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Abstract. Tonle Sap Great Lake in Cambodia, the largest
natural freshwater lake in southeast Asia, is situated
within the floodplain of the Mekong River. Water levels
in the lake vary by about 8 m between the dry season
minimum and the wet season maximum when waters
from the Mekong River back up the Tonle Sap River. The
lake is highly productive — the annual fish catch from the
Lake is estimated at between about 180,00-250,000
tonnes while the dai fishery on Tonle Sap River annually
harvests about 12,000 tonnes of fish migrating from the
lake to the Mekong River early in the dry season. At least
149 species of fish are recorded from the lake and it pro-
vides habitat for 11 globally threatened and 6 near-threat-
ened species of vertebrates including globally important
populations of Spot-billed Pelican, Greater Adjutant,
Bengal Florican, Darter, Grey-headed Fish Eagle and
Manchurian Reed Warbler. It also supports significant

reptile populations including formerly Siamese Croco-
diles, now hunted close to extinction, and probably the
world’s largest harvest of freshwater snakes. The inunda-
tion area around the permanent lake is highly modified,
with areas having been cleared for farming and settle-
ments, and many semi-natural areas altered by burning,
firewood and timber harvesting. Nevertheless some 200
species of higher plants have already been recorded.
Threats to the lake include pressure through growth of
the local population dependant on the lake for subsist-
ence and livelihoods, overharvesting of fish and other
aquatic species and potential changes in the hydrology of
the River due to the construction and operation of dams
which could reduce the amplitude of the lake flood cycle.
However concerns that the lake is rapidly filling with
sediment are unfounded.
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Introduction

Tonle Sap Great Lake, in central Cambodia (Fig. 1), is
the largest natural lake in southeast Asia. However its
importance arises not just from its size. The lake has
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played a central role in the history and culture of the
Khmer people. It continues to play an important role as a
source of livelihoods for modern Cambodia. The lake is
also a site of great ecological and conservation signifi-
cance. It supports a number of unusual ecosystems, and a
part of the lake has been zoned as an international bio-
sphere reserve through UNESCO (MRC/UNDP, 1998).
The great temple complex at Angkor Wat is the most
prominent cultural feature associated with Tonle Sap
Great Lake. The oldest major structures of the complex
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Figure 1. Location map for Tonle Sap Lake, indicating the extent of permanent inundation and the seasonal inundation area.

date from around 800 AD, and although there are differ-
ences of opinion about the precise role of the lake in the
Khmer civilization (e. g. see Higham, 2001) there is gen-
eral agreement that the lake was central to the construc-
tion of Angkor. At the very least the high productivity of
the lake and its floodplain provided sufficient surplus
food to support the substantial population needed to build
Angkor. Whether, and to what extent, the Angkorian peo-
ples also manipulated the flood by building a flood based
irrigation system is still a matter of debate (e.g. see
Higham, 2001; Coe, 2003), but clearly the fish from the
lake together with the recession rice on the flood plain
formed the basis of the economy of Angkor as is evident
from the carved galleries at the Angkorian temples.

Ecological characterization of Tonle Sap

Geological history of the lake

The Tonle Sap Great Lake is a shallow lake formed on the
recent sediments of the Cambodian plains. The geologi-
cal history of the Indo-Chinese peninsula is complex
(Workman, 1977; Hutchinson, 1989; Rainboth, 1996).
Carbonel (1963) considered that the present Great Lake
was formed by a subsistence of the Cambodian platform
about 5,700 years ago. This is consistent with the data of

Tsukawaki (1997) who analysed two cores from the
northern basin of the lake and concluded that there was a
change in depositional environments about 5,000-6,000
years ago. Okawara and Tsukawaki (2002) suggest that
the change found by Tsukawaki (1997) coincided with
the lake first becoming linked to the Mekong River at this
time, since the upper sediments contain illite and chlorite
which are present in clay minerals suspended in the river
but not in the soil horizons elsewhere in the basin of the
lake. Tuskawaki et al. (undated) indicated that prior to its
connection to the Mekong River a palaeo Tonle Sap Lake
not connected with the Mekong River and smaller than
the present lake existed in the same location between
about 7.5 and 5.5 thousand years ago.

Tsukawaki et al. (1994) believed that the presence of
two marine diatom species, together with sponge spi-
cules and the presence of balloon fishes and rays living in
the lake demonstrated that the lake must have been in
recent connection with the sea, however a number of
studies of biological remains in sediment cores including
pollen (Mildenhall, 2002) diatoms (Akiba, 2002) and
foraminiferans (Kato and Oda, 2002) have failed to find
any evidence of such a connection. Sponges, though not
diverse in freshwaters are often abundant (Smith, 2001a),
especially in tropical freshwaters and are common in the
Mekong River and its tributaries. Fish species can easily
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migrate in to the lake and rays and other chondrichthyes
are known to have species adapted to freshwaters in
many large river systems (Compagno and Cook, 1995).

It seems likely that, prior to its connection with the
Mekong River, the Tonle Sap Great Lake was connected
to the sea via the Tonle Sap and Bassac Rivers. The Bas-
sac and the Mekong River would, at that time, have had
separate entrances to the South China Sea (Rainboth,
1996).

Present geomorphology of the lake

The present Tonle Sap Great Lake varies in area between
the wet and the dry season. The dry season area of perma-
nent lake is approximately 2,500km’ expanding to as
much as 15,000km? in the wet season (MRC, 2003). The
lake has a relatively flat bottom, with a maximum dry
season depth of 3.3m (Fig. 2) and is situated within a
relatively flat lake basin bordered in the north by the
Dongrak Range and in the southwest by the Cardamom
and Elephant ranges. A low (<300 m) range of hills sepa-
rates the lake basin from the Mekong River to the east.
The southeastern end of the basin is constricted by an
extension of the Cardamom range stretching eastwards
towards Kompong Chnang on the southwestern side of
the river and some low hills and rocky outcrops on the
northeastern side of the river.

Geologically the basin consists of recent sediments
overlaying older bedrock which, in a few locations,
projects above the plains. The margins of the dry season
lake are bordered by a low natural levee caused by sedi-
ment deposition as the waters rise during the wet season.
Sediment deposition from water flowing up from the
Mekong River has also formed an elaborate delta which
is evident at the southern end of the lake during the dry
season.

Hydrological characterization of the lake

The Tonle Sap Lake basin is located in the wet-dry trop-
ics. Mean daily temperatures at Siem Reap vary between
about 20 °C and 36 °C with lowest temperatures in Janu-
ary and highest in April. Average annual rainfall is
1342mm at Battambang, 1492mm at Siem Reap and
1561 mm at Kompong Chnang. The rainfall is seasonal,
mainly occurring between April and November, with a
peak in September (Fig. 3).

The scale of the annual hydrological change in Tonle
Sap unusual. Since 1922 the lake water level has varied
by an average of 8.2m on an annual basis between wet
and dry seasons (Fig. 4) leading to the change in flooded
area to which we previously referred. As the water level
in the Mekong River rises during the wet season it begins
to flow up the Tonle Sap River channel eventually con-
tributing about 50 % of the maximum wet season water
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Figure 2. Bathymetric map of Tonle Sap Lake based on the Cambo-
dian Hydrographic Atlas Volume 3 (1999) based on surveys made
between 1997 and 1999. Depths shown in metres. Note that in a
shallow floodplain lake like Tonle Sap Lake the shape of the inun-
dated area, and the depth of the lake vary substantially through the
course of the year depending on the water level.

volume. Once the Mekong River breaks its banks be-
tween Kratie and Phnom Penh a further 10 % or so of the
final wet season volume flows across the low lying land
between the Mekong River and the Lake. DHI (2004)
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Figure 3. Mean monthly maximum (short dashes) and minimum
(long dashes) air temperatures at Siem Reap, and mean monthly
rainfall at the same location. Data from World Weather Information
Service.

estimated that about 40 % of the total wet season volume
is derived from the immediate catchment of the, but that
calculation subtracted the entire Great Basin evaporative
losses from the immediate catchment inputs, thus under-
emphasizing the immediate catchment inflows.

The relative contributions, and importance, of the dif-
ferent water sources vary at different times of the year.
Inflows from the Tonle Sap River provide much of the
early wet season increase in volume with overland flows
increasing in importance in August and September, and
runoff from the catchment often greatest in October and
November. At the end of the wet season, as the water
levels in the Mekong River subside, the water flows out
down the Tonle Sap River with October the first month
with a net downstream flow in the Tonle Sap River. The
stored water from the lake contributes an estimated 16 %
of the dry season (December-May) flow in the Mekong
River and its distributaries downstream of Phnom Penh
(MRC, 2003).

Water levels in the lake were recorded daily at Kom-
pong Luong from 1923 until 1965 and then again from
1999 to the present. There is also a discontinuity in the
record from in April 1962 when the level of the gauge
was altered by 2m. The data analysed here have been
corrected for that change. Plotting maximum and mini-
mum annual water levels during the period of record it is
evident that there have been declines in both the maxi-
mum and minimum annual levels of the lake over time
and these have been statistically significant (p = 0.011
and 4 x 107 respectively). Because the most recent data
may have had undue leverage on the analysis the analysis
was also conducted excluding data since 1965 however
the decline was still statistically significant. The decline
amounts to a difference of 0.52m between the mean
maximum values for the period 1925-35 and 1996-2002.
Using the relationship between flooded area and water
height developed by the JICA team (WUP-JICA Team,
2004) that would translate into a reduction in flooded
area of about 623 km®.
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Figure 4. Annual water level cycle Tonle Sap between January 2001
and December 2002.

There are three possible explanations for the decrease
in water levels. There may have been an error in the
gauge readings, there may have been a change in the hy-
drological regime resulting from either climate change
leading to reduced rainfall in the catchment and reduced
flows in the Mekong River, or changes in the catchment
either in landuse, storage, or abstraction or some combi-
nation of the three.

The likelihood of a gauge error causing the result
seems remote. It is also difficult to envisage an error be-
coming progressively greater over time. The gauge was
reset in 1962 but the trend continued after that time.

There has been a statistically significant (p = 0.03)
decrease in maximum annual river heights at Stung Treng
over the period 1910-2002. However the difference in
mean height between the period 1925-35 and the period
1992-2002 is only 0.17m compared with the 0.52m in
Tonle Sap Lake, and there was not a statistically signifi-
cant (p = 0.07) decrease in maximum annual river height
for the period 1925-2002. At Pakse, where there are dis-
charge records, but no river height records, back to 1925,
there has not been a significant decrease on annual dis-
charge over the period of record (p = 0.051). In view of
this it is not possible that the decrease in water levels in
the lake have been caused by dams built within the Me-
kong Basin as claimed by Bonheur and Lane (2002).

Obstruction of flow in to the lake does not seem to be
a likely contributing factor. Suspended sediment levels in
the river water in Tonle Sap River are high, although not
unusually so for a tropical lowland river. Models of sedi-
ment movement in the lake indicate that the main areas of
sediment deposition are likely to be the “delta” where the
river enters the lake and the region immediately behind
the natural levee (Sarkkula and Koponen, 2003), as
would be expected. No data are available to determine
the extent to which the delta may have accumulated over
recent times, but in the absence of dredging it is possible
that the inflow to the lake is becoming increasingly ob-
structed. However if the obstruction were sufficient to
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Figures 5 (top) and 6 (bottom). Annual temperature and dissolved
oxygen cycles for Tonle Sap Lake showing means and standard er-
rors of monthly measurements at Kompong Luong from 1995-2000.

cause appreciable interference to water flow in to the lake
it would be expected that minimum annual levels would
be remaining stable or even increasing as the “sill” at the
lake entrance grew higher. However, as previously noted,
minimum depths have also been decreasing.

The most likely explanation for the change is a
change in rainfall in the Tonle Sap Lake catchment pos-
sibly compounded by small decreases in Tonle Sap River
flows. There are no adequate rainfall records from the
Lake catchment so it is not possible to directly test this
hypothesis, but by a process of elimination it remains the
most likely.

Limnology of the lake
Tonle Sap Great Lake is tropical (latitude 12°30” to
13°30") and the water temperatures reflect this reaching
lows of about 28 °C in December and January — the cold
season in the region, and highs of 31.6 °C towards the end
of the dry season in May (Fig. 5). With increasing cloud
cover and the beginning of the influx in wet season flows
in June temperatures then begin to decline.

Based on monthly samples collected at Kompong
Luong since 1995, the waters of the lake generally reflect
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Figures 7 (top) and 8 (bottom). Annual cycle of suspended solids
and conductivity in Tonle Sap Lake showing are the mean and stand-
ard errors of monthly measurements at Kompong Luong during the
period 1995-2000.

the sources of the water. The geological nature of the lake
basin means that runoff is generally dilute while the Me-
kong River water is relatively high in dissolved ions, no-
tably calcium, magnesium, sulphate and silicate which
reflect the Mekong River’s passage through karst areas in
central Lao PDR. The chemical composition of the Lake
is intermediate between these sources with considerably
lower ionic strength than the Mekong River (Table 1).
The size of the differences in chemical composition be-
tween the lake and the Mekong River would also seem to
indicate that the DHI figure for the proportion of water
derived from the catchment of the lake is an underesti-
mate.

The annual patterns of water chemistry within the
lake reflect the seasonal patterns of water inflows and
evaporation. Dissolved oxygen at the surface (Fig. 6)
shows maximal values in the early dry season when
transparency is highest, and a slight drop in August when
overland and Mekong River inflows are at their peak,
presumably bringing with them high organic loads. At
that time water is also rapidly inundating the floodplain
so the impact of decomposition of terrestrial vegetation
would also be greatest. Eloheimo et al. (2002) found oxy-
gen saturation at depth of 3.5m dropping to 0% on a

Table 1. Mean composition of river waters of the world, the Mekong River at Kratie in Cambodia and the Tonle Sap Great Lake at Kompong
Luong. (All values in mg/L). Data for world average from Wetzel (1983) other data from MRC water quality database.

Ca™ Mg* Na* K* Fe** SO;~ Cr SiO, NO3
World Average 15 4.1 6.3 2.3 0.67 11.2 7.8 13.1 1
Mekong — Kratie 15.5 4.1 6.9 1.4 1.21 9.3 5.0 11.4 0.1
Tonle Sap Lake 73 2.3 5.1 1.6 0.55 4.0 3.0 4.0 0.1
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Figure 9. Median, 75" percentile and range of concentrations of
total Nitrogen and total Phosphorus in Tonle Sap for the period
1995-2000. Data from MRCS water quality database.

number of occasions at sites in flooded forest inundated
by the lake in October and November 2001, and found
profiles at several sites over flooded fields showing rapid
declines in oxygen saturation with depth. Lamberts
(2002) also found some evidence of oxygen stratification
at times in swamp forest sites.

pH of the lake also reflects the water sources. In gen-
eral pH is relatively stable with a mean of 7.0 and a stand-
ard deviation of 0.34. On average the pH is lowest in
April, at 6.6, the season of low water level and presumed
highest algal productivity, and highest in September at
7.2, when the inflow from the relatively high pH Mekong
River is greatest.

Concentrations of suspended solids in the lake water
peak in April-June, at the end of the dry season (Fig. 7).
This is the period when the lake water levels are lowest
(c.f. Fig. 4), less that 0.5 m over most of the lake, and the
high suspended solids concentrations reflect the resus-
pension of bottom sediment due to wind action at this
period. Conductivity, on the other hand, peaks in July to
September (Fig. 8) with the influx of Mekong River wa-
ter. There is another minor peak in March which may re-
flect evaporative concentration.

The concentrations of total phosphorus and nitrogen
are both consistent with the concentrations that would be
expected in a shallow lake (Fig. 9). The P/N ratio is ap-
proximately 10 indicating, contrary to the comments of
Sarkkula and Koponen (2003), that the lake productivity
tends towards nitrogen limitation although there is no
experimental confirmation of this, and during much of
the late dry season light limitation is most likely.

There is limited data on chlorophyll in the lake. In-
situ fluorimeter measures taken every two months from
August 2003 to May 2004 indicate that, over that period,
the phytoplankton was dominated by green algae (61 %)
and cyanobacteria (35 %) with a few diatoms (4 %) also
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Figure 10. Total Chlorophyll concentrations measured at Kompong
Luong in Tonle Sap Lake between August 2003 and May 2004.

present. Chlorophyll levels peaked in February at about
20/L (Fig. 10) during the period when turbidity is rela-
tively low (c.f. Fig. 6). As turbidity increases chlorophyll
concentrations are reduced presumably due to light limi-
tation. The zero chlorophyll value recorded in May is
probably an erroneous reading due to turbidity interfer-
ing with the fluorimeter operation, light transmission
was only 0.03 %. Nevertheless the chlorophyll levels in
the water column were undoubtedly low at that time.
Sarkkula and Koponen (2003) comment that Aulacosei-
ra diatoms dominated the phytoplankton during their
field studies presumably conducted in 2002. The wet
season in late 2003 was unusual and the lake levels were
unusually low during the fluorimetric survey which may
have influenced the composition of the phytoplankton,
especially diatoms which are characteristic of riverine
plankton.

Species diversity of plant and animal groups

Algae

There is little data on the phytoplankton of Tonle Sap
Great Lake. Blache (1951) provided some information on
the phytoplankton of Prek Andor, a tributary river to the,
and five months of data for a site in the Lake inundation
area. During the period of these surveys (September to
January) highest plankton densities were recorded in
September. Bacillarieae were dominant from September
to December with Myxophyceae abundant in December
and dominant in January. Melosira granulata was the
predominant species in September, with a species of Mi-
crocystis replacing it in January. A survey conducted by
Tran Truong Luu and Bun Ny between 1986-1988 (De-
partment of Fisheries, 1993 Vol. 3) identified a total of
123 species present in the Lake. This included 37 species
of Bacillariophyta (diatoms), 34 species of Chlorophyta
(green algae), 34 species of Cyanobacteria (blue green
algae), 15 species of Euglenophyta and smaller numbers
of several other groups.
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Higher plants

Pattern of vegetation types. The vegetation of the Tonle
Sap floodplain has undergone a long history of alteration,
mainly due to human disturbances, and is now largely
secondary in nature. In its most pristine form, it consists
of an almost closed canopy of small to medium-sized
trees, while at the other end of the spectrum it consists of
herbaceous, seasonally inundated or floating vegetation.
Most of floodplain habitat, however, consists of some-
thing intermediate: usually scrubland with shrubs and
stunted trees, and an occasional scattered taller tree, in-
terspersed with swards of herbaceous vegetation domi-
nated by grasses. Submerged aquatic macrophytes are
generally lacking, due to a combination of turbidity and
large seasonal fluctuations in water levels. Seasonally,
large parts of the floodplain are utilised by local commu-
nities, and higher-lying zones exhibit a dense web of ox-
cart trails as areas are cyclically opened for establishing
vegetable plots, fuel wood cutting, grazing, and cultiva-
tion of recession rice as floodwaters recede. Fires — either
intentional (for clearing or hunting) or accidental — play
an important role in modifying the habitat, and during the
dry months plumes of smoke are a common sight
throughout the floodplain.

The end result is a mosaic of swamp scrubland in
various stages of regeneration, herbaceous swamps and
seasonal farmland, along with swamp forest occurring in
more deeply flooded areas nearest to the dry season edge
of the lake and along perennial streams. Some authors
(McDonald et al., 1997; Smith, 2001b) attribute this veg-
etation distribution at least partly to edaphic factors, hy-
pothesizing that a lack of water leads to stunting of veg-
etation further from the lake edge. However, this seems
unlikely, as similar vegetation patterns in seasonal
swamps elsewhere in the region have well documented
histories, all based on human interference (e. g. van Stee-
nis, 1957; Paaijmans, 1976; Giesen, 2000). Also, village
elders in Tonle Sap lake-edge communities confirm that
most of the swamp scrubland was swamp forest in the
not-too-distant past.

A confused terminology hinders attempts to recon-
struct the history of the vegetation of the Tonle Sap.
Older — mainly French - literature refers to all seasonally
inundated vegetation dominated by woody species as
forét inondee (e.g. Rollet, 1972; Légris and Blasco,
1972), and based on this classification it can be conclud-
ed that the area of forét inondee has declined from more
than one million hectares during the 1930s, to 614,000 ha
in the late 1960s and 360,000ha in the 1990s (Woods-
worth, 1995). However, it should be noted that most of
this ‘forét’ is flooded scrubland, often very patchy in dis-
tribution. At the same time, the area of herbaceous sea-
sonal swamp and farmland has increased.

A total of about 200 higher plant species have been
recorded in the Tonle Sap area (CNMC et al., 1998; Triet,
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2002), but this figure is far from exhaustive, as years of
instability in Cambodia and a subsequent lack of capacity
has not been conducive to in-depth studies. Nevertheless,
some clear patterns emerge. The vegetation of the Tonle
Sap floodplain has a relatively simple floristic composi-
tion. About 35 % of the flora consists of trees and shrubs,
8 % consists of climbers, and most of the rest of herba-
ceous terrestrial species. Vines are a common component
of floodplain vegetation, occurring as herbaceous twiners
(e.g. Ipomoea chryseides, Merremia hederacea) in float-
ing vegetation, or as slender perennial vines (e.g Cissus
hexangularis, Derris laotica, Stenocaulon kleinii) and
stout woody liana’s (e.g. Acacia thailandica, Breynia
rhamnoides, Combretum trifoliatum, Tetracera sarmen-
tosa, Uncaria sp.) in the swamp forests and scrublands
(McDonald et al., 1997; Smith, 2001b). According to
Rollet (1972) and McDonald et al. (1997), other peculi-
arities of these flooded forests are the absence of pneu-
matophores and a lack of epiphytes. The latter can be
explained by the high degree of human disturbance,
which has lead to a lack of older trees available as stable
substrates. Palms are generally uncommon, although rat-
tans (climbing palms) — notably Calamus salicifolius and
Calamus palustris — are a feature of both swamp forest
and scrublands.

Most trees and shrubs of the flooded forests of Tonle
Sap are deciduous, and leaves are shed underwater dur-
ing the monsoonal flooding period. When waters recede,
new leaves rapidly grow and flowering follows several
months later — usually occurring profusely in July—Au-
gust. When flooding occurs again, the trees and shrubs
generally bear fruit and seeds, which are subsequently
dispersed by floodwaters and herbivorous fish. Certain
species, such as the small tree Barringtonia acutangula
(Lecythidaceae) and the climber Combretum trifoliatum
(Combretaceeae) do not follow this pattern, however, and
keep their (actively photosynthesising) leaves even when
submerged for several months.

Swamp forests. Swamp forests commonly line the shores
of the lakes and rivers of the region, and extend over less
than 10 % of the Tonle Sap floodplain. These forests are
flooded by a maximum of 4-6 m of water up to 8§ months
per year, and trees are usually 7-15(-20) m tall. A similar
community once occurred as a gallery forest in the flood-
plains of many major rivers in southern Cambodia, fol-
lowing channels or other waterways and occasionally
occurring in isolated depressions which hold surface wa-
ter through the dry season. Rather than forming a con-
tinuous forest, this community is broken into a mosaic of
stands of large trees and open areas with floating aquatic
herbs typical of the lake itself (see below). In most of the
country this habitat has now disappeared, and the stands
at Tonle Sap represent some of the last examples.

The two main tree species are Barringtonia acutan-
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gula and Diospyros cambodiana (Ebenaceae), often ac-
companied by the woody climbers Acacia thailandica
(Mimosoidae), Breynia rhamnoides (Euphorbiaceae),
Combretum trifoliatum (Combretaceae), Connarus semi-
decandrus (Connaraceae), Tetracera sarmentosa (Dille-
niaceae) and Uncaria sp. (Rubiaceae). Other common
tree species include Coccoceras anisopodum (Euphor-
biaceae), Crataeva nurvala (Capparaceae), C. roxburghii,
Crudia crysantha (Caesalpinoidae), Elaeocarpus griffit-
hii (Elaeocarpaceae), Garcinia loureiri (Guttiferae),
Homalium brevidens (Flacourtiaceae), Lophopetalum
Simbricatum (Celastraceae), Terminalia cambodiana
(Combretaceae) and Xanthophyllum glaucum (Xantho-
phyllaceae). Common shrub species include Brownlowia
paludosa (Tiliaceae), Cudrania cambodiana (Moraceae),
Dalbergia entadoides (Papillionoidae), Ficus hetero-
phylla (Moraceae), Gmelina asiatica (Verbenaceae),
Hymenocardia wallichii (Euphorbiaceae), Salacia ver-
rucosa (Celastraceae) and Vitex holoadenon (Verbenace-
ae). Well represented families of predominantly woody
species are the Annonaceae (3spp.), Caesalpinioidae
(6spp.), Capparaceae (4spp.), Combretaceae (6spp.),
Ebenaceae (3spp.), Elaeocarpaceae (3spp.), Eupbor-
biaceae (13spp.), Flacourtiaceae (4spp.), Guttiferae
(3 spp.), Mimosoidae (6 spp.), Moraceae (4 spp.), Papilio-
noidae (7spp.), Rubiaceae (6spp.) and Verbenaceae
(3spp.).

Swamp scrublands. Swamp scrublands form the domi-
nant vegetation cover over approximately 80% of the
Tonle Sap floodplain, often in various stages of regenera-
tion in a mosaic with farmland clearings. Woody species
dominate — mostly no taller than 2—4 m — but many of the
species with a shrubby growth form in this community
are capable of reaching tree size if left undisturbed. The
flora of these short tree-scrublands is dominated by spe-
cies of Euphorbiaceae, Fabaceae and Combretaceae
(McDonald et al., 1997). Several species (e.g. Combre-
tum trifoliatum) that form woody lianas under more fa-
vourable conditions, maintain a shrubby growth form in
this habitat. Common (stunted) tree and shrub species are
Barringtonia acutangula, Bridelia cambodiana (Euphor-
biaceae), Brownlowia paludosa (Tiliaceae), Capparis
micrantha (Capparaceae), Crataeva nurvala, C.
roxburghii, Coccoceras anispodum, Croton mekongensis
(Euphorbiaceae), Cudrania cambodiana, Dalbergia en-
tadoides, Dalbergia pinnata (Papilionoidae), Ficus het-
erophylla, Gardenia cambodiana (Rubiaceae), Gmelina
asiatica, Hymenocardia wallichii, Phyllanthus taxodiifo-
lia (Euphorbiaceae), Powpowia diospyrifolia (Annon-
aceae), Terminalia cambodiana (Combretaceae) and Vi-
tex holoadenon.

Aquatic macrophytes and herbaceous vegetation. Sub-
merged aquatic vegetation is virtually absent, and rooted-
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submerged species that are common elsewhere in South-
east Asia — mainly members of the Hydrocharitaceae,
Najadaceae, Nymphaeaceae and Potamogetonaceae — are
not found at Lake Tonle Sap. The reason for this absence
is the combination of a significant annual fluctuation in
lake water levels (6—8 m) and high turbidity (TSS of up to
450mg/l; CNMC et al., 1998). Water lilies Nymphaea
nouchali (Nymphaeaceae), Nymphoides indica (Men-
yanthaceae), and lotus Nelumbo nucifera (Nelumbonace-
ae) are present but uncommon, found only in occasional
pools and ponds around the periphery of the lake. Sub-
merged-suspended (i.e. non-rooting) species such as
Utricularia aurea (Bladderwort) and Chara (Stonewort)
are also encountered in these pools, but they also occur in
sheltered waters in swamp forests during the flooded
season.

The shallow shoreline of Tonle Sap supports dense
mats of 1-3m-tall herbaceous vegetation that may be
emergent from shallow water, but typically becomes dis-
lodged and forms floating mats (McDonald et al., 1997).
Large mats of these species float freely over the lake,
colonising large openings and gaps within the swamp
forest. These mats are dominated by a wide variety of
grasses (Brachiaria mutica, Echinochloa stagnina, Leer-
sia hexandra, Leptochloa chinensis, Oryza rufipogon,
Paspalum scrobicularum, Sacciolepis interrupta, Vossia
cuspidata) and sedges (Cyperus halpan, Rhynchospora
corymbosa, Scirpus grossus), along with Colocasia escu-
lenta (Araceae), Commelina salicifolia (Commelinace-
ae), Ipomoea aquatica (Convolvulaceae), Ipomoea chy-
seoides, Ludwigia adscendens (Onagraceae), Merremia
hederacea (Convolvulaceae) and Polygonum barbatum
(Polygonaceae). Conspicuous in these floating mats are
two woody legume species that may reach 1.5-2m above
the lake surface, namely Sesbania javanica and Ae-
schynomene indica. Other floating herbs include water-
hyacinth Eichhornia crassipes (Pontederiaceae), Lemna
minor (Lemnaceae), Pistia stratiotes (Araceae) and Sal-
vinia cucullata (Salviniaceae). Eichornia, Pistia and
Salvinia are all exotic to the system. Reeds Phragmites
karka and wild sugarcane Saccharum spontaneum form
dense stands along perennial streams entering the lake,
and at the mouth of the Tonle Sap river (e.g. near Snoc
Trou).

Aquatic invertebrates

We have been unable to find any quantitative information
on zooplankton or zoobenthos in Tonle Sap Lake. Brehm
(1951) recorded two copepods ( Heliodiaptomus elegans
and Diaptomus javanus) and one cladoceran (Diaphano-
soma paucispinosum) from the lake and a further 2 spe-
cies of copepods, 4 of cladocerans and 2 rotifers in influ-
ent streams. Nguyen and Nguyen (1991) reported 46
species of zooplankton, 23 species of rotifers, 16 of
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cladocerans and 7 copepods from the Tonle Sap River but
provide no data on the lake fauna. They note that both the
number of species and the abundance of zooplankton in
flooded areas was greater than in the rivers, and at Kom-
pong Chnang density was two orders of magnitude
higher in the dry season than the wet season. Sarkkula
and Koponen (2003) refer to high biomass of copepods in
the lake but the species are not identified. O’Connor
identified 125 aquatic macroinvertebrate taxa in surveys
around Siem Reap and Banteay Meanchey, but the taxa
are not specified and it is not clear how many were col-
lected in the lake. MRC/UNDP (1998) included an ap-
pendix listing 33 crustacea and mollusc species recorded
from the lake.

Balzer et al. (2002) reported six species of Sommani-
athelphusa crab and the freshwater shrimp Macrobra-
chium lanchesteri from lowland rice fields in Kompong
Thom. A new species of ricefield crab Sommanniathelap-
husa lacuvita was described from the Tonle Sap by Ng
(1995).

Fish

Diversity. Although Mekong River fishes have been sub-
ject to studies for almost 150 years (Valbo-Jgrgensen and
Visser, 2003) knowledge about them is still unstable. The
long history of studies reflects the overriding importance
of the fishery to the economies and livelihoods of people
in the Mekong Basin. However, the extraordinary rich-
ness of the fish fauna and the lack of consensus among
the taxonomists working in the region mean that scien-
tific names and classification are in a state of flux, and it
is almost impossible to get a reliable estimate for the total
number of species even for the better-studied parts of the
basin.

So far 149 fish species from 35 families have been
recorded from Tonle Sap Lake (Table 2). The fish diver-
sity reflects connection between the lake and the Mekong
River system which has one of the richest fish faunas of
any comparable river (MRC, 2003a; Visser et al., 2003)
with 923 named species from 91 families recorded
(MRC, 2003). This list includes many estuarine species
that occur in the lower parts of the Mekong River. Out of
439 species recorded from the Cambodian Mekong about
5 % are brackish water visitors that may penetrate several
hundred kilometres upstream. However, visitors are nor-
mally restricted to the main river channel and are only
rarely seen in the Tonle Sap Lake.

Bonheur and Lane (2002) claimed 500 fish species in
Tonle Sap citing as their source the total number of fish
species recorded from the Cambodian Mekong by Rain-
both (1996). They also claimed that Kottelat “recorded
215 fish species from the Tonle Sap Lake” but this is an
erroneous citation from Kottelat and Whitten (1996) who
actually give this number as the total number of freshwa-
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Table 2. A list of fish families and the number of species from each
presently recorded from the Tonle Sap Lake.

Family Common Name No. of Species
Carcharhinidae Requiem sharks 1
Dasyatidae Stingrays 1
Pristidae Sawfish 1
Notopteridae Featherbacks 4
Anguillidae True eels 1
Clupeidae Herrings and shads 3
Engraulididae Anchovies 4
Cyprinidae Minnows and carps 60
Balitoridae River loaches 1
Cobitidae Loaches 4
Bagridae Bagrid catfishes 12
Siluridae Sheatfishes 10
Pangasiidae River catfishes 10
Clariidae Airbreathing catfishes 4
Ariidae Sea catfishes 2
Plotosidae Eel-like catfishes 1
Belonidae Needlefishes 2
Hemiramphidae Halfbeaks 1
Syngnathidae Pipefishes 1
Synbranchidae Swampeels 2
Mastacembelidae Spiny eels 1
Chandidae Asiatic glassfishes 3
Datnioididae Tigerperches 1
Polynemidae Threadfins 2
Sciaenidae Croakers 1
Toxotidae Archerfishes 1
Nandidae Leaffishes 1
Eleotridae Sleepers 1
Gobiidae Gobies 1
Scombridae Mackerels and tunas 1
Anabantidae Climbing perches 1
Osphronemidae Giant gouramies 3
Channidae Snakeheads 3
Soleidae Tonguefishes 1
Tetraodontidae Puffers 3

ter fish species from Cambodia. Since the Tonle Sap Lake
is connected to the Mekong River it is likely that, in time,
most if not all the Mekong species will be recorded in the
lake at some time, but we are restricting our total to spe-
cies already definitely recorded from the lake.

The Mekong River has a high degree of endemism
(24 %), however most of the endemic species are re-
stricted to upland areas, and none of the species recorded
from the Tonle Sap Lake are endemic to this waterbody.
Most occur widely in large rivers of the basin. The os-
tariophysean species in particular tend to occur also in
the Lower Chao Phraya basin in Thailand and the Greater
Sunda Islands (Taki, 1975, 1978; Rainboth, 1991).
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Most of the fish species recorded from the lake be-
long to four families: Cyprinidae (39 %), Bagridae (8 %),
Siluridae (7 %) and Pangasiidae (7 %) (Table 2). The river
catfishes include the famous Mekong giant catfish (Pan-
gasianodon gigas) one of the the largest freshwater fish
in the world, which may reach 3 m in length and a weight
of 300kg.

Lim et al. (1999) claim that there has been a substan-
tial drop in fish diversity in the Tonle Sap area, including
both the lake and the river, based on a comparison of
fish catch data from the period between 1936-76 and
the period between 1995-97. There are two obvious
weaknesses in their comparison. Firstly they are com-
paring a 40 year data set with a two year data set. A 40
year catch data set would be expected to contain more
species than a two year data set. Secondly the earlier
data set was obtained by field based ichthyologists
working with local fishers, while the second data set
was obtained by reports from government fisheries of-
ficers. The second data set would have focused on the
size of the catch, rather than its taxonomic composition,
and may also have been subject to underreporting. Lim
et al. recorded a total of only 89 species occurring in the
lake, 40 % fewer than we record here, and we consider
their conclusion that “between about two-thirds and half
of the previously known fishes have disappeared” be-
tween the two time periods they investigated as unsup-
ported.

Lifecycles. Knowledge of the lifecycles of even the most
conspicuous Mekong River species is still incomplete.
Comparative ecological research in the basin has been
limited by taxonomic problems, political instability and
lack of resources, so although there is a good general
understanding of the factors influencing fish production
in the Lower Mekong Basin detailed understanding of the
biology of many critical species is still in its infancy.
Only recently, a general idea about the distribution, and
the migration and spawning habits of some of the most
important commercial fish species has started to emerge
(Poulsen and Valbo-Jgrgensen, 2000).

Hardy black fishes (sensu Welcomme, 2001) with
anatomical and ethological adaptations to withstand hy-
poxia and desiccation dominate in many parts of the lake
floodplain where oxygen levels can drop to zero shortly
after inundation. Species with such adaptations include
the labyrinth fishes (Anabantoidei) and snakeheads
(Channidae), which possess accessory breathing-organs
above the reduced gills allowing them to breath atmos-
pheric air. Parental care is also a common trait in these
groups. The male labyrinth fishes construct a froth nest
where the eggs are deposited in the more oxygen rich
surface water, while male snakeheads defend their nests,
built from vegetation, and their larvae and juveniles.

Black fish species such as the walking catfish (Clarias
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batrachus), climbing perch (Anabas testudineus) and
chevron snakehead (Channa striata) are capable of
crossing dry land in search of water when their ponds dry
up. Some black fishes survive the dry season in small
waterbodies on the floodplain, but most of them move to
the permanent part of the Great Lake as the water draws
down.

The Great Lake is seasonally also a habitat for a
number of white fish species although they constitute a
less prominent part of the fishery than they do along the
Mekong and Tonle Sap Rivers. Many white fish species
(including several species of Cyprinidae and probably all
species of Pangasiidae) spawn in tributaries and main-
stream rapids in the border area between Cambodia and
Lao PDR when the rainy season starts. From the spawn-
ing grounds, eggs and larvae drift downstream and dis-
tribute themselves in the flooded areas. The ichthyo-
plankton that reaches the junction of the Mekong and
Bassac Rivers (Quatre Bras) may continue downstream
or be caught by the reverse flow of the Tonle Sap and car-
ried towards the Tonle Sap Lake. So far 88 fish species
have been recorded from the drift in the Tonle Sap River
(Chea Tharith et al., 2003), however the mechanisms that
determine exactly where the individual larvae end up are
not well known.

After gorging on food on the floodplains throughout
the flood season the white fishes leave the Great Lake
destined for the Mekong River. Most fish movement is
concentrated in the six days before the full moon (Baird
et al., 2003). Many of the white fish species find their
dry season shelters in deep pools or canyons that are
located in the mainstream between Kompong Cham in
Cambodia and Siphandone in southern Lao PDR
(Poulsen et al., 2002).

Fisheries. Fish and fishing have been central to Cambo-
dian culture since ancient times, and with an annual
consumption of fish and other aquatic animals of at
least 720,000 tonnes the inland fisheries of Cambodia
are among the most significant in the world (Hortle et
al., 2004b). Few countries in the world are so depen-
dant on inland fisheries as is Cambodia where fish pro-
vides people with 80 % of their animal protein, and fish
also contribute 16 % to the country’s GDP (Baird et al.,
2003).

The fishery in Tonle Sap Lake, like the Cambodian
fishery generally, is very intensive, highly organized and
includes both small and large scale operations. The latter
focus mainly on black fish moving out of the floodplains
(lateral migration). In the Tonle Sap Lake the giant
snakehead (Channa micropeltes) contributes most to the
catch, while catches of in the dai fisheries in the Tonle
Sap River are dominated by small migratory cyprinids,
mainly Henicorhynchus spp. (Van Zalinge et al., 2000).
Estimates of the catch have varied widely. CNMC/
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Table 3. Turtles recorded occurring from the Tonle Sap Great Lake and their global conservation status. Data from Long (2003) and Stuart

and Platt (2004).

Family Species Common Name TUCN status CITES status
Geoemydidae Batagur baska Mangrove Terrapin Cr I
Geoemydidae Cuora amboinensis Asian Box Turtle Vu I
Geoemydidae Hieremys annandalii Yellow-headed Temple Turtle En II
Geoemydidae Malayemys subtrijuga Malayan Snail-eating Turtle Vu

Trionychidae Amyda cartilaginea Asiatic Softshell Turtle Vu

Nedeco (1998) gave annual estimates of the lake for the
years from 1981-1996. These ranged from 30,000 to
41,000 tonnes per year. These estimates are derived from
government statistics and are certainly far lower than the
true catch for a number of reasons. Lieng and Van Zal-
inge (2001) cite an annual catch range of 179,500—
246,000 tonnes. Lamberts (2001) cites an estimate of the
annual catch from Van Zalinge at between 177,000 and
252,000 tonnes. These later figures are based on con-
sumption survey data and may be overestimates (Hortle
pers. comm.), but are likely to be closer to the true figure
than earlier estimates. In addition there are reasonably
good estimates of the dai or bag net catch of fish migrat-
ing from the lake down the Tonle Sap river early each dry
season and this fluctuates around about 12,000 tonnes
(Hortle et al., 2004a).

Amphibians and reptiles

The herpetological fauna is the least studied of the major
vertebrate groups in the region and René Bourret’s works
of the 1930s and 1940s still remain some the major pub-
lished works on the snakes, amphibians and turtles of
Cambodia (Bourret, 1936; 1941 and 1942).

Recent work has focused on turtles (Stuart and Platt,
2004), homalopsine watersnakes (Stuart et al., 2000) and
crocodiles (Platt et al., in press). A Cambodian and Eng-
lish language guide to the reptiles of the Tonle Sap has
also recently been produced (Long, 2003).

Five species of turtle have been confirmed to occur in
and around the Tonle Sap Lake (Long, 2003; Stuart and
Platt, 2004) (Table 3). One species, Mangrove Terrapin
Batagur baska is documented to have gone extinct in the
Tonle Sap. The complete shells of two adults were ob-
tained from local fishermen in 1985 and are now in the
Siem Reap Department of Fisheries Office. The shells
were found buried in the lake mud and are not believed to
represent recent occurrences. According to elderly resi-
dents, small numbers of Mangrove Terrapin were present
in the Tonle Sap during the early 1900’s. However, recent
surveys have found no evidence for the continued persist-
ence of the species in the Tonle Sap, and the species has
almost certainly been locally extirpated (Platt et al.,
2003). All turtle species in and around the Tonle Sap are

Table 4. Snake species confirmed from the Tonle Sap. Data from
Stuart et al. (2000) and Long (2003).

Family Genus and Species Common Name
Colubridae Enhydris enhydris Rainbow Watersnake
Colubridae Enhydris longicauda Tonle Sap Watersnake
Colubridae Enhydris bocourti Bocourt’s Watersnake
Colubridae Enhydris jagorii Striped Watersnake
Colubridae Enhydris plumbea Plumbeous Watersnake
Colubridae Erpeton tentaculatum Tentacled Watersnake
Colubridae Homalopsis buccata Puff-faced Watersnake
Colubridae Xenochrophis piscator ~ Checkered Keelback

Cylindrophiidae Cylindrophis ruffus Red-tailed Pipe Snake

Acrochordidae Acrochordus grunulatus ~ Granulated File Snake

Elapidae Ophiophagus hannah King Cobra
Elapidae Naja kaouthia Monocled Cobra
Pythonidae Python reticulatus Reticulated Python
Pythonidae Python molurus bivittatus Burmese Python
Viperidae Trimeresurus macrops Big-eyed Pit Viper
Xenopeltidae ~ Xenopeltis unicolor Sun-beam Snake

under great threat from trade, primarily to China (Touch
et al., 2000; Holloway, 2003).

Stuart et al. (2000) documented seven species of
Homalopsine watersnakes occurring in the Tonle Sap
based on observations of catches and trade, and these are
the first 7 included in Table 4.

Market data gathered at the peak of the wet season
during 1999 and 2000 estimated that upwards of 8,500
watersnakes, of the first five species listed above, were
harvested and sold per day, primarily for crocodile and
human food. It is probable that this represents the great-
est exploitation of any single snake assemblage in the
world. Little is yet known as to whether this harvest is
sustainable and further research is continuing (Stuart et
al., 2000).

Other snakes have not been systematically surveyed
but nine additional species (Table 4) were incidentally
recorded by Stuart et al. (2000) or documented by Long
(2003). Other species of reptiles recorded from the Tonle
Sap include Tokay Gecko Gekko gecko and Water Moni-
tor Varanus salvator. There is no systematic published
work on the amphibians of the Tonle Sap, but two species
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Table 5. Globally threatened breeding birds of the Tonle Sap swamp forest. Data from Goes (2001) and Seng et al. (2002).

TUCN status Conservation significance
Masked Finfoot Heliopais personata Vu Unknown
Grey-headed Fish Eagle Ichthyophaga ichthyaetus NT Largest popn. in mainland SE Asia
Darter Anhinga melanogaster NT Largest colony in SE Asia. >30 % of global popn.
Black-headed Ibis Threskiornis melanocephalus NT Largest colony in SE Asia. c. 5% of reg. popn.
Spot-billed Pelican Pelecanus philippensis Vu Largest colony in world. c. 25 % of global popn.
Milky Stork Mycteria cinerea Vu Only freshwater colony in the world
Painted Stork Mycteria leucocephala NT Largest colony in SE Asia. c. 20 % of reg. popn.
Lesser Adjutant Leptoptilos javanicus Vu c. 2% of global popn.
Greater Adjutant Leptoptilos dubius En Only colony in SE Asia. ¢.10 % of global popn.

were reported to be abundant in lowland rice fields in
Kompong Thom by Balzer et al. (2002).

Siamese Crocodiles Crocodylus siamensis still occur
in small numbers in the Tonle Sap Lake, particularly in
the Prek Toal Core Area, but are much reduced from ear-
lier numbers. Formally they were reportedly common
through the lake system, but have been heavily impacted
through capture for farming and trade and must now be
close to extirpation in the wild on the Tonle Sap. Siamese
Crocodile is recognized by IUCN as being Critically En-
dangered and is listed on CITES Appendix 1. It is now
confined to remote wetland areas in Cambodia, with a
stronghold in the rivers of the Cardamom Mountains to
the south of the Tonle Sap Lake (Platt et al. in press.).
Finally in late 2004 a lower jaw of a crocodilian species
was discovered in the lake mud near Siem Reap by a lo-
cal fisherman. It is now in the GECKO Centre in Chong
Kneas and is believed on size alone to be from an Estua-
rine Crocodile Crocodylus porosus, the first confirmation
of this species from the Tonle Sap. However, the jaw is
not believed to be of recent origin and the species has
long been extirpated from the lake (Steve Platt pers
comm., 2004).

Birds

Birds are the best studied of the terrestrial faunal groups
on the Tonle Sap, detailed information beginning with
the 4th Franco-British Expedition to Indochina which
visited Siem Reap and the Tonle Sap in 1928 (Delacour,
1929) and with further records, particularly from the
Siem Reap area, up until the 1960s (Thomas and Poole,
2003). All work then was suspended through the civil war
and began again with the first surveys in 1992 and 1993
(Archibald, 1992; Scott, 1992; Carr, 1994). About 220
species are known from the Lake area.

The Tonle Sap Lake is one of the most important
areas for bird conservation in the region and has long
been understood to be extremely important for gregari-
ous large waterbirds, particularly storks, pelicans, ibises
and cormorants. Seventeen Globally Threatened or

Near Threatened species are known to occur regularly
around the Tonle Sap Lake, and a recent project to iden-
tify Important Bird Areas (IBAs), based on the global
criteria of BirdLife International, identified ten IBAs
within the inundation zone (Seng et al., 2002). These
are divided between two key habitat types; swamp for-
est and inundated grassland, both only seasonally
flooded. The swamp forest, particularly of the Prek Toal
Core Area is home to large breeding colonies of colo-
nial waterbirds, while the inundated grassland has its
own unique suite of threatened breeding birds, and dur-
ing the early flood season hosts many feeding birds
from the swamp forest.

A true understanding of the global importance of the
colonial waterbirds of the swamp forest began with work
in the Prek Toal Core Area in 1996 and 1997 (Parr et al.,
1996; Ear-Dupuy et al., 1998) (Table 5). This work, and
that of Goes and Hong (2002), resulted in a long term
conservation initiative undertaken by the Government
and the Wildlife Conservation Society working with lo-
cal people to protect the colonies from large-scale egg
and chick collection. This has been extremely successful
and has resulted in the rebounding of waterbird popula-
tions in the area (Goes in prep.).

The Tonle Sap inundated grassland bird communities
were unknown until the recent work of the late Sam Vea-
sna (Sam, 1999). They are now known to support a
unique community of birds (Table 6), including the
world’s largest population of the Globally Endangered
Bengal Florican Houbaropsis bengalensis, and number
of small grassland birds including Red Avadavat Aman-
dava amandava. They are also significant for post-breed-
ing populations of large waterbirds from the swamp for-
est and non-breeding Aquila eagles from the northern
Palearctic (Goes et al., 2001; Seng et al., 2002). Again all
these species were formerly widely persecuted, but re-
cent local level conservation interventions are having
successful results.

Only one bird species, the Greater Flamingo (Phoen-
icopterus ruber), is known to have gone extinct on the
Tonle Sap, having last been recorded in 1935. It is diffi-
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Table 6. Globally threatened birds of the Tonle Sap grasslands. Data from Seng et al. (2002).

Genus and Species Common Name TUCN status Local status/origins

Houbaropsis bengalensis Bengal Florican En Breeding

Grus antigone Sarus Crane Vu Non-breeding from northern Cambodia

Agquila clanga Greater Spotted Eagle Vu Non-breeding from Palearctic

Agquila heliaca Imperial Eagle Vu Non-breeding from Palearctic

Threskiornis melanocephalus Black-headed Ibis NT Non-breeding from swamp forest

Pseudibis davisoni White-shouldered Ibis Cr Breeding/non-breeding?

Pelecanus philippensis Spot-billed Pelican Vu Non-breeding from swamp forest

Mycteria cinerea Milky Stork Vu Non-breeding from swamp forest

Mycteria leucocephala Painted Stork NT Non-breeding from swamp forest

Ephippiorhynchus asiaticus Black-necked Stork NT Non-breeding from northern Cambodia

Leptoptilos javanicus Lesser Adjutant Vu Non-breeding from northern Cambodia/
swamp forest?

Leptoptilos dubius Greater Adjutant En Non-breeding from swamp forest

Acrocephalus tangorum Manchurian Reed Warbler Vu Non-breeding from Palearctic

Ploceus hypoxanthus Asian Golden Weaver NT Breeding/non-breeding?

cult to comment on the status of this species and it may
only ever have been a vagrant. The mudflats exposed by
the receding Tonle Sap from April to June would provide
an excellent nesting area for flamingos, so it is possible
that they were once part of the lake’s breeding avifauna.
However, easily accessible nests and large nutritious eggs
would have made this species highly vulnerable to ex-
ploitation (Thomas and Poole, 2003).

Mammals

Mammal faunal diversity of the Tonle Sap Lake is not
particularly high. Three species of primate (O. Primates)
occur in the swamp forest; Slow Loris Nycticebus cou-
cang, Long-tailed Macaque Macaca fascicularis and
Silvered Langur Semnopithicus cristatus. All have been
confirmed from the Prek Toal Core Area. Long-tailed
Macaque is widely distributed around the lake and Sil-
vered Langur has also been recorded in the Stung Sen
Core Area and in Kompong Thom (Goes and Hong,
2002). Long-tailed Macaques are now being trapped and
traded in large numbers all around the lake in response to
the recent demand from “monkey farms”, in both Cam-
bodia and Vietnam, established to serve the overseas
pharmaceutical industry.

Two species of otters (O. Carnivora) have thus far
been confirmed from the Tonle Sap Lake: Smooth Otter
Lutra perspicillata and Hairy-nosed Otter Lutra sumat-
rana. The latter, thus far confirmed by the identification
of captive animals from the Prek Toal and Stung Sen
Core Areas is especially important as it is globally very
little known and the Tonle Sap Lake may represent its
major global stronghold (Poole, 2003). All otter species
in Cambodia are under great threat from the local de-
mand for skins for traditional medicine.

Colonies or roosts of flying-foxes Pteropus sp. (O.
Chiroptera) have been recorded throughout the year, al-
though primarily in the wet season, from swamp forest
areas in Siem Reap, Pursat and Kompong Thom (Goes
and Hong, 2002). From information elsewhere in the
country it is likely that two species are involved Large
Flying-fox P. vampyrus and Lyle’s Flying-fox P. lylei (J.
Walston pers. comm. to C.M. Poole, 2004). All flying-
foxes are hunted throughout Cambodia and either eaten
or sold for the restaurant trade.

Of the other carnivores, the small Asian Mongoose
Herpestes javanicus is widespread around the lake.
Leopard Cat Prionailurus bengalensis has been recorded
once with an animal captured from the local area being
held at the Phet Sanday Fisheries Office at the mouth of
the Stung Sen in December 1998 (Goes and Hong, 2002).
Reports of Fishing Cat Prionailurus viverrinus from the
Tonle Sap Lake area remain unconfirmed. Asiatic Jackal
Canis aureus was recorded in 2000 and 2001 in small
numbers from the grasslands of the inundation zone in
Kompong Thom, however they were being actively per-
secuted for food, particularly in the wet season, and none
have been recorded since (Hong Chamnan pers. comm.
to C.M. Poole, 2004).

Several larger species of mammal previously under-
stood to have occurred around the Tonle Sap Lake are
now locally extinct. Village elders claim within living
memory to remember Asian Elephant Elephas maximus
(O. Proboscidea) making annual seasonal migrations to
the lake, but the nearest populations are now small, frag-
mented and well to the north of the Tonle Sap. Irrawaddy
Dolphins Orcaella brevirostris (O. Cetacea) certainly
used to occur in the Tonle Sap Lake, but were decimated
during the Khmer Rouge era when they were harvested to
provide fuel oil.
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The role of invasive alien species

More than a dozen exotic plant species have become es-
tablished in the Tonle Sap floodplain (CNMC et al.,
1998; Oertzen and Smith, 2001). These include two grass
species: Brachiaria mutica and Echinochloa stagnina
that were introduced at some time in the past from Africa
as high quality species for grazing, and have become
dominant in many parts of the floodplain. Noxious inva-
sive species are water hyacinth and giant mimosa Mimosa
pigra, both of which are from South America. Water hya-
cinth occurs along waterways with slow-moving water,
and in pools and ditches, and to a certain extent it is re-
garded as useful by local communities as it may be used
as pig fodder and in fish attracting devices (samras).
However, as water hyacinth forms dense mats it tends to
de-oxygenate waters, and subsequently reduces water
quality and fish production, especially in smaller bodies
of water. Giant mimosa invades fallow fields and cleared
and burnt swamp forest and scrubland areas, forming
dense, impenetrable thickets that are very difficult to
eradicate. It is also of little value to wildlife, although its
effects on fisheries have not been well documented. At
Tonle Sap it has recently become established along the
length of the Tonle Sap River, scattered along the lake
shores from Siem Reap to Snoc Trou, and in the Prek
Toal Biosphere Reserve Core Area (CNMC et al., 1998).

Several exotic species, including silver carp (Hy-
pophthalmichthys molitrix), tilapia (Oreochromis spp.),
and common carp (Cyprinus carpio), are commonly seen
in some parts of the Mekong Basin, but until now none of
them have established large populations in the Great
Lake. This may be due to small releases because the
aquaculture sector is relatively small in Cambodia and in
particular around the Great Lake where the fish supply
from capture fisheries is plentiful. Fish culture is mainly
based on the indigenous species giant snakehead (Chan-
na micropeltes) and iridescent shark-catfish (Pangasian-
odon hypophthalmus) that are raised from wild seed. It
may also be due to competition from the diverse range of
native species already present in the lake. With future
habitat degradation alien fish species could become a
greater problem than at present.

Three non-native reptile species: Chinese Softshell
Turtle, Pelodiscus sinensis, Estuarine Crocodile, Croco-
dylus porosis, and Cuban Crocodile, C. rhombifer, are
recorded from farms around Tonle Sap Lake. The Chi-
nese Softshell is present in at least two floating farms at
Chong Kneas and has already been recorded from Cam-
bodian markets (Holloway, 2003). On the evidence from
other countries escaped animals are likely to establish
feral populations (Stuart et al., 2001). Cuban Crocodile
and Estuarine Crocodile are both present along with ap-
parent hybrids in the Seam Reap crocodile farm (Platt et
al. in press). Hybrid Estuarine x Siamese Crocodiles are
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also now apparently regularly, although illegally, im-
ported to stock Cambodian crocodile farms around the
Tonle Sap Lake. This is a major concern as the crocodile
stock of the Cambodian farms was previously believed
all to derive from wild caught genetically uncontaminat-
ed Siamese Crocodiles.

The South American Golden Apple Snail, Pomacea
sp, was first recorded from lowland ricefields in Cambo-
dia in 1995 and was subsequently reported as being
raised for food in at least nine provinces (Jahn et al.,
1996). It is a serious rice pest in other Asian countries
and has been demonstrated to have a negative effect on
wetland ecosystem function in Thailand through the loss
of aquatic plants (Carlsson et al., 2004). In central Thai-
land it is now believed to be the main prey species of a
burgeoning population of Asian Openbills Anastomus
oscitans (Round, 2002).

Threats and protection

Human population growth in the basin, over harvesting
of aquatic resources and the possible impacts of hydro-
logical changes in the Mekong River are the three most
pressing threats to the Tonle Sap lake ecosystem. Popula-
tion growth and over-harvesting are obviously linked,
because increases in harvesting pressure have partly
arisen, and are likely to continue to rise in the short term,
because of the increased numbers of people harvesting,
and the increased market for the harvest. In contrast po-
tential hydrological changes are driven by factors outside
the basin, and indeed outside Cambodia, through the im-
pacts of dams in China, Lao and Vietnam. Exotic species
are present in the basin, as previously noted, but at
present seem to pose less of a threat than other factors.

Population growth

The Tonle Sap basin, including the catchment of the lake
and the Tonle Sap River, has an estimated population of
4.5 million people (Leang, 2003) giving an average pop-
ulation density of 53 people per km?. Population growth
in the basin is rapid at 4.8 % (Leang, 2003). This results
partly from high fecundity due partly to the relatively
young age structure. For example all of the seven prov-
inces in the basin have more than 40 % of their popula-
tion age 14 or less and more than 15 % between 15 and 24
years old (Hook et al., 2003).

There are also high rates of migration into the basin.
People are drawn partly by employment prospects par-
ticularly in the tourism and construction industries. Tour-
ism accounts for more than 4% of Cambodia’s GDP
(Countrywatch.com, 2004) and the major national tourist
attraction is Angkor Wat in the Tonle Sap Basin. The
number of hotels beds in Siem Reap, the town servicing
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tourists visiting Angkor, was predicted to increase by
112 % between 2003 and 2004 with 25 new hotels under
construction of awaiting an operating licence (Yuan,
2004).

Apart from the attraction of potential employment in
the tourist industry, the Tonle Sap Basin, and especially
the region around the lake, is seen as an area where better
subsistence livelihoods are available than in many other
areas in Cambodia. There is flat land available for culti-
vation, a range of forest products including both wood
and non-wood products and access to fish. Many families
migrate to the area temporarily during the fishing season,
while others migrate permanently.

Overharvesting

Evidence is growing that the aquatic resources in the
Tonle Sap have suffered, and continue to suffer from
overharvesting. For example, as previously noted, the
rarity of crocodiles in the lake and the apparent absence
of dolphins are both attributed to excessive hunting by
humans, and hunting is identified as a major threat to bird
and turtle populations. Of greater concern, from a human
livelihoods point of view, is a growing concern about
overfishing (Hortle et al., 2004a; Hortle et al., 2004b).

Until recently decline in species composition and size
of fish caught was the main evidence of pressure on the
Tonle Sap fishery. Total fish catch was believed to have
increased between 1940 and the mid 1990’s although
catch per fisher declined (Van Zalinge et al., 2001). How-
ever during this period the contribution of large fish spe-
cies to the catch has decreased and many of the largest
are now rare. In addition the average size of the smaller
fish in the catch has also decreased (Hortle et al., 2004b),
which is often a sign of over fishing.

The past three years have seen a decline in the catch
of the Tonle Sap River dai fishery, one of the few for
which there is reliable data. The dai fishery uses large
fixed nets in the river to catch fish moving from the lake
and the floodplain during the dry season migration. Data
since 1995 indicated that the extent of the previous wet
season flood was a good predictor of the catch in a given
year (Hortle et al., 2004a), but from 2002 to 2004 the
catch declined rather than track the flood level. This
could have been because of other features of the flood,
such as timing or length of inundation period, were also
having an impact, or because competition from other
fishers impacted the dai fishery. In 2005 the dai catch re-
covered, a recovery which corresponded to a higher flood
and to renewed government efforts to reduce illegal fish-
ing. This has been taken to indicate that previous low dai
catches were being impacted by overall fishing pressure.
It also indicates that governments are beginning to assert
necessary control to manage the fishery more effective-

ly.
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Hydrological change

Several reservoirs have already been constructed in the
Mekong Basin upstream of the junction between the
Mekong and the Tonle Sap Rivers, several more are un-
der construction or in the final planning stages and many
more have been proposed. Nam Ngum Dam in Lao
PDR, Yali Falls Dam in Vietnam and both Manwan dam
and Dachaoshan dam in China are already operational
(Dore and Yu, 2004). Xiaowan Dam is under construc-
tion, due for completion in 2012, and Nam Theun II
dam proposed in Lao PDR is undergoing environmental
impact evaluation. A number of additional dams are
proposed, particularly in the Chinese section of the river
(e.g. see Hori, 2000), at least 7 or 8 as part of the “Me-
kong Cascade”.

Virtually all the proposed dams are single purpose
hydropower dams. In the headwaters of the Mekong
River there is relatively little flat land available so there is
little potential for irrigation. The only significant non-
hydropower proposals involving Mekong waters are
proposals to divert water to the Chao Phraya basin in
Thailand through the Kok-Ing-Nan scheme, and propos-
als to divert water in to north east Thailand for irriga-
tion.

The major impact of large scale hydro development
on the River will be an increase in dry season flows and a
decrease in wet season flows downstream. Hydro dams
retain some of the wet season flows which are excess for
generation power needs to augment dry season flows
which may be insufficient for power needs. The extent of
the change will depend on the stored capacity of the dams
and their operational rules.

This change in flow pattern will reduce the area of
land subject to seasonal inundation around Tonle Sap
Lake. Modelling exercises conducted at MRCS (Hal-
crow, 2004, Beecham pers. comm.) indicate that develop-
ment of two large dams in China could result in an in-
crease in dry season minimum water levels in Tonle Sap
Lake of about 0.3m and a decrease in wet season maxi-
mum water levels of about 0.4 m. Based on the relation-
ship between lake depth and area developed by JICA
(2004) that would result in the seasonally inundated area
decreasing from 10,620 km? to 9164 km?, a drop of about
11 %.

Changing land subject to annual inundation to per-
manently flooded or rarely flooded will in turn alter the
plant communities and the productivity of the system.
Seasonally flooded forest, for example, would not be
able to adapt to permanent inundation. If the change
resulted in a similar average reduction in the fish har-
vest it would also have serious consequences for the
livelihoods both of those living around the lake and
those living downstream who depend on the fish “ex-
ported” during the seasonal migration down the Tonle
Sap River.
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Sedimentation

One concern that has been raised in the grey literature
and also occasionally in the popular press is that the lake
is rapidly filling with sediment. Bardach (1959) estimat-
ed that, “based on recent estimates by local fishermen not
supported by measurements” the lake would disappear as
a permanent body of water in not more than 50 years.
Csavas (1990) commented that “deposition in the bed of
the Great Lake is currently occurring at a rate of 4cm/
year and, as the lake has an average depth of 40cm in the
dry season, it could cease to exist as a lake in the dry
season in ten years time”. Recent work, including several
coring studies (Penny, 2002; Tsukawaki, 1997), and hy-
drodynamic modeling studies (FINWUP) all indicate
that this is false. There is no danger of the two lake basins
infilling in the short or medium term (Penny, 2002) and
recent sedimentation in the lake basin proper appears to
be insignificant. Most sedimentation in the lake basin
would be expected to occur on or behind the natural
levees which form the perimeter of the dry season lake
rather than in the lake itself (WUPFIN). Were a problem
to arise from sediment deposition it would most likely
occur due to sediment deposition or rearrangement where
the Tonle Sap river enters the lake, and this area does re-
quire monitoring.

Protection

In recognition of the importance of Tonle Sap Lake it was
designated by the Cambodian Government as a Multiple
Use Area under the 1993 Royal Decree on Protected Ar-
eas. In October 1997 UNESCO accepted the nomination
of the Tonle Sap as a biosphere Reserve. Three Core Ar-
eas: Prek Toal; Boeng Chmar and Stoeng Sen were con-
firmed in April 2001 by the passage of a specific Royal
Decree implementing the Tonle Sap Biosphere Reserve.
These three Core Areas total 70,837 ha and are “devoted
to the long term protection and conservation of natural
resources and the ecosystem” specifically “to preserve
flooded forest, fish, wildlife, hydrological systems and
natural beauty”. These core areas are surrounded by a
buffer zone totaling 510,768 ha and a transition area tota-
ling 899,652ha. The Biosphere Reserve is managed
through an inter-ministerial Tonle Sap Biosphere Reserve
Secretariat which includes representatives from the Min-
istry of Environment, Mnistry of Agriculture, Forestry
and Fisheries and Ministry of Water Resources and Me-
teorology.

Many of the temples and ruins at Angkor and sur-
rounds were included in a 400km? World Heritage Area
listed in 1992. The area encompasses the Angkor com-
plex the Roulos group of temples and Banteay Srei.

Other Cambodian environmental legislation also im-
pinges on the management of the Tonle Sap Lake. This
includes various legislative instruments to manage the
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fisheries of the Lake and the Mekong system in Cambo-
dia. At present these are managed through a combination
of fishing lots and community based fisheries, both of
which have social and management shortcomings.

Discussion and conclusion

The Tonle Sap Lake is a fascinating system of great in-
trinsic value, and of great economic and cultural value to
the people of Cambodia. The lake and its inundation zone
are already showing the impacts of over-exploitation of
resources which is reducing both the biodiversity value
and its potential to support livelihoods.

The next decade is likely to be a critical period which
will determine the future status of this important wetland.
Many of the pressures presently impacting the lake are
likely to greatly increase in the short term, including
population growth, especially around Siem Reap, fishing
pressure and hydrological changes.

Stable and effective governance systems in Cambodia
are as yet not well established, and Bonheur and Lane
(2002) identified governance deficiencies as a significant
threat to the biodiversity of the Tonle Sap Lake. Manage-
ment of the system requires cooperation from a range of
government agencies. In addition the relationships be-
tween government officials and civil society, the people
in the basin, will be key if the resources are to be well
managed. Government legislation is of little value with-
out public support.

It is of serious concern that Tonle Sap may be im-
pacted by developments initiated in countries outside
Cambodia. In particular the development of hydropower
schemes on the Mekong River in countries upstream of
Cambodia present a real and present danger to the eco-
systems and fisheries of the Tonle Sap Lake. It is essen-
tial that the Cambodian Government use all the influence
at its disposal to ensure that environmental impacts in
downstream countries are considered in the design, im-
plementation and operation of these projects. Where
these projects proceed ameliorative measures, including
appropriate operational rules and, where necessary, flow
regulation structures should be included.
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