers who use only one gear, to those using two gears,
to those using three gears. At the three gear point the increase stops with fishers who use
three or four gears getting essentialy the same proportion correct, the October data even
shows a dight decrease between three and four gears. Clearly experience with different kinds
of fishing, rather than smply the number of years or places where they fisher, iswhat
accounts for the extent of the fishers locad ecologica knowledge.
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Table 2.3.4: Mean Proportion of Correct Answers by Number of Gear

Fisher has: One Gear TwoGears | Three Gears Four Gears | P/ tlil)tal
April Proportion Correct 71 75 .79 .79 .07
Number of fishersin category 8 15 31 15 69
October Proportion Correct 71 75 8l .78 .26
Number of fishersin category 4 13 6 11 A
Combined Proportion Correct 71 75 .79 .79 01
Number of fishersin category 12 28 36 26 103

A fair question then, is whether dl the differencesin Table 2.3.3 can be attributed to the
effect of the number of different gears. In the combined data the correlation between the
proportion correct and the number of gears afisher usesis.25**. When apartia correlation
is cdculated with the influence of being a trap fish removed this correlation dropsto .17. The
conclusion isthat both the number of gears, and the use of the trap gear, has awesk postive
association with the proportion of correct answers.

Table 2.3.5 addresses those statements which are directly related to the candidate indicators.
The rdlevant statements are listed in Appendix Three.
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Table 2.3.5: Proportional Agreement between Respondents and

Proportion of Correct Answers for Statements Relevant to Indicators

Types of Indicators Combined April and October
104 Respondents

Proportional Agreement Proportion Correct N
Water Level .38 .69 2
Water Quality 22 46 4
Access to spawning 50 75 8
Number of people fishing 29 .65 1
Fish catch 43 72 4
Fishsize .69 84 3
Species diversity 73 87 4

N = the number of relevant statements. Proportional agreement is the proportion of respondents who agreed with
one another. It is calculated by subtracting the frequency of one answer from the frequency of the other and
dividing this difference by the number of valid responses. 1 indicates perfect agreement between all respondents
while 0 indicates an exact 50-50 split.

Table 2.3.5 shows consderable variation in levels of agreement about statements related to
indicators. Observations about water quaity have very low levels of agreement, reflecting
differences in gppearance in different parts of the river. Most of the other types of indicators
have a proportion of correct answers around .7 while fish Sze and diversity are both grester
than .8. These results suggest that as far as these candidate indicators are concerned greater
reliability of responses and agreement between the fishers can be found with generd
observations about the qudity of the catch, i.e. changesin the size of fish being caught and
the species make-up of the catch than observations about catch rates. Observations about
catch rates, both in genera and about specific species likely depend more on fishers skills
and locations that do the size of the fish. The statements about diversity refer to species
disappearing entirely, something thet would be observed and remarked on the same way
aong the entire study area.

2.3.2 The Pile Sorts

Pile sorts were carried out in the Laos case in October of 2001. In this case, the pile sorts
were a second choice. Our origina intention was to use Q-sorts because they yield richer data
and are eader to interpret. However, Q-sorts require respondents to be able to say whether or
not they agree or disagree with a statement. In our field testing we found a number of fishers

in Laos would react to the subject of a statement rather than to the whole statement. For
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example, one fisher was ranking the statement “the irrigation schemes cause the fish catches
to decline.” He kept ingsting that he did not agree with the statement because he thinks that
irrigation schemes are bad for the fish. It was the irrigation schemes that he wanted to agree
or disagree with, rather than the statement itself. This seemed an insurmountable problem
with any method that involved agreement with statements. So we decided to use pile sortsin
this case. All of the pile sorts were done on the following list of objects.

1. Monofilament gill nets 13. Fish becoming fewer and fewer

2. Beach Seines 14. Largefish traps at Khong Falls

3. Fishersrespecting fishing rules 15. Modern fishing gears

4. Blocking the river mouth with nets 16. Traditional fishing gears

5. More and more fishermen fishing all thetime 17. Villagers making their own fishing rules
6. Fishing areas for just your village. 18. Government fisheries officers

7. Ruleslimiting who can fish 19. Deep pools

8. Fishing in small tributariesin May and June 20. Cutting down many many trees near theriver
9. Fishing when fish spawn 21. The water level decreasing year after
10. Limiting the amount of gear afisherman can use 22. The Selabam Dam

11. Fish conservation zones 23. Irrigation schemes

12. Selling many fish to fish traders 24. River bottom becoming more sandy

We took twenty four objects mentioned asimportant by fisheriesin theinitia interviews and
put them on cards. We asked the fishers to sort these cards into groups in any way thet they
wanted to and then explain to us why they put them the way they did. The first few attempts
a thisdid not work well, fishers found it a bit overwhelming. Some of them managed to do it
sensibly and some did not. Then we decided to try doing the sorting with groups of three to
four fishers. Thisworked very well. It dso had the very valuable added bonus that we could
record their discussions while they were doing the sorts and this gave us 20 minutes or so of
fishers discourse prompted only by the 24 objects and not by any questions we were using to
frame responses. We proceeded to carry out 20 sorting interviews with groups of fishers and
9 with fisheries officers who worked on the Sedone. The 20 fisher pile sorts were analysed
through MDS and yielded afour dimension solution with asress of .10. Stressisameasure
of thefit of the solution, the lower the dtress the better the fit with the rule of thumb being a
minimum gress of .15. The scores for each of the statements on the four dimensions were
then used as the basis of ahierarchica clugter analysisthat yielded the following

dendrogram
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Figure 2.3.1:
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Figure 2.3.2: Dendrogram of Combined Results of the 6 Officer Pile Sorts
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The nine officer sorts were andysed through MDS and yielded afour dimension solution
with astress of .07. The scores for each of the statements on the four dimensions were then
used asthe bads of ahierarchica cluster analysis that yielded the following dendrogram

A comparison of the two dendrograms suggests three ways in which the fishers (Figure 2.3.1)
and the officers (Figure 2.3.2) differ in their classfications that may be meaningful in
understand the different ways they might understand the candidate indicators of ecosystem
hedth.

Thefird is the classfication of satement 13 “the fish becoming fewer and fewer”. The
officers place this statement squarely with what they see as destructive fishing practices
(Figure 2.3.2). The closest statements are 14 “fish trgps at Khong Falls’ and 9 “fishing when
fish spawn”. After these two the next closest rdationship iswith a set of statements related to
increased fishing pressure and the use of more modern fishing gears ( Satements 1, 2, 12, 15
and 5). Thefishers, (Figure 2.3.1) on the other hand, classify statement 13 “the fish becoming
fewer and fewer” most closdly with statement 24 “river bottom becoming more sandy” and
then in the next step with four other statements about habitat (Statements 20, 23, 21 and 22).
This set of habitat Satementsisitsalf set distinctly apart from the rest of the stlatements. The
difference is clear, the fishers associate the | ot fish abundance primarily with changesin
habitat, while the officers associate it primarily with fishing.

The second interesting difference isin the way that statement 19 “deep pools’ is classfied.
One of the centra debates in fisheries management in Laos is over the role of deegp poals.
Deep pools are areas in the river that are deeper than other areas and where fish congregate,
particularly in the low water season. At the time of our research there were no FCZs on the
Sedone, these were dl in the Mekong main stream, mainly to the south of the mouth of the
Sedone near the Khong Falls. The equivaent rules on the Sedone are those protecting the
smdl tributaries during the spawning season (statements 8 and 9). The FCZs near the Khong
Fals have arisen mainly from an effort a village salf- management involving aloca NGO.
FCZ are the most significant kind of regulation in this area.. One reason FCZs are criticd in
Khong Fdls areaiis that the dry season isthe main fishing season and the large fish day in the
deep pools during the dry season. The FCZs are controversid partly because of their origin as
alocd community / NGO initiative and partly because of disagreement over the importance
of non-migratory fish in the Mekong system. Some observers argue that the FCZs are of little
importance because they are not effective in the management of migratory fish (Hirsch 2000)
while others argue that non-migratory species, aswell as species that migrate short distances,
are important to the loca fishers (Baird 2000). Baird (2000) further argues that the protection
of dl fish in the dry season when they are the most vulnerable.

In the government officer pile sort (Figure 2.3.2) statement 19 “deep pools’ is associated
most dosely with stlatement 6 “fishing areas for just your village’, Satement 8 “fishing in

amdl| tributariesin May and June’ and statement 16 “traditiond fishing gears” Statements 6
and 8 are dso examples of village level protected areas, which the officers apparently
associate with traditiond fishing. One step away from these four statements are found more
formal management processes and rules. It is here that statement 11 “fish conservation zones’
appears. Thefishers (Figure 2.3.1) classify the degp pools more directly with the FCZs, rules
about fishing access and with “government fisheries officers.” 1t ssemsthat each group
associates the idea of deep pools with the other group.
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A third interesting observation is that the fishers (Figure 2.3.1) dassfy the drivers of effort 5
“more and more fishersfishing al the time” and 12 “sdling fish to fish traders’ as part of a
cluster of close-to-home management measures (statements 6, 16, 4 and 10) before linking
them to larger scale and more modern gears (statements 14, 15, 1 and 2) in the next step. The
officers (Figure 2.3.2) link these effort satements directly with the larger and more modern
gears (Satements 1, 2, 15 and 4). Thismay reflect scale-based perceptions with officers
seaing these things as regiona system drivers with primarily technologica impacts and the
fishers seeing them as less abstract, locad phenomena

Another possble reflection of the fishers having a more concrete way of categorizing things
isthe way that rules are treated. Four of the sorted objects arerules, i.e., statements 6, 7, 10
and 11. The officers place dl four of these rules together, with 7,10 and 11 right next to each
other and then 6, the only rule that they does not come from the officers, placed on step away
with some rule-related attitudes and procedures in between. For the officers rules are, indeed,
primarily rules. The fishers, on the other hand, scatter the rules around. None of them arein
the same primary group, they are dl placed near other objects, i.e., people, gears or activities
that the fishers associate with the content of the rule,

2.4 Biological Evaluation of the Candidate Indicators in the Field

In the period of October 31- November 3. 2001, the biologica evauation team made eight
additiond interviews in eight villages aong the Sedone River. Of these villages we had
vidited only onein February. The questions used in these interviews are attached in Appendix
Four. In each village we sdlected the fisherman that was regarded as the most experienced.
All the interviews showed clearly that the candidate indicators were poorly perceived by the
fishers. It was very difficult to communicate the idea of these causdlities or relations between
factors to the fisher and answers were mostly unclear. This (expected) problem may be best
illustrated by going through the candidates one by one:

2.4.1 Habitat

Water leve (Q 1,13,17). Mot fishers agreed that dry-season water level of the Xe Don had
gone down (50cm — 1m), but two fishers said there had been no change. Most fishers agree
that high water gives good catches, and say thisis due to high migratory activity during high
water. Most also agree that cutting down many trees decrease water level as do irrigation and
when asked some say that irrigation is the most important. Two fishers say these things have
no effect. Concluson: In Xe Don, dry season water leve is probably decreasing as result of
clear cutting and irrigation, but it is not clear if this decrease aso leads to adecreasein
suitable fish habitats or just changes some species migration patterns. However, changesin
dry season water level in Mekong tributaries like the Xe Don seems like good indicators of
changesin land use in the drainage.

Water qudity: (Q7). Varying answers from “the water has become clearer” to “ The water is
dirtier now because | saw some foam and some dead fish”. Generally there seemsto be no
problems with water qudity and people use it for household and swim in it without problems.

Flooded areas: (Q9). Varying answers from “30% less now than before” to “More areas are
now flooded” and many “No change’ answers. The year-to-year variation seemsto be to
large to say anything conclusive about the size of flooded aress.
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Access to spawning areas (Q5). This question was only put in the firgt interviews because it
seemed impossible to get answers even after long explanations. There has“adways’ been
people fishing in these streams and there are now regtrictions on the fishing making it illegd
to block streams with fishing gear. Still most fishers mention the problems with the use of
fine meshed gear, intercepting smdler and smdler fish induding juveniles.

2.4.2. Effort
Number of people fishing (Q6). All fishers answered this question positively.

Amount of fish s0ld (Q10). Five fishers said that now less fish was sold than before and the
remaining 3 said the opposite.

Number of boats (Q14). One fisher said that in hisvillage dl boats were mainly used for
fishing whereas dl the others said that between 40-60 % of the boats were mainly used for
other things. So the number of boats in a village can not directly be used as an indicator of
fishing effort.

2.4.3. Abundance

Fish catch (Q2,3). All but one fishers said that catchesin both the main river and the
tributaries had decreased significantly (from athree- to atenfold decrease). The fisherswho
fish both in the main river and in the seasona streams dl said that the decrease was the same
both habitats. The one fisher who did not know about changes in catch had only 3 years of
experience.

Fish sze (Q4). All said that many fish were smaler now, but some were the same. When
discussing thisit gppeared thet the small (laterd migrating) species are same size as dway’s,
wheress the larger species (that need more years to reach sexua maturity) had decreased
much in sze. Thisiswhat could be expected when traditiona gear isreplaced by
monoafilament gill-nets with smal mesh size.

Species diversty (Q8). In sx of the interviews the fisher could mention 2-5 species thet they
used to catch but that now had disappeared. One fisher said no change and one said that he
did not know.

Algae on rocks as indicator of abundance (Q11). All fishers knew about fish grazing dgae of
the rocks in the dry season, and could aso mention species. None of the fishers could give
any clear satements about being able to use the amount of algae as Sgn of fish abundance.
One answered that fish eat some, but the snails eat much more of the algae. Another said that
he thought that craps were eating much too.

Smell of the water asindicator of abundance (Q12). Two of the fishers had not noticed that
sometimes the water smdl of fish. The remaining six had dl smdled fish and could dso
mention species and time of year. It was dways in May-June during the spawning of the
mentioned species that the smell was noticed. Three fishers said that it used to be more
pronounced and one even gtated that twenty years ago there was five times as much smdll as
now.

Surface activity asindicator of fish dbundance (Q15). Two fishers gave unclear answers or
did not understand the question. All the remaining six said that the amount of surfacing fish
was a clear sgn of the number of fish (only certain pecies 5-6 were mentioned) present. All
agreed that there was less activity now than before and they were dso giving judgements of
the size of reduction (10-30% of previous levels now).
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Fish-made noise as indicator of abundance (Q16). Most fishers knew about fish that makes
noise and were able to mention several pecies (and even tell how they sound), but it was
amost impossible to get clear answers to weather thiswas a Sgn of many fish being present.
One fisher said that there was much less noise now than before.

Fish gathering in deep pooals (Q18). Again most fishers knew about fish that gathersin the
pools and they readily mentioned savera species. One fisher mentioned one species (pa khee)
that stay in the deep pooal, but said that other species dso go esewhere. Another fisher
thought that mogt of the fish stay in the deep poal through the dry season, whereas athird
fisher said that only 10% stay in the deep pools and the rest leave for the Mekong River.
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3. Results: The Dam Doi Shrimp Fishery in Viet Nam

3.1 Description of the Research Area

Fisheriesin Vietnam arein principle open access fisheries where only atechnical approva of
avess isrequired to obtain afishing license. In the LMD region the shrimp fishery is
regulated by means of gear restrictions and technica measures. The management measures
for shrimp fishery include a ban on using push netters, closed areas and redtrictions on
minimum mesh Sze in the trawls and fixed gears. However, in many Stuationsthe
enforcement is poor and vessd's may fish without having afishing license and illegal gears
are dill used. The mgor part of the marine shrimp catches in Vietnam is taken by the otter
trawl fleet whereas the contributions from push netters, trammel net and other gear types are
indggnificant on the nationd leved. In CaMau and Bec Lieu that are the focus of the present
case study about 1600 otter trawlers with engines of different capacities were licensed by the
provincesin 2002.

3.2 In-depth Interview

InViet Nam, 16 interviews were carried out in March 2002 with fishersin four coastal
villages, Ganh Hao, Rach Goc, Bo De and Dat Mui, and with fisheries adminigtrators & the
village, didrict and provincid levels. Based on the 16 in-depth interviews the following were
identified as candidates for indicators of ecosystem hedth for the Dam Dol Shrimp fishery:

Habitat indicators Fishery indicators

By most important commercia species. * Effort digtribution by gear (areas/ day /
* Geographical distribution nghy

* Spawning areas mi)éfon (tota nr of vessds, days/

*N
ursery areas * Species digtribution in catches

* Totd catch by fleet

* Catch vaue by trip

* Catch value by species
* Catch rates (CPUE)

* Catch compositions

* Speciesratios

* Bottom meatters
* Mangrove

* Environmentd factors (sainity, temperature,
wind, turbidity)

Biological indicators

* Fecundity

* Size a maturity

* Seasonal changes in abundance

* Implication of specific events (typhoons tc...)
* Size didribution by area
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3.3 The Social Evaluation of LEK and the Role of the Indicators

3.3.1 Consensus Analysis

In Viet Nam the consensus analysis was carried out in October of 2003. The consensus
andysisinthe Dam Doi case was divided between the inshore and offshore fishing areas. For
both areas 30 smple, factud statements about the shrimp fishery were selected from those
made by the fishersin theinitia in-depth interviews. Ten of the statements were related to
habitat, ten to changes in abundance, and ten to the behaviour of the various species of
shrimp. Fifteen statements were deemed to be equally relevant to the two fishing areas and
they were shared between the two sets of statements, while 15 statements were unique to each
of the sets. We tried as much as possible to match the different statements in terms of subject
matter and difficulty, while aso trying to remain faithful to whet the fishers had actudly said
intheinterviews. Thislatter goa was accomplished for the most part, though the need for
amplicity and clarity was necessaily given the highest priority in wording. In spite of this
effort one statement that appeared in both sets and one statement that appeared only in the
inshore set were regected after the interviewers reported that they were not entirely clear to
the respondents. Thisleft atotal of 28 inshore statement and 29 offshore statements for the
andyss. All of the satements were administered in atrue false format. Both sets of
statements can be found in Appendix Five. The respondents were, of necessity, selected by
the People s Commiittee in each village, this was arranged by the Provincid Fisheries Officer
who accompanied us and was usualy carried out by the village staff person responsible for
the fishing activities. This procedure introduced a bias toward established fishers and fishers
who lived near the offices of the People' s Committee.

Table 3.3.1 reports the test of fit for the consensus model. The ratio of the first and second
elgenvaues for both sets of satementsis greater than 3, dlowing us to continue the analyss,
but they are both considerably less than 10, which implies that the consensus modd by no
means has a perfect fit with this data

Table 3.3.1: Test of Model Fit for the Consensus Analysis

Area Eigenvalue or the first Ratio of first and Number of questions N

factor second eigenvalues

Inshore 15133 6.128 28 32

Offshore 10519 4614 29 31

Table 3.3.2 isatest of our hypothess that the categories of abundance, habitat and fish
behaviour can be used to predict the degree of agreement between fishers. In both of these
cases habitat statements have the highest consensus and behaviour statements have the lowest
consensus. Asthisisadifferent pattern from what was found in the Laos case we must il
conclude that these categories cannot be used as a predictor of the degree of agreement.

26



Draft Report - Not for citation or dissemination beyond research partnership

Table 3.3.2: Mean Proportion of Correct Statements by Type of Statement

Abundance Habitat Fish Behaviour
Inshore Mean .79 85 71
N 32 32 32
Offshore Mean 69 81 .66
N 31 31 31
Combined Mean 74 83 .68
N 63 63 63

All differences are statistically significant at <=.06 except that between abundance and
behaviour in the offshore area.

Tables 3.3.2 and 3.3.3 examine the impact of afisher’suse of different types of gear. The
results are Smilar to what was found in the Laos case. Fishers who use smaller and more

traditiona gear, in this case the tramme and gill nets (trgpsin the Laos case) get a

ggnificantly, even dramaticaly, higher proportion of answers correct than do other fishers.
Not only does the use of trammel and gill nets increase scores, the use of trawl and bag nets

decrease scores.
Table 3.3.3: Differencesin Proportion of Correct Answers by Gear Type
Fishershasa. Offshore Inshore Both
Difference p N Difference p N Difference N
Trawl Net -12 00 | 22 -.16 01 27 -.06 49
Push Net -07 32 3 -.06 32 7 -.05 10
Trammel Net - 0 +.13 04 6 +.15 6
Bag Net -.02 61 14 -10 16 5 -07 19
Gillnet Net +.12 .02 5 +.08 18 15 +.11 20

Another influence on the proportion correct is that being from an inshore arearaises the

proportion of correct answers by .07** . Thisresult is conflated with the influence of using
small gears reported in Table 3.3.3, because the smdller gears tend to be used in the inshore

area (Table 3.3.4).
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Table 3.3.4: Use of Smaller Gears by Fishing Area - Percentages

Fisher fishes offshore Fisher fishesinshore N
Fisher does not use agill or trammel net 84 a7 41
Fisher does use agill or trammel net 16 53 2
N 31 32 63
Table 3.3.5 examines these conflated influences while, a the same time, further darifying the
impact of gear use. Table 3.3.5 investigates the influence of using only smaller gears
(trammd or gill nets) or usng only larger gears (push, trawl and bag nets) rather than the
influence of amply using those gears among others. A dummy regression andysis was aso
used asaway of controlling for the effect of afisher fishing in theinshore area. Mogt of this
effect is accounted for by the increased prevalence of the smaler gears (Table 3.3.4). The
main influence on thefisherslevd of LEK isfrom the kinds of gearsthey use.
Table 3.3.5: Dummy Regression on Proportion of Correct Answers
Variable B p N
Constant B = mean proportion correct for mixed gear, offshore fishers 0.79 0
B = change in mean proportion correct when fishers only use smaller gear 01 09 5
B = change in mean proportion correct when fishers only use bigger gear -.09 01 11
B = change in mean proportion correct for inshore fishers .03 3 32

N=63 Rsquare=.28

Severd possible interpretations of these results present themselves. More knowledgesble
fishers could be choosing to use the smdler gears, the use of the smdler gear may require a
greater level of LEK, or older and more experienced fishers may be the ones who use the
smdler gears. The last interpretation is not supported by the data as neither the numbers of
years afisher hasfished nor the number of yearsthe fisher has fished in this area have any
influence on their proportion of correct answers. This may, however, be an artifact of our
decison to ask the People’ s Committees to find respondents who were more experienced
fishers. We fdt that hiswas necessary in order to get afar picture of the LEK Stuationin
Dam Doai. As aresult, however, it was not possible to see the influence of experience on LEK
at the lower end of the experience variable. Of the first two possible explanations the second
islikely the stronger of the two as more knowledgesble fishers, given the option, would
likely select the larger and more profitable gears. Those who use the smdler gearslikely do
S0 because their capital resources are limited, rather than because they have a greater
knowledge of the fishery and its environment.
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Findly, in spite of the fact that the sdlection of consensus statements was congtrained by the
need to use things that the fishers actudly told usin interviews, and fishers rarely speek
directly in terms of indicators, a number of the statements are at least indirectly related to the
candidate indicators. This makes possible an initia assessment of how well fishers agree
about observations related to the indicators. The relevant satements are listed in Appendix

Six.

Table 3.3.6: Proportional Agreement between Respondents and Proportion of Correct Answers

for Statements Relevant to Indicators

Types of Indicators Offshore Inshore
31 Respondents 32 Respondents
Proportional | Proportion | N Proportional Proportion
Correct Correct
Agreement Agreement

Changesin the geographical 52 .76 5 71 87
distribution of shrimp species
Size of the nursery areas (existence of 1 1 1 97 97
specific areas for each species)
Changesin Mangrove cover (value of 50 74
mangrove for shrimp)
Temperature 53 74 2
Wind 55 55 1 97 1
Turbidity (behaviour of shrimpin 61 8l 1
respect to turbidity)
Salinity 87 .76 2 920 97
Fecundity 29 65 1 29 .66
Size distribution by area 02 A48 2 .36 .69
Catch rates (CPUE) .38 .68 6 64 83
Catch compositions .36 67 3 A7 73

N = the number of relevant statements. Proportional agreement is the average proportion of the difference
between the frequency of the two possible answers on statements relevant to the indicator. 1 indicates perfect
agreement between all respondents while 0 indicates an exact 50-50 split between respondents.
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Table 3.3.6 indicates that there isa great ded of difference between the candidate indicators
interms of the reliability of the LEK. Only observations of sdinity and the Size of nursery
aress indicate afairly high proportiona agreement, while most of the other indicators are
redly quite low. It should be born in mind that these are levels of agreement about specific
datements that have their own level of difficulty gpart from the generd subject of the types of
indicators, especialy in regard to those indicators that only had one or two related statements.
The relative lack of agreement between the offshore fishers on catch rates and catch
compositions, however, is particularly striking as both represent an average of four different
related statements. Also driking is the difference between the inshore and offshore fishers on
these two types, as well as severd other types, of indicators.

Table 3.3.7 further explores the digtribution of knowledge by repesting the andyssin Table
3.3.6 separatey for respondents who use some smdl gear (atrammd or gill net) and
respondents that use only larger gear (trawl, push or bag nets). Table 3.3.7 shows that there
aredifferencesin levels of agreement about statements relevant to the candidate indicators.
For the inshore area, respondents who use small gears exhibit a higher level of agreement
among themselves than do respondents who only use larger gears. Two of these differences
are paticularly large. Changes in mangrove cover has a difference of .62 and fecundity has a
difference of .40. In the case of mangrove cover, agreement among the small gear about the
gatement “If shrimp livein the root of the mangrove, they will grow faster” was much higher
among the groups that uses smal gear, 15 of them agreed and two of them disagreed. Among
respondents who only used large gear eight of them agreed and six of them disagreed, with
one respondent missing. In the case of fecundity, two statements are involved. The statement
“Bac shrimp has eggs from May to August” was agreed with once again by 15 smdl gear
users and disagreed with by only two, while among those who only use large gear eight
respondents agreed while seven disagreed. For the statement only prawnsin fresh water have
visible eggs’ the results were closer. Among small gear users ten agreed and seven disagreed
while among those who only use large gear, eight agreed and seven disagreed. In dl, for the
inshore area Table 3.3.7 indicates substantia differences between the two groups for only
two of the nine indicators examined.

The results for those fishers who fish offshore are more mixed (Table 3.3.7). For at least one
of the indicators, sdinity, the large gear users were in substantialy greater agreement. Two
datements are related to the salinity indicator. For the first one “the salinity of seawater is
highest in August and lowest in March” 24 of the 26 large gear respondents disagreed (it is,
infact, a negated statement, see the discussion of consensus analyss in the methods section)
while two out of the five smal gear users disagreed. For the second statement “In nature,
shrimp have ability to tolerate large changes in sdinity” al respondents agreed, with one
missing. The largest differenceisfor the turbidity indicator, and is once again in the direction
of the small gear users. In this case dl five of the respondents who used smal gears disagreed
with the satement “dl shrimp like to Say in trangparent water” while six of the 26
respondents who used only large gear agreed with this statement. In dl, for the offshore area,
Table 3.3.7 indicates substantial differences between level of agreement for seven of the ten
indicators examined.

30



Draft Report - Not for citation or dissemination beyond research partnership

Table 3.3.7: Proportional Agreement between Respondents for
Statements Relevant to Indicators for Users of Smaller Gear

Types of Indicators Offshore Inshore
Use Small Use Only Difference Use Smal Use Only Difference
Gear Big Gear Gear Big Gear
5 26 17 15
Respondents | Respondents Respondents | Respondents
Changesin the geographical 084 0.46 0.38 0.73 0.64 0.09
distribution of shrimp species
Size of the nursery areas 1 1 0 1 0.86 0.14
(existence of specific areasfor
each species)
Changesin Mangrove cover 0.76 014 0.62
(value of mangrove for shrimp)
Temperature 0.8 048 0.32
wind 08 05 03 1 0.87 013
Turbidity (behaviour of shrimp 1 054 0.46
in respect to turbidity)
Salinity 0.6 0.92 -0.32 094 038 014
Fecundity 02 031 -011 047 0.07 04
Size distribution by area 05 012 0.38 0.37 031 0.06
Catch rates (CPUE) 0.72 0.32 04 0.72 0.60 012
Catch composition 0.70 035 0.35 057 056 0.01

3.3.2 Q-sort

Q-sort interviews were administered to 34 people: Sx inshore and six offshore fishers; four

Provincid levd fisheries officers; four village fisheries saff members, five members of
village People s Committees who were responsible for fisheriesin their village; two
university biologigts; three shrimp agquaculture farmers (two of whom were removed from the

andydis because of interviewer errors); avillage shrimp deder; and, the manager of alarge,

export-oriented shrimp processing company. The Q-sort statements are included as Appendix

Seven.
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Table 3.3.8 reports the most basic result, even before the data is subjected to factor analysis.
The order of the statements should be considered with the variances, which indicate the
relaive degree of controversy around the statement. As s often the case, overfisning isthe
most controversid issue, with amean very close to the centre of the rankings and a variance
that indicates that various respondents placed it dl over the rankings. Statements that can be
related to indicators were dmost dl ranked in the dightly negative middle. Respondents do
not care very much about the idea of an indicator. They adso do not fed very strongly about
water baloons. Floating ‘water baloons were suggested by two respondentsin our initial
interviews as something that can be taken as an indicator of a good shrimp catch. Thisidea
was new to the local scientists and they were mainly sceptica, we aso soon discovered that
many other fishers were dso very sceptica about this observation. Theideathat biodiversity
in the drimp catch is not important was ranked fairly consstently in the low negative area.
The sentiment that only amount of shrimp, and not the differences in kind, isimportant was
only sated by shrimp farmers. It isdso informative that the statement about the importance
of loss of mangrove cover for the natura (as opposed to aquaculture) shrimp was ranked
quite low by the respondents.
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Table 3.3.8: Q-sort Statements Ordered by Mean Ranking among All Respondents

Mean [Variance

Shrimp production hasreduced much in near shore area, because there are so many 183 3.87
activities such astrawl net and push net.

It would be good if DOFI did not allow the catching of baby shrimp in theinshore 163 4.1
area.

There are no methods suitable for preventing shrimp disease yet. 0.93 4.133
Theyield of shrimp has dropped down because small boats go fishing inshore. 0.87 4.05
It woul_d begood if DOFI did not allow the fishing of shrimp brood stock in the 0.83 311
spawning season.

I think that government needs to have regulations about mesh size for each fishing 057 2.88
ground.

Overfishing has reduced shrimp production 053 5499
I think that government needs to have regulations about mesh net for each kind of boat. |0.27 4.62
Theyield of shrimp has dropped down due to so many fishing boats. 023 391
Polluted water has caused dead shrimp. 020 3.06
The main purpose of integrated mangrove and aquaculture model isto help every people [-0.13 2.95
to recognize the role of the mangrove fore.

You cannot predict theyield of shrimp next year from theyield thisyear. -0.37 348
The main purpose of integrated mangrove and aquaculture model isto develop -043 384
aquaculture.

Many water balloonsarea sign that shrimp production will be high. -050 3.98
Theyield of shrimp has reduced year by year because of new fishing technol ogy -093 448
No indicator can show what the production of shrimp will be next year. -093 3.0
Aquaculture has been bad for natural shrimp. -1.00 345
Thenumber of different shrimp speciesisnot important -1.10 154
Therearefewer natural shrimp dueto loss of land with mangroveforest. -1.20 3.96
Thelower yield of shrimp is due to heavy rain and storm. -1.30 5.73

Bolded statements are statements directly relevant to possibleindicators or indicator management in general

Table 3.3.9 focuses on eight statements where Satisticaly significant differences (p <.2) were
found between the main stakeholder groups. These indicate areas where systematic
disagreement will be found in relation to management issues. The resultsreflect severd
differences in perceptions that would be expected. One example is people related to offshore
fishing being quicker to blame smdler, inshore boats for the drop in shrimp yield, though the
degree to which the professonds take the offshore Sdeis interesting. Another is that
offshore people, who are much less involved in aguaculture, see the main purpose of the
governments mangrove management efforts (The Integrated Mangrove and Aquaculture
Modéel) as the protection of mangroves while the inshore people tend to see it more as about
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the development of aguaculture and are more neutral about its conservation role. The
dtatement that directly criticizes aguaculture for damaging the naturd (i.e. non-aguaculture)
shrimp resource is strongly rejected by the governments of the inshore villages, somewhat
less srongly by the professonds, and the other stakeholders are more neutrd. Findly, non
fishers are much more likely to rgect weether as an explanation for fishing results than are
fishers, dthough none of the groups gave this an average positive rating. Less obvious, and
perhaps more interestingly, loca government people want mesh regulations to attach to boats,
while the other groups are fairly neutrd on thisissue. The local government dso thinks that
pollution is amore important issue that the fishers, particularly offshore fishers, do.

Table 3.3.9: Mean Scores for Statements
with Systematic Differences Among Stakehol ders

Professionals| Inshore Offshore | Inshore | Offshore
Governme | Government | Fishers | Fishers
nt

There are no methods suitable for preventing -0.2 167 167 -05 167
shrimp disease yet
Theyield of shrimp has dropped down 24 -0.33 183 0.17 0.85

because small boats go fishing inshore.

| think that government needs to have
regulations about mesh net for each kind of

boat. -1 183 167 05 -0.67
Polluted water has caused dead shrimp. 05 14 1 -05 -1.33
The main purpose of the Integrated

Mangrove and Aquaculture Model isto help

every people to recognizetherole of the 06 0 233 0.33 217

mangrove forest.
Y ou cannot base on theyidd thisyear to -14 -1 -2 -0.33 217
predict theyield of shrimp next year.
Aquaculture has been bad for natural shrimp. -14 -2.67 -0.33 05 -0.83
The lower yield of shrimp is due to heavy -28 -15 -3.67 -0.83 -017
rain and storm.

The professional s category includes both Provincial Fisheries Officers and biologists. The inshore and
offshore government categories are the village governments and consists of both members of the People’s
Committees and their staff members who are responsible for fishing.

Figure 3.3.1 reports the results of the Q-sort factor andysis for the 18 non-fisher respondents.
Each box represents one factor. The percentage reported in each box is the percentage of the
overdl variance accounted for by the rotated factor. The percentage in parentheses in the first
factor is the percentage that that factor accounted for in the non-rotated solution (see methods
section above for an explanation of Q factor andyss). The remainder of the box describesthe
content of the factor. In other words, it reports the content of the four-sx statements with the
most extreme positive or negative scores on that factor. In the non-fisher results, (Figure
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3.3.1) each of the stakeholder groups has afactor that is closaly associated with their group,
meaning that this group’s scores on that factor are Sgnificantly different from the scores of
other groups. The red dashed lines indicate significant disagreement with the factor. The
large amount of variance explained by the non-rotated first factor (35%) especidly in
comparison with the second factor (13%) indicates that the first factor represents afairly
dominant discourse with considerably more support from stakehol ders than competing
discourses. The village leve fisheries staff, however, oppose this dominant discourse. They
are much less concerned with both fishing inshore and with catching baby shrimp inshore,
while they are much more concerned with the problem of finding solutions to shrimp
diseases.

Other points of disagreement can be discerned where positive and negative arrows connect
with the same box. For factor three the inshore villagers, in this case meaning the People's
Committee members and their fisheries staff, want more mesh Size regulations on both boats
and fishing grounds. They aso resist the idea that aloss of mangrove forest area hurts the
production of natura shrimp, in fact one respondent considered too much mangrove to be
detrimental to shrimp production and felt that mangroves and shrimp should be kept separate,
However, they dso fed strongly that the main purpose of the Integrated Mangrove and
Aquaculture Modd isto develop the mangroves, not specificaly to aguaculture. The
professonds, on the other hand, while they agree that aguaculture is not detrimenta to the
natura shrimp, are neutra about both mesh size and the role of the Integrated Mangrove and
Aquaculture Modd. On factor three both the inshore government staff, with the addition of
the offshore People s Committee members are positive while the shrimp dedlers are negative.
This stems from the first group having a much stronger negative assessment than the dedlers
of the idea that new technology undermines sugtainability while having a much more positive
as=ssment of the idea that overfishing isto blame for the drop in shrimp catches. Findly,
there is disagreement about factor five. People working in the offshore villages disagree with
the shrimp farmer. The mgor points of disagreement are that the shrimp farmer does not
believe it isimportant to have regulations about mesh net for each kind of boat, while the
offshore village government people think thet thisis important, and the differenceis
epecialy strong where the shrimp farmer strongly disagrees that the main purpose of the
Integrated Mangrove and Aquaculture Mode isto help every people to recognize the role of
the mangrove forest, while the offshore people strongly agree with this statement.
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Factor 6 10%
Devel opment focused on
aguaculture. Wants to
protect baby shrimp but
does not blame
overfishing for the drop in

Factor 1 23% (35%)
Placesblamefor fall in
production on small boats
over fishinginshore
Supports new technology
Believes shrimp diseaseis

Factor 2 15%
Don't believethat shrimp
diseaseisbeing addressed.
Concerned with both over
fishing and mangrove.
Supports new technology

being addressed shrimp
(I S |
A
[Scientists and Managers|  Jinshofe villages]  [People’s Committee members |
Village fisheries staff members | Offshore villages Shrimp Farmer |
v .
0, 0,

Fector 3 12% g ihor 4 10% ot hrimp o
Emphasison mesh size dan(TIng/v t?C r(le o Blames new technologyl for
regulations. Don't believe end polution for drop In drop in fish production. Wants

loss of mangroveforest is shrimp prO(.:luc':tlon rether mesh sizes by boaI's
related tolost natural than over fishing or the Devel opment focused on
shrimp production. weather aguaculturenot mangroves
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Figure 3.3.1: Reaults of the Q-sort Factor Analysis among NonFishers
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Reaults of the Q-sort among the 12 fishers are reported in Figure 3.3.2. This Q-sort does not
show one dominant discourse the way the non-fisher Q-sort does. The variance explained by
the first factor in the non-rotated solution is 24%, while that of the second factor isonly a
little less at 18%. Nor does this Q-sort reved as many areas of direct disagreement as the
non-fisher Q-sort does. What is interesting here is the different groups that emerged.
Ecologicd differences would lead us to expect that there would be smilarities of opinion
among the inshore and among the offshore fishers, and differences between the two groups.
The reaults of the consensus analyss would aso suggest the difference that we do find
between fishers usng smdler (and hence more different types of) gear and those using only
the large scde gear. The category of fishers with more boats is more unexpected, and it is
interesting thisindicator of wedth should correlate with factor one. Only two fishers have
more than one boat, one inshore fisher has two and one offshore fisher has four. These two
respondents agree with each other to aremarkable degree, scoring 10 of the 20 statements
exactly the same way. Finally, a correlation of .61 exists between the proportion of correct
answers in the consensus andyss and factor five. In the consensus anadlysis this variable was
associated with the use of trammel and gill nets, a group that disagrees with factor four but
which has not significant relationship to factor five. The bridge between the two isthe
number of gear, which has a strong negative correlaion with factor four and postive
correlation with factor five.
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Factor 1 20% (24%) Factor 4 14% Emphasis Factor 2 16% (18%)
Places blame for fall in on protecting baby shrimp See need for control on
production on over and spawning, blame inshore mesh sizeby ground
fishing inshore, especially push and trawl nets for loss of disggsnggrnrlje?oaszcg;t r?a%n}%ves
by trawl and push nets production, do not want 4o ot balieve over fi shi?]g iSa
and not on bad weather regulations by type of boat oroblem
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Figure 3.3.2: Reaults of the Q-sort among Fishers
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The disagreement between the inshore and offshore fishers on factor three is mainly about
two statements. The inshore fishers rate Satement six “there are fewer natural shrimp due to
loss of land with mangrove forest” much lower than did the offshore fishers, who rated the
gtatement around O, indicating disinterest. For statement eight, “Y ou cannot base on the yield
this year to predict the yield of shrimp next year”, however, the inshore fishers rated this
statement dightly negative while the offshore fishers gave it a quite high mean rating of 2.17.
The differences over the first stlatement, as discussed above, would be a function of the
proximity of inshore fishers to the mangrove forest that is being converted to shrimp farming,
proximity that would at leest lead them to identify with their neighbours who are farming and
might lead to even more direct benefits. The differences over the ability to predict yields may
possibly stem from the ocean fishers experiencing greater and more unpredictable changesin
their catch.

The disagreement between the big gear fishers and the smal gear fishers on factor threeis
mainly about statement 14 “ | think that government needs to have regulations about mesh
net for each kind of boat”. Fisherswho use only larger gear, i.e. push, trawl and bag nets,
rated this statement -1.29, dmost three steps below those who used some small gear with an
average raing of 1.5.Tramme nets are frowned upon by the government and fishers that use
them would likely prefer being assigned an appropriate mesh size to being banned all
together. The number of gears fishers used was dso positively correlated with statement 14
(.60). In addition it was correlated negatively with (-.51) with satement 20 “There are no
methods suitable for preventing shrimp disease yet”. Findly, the fishers with higher scores
from the consensus andlysis dso correlated most strongly (.57*) with statement 14 among the
Satements characterising factor five.

3.4 Biological Evaluation of the Candidate Indicators
3.4.1 Introduction

In order to identify candidate indicators of ecosystem hedth for the Dam Doi shrimp fishery,
16 open ended interviews were carried out with stakeholders from four coasta villagesin Ca
Mau (Ganh Hao, Rach Goc, Bo De and Dat Mui) and with fisheries administrators at the
village didrict and provincid levels. Thesein dept interviews resulted in alist of 45
gatements, of which 15 were common for inshore and offshore stakeholders as indicated in
the text table below.
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Statement Percent that agree
with statement
Offshore Inshore

1 Offshore shrimp species is to stay offshore their whole lives and inshore shrimp | 48 56

species live in inshore their whole lives
2 Shrimp catch composition has not changed 58 69
3 Off: Rainfall is not effective to shrimp yield when catch offshore 87

In: If shrimp livesin root of the mangrove,they will grow faster. 72
4 Only prawn in fresh water has visible eggs. 36 56
5 Theyield of shrimp has decreased every year 87 94
6 Off: All shrimp like to stay in transparent water 19

In:. If the current is stronger the bottom becomes muddier, but aweak current will

make the bottom sandier. 22
7 Shrimp will move to shallow places when they become adult 48 53
8 The yield of shrimp reduced suddenly last year 61 53
9 Off: The water temperature is gradually increasing from the coastline to offshorein | 35

the dried season

In: The water balloon can be seen from June to August 69
10 Sac shrimp stay offshore, from December to January 55 81
11 The yield of some species has increased while the yield of others has reduced. 55 47
12 Off: Normally, water temperature islow from November till January then it startsto | 87

increased to May

In: Fishing ground has been changed in rainy season from place to place due to high

water turbidity 94
13 Off: Shrimp breed in the off shore 48

In: Shrimp breed in the shallow places 60
14 Since 1986, the shrimp yield has reduced rapidly 77 81
15 A North wind means we will catch fewer shrimp 77 97
16 Off: In south wind season shrimp come to stay in deep places 77

In: Bac has eggs from May to August 72
17 Off: Gay shrimp became few but now there are many more 55

In: The gay shrimp had a high yield in the past , but it is much less at present 94
18 Turbid water has a higher yields than transparent water 61 63
19 Off: Large, adult shrimp stay in the offshore areas. 87

In: When wind from the sea brings up water, shrimp in the ponds will move to the

river 91
20 Off: The Gay shrimp became very few about 4-5 years ago. 65

In: The The shrimp became very few about 4-5 years ago. 94
21 Shrimp live in the mud bottom have low value but high yield 81 78
22 Off: Su shrimp brood stock live in shallow water. 7

In: Dat shrimp is much more in shallow water 100
23 Off: Very few sat shrimp are caught. 81

In: Very few giang shrimp are caught 68
24 Each different species will have different areas of spawning ground. 100 93
25 Off: Chi bong shrimp stay in inshore, shallow places. 68

In: Chi shrimp is caught in shallow water 28
26 Off: In the three recent years, the yield of Giang shrimp has reduced more than the | 87

others

In: In the three recent years, the yield of Gay shrimp has reduced more than the others 97
27 The salinity of seawater ishighest in August and lowest in March. 13 13
28 Off: Gay shrimp often concentrate in depth water levels whole year 94

In: Giang shrimp is caught in deep places 31
29 Off: | hardly catch Su shrimp 36

In: The natural shrimp decrease year by year 94
30 In the nature, species have ability to tolerate large exchange salinity. 97 100

The 45 statements were divided into three subgroups relating to shrimp distribution and
migration patterns (statements 1, 4, 7, 10, 13, 16, 19, 22, 25,28) habitat factors and
preferences (statements 3, 6, 9, 12, 15, 18, 21, 24, 27, 30) and abundance (statements 2, 5, 8,
11, 14, 17, 29, 23, 26, 29) respectively and used for a consensus analysis among alarger
number of stake holders.
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For each sub-group of statements the consensus andysis estimated the level of agreement
within and between the different stake holder groups.

The objective of the present anadlysisis to evauate the consistency between the perceptions of
the two stakeholder groups and the scientific (biologica) information available for each
gsatement with particular focus on the abundance statements.

For the present analys's data from various sources were made available:

1. Enumerator catch and effort data covering the period 1996-2002

2. Survey data providing catch rates and abundance estimates from 4 trawl surveys partly
covering the period 1975-2001

3. Research project data providing length distributions of shrimp species groups

4. Offidd catch datigtics and fleet information from the fishery department onthe
provincid leve.

Scientific information about shrimp distribution and migration pattern and about habitat
factors and preferences were not included in the available data. Therefore these satements
are only commented on agenerd level based on literature. A more thorough discussion of
ecologica aspects of shrimpsin the LMD is provided by Moser and Macintosh (REF).

The abundance statements are addressed through anadysis of catch satistics. In particular, the
enumerator database was applied to verify satements addressing changesin catch rates and
catch compasition.

3.4.2 Shrimp resource

The resources of shrimp in Vietnam are characterised by a high number of species (about
225) belonging to 68 genera of 21 different families. The maost important shrimp family for
the commercid fishery is Panagidae with 75 species and 3 genera.

As discussed by Moser and Macintosh (REF) the lifecycle of the penagid shrimp have severd
featuresin common. In the LMD region large juvenile and adult shrimp can be found close to
the shore or ingde theriver and tidal channels. They are generdists and feed

opportunigticaly on organisms living in the bottom sediment like bacteria, dgae, meiofauna
and smal macrofauna

Asthe nursery habitats are al found in estuarine environments the mgority of panaid shrimp
are dependant on contact with estuarine environment in order to complete their life cycle. As
the shrimp grow larger gpecimens tends to migrate further offshore.

The digtribution of panaeid shrimp might be based on environmenta factors such as
sediment, sdinity, transparency of the water etc. asfollows:

A. Estuarine group:

This group include species with larvae and fry stages adapted to sub-tide areas in estuaries or

near estuaries. According to their halophylic preferences species of this group can be divided

into sub-groups as indicated in text table 3.4.3 and below:

?? Euryhdine sub group adapted to low water trangparency and large fluctuation of sdinity.
Representatives. Metapenaeus ensis and M. monocer os.

?7? Oligohdine sub-group: adapted to estuaries with low amplitude of sdinity. At larvae and
juvenile stages these species live in or near estuaries but in their adult stages they are
adapted to areas with high and stable sdlinity. Representatives: Penaeus merguensis, P.
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indicus, P. penicillataus, P. orientalis, Parapenaeopsis hardwikii, P. sculptilis, P.
gracillima, Metapenaeus affinis, M. joyneri, M. breviscornis, M. tenuipes, M.
malaccaensis, M. buckenroadi

B. Idand and offshore group:

Whereas the juvenile stages of this group are found in or near estuaries, the adults are adapted

to offshore areas with mud or mud-sand sedimentsin bays or pools having high and stable
sdinity and high trangparency of waters. Typica for this group are: Penaeus semisulcatus, P.

monodon, P. japonicus, P. teraoi, P. plebojus, P. canaliculatus, P. longistylus, Parapenaeus

longipes, P. fissarus.

C. Rock sediments — sponge group

This group are found in regions with numerous pebbles, shells, branch coras and sponges
and stable high sdlinities and high water transparency. Of the panaeids only Panaeus
|atisul catus are included in this group.

3.4.3 Shrimp fishery

Fisheriesin Vietnam are in principle open access fisheries where only atechnical gpprova of
avess isrequired to obtain afishing licence. In the LMD region the shrimp fishery is
regulated by means of gear restrictions and technical measures. The management measures
for shrimp fishery include a ban on using push nets, closed areas and restrictions on minimum
mesh Sze in the trawls and fixed gears. However, in many Stuations the enforcement is poor
and vessals may fish without having afishing licence and illega gears (eg. push nets) are

dill in use (see Zwieten and Dang Van Thi (2002) for a thorough discussion of the fisheries
management system in Vietnam).

Themgor part of the marine shrimp catchesin Vietnam is taken by the otter trawl fleet
whereas the contributions from push netters, trammel nets and other gear types are
indgnificant on the naiond levd. In CaMau and Bac Lieu that are the focus of the present
case study about 1600 otter trawlers with engines of different capacities were licensed by the
provincesin 2002 asindicated in table 3.4.1.

Table 3.4.1: CaMau Fleets by horsepower group and year

Type HP Number of vessels
1996 1997 1998 1999 2000 2001 2002
Otter <45 600 621 636 602 298 309 591
trawl 46-74 164 184 1838 137 97 104 101
75-140 60 66 76 92 554 581 625
>140 56 75 191 468

Source: Department of Protection and Development Aquatic Resource of CaMau province,
2000.
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Bac Lieu Feets by horsepower group and year

Type HP Number of vessels
199% 1997 1993 1999 2000 2001 2002
Otter <45 194 196 162 194 138 105
trawl 46-74 108 112 100 72 72 60
75-140 45 50 53 29 29 23
>140 30 73 129 222 222 121
The officid catch gatigics are indicated in Table 3.4.2.
Table 3.4.2. Officia catch statistics by fleet, horse power group, province and year
Totd catch (tons) and catch composition (pct)
Province Product Y ear
1996 | 1997 1998 1999 2000 2001 2002
Bac Lieu Total 85.121 90.155 124,687 124.697 127.054 121.313
Fish 60.3 0.0 67.7 75.0 70.9 82.4
Shrimp 24.1 0.0 11.1 11.1 10.0 7.9
Squid 85 0.0 9.8 7.3 19.1 96
CaMau Total 30.832 45.830 50.780 56.731 56.873 65.319
Fish 80.0 77.0
Shrimp 16.5 136
Squid 35 9.4

Enumerator data

The ALMRYV database covers the period 1996 to 2002. It comprises information collected by
enumerators relaing to catch weight by commercia groups, effort (duration of trips), costs
and earnings of the most important fleets in the most important landing placesin al 28

coagtd provincesin Vietnam.

Asagenerd rule, each month the enumerators carry out 20 interviews for each fleet included
in the sampling programme but the actual number may be less due to sampling difficulties of
various natures. The interviews are made with the captains of vessalsjust having returned

from afishing trip and relate to the most recent trip only.

Before landing the catch the fishermen sort it into catch groups by genera. If certain species
in a catch group appear in sufficient numbers they are sold in separate commercia groups

obtaining a higher price. Asindicated in text Table 3.4.3 there are five different shrimp catch
groups made up by fifteen commercid groups of which eeven is species specific.

To cover the entire shrimp resource in South Vietnam data from two mgor landing places are
included in the present sudy: Ganh Hao in Bac Lieu province facing the South China Seaand
Song Doc in CaMau province facing the Gulf of Thailand.

To focus on the shrimp resource, only trips from otter trawlers having shrimp in catches are
included in the analysis. 5 otter trawler fleets are defined on basis of vessd Sze: lessthan

20HP (OT<20HP), between 20 and 45 HP (OT20-45HP), between 46 and 89 (OT46-89HP),
between 90 and 140HP (OT90-140HP) and larger than 140HP (OT>140HP).
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The indicators (catch rates of tota catch, total shrimp catch, shrimp catch groups and
commercid srimp groups and the turnover) are estimated by fleet as monthly averages. Only
estimates based on 5 samples or more are included in the present analyss.
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Text table 3.4.3. Shrimp catch groups and commercia groups of the enumerator data collection programme

Genera Catch group Commercial group Species English (FAO) South Vietnamese Termsfrom interview statements | Habitat
Panaeus White shrimp Tiger shrimp monodon Giant Tiger Prawn Tom su Su shrimp B
(Nhom tom he) semisulcatus Green tiger prawn Tom ran B
White banana prawn merguiensis Banana prawn Tom The The shrimp A
Kuruma prawn japonicus Kuruma prawn Tom He Nhat The shrimp B
White prawn indicus Indian white prawn Tom The do duoi The shrimp A
penicillataus A
orientalis A
teraoi
plebojus B
canaliculatus B
longistylus B
| atisul catus C
Metapenaeus Pink shrimp Greasyback shrimp ensis Greasyback shrimp Tom Dat (rao) Dat shrimp A
(Nhom tom chi) Jinga shrimp affinis Jinga shrimp Tom hi bong Chi bong shrimp A
Pink prawn intermetius
lysianassa Bird shrimp Tom Bac Bac shrimp
joyneri, A
monocer os A
malaccaensis A
buckenroadi A
Yellow shrimp Brevicornis brevicornis Yellow shrimp Tom bac nghe Bac nghe shrimp
tenuipes tenuipes Stork shrimp Tom bac Bac shrimp A
Parapenaeopsis Cat shrimp sculptilis sculptilis Rainbow shrimp Tom sat Sat shrimp A
(Nhom tom sat) Cat prawns cornuta Coral shrimp Tom Chi Chi shrimp
gracillima Tom Giang Giang shrimp
tenella
longipes B
fissarus B
Low value shrimp Dog shrimp hungerfordi Dog shrimp Tom Gay tre Gay tre shrimp
Spear shrimp hardwickii Spear shrimp Tom Chi Tom Chi A
Trachypenaeus Southern rough shrimp | curvirostris Southern rough shrimp ~ Tom giang da Gay da shrimp

(Nhom tom choan)

n/a

Low value shrimp
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3.4.4 Catch rates of shrimp fleet
Bac Leu

Total catch rates

Total catch rates of shrimp fleet
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Figure 3.4.1: Tota catch rates of shrimp otter trawlers are in the range of 5 to 22kg/hour
dependant on vessdl sze. Thereisno tend in total CPUE level over time but the large
trawlers had dightly higher catch rates in the second half of 1999 and in the first helf of 2000.
After 2000 the CPUE for these fleets seem to have stabilised at the same low leve they had
before.

Shrimp catch rates

Shrimp catch rates
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Figure 3.4.2

Figure 3.4.2: Shrimp catch rates are dependant on vessdl size. There are indications of
seasond variation in the shrimp catch rates. They tend to increase by the end of a calendar
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year and decrease during the first few month of the following year. This could be investigated
further by Anova andyss. After the second half of 2001 no pesksin catch rates were
observed and they have fluctuated at the normal in between pesk levels about 2kg/hour for
OT<20HP/hour and between 4 and 8kg/hour for the other fleets. This could be an indication
of recruitment fallure.

Shrimp contribution to total catch
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Figure 3.4.3

Figure 3.4.3: Measuring shrimp catch rates (Figure 3.4.2) againg tota catch rates (Figure
3.4.1) indicate that dthough the smalest vessels have the lowest catch rates they have the
highest (60-80%) proportion of shrimp in the catches. For the larger vessalsthe average
proportion of shrimp in the catches was about 50% before 1998. After 1998 the shrimp
contribution fluctuated between 25 and 40%. During the seasona peaks the proportions of
shrimp rose to about 60%.
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Figure 3.4.4

Figure 3.4.4: For dl shrimp fishing fleets the shrimp catches were by far the most important
catch group from an economic perspective dthough dl but the smdlest vessds (OT20HP)
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have encountered a decrease in the shrimp contribution to the economic value. For al fleets
the seasondity of the catch rates are reflected dearly in the shrimp vaue contributions until
end of 2000. The economic impact of the recruitment failure is reflected by the lack of
seasonal peaks since 2001.

Shrimp group catch rates

Cat Prawn
Shrimp Catch Group catch rates
16 —e— BL - Otter trawler higher
140 - Cat prawn
14 (Parapenaeopsis spp.)
—@— BL - Otter trawler 20-45 -
> 12 Cat prawn
=3 .
% 10 (Parapenaeopsis spp.)
2 “ —a— BL - Otter trawler 46-89 -
3 8 % Cat prawn
= A T (Parapenaeopsis spp.)
5 6 LS
o —— BL - Otter trawler 90-140 -
2 4 A Cat prawn
(Parapenaeopsis spp.)
2 A —=— BL - Otter trawler lower
o 20HP - Cat prawn
TN [T (Parapenaeopsis spp.)
Tk TTTETT IR T TTTT iKbb ITTTTTT IRy | TTTTT IRt 1T TTTTT: T,
1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002
Landing year and month
Figure3.4.5

Figure 3.4.5: The Cat Prawn catch rates show seasond variation with peaks about 6kg/hour
followed by periods of very low catch rates. In the period 1999 to 2000 Cat Prawn catch rates
of the larger trawlers were particular high (12- 14kg/hour) and only 1 month (November

1999) were having low catch rates. After the decline in catch rates by end of 2001 they have
remained a avery low leve throughout 2002.

Contribution of shrimp catch group to total shrimp catch
120 —a&— BL - Otter trawler lower 20HP -
Cat prawn (Parapenaeopsis
~ 100 spp.)
% L —m@— BL - Otter trawler 20-45 - Cat
o o prawn (Parapenaeopsis spp.)
o 801
E 3 M
= 1 —2#— BL - Otter trawler 46-89 - Cat
% 60 . prawn (Parapenaeopsis spp.)
= R i
S 40 ' 2 & —>— BL - Otter trawler 90-140 - Cat
= prawn (Parapenaeopsis spp.)
2 [ &
e =20 4 ) —e— BL - Otter trawler higher 140 -
] Cat prawn (Parapenaeopsis
= > i spp.)
O T
TTTTTTTT R TTTTTTRR T ITITT
1996 1997 1998 1999 2000 2001 2002
Landing year and month

Figure 3.4.6
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Figure 3.4.6: Measuring Cat Prawn catch rates (Figure 3.4.5) againg the total shrimp catch
rates (Figure 3.4.2) indicate that for dl fleets Cat Prawns are by far the most abundant in the
catches until end of 2001. During the peak seasons more than 90% of the shrimp catches
belong to the Cat Prawn catch group. Each peak season are separated by the next by afew
months with low catch rates.
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Figure 3.4.7
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Figures 3.4.7-3.4.8: The Cat Prawn catch group congsts of two commercid groups. Cat
Prawn and Parapenaeopsi s sculptitis. Figure 3.4.7 indicate that the catch rate peaks of cat
prawns indicated in Figures 3.4.5 and 3.4.6 were dmost entirely comprised of the cat prawvn
commercid group, whereas the catch rates of the more vaduable P. sculptitis were rather
constant a alevel lessthan 1kg. (It can not be ruled out that the little lower catch rates of P.
sculptitisin 1999 and 2000 (0-0.5 kg per hour) might reflect that more were sold as the cat
prawn commercia group.)
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Asindicated in Figure 3.4.7 the low Cat Prawn catch ratesin 2002 (Figure 3.4.5 and 3.4.6)
was due to low catch rates of the Cat Prawn commercia group. Since beginning of 2002
amog dl catch prawns belonged to the P. sculptitis commercid group.

(Regrettably the species composition and size distribution of the catch prawn commercid
group is not known. Asit is not possible to evauate whether the cat prawn commercid group
iscomprised of smal P. sculptitis or of amixture of other species, it is difficult to evaluate

the dynamics.)
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Figure 3.4.9: The catch rates of the Low Vaue Shrimp show clear seasond variationswith
fluctuations in counter phase with the Cat Prawns. During whole of 2002 the catch rates of

Low Vdue Shrimp remained high.
Contribution of shrimp catch group to total shrimp catch
120
= 100 1 —=—BL - Otter trawler lower 20HP -
% F I Low value shrimp
L
; 80 - —=— BL - Otter trawler 20-45 - Low
E A X value shrimp
= aX a
» X —=—BL - Otter trawler 46-89 - Low
— 60 v .
] d o value shrimp
E o { o —>—BL - Otter trawler 90-140 - Low
; 40 = value shrimp
2] ‘ = —e—BL - Otter trawler higher 140 -
&P 20 1 s = Low value shrimp
%
(0]
Landing year and month
Figure 3.4.10

50




Draft Report - Not for citation or dissemination beyond research partnership

Figure 3.4.10: Measuring Low Vaue Shrimp catch rates (Figure 3.4.9) againg tota shrimp
catch rates (Figure 3.4.2) indicates that the Low Vaue Shrimp comprise the mgjor part of the
shrimp catches in times of low Cat Prawn contributions.
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Commercial group catch rate
6
4
5
—a—BL - Otter trawler lower
4 ? z 20HP - Spear shrimp
5 —a&—BL - Otter trawler 20-45 -
2 3 Spear shrimp
s y —A—BL - Otter trawler 46-89 -
o A 4 Spear shrimp
Li M —e—BL - Otter trawler higher 140
1 - Spear shrimp
R
° e
1996 1997 | 1998
Landing year and month
Figure 3.4.13
Commercial group catch rate
14
12 —8— BL - Otter trawler lower
T 20HP - Trachypenaeus spp.
10 —&— BL - Otter trawler 20-45 -
‘g s x I Trachypenaeus spp.
= j —a—BL - Otter trawler 46-89 -
E_ 6 AI 4 Trachypenaeus spp.
2 f F T —»—BL - Otter trawler 90-140 -
1 v : < l Trachypenaeus spp.
5 »* jx \ —e—BL - Otter trawler higher 140
LT - Trachypenaeus spp.
) L) 5
0 ] T ININRIIRRININRARIN
AL TPTTTT SR T TTTTT
1996 1997 1998 1999 2000 2001 2002
Landing year and month
Figure 3.4.14
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Commercial group catch rate
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Figure 3.4.15

Figure 3.4.11-3.4.15: The commercid group compaosition of the Low Vaue Shrimp catch
group have changed consderably since 1996. In 1996 and first haf of 1997 this catch group
consgsted primarily of the commercid groups Low Vaue Shrimp (Figure 3.4.11), dog
shrimps (Figure 3.4.12) and Solenocera spp. (Figure 3.4.15). From second half of 1997 until
middle of 1999 it conssted amogt entirely of the Trachypenaeus spp commercia groups
(Figure 3.4.14). Since middle of 2000 the Trachypenaeus spp and Spear shrimp (Figure
3.4.13) commercia groups contributed the most and Dog shrimp allittle in 2002.
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Figure 3.4.16

Figure 3.4.16: Pink Prawn catch rates for the smal trawlers (OT<20HP) have remained a a
low levd (less than 0.25kg/hour) since 1997. The catch rates for the other fleets have
declined from alevd fluctuating around 1kg/hour in 1998 to a new catch rate level between O
and 0.5kg/hour by end of 2000.
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Contribution of shrimp catch group to total shrimp catch
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Figure 3.4.17

Figure 3.4.17: Measuring Pink Prawn catch rates (Figure 3.4.16) againgt totd shrimp catch
rates (Figure 3.4.2) dso demongtrate the declining catch rates. For al fleets the proportion of
Pink Prawn declined from aleve about 10-20% in 1997 to about 5-10% in 2000. After 2000

the proportion of Pink Prawn remained & the lower levd.
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Commercial group catch rate
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Figure 3.4.19
Commercial group catch rate
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Figure 3.4.20

Figure 3.4.18-3.4.20: The Pink Prawn catches were comprised dmogt entirely by the pink
prawn commercia group from end of 1997 to middle of 2000 (Figure 3.4.18). Before and
after this period they were dmost entirdly comprised by the Greasy Back commercia group
(Figure 3.4.20).

Thereis no price difference between the Pink Prawn and the Greasy Back commercia groups
and therefore no obvious incentive to sort out.
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White Prawvn
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Figure 3.4.21

Figure 3.4.21: The catch rates of White Prawn decreased from 1997 to 1999 from alevel
around 0.05kg/hour to less than the half. There was a minor increase in catch rates in 2001
but again in 2002 the catch rates were at avery low levd.
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Figure 3.4.22

Figure 3.4.22: In generd the White Prawn catches comprise less than 1% of the tota shrimp
catches but occasionally smdl trawlers had catches with up to 4%.
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Commercial group catch rate
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Figure 3.4.23
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Figure 3.4.24
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Commercial group catch rate
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Figure 3.4.25
Commercial group catch rate
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Figure 3.4.26

Figure 3.4.23-3.4.26: The White Prawn catch group consisted in 1996 and 1997 primarily of

the White Banana Austraian Prawn commercid group (Figure 3.4.25). Since beginning of
1998 most White Prawn were sold as the White Prawn commercia group.

The Tiger Shrimp commercia group mostly comprised between 0 and 20% of the White
shrimp catches (Figure 3.4.24). Only for afew months in 1998 the catch rates of Tiger
Shrimp were much higher.

There is no price difference between the White Shrimp commercid groups.
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Ydlow Shrimp
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Figure 3.4.27

Figure 3.4.27: The average catch rates of Y dlow Shrimp declined from about 0.6kg/hour in
1997 to about 0.2 by end of 1999. Since 2000 the catch rates fluctuated between 0 and
0.4kg/hour.
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Figure 3.4.28

Figure 3.4.28: The Ydlow Shrimp have dmost entirely disgppeared from the catches of the
large trawlers and their proportions in the shrimp catches of OT20-45HP fleet have declined
from about 10 to 5%. Only the small trawlers seem to have maintained a high caich level of
Yelow Shrimp (about 10%) with occasiond peaks at 30%.
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Commercial group catch rate
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Figure 3.4.29
Commercial group catch rate
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Figure 3.4.30

Figure 3.4.29-3.4.30: The Ydlow Shrimp catches are comprised dmost entirdly by the M.
tenuipes (Figure 3.4.30). Therefore, the decline in this commercid group, from about 0.5 kg

per hour in 1997 to about 0.2 kg per hour in 2000, was observed directly in the yellow shrimp

catches. Catches of M. brevicornis have been reported by the enumeratorsin only afew
months (Figure 3.4.29).

No price differences between the ydlow shrimp commercia groups.
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Figure 3.4.31

Figure 3.4.31: Thetota catch rates of al the shrimp fleetsin CM have been rather constant
snce 1997. The CPUE of the two small trawler fleets (OT20-45HP and OT46-89HP)
fluctuated between 10 and 20kg/hour. Catch rates of OT90-140HP and OT>140HP fluctuated
mostly between 20 and 30 kg/hour but were sometimes as high as 40kg/hour for the
OT>140HP. There are few dataonly for the OT<20HP flet but they al indicate total catch
rates below 5kg/hour.
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Figure 3.4.32: The CPUE of shrimp have been rather congtant since 1997 for al fleets. The
catch rates fluctuated between 4 and 10K g/hour with some peeks about 14kg/hour for the
larger trawlers.

61



Draft Report - Not for citation or dissemination beyond research partnership

The sgns of seasond variability are less clear than in BL, however by the turn of yeer in
1997/1998 and 1999/2000 increased rates are indicated.
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Figure 3.4.33

Figure 3.4.33: From 1997 to middle of 1998 the shrimp contribution to total catches
increased from 20 to 40% for the large trawlers. During the same period the contribution of
the remaining fleets fluctuated around 45 percent. By middle of 1999 the large fluctuations
decreased and the proportion of shrimp remained between 30 and 50% until second half of
2000. In second haf of 2000 and until end of 2001 an increase of the average shrimp
contribution to dmaost 50% for HP 20-45 and HP 46-89 was observed. In this period the
vaiability for the large trawlers increased sgnificantly. In some month the shrimp

contribution was a the same average level asfor the other fleets but in other months it was as
low as 15%. In 2002 there was a gradua decrease in shrimp contribution to less than 30
percent for the only two fleets with data.
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Figure 3.4.34
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Figure 3.4.34: From 1998 to end of 2000 the economic contribution of the shrimp catchesto
the total catch value have fluctuated between 70 and 90%. By end of 2000 the shrimp value
contribution for the larger trawlers were often as low as 60%. During 2002 many vessals |eft
the shrimp fishery and the enumerators collect data from OT20-45HP and OT46-89HP only.
For these fleets the shrimp vaue contribution declined to alevel between 50 and 50%.
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Figure 3.4.35: The Cat Prawn catch rates have been insgnificant except during the period
from middle of 1999 to middle of 2000 when they suddenly rose from virtualy nothing to
more than 10kg per hour. Apparently, after this peak they disgppeared entirely from the
catches again.
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Figure 3.4.36
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Figure 3.4.36: During the 1999/2000 peak period amost the entire shrimp catch was
comprised by the Cat Prawns.
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Figure 3.4.37
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Figure 3.4.38

Figure 3.4.37-3.4.38: The cat prawn catches taken during the peak in 1999 and 2000 were
amog dl sold asthe Cat Prawn commercia group (Figure 3.4.37). The enumerator data
indicate that the catch rates of the commercia group Parapenaeopsis sculptitis (Figure
3.4.38) have dways remained low (less than 0.1kg per hour except afew observationsin
1997).
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Shrimp Catch Group catch rates
16
14 3
p —e&— CM - Otter trawler higher

12 L 3 140 - Low value shrimp
= \ —&@=— CM - Otter trawler 20-45 -
= 10 Low value shrimp
7]
= g h. @R —=aA— CM - Otter trawler 46-89 -
3 4 Low value shrimp
= [
= 6 e —>¢— CM - Otter trawler 90-140 -
= Low value shrimp
> a
= 4 - = CM - Otter trawler lower

l 20HP - Low value shrimp
2 -
§0
o TILT TILELT1 T LI L L L L L CE DT L TILEL LI ITTT]
AT T TTETT TRk T T T T HRETTHTT
1996 1997 1998 1999 2000 2001 2002
Landing year and month

Figure 3.4.39

Figure 3.4.39: The catch rates of the Low Vdue Shrimp fluctuated mostly between 2 and
8kg/hour for al fleets except the HP<20 having catch rates dways below 2kg/hour. The
larger vessals had peak catch rates as high as 14kg/hour for 1 or two months by theend or in
the beginning of a cdendar year. During second haf of 1999 and firgt half of 2000 the Low
Vaue Shrimp catch group was dmost entirely absent from the catches.
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Figure 3.4.40

Figure 3.4.40: Since 1997 the Low Vaue Shrimp contribution to total shrimp catches has
been in counter phase with the Cat Prawn contribution. The Low Vaue Shrimp comprised
between 80 and 90% of total shrimp catches except during the period from mid 1999 to mid
2000 where Cat Prawns dominated the catches.
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Commercial group catch rate
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Commercial group catch rate
14
12 4
\ —&— CM - Otter trawler 20-45 -
10 Spear shrimp
3 l —A— CM - Otter trawler 46-89 -
2 8 Spear shrimp
L 6 1 P A(A —>¢— CM - Otter trawler 90-140 -
g2 ‘ a Spear shrimp
4 R —o— CM - Otter trawler higher
140 - Spear shrimp
2
O T L e O LT L
TTITECTIRHRAGTTTT TR TETTTT IR TET TS
1996 1997 1998 1999 2002
Landing year and month
Figure 3.4.43
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Figure 3.4.44
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Commercial group catch rate
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Figure 3.4.41-3.4.45: The commercid group composition of the Low Vaue Shrimp has
changed consderably from 1996 to 2002. Until middle of 1997 the Low Vaue Shrimp
commercia group was the only one. From end of 1997 to middle of 1999 the Trachypenaeus
commercid group was dominant athough with some Solenocera and alittle dog shrimp
present. From middle of 2000 amost al Low Vaue shrimp belonged to the Tracheypenaeus
commercid group.
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Figure 3.4.46

Figure 3.4.46: The average Pink Prawn catch rates increased from about 0.5kg/hour in 1997
(fluctuations between 0.25 to 1.25kg/hour) to 1.5kg/hour by end of 1999 (fluctuations from
0.25 to 3kg/hour). After 2000 the average catch rates have declined gradudly to 0.5kg/hour.
From 1998 to 2000 short periods of very high catch rates were observed. After 2001 no peaks
in catch rates are observed.
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Contribution of shrimp catch group to total shrimp catch
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Figure 3.4.47

Figure 3.4.47: Pink Prawn contribution to total catches has decreased to about 10% in 2002.
During periods with high catch ratesin 1998 and 1999 this catch group comprised up to 50%
of thetotad shrimp catches. In 2000 fluctuations between 10 and 30% were common.
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Figure 3.4.48
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Commercial group catch rate

Landing year and month
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Figure 3.4.49
Commercial group catch rate
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Figure 3.4.50

Figure 3.4.48-3.4.50: Before 1998 most of the Pink Prawn belonged to the Greasy Back

commercia group having a catch rate between 1 and 1.5kg per hour. From 1998 to middle of

2000 the catch rates of pink prawn increased to about 2 kg per hour and they were sold as
Fink Prawn commercia group (Figure 3.4.48). After middle of 2000 the catch rates
fluctuated between 0.5 and 1kg per hour and al belonged to the Greasy Back commercia

group.

There are no price differences between the Pink Prawn commercia groups.
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White Shrimp
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Figure 3.4.51

Figure 3.4.51: The average catch rates of the White Shrimp have decreased from about
0.1kg/hour in 1997 to less than 0.025 in 2002. Before 1998 the catch rates fluctuated between
0 and 0.2kg/hour but after 1999 the high peaks are absent.

Contribution of shrimp catch group to total shrimp catch
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Figure 3.4.52

Figure 3.4.52: The contribution of White Prawns to the total shrimp catch rate has decreased
from alevel between 1 and 2% in 1998 and 1999 to less than 1% from 2000. In 2002 white
shrimp was dmost absent from the catches.
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Commercial group catch rate
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Figure 3.4.53
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Figure 3.4.54

72




Draft Report - Not for citation or dissemination beyond research partnership

Commercial group catch rate
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Figure 3.4.55
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Figure 3.4.56

Figure 3.4.53-3.4.56: Until end of 1997 the White Banana commercia group dominated the
White Shrimp catches for al fleets (Figure 3.4.55). From 1998 until mid 2000 the White
Shrimps were primarily sold as White Prawvn commercid group. During this period the catch
rates decreased from about 0.08 to virtualy Okg per hour. From mid 2000 Kuruma Prawn
was the dominant commercia group with catch rates about 0.02kg/hour. The catch rates of
Tiger shrimp has dways fluctuated at avery low level (between 0 and 0.005 kg/hour apart
from afew observations).
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Ydlow Shrimp
Shrimp Catch Group catch rates
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Figure 3.4.57

Figure 3.4.57: Ydlow Shrimp catch rates have been low (less than 0.1kg/hour) from 1996
through 2000 except short periods by the turn of the years where they have been up to
0.5kg/hour. Y dlow Shrimp have been absent from the landings since beginning of 2001.

Contribution of shrimp catch group to total shrimp catch
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Figure 3.4.58

Figure 3.4.58: The contribution of Yelow Shrimp to totd catches has been a avery low
levd (few percent) throughout the entire period except during the short periods of peaks.
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Commercial group catch rate
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Figure 3.4.59
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Figure 3.4.60

Figure 3.4.59-3.4.60: Metapenaeus tenuipes was the only commercid group in the Yelow
Shrimp catch group (Figure 3.4.60) except by the turn of year 1998/1999 when M.
brevicorniswas present in afew catches (Figure 3.4.59).

3.4.5 Scientific trawl Survey

A scientific trawl survey programme covering the depth zones from 20-200 min the SE and
SW offshore areas was initiated in 2000 with support from ALMRYV 1. Within this
programme, two surveys (one in each monsoon season) with 48 fixed gationsin SE and 16 in
SW areas were carried out in 2000. In 2002 one survey was carried out during the SW
monsoon season and in 2003 there was one during the NE monsoon season. |n addition to the
offshore surveys, 4 shrimp surveys covering the shalow waters of Ca Mau peninsular were
conducted in the period 2001-2002.

The objectives of the surveys were to provide data for the fishery ecosystem and resources
profiles for the management area through the indicators as below:
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?7? Species compodgition for biodiversity index by area and depth strata

?7? Caich rates for sngle species and multi species complex by area, depth strata
?7? Catch rates by ecologica groups

?? Didlribution of catch rates over the surveyed area

?7? Dengty, biomass and production for single species and multi species complex
?? Length frequency data for selected species

?7? Length a mature for selected species

Area | Period CPUE | CV Density Species composition (pct)
ka/h (%) | kg/kn? [ Penaeus | Metapenaeus | Parapenaeopsis | Metaphenaeopis
(white) | (pink) (cat)
SW | 1975-85 823 168 345 38.0 20 255
1993-95 6.45 131 7.0 10.2 122 70.7
2001 448 76.6 119 05 10.9 25.0 63.6
SE 2001 273 894 63 0 6.1 10.6 834

Research project data

To support the enumerator data collection programme, a research project was initiated with
the objective to evauae the species compostion and length frequencies of the commercia
shrimp groups with mixed species.

Length distributions
Bac Leu
Only trawl data are available from Bac Leu.

Length distribution
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Figure 3.4.61

Figure 3.4.61: The only length digtribution available from Bac Leu is Metgpenaeus afinis,
January 1998. The maes have amodd length a 27mm and the femaes a 30mm.
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CaMau

Data from both Otter trawl (Figure 3.4.62-3.4.87) and push net (Figure 3.4.88-3.4.92) catches
areavalable.

Otter trawl
Cat shrimps.
Length distribution
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Figure 3.4.62

Figure 3.4.62: Only one sample from January 1997 is available. The Moda length for
Pargpenaeopsis sculptitis is about 34mm for male and 47mm for female.

Pink Shrimp:

Length distribution
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Figure 3.4.63
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Length distribution
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Figure 3.4.64
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Figure 3.4.65

78



Draft Report - Not for citation or dissemination beyond research partnership

Length distribution
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Figure 3.4.66
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Figure 3.4.63-3.4.67: The average Sze for mae Metapenaeus ensis is Sgnificantly smdler
than for femaes. In average Metapenaeus ensis (data from males only) seem to belarger in
middle of caendar year than in beginning and end of cdendar year.
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2000

Length distribution
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Figure 3.4.68
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Figure 3.4.69
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Length distribution
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Figure 3.4.70
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Figure 3.4.71
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Length distribution
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Figure 3.4.73
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Length distribution
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Figure 3.4.75
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Length distribution
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Figure 3.4.76
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Length distribution
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Figure 3.4.68-3.4.79: The average Sze for mae Metapenaeus affinis is sgnificantly smdler
that for females. In average Metapenaeus affinis maes and femdes are larger in middle of
cdendar year than in beginning and end of calendar year. From Figure 3.4.74 and 3.4.76 it

gppears that the average size of Metapenaeus affinis is dependant on vessd size, being larger

in catches of the larger trawlers.
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White shrimp:

Length distribution
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Length distribution
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Length distribution
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Figure 3.4.80-3.4.87: Often the samples of Penaeus merguensis are o amdl that it is difficult
to recognize the sze digtributions. Femaes tend to be larger than males.

Push net data
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Figure 3.4.88-3.4.89: The average Sizes of Metapenaeus affinis in the push net catches from
June 1997 and July 1998 are sgnificantly smaler than in the trawl catches from June and
July 1997.
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Figure 3.4.90: The average 9ze of Metapenaeus ensis from push net catches June 1997 is
ggnificantly smdler than in the trawl catches June 1998.
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Length distribution
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Figure 3.4.92

Figure 3.4.91-3.4.92 indicate that 9ze didribution for the Penaeus merguensis taken in the
push net fishery is more wide than the Sze digtribution in the trawl fishery. The push net
catches seem to include the same size groups (larger than 20mm) as the trawl catches (Figure
3.4.83-3.4.84) but in addition include much smdler shrimp down to 8mm.

3.4.6 Synthesis

The text tables below indicate the statements within the three groups reating to distribution
and migration, habitat factors and preference, and abundance. For each statement is indicated
the percentage agreement expressed by the offshore and inshore fishermen and a verifier
indicating weether the statement is supported by the available data or not. As the enumerator
data and the officid catch gatigtics do not include detailed information about catch location

or water depth a the fishing grounds distribution and migration statements and the habitat
related statements could be addressed by the literature review only. For a more thorough
anadysis of these satementsis referred to Moser and Macintosh (REF).
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Text table 3.4.4: Distribution and migration statements
Statement verifiers Yes agreement; No: disagreement; n/a information not available. Itaic
Satement verifier indicates agreement with stakeholder group

Stakeholder and data agreament
Statements Offshore | Inshore | Data
% %
1 Offshore shrimp speciesisto stay offshore their whole lives and inshore shrimp | 48 56 No
species live in inshore their whole lives
4 Only prawn in fresh water has visible eggs. 36 56 n/a
7 Shrimp will move to shallow places when they become adult 48 53 No
10 Sa” shrimp stay offshore, from December to January 55 81 n/a
13 Off: Shrimp breed in the off shore 48 Yes
In: Shrimp breed in the shallow places 60 No
16 Off: In south wind season shrimp come to stay in deep places 77 n/a
In: Bac? has eggs from May to August 72 n/a
19 Off: Large, adult shrimp stay in the offshore areas. 87 Yes
In: When wind from the sea brings up water, shrimp in the ponds will move to the
river 91 n/a
22 Off: Su® shrimp brood stock live in shallow water. 7 No
In: Dat* shrimp is much more in shallow water 100 Yes
25 Off: Chi bong” shrimp stay in inshore, shallow places. 68 Yes
In: Chi® shrimp is caught in shallow water 28 Yes
28 Off: Gay” shrimp often concentrate in depth water levels whole year 94 n/a
In: Giand® shrimp is caught in deep places 31 No

"Parapenaeopsis sculptilis

’Metapenaeus tenuipes, M. brevicornis, M. lysianassa
®Panaeus monodon

“Metapenaeus ensis

*Metapenaeus affinis

® Parapenaeopsis cornuta, P. hardwickii
"Metapenaeus hungerfordi, Trachypenaus curvirostris
8parapenaeopsis gracillima

Regarding:
Statements 1, 7, 13: Thereisahigh leve of disagreement within each stakeholder group
about the shrimp lifecycle. According to the literature, shrimp nursery areas are mostly
found in estuarine environments. As the shrimp grow larger specimens tend to migrate
offshore. Breeding takes place offshore and the offshore larva devel opment takes about
three weeks.

Statements 19 offshore, 22 offshore: There is a high agreement within the offshore
stakeholder group that large adult shrimp stay in the offshore areas (19 offshore). Thisis
consgtent with the high agreement that the Su (Paneus monodon) brood stock shrimp
does not livein shalow waters (22 offshore). In both cases the perception of the offshore
stakeholder is supported by the literature.

Statement 22 inshore: The inshore stakeholder group agree entirely that the Dat shrimp
(Metapenaeus ensis) is most abundant in shdlow waters. According to literature the Dat
shrimp are adapted to sub-tide areasin estuaries or near estuaries. Thisis supportive of
the inshore stakehol der perception.

Statement 25 offshore: The mgjority of the offshore stakeholder group agree that the Chi
bong shrimp (Metapenaeus affinis) stay in inshore shalow places. According to literature
the Chi bong shrimp are adapted to sub-tide areas in estuaries or near estuaries. Thisis
supportive of the inshore stakeholder perception.

Statement 25 inshore: The mgority of the inshore stakeholder group are in disagreement
with the statement that Chi shrimp (Parapenaeopsis cornuta, P. hardwickii) iscaught in
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shdlow waters. Supportive of the statement and in disagreement with the inshore
fishermen, the literature on shrimp life history indicates that the Chi shrimp are adapted to
sub-tide areas in estuaries or near estuaries.

Statement 28 inshore: The mgority of the inshore fishermen are in disagreement with the
gatement that Giang shrimp (Parapenaeopsis gracillima) is caught in deep places.
According to the literature the adult Giang shrimp are adapted estuaries with high and
gable sdlinities. Assuming that estuaries are not consdered deep places the statement is
in disagreement with the literature.

Text table 3.4.5: Habitat factorsand preference statement
Statement verifiers Yes agreement; No: disagreement; n/a: information not available. (Itaic
Satement verifier indicates agreement with stakeholder group)

Stakeholder and data agreement
Statements Offshore | Inshore | Data
% %
3 Off: Rainfall is not effective to shrimp yield when catch offshore 87 n/a
In: If shrimp livesin root of the mangrove, they will grow faster. 72 Yes
6 Off: All shrimp like to stay in transparent water 19 No
In:. If the current is stronger the bottom becomes muddier, but awesk current will make the bottom sandier. 22 n/a
9 Off: The water temperature is gradually increasing from the coastline to offshore in the dried season | 35 n/a
In: The water balloon can be seen from June to August 69 n/a
12 Off: Normally, water temperature is low from November till January then it startsto increased to May | 87 n/a
In: Fishing ground has been changed in rainy season from place to place due to high water turbidity 94 n/a
15 A North wind means we will catch fewer shrimp 77 97 n/a
18 Turbid water has a higher yields than transparent water 61 63 n/a
21 Shrimp live in the mud bottom have low value but high yield 81 78 Yes/No
24 Each different species will have different areas of spawning ground. 100 93 n/a
27 The salinity of seawater ishighest in August and lowest in March. 13 13 n/a
30 In the nature, species have ability to tolerate large exchange salinity. 97 100 Yes/No
Regarding

Statement 3 inshore: The mgority of the inshore fishermen agree that if shrimp livein the
roots of the mangrove they will grow faster. According to literature most shrimp are
dependent on mangrove nursery aress. Thisis supportive of the inshore fishermen
perception.

Statement 6 offshore: The offshore fishermen do not agree thet al shrimp liketo stay in

trangparent water. Also the literature is not supportive of this statement as e.g. species of
the euryhdine sub group of the estuarine group are adapted to low water transparency.

Statement 21: Both offshore and inshore fishermen agree that syimp living in mud

bottom have low vaue and high yied. However, this statement is only partly supported

by the literature. The adult specimens of the idand and offshore group are adapted to

areas with mud or mud-sand sediments. This group comprise high value species as

Penaeus monodon and P. japonicus aswell aslow vaue species as Parapenaeus longipes
and P. fissarus.

Statement 30: Both offshore and inshore stakeholder groups agree that shrimp species
have dbility to tolerate large fluctuations in salinity. However, this satement is only

partly supported by the literature. Some species belonging to the estuarine group (like
Penaeus merguensis, P. indicus, Parapenaeopsis hardwikii and Metapenaeus &finis of

94




Draft Report - Not for citation or dissemination beyond research partnership

the oligohdine sub-group) are adapted to stable sdinity, whereas other species (like
Metapenaeus ensis and M. monocer os of the euryhaline sub group) are adapted to large
fluctuations of dinity.

Text table 3.4.6: Abundance statements
Statement verifiers Yes agreement; No: disagreement; n/a; information not available. (Italic
dtatement verifier indicates agreement with stakeholder group)

Stakeholder and data agreement
Statements Offshore | Inshore Data
% % BL CM
2 Shrimp catch composition has not changed 58 69 No No
5 The yield of shrimp has decreased every year 87 94 No No
8 Theyield of shrimp reduced suddenly last year (2001) 61 53 (Yes) | (Yes)
11 The yield of some species has increased while the yield of others has reduced. 55 a7 No No
14 Since 1986, the shrimp yield has reduced rapidly 77 81 (Yes) | (Yes)
17 Off: Gay™ shrimp became few but now there are many more 55 Yes No
In: The gay® shrimp had a high yield in the past , but it is much less at present 94 Yes Yes
20 Off: The Gal%/l shrimp became very few about 4-5 years ago. 65 Yes Yes
In: The The® shrimp became very few about 4-5 years ago. 94 Yes Yes
23 Off: Very few sat® shrimp are caught. 81 Yes Yes
In: Very few giang® shrimp are caught 68 n/a n/a
26 Off: In the three recent years, the yield of Giang® shrimp has reduced morethaenthecthers | 87 n/a n/a
In: In the three recent years, the yield of Gayshrimp has reduced more than the others 97 (No) | (No)
29 Off: | hardly catch Su® shrimp 36 Yes | Yes
In: The natural shrimp decrease year by year 94 Yes Yes

“Metapenaeus hungerfordi, Trachypenaus curvirostris
2panaus merguienesis, P. japonicus, P. indicus
3Parapenaeopsis sculptilis

“Parapenaeopsis gracillima

®Panaeus monodon

Regarding

Statement 2: it is the perception of the mgority of both offshore and inshore fishermen that
the catch composition has not changed. Although this may be true with regard to what species
are caught the enumerator dataindicates that there has been sgnificant changesin catch

ratios of various commercia groups. As an example, both the catch rates (Figure 3.4.21 and
3.4.51) and the contribution to total shrimp catch (Figure 3.4.22 and 3.4.52) of the high value
white prawns have decreased in both BL and CM during the last five or Six years. In BL dso
the catch rates (Figure 3.4.16) and the contribution to total catch (Figure 3.4.17) of pink
prawn has decreased since 1997. Apparently, a number of good pink prawn year classes
assured high catch ratesin CM a couple of years longer than in BL (Figure 3.4.46). However,
asoin CM the pink prawn catch rates decreased after 1999 to alevel smilar to the one
before 1997. Since 1999 the contribution of pink prawn to the total shrimp catches has
decreased from about 40% to about 10%.

Statement 5: There is a high agreement among both the offshore and the inshore fishermen
that the yield of shrimp has decreased every year. This perception is not supported by the
enumerator data. Both in BL (Figure 3.4.2) and CM (Figure 3.4.32) the catches have
fluctuated around a more or less stable level since beginning of 2001 in the absence of strong
recruiting year classes. However the enumerator data does support the perception that there
was a downward shift in the average catch rate level in BL around 2001. Before 2001 the
dhrimp fishery was characterised by large fluctuationsin catch rates mogt likely driven
recruitment of strong year classes. At that time the average caich rate was about 8kg/hour
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with annua pesks as high as 12 and 14kg/hour. After 2001 the catch rate pesks have
disappeared and the average catch rate about 20% less than before.

Statement 8: A little more that half of both the offshore and inshore fishermen agreed
(somehow conflicting with the agreement in statement 5) that the yield of shrimp suddenly
decreased in 2001. For both BL and CM the enumerator data indicate that the catch rates
were below average in beginning of 2001. In particular for BL there are indications that the
lack of strong year classesin 2001 and 2002 resulted in catch rates that are maintained at the
low level. Apparently, the catch ratesin Ca Mau were in 2002 back at the same leve as
observed before the decrease in beginning of 2001. However, according to additiona
information from the enumerators many vessas left the shrimp fishery during 2001 due to
unprofitability. Therefore, the increase in catch rate might not necessarily be aresult of an
improving shrimp stock.

Statement 11: There is virtualy no agreement in any of the stakeholder groups to wesether it is
true or not that the yied of some species has increased while the yield of others has reduced.
The enumerator data indicates that the catch rates of some species have had a declining trend
but there are no indications of increased long term trends in catch rates for any species.

Statement 14: There is agood agreement within both stakeholder groups that the shrimp yield
has declined rapidly since 1986. The enumerator data time series goes back to 1996 only but
the survey dataindicate a much higher shrimp catch rates and density in the period 1975-85
than at present. However, if a50% decrease in catch rates taking place over 15 years can be
characterised as arapid decrease for short lived species astropicd shrimpsis a matter of
definition.

Statement 17 offshore: There is a high disagreement in the offshore stakeholder group to
weether the Gay shrimp (Metapenaeus hungerfordi, Trachypenaeus curvirostris) has
recovered after having been depleted or not. Supportive of the statement, the enumerator data
from BL (Figure 3.4.12 and 3.4.14) indicate that the dog shrimp in 2002 regppeared in the
catches after having been absent since 1998. Also, the Southern rough shrimp regppeared in
the catches after having been absent snce mid 1999 (gpart from afew catches around the turn
of the year 2000/2001). In Ca Mau the dog shrimp disappeared in beginning of 2000 not to
reappear (Figure 3.4.42) and the catch rates of the Southern Rough Shrimp has decreased
from around 6kg/hour in 1998 to amost nothing in 2002 (Figure 3.4.44). These observations
are not supportive of the statement.

Statement 17 inshore: The inshore fishermen agree dmogt entirdy that the Gay shrimp
(Metapenaeus hungerfordi, Trachypenaeus curvirostris) has declined. Following the
argumentation for satement 17 offshore, the enumerator data support this perception.

Statement 20 offshore: A little more than haf of the offshore fishermen agree that the Gay

shrimp (Metapenaeus hungerfordi, Trachypenaeus curvirostris) became few about 4-5 years
a00. The enumerator data goes back to 1996 only and does not give any indication of the

catch rates prior this year. Therefore, gpart from the points made under statement 17, this data
provides no information supporting or rejecting that a sudden reduction in catches of these
shrimp species took place 4-5 years ago.

Statement 20 inshore: The inshore fishermen agree dmogt entirdly that the The shrimp
(Panaus merguienesis, P. japonicus, P. indicus) became very few about 4-5 years ago (1997-
1998). The enumerator data goes back to 1996 only and does not give any indication of the
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catch rates prior this year. Therefore, this data provides no information supporting or

rejecting that a sudden reduction in catches of The shrimp took place 4-5 years ago.

However, the enumerator data from both BL and CM does indicate that the Banana prawn
commercia group has not occurred since the end of 1999 (Figures 3.4.25 and 3.4.55) and that
landings of Kuruma prawn only occurred in the landings during afew month by the turn of

the year 2000 to 2001 (Figure 3.4.26 and 3.4.56).

Statement 23 offshore: There is ahigh leve of agreement among the offshore fishermen that
very few sat shrimp (Parapenaeopsis sculptilis) are caught. The enumerator dataindicate that
in BL the catch rate of sat shrimp have fluctuated between 0 and 1kg/hour since 1997. In CM
the sat shrimp has not gppeared as a separate commercia group since middle of 2000 and
before that the catch rates were fluctuating between 0 and 0.1kg/hour. In bout areas the catch
datigtics is supportive of the statement and in agreement with the stakeholders.

Statement 26 inshore: The inshore fishermen agree dmost entirely that the yield of Gay

shrimp (Metapenaeus hungerfordi, Trachypenaeus curvirostris) has decreased more than the
others during the recent 3 years (1999-2001). As discussed under statement 17 in BL the dog
shrimp was absent in the catches from 1998 to 2001 (Figure 3.4.12) and the Southern Rough
shrimp amost absent from 1999 to end of 2001 (Figure 3.4.14). However they both

regppeared in 2002. In CaMau the dog shrimp has been absent since middle of 2000 and the
Southern Rough shrimp that had catch rates at Skg/hour in beginning of 2001 is now very

rare as a separate commercia group. However, taking into consideration that other

commercia groups have disappeared a0 it would not be fare to state that the yied have
reduced more than (all) others.

Statement 29: The offshore fishermen do not agree that they hardly catch Su shrimp (Panaeus
monodon). The enumerator dataindicate that in both Bac Leu and Ca Mau the catch rates of
Tiger shrimp were high in 1998 (0.03kg/hour) but has been fluctuating between 0 and 0.01
gnce 1999 (Figure 3.4.24). Asthese catch rates can not be said to be high the enumerator
datais not supportive of the perception of the fishermen.

Statement 29 inshore: The inshore fishermen agree that the naturd shrimp (abundance?)
decrease year by year. This perception is supported by the scientific surveysindicating a
decline in density from 168kg/kn in the period 1975-85 to |ess than 100kg/kn in 2001.
3.4.7 Discussion

The enumerator database comprises detailed information about the performance of the fishing
fleetsin Vietnam and could prove a vauable tool in establishing time series of fisheries
indicators supporting fisheries management.

The enumerator data indicate that despite a reduction in catch rates, the shrimp is till the
maost important resource for the trawl fleetsin South Vietnam.

There seem to be two mgjor differences with regard to the shrimp catch ratesin the two areas
evaduated. The data from Bac Leu (Figure 3.4.3) indicate that in the South China Seathe
shrimp contribution to the total catches declined from about 50% in 1997 to about 30% from
1998 onwards. Only the smallest vessels (OT<20HP) with very low totd catch rates (less that
5kg/hour) have maintained a high shrimp proportion (between 60 and 80%). The datafrom
CaMau (Figure 3.4.33) indicate that in the Gulf of Thailand the shrimp contribution to the
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total catches was about 40% until end of 2001. During 2002 a 10- 15% decline was observed
for both fleets with data

Not only did the decline in average shrimp contribution to total catch occur four years later in
CaMau than in Bac Lieu but in CaMau often the larger trawlers (OT>140HP) have avery
low proportion of shrimp indicating shifting target species or that, occasondly, large amount
of low vaue fish were taken as by-caiches. Thisis supported by additional information (not
included in the database) from the enumerators in Ca Mau indicating that severd of the larger
vesdsformerly targeting shrimp have changed gear and target speciesin 2002.

Although the contributions of shrimp vaue to the total catch vaues reflect the declining catch
rates of shrimp this group il includes the most important species from an economic
perspective in both Bac Leu and Ca Mau. For dl trawlers but the smallest in Bac Leu, the
shrimp contribution to tota catch vaue declined from alevd fluctuating between 75 and
90% in 1997 to the present leve fluctuating between 60 and 75% (Figure 3.4.4). The shrimp
contribution to total catch vaue of the OT<20HP fleet has remained above 80% throughout
the whole period. In Ca Mau the shrimp vaue contribution to the totd catch vaue fluctuated
around 80% for dl fleets until middle of 2000 (Figure 3.4.34). After 2000 the shrimp vaue
contribution for the large trawlers often dropped down to 60% wheress it increased to more
than 80% for the other fleets. From middie of 2001 the shrimp vaue contribution have
declined to the present level around 60%

From beginning of 1998 until beginning of 2002 cat prawn was the most important shrimp
catch group in Bac Leu. In this period the cat prawn contributed between 80 and 90% of the
total shrimp catches interrupted only by shorter (few months) periods with very low catch
rates. Apparently, before 1998 and again in 2002 the cat prawn contributed about 20-40% to
total shrimp catches only. In Ca Mau the picture is quite different. Here the contribution of

cat prawn has been very low except from may 1999 to August 2000 when they contributed
between 60 and 100% of the total shrimp catches.

In both Bac Leu and Ca Mau the cat prawn contribution seem to have fluctuated in counter
phase with the Low Vaue Shrimp contributions. Consequently in Bac Leuthe LVS are
abundant in the catches only in the few month with low cat prawn contribution and in Ca
Mau LV'S are abundant in al months but the few when the cat prawn were abundant. It is
suggested that the relationship between the cat prawn commercia group and the LV S group
should be investigated in more detall by interviews of enumerators and fishermen and if
necessary by additiona data collection.

In Bac Leu catch rates of pink prawn, white prawn and yellow shrimp have dl declined since
1997. In CaMau pink prawn catch rates have remained dmost constant whereas white prawn
catch rates have declined and yellow shrimp disappeared entirely as a separate commercia
group in 2001.

It isdifficult to use the enumerator data to discuss changes in the species composition as each
of the catch groups include a commercia group of mixed species (pink prawn, white prawn,
cat prawn) with unknown species composition. The single species commercid groups are
only used when there is a sufficient catch of a certain species. Species with low catches are
grouped together in the mixed species commercid groups. Without information from
additiond surveys about the species composition within these mixed groupsit is difficult to
discuss consgtently to what extend lacking commercia groups reflects declining resources or
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ajust achange of commercia group for this species due to low catch rates or maybe due to
changing marked conditions. It is suggested that data are collected on aroutine basisto
identify the proportion of key shrimp species (e.g. those having separate commercia groups)
in the mixed species commercia groups.

It is suggested that the seasondity in shrimp catch rates as indicated by the enumerator data
should be investigated by more detailed datistical andysis. Seasondity in catch rates could
reflect seasondity in shrimp recruitment to the fishery well know from other Panaeid
fisheries, eg. a the Sofda Bank, Mozambique. Asin Mozambique, a fishery management
system could take advantage of a seasond pattern in the catch rates by closing seasonswith
low average sze shrimp indicating high proportion of juvenile shrimp in the catches. It is
suggested that the enumerator data collection programme is modified as to dways indicate
the number of shrimp in asample of a known weight. Thiswould be an easy and low cost
way to obtain valuable information on average size of the shrimp that could be supportive of
afishery management system based on closed seasons.

In the present project, the synthesis of the abundance statements with the catch indicators
were complicated by the fact that some of the Vietnamese terms relate to shrimp species not
belonging to their own commercia group or they group together various commercid groups.
It is believed that if the Statements were related more to the commercial group concept it
would have been easier to combine the perceptions of the fishermen with the available catch
datigtics.

Some of the abundance statements are so generd in their formulation that they open up for
individud interpretations that makesit is very difficult to verify if the perceptions of the
fishermen are consstent with the scientific data. For exampleit is very difficult to evduate if
acommercia group has decreased more than the others if some commercia groups have
disappeared entirely as separate groups.

In the present study, catch rates are used as an indication of abundance and thereisno
information about the total effort. As only the trawlers with shrimp in the catches are
included in the present study this gpproach might lead to an over optimistic perception of the
resource abundance if asgnificant part of the fleet, asin CaMau, change gear and shift
target species.

In the present study, the inshore fishermen statements might not be reflected well by
enumerator data, asit includes only trawl data and no information is given asto catch
location. However, compared to the near shore fixed gears even the smdl trawlers might have
adifferent catch composition and, therefore, another perception.
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4. Discussion and Conclusion

4.1 Discussion and Conclusions from the Sociological Analysis

4.1.1. Fit of the Cultural Consensus Model

A shared locd ecologicad knowledge was found to exist on both the lower Sedone River
(Table 2.3.1) and Dam Doi shrimp fishery (Table 3.3.1) in the sense that the culturd
consensus modd fitsthe fishers' responses to the statements. This makesit possible to
caculate “ correct” answers in reference to the loca knowledge and, therefore, to calculate
the number of correct answersfor theindividud fishers. The amount of knowledge held by
individua fishers was found to vary systemdticaly among the fishers by the type of gear
(Tables 2.3.3 and 3.3.4) and, in Laos, by the number of different types of gear that they use
(Table 2.3.4). Other potential corrdates with individua knowledge, i.e., where they fished
and how long they had been fishing, were not found to matter. In both case fishers who use
smaller gears such astraps and trammel nets, showed higher levels of LEK than the other
fishers Theimplication of thisfor LEK and Smple management indicatorsis, firgt of al, that
knowledge must be gathered from a number of people, particularly those that use different
gears.

4.1.2. Categories of Knowledge

Our attempt to classfy statements and find systematic differencesin levels of knowledge
about fish abundance, fish habitat, or fish behaviour failed. While differences were found in
which of these categories had higher or lower proportions of answers correct, which
categories had the higher proportion and which had the lower proportion differed between
different tests (Tables 2.3.2 and 3.3.2). Thisfailure has serious implications for the use of
LEK-based indicators. These three categories reflect very basic common sense within the
scientific world view in that they express of the Smplest ecologica concepts: the individud
animal; the species population; and the community or landscape. They reflect some smple
assumptions that seemed clear to usin the beginning of the research about the relationship
between fisher behaviour and levels of LEK. Fishers differ in their ability to catch fish, so
experiences related to abundance should be quite different. Meanwhile they are observing the
same fish species over extended periods of time so they should have rdaively high
agreement about fish behaviour. Y et in three out of four tests, averages scores for abundance
were higher than for behaviour (Tables 2.3.2 and 3.3.2). This result could reflect that
inadequacy of the three categories, clear asthey are from an ecologica perspective, or it
could reflect such awide variaion in difficulty among individua statements that differences
between categories were swamped.

Theresearch came at this sameissue of knowledge categories that make sense inductively
through the pile sorts donein Laos (Figures 2.3.1 and 2.3.2). While the knowledge categories
created by the fishers and the fisheries officers were in many ways smilar (as would be
predicted by previous findings (Atran 1998)) important management-related differencesin
how objects and facts are categorized were found. Fishers associate lost fish abundance
primarily with changes in habitat, while the officers associate it primarily with fishing
techniques. Fishers categories are dso more concrete than those of the officers. The officers,
for example, classfy dl the management rulestogether in a‘rules category, while the fishers
classfy ruleswith objects or activities related to the rules content.
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The most telling result reated to this question of categories, however, isthat the category of
indicator itself does not fit very well with LEK. This became apparent as early astheinitia
key informant interviews when fishers, particularly in Laos, often rejected or had ahard time
understanding the ideaof an indicator of future fish abundance. The Dam Doi Q sort results
(Table 3.3.8) show avery dight and variable rative support for the generad idea of
indicators. Two specific indicators that were suggested, water balloons and loss of mangrove
forests, were both rated rlatively negatively by the respondents. One, the idea that the
current yield can predict the future yield did get very dight and variable support. This support
came entirdy from the offshore fishers (Table 3.3.9).

Whether the fallure to find a generd pattern using our pre-defined categories of behaviour,
habitat or abundance is based on substance or methodology, the implication is that we do not
know how to categorize LEK in away that is useful for quickly developing management-
related indicators. Thislimits the presuppositions we have available to us about what kinds of
information are going to be useful in finding useful indicators acceptable to the fishers. On
one level thisis unavoidable because fisheries management by its nature requiresimposing
dien categories on local knowledge. It isimportant, however, to bear this problem of
different ways of categorizing knowledge in mind when reading the discusson below where
we try to reach conclusions about LEK and smple indicators of management.

4.1.3 Distribution of LEK

One result of this research (one that has dso been found by smilar research in Africa), is that
the fishers with the highest level of LEK are the fishers who fish using smaler gearsthet are,
in fact, frowned upon by the government fisheries managers. The result is clearer in Dam

Doi, where the comparison is between smdler stationary gears, large stationary gears, and
large trawl-like gears (Table 3.3.4) than it isin Laos, where the trap fishers have dightly
more LEK than the other artisand fishers (Table 2.3.3), but where using more types of gear
has an even greater influence (Table 2.3.4). The reason for the result is very likely both the
greater need that these have for LEK to make their smaller-scale operations successful and
the closer interaction with the environment that the gears require. This result suggests that
fisheries development may be reducing the value of LEK as a source of ussful raw
knowledge, athough thiswould not have any impact on the need to understand LEK in
relation to scientific legitimacy. Many approaches to gathering LEK rely on the use of key-
informants who are identified by various techniques such as asking locd fishers who they
think are the most knowledgeable. With the development of fisheries, these informants may
be becoming less representative of the generd fishing community, even in Stuaions where
the idea of a“generd fishing community” is areasonable fit with the leve of divergty inthe
fishery.

Inshore fishersin Dam Doi having ether greater or equa LEK about al the indicator-related
satements (Table 3.3.6) reflects this difference in gears (Table 3.3.7) and reminds us that
such differences have regiond implications aswell. The findings for sdlinity and fecundity
uncovered an interaction between region and the scale of operations, for this possible
indicatorsit isthe larger gear that shows the higher levels of reated LEK, though only
observations about sdinity seem possbly reliable. 1t is politica and economic issues that
drive the regiona (inshore v offshore) disagreement about management policies related to the
role of the mangrove forest, and hence its value as an indicator of a hedthy shrimp stock
(Table 3.3.9, Figures 3.3.1 and 3.3.2). Inshore people, who livein it, see the mangrove forest
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as asource of income while offshore people want the mangrove protected because they see it
asimportant in mantaining a hedthy stock.

4.1.4 Indicatorsand LEK

Therdiability of LEK for various kinds of satementsis quite different between cases and
somewhat different between the two regionsin the Dam Doi case. LEK isahighly contextud
phenomenon that varies strongly between different places and gears and that is difficult to
capture. The primary conclusion of this andyds mug be the fallowing: usng smple
indicators for management does not subgtitute for ongoing interactions between scientists and
fishers where management godls are s&t, and refined. Such interactions must include the
identification and reidentification of indicators that tell the stakeholders when those goas are
reached. Indicators are part of alarger process and cannot be understood when abstracted
from that process.

Given these consderations, this research allows usto at least rank the candidate indicators
according to the proportion of correct answers. Thisis an index of both how well these
potentid indicators reflect the fishers LEK and how useful that LEK would be in identifying
indicators of these types. This one of the tasks where we are forced to place the statementsin
categories which do not necessarily reflect loca understandings. In Laos (Table 2.3.5) catch
composition (fish 9ze and species diversty) hasthe best fit. In fact, thisis likely the only

kind where the proportions of correct answers are high enough to be ussfully reliable. The
next best are catch rates and spawning behaviour. Third tier statements are those related to
the leve of water and the single statement about the number of people fishing. Finally,
statements about water quality (which include three statements about the characterigtics of the
river water and one about bottom composition) generated nearly random responses from
fishers. A reasonable conclusion is that the river’ s gppearance changes too much and too
often to expect fishers observations about it to agree.

For the Dam Dai inshore fishers (Tables 3.3.6 and 3.3.7) the most reliable observations were
those related to sdlinity, the geographical digtribution of the shrimp, wind and spawning
behaviour. These last two are both single and fairly easy statements. Catch rates are the
second tier and with an average proportion correct of .83 thisinformation is, perhaps,
borderline reliability depending on what they information needs to be used for. Information
about size digtribution, catch composition, changes in mangrove cover and fecundity dl

cluster around 70% correct.

The Dam Doai offshore fishers are fairly smilar to the inshore fishers in where the satements
clugter, but their highest proportion correct is .81 for turbidity. The top tier is the same except
that wind drops out and turbidity are added. Interestingly, reports about sdinity do show a
quite religble level when only fishers using larger gears are involved. None of the rest of the
indicators seem to fit well with the LEK of the offshore fishers.

In generd, aswould be expected, higher scores are found for those natural conditions which
appear Smilar acrosswide areas. In Laos these conditions attach more to the stocks with
such things as fish Sze and diversity, catch changes, spawning behaviour rather than to the
environment because environmenta conditions dong theriver are o varied. Thisisan
important contrast with the fact that the Laotian fishers consder environmenta conditions
important as an indicator of fish abundance (Figure 2.3.1). In Viet Nam the more genera
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conditions are environmentd, e.g. sdinity, temperature, and not as much to the condition of
the stocks changes, although catch rates are borderline rdigble in the inshore.

4.1.5 Indicators and Management Discourses

In Laos there does not seem to be as sharp asplit asisfound in Viet Nam, at least among the
stakeholders directly related to fishing, as opposed to other groups wishing to make use of the
riversfor water or power. There are clearly some scale-driven differences, as was partidly
reflected in the differences between the two pile sorts (Figures 2.3.1 and 2.3.2). The deep
poals and the fish conservation zones are the issues that get the most debate and the questions
that have been raised ded directly with scale: Of what use are smdl fish conservation zones

in trying to manage the huge Mekong system (Hirsch 1998)? The response is that these deep
pools are critical for maintaining stocks of important food fish during the low water season,

an observation attributed to LEK (Baird 2000). The deep pools/ fish conservation zones are
aplace wherefishers concerns with the environment and officer’ s concerns with fishing
pressure can be brought together in a cooperative management plans. The indicators that need
to be developed are indicators about the effectiveness of these zones. This may be
chalenging in light of the difficulties with agreement around water depth and qudlities,

though it is clear that fish behaviour, particularly spawning behaviour which relates to deep
pools for some species, is strongly reflected in Laotian LEK (Tables 2.3.2 and 2.3.5).

In Viet Nam the divisonsin terms of both knowledge and management options seem more
gark. Both habitat and fishing techniques are areas of disagreement. Thereisafairly
dominant discourse among the non-fisher respondents that supports new technology and
places the blame for the fal in shrimp production on overfishing inshore by small boats
(Figure 3.3.1). This same basc position reflects the beliefs of many fishers as wdll, but
another group of fishers seesthis problem as one of the mesh sizes being used (Figure 3.3.2).

Among the kinds of satements where Dam Doi LEK seemsrdiable, i.e. sdinity,
geographica distribution of species, wind, spawning grounds and turbidity it is spawning and
geographica digtribution that are the most relevant to management discussions. The idea of
protecting spawning shrimp is seen as both feasible and biologicaly reasonable from the
LEK perspective. Severd statements about the geographica distribution were related to
shrimp life cycles. Two Q sort statements about protecting juvenile shrimp and brood stocks
have rdatively high mean scores, the one about juvenile shrimp has the second highest mean
of dl 16 satements. In the Q sort factor analysis for fishers protecting juvenile shrimp is the
centra god in two factors, four and five (Figure 3.3.2) one of which, factor five correlates
positively with consensus andys's scores, meaning thet it is supported by the fishers with the
highest LEK. Fishers supporting Factor Five want to protect juvenile shrimp through mesh
sze control, however, while the more specialized and larger scale fishers who support Factor
Four want to do so by reducing the small scale, inshore fishing. Among non-fishers the
protection of juvenilesis central to only one, factor, which is supported by shrimp deders.

The protection of spawning areasis aso related to the main disagreement among fishers, the
roles that mangrove forests play in protecting juvenile shrimp. Thisis expressed in
disagreement over the purpose of the main government policy programme, the Integrated
Mangrove and Aquaculture Model. Offshore fishers and fishing communities are very
concerned that this habitat be protected and see this as the main purpose of the programme.
Inshore fishers and fishing communities, on the other hand, see it more as an aquaculture
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development programme. It is unlikely that there would be any agreement about using the
extent of the mangrove forests as an indicator of fisheries hedth.

4.2 Discussion and Conclusion for the Biological Analysis

4.2.1 Vietham

The enumerator database in Vietnam comprises detailed information about the performance
of the fishing fleets and could prove a vauable tool in establishing time series of fisheries
indicators supporting fisheries management.

Prdiminary analysis at the ecologicd group leve indicated that despite a declining trend
dhrimp is ill the most important ecologica group for the shrimp trawlersin both areas under
investigation. However, there were indications thet large trawlersin Ca Mau might be
shifting gear and target species.

Prediminary andysis a the catch group levd indicated thet in Bac Leu Cat Prawn is the most
important catch group and that in both Bac Leu and Ca Mau the catch rates of Cat Prawn
fluctuate in counter phase with the Low Vaue Shrimp catch group. In Bac Leu caich rates of
pink prawn, white prawn and yelow shrimp have dl declined since 1997. In CaMau pink
prawn catch rates have remained amost constant whereas white prawn catch rates have
declined and yelow shrimp disappeared entirely as a separate commercia group in 2001.

It proved difficult to analyse the enumerator data at species level as each catch group include
acommercid group of mixed species (pink prawn, white prawn, cat prawn) with unknown
gpecies compogtion. Without information from additiona surveys about the species
composition within these mixed groupsit is difficult to discuss consgtently to what extend
lacking commercid groups reflects declining resources or just a change of commercid group
for this species due to low catch rates or maybe due to changing marked conditions. It is
suggested that data are collected on aroutine basis to identify the proportion of key shrimp
gpecies (e.g. those having separate commercia groups) in the mixed species commercid

groups.

The enumerator data indicated seasondlity in shrimp catch rates that reflect seasondity in
shrimp recruitment to the fishery that are well know from other Panagid fisheries, eg. a the
Sofda Bank, Mozambique. Asin Mozambique, afishery management systemin Vietham
could take advantage of a seasona pattern in the catch rates by closing seasons with low
average Sze shrimp indicating high proportion of juvenile shrimp in the catches.

It is suggested that the apparent seasond pattern in shrimp catch rates should be investigated
by more detailed statistical andysis and that the enumerator data collection programmeis
modified as to dways indicate the number of shrimp in asample of aknown weight. This
would be an easy and low cost way to obtain valuable information on average Sze of the
shrimp that could be supportive of a fishery management system based on closed seasons.

In the present project the enumerator data were applied to verify 15 statements relating to

abundance and the results were compared to the output of the consensus analysisincluding
inshore and offshore fishermen asindicated in the text table below.
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Text table Abundance statements

Statement verifiers Yes agreement; No: disagreement; n/a: information not available. (Itdic
dtatement verifier indicates agreement with stakeholder group)

Stakeholder and data agreement
Statements Offshore % Inshore Data
% BL CM
2 Shrimp catch composition has not changed 58 69 No No
5 The yield of shrimp has decreased every year 87 94 No No
8 The yield of shrimp reduced suddenly last year (2001) 61 53 (Yes) |(Yes)
11 The yield of some species has increased while the yield of others has reduced. [55 47 No No
14 Since 1986, the shrimp yield has reduced rapidly 77 81 (Yes) |(Yes)
17 Off: Gay" shrimp became few but now there are many more 55 Yes |No
In: The gay* shrimp had a high yield in the past , but it is much less at present 94 Yes  |Yes
20 Off: The Gay™ shrimp became very few about 4-5 years ago. 65 Yes  |Yes
In: The The? shrimp became very few about 4-5 years ago. 94 Yes Yes
23 Off: Very few sat® shrimp are caught. 81 Yes n/a|Yes
In: Very few giang® shrimp are caught 68 n/a
26 Off: In the three recent years, the yield of Giang® shiimp hasreduced morethan thg87 n/a n/a
others
97 (No) |(No)
In: In the three recent years, the yield of Gayshrimp has reduced more than the|
others
29 Off: I hardly catch Su® shrimp 36 Yes [Yes
In: The natural shrimp decrease year by year 94 Yes  |Yes

"Metapenaeus hungerfordi, Trachypenaus curvirostris
panaus merguienesis, P. japonicus, P. indicus
3Parapenaeopsis sculptilis

“Parapenaeopsis gracillima

SPanaeus monodon

Comparing the results from the consensus analysis with the enumerator dataindicatesthat in

five (statement 14, 17In, 20In, 230ff, 29In) of the eight statements with good agreement

within the fishermen groups (agreement 75-100%) the enumerator data is supportive of the
fishermen perception; no enumerator data was available for one statement (260ff) and two
gatements (5 and 261 n) were difficult to interpret. The enumerator data indicate thet is not

true that the yield of shrimp decrease every year (Satement 5) dthough the trend is
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sgnificantly declining, and it isimprecise to suggest thet the yied of Gay shrimp has reduced
more than the others (statement 26I1n) when some species have disappeared completely.

In the present project, the synthes's of the abundance statements with the catch indicators
were complicated by the fact that some of the Viethamese terms relate to shrimp species not
belonging to their own commercid group or they group together various commercid groups.
It isbdieved that if the Statements were related more to the commercial group concept it
would have been easier to combine the perceptions of the fishermen with the available catch
datigtics.

In the present study, catch rates are used as an indication of abundance and thereis no
information about the total effort. As only the trawlers with shrimp in the catches are
included in the present study this approach might lead to an over optimistic perception of the
resource abundance if a significant part of the fleet, ase.g. the large trawlersin CaMau,
change gear and shift target species.

In the present study, the inshore fishermen perceptions might not be reflected well by
enumerator data, asit includes only trawl dataand no information is given asto catch

location. However, compared to the near shore fixed gears even the smdl trawlers might have
adifferent catch composition and, therefore, another perception.

As the enumerator data indicate differences in catch rates between the two areas under
investigation results from the consensus andysis could be affected if they are not analysed by
area.

4.2.2 Laos

In the Sedone River, mogt familiesliving in the villages dong the river were directly or
indirectly involved in the fishing. Abundance of severd fish species have gone down over the
lagt yearsin the Mekong River, most likely due to a combination of population increase, the
introduction of monofilament gill nets and increased fishing pressure. There are indications
that most of the larger, predatory species are getting rare and that the dry-season migrants,
that comesin from the Mekong have aso decreased significantly. Increased use of irrigation
may have influenced the water levd of the river negatively, making fishing more difficult.

The main issue for the managers in Mekong seems to be the migrating fish that in that can be
considered a shared resource outside influence of local management. If the Cambodian
fishermen overexploits the migrating fish when they gather downstream the fdlls, the fishing
in Laos will get worse and less fish will make it to the spawning area and less juveniles will
come back down to Cambodian waters and so on. So if the decline in @bundance of migratory
fishisactualy caused by increased fishing, there is an urgent need for hard regulations of the
fishing in both the Lao and the Cambodian part of the waterfdl area. So far our interviews
have shown that most fishermen clearly have seen agradudly drop in catches of the
migratory fish, but gpparertly not to the same degree in the Sationary species. Thisisa
grong indication that the main reason for poorer catchesis actudly the fishing in the
waterfal areg, or at least that fishing pressure affects the migrating fish more than the
gationary. The percentage of fish caught in this area should be investigated and estimated to
give recommendations for a management plan to insure the persistence of this unique
resource.

The case study in the Sedone River, have shown that it is possible to gather information about
the fishery and the condition of the river. Thisinformation may be used in the management
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system to issue regulations to protect the fish and secure a degree of sustainahility in the
fisheries. It isaso clear that afisheries management based on indicators of ecosystem
condition evauated by loca knowledge is prone to make serious mistakes. Due to the lack of
scientificaly proven information of the fishes in the Mekong system, it is not possible to test
the qudity of the information provided by LEK, but ongoing attempts to provide time series
of CPUE-datafor severa important species, may provide such information in the near future.

4.2.3 Common biological conclusion from the Two Case

The experiences from the two case studies may lead to some generd conclusions regarding
the use of indicators in fisheries management in developing countries. In the case of the
Vietnamese shrimp fishery, we investigated a restricted, commercid fishery including a
limited number of species, where scientific/statistical data were available. In Laos, we
focused on an artisand fishery, where alarge number of species were targeted using a variety
of gear and methods and where no scientific data were available.

In both case studies we managed to get into meaningful conversation with the fishers and to
obtain information about the fishery and the state of the resource. In both cases there was
some degree of local consensus of the state of the aquatic resource and if correct, much of the
information could be of vaue for the management.

In the Laos case study, we could only guess about the scientific value of the statements that
were agreed upon, whereas we could eva uate some statements by catch gatisticsin Vietnam.

Despite language problems, the procedure gpplied in the present study proved useful to
identify generad LEK from the fishers but more complex issues as changes in abundance and
catch rates over time were difficult to communicate. Thus, we can conclude that interviewing
local fishers can be amethod of obtaining basic information about the fishery and the
resource, but thisinformation is too wesk to condtitute the basis of management decisions
aone.

It often suggested that fisheries sustainability indicators should be:
Observable
1. within economic resources for research on a sustained basis
2. by stakeholders, ether directly or by transparency in the observation process
Understandable
3. they should have research based substance reflect andytical soundness
4. they should reflect features in accordance with stakeholders understanding of
the resource system
Acceptable
5. by fishers
6. by public a large
Relaed to management

7. they should have associated reference vaues
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8. they should respond to management measures tin both the Vietnamese and Mekong
River case studiesit proved possible to identify a set of resource indicators that are
observable within existing resources. As the indicators were derived from the fishers LEK
they should be understandable and acceptable at least to the fishers.

Dueto lack of scientific datait was not possble to evauate if the suggested indicators were
scientificaly sound in the Sedone/Mekong case.

In order to associate indicators to reference values, knowledge of the level and condition of
fish populations at an undisturbed state is preferable but rarely obtainable in exploited
systems.

However, some modeling of abundance may give satisfactory reference points, but much
biologica information is needed here Whether the indicators respond to relevant management
mesasures is aso apoint of uncertainty, due to the lack of biologica information, lack of
understanding of the catch effort relationship and lack of experience with restrictive
management systems.

4.3 Final Conclusion

There are severd useful multidisciplinary results from the biological and sociological
andyses. The basic conclusion of the biologica andysisis that interviewing locd fishers can
be a method of obtaining basic information about the fishery and the resource, but this
information is too wesk to conditute the basis of management decisonsaone. The basic
concluson of the sociologica andyssisthat arough consensus about conditions in the
fishery does exist among the fishers but that the degree of consensusis highly variable. In
generd, higher consensusis found in reference to those naturd conditions which appear
gmilar acrosswide areas. Thisisavery generd observation, however. Thisresearch tried
and failed to identify appropriate categories a an only dightly less abstract level. The basic
redlity isthat we do not know how to categorize LEK inaway that is useful for quickly
developing management-related indicators.

For the present cases some patterns did emerge. Agreement was found between fishers, on
average, and the available scientific observationsin Dam Doe about fish abundance.
Agreement about abundance among fishers, however, was not high enough to be consdered
reliable. Abundance observations were less reliable than observations about environmental
conditions, spawning behaviour and geographicd digtribution. The biologica research,
however, found systematic differences between the shrimp stocks on the western and eastern
gdes of Dam Doi, and, as data from these two areas were pooled during anadyss, the
consensus results in relation to abundance may have been biased towards alower consensus.
Spawning behaviour and ditribution are both areas which are important for management in
both Laos and Viet Nam and are recognized by the fishers as such. They are dso related in
both casesto palitica disagreement about potentia management measures.

Problems with resources and the availability of sysematic, scientific dataindicate thet this
information will have to be supplemented by loca knowledge for the sake of both having
sufficient information and the legitimacy of management decison making. The main,

practica conclusion of the present research isthat usng smple indicators for management
does not subtitute for ongoing interactions between scientists and fishers where management
goas are sat and refined. Such interactions must include the identification and re-
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identification of indicators that tell the stakeholders when those goals are reached. Indicators
are part of alarger process and cannot be understood when abstracted from that process.
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Appendix One: Guidelines for the In-depth Interviews
What follows are three sets of guidelines. One used in Laos and the other in Viet Nam
Guidelinesfor LEK Interviews. Sedone River Casein Laos

Hédllo, we are from the Living Aquatic Resources Research Centre. We aretrying to learn
more about the fish and the river environment in order to better protect and improve the fish
resource. We have found that we can get alot of information that will help usto have a better
fishery in the future by talking to the fishermen. We would like you to please tak to usfor
about one hour about your fishing activities. We are not going to ask you anything about your
fishing that you think is private and if you don’'t want to answer any question you don't have
to. We are dso not going to tell anyone ese that you told us something. Because fishermen
tell us so much useful information it isimportant that we be able to record what you tell us so
that we can check back to make sure that we have understood it al. Can we please have your
permission to use our tape recorder?

1. Discussion of the maps and the layout of the area. Lay the sketch map out on the table
or the ground. Please show usthe genera areas where you fish during the year. How do you
choose where you go to fish? Are there any places where you never go to fish? Why not?
What fish do you fish for in each place? What gears do you use?

2. Discussion of thetimeline. Lay out thetimeline of the last 30 years. Ask: What have
been the most important changes that have happened in the aguatic environment in the last 30
years? For each change ask: When did you firgt redlize this was happening? How did you
firgt now it was happening? Why did this change take place?

3. Discussion of individual species. What are for you the three most important fish? For
each fish ask (if information was not provided in topic 1):

A) Why are these fish important to you? How do you fish for these fish? Arethere other
methods that other people use?

B) Inthelast few years has the average Sze of this gpecies changed? When does this fish
come to this area and when does it leave? Are there any times when the fish is never seen a
al? Arethere times when thefishis very abundant? From the catch of the speciesin one
year can you tell how big the catch will be the next year?

C) Where does this fish spawn? Please describe how and where the fish grows during its life?
What doesit eat during these different times of its life? Where does it move to and from?
Which are more important for having many fish, maes, femades or are they the same?

4. Discussion of Management. What are fishing rules that exist on this part of the Sedone?
For each rule ask who made the rule and who enforces the rule. After they have listed dl the
rules ask which rules are most often violated and why. What other rules might be good to
make? Who should make them?

5. Discussion of long distance impacts. Do you know much about what people are doing on
other placesadong river? Which places? How do you learn about these things? How far
away? Aretherethingsthat people in other places on theriver that affect the environment

and the fish here? How do you know that they are creating these changes? Are there things
that you do that affect the fish fished by people in other places?
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6. Discussion of water level and quality. What changes have you seen in the water itsdf? If
not mentioned ask: What changes have you seen in the water level, colour, turbidity, or algee
content. Do you thing these changes are important?

Guidelinesfor LEK Interviews. Dam Doi Shrimp Fisheriesin Viet Nam

Hélo, we are from Can Toh Univeraty. We are trying to learn more about the fish and the
river environment in order to better protect and improve the fish resource. We have found
that we can get alot of information that will help usto have a better fishery in the future by
talking to the fishermen. We would like you to please tak to us for about one hour about your
fishing activities. We are not going to ask you anything about your fishing that you think is
private and if you don’t want to answer any question you don't have to. We are al'so not
going to tdl anyone dse that you told us something. Because fishermen tell us so much

useful information it isimportant that we be able to record what you tell us so that we can
check back to make sure that we have understood it all. Can we please have your permission
to use our tape recorder?

1. Discussion of the maps and the layout of the area. Lay the sketch map out on the table

or the ground. Please show us the general areas where you fish during the year. How do you
choose where you go to fish? Are there any places where you never go to fish? Why not?
What fish do you fish for in each place? What gears do you use? How doesyour fishing
changein different times of the year. Why? How does your fishing change with different

tides? Why?

2. Discussion of thetimeline. Lay out thetime line of the last 30 years mark end of war,
mark beginning of reforms. Ask: What have been the most important changes that have
happened in the aquatic environment in the last 30 years? For each change ask: When did
you first realize this was happening? Why did this change take place?

3. Discussion of individual species. What have been the trends in catch rates. How have you
responded in your fishing practices to these changes? Probe: Why this change. Any plans for
the future. What have been the trends in catch compostion? What are the different kinds of
shrimp species. How do you separate them. What are for you the three most important
economicaly?

For the three most important kinds of shrimp ask: Where do you catch the most of these
shrimp? Where are they never seen? Where do they migrate and when? Where do you catch
the juveniles? Where do you catch adults? Where do you find shrimp with eggs. Where do
find the largest shrimp? Where do you catch the smaller ones? Where do you catch the best
quality shrimp of this species? What makes one shrimp of this species better than another?

4. Discussion of indicatorsin general.

What are the Sgnsthat tell you that you will catch many shrimp next year?

What are the Sgns you see now that tell you that you will catch few shrimp next year?
What are the Sgnsthat tel you that thistrip you will do well? do poorly?

5. Possible indicators.

Number of adult females as proportion of the catch.
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Has it changed? Why has it changed? Isthisgood or bad? Have you ever changed your
fishing asaresult of the proportion of femalesin the catch? Do you think the number of adult
females as a proportion of the caich matters to future catches? Can any changein
management influence the proportion of femaes in the catch? Do you think that managemert
rules should change if the proportion adult femaes as a proportion of the catch decreases?
Increases?

Catch per unit effort.

Has CPUE changed? Why has CPUE changed? |s this change in CPUE good or bad? Have
you ever changed your fishing as aresult of achange in CPUE? Do you think that CPUE now
matters to future catches? Can any change in management influence your CPUE? Do you
think that management rules should change if the catch per unit effort goes down.

Species composition.

Has the species composition changed? Why has it changed? Isthis change good or bad?
Have you ever changed your fishing as aresult of a change in species composition? Do you
think that species composition matters to future catches? Can any change in management

influence the species compostion in your catch? Do you think that management rules should
changeif the species composition changes? How?

Size of shrimp.

Has the Sze of shrimp changed? Why has the Sze of the shrimp changed? Isthis good or
bad? Have you ever changed your fishing asaresult of achangein the Sze of the shrimp?
Do you think that the size of the shrimp matters to future catches? Can any changein
management influence the Sze of shrimp? Do you think that management rules should
change if the shrimp become smdller?

Salinity, Rainfall, Water flow from rivers.

Doesranfdl matter to fishing How? Have you ever changed your fishing as aresult of
changes in the amount of rain? Do you think that rainfall metters to future catches? Do you
think thet management rules should change if there is more or lessrain? How? Why?

Discussion of M anagement. What rules are there about fishing? For each rule ask who made
the rule and who enforces the rule. After they have listed dl the rules ask which rules are

most often violated and why. What other rules might be good to make? Who should make
them? Do you see the MoFl annud reports? Do you think they make sense? Do you know
how the data are collected?

Guiddinesfor Interviewswith Government Officers;
Dam Doi Shrimp Fisheries, Viet Nam

1. Please describe the shrimp life cycle beginning with where they spawn and then and where
they go a what age? What is the importance of the mangrove forest for the shrimp? What is
the importance of the mud flats for the shrimp.

2. Do you believe the shrimp resource is declining? Why? What are the most important
indicators of shrimp abundance? How do you balance habitat causes againg overfishing
causes?
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3. Do you bdieve thereis any red conflict, from a purely scientific viewpoint, between
aquaculture development and capture fisheries for shrimp? Why or why not? What do you
believe is the proper bal ance between aguaculture and capture fisheries? What are the most
important indicators of agood balance between aguaculture and capture fisheries?

4. Given what we have said about both the declines in the resource and its relationship to
aguaculture, what do you think are the most important research priorities for shrimp
management and development in CaMau Province?

5. What are the standard fisheries rules that apply to the shrimp resource? Mesh Szes?
Zones? Banned gears? Others? What is the process for setting these rules? |sit the same
process for al the rules? How can arule be modified to fit one village or another? How has it
been modified in your village?

6. Now | would like to give you alist of rulesthat we found and for each one | would like
you to explain first the biological reasons for the rules and then the socia reasons. By socid
reason | mean things like being able to enforce rules, how the condition of the fishers was
thought about?

6a. What are the biological reasons for the 5 metre depth zone? What indicators were used in
making or explain this decison? What are the socid reasons for the 5 metre depth zone?

6b. What are the biologicd reasons for the where the river bag nets are placed? What
indicators were used in making or explain this decison? What are the socid reasons for the
where the river bag nets are placed? How is it decided who will fish where with bag nets?
We have been told that there is some disagreement between the trawl net fishers and the bag
net fishers.

6¢c. What are the biological reasons for the ban on trammel nets? What indicators were used
in making or explain this decison? What are the socid reasons for the ban on trammel nets?
Are there any exceptions to this ban in this village? How is it decided who will fish where
with tramme nets?

6d. What are the biological reasons for the ban on push nets? What indicators were used in
making or explain this decison? What are the socid reasons for the ban on push nets? Are
there any exceptions to this ban in this village? How is it decided who will fish where with
push nets?

6e. What are the biologica reasons for the mesh size regulations? What indicators were
used in making or explain this decison? What are the socid reasons for the mesh size
regulations? Are there any exceptions to mesh Sze regulationsin this village? How isit
decided who will fish with these other mesh sizes.

7. Provincid only: do you have statigtica information on the numbers of fishers of each gear
and the shrimp catch.
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Appendix Two: Consensus Statements for Laos
StatementsUsed in April 2001

1. A) Mogt kinds of fish are found more often in the water between rocks in the rapids or B)
more often in shalow water.

2. A) PaKaot eat other fish or B) Pa Kot do not eat other fish.

3. A) Itisno longer possible to catch PaKoon or B) It is till sometimes possible to catch Pa
Koon.

4. A) Many fish with wounds have been seen in recent years or B) Few fish with wounds
have been seen in recent years.

5. A) Fish with wounds are mainly seen when the weter leve is decreasing or B) Fish with
wounds are mainly seen when the water level isincreasing.

6. PaNa A) sometimes spawn in the small streams or B) PaNai never spawn in the small
dtreams.

7.A) PaNa eat the eggs of other fish or B) PaNai do not eat the eggs of other fish.

8. A) Fish that migrate up from the Mekong sometimes spawn in the smal tributary streams
of the Sedone or B) Fish that migrate up from the Mekong never spawn in the small tributary
streams of the Sedone.

9. A) PaKeung like to stay in rocky habitat more than other habitat or B) PaKeung liketo
day in other habitat more than rocky habitat.

10. A) PaLang Khon go into rice paddy fields or B) PaLang Knon do not go into rice paddy
fidds.

11.A) Most kinds of fish are found most often in the deep pools or B) Most kinds of fish are
found more often in shalow water.

12. A)Pa Eeun have decreased in Sze and now only smal ones can be seen or B) PaEeun
have not decreased in Size and large ones can till be seen.

13. A) PaLang Khon is most abundant in September and October or B) PaLang Khon is
most abundant in June and July.

14. A) PaPawn are never caught any more or B) Pa Pawn are sometimes still caught.

15. A) PaWamigrate upstream in June and July or B) PaWamigrate upsiream in
September and October.

16. A) PaNa migrate upstream in November and December or B) PaNa migrate upstream
in June and July.

17. A) PaWaspawn only in the Mekong River or B) PaWa sometimes spawn in the Sedone
River.

18.A) PaKeung lay eggsin theroots of trees or B) PaKeung do not lay eggsin the roots of
trees
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19. A) PaKot are more abundant when the water is high or B) Pa Kot are more abundant
when the water islow.

20. A) PaWaeat algae or B) PaWado not agee.

21. A) PaWaeat smdl fish or B) PaWado not eat small fish.

22. A) PaKot stay in one part of theriver al year round or B) Pa Kot move up and down the
river during the yesar.

23. A) PaLang Khon eat algae or B) Pa Lang Khon do not eat dgee.
24. A) PaKeung eat smdl fish or B) PaKeung do not eat small fish.

25. A) Itisno longer possible to catch PaKoang or B) it is still sometimes possible to catch
Pa Koang.

26. A) PaDuk have decreased in numbers or B) Pa Duk have not decreased in numbers.
27. A) PaKho have decreased in numbers or B) PaKho have not decreased in numbers.

Statements Used in October 2001

1. A) Thewater level in the Sedone has decreased compared to five years ago or B) the water
level in the Sedone has not decreased compared to five years ago

2. A) Fish are more difficult to catch than five years ago or B) fish are not more difficult to
catch than five years ago

3. A) Fishermen use smal meshsizesto catch fish during the dry season and large meshsze
gillnet during the rainy season B) fishermen use the meshsize dl year round

4. A) In the last two years more white foam has appeared on the water than usud or B) inthe
lagt year the amount of white foam on the water has been normdl.

5. A) The number of Pa Phia have decreased or B) the number of PaPhia have not
decreased.

6. A) The PaKeung dways spawn in the degp pools or B) the Pa Keung sometimes spawvn in
other places.

7. A) Inthe last five years the river bottom has become more covered with sand and dirt or B)
inthe last few yearsthe river bottom has not become more covered with sand and dirt.

8. A) Over the past five years the number of fishersin the Sedone has increased or B) over
the padt five years the number of fishers has not increased.

9. PaKeng @) spawn anyplace or B) spawn only in certain specid places.

10. A) Fishers use monofilament gill netsin the last five years or B) fishers have been using
monoafilament for longer than five years.

11. A) Inthelast five yearsthe amount of dirt the river carries hasincreased or B) Inthe last
few years the amount of dirt the river carries has not increased.

12. A) In generd, fish have decreased in Sze over the padt five years or B) in generd, fish are
the same Sze now as they were five years ago.
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13. PaKeng A) sometimes spawn in the main stream of the Sedone or B) never spawn in the
main stream of the Sedone.

14. A) Pamen have disappeared or B) Pamen can sometimes till be seen.

15. A) Pasaee are in the Sedone when the water level is high B) Pa saee are in the water
when the weter level islow.

16. A) Many fishers do not follow the rule againgt in the spawning areas on the smal
tributariesin the rainy season or B) Few fishers do not follow the rule againg fishing in the
gpawning area.on the smal tributaries in the rainy season.

17. A) When the dam was built no changes could be seen in the appearance of theriver or B)
when the dam was built some changes were seen in the appearance of theriver.

18. A) Pamak ban are in the Sedone when the water level ishigh or B) Pamak ban arein the
Sedone when the water leve islow.

19. The colour of the water in the dry season is basicdly the same asfive years ago or B) the
colour of the water in the dry season is quite different than it was five years ago.

20. A) We 4till see Paeun dtadeng of dl sizes or B) Now we can only see Pa eun dta deng of
gndl Szes.

21. A) Pawa souang spawn in the Sedone in May or B) Pawa souang do not spawn in the
Sedonein May.

22. A)There is much more seaweed to be seen in the dry season than in the wet season or
B)There is not much more seaweed in the river in the dry season than in the wet season.

23. In the past we use to have problems associated with fishers using explosive to fish A) but
we no longer do B)and we 4till have problems with fishermen using explosive to fish

24. A) Palang Khon est earth worms or B) Palang khon never ests earth worms.
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Appendix Three: Statements Relevant to Indicators as
Used in Table 2.3.5

Weter Leve
October:

Water Quality
October:

Access to Spawning
October:

April:

A) The water level in the Sedone has decreased compared to five years
ago or B) the water level in the Sedone has not decreased compared to
five years ago

A) When the dam was built no changes could be seen in the
gppearance of the river or B) when the dam was built some changes
were seen in the appearance of the river.

A) In the last two years more white foam has appeared on the water
than usud or B) in the lagt year the amount of white foam on the water
has been normal.

A) In the lagt five years the river bottom has become more covered
with sand and dirt or B) in the last few years the river bottom has not
become more covered with sand and dirt.

A) Intheladt five yearsthe amount of dirt theriver carries has
increased or B) In the last few years the amount of dirt the river carries
has not increased

A) The colour of the water in the dry season is basicaly the same as
five years ago or B) the colour of the water in the dry season is quite
different than it was five years ago.

A) The PaKeung aways spawn in the deep pools or B) the PaKeung
sometimes spawn in other places.

PaKeng a) spawn anyplace or B) spawn only in certain specid places

PaKeng A) sometimes spawn in the main stream of the Sedone or B)
never pawn in the main stream of the Sedone

A) Pawa souang spawn in the Sedone in May or B) Pawa souang do
not spawn in the Sedone in May.

PaNai A) sometimes spawn in the small sreams or B) PaNai never
gpawn in the smal streams.

A) Fish that migrate up from the Mekong sometimes spawn in the
small tributary streams of the Sedone or B) Fish that migrate up from
the Mekong never spawn in the smal tributary streams of the Sedone

A) PaWa spawn only in the Mekong River or B) PaWa sometimes
gpawn in the Sedone River.
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A) PaKeung lay eggsin theroots of trees or B) PaKeung do not lay
eggs in the roots of trees

Number of people fishing
October A) Over the padt five years the number of fishersin the Sedone
has increased or B) over the past five years the number of
fishers has not increased.
Fish Catch
October A) Fish are more difficult to catch than five years ago or B) fish

April

Fish Sze
October

April

Species Diversity
October

April

are not more difficult to catch than five years ago

A) The number of Pa Phia have decreased or B) the number of PaPhia
have not decreased.

A) PaDuk have decreased in numbers or B) Pa Duk have not
decreased in numbers.

A) PaKho have decreased in numbers or B) Pa Kho have not
decreased in numbers.

A) In generd, fish have decreased in Size over the past five
yearsor B) in generd, fish are the same size now asthey were
five years ago.

A) We gtill see Paeun dtadeng of al sizesor B) Now
we can only see Pa eun dta deng of small szes.

A)Pa Eeun have decreased in Size and now only small ones can be
seen or B) Pa Eeun have not decreased in Sze and large ones can il
be seen.

A) Pamen have disappeared or B) Pamen can sometimes il
be seen.

A) It isno longer possible to catch PaKoon or B) It is till sometimes
possible to catch Pa Koon.

A) PaPawn are never caught any more or B) Pa Pawn are sometimes
dtill caught.

A) It isno longer possible to catch PaKoang or B) it is still sometimes
possible to catch Pa Koang.
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Appendix Four: Guidelines for the Biological Evaluation
Interviews

Hello we are Danish fisheries experts working with the Provincid and the Didtrict
management and we are trying to learn about the fish stocks that you catch around here. You
may know that we have done interviews in February and again in April, but thistime we
would like to talk about the different sgns or indicators that can help us learn about the Satus
of the fish socks and the environment. Would you be willing to spend some time with us
answering questions and do you mind us taping the conversation?

How long have you been fishing?
Areyou fishing al year round or only a certain times?
Are you modly using gill-nets or hook/lines and traps?

Now | will ask you questions where you must choose one of three answers. Later we will
discussthe questionsin detail.

Isthe water level of theriver in the dry season: lower now than before, higher or no change?
Isyour catch of fish in the main Sedone River lower now than before, higher or no change?
Isyour catch of fish in the seasond streams lower than before, higher or no change?

Have the fish you catch become smaller, larger or no change?

Can the fish get into the seasond streams. easier now than before, harder or no change?

In this area (village) is there now: more people fishing, less people fishing or no change?
Isthe water in the river: cleaner than before, dirtier than before or no change?

|s there some fish that you used to catch, that you don’t catch anymore? Many, few, none?
Have the flooded areas decreased, increased or no change?

Are more fish from this village being sold now than before, fewer, no change?

Can you tdl from the amount of agae on the rocks (in the dry season) if many fish are
present? If yes. What species?

Can you sometimes tell from the smell of the water if many fish are present’? If yes What
species?

Do you think the water level is changing when trees are cut down?

Does the number of boatsin a village show how much people fish?

Can you tdl from the number of surfacing fish if many fish are present? Explain!
Can you tel from the noise some fish makesif many fish are present? Explain!
Doesthe use of irrigation affect the water leve?

What fish species do you know to gather in the deep pools of Sedone? Do you think al of
them go there or do some go other places?
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Appendix Five: Consensus Statements for Dam Doi
Offshore Statements

1. Offshore shrimp species stay offshore their whole lives and inshore shrimp species Say
inshore thair whole lives,

2. Shrimp catch composition has not changed.

3. Rainfdl is does not affect the shrimp yield in the offshore area.
4. Only prawnsin fresh water have visble eggs.

5. Theyidd of shrimp has decreased every year

6.All shrimp like to Stay in trangparent water.

7.Shrimp will move to shalow places when they become adlullt.
8. Theyidd of shrimp reduced suddenly last yesr.

9. The water temperature is gradudly increasing from the coagtline to offshorein the dry
Season.

10. Sac shrimp stay offshore from December to January.
11. Theyield of some species has increased while the yield of others has reduced.

12. Normally, water temperature islow from November till January, then it starts to increased
to May.

13. All shrimp breed in the off shore area.

14. Since 1986, the shrimp yield has reduced rapidly.

15. A North wind means we will catch fewer shrimp.

16. In south wind season shrimp come to stay in deep places.

17. Gay shrimp became few but now there are many more.

18. Large, adult shrimp stay in the offshore aress.

19.The Gay shrimp became very few about 4-5 years ago.

20. The shrimp that live in muddy bottoms have low vaue but a high yield.
21. Su shrimp brood stock livein shalow water.

22. Very few Sat shrimp are now caught.

23. Each different species will have different areas of spawning ground.
24. Chi Bong shrimp stay in inshore, shallow places. A.

25. In the past three years, the yield of Giang shrimp has reduced more than other species.
26. The inity of seawater is highest in August and lowest in March.

27. Gay shrimp and Giang shrimp are often caught from 20- 30 nautica miles offshore, they
concentrate in deep water levels during the entire year.
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28. | often catch Su shrimp
29. In nature, shrimp species have the ability to tolerate large changesin sdinity.
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I nshore Statements

1. Offshore shrimp species stay offshore their whole lives and inshore shrimp species stay
inshore their whole lives.

2. Shrimp catch composition has not changed/

3. If shrimp live in the root of the mangrove, they will grow fagter.
4. Only prawnsin fresh water have visble eggs.

5. Theyield of shrimp has decreased every year.

6. If the current is stronger the bottom becomes muddier, but awesk current will make the
bottom sandier.

7. Shrimp move to shallow places when they become adlult.

8. Theyidd of shrimp reduced suddenly last year.

9. The water baloon can be seen from June to August

10. Sac shrimp stay offshore from December to January.

11. Theyidd of some species hasincreased while the yield of others has reduced.

12. The fishing ground changes from place to place in the rainy season due to high water
turbidity.

13. Shrimp breed in shallow places.

14. Since 1986, the shrimp yidd has reduced rapidly.

15. A North wind means we will catch fewer shrimp. F.

16. The Bac shrimp has eggs from May to August.

17. The Gay shrimp had ahigh yidd in the pagt , but it is much lower now.

18. When wind from the sea brings up water, shrimp in the ponds will move to the river.
19. The The shrimp became very few about 4-5 years ago.

20. The shrimp that live in muddy bottoms have low vaue but ahigh yidd.

21. Dat shrimp is found mogt often in shdlow water.

22. Very few giang shrimp are now caught.

23. Each different species will have different areas of spawning ground.

24. Chi shrimp is caught in shdlow weter.

25. Inthe past three years, the yied of Gay shrimp has reduced more than other species.
26. The sdlinity of seawater ishighest in August and lowest in March. H

27. The naturd shrimp decrease year by year.

28. In nature, shrimp species have the ability to tolerate large changes in dinity.
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Appendix Six: Statements Relevant to Indicators as Used
in Tables 3.3.6 and 3.3.7
Changesin the geographical distribution of shrimp species
Offshore: Sac shrimp stay offshore from December to January.
In south wind season shrimp come to stay in deep places.
Large, adult shrimp stay in the offshore aress.
Su shrimp brood stock live in shdlow water.
Chi Bong shrimp stay ininshore, shdlow places.
Inshore: Sac shrimp gtay offshore from December to January.
Dat shrimp isfound most often in shalow water.
Chi shrimp is caught in shdlow water.
Size of the nursery areas
Offshore: Each different species will have different areas of spawning ground.

Inshore: Each different species will have different areas of spawning ground.
Changesin Mangrove Cover

Inshore: If shrimp live in the root of the mangrove, they will grow faster.
Temperature

Offshore: The water temperature is gradudly increasing from the coastline to
offshoreinthedry season.

Normadly, water temperature is low from November till January, then
it starts to increased to May.

Wind
Offshore: A North wind means we will catch fewer shrimp.
Inshore: A North wind means we will catch fewer shrimp.
Turbidity
Offshore: All shrimp like to Stay in transparent water.

HAinity
Offshore: The sdinity of seawater ishighest in August and lowest in March.
In nature, shrimp species have the ahility to tolerate large changesin
Sinity.
Inshore: The dinity of seawater ishighest in August and lowest in March.

In nature, shrimp species have the ability to tolerate large changesin
Sinity.
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Fecundity
Offshore: Only prawnsin fresh water have vishle eggs.
Inshore: Only prawnsin fresh weter have visible eggs
The Bac shrimp has eggs from May to Augudt.

Size digribution by area

Offshore: Offshore shrimp species Say offshore their whole lives and inshore
ghrimp species stay inshore their whole lives.

Shrimp will move to shalow places when they become aduult.

Inshore: Offshore shrimp species say offshore their whole lives and inshore
shrimp species stay inshore their whole lives.

Shrimp will move to shalow places when they become adullt.

When wind from the sea brings up water, shrimp in the ponds will
move to theriver.

Catch rates

Offshore: Theyield of shrimp has decreased every year
Theyidd of shrimp reduced suddenly last year
Since 1986, the shrimp yield has reduced rapidly
Gay shrimp became few but now there are many more.
| often catch Su shrimp.
The Gay shrimp became very few about 4-5 years ago.

Inshore: Theyield of shrimp has decreased every year
Theyidd of shrimp reduced suddenly last year
Gay shrimp became few but now there are many more.
Very few giang shrimp are now caught
The The shrimp became very few about 4-5 years ago.

Catch composition
Offshore: Shrimp catch composition has not changed.

Theyidd of some species has increased while the yield of others has
reduced.

In the past three years, the yidd of Giang ship has reduced more than
other species.

Inshore: Shrimp catch composition has not changed.
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Theyidd of some species has increased while the yield of others has
reduced.

In the past three years, the yield of Giang ship has reduced more than
other species.
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Appendix Seven: The Dam Doi Q-sort Statements
1. Theyidd of shrimp has dropped down due to so many fishing boats.

2. Theyidd of shrimp has dropped down because smdl boats go fishing inshore.
3. Theyidd of shrimp has reduced year by year because of new fishing technology.
4. The lower yidd of shrimp is due to heavy rain and storm.

5. Polluted water has caused dead shrimp.

6. There are fewer natura shrimp due to loss of land with mangrove forest.

7. Shrimp production has reduced much in near shore area, because there are so many
activities such astrawl net and push net.

8. You cannot predict the yidd of shrimp next year from the yield this

9. No indicator can show what the production of shrimp will be next year.
10. Many water balloons are aSgn that shrimp production will be high.
11. The number of different shrimp speciesis not important.

12. That would be good if the DOFI do not dlow the fishing of shrimp brood stock in the
Spawning season.

13. It would be good if the DOFI did not alow the catching baby shrimp in the in shore area.
14. | think that government needs to have regulations about mesh net for each kind of boat.

15. | think that government needs to have regulations about mesh sze for each fishing
ground.

16. The main purpose of integrated mangrove and aquaculture mode isto develop
aguaculture.

17. The main purpose of integrated mangrove and aquaculture model isto help every people
to recognize the role of the mangrove forest.

18. Aquaculture has been bad for natura shrimp.
19. Overfishing has reduced shrimp production.
20. There are no methods suitable for preventing shrimp disease yet.
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