














































































































































































































































































































































































































The Ecology of the Fishery

The model predicts that fish biomass, indicated by the mean daily catch rate of a dai unit during the
fishing season (October—March), increases exponentially with the (F7) (Figure 61) as follows:

CPUE = 83.88.¢! 6063-0671
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Figure 61 The relationship between the mean predicted daily catch rate of a dai unit during the fishing season
and the flood index (FI) for the TS-GL System.

This response appears to be mediated through the effects of the (F7) on fish growth. Growth variation,
indicated by mean fish weight responds in the same way having a similar exponent value and therefore
the same four-fold increase in predicted values from the minimum to the maximum observed flood
index (Figure 62). This same type of growth response is also evident for the six most abundant species
(Figure 63).
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Figure 62 The relationship between mean sampled fish weight (all species combined) and the flood index
with fitted exponential model. Weight = 0.0054¢! 31E-06F1  R2=().59.
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Figure 63 Mean weight estimates for the six most abundant species in the fishery in December each year

(corresponding to the end of the flood season) plotted as a function of the flood index.

ANOVA demonstrated that when variation due to the flood index is accounted for, there is no

significant change in mean weight through time for any of the six species examined. The relatively
low mean weights observed during the last six years are therefore likely to reflect growth responses to
below average flood conditions, rather than the effects of increasing rates of exploitation as suggested

by some workers (Figure 64).

Figure 64
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Changes in mean fish weight and the flood index from 1997-98 to 2008—09.
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No such relationship was evident between fish abundance indicated by mean CPUE for the season,
expressed as number of fish caught per dai per day, and the (F7) (Figure 65).
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Figure 65 Fish abundance plotted as a function of the flood index.

Inter-annual fish biomass variation in the TS-GL System indicated by catch rates sampled from the

dai fishery appear to be growth mediated in response to feeding opportunities dictated by flood extent
and duration. Mean fish weights for 2004-05 and 2005-06 were consistent with the flood index.
Therefore, above average levels of recruitment were probably responsible for the very high catches
observed during these two seasons described in Section 5.4.1. Factors responsible for these high levels
of recruitment remain uncertain but a campaign by the FiA to confiscate illegal gear, particularly
during 2003 and 2004, may have been influential (Hortle et al., 2005). The Mekong River Commission
(MRC) report that sediment inputs, which can influence primary production in the TS-GL System,
peaked during these two seasons (MRC, pers. comms.). These conditions may have also favoured
recruitment.
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6. Summary and Conclusions

The Tonle Sap-Great Lake (TS-GL) system is an integral part of the history, culture, ecology and
economics of the Mekong region. As well as mitigating floods in Cambodia and Viet Nam, it provides
a source of raw materials, nutrition, income and livelihoods for upwards of one million people living
in and around it. The system is of international ecological and conservation importance supporting a
diverse flora and fauna including 149 species of fish, five of which are globally threatened. The annual
flood pulse is believed, by some, to be the principle driving force responsible for this productivity and
diversity, transporting and recycling biolimiting nurtrients and providing diverse ephemeral critical
habitats.

Blackfish and whitefish species are the target of industrial, artisanal and subsistence fisheries
operating in the TS-GL System. The large-scale industrial fisheries are managed through a system of
fishing lots - demarcated areas of productive fish habitat of up to 500 km?, or positions along migration
corridors such as the Tonle Sap and other tributaries forming the system. These limited access fisheries
operate only during the open season (October—-May) and typically employ large barrier, bagnet or
fence type gears designed to divert and/or intercept migrating fish. Artisanal (middle-scale) and
subsistence (family) fisheries operate in open access areas with a variety of gear types including
gillnets, seines, bamboo fence traps, cast nets and longlines. The former may operate only during the
open season, whereas subsistence fisheries operate year-round. Strong competition exists among the
fisheries to land in excess of 200,000 tonnes of fish each year equivalent to approximately 10% of the
total quantity of fish consumed in the entire LMB each year.

The dai fishery on the Tonle Sap, established almost 140 years ago, is an important component of
the industrial fishery landing approximately 14% of the annual catch taken from the TS-GL System.
It targets the refuge migrations of a multi-species assemblage of fish as they migrate from the Great
Lake to the Mekong main channel via the Tonle Sap with the receding floodwaters each year. Up to
15 rows of stationary trawl nets are set over a 35 km stretch of the Tonle Sap in Kandal and Phnom
Penh Municipalities, with 1-7 trawl nets or dai units forming each row. Diesel engines have recently
replaced the traditional hand-powered wooden winches for hauling the nets as frequently as 4 times
per hour during peak catch rate periods.

In addition to its significant socio-economic value both locally and nationally, the dai fishery
provides a valuable source of data and information to monitor trends in migratory fish populations
which seasonally utilise the TS-GL System and beyond. Monitoring these trends provides an important
means to evaluate the performance of fisheries management measures as well as potential impacts
arising from basin development activities.
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Small cyprinids belonging to the Cirrhinus, Lobocheilos, Labiobarbus and Henicorhynchus genera
form the bulk of the catch landed by the dai fishery. Other species making an important contribution
to landings are Labeo chrysophekadion, Pangasius pleurotaenia, Puntioplites proctozystron and
Thynnichthys thynnoides.

Small species are sold to fish traders either on the floating dai platform or on the nearest riverbank
for marketing, processing or export. The remaining more valuable medium-sized and large-sized fish
species including Osteochilus melanoplerus, Pangasius larnaudii, Cyclocheilichthys enoplos and
Pangasianodon hypophthalmus are often kept alive in bamboo cages suspended below the working
platform of the dai and sold during the closed season (March—September) when the fish supply is low
and prices are high.

Typical annual operating profit per dai unit is in the region of US$14,000. Annual profit tends to
decline from the most upstream dai row 15 to row 2 with declining catch rates. Licence fees (both
official and unofficial combined) paid by dai operators appears independent of their reported operating
profit. Unexpectedly, the price of trey riel appears positively correlated with supply (landings).

Under Cambodian Law, the fishery is managed using a closed season together with effort and gear
size restrictions. Ad hoc surveys of the fishery began in the late 1930s but comprehensive routine
monitoring programmes did not begin until 1994-95 undertaken by the FiA/I[FReDI with support from
the MRC and the FAO. The survey design has evolved over the 15-year monitoring period mainly
with changes to survey stratification to reduce sample variance. In addition to changes to the structure
and stratification of the sampling regime, there has been considerable inter-seasonal variation in the
sampling effort as measured by the total number of hauls sampled by the data collectors over the
survey period.

The database used to store and process the data collected from the fishery has also evolved and
been supported by different software platforms. This paper has provided a detailed description of
the changes that have been made including the full details of the tables providing a useful reference
document for both I[FReDI and others working with the database. Database queries used to extract
data from the tables have been described in a companion working document (Cambodian Dai Fishery
Database—Query Reference Manual) held at [IFReDI. This Manual contains a range of alternative
queries that were developed to analyse the data. The alternative queries described in the manual reflect
different assumptions regarding the structure of the data itself and/or the reliability of certain variables
such as information on fishing effort. The conclusions drawn from the data generated by the queries
may differ slightly depending on these underlying assumptions. This variation effectively represents
"model" or "structural" uncertainty—an additional form of uncertainty in catch estimation that exists
alongside the statistical uncertainty associated with estimates of parameters using the data. Due to
ambiguity surrounding the interpretation of the data no single method has been recommended.

Catch rates sampled from the dai fishery exhibit considerable spatial and temporal variation.
Catch rates in Phnom Penh (downstream) are on average less than half the rates estimated for Kandal
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indicative of a depletion effect on the migrating fish. A Delury depletion model was used to describe
this depletion response. It predicted that each dai unit removes approximately 2.8% of fish migrating
through the fishery equivalent to an instantaneous fishing mortality rate, () of 1.79 for 64 dai units. In
other words approximately 80% of fish arriving at the dai fishery are estimated to be caught.

However, the non-monotonic decline in catch rates with cumulative effort evident in the depletion
model suggests that the required assumption of constant catchability may have been violated. This
might reflect the use of different net mesh size (see Section 5.1.3) and/or non-random sampling effort
through space and time (Section 3.3). The use of larger mesh sizes would be expected to result in lower

catch rates and vice-versa.

Furthermore, the corresponding estimates of fishing mortality generated by this analysis will be
biased if removals of fish between dai rows by small-scale (artisanal and subsistence) gear were
significant. Significant lateral migrations of fish from or to adjacent floodplains between dai rows
would also bias the estimates. Current knowledge of these small-scale fisheries and fish migrations
routes in the TS-GL System is sparse and poorly documented. This will need to be addressed in order
to reliably interpret these results.

If lateral migrations can be ignored, then the estimate of the proportion of the fish removed over the
range of the dai fishery (regardless of gear type present) would remain unchanged i.e. approximately
80%. However, the catchability coefficient, (¢) for the dai gear and thereby the estimate of the
instantaneous fishing mortality rate, (F) for the dai fishery would be upwardly biased if removals by
small-scale gear were significant.

Most importantly, the estimate of the proportion of fish removed by the dai fishery, and the
corresponding estimate of the average instantaneous fishing mortality rate (F) during the dai fishing
season, relate only to the population of fish remaining after exploitation (removals) by other gear
operating upstream in the Lake including those used by other lot, artisanal and subsistence fisheries.
They are no estimates for the entire population of fish inhabiting the TS-GL System during a period of
one year.

Water depth and velocity effects on individual dai catch rates could not be detected. In addition to
depletion effects on the population, the observed spatial variability in dai catch rates may also reflect
differences in catchability influenced by factors such as bathymetry or other hydrological variables not
considered here.

Whilst no strong evidence was found to suggest that the species assemblage landed by the dai
fishery varies significantly through the dai rows, some evidence was found to suggest that the mean
weight of fish landed increases downstream. This may reflect the use of nets with larger mesh size.

Fish abundance, indicated by the mean daily catch rate of sampled dai units, exhibits significant
variation both between and within the six months comprising the fishing season. Catch rates typically
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peak in December or January and are lowest in October. Catch rates also peak during the second
quarter of the lunar cycle known as the ‘Waxing Gibbous’ phase. These results indicate that fish
migrations are strongly influenced by the lunar cycle, and possibly water levels as peak migrations
typically occur around January or December coinciding with the end of the flood season as also
suggested by Baird et al. (2003). This pulsed, rather than continuous, form of migratory behaviour
from the Lake peaking during the second quarter of the lunar cycle was reported as early as the 1950’s
(Welcomme, 1985).

However, it remains uncertain why migrations from the Lake should peak during this period
particularly when levels of illumination are high potentially increasing the threat of predation by
sight-feeding predators. For this reason, migrations of European eels (4dnguilla anguilla) and lampreys
(Petromyzonidae) tend to be weaker driving full-moon or moonlit conditions (Wootton, 1990).
Seaward migrations of coho salmon (Onchorhynchus kisutch) smolts also tend to peak during the
(dark) new moon phase. In the Tonle Sap however, illumination may not matter as the water is very
turbid, and predators would be swamped (Hortle, pers comms).

Lunar phase-related migrations of amphidromous or anadromous species returning to rivers are
generally interpreted in the context of variation in tidal height than as a consequence of variable light
intensity (Lucas and Baras, 2001). Historically, tidal influences on the TS-GL System may have been
significant (see Section 1.1.1). Baird et al. (2003) therefore proposed that stenohaline species including
small cyprininds may have evolved migratory behaviour to avoid encountering saline intrusions in the
Mekong mainstream associated with the highest (spring) tides. However, this is hard to reconcile with
the fact that spring tides occur every 14 days (twice per month), whilst migrations clearly peak only
once per month.

There was also evidence that different species migrate from the Lake at different times with a
general trend toward increasing species richness and diversity from the beginning of the season
(October), to the middle (November and December), before tailing off toward the end of the season
in March. Corresponding changes in mean fish weight were also observed peaking in November or
December and followed by a decline. These patterns may be indicative of larger species migrating
during the flood recession in November and December compared to other months. There is also
some evidence that larger individuals of the same species migrate first during the falling water period
(November and December) followed by smaller juvenile individuals.

The tendency for both larger species and larger individuals of the same species to leave the Great
Lake earlier than smaller fish was reported by workers during the 1950s as well as in other tropical
river systems (see Welcomme 1985 for review). This behaviour is also reported by the dai operators.
Given that large fish also often fail to leave deeper floodplain pools, Welcomme (1985) suggests that
depth is a major factor affecting the timing of refuge-seeking fish migrations along with dissolved
oxygen and temperature.

The fishery experiences significant spatial, intra- and inter-annual variation in catch rates and
landings in catch rates and therefore total landings. During the 12 year period for which effort data
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are believed to be reliable, total catch (aggregated across species) by season has varied from between
approximately 8,000 and 33,000 tonnes, with a mean of approximately 15,000 tonnes but with no
obvious trend. Very high catches were observed in 2004—05 and 2005-06. Effort has ranged from

60 to 68 dai units, again with no obvious trend. The mean weight of fish has shown considerable
variation during the fifteen year monitoring period, but with no evidence of a continuous monotonic
decline. Multivariate analyses provided no compelling evidence to indicate that species composition
has changed significantly through time. Rather changes in species richness appear to reflect changes in
sampling effects/error.

The extent and duration of flooding in the TS-GL System each year has a significant effect on fish
biomass migrating from the Lake indicated by dai catch rates after accounting for variation in fishing
effort. Relative fish biomass increases exponentially with the index of flood extent and duration
exhibiting a four-fold increase across the observed range. This response appears to be mediated
through the effects of the flood index on fish growth, rather than on recruitment.

Observed mean fish weight for 2004—05 and 200506 were consistent with those predicted
(expected) for the flooding conditions. Therefore, above average levels of recruitment were probably
responsible for the very high catches observed during these two seasons.

6.1. Management Implications

This paper represents the first attempt to compile and analyse the available data and information
about the Cambodian dai fishery in a single document. It therefore serves as an important reference
document for present and future workers involved in the management, monitoring and administration
of the fishery. It also contains new insights into the ecology and dynamics of target fish populations
important for their management.

The paper has attempted to place the dai fishery in the wider context of the fisheries of the
TS-GL System, Cambodia and regionally. This has served to illustrate that whilst the dai fishery is
the focus of most fisheries monitoring and evaluation efforts in Cambodia, it is not the only, nor most
significant, component of the entire TS-GL fishery. Other components with which it interacts and
competes with, particularly the other lot, artisanal and subsistence fisheries, are also significant and
therefore should be considered.

Like the /ee trap fishery in southern Lao PDR, it is likely that the dai fishery became a focus for
intensive monitoring because it targets fish migrations through a ‘bottleneck’ giving rise to high
sampling efficiency and the prospect of accurate population estimates owing to the relatively large
proportion of the population that can be sampled over short periods. Adding to this, attempts to
monitor other lot fisheries have failed in the past because neither lot operators nor officials were
prepared to cooperate. Attempts to monitor the other, more dispersed, sectors of the fishery
(i.e. middle-scale artisanal and family fisheries) also failed owing to a lack of institutional capacity.
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In spite of this restricted focus, the monitoring efforts directed at the dai fishery have generated the
only continuous long-term data set for an inland fishery in Cambodia—and one of the only two in the
Mekong Basin—the other being for the Lee trap fishery.

Analyses of indicators estimated from this data set have been informative for policy and
management evaluation, revealing little or no compelling evidence of changes in the abundance,
biomass, size or diversity of migratory fish populations that seasonally utilise the TS-GL System
and beyond often over distances of more than 600 km (Baird and Flaherty, 2004; Poulsen et al.,

2004 and Adamson et al., 2009). Furthermore, the time series of these indicators have also equipped
managers with an important baseline against which to monitor any impacts of management and basin
development activities.

A key finding of this research is that inter-annual variation in the biomass of the multispecies
assemblage targeted by the fishery (and hence landings) can be largely explained by flood duration
and extent effects on fish growth. Fish growth, indicated by mean fish weight, increases exponentially
with the flood extent and duration described here by the ‘flood index’. Presumably food resources and
available feeding time increases with the flood index, or competition for food resources is less intense
during larger, longer floods (Halls ef al., 2008).

This response has been modelled, allowing predictions to be made of how the relative biomass
of the multispecies assemblage targeted by the fishery (and hence catches) are likely to vary under
different flooding conditions whether natural or modified as a consequence of climate change and/
or water management projects in the Basin. Owing to the highly migratory nature of the target fish
species, these predicted hydrological responses may be observed over large distances, affecting
fisheries and piscivorous fish populations beyond the immediate vicinity of the system.

The unexplained variation in the model may well reflect variation in recruitment to the system each
year in addition to variation in fishing effort (mortality) applied by the other important fisheries within
the TS-GL System or over the migratory range of the target species, reinforcing the need for more
comprehensive monitoring programmes (see below). These results also urge caution when monitoring
mean fish size as a proxy for rates of exploitation in the TS-GL System and other highly fluctuating
environments.

By applying depletion model theory, this research has provided the first estimates of the proportion
of fish removed over the range of the fishery, dai gear catchability (efficiency), and dai fishing
mortality rates subject to a number of assumptions described above. These results are an important first
step towards understanding, and thereby controlling if necessary, the relative sources of fishing effort
(mortality) over the migratory range of populations of important species of fish. Additional studies
and monitoring programmes will be necessary to determine the validity of the assumptions underlying
these estimates and to quantify the spatial distribution of the remaining sources of fishing mortality in
the TS-GL System and beyond (see below).
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6.2. Recommendations

6.2.1. Monitoring fisheries resources in the TS-GL and beyond

The dai fishery monitoring programme has provided a relatively efficient means of obtaining valuable
data and information about the ecology, variability and long-term trends in migratory fish populations
that seasonally utilise the TS-GL System for fisheries policy and management purposes. However, it
is not a panacea for all information needs because of the characteristics of the dai fishery including its
interaction with other important fisheries.

Characteristically, the dai fishery targets only migratory whitefish species and therefore does not
provide any information about valuable blackfish species that inhabit the TS-GL System year-round.
Moreover, whilst located in a migration corridor or bottleneck, the dai fishery effectively operates
only over an area spanning approximately 35 km of the Tonle Sap. Without detailed knowledge of
the migratory range of the species targeted by the fishery and their population structure it is uncertain
over what geographical scale information generated by monitoring the dai fishery applies. Monitoring
other fisheries that target these stocks is also necessary to understand, and thereby control, if necessary,
sources of fishing effort (mortality) over the migratory range of populations of important species of
fish, as well as to provide other important catch-related data.

Its interaction with other fisheries exploiting the TS-GL System also makes it difficult to interpret
variability or long-term trends in the dai (or any other) fishery without assuming that effort has
remained relatively static over the period of interest. This might not be unreasonable if the large-scale
barrier and fence traps common in TS-GL System and in other bottlenecks over the migratory range of
stocks exert the greatest overall effort (fishing mortality) since their effort remains largely unchanging.
However, effort exerted by the artisanal and subsistence fisheries may be significant and variable in
response to fish abundance or may have increased with population growth. At the same time, many
fish populations will never enter the TS-GL System and therefore never be vulnerable to capture by the
dai fishery or others operating in the system.

These characteristics combine to make it impossible to rely solely on the dai fishery monitoring
programme to meet all the information needs of managers and policy makers. Consideration should
be therefore given to establishing additional monitoring programmes to supplement the data and
information currently generated by the dai fishery monitoring programme.

Detailed recommendations for these additional monitoring programmes including the statistical
aspects of their design lie outside the scope of this paper and will depend largely on the information
needs of the FiA and other major stakeholders reflecting the country’s and regional fisheries policy
and development priorities. A consultative process with these stakeholders will therefore be necessary
to develop programmes that meet their data and information needs. Useful guidelines to support this
process are described among others by FAO (1999) and Halls et al. (2005).
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However, on the basis of the findings described in this paper, future programmes should attempt to
sample basic statistics (catch by species and effort by gear type) from the major sectors of the fishery
(lot fisheries, artisanal and subsistence fisheries) stratified by major habitat type. Estimates of the total
number and size of gear within each sampling stratum could be used to raise catch rate samples and
effort census to total estimates, and to standardise effort across gears to account for differences in their
catchability (Gulland, 1983). Mapping the results would help to identify where management efforts
to control fishing mortality might best be targeted. Data generated by this type of survey would also
help to improve understanding of the migratory behaviour of fish in the TS-GL System and elsewhere
and provide estimates of total catch weight and value by species for economic valuation and for
environmental impact assessment purposes.

These efforts might begin in the TS-GL to complement the existing data and models for the dai
fishery and to test the validity of the assumptions described above before extending to other locations
in the country depending on available resources and capacity.

6.2.2. Recommendations to improve the existing dai fishery monitoring programme

In addition to these supplementary monitoring activities, the following recommendations are made to
improve the existing dai fishery monitoring programme.

There is evidence of considerable variation in sampling effort between the dai rows. This is
significant from a survey design (and total catch estimation) perspective because of the apparent
decline in catch rates from the most upstream row 15 to row 2 which is believed to reflect the
depletion of fish as they pass through the fishery. Disproportionate sampling effort directed towards
the most upstream dai rows in any given year could therefore generate unrepresentatively high sample
catch rates for the entire fishery and corresponding total catch estimates. The current programme
should therefore be reviewed by a qualified statistician specialising in survey design to maximise
the accuracy and precision of estimates of catch and effort, and to allow for valid inter-annual
comparisons of estimates of total catch, effort, and fish biomass indicated by dai catch rates, given the
available resources.

Reasons for apparent longitudinal differences in species size, diversity and composition between
upstream and downstream locations remain uncertain but differences in dai net mesh size and the
capacity of survey teams to correctly identify species between upstream and downstream locations
may be important. These differences might account for the unexplained variation in the depletion
model and observations of species composition through space and time. It is therefore recommended
that greater effort be given to accurately recording net mesh size for each sampled haul. The ability
of enumerators to correctly identify species should also be checked and training provided where
necessary.
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Whilst numerous database queries have been written for the purposes of the analyses described in
this paper, it is recommended that ‘reports’ be programmed using the existing software platform to
automatically generate basic information in the format that is routinely required by the FiA and the
MRC for monitoring and evaluation purposes.

6.2.3. Further research

The relative contribution of the upstream versus adjacent floodplain sources of fish to dai catches
needs to be investigated to determine the reliability of the estimates of the proportion of migrating fish
removed by the dai fishery and the corresponding fishing mortality rate estimates. An expansion of
survey activities to gear targeting fish migrations through channels connecting adjacent floodplains to
the Tonle Sap (downstream of Kampong Tralach) during the open season would provide useful data
for this purpose.

Efforts to establish the migratory range of the target species targeted by dai fishery would
determine the geographic extent over which any management measures or modification to
hydrological conditions in the TS-GL System are likely to propagate to add to recent work (see Halls
et al. in press).

Analyses of the length frequency data sampled from the fishery might also provide further insights
into the population dynamics of the species targeted by the fishery including growth, mortality and
recruitment.

Page 121



The Stationary Trawl (Dai) Fishery of the Tonle Sap-Great Lake System, Cambodia

Page 122



7. References

Adamson, E.A.S.; Hurwood, D.A.; Baker, A.M and Mather, P.B (2009) Population subdivision in
the Siamese mud carp Henicorhynchus siamensis in the Mekong River basin: implications for
management. Journal of Fish Biology, 75: 1371-1392.

Ahmed, M.; Navy, H.; Vuthy, L. & Tiongco, M (1998) Socio economic assessment of freshwater
capture fisheries of Cambodia. Report on a household survey, MRC/DANIDA/DoF.
Management of the freshwater capture fisheries of Cambodia, 186pp.

Baird, I.G and Flaherty, M.S (2004) Beyond National Borders: Important Mekong River Medium
Sized Migratory Carps (Cyprinidae) and Fisheries in Laos and Cambodia. Asian Science
Fisheries, 17: 279-298.

Baird, 1.G.; Flaherty, M..S and Phylavanh, B (2003) Rhythms Of The River: Lunar Phases and
Migrations of Small Carps (Cyprinidae) In The Mekong River. Nat. Hist. Bul.Siam Soc, S1(1):
5-36.

Baran, E.; Starr, P and Y. Kura (2007) Influence of built structures on the Tonle Sap fisheries.
Cambodia National Mekong Committee and Worldfish Center. Phnom Penh, Cambodia, 44pp.

Baran, E.; Van Zalinge, N and Ngor, P. B (2001a) 4nalysis of the Cambodian Bagnet ("Dai") fishery
data. ICLARM, Penang, Malaysia, Mekong River Commission Secretariat and Department of
Fisheries, Phnom Penh, Cambodia, Penang, Malaysia, SOpp.

Baran, E.; van Zalinge, N.; Ngor, P. B.; Baird, I. G and D. Coates (2001 b) Fish resource and
hydrobiological modelling approaches in the Mekong basin. ICLARM, Penang, Malaysia and
the Mekong River Commission Secretariat, Phnom Penh, Cambodia, 60pp.

Brooks, S. E.; Allison, E. H and J.D. Reynolds (2007) Vulnerability of Cambodian water snakes: initial
assessment of the impact of hunting at Tonle Sap Lake. Biological Conservation, 139: 401-414.

Campbell, I. C.; Poole, C.; Giesen, W and J. Valbo-Jorgensen (2006) Species diversity and ecology of
Tonle Sap Great Lake, Cambodia. Aquatic Science, 68: 355-373.

Cans, G and Ngor, P. B (2006) Cambodian Bagnet ("Dai") fishery database: overview of the
conversion from ARTFISH to MS Acces database description. Mekong River Commission,
Fisheries Ecology, Valuation and Mitigation Component, Phnom Penh, Cambodia, 26pp.

Page 123



The Stationary Trawl (Dai) Fishery of the Tonle Sap-Great Lake System, Cambodia

Chevey, P and F. Le Poulain (1940) La péche dans les eaux douces du Cambodge 5e¢ mémoire.
Travaux de L'Institut Océanographique de L'Indochine, 195pp.

Clarke, K.R and R.M. Warwick (2001) Change in marine communities: an approach to statistical
analysis and interpretation, 2nd edition. PRIMER-e Ltd. Plymouth.

Clements, T.; O'Kelly, H and Visal, S (2007) Monitoring of large waterbirds at Prek Toal, Tonle Sap
Great Lake 2001-2007. UNDP/GEF Tonle Sap Conservation Project, 60pp.

CoM (1989) Sub-decree on renting inland and marine fishery domains for exploitation (in Khmer
Version), Council of Ministers, Phnom Penh.

Davidson, P (20006) The biodiversity of the Tonle Sap Biosphere Reserve: 2005 status review. Phnom
Penh: UNDP/Wildlife Conservation Society.

Deap, L (1999) The bagnet [dai] fishery in the Tonle Sap River. In Annual Meeting of the Department
of Fisheries of the Ministry of Agriculture, Forestry and Fisheries, eds. N. Van Zalinge and T.
Nao. Mekong River Commission and Department of Fisheries, Phnom Penh.

Deap, L.; Degen, P and van Zalinge, N (2003) Fishing Gears of the Cambodian Mekong. Phnom Penh,
Cambodia Fisheries Technical Paper Series IV, 269pp.

Dubeau, P.; Ouch, P and Sjorslev, J. G (2001) Estimating fish and aquatic animal productivity/yield per
area in Kampong Tralach: an integrated approach. Cambodia Fisheries Technical Paper Series,
3: 143-164.

Dudley, R.G (1972). Growth of Tilapia of the Kafue floodplain, Zambia: predicted effects of the kafue
Gorge Dam. Ph.D. Dissertation, University of Idaho, Moscow, USA, 50pp.

FAO (1999) Guidelines for the routine collection of capture fishery data. FAO Fish.Tech. Pap. 382,
FAO, Rome, 113pp.

Fily, M and F. d'Aubenton (1965) Cambodge - Grand Lac Tonle Sap - Technologie des Péches
1962—-1963. République Francaise, Ministeére des Affaires Etrangéres, service de coopération
technique.

Gray, T. N. E.; Collar, N. J.; Davidson, P. J. A.; Dolman, P. M.; Evans, T. D.; Fox, H. N.; Chamnan,
H.; Borey, R.; Kim Hout, S. and R.N. van Zalinge. (2009) Distribution, status and conservation
of the Bengal Florican Houbaropsis bengalensis in Cambodia. Bird Conservation International,
19: 1-14.

Gulland, J.A (1983) Fish Stock Assessment: A Manual of Basic Methods, Chichester: John Wiley and
Sons, 223pp.

Page 124



References

Gupta, A and S.C. Liew (2007) The Mekong from satellite imagery: a quick look at a large river.
Geomorphology, 85: 259-274.

Hai, N.T., Sunada, Y.K., Oishi, S., and Ikejima, K. Tonle Sap Ecosystem Fish Species Biological
Groups and Hydroecological Index. International Journal of Ecological Economics and
Statistics, 8: 6-26.

Halls, A.S.; Paxton, B.R.; Hall, N.; Hortle, K.G.; So, N.; Chea, T.; Chheng, P.; Putrea, S.; Lieng, S.;
Peng Bun, N.; Pengby, N.; Chan, S.; Vu, V.A.; Nguyen Nguyen, D.; Doan, V.T., Sinthavong,
V.; Douangkham, S.; Vannaxay, S.; Renu, S.; Suntornratana, U.; Tiwarat, T. and Boonsong,
S. (2013). Integrated Analysis of Data from MRC Fisheries Monitoring Programmes in the
Lower Mekong Basin. MRC Technical Paper No. 33, Mekong River Commission, Phnom Penh,
Cambodia, 130pp.

Halls, A.; Lieng, S.; Ngor, P. B and Tun, P (2008) New research reveals ecological insights into Dai
fishery. Catch and Culture, 14(1): 8-12.

Halls, A. S., Arthur, R., Bartley, D., Felsing, M., Grainger, R., Hartmann, W., Lamberts, D., Purvis, J;
Sultana, P., Thompson, P and Walmsley, S (2005) Guidelines for Designing Data Collection and
Sharing Systems for Co-Managed Fisheries. Part 1 & 2: FAO Fisheries Technical Paper. No.
494/1&2. Rome, FAO. 2005, Part 1, 42pp and Part 2, 108pp.

Halls, A.S and Welcomme, R.L (2004) Dynamics of river fish populations in response to hydrological
conditions: A simulation study. River Research and Applications, 20: 985-1000.

Halls, A.S.; Kirkwood, G.P and Payne, A.I (2001) A dynamic pool model for floodplain-river fisheries.
Ecohydrology and Hydrobiology, 1(3): 323-339.

Halls, A.S., Sopha, L and Ngor, P (2007) Landings from Tonle Sap dai fishery in 2006—07 above the
12-year average. Catch & Culture, 13(1): 7-11.

Hap, N and Ngor, P (2001) ‘An economic analysis of fish production in the Dai Fisheries in Phnom
Penh/Kandal Province, Cambodia’, in N. van Zalinge, S. Nuov, R. Ounsted and L. Sopha (eds.),
Cambodia fisheries technical paper series, Volume III, The Management of the Freshwater
Capture Fisheries of Cambodia Component of the Mekong River Commission’s Program for
Fisheries Management and Development and the Department of Fisheries of Cambodia, Phnom
Penh.

Hap, N., Chuenpagdee, R and J. Kurien (2006) Livelihood importance and values of the Tonle Sap
Lake fisheries. Inland Fisheries Research and Development Institute, Phnom Penh, Cambodia,

8pp.

Page 125



The Stationary Trawl (Dai) Fishery of the Tonle Sap-Great Lake System, Cambodia

Hav, V and Ngor, P (2005) An overview of aquaculture in Cambodia, Working Paper 2, An output
from the DFID-funded Post-Harvest Fisheries Livelihood Project, Department of Fisheries,
Phnom Penh.

Hilborn, R and Walters, C.J (1992) Quantitative Fisheries Stock Assessment. Choice, Dynamics and
Uncertainty. London, Chapman Hall, 570pp.

Hortle, K.G (2007) Consumption and the yield of fish and other aquatic animals from the Lower
Mekong Basin. Mekong River Commission, Vientiane. MRC Technical Paper No. 16, 87pp.

Hortle, K.G.; Lieng, S and Valbo-Jorgensen, J (2004) An introduction to Cambodia's inland fisheries.
Mekong Development Series No. 4. Mekong River Commission, Phnom Penh, Cambodia, 41pp.

Hortle, K.G.; Ngor, P., Hem, R and Lieng, S (2004) Trends in the Cambodian dai fishery: floods and
fishing pressure. Catch & Culture, 10(1): 7-9.

Hortle, K.G.; Ngor, P.; Hem, R and Lieng, S (2005) Tonle Sap yields record haul. Catch & Culture,
11(1): 3-7.

Junk, W J; Bayley, P B and Sparks, R E (1989) The flood pulse concept in river-floodplain systems. In.
Dodge, D P (ed). Proceedings of the International Large River Symposium. Canadian Special
Publication of Fisheries and Aquatic Science, 106: 110-127.

Junk, W. J.; Brown, M.; Cambell, . C.; Finlayson, M.; Gopal, B.; Ramberg, L. and B.G, Warner
(2006) The comparative biodiversity of seven globally important wetlands: a synthesis. Aquatic
Science, 68: 400-414.

Kapetsky, J.M (1974) Growth Mortality and Production of Five Fish Species of the Kafue River
Floodplain, Zambia. PhD Thesis. University of Michigan, 194pp

Keskinen, M (2003) Socio-economic survey of the Tonle Sap, Cambodia. A Master of science thesis
submitted for inspection in Espoo, 2003.

Kummu, M and J. Sarkkula (2008) Impact of the Mekong River flow alteration on the Tonle Sap flood
pulse. Ambio, 37: 185-192.

Kummu, M.; Koponen, J and J. Sarkkulan (2005) Modelling sediment transportation in Tonle Sap
Lake for impact assessment. In: SIMMOD '05 International Conference on Simulation and
Modelling 2005. Simulation and Modelling: Integrating Sciences and Technology for Effective
Resource Management. Asian Institute of Technology, Bangkok, Thailand. (http://www.mssanz.
org.au/simmod05/papers/C3-02.pdf).

Page 126



References

Kummu, M.; Penny, D.; Sarkkula, J and J. Koponen (2008) Sediment: curse or blessing for Tonle Sap
Lake? Ambio, 37(7): 158-163.

Lamberts, D (2008) Little impact, much damage: the consequences of Mekong River flow alterations
for the Tonle Sap ecosystem. In: Modern Myths of the Mekong, eds. M. Kummu, M. Keskinen
& O. Varis: 3-18.

Lamberts, D (2001) Tonle Sap fisheries: a case study on floodplain gillnet fisheries in Siem Reap,
Cambodia. RAP Publication. FAO Regional Office for Asia and the Pacific, Bangkok, Thailand,
133pp.

Lamberts, D (2006) The Tonle Sap Lake as a productive ecosystem. Water Resources Development,
22: 481-495.

Lieng, S.; Yim, C and van Zalinge, N. P (1995) Freshwater fisheries of Cambodia, I: the bagnet (Dai)
fishery in the Tonle Sap River. Asian Fisheries Science, 8: 255-262.

Lim Song, S.; Lieng, S.; Ing, T and S Heng (2004) The unsustainable exploitation of inland fisheries
resources in Cambodia. Discussion Paper 14 In: Overcoming factors of unsustainablility and
overexploitation in fisheries: selected papers on issues and approaches. International workshop
on the Implementation of International Fisheries Instruments and Factors of Unsustainability
and Overexploitation in Fisheries , Siem Reap, Cambodia, 19-16 September 2004. FAO/Japan
Government Cooperative Programme. (available google book).

Lim, P.; Lek, S.; Touch, S.T.; Mao, S.-O and Chhouk, B (1999) Diversity and spatial distribution of
freshwater fish in Great Lake and Tonle Sap river (Cambodia, Southeast Asia). Aquatic Living
Resources, 12: 379-386.

Lucas, M.C and Baras, E (2001) Migration of Freshwater Fishes. Oxford, Blackwell Science Ltd,
420pp.

MRC (2005) Overview of the hydrology of the Mekong Basin. Mekong River Commission, Vientiane,
73pp.

MFD (2003) Mekong Fish Database. Mekong River Commission 2003.

Nao, T and N, van Zalinge (2001) Challenges in managing Cambodia fisheries. How we can meet
them. Mekong River Commission and Department of Fisheries, Phnom Penh.

Ngor, P and N, van Zalinge (2001). Dai (Bagnet) fishery: 1994/95-2000/01: catch assessment
methodology and results. Project for Management of the Freshwater Capture Fisheries of
Cambodia. Mekong River Commission/DoF/DANIDA, 47pp.

Page 127



The Stationary Trawl (Dai) Fishery of the Tonle Sap-Great Lake System, Cambodia

Ngor, P. B (2000) Dai fisheries in the Tonle Sap River of Phnom Penh and Kandal Province (including
a review of the census data of 1996-97). In: van Zalinge, N.P.; Nao, T and S. Lieng (eds.)
Management aspects of Cambodia’s Freshwater Capture Fisheries. Eleven presentations given
at the annual meeting of the Department of Fisheries of the Ministry of Agriculture, Forestry
and Fisheries. Pp 30-47. Mekong River Commission and Department of Fisheries Phnom Penh,
Cambodia, 27-28 January 2000, 169pp.

Nguyen, X.T and V.H, Nguyen (1991) Investigation of the freshwater fish productivity of Cambodia
(1986-88) Fishery Service of Viet Nam, Hanoi, 126pp.

Penny, D (2006) The holocene history and development of the Tonle Sap, Cambodia. Quarternary
Science Reviews, 25: 310-322.

Penny, D (2008) The Mekong at climatic crossroads: lessons from the geological past. Ambio, 37(3):
164-1609.

Penny, D.; Cook, G and S.S, Im (2005) Long-term rates of sediment accumulation in the Tonle Sap,
Cambodia: a threat to ecosystem health? Journal of Paleolimnology, 33: 95-103.

Poulsen, A.F.; Hortle, K.G.; Valbo-Jorgensen, J.; Chan, S.; Chhuoun, C.K.; Viravong, S.;
Bouakhamvongsa, K.; Suntornratana, U.; Yoorang, N.; Nguyen, T.T and Tran, B.Q (2004)
Distribution and Ecology of Some Important Riverine Fish Species of the Mekong River Basin.
MRC Technical Paper, 10: 116pp.

Rainboth, W.J (1996) Fishes of the Cambodian Mekong. FAO Species Identification Field Guide for
Fishery Purposes. FAO, Rome, 265pp.

Sam, N.; Lieng, S and Thor, S (2002) Improving Inland Capture Fishery Statistics in Cambodia. In
New Approaches for the Improvement of Inland Capture Fishery Statistics in the Mekong Basin.
RAP Publication 2003/01, FAO, Rome, 145pp.

Sarkkula, J and J, Koponen (2003) Modelling Tonle Sap for environmental impact assessment and
management support. Water Utilization Program - modelling of the flow regime and water
quality of the Tonle Sap MRCS/WUP-FIN Project, 110pp.

Sarkkula, J.; Baran, E.; Chheng, P.; Keskinen, M.; Koponen, J and Kummu, M (2004) Tonle Sap
pulsing system and fisheries productivity. In XXIX International Congress of Limnology
(SIL 2004). Lahti, Finland.

Sarkkula, J.; Kiirikki, M.; Koponen, J. and M. Kummu (2003) Ecosystem processes of the Tonle Sap
Lake. In 1st Workshop of Ecotone Phase II. Phnom Penh, Cambodia.

Page 128



References

So, N.; Sy Vann, L and Yumiko, Y (2007) Study of the catch and market chain of low value fish along
Tonle Sap River, Cambodia and implications for management of their fisheries - A preliminary
study. Consultancy report for the WorldFish Center. Inland Fisheries Research and Development
Institute and WorldFish Center’s Greater Mekong Region, Phnom Penh, Cambodia, 56pp.

So, N.; Eng, T.; Souen, N and Hortle, K.G (2005). Use of freshwater low value fish for aquaculture
development in the Cambodia's Mekong basin. Inland Fisheries Research and Development
Institute, Phnom Penh and Mekong River Commission Fisheries Program, Vientiane, Lao PDR.

So, N and Nao T (1999) Aquaculture Sector Review, Cambodia. Constancy report for APIP/World
Bank- Fisheries Component, Department of Fisheries, Phnom Penh, 50pp.

Sparre, P and Venema, S.C (1992) Introduction to tropical stock assessment. FAO Fisheries Technical
Paper 306/1. Rome, FAO, 376pp.

Stamatopoulos, C (1994) ARTFISH: a microcomputer system for the statistical monitoring of artisanal
fisheries. Version 1. FAO Rome.

Stamatopoulos, C (1995) Statistical monitoring of the freshwater capture fisheries in Cambodia.
Mission report, field document No. 3. DoF/MRC/DANIDA. Management of the freshwater
capture fisheries of Cambodia project, Phnom Penh, 6pp.

Stamatopoulos, C (2002) Sample-based fishery surveys. FAO Fisheries Technical Paper 425. FAO
Rome, 132pp.

Stuart, B.L.; Smith, J.; Davey, K.; Din, P and S.G. Platt (2000) Homalospine watersnakes: the harvest
and trade from the Tonle Sap, Cambodia. TRAFFIC Bulletin, 18: 115-124.

Sverdrup-Jensen, S (2002) Fisheries in the Lower Mekong Basin: status and perspectives. Mekong
River Commission, Phnom Penh. MRC Technical Paper.

Touch, S.T (1998) Inland fisheries in historic prospective, an afterthought of commercialization. MRC
Symposium, 7-8 December 1998, 17pp.

Touch, S.T (1993) Fish supply and demand in rural Svay Rieng Province, Cambodia, A thesis
submitted as a partial fulfillment of the degree of master, Asian Institute of Technology (AIT),
Bangkok.

Valbo-Jorgensen, J.; Chan, S and Chhuon, K. C (2001) Lateral fish migrations between the Tonle Sap
River and its floodplain. Cambodia Fisheries Technical Paper Series, 3: 120-128.

Page 129



The Stationary Trawl (Dai) Fishery of the Tonle Sap-Great Lake System, Cambodia

van Zalinge, N (2002) Update on the status of the Cambodian inland capture fisheries sector with
special reference to the Tonle Sap Great Lake. Catch and Culture, 8(2): 1-5.

van Zalinge, N.; Sarkkula, J.; Koponen, J.; Loeung, D and Ngor, P.B (2004) Mekong flood levels and
Tonle Sap fish catches. In: Welcomme, R.L., Petr, T. (Eds.), Second International Symposium on
the Management of Large Rivers for Fisheries. FAO, Bangkok, Phnom Penh, Cambodia.

van Zalinge, N.; Degen, P.; Pongsri, C.; Nuov, S.; Jensen, J. G.; van Hao, N. and X, Choulamany
(2003) The Mekong River system. In Second International Symposium on the Management of
Large Rivers for Fisheries. Phnom Penh.

van Zalinge, N.; Thouk, N and Touch, S.T (1998) Where there is water, there is fish? Fisheries issues
in the Lower Mekong Basin from a Cambodian perspective. Project for Management of the
Freshwater Capture Fisheries of Cambobia. Mekong River commission. Seventh Common
Propoerrty Conference of the International Association for the Study of Common Property,
Vancouver, Canada, 10-14 June 1998, 14pp.

Welcomme, R.L and Hagborg, D (1977) Towards a model of a floodplain fish population and its
fishery. Environmental Biology of Fishes, 2: 7-24.

Welcomme, R.L (1979) Fisheries Ecology of Floodplain Rivers, London: Longman, 317pp.

Welcomme, R.L and Halls, A.S. (2001) Some considerations of the effects of differences in flood
patterns on fish populations. Ecohydrology and Hydrobiology, 1(3): 313-321.

Welcomme, RL (1985) River Fisheries. FAO Fisheries Technical Paper 262: 330pp.

Wootton, R.J (1990) Ecology of Teleost Fishes. Chapman & Hall, London, 404pp.

Page 130



sy ror ¢ LS 9¢ 8L L8 8£ 6C v12L 0066
9 €l L 0l 9 0l 8 L € e\
€8 C 8 1] S €l I L L 924
c8 61 9 €l 6 91 1! S S uef
101 LT 91 6 L 61 I L S 9%d
SL L1 6 8 S €l 1! 9 S AON
J44 9 L L 14 L € 9 14 00 00—66
1413 9¢ L4 114 s€ 8 L€ LT (13 17191 66-86
8¢S Il 9 6 L I 1 9 L 924
1L L1 11 L L €l € L 9 uef
8L 11 L Ll 14 14! ] L 8 g
89 L 14! 9 L 1 01 L S AON
6¢ 0l 4 0l €l 14 00 66—86
LI 1471 or IP10L 86—L6
4 17 14 TeIN
LE 1€ 9 924
114 0¢ 11 uef
Ly 9¢ I (g
¥ 91 8 AON 86-L6
601 29 LY 7191 L6—96
€l €l e\
61 8 1T 924
0€ 14! 91 uer
8¢ 14 14! 2d
6 € 9 AON L6—96
719 96—56
JeN
92d
uefr
pllg|
ECEQE Ipp 10 }I0JJ9 UO Bjep ON AON 96—S6
8l £l s IP10L S6-F6
14 14 9d
S 4 € uef
6 L [4 9o S6—16
o100, 90004 | S0004 | #000d | €000d | 70009 | 10004 | 010004 | 60004 | 80004 | L000d | #0004 | £000d | 70004 | 10004 | 010004 | 60004 | 80004 | L000d | #0004 | €000d | T000d | 10004 | UOIA | S[9qeT] M0y
yog dUIA0L] [epuB Siedprungy quag wouyg 000T—#661
"U0SBIS 96—966] Y} 10J papI0odal sem (J] Ivp 10 S[ney
JO IoquINU At} JO SULId) UT UOTIEULIOJUT LIOJJd ON “POLId] Nedd -Z[OXH 01000d ‘POLId MO -Z[9XH 6000d “POLId] JEAJ -TMOY 8000€ “POLId]
MOT -ZMOY L000E ‘POLdd Nedd -7 1TV 9000d ‘POLdJ MOT -[F( IV S000d ‘POLIdJ MOT-PIAIA MOT £000H ‘POLIdJ Nedd -PIIA MOT €000d
‘porsad MO -POIA YSIH 7000 ‘PO Yedd -PIOIA YSIH [000€ ‘eIens PoLdd Jeun pue p[AIX 2 “(dseqeep AIoysiy 1o dyy ur (o onbrun
JO 1UNn09) 00T PUB 1661 U9IMIIq BIeIS JUSIIPIP Y} JO Yyord ul pajdwues s1op JournsIp Jo Joquinu oY) JO aseqe)ep 1op SunsIxd ay) wolj Arewuns GZ 9IqeL,

Xouuy g

Page 131



The Stationary Trawl (Dai) Fishery of the Tonle Sap-Great Lake System, Cambodia

2000-2008 Phnom Penh Municipality Kandal Province Both Total
Row Labels| Mon [ B0001 | B0002 | B0003 | B0004 | B0007 | B0008 | B0009 | B00010 | B0001 | B0002 | B0003 | B0004 | B0007 | B0008 | B0009 [ B00010 | B0001 | B0002 | B0003 | B0004 | B0005 | B0006

00-01 Oct 4 17 7 17 1 46

Nov 4 2 14 15 6 8 7 18 1 75

Dec 5 4 18 13 3 10 8 2 1 1 87

Jan 4 4 19 17 9 6 7 1 1 84

Feb 4 4 20 19 8 8 6 1 85

Mar 4 4 7 13 7 4 7 55

00-01 Total 25 18 95 77 33 43 35 3 1 3 2 432

01-02 Oct 4 4 13 13 9 7 4 63

Nov 4 4 14 18 9 21 3 87

Dec 4 4 18 16 4 17 6 78

Jan 4 4 17 16 10 13 11 90

Feb 4 4 20 11 8 14 5 7 73

Mar 2 6 12 7 27

01-02 Total 20 22 82 80 40 84 29 61 418

02-03 Oct 6 3 13 7 6 4 16 10 65

Nov 6 6 10 15 8 10 15 15 85

Dec 6 6 9 15 8 7 12 20 83

Jan 6 5 11 10 10 4 13 14 73

Feb 6 5 13 7 9 6 14 9 69

Mar 3 3 4 10 2 5 7 8 42

02-03 Total 33 28 60 64 43 36 77 76 417

03-04 Oct 6 12 8 19 45

Nov 6 5 12 12 8 7 14 13 77

Dec 6 5 12 13 11 8 18 10 83

Jan 5 4 11 10 8 6 14 12 70

Feb 4 1 7 6 7 2 11 10 48

Mar 5 5

03—04 Total 21 21 42 53 34 31 62 64 328

04-05 Oct 6 2 12 8 6 7 20 5 66

Nov 6 5 13 13 10 9 18 14 88

Dec 6 5 12 10 8 9 22 16 88

Jan 6 4 12 12 10 7 19 13 83

Feb 6 1 16 9 9 6 16 13 76

04-05 Total 30 17 65 52 43 38 95 61 401

05-06 Oct 6 3 10 12 7 4 21 11 74

Nov 2 2 12 12 7 8 20 15 78

Dec 2 2 13 13 9 10 21 16 86

Jan 6 5 15 12 12 4 18 11 83

Feb 6 2 13 5 10 4 17 7 64

Mar 5 5 10

05-06 Total 22 14 63 54 45 30 102 65 395

06-07 Oct 3 5 8 6 5 3 11 13 54

Nov 5 7 9 12 9 8 13 15 78

Dec 4 6 11 13 8 8 12 23 85

Jan 6 6 14 9 10 5 22 13 85

Feb 6 6 12 6 4 6 11 13 64

0607 Total 24 30 54 46 36 30 69 77 366

07-08 Oct 1 5 6

Nov 5 7 9 12 12 11 22 22 100

Dec 6 5 14 13 14 9 22 16 99

Jan 6 6 16 12 18 14 30 16 118

Feb 7 4 11 8 7 5 16 16 74

07-08 Total 24 22 50 45 51 40 90 75 397

Grand Total 233 219 510 524 25 18 95 77 396 430 658 726 3 1 3 2 92 209 4,221
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Annex

8.1. Dai Fishery principal data tables (Cans and Ngor 2006)

Table 26 thl MainWi&Dos

Name Type Description

DOC Text Document number of the original paper record , number of the data page (per month)

DAY Number Number of the day of the month

MONTH Number Number of the month

YEAR Number Year

Date Date/Time Concatenation of Day, Month and Year

GearCode Text Gear Code, linked with the Gear list table

Number of haul Number Number of haul per day

Sampled weight Number Total weight of the sample

TotalWeight Number Total weight of the haul

Recorder Text Recorder name

StratumNum Number Identification of the strata: 1 Phnom Penh, 2 Kandal, and 3 both of them.

SKIPPER Text Name of the skipper or No of the Dai unit/ no of row ( No of row (=dai)/Letter of
unit in a row, ex: 12E = dai number 12, 5th bagnet.

SizeDai Number Size of the dai in meters

Meshed Text Meshed use

NOSP Number Number of people working at the dai station

TOTV Number Total value of the sample ( SampledWeight*TOTP) ( * 1,000 riels )

TOTP Number Weighted average of the sample price ( * 1,000 riels)

TOTN Number Total number of individuals in the sample

Table 27 thl SpeciesWin&Dos

Name Type Description

DOC Text Document number , number of the data page ( per month) foreign key from Main table
Date Date/Time Date foreign key from main table

GearCode Text Gear code key from main table

StratumNum Number Stratum number, foreign key from main table

Khmer name Text Khmer species name

Catch Number Weight of this species (kg)

Value Number value of the catch = catch* price

Price Number value ( *1,000 riels) per kg

FishNumber Number Number of individuals of that species
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Table 28 tbl_Effort

Name Type Description
StratumNum Number Stratum number
GearCode Text Gear code

Recorder Text Recorder name

Date Date/Time Date

month Number Month

year Number Year

Active Gear Number Number of active gear
Active Day Number Number of active days

Table 29 tlkp SeasonYear

Name Type Description
MONTH Number Month

YEAR Number Year

Season Text Fishing season

Table 30 tlkp GearCode

Name Type Description
Gear Code Text Code of the gear
Gear name Text Name of the gear

Table 31 tlkp _Species

Name Type Description

Code in form Number Code of the species in the field data entry form
Merge for form | Text Concatenation of the Khmer name and the code
MFD CODE Number MED, 2000 corresponding code
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Table 32 lkp_SpeciesStandard

Name Type Description

SpeciesNo Number LEK number 1-193 was missing 65,176,192 (190 species), plus new nos. added for new

AMCEF databases

SpeciesCode Number from Dai data entry form

IngSpeciesCode Number MFD species code. 2—1323, total 924, numbers > r 1323 added arbritarily
txtSpeciesName Text Species Name in MFD

TAXON Text Taxa used for analysis, can combine species by user depending on the data
Family Text Family

Fish or OAA Text Fish or other aquatic animal

txt Habitat Text

txt Indigenous Text Indigenous, Exotic

BlackWhite Text Black, White, Estuarine, Marine

Feeding Simple Text Simplified feeding category

CommEnglish Text English Name

KhmerName Text Khmer Name

Vietnamese Text Vietnamese Name

Lao Text Lao Name

LocalName Thai Text Thai Name

boollnclude Yes/No Included in LEK survey

GenusMnS Text Migration survey genus name

SpeciesMnS Text Migration survey species name

MFDGenus Text MFD genus name

MFDSpecies Text MEFD species name

Logbook Yes/No In drop-down list for data entry

Feeding Text Feeding category

Comment Text Comment on the names used

memFeeding Memo Notes on feeding from MFD

txtSpeciesStatus Text Indicate the status of the species (Questionable, Exclude, Expected or Confirmed)
Cambodia Text Indicates if the species occurs in Cambodia, Source (Rainboth, 1996)
LaoPDR Text Indicates if the species occurs in Lao PDR, Source (Kottelat)
Thailand Text Indicates if the species occurs in Thailand, Source (Chavalit)
VietNam Text Indicates if the species occurs in Viet Nam, Source (Kottelat and Yen)
Yunnan Text Indicates if the species occurs in Yunnan (China) (Dr Chen)

Rainboth Text Indicates if this species included in Rainboths field-guide
OldGenusRainboth Text Generic name of the species as used in Rainboth field-guide
OldSpeciesRainboth Text Specific name of the species as used in the Raimboth field-guide
memGlobalOcc Memo Remarks on the global distribution of this species

memMekongOcc Memo Remarks on the occurrence within the Mekong basin

memHabitat Memo Information on habitat

txtDryHabitat Text Typical habitat where the species can be found during the dry season
txtFloodHabitat Text Typical habitat where the species can be found during the flood season
MaxLenFemales Text Maximum length for females; note this was always > for males
txtMaxTypeFem Text Type of length measurement

Reservoirs Text Recorded in reservoirs, man-made

Swamps Text Recorded in swamps

Lakes Text Found in lakes

Floodplain Text Recorded on floodplains

Brackish Text Recorded in brackish water

Estuaries Text Recorded in estuaries

Marine Text Recorded in the sea

Anadromous Text Known anadromous - ascends rivers from the sea to breed
Catadromous Text Known catadromous - descends rivers to estuaries or the sea to breed
Potamodromous Text Known potamodromous - migrates within rivers to breed
Limnodromous Text Known limnodromous - migrates within lakes to breed
Oceanodromous Text Known oceanodromous - migrates in the sea to breed

Amphidromous Text Known amphidromous - moderates up or downstream to breed
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