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Abstract – Phytoplankton community and its relationships with the physico-chemical variables were studied in the newly impounded Nam Theun 2 sub-tropical Reservoir, located in
Lao PDR (Southeast Asia). Samples were collected on a monthly basis from March 2009 to
December 2012 within the euphotic zone of five sampling sites. One hundred and eighty taxa
were identified during this study. A significant seasonal effect on the NT2 phytoplanktonic
community was related to water temperature, precipitation and water level. Dinoflagellates
and green algae mainly contributed to phytoplanktonic biomasses usually highest in June
with a maximum of 3 x 103 µg C.L-1. Both biomasses and Chl-a exhibited similar variation with
significant relationship. Moreover, total phytoplankton biomass has also a significant correlation with the Secchi depth suggesting that water transparency might be dictated by phytoplankton biomass.The trophic status was assessed according to the nutrients concentrations,
Secchi depth and Chlorophyll a (Chl a) (OECD classification and AARL-PC scores) and the
phytoplankton composition (AARL-PP scores). This study revealed the suitability of Chl-a,
phytoplankton biomass and phytoplankton composition for assessing the trophic state of a
young and sub-tropical reservoir. The results illustrated an oligotrophication of the NT2
Reservoir at the end of period of study. Consequently, this approach might be recommended
to follow the evolution of the trophic status of a young and sub-tropical reservoir.
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Résumé – La composition phytoplanctonique et ses relations avec les paramètres physicochimiques ont été étudiées dans le réservoir subtropical de Nam Theun 2 (Laos, Asie du SudEst) peu après sa mise en eau. Les campagnes d’échantillonnage mensuelles se sont déroulées entre mars 2009 et décembre 2012. Les échantillons ont été collectés dans la zone
euphotique de cinq stations du réservoir. Plus de 180 taxons ont été identifiés lors de cette
étude. L’effet saisonnier sur les biomasses est significatif, expliqué principalement par la
température et les précipitations. Les Dinoflagellés et les algues vertes ont contribué principalement au pic de biomasse phytoplanctonique généralement mesuré en juin, atteignant
3 x 103 µg C.L-1. Les concentrations en Chlorophylle a et la biomasse totale sont fortement
corrélées. En outre, la corrélation significative entre la biomasse totale et la profondeur de
Secchi suggère que la transparence de l'eau pourrait être influencée par la communauté phytoplanctonique. Le statut trophique a été évalué en fonction des concentrations en nutriments, de la profondeur du disque de Secchi, de la Chlorophylle a (Chl a) (classification
OCDE et AARL-PC scores) et de la composition phytoplanctonique (AARL-PP scores). Cette
étude a révélé la pertinence dans l’utilisation de la Chl a, de la biomasse et de la composition
phytoplanctonique pour l’évaluation du statut trophique d’un jeune réservoir subtropical. Au
cours de la période d’étude, les résultats ont illustré une oligotrophisation du Réservoir NT2.
En conséquence, cette approche doit être prise en compte afin de suivre l’évolution du statut
trophique d’un jeune réservoir subtropical.
Mots clés – composition spécifique, biomasse phytoplanctonique, statut trophique, jeune
réservoir subtropical, mise en eau

1 INTRODUCTION
Man-made reservoirs have distinct
characteristics compared to natural
lakes inherent to their specific features
and the management of their water level
(ASLO, 1990; Thornton et al., 1990).
The impoundment of a reservoir resulted
in a new hydrosystem characterized as
a lentic aquatic habitat. Phytoplankton
usually becomes the main primary producer of the pelagic zone influencing
the whole aquatic food web of this new
lentic ecosystem (Reynolds, 2006).
Numerous studies have described the
ecology of phytoplankton community in
lakes and reservoirs regardless the latitude (Reynolds, 1984; Happey-Wood,
1988; Padisák, 2003; Sarmento & Descy,
2008) and focusing on undesirable
effects such as eutrophication (Crossetti

& Bicudo, 2008) or harmful algal
bloom (Smith, 1983; Codd et al., 2005).
Nevertheless, European studies have
demonstrated the major role in these
phenomena of the physical structure of
the reservoir and of the nutrients availability (Naselli-Flores, 2000; Padisák
et al., 2006; Reynolds, 2006; Anneville
et al., 2008). Both factors are, directly
and indirectly, the most important variables influencing the phytoplankton
composition variability in terms of abundance and composition (Harris, 1986;
Tundisi et al., 1999; Becker et al., 2010;
Rigosi & Rueda, 2012).
Thornton et al. (1990) also concluded that tropical and sub-tropical
reservoirs are aquatic ecosystems in
which the synergy between physical,
chemical and biological variables is
strongly controlled by hydrological regime
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(e.g. the upstream river inputs and periodic dewatering). Because the succession of phytoplankton community is
strongly linked to meteorological conditions, patterns in temperate ecosystems differ from those of tropical waters
(Wetzel, 2001). Furthermore, other
studies have described the meteorological variables such as rainfall, wind and
temperature as one of the second factors controlling phytoplankton habitat
(Dos Santos & Calijuri, 1998; Melo &
Huszar, 2000; Calijuri et al., 2002).
Although phytoplankton studies in tropical reservoirs generally emphasize
community successions as well as the
key parameters structuring the assemblages (Lewis, 2000; Calijuri & Dos
Santos, 2001; Crossetti & Bicudo,
2005; Sarmento et al., 2008), very few
studies have dealt with newly
impounded reservoirs (Zeng et al.,
2006; Feinpend et al., 2013). For
instance, Dai et al. (2010) have shown
that during the early stage of the Chinese Three Gorges Reservoir, Chlorophyta, Diatoms and Cyanophyta represented respectively 55%, 24% and 10%
of the total species composition and that
their dynamic were mainly driven by
strong vertical gradients of temperature
and density (Zhu et al., 2013).
Thanks to its capacity to integrate
environmental changes within a short
term period, phytoplankton is often
used in large monitoring programs to
complete the approach of trophic status
classification scheme based on total
phosphate, chlorophyll a values as well
as water transparency (OECD, 1982).
Phytoplankton biomasses and chlorophyll a are the metrics generally used
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until now to assess the trophic status of
lakes and reservoirs (Büsing, 1998;
Díaz-Pardo et al., 1998). More recently,
the water quality assessment for European and North American lakes and
reservoirs was successfully investigated using phytoplankton species
composition (Water Framework Directive, 2000; Reynolds, 2006; Crossetti &
Bicudo, 2008; Poikane et al., 2011).
Since the last decades scientists of
Alpine and Mediterranean ecoregions
have successfully developed and harmonized assessment methods using
phytoplankton composition for water
quality management (Brettum, 1989;
Catalan et al., 2003; Salmaso et al.,
2006). In Southeast Asia, Peerapornpisal
et al. (2004) set out a score approach
for trophic status assessment within
Thai reservoirs. The method is based
on the physico-chemical parameters
(AARL-PC) and on the phytoplankton
composition (AARL-PP). Because such
investigations were developed within
the same ecoregions as the study area,
we therefore contend that such an
approach could be applied to our study.
This study was conducted in the Nam
Theun 2 (NT2) Reservoir (Lao PDR,
Southeast Asia), for four years since its
impoundment. We described the phytoplankton community with the analysis of
2 metrics (biomass, and Chl a) and identified the driving factors structuring phytoplankton dynamic over the four years
after impoundment. The study also
assessed the trophic status of this newly
impounded reservoir using a panel of
indicators based on water physicochemical features, chlorophyll a, Secchi
depth and phytoplankton composition.
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Fig. 1. (a) Map of the Nam Theun 2 Reservoir in Lao PDR, (b) map of the NT2 Reservoir and of the
five sampling sites RES1, RES3, RES4, RES6 and RES8.
Fig. 1. (a) Carte du réservoir Nam Theun 2 au Laos, (b) carte du réservoir de NT2 et des cinq sites
d’échantillonnage RES1, RES3, RES4, RES6 et RES8.

2 MATERIALS & METHODS
2.1 Study area
The NT2 hydroelectric Reservoir is
located on the Nakai Plateau (Khammouane Province) in Lao PDR (Fig. 1a).
It covers a surface of about 489 km2 at
its full supply level. Its maximum depth
is 38 m at the Dam site with an average
depth of 11 m leading to a total volume
of 3.9 km3. The reservoir was impounded
between May 2008 and February 2009
and the commercial operation started in
April 2010. Physico-chemical water quality parameters and phytoplankton communities were monitored since March
2009, few months after the beginning of

the impoundment. Once commercial
operation started, the reservoir level
presented a mean annual drawdown of
8.6 m (min 7.6 m in 2010 and max 9.5 m
in 2011).
The climate is sub-tropical and the
reservoir is submitted to a monsoon
regime. The warm-wet season runs
from June to October where 90% of
annual precipitations occur and lead to
an important natural seasonal mixing of
the water body. The warm-dry season
runs from February to June. The cooldry season runs from October to February. The NT2 Reservoir is defined as
a shallow monomictic sub-tropical reservoir and the stratification sets during
the warm dry season (Chanudet et al.,
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2012). The limnological background
data of the NT2 Reservoir are described
in detail in Descloux et al. (same issue).
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until the analyses (some hours after
sampling).
2.3 Sample analysis

2.2 Sampling strategy
At the same location, phytoplankton
and water quality parameters were routinely measured on a monthly basis
from March 2009 to December 2012 for
each of the five sampling sites (RES1:
Dam site, RES3: flooded forest, RES4,
RES6 and RES8: former riverbed;
Fig. 1b).
On the field, a multi-parameter
probe (Quanta, Hydrolab) was used to
measure physico-chemical water quality parameters (i.e. water temperature,
dissolved oxygen and saturation, pH
and conductivity) at the five sampling
sites. Parameters were measured every
0.5 m within the five first metres of the
uppermost (including the euphotic
zone) and every 1 m below, to describe
vertical profiles.
Phytoplankton samples were collected in the euphotic zone (Zeu) defined
by 2.5 times the Secchi disk depth
(Poikane, 2009). The sampling strategy
followed an integrated method with
1 litre of water collected with a Niskin
bottle at 5 equidistant depths between
the surface and the bottom of the
euphotic layer. From the 5 mixed litres,
one litre is collected for chlorophyll a
(Chl-a) analysis by spectrophotometry
(APHA standards, 1995), 500 mL were
collected and immediately preserved
with a Lugol’s solution (Vollenweider,
1969) for phytoplankton identification
and numeration and 250 mL were collected for chemistry analyses. Water
samples were preserved in a cool box

Chemistry analyses were done
according to the American Standards
for Water Quality (APHA standards,
1995). Dissolved Organic Carbon
(DOC) was analysed with IR Spectrophotometry after acidification and combustion (limit of detection of 0.5 mg.L-1).
For the Total Suspended Solids (TSS),
gravimetric method was used after filtration at 1.2 µm and drying 2 hours at
103-105 °C. Total Nitrogen (TN) and
Total Phosphorous (TP) were analysed
by spectrophotometry whereas nitrate
(NO3-N) and Soluble Reactive Phosphorus concentrations (PO4-P) were
determined using HPLC (Metrohm 861
Advanced Compact IC after filtration at
0.45 µm). Ammonia-nitrogen (NH3-N)
was calculated from NH4-N data, combined with pH and water temperature.
For Biological Oxygen Demand at
5 days (BOD5) and the Chemical Oxygen Demand (COD), the Dissolved
Oxygen (DO) is measured by oxygen
membrane probe after 5 days of incubation at 20 °C (see Chanudet et al.,
same issue for a thorough detail of the
limit of detection).
Phytoplankton identification and
numeration were carried out under
inverted microscope (objective x40) with
sedimentation chambers (Utermöhl,
1958). The transect method (diameter)
were achieved for the analyses until
reaching more than 400 units (NF EN
15204, AFNOR 2006). Geometric shape
was assigned to each species. The
appropriate cell volume was calculated
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Table I. Definition of the trophic status of the reservoir according to Total Phosphorous (TP),
Chlorophyll a concentrations and Secchi depth (from the OECD, 1982).
Tableau I. Détermination du statut trophique du réservoir selon les concentrations du phosphore
total, de la Chlorophylle a et de la profondeur de Secchi (d’après l’OCDE, 1982).

TROPHIC STATUS
Variables
(Annual means)
Total phosphorous
(mg.L-1)
Chlorophyll a
(µg.L-1)
Secchi depth
(m)

Oligotrophic

Mesotrophic

Eutrophic

Hypereutrophic

≤ 0.010

0.010 to 0.035

0.035 to 0.100

≥ 0.100

≤ 2.5

2.5 to 8

8 - 25

≥ 25

≥6

6 to 3

3 to1.5

≤ 1.5

from its dimension (length, width and
diameter). It was defined on the measurement of at least 30 individuals
(Hillebrand et al., 1999). Algal biovolume was converted into phytoplankton
biomass expressed in carbon unit for
each class assuming a specific gravity
of 1.00 g/cm3 (Wetzel & Lickens, 2000).
Identification was based on specialized taxonomic literature (Bourrelly,
1981, 1985, 1990; Starmach, 1972,
1974, 1983; Hindák, 1984, 1988, 1990).
2.4 Data analysis
The evaluation of the NT2 Reservoir
trophic status was assessed combining
different methods. Total Phosphate
(TP), Chlorophyll a (Chl-a) and Secchi
depth were compared with the trophic
classification from OECD (1982). Boundaries between each trophic status are
illustrated in Table I. Phytoplankton biomass metrics values (chlorophyll a and
phytoplankton biovolume) were available after sample analysis but further calculations were required for other indicators. For Thai region, Peerapornpisal
et al. (2004), set out a method for

trophic status assessment, through an
index based on the physico-chemical
parameters measured in the surface
water (DO, BOD5, conductivity, NO3-N,
NH3-N and TP): the AARL-PC Score
(Applied Algal Research Laboratory,
Tab. II). This index is defined by the
addition of the scores obtained by each
parameters corresponding to their
range of values. The AARL-PP Score
was defined by Wetzel (2001) and
Peerapornpisal et al. (2007) according
to phytoplankton composition. This
index is obtained by score values of the
dominant phytoplankton genera representing at least 5% of the total biomasses. Each species has a specific
score according to its preferential
trophic status environment. The classification defines six categories of trophic
status. Minimum scores (0-1) express
oligotrophy whereas high score (9-10)
express hypereutrophy.
2.5 Statistical methods
Principal Component Analysis (PCA)
was performed by using XLSTAT software to establish the relationships
between abiotic variables (DOC, total
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Table II. AARL-PC score according to the values of the main physico-chemical parameters (from
Peerapornpisal et al., 2004).
Tableau II. AARL-PC Score selon les valeurs de principaux paramètres physico-chimiques (d’après
Peerapornpisal et al., 2004).

Conductivity
AARL-PC
DO (mg.L-1) BOD5 (mg.L-1)
score
(µS.cm-1)

NO3-N

NH3-N

(mg.L-1)

(mg.L-1)

P-PO4 (mg.L-1)

0.1

>8

< 0.25

< 10

< 0.05

< 0.1

< 0.05

0.2

7–8

0.25 – 0.5

10 – 20

0.05 – 0.1

0.1 – 0.2

0.05 – 0.2

0.3

6–7

0.5 – 1

20 – 40

0.1 – 0.3

0.2 – 0.4

0.2 – 0.4

0.4

5–6

1–2

40 – 70

0.3 – 0.8

0.4 – 0.8

0.4 – 0.8

0.5

4–5

2–4

70 – 100

0.8 – 1.5

0.8 – 1.5

0.8 – 1.5

0.6

3–4

4 – 10

100 – 150

0.5 – 3.0

1.5 – 3.0

1.5 – 3.0

0.7

2–3

10 – 20

150 – 230

3.0 – 10.0

3.0 – 5.0

3.0 – 5.0

0.8

1–2

20 – 40

230 – 400

10.0 – 20.0

5.0 – 10.0

5.0 – 10.0

0.9

0.5 – 1

40 – 80

400 – 550

20.0 – 40.0 10.0 – 20.0

10.0 – 20.0

1.0

< 0.5

> 80

> 550

phosphate, total nitrate, euphotic zone,
reservoir water level, rain and water
temperature) having the highest influence on the phytoplankton community
(average total biomasses and average
cellular concentrations). For the ordination analysis, we transformed the abiotic and phytoplankton data by logx +1.
The responses of the phytoplankton
metrics (Chl-a, biomass) to physicochemical parameters (TP, Secchi
depth) and the index (AARL-PC and
AARL-PP Scores) were analysed with
correlation tests. Correlation were performed for each pair of metrics (in
Molina Navarro et al., 2014) obtaining
R2 and p-value (Spearman test).
3 RESULTS
3.1 Physical and chemical
parameters
Monthly average data of all sampling
stations are presented for the three sea-

> 40.0

> 20.0

> 20.0

sons (Cool dry: CD, warm dry: WD and
warm wet: WW seasons) from 2009 to
2012 (Tab. III). For both water temperature and pH, average values were
higher in the WD season. Water temperature was approximately 8 °C higher
than in the coolest month (January)
whatever the year. The water was
slightly acid. No general annual trend
can be observed for conductivity. It was
relatively low ranging from 28.7 µS.cm-1
in January 2009 to 17.1 µS.cm-1 in June
2012. The nitrate concentrations (NO3-N)
were generally low over the study
period. The highest values were found
after the impoundment and during the
WW season with an average of
0.36 mg.L-1. NH3-N concentrations were
under the limit of detection (<0.01 mg.L-1).
Soluble Reactive Phosphorus concentrations (PO4-P) reached the highest values in 2009 during the CD and WD seasons (with 0.06 mg.L-1). Afterwards, they
were below the detection limit
(< 0.1 mg.L-1).

2009

1.89
0.26
0.26
0.06

3.80

0.80

0.29

0.20

0.03

DO (mg.L-1)

BOD5 (mg.L )

NO3-N * (mg.L-1)

NH3-N * (mg.L-1)

(mg.L-1)

PO4-P *

6.31

28.3

Cond. (µS.cm-1)

-1

7.0
26.4

6.4

pH

27.5

23.0

WD

Temp. (°C)

CD

0.01

0.13

0.11

1.23

5.69

22.5

6.8

27.6

WW

< 0.1

0.39

0.13

0.80

5.92

20.8

6.2

23.1

CD

< 0.1

0.35

0.03

2.20

6.61

21.5

6.7

28.2

WD

2010

< 0.1

0.95

0.36

-

6.42

20.8

6.4

27.9

WW

< 0.1

0.78

0.16

0.80

6.01

23.8

6.5

21.9

CD

0.01

0.54

0.07

2.80

6.78

22.2

6.9

26.4

WD

2011

< 0.1

1.04

0.65

-

7.07

17.0

6.3

27.3

WW

0.02

1.63

0.02

0.60

6.82

17.8

6.8

23.6

CD

0.03

1.51

0.19

1.80

6.65

17.7

7.1

28.0

WD

2012

< 0.1

0.60

0.36

-

7.05

15.6

7.0

27.8

WW

Table III. Monthly average of main physico-chemical parameters measured at sub-surface from 2009 to 2012 at the five sampling sites during the
cool dry (CD), the warm dry (WD) and the warm wet (WW) seasons. Temp. = water temperature, Cond. = conductivity, DO = dissolved oxygen,
BOD5 = biological oxygen demand, NO3-N = nitrate nitrogen, NH3-N = ammonium nitrogen, PO4-P = phosphate phosphorous.
Tableau III. Moyennes mensuelles des principaux paramètres physico-chimiques mesurés en sub-surface entre 2009 et 2012 aux cinq stations de
prélèvement durant la saison douce et sèche (CD), la saison chaude et sèche (WD) et la saison humide (WW). Temp. = température, Cond. =
conductivité, DO = oxygène dissous, BOD5 = demande biologique en oxygène, NO3-N = nitrate, NH3-N = ammonium, PO4-P = phosphates.
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Fig. 2. Biplot of PCA for the mean values of eight variables measured at the 5 sampling sites within the
reservoir for the study period. Abbreviations: Biomass: phytoplankton total biomass; [cell]: cellular
concentration; DOC: dissolved organic carbon; PO43-: orthophosphate; NO3-: nitrate; WL: reservoir
water level; Rains: rain; Temp.: water temperature.
Fig. 2. Biplot de l’ACP pour les valeurs moyennes de huit variables mesurées aux cinq stations de prélèvement sur la période d’étude. Abréviations : Biomass : biomasse totale du phytoplancton ; [cell] :
concentration cellulaire ; DOC : carbone organique dissous ; PO43- : orthophosphate ; NO3- : nitrate ;
WL : niveau du réservoir ; Rain : pluie ; Temp. : température de l’eau.

3.2 Relationships between
phytoplankton and environmental
variables
Principal Component Analysis
(PCA), using eight quantitative variables (phytoplankton total biomass, cellular concentration, DOC, phosphate,
nitrate, reservoir water level, rain and
water temperature), explain 55.8% of
the data variability in the two first axis
(Fig. 2). The eigenvalues for axes 1 and
2 are 2.89 and 1.58 respectively. The
most important variables for axis 1 ordination (36.1%) were temperature, DOC
and water level. These results indicated

a seasonal gradient and underlined the
importance of the hydrological regime.
Axis 1 discrimates the warmest period
from the coolest one. On the positive
side of axis 1, the sampling units of cool
season are correlated with highest
water level. On its negative side, the
sampling units of WD and WW seasons
are correlated with higher values of
water temperature, rain, DOC and phytoplankton biomass. Regarding the axis
2 (19.75%) rain and nitrate concentration were the most important variables.
This second axis separates the wet
months from the dry ones. Consequently
four periods could be defined according
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Fig. 3. (a) Monthly averages of the phytoplankton biomass (black square) and Chlorophyll a concentrations (green dot), (b) monthly averages values of Secchi depth measured at the five sampling sites
(March 2009 – December 2012). CD: cool dry season; WD: warm dry season; WW: warm wet season.
Fig. 3. (a) Moyennes mensuelles des biomasses phytoplanctoniques (carré noir) et des concentrations en Chlorophylle a (rond vert), (b) des profondeurs du disque de Secchi mesurés aux cinq stations de prélèvement (mars 2009 – décembre 2012). Valeurs exprimées durant la saison douce et
sèche (CD), la saison chaude et sèche (WD) et la saison humide (WW).

to meteorological and hydrological factors. The NT2 phytoplankton dynamic
depends particulary on water level and
temperature. Indeed, high phytoplankton total biomass and cellular concentrations are driven by higher temperature and low water level in the WD
season. Conversely, low phytoplankton
total biomass and cellular concentrations were probably due to high precipitation during the WW season. A transition period at the end of the WW season
is defined by the low water level and
high nitrate concentrations leading to
increase of biomass. Then, high water
level and low temperature are responsible for low biomass and cellular concentrations during the CD season.

3.3 Phytoplankton metrics
Chl-a values and phytoplankton biomass exhibited similar variations with
higher values in WD season and at the
end of the WW season (Fig. 2).
In March 2009, the phytoplankton
biomasses reached the highest value with
6x103 µg C.L-1 (Fig. 3a). Annual peaks
of phytoplankton biomasses ranged
between 1.4x103 and 3x103 µg C.L-1.
Similarly to the biomass, two annual
peaks of Chlorophyll a were generally
observed (Fig. 3a). The first peak
occurred between May and June whereas
the second was recorded from August to
October. The highest concentration was
recorded in June 2011 with 27.6 µg C.L-1.
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Table IV. R2 (and p-values) for the correlation analyses between phytoplankton metrics and trophic
state indicators. Significant results are in bold font used. Phyto Biomass = total phytoplankton
biomass, Chl a = Chlorophyll a, TP = total phosphorous, AARL-PC and AARL-PP scores.
Tableau IV. Résultats des tests de corrélation entre les métriques phytoplanctoniques et les
indicateurs trophiques : valeurs du coefficient R2 (et la valeur p). Les résultats significatifs sont en
caractère gras. Phyto Biomass = biomasse du phytoplankton total, Chl a = Chlorophylle a, TP =
phosphore totaux, scores de AARL-PC et AARL-PP.

Variables

Phyto
Biomass

Phyto
Biomass

-

Chl a
TP

Chl a

TP

Secchi disk

AARL-PC

AARL-PP

-0.45 (0.001)

0.13 (0.39)

-0.11 (0.46)

0.363 (0.088) -0.002 (0.99)

0.35 (0.09)

0.04 (0.85)

0.202 (0.25)

-0.05 (0.72)

0.21 (0.167)

-

-0.52 (0.0002)

0.17 (0.27)

-

0.29 (0.052)

0.706 (0.0002) -0.13 (0.386)
-

-

Secchi
disk
AARL-PC
AARL-PP

Both Chl-a and phytoplankton biomass
exhibited the lower values in mid-wet
and cool seasons (respectively with values <1.6 µg C.L-1 and <1x103 µg C.L-1).
They experienced a very significant correlation (p<0.001) (Tab. III).
At the seasonal scale, the Secchi
reached its deepest depth at the end of
the CD season with maximum value of
3.30 m measured in February 2012.
Conversely, the shallowest depth was
observed in June during a transition
period between the WD and the WW
seasons (Fig. 3b). Such variations correspond with phytoplankton dynamic;
phytoplankton biomass having a strong
relationship with the Secchi depth
(Spearman r = - 0.45; p < 0.01) (Tab. III).
According to TP concentrations (Tab. IV),
higher values were measured during
WW season after mixing period. Simultaneously the Secchi depth increase.

-

3.4 Trophic status assessment and
phytoplankton community
From 2009 to 2012, the annual Chl-a
concentrations, Secchi disk depth and
TP values are presented in Table V.
Trophic status categories resulting from
application of OECD classification (1982)
suggested that Chl-a classifies the NT2
Reservoir in an oligo-mesotrophic status
between 2010 and 2012 although Chl-a
may reach mesotrophic boundary especially in 2009. Secchi disk depth and TP
values classify the NT2 Reservoir in a
mesotrophic status (Tab. IV).
Although the results of the correlation tests on phytoplankton metrics versus physico-chemical parameters (TP,
AARL-PC score) did not yield to significant relationship, the Secchi depth was
significantly correlated with AARL-PC
score (Spearman r = - 0.52; p < 0.001)
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Fig. 4. The trophic status of the NT2 Reservoir according to the seven classes of trophic assessment
by AARL-PC score (Peerapornpisal et al., 2004) based on six physico-chemical measurements at the
sub-surface (DO, BOD, conductivity, NO3-N, NH3-N and TP) (March 2009 – December 2012).
Fig. 4. Statut trophique du Réservoir NT2 selon les sept classes de niveau trophique de la méthode
du score AARL-PC (Peerapornpisal et al., 2004) basée sur six mesures physiques et chimiques en
sub-surface (DO, BOD, conductivité, NO3-N, NH3-N et TP) (mars 2009 – décembre 2012).

Fig. 5. Relative biomasses of the six phytoplankton classes identified within NT2 water samples (n = 5).
Fig. 5. Biomasses relatives des six classes de phytoplancton identifiées dans les échantillons de NT2
(n = 5).

(Tab. III). The AARL-PC Score ranged
between 0.7 and 1.7 over the study
period (Fig. 4). Highest scores, reaching the oligo-mesotrophic status, were
obtained punctually in November 2009
and June 2012, and the ultra-oligotrophic status was reached only in September 2010. It can therefore be concluded that the scores classified the
NT2 Reservoir with an oligotrophic status during the whole study period.

Regarding the phytoplankton composition, 180 taxa were identified on the
222 samples collected over this study.
Figure 5 shows the relative biomass of
the NT2 phytoplankton community.
Chlorophyta (green algae) and Dinoflagellates have dominated the assemblages. The main NT2 phytoplankton
species with their associated scores
used for AARL-PP calculation are
shown in Table VI. The AARL-PP Score
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Table V. Annual means and ranges of values for total phosphorous concentrations, Chlorophyll a
concentrations and Secchi disk depth measured at the five sampling sites (2009 – 2012).
Tableau V. Moyennes annuelles des concentrations en phosphore totaux, en Chlorophylle a et des
profondeurs du disque de Secchi mesurés aux cinq stations de prélèvement (2009 – 2012).

Variables
(Annual means)

2009

2010

2011

2012

Total phosphorous
(mg.L-1)

0.03

0

0.02

0.13

No value

12.5

8.7

4.3

2.15

2.00

2.00

2.25

Chlorophyll a
(µg.L-1)
Secchi depth (m)

Table VI. Examples of the main NT2 phytoplankton species used for trophic status assessment
according to AARL-PP score approach (Peerapornpisal et al., 2007).
Tableau VI. Exemple de notes des principales espèces phytoplanctoniques utilisées pour l’évaluation
du niveau trophique selon la méthode du score AARL-PP (Peerapornpisal et al., 2007).

AARL-PP
score

Phytoplankton species

Period of occurrence

1

Dinobryon bavaricum, Dinobryon divergens,
Dinobryon sertularia

Cool dry season

2

Cosmarium contractum var. minutum, Cyclotella
stelligera, Eunotia asterionelloides

End of wet season

3

Staurodesmus triangularis, Staurastrum sp.,
Tetraedron caudatum, Elakatothrix gelatinosa

Warm dry and wet
seasons

4

Botryococcus braunii

Warm dry season

5

Nephrocytium agardhianum

Warm dry and wet
seasons

6

Chroococcus sp.
End of Warm dry season
Closterium limneticum, Peridinium inconspicuum

7

Ankistrodesmus bernardhii, Ankistrodesmus
spiralis, Monoraphidium arcuatum

Cool and warm dry
season

8

Cryptomonas sp., Rhodomonas sp., Plagioselmis
nannoplanctica

Cool dry season

9

Merismopedia tenuissima, Arthrospira fusiformis

Cool and warm dry
season

ranged between highest score in WW
season (AARL-PP score = 8) and lowest
ones at the beginning of WD season
(AARL-PP score = 4) (Fig. 6). In 2009,

the AARL-PP score indicated a mesoeutrophic status driven by the presence
of Dinoflagellates in association with
Cryptophyta (Cryptomonas sp. and
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Fig. 6. The trophic status in Nam Theun 2 Reservoir by AARL-PP score (Peerapornpisal et al., 2007)
regarding the NT2 phytoplankton composition from RES1 (March 2009 – December 2012).
Fig. 6. Niveau trophique du Réservoir Nam Theun 2 par le score AARL-PP (Peerapornpisal et al.,
2007) en fonction de la composition phytoplanctonique de RES1 (mars 2009 – décembre 2012).

Plagioselmis nannoplanctica). Dinoflagellates highly contributed to the biomass with higher biovolume (mainly
species belonging to Peridinium spp.
and Ceratium hirundinella).
The species belonging to Cryptophyta
were also found during the CD season
and thus increased the trophic status during limited periods of time. These species
were especially abundant early 2009
reaching 16% of relative biomass in April
and in September. Since 2010, their contribution to the total biomass increased
and reached a maximum of 20% in January and in July 2012.
Due to Chlorophyta taxa (including
filamentous and Desmids), green algae
reached more than 60% of the total biomasses regardless of the year or the
month (Fig. 5) – e.g. Monoraphidium
spp. Komárková-Legnerová, Ankistrodesmus spp. Corda, Tetraedron caudatum (Corda) Hansgrig, Closterium limneticum Lemmermann, Staurastrum sp.
(Ralfs) Meyen, Staurodesmus Teiling.
Since 2010 other dominant genera
appeared into the assemblages with
seasonal variations, such as those

belonging to the group of Desmids.
They generally occurred at the top of
phytoplanktonic production from May to
June. These algae confirm the mesotrophic status of the NT2 Reservoir
during WD season.
A growth of diatoms was generally
observed from October to January at
the end of WW season. The relative percentage of diatoms reached a maximum of 35% of the total biomass in
November 2010 (Cyclotella sp. Kützing,
Eunotia sp. Ehrenberg, Urosolenia spp.
Brightwell). They seem to contribute to
the phytoplankton biomass at the end of
WW season and to maintain the mesotrophic status. They are representative of assemblages from the end of
WW season.
During CD season, Chrysophyta
biomasses were high between December and March 2010/2011 and 2011/
2012 reaching a maximum of 25% of the
total biomasses in February 2011
(some species belonging to Dinobryon
genera Ehrenberg with Dinobryon bavaricum Imhof, Dinobryon divergens Imhof
and Dinobryon sertularia Ehrenberg).
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Table VII. Annual NT2 Reservoir trophic level from 2009 to 2012 according to trophic state indicators:
the Chlorophyll a concentrations (Chl-a), physical and chemical parameters (Secchi values and
AARL-PP score), the phytoplankton composition (AARL-PP score).
Tableau VII. Caractérisation du niveau trophique annuel du Réservoir de NT2 évalué pour les années
comprises entre 2009 et 2012 en fonction de différents indicateurs : la concentration en Chlorophyll a
(Chl-a), des valeurs du disque de Secchi et la composition phytoplanctonique (AARL-PP Score)

Indicators

2009

2010

2011

2012

Chl-a

-

Eutrophic

Mesotrophic

Mesotrophic

Secchi

Eutrophic

Eutrophic

Eutrophic

Eutrophic

AARL-PC

Oligo-mesotrophic

Oligotrophic

Oligotrophic

Oligotrophic

AARL-PP

Meso-eutrophic

Mesotrophic

Mesotrophic

Mesotrophic

Cyanophyta developed mainly
between April and August 2011 but
remained low (< 10%) since the beginning of 2012. The main taxa did not
show a cyanotoxic potential (Chroococcus sp. Nägeli, Merismopedia tenuissima Lemmermann and Arthrospira sp.
(Gomont) Turpin). However, they
remain an indicator for high trophic status. Annual trophic status (Tab. VII)
seems to indicate that the NT2 Reservoir’s trophic status evolved from mesotrophic (in 2009) to oligo-mesotrophic
(from 2010 to 2012).

4 DISCUSSION
Phytoplankton dynamic
Temporal changes in the water column stability of the reservoir, related to
physical characteristics (stratification vs.
mixing) and meteorological variables,
are one of the main environmental
forces that affect phytoplankton dynamic
(Harris, 1986; Henry, 1999; Dos Santos
& Calijuri, 1998; Han et al., 2000). The
NT2 Reservoir was impounded during
the WW season 2008. During the early
stage of impoundment, the reservoir

undergoes rapid and extensive fluctuations in flow and water levels (June and
July 2009). As shown by Martinet et al.
(2014), at the inter-annual scale, successions of phytoplankton could be
explained by hydrological factors such
as impoundment of the reservoir and
spillage (results from dam site sampling
at RES1). This previous study has
shown that phytoplankton biomass
declined during the period of rainfalls.
This is also observed in the sampling
sites located at the former riverbed with
a decline of total biomass for the whole
set of samples.
In 2010, with the beginning of NT2
Reservoir normal operation, the phytoplankton community exhibited intraannual variability. The assemblages
became more complex and seasonal
changes in the NT2 phytoplankton community were clearly demonstrated with
the PCA. Over three distinct periods, the
results underlined that the most relevant
driving factors for phytoplankton community were the water temperature, the
precipitations and the water level. Phytoplankton dynamic was framed in this
seasonality following the hydrodynamic
regime of the reservoir and the annual
succession of mixing and stratification
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of the water column. Xiao et al. (2011)
have shown similar trends at the Liuxihe
Reservoir (China) located in another
tropical system. At the annual scale, two
peaks of phytoplankton biomass were
detected occurring prior to and at the
end of the WW season. The stratification period with high water temperature
likely led to an increase of the phytoplankton biomass and Chl-a and shallow Secchi depth especially during the
WD season. Such conditions might offer
hydrological stability favouring phytoplanktonic production (León López
et al., 2012).
Like other reservoirs (Harris & Baxter,
1996; Calijuri et al., 2002), meteorological disturbances such as rainfalls also
play a relevant role in the NT2 Reservoir
dynamic of phytoplankton biomass.
Therefore, its decline observed in July
might be triggered by the strong rainfalls
and the increase of reservoir water
level. However, the unstable stratification period can lead to a diffusion of
nutrients from impounded soils to upper
layers while water temperature remains
high. At the end of the WW season,
higher nutrient concentrations might
stimulate the NT2 Reservoir algal growth.
This nutrient enrichment into the NT2
Reservoir can be expected during the
rainfalls period due to soil leaching from
the drawdown area and the tributaries
of the catchment area (Oishi, 1996;
Reynolds, 2006). Consequently, a
second peak might appear at the end of
WW season responding probably to
NO3- input. These peaks were mainly
composed by Diatoms species sensitive to stratification. They did not maintain their growth due to the mixing
phase at the end of CD season.

Phytoplankton composition and trophic
status assessment
Over the four studied years, the
trophic status assessment of the reservoir has been performed following different methods. The significant correlation between phytoplankton biomass
and Chl-a suggests that these two metrics could be appropriate to assess the
trophic status of the NT2 Reservoir.
Both Chl-a and biomass generally experienced medium values, corresponding
with an oligo-mesotrophic status. Highest values have been observed during
the WD season. Similar tendency has
been observed for physico-chemical
features which classified the trophic
status of the NT2 Reservoir as oligomesotrophic (Tab. VII).
The Secchi values indicate a trophic
status higher than the classical Chl-a/
biomass based qualification. Its ranges
of values remained shallow, corresponding to a meso-eutrophic status.
Nevertheless, the total phytoplankton
biomass has also a significant correlation with the Secchi depth suggesting
that the water transparency might be
dictated by phytoplankton biomass as
Secchi values significantly respond to
the biomass. The higher phytoplankton
biomass might lead to a contraction of
the euphotic zone at the WD season
(Naselli Flores & Barone, 1998). However, no clear relationship between
Secchi depth, Chlorophyll a or TP and
trophic status could explain such low
water transparency. This study confirms the results of Brazilian studies
which revealed that many of the trophic
status classification developed for temperate areas could not be applied to the
tropics (Huszar et al., 1998). We can
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hypothesis that it could be likely more
appropriate to minimize the interpretation of the Secchi values as its boundaries for eutrophic status according to
OECD classification seem to be overexpressed the Secchi values.
The phytoplankton composition of
NT2 Reservoir has been investigated in
this study through AARL-PP approach
for trophic status assessment. Although
no correlation has been revealed
between the tested indicators, phytoplankton community seem to reflect
variations in the trophic status through
the AARL-PP scores. For example, few
months after the impoundment, the
phytoplankton assemblages indicated
the highest trophic status, by the presence of groups (e.g. Cryptomonas spp.,
Trachelomonas volvocina and Dinoflagellates) typically adapted to mixed
and/or turbid environments (Reynolds
et al., 2002; Padisák et al., 2009). The
Dinoflagellates predominated throughout the study. In term of ecology, its perennial dominance has generally been
reported in warm and stable epilimnion
(Harris, 1986; Reynolds, 1997). They
also have been found in a sub-tropical
mesotrophic dam reservoir (Townsend
& Luong-Van, 1998; Townsend, 2001).
In this study, Dinoflagellates did show a
temporal pattern as its dominance mainly
occurred during stratification periods.
However, they sustained the phytoplankton biomass during low production
period (CD season).
Change in phytoplankton assemblages from CD to WD seasons might
explain variation in trophic status. For
instance, trophic level decreased since
Desmids appeared in the assemblages
in 2010. They are generally more common and diverse in oligotrophic lakes
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and ponds (Gerrath, 1993). Furthermore,
similar assemblages have been recorded
in the Nam Ngum Reservoir (Lao PDR),
reflecting an oligo-mesotrophic status
(Malaiwan & Peerapornpisal, 2009;
Chanudet et al., 2011).
It appears that the phytoplankton
community, Chl a and Secchi depth are
suitable metrics for a young sub-tropical
reservoir monitoring as NT2. They illustrated a seasonality defined by four well
distinguishable periods: (i) a phase
where the water is clear observed during the CD season, (ii) a stable stratification period with green algae development involving shallow Secchi depth
during the WD season, (iii) a decrease
of the phytoplankton metrics at the top
of WW season and (iv) a diatoms development at the end of the WW season.
Thanks to the knowledge of these distinct periods, we can manage to find the
appropriate sampling frequency selecting the number of samplings per year.
Like for European and North American
lakes and reservoirs, three campaigns
during phytoplankton production period
are recognized to get a representative
vision of trophic reservoir status. To
assess NT2 reservoir trophic state
evolution, it is then recommended to
focus on the period between the WD
and WW seasons for the NT2 trophic
assessment.
5 CONCLUSION
This study provides a comprehensive description of the phytoplankton
community in the NT2 Reservoir. A total
of 180 taxa were recorded over the
period of study. Among them, Dinoflagellates dominated the phytoplankton
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community since the impoundment. Its
colonisation capacity in a new environment and its mixotrophic characteristics
make them well adapted to the NT2
Reservoir environment. Two years after
impoundment, the NT2 phytoplankton
biomass showed significant seasonal
changes. These changes were driven
by environmental variables (water temperature, precipitation) and hydrological factors (water level fluctuation).
Then, the response of the phytoplankton community to environmental changes
suggests the utility of the phytoplankton
as a monitoring tool of the water quality
assessment of young sub-tropical reservoirs.
This study also revealed the suitability of Chl-a, phytoplankton biomass
and phytoplankton composition for
assessing the trophic state of the NT2
Reservoir in accordance with the OECD
classification and Peerapornpisal indices (AARL-PC and AARL-PP). During
the early stages after impoundment, the
NT2 Reservoir showed characteristics
of higher trophic status. However, the
NT2 Reservoir trophic state might still
be far from equilibrium reflected by an
oligotrophication at the end of period of
study. Other tropical reservoirs have
shown a stabilization of their trophic status after at least 10 years (Straškraba &
Tundisi, 2000). It is thus proposed to
carry on using this multi-indicator
approach to adequately assess the NT2
trophic status evolution in the future
water quality monitoring, with a particular focus on the production period.
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