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Abstract — The zooplanktonic community of the Nam Theun 2 Reservoir, newly impoun-
ded, located in Lao PDR was monitored from 2009 to 2013. Five sampling stations distribu-
ted on the surface of the reservoir were sampled on a monthly basis. Results were
interpreted to assess the spatial and temporal variability of the communities and to identify
environmental factors such as physical or water chemical parameters influencing communi-
ties. The zooplanktonic community was dominated by Copepods over the study period and
was characterized by low densities and biomasses reflecting low productivity conditions.
The spatial heterogeneity of the zooplanktonic community observed along a longitudinal
gradient disappeared rapidly after the beginning of the operational phase in 2010 and
tended to stabilize. The results also highlighted a seasonal variability explained by a phyto-
plankton-based food chain. Zooplankton communities were significantly and negatively dri-
ven by hydraulic factors, such as the mixing period, or water quality factors, such as water
temperature or the depth of the oxycline. This zooplankton community must be evaluated in
order to anticipate the food availability for zooplanktivorous fish before developing a fish
management plan.
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Résumé — La communauté zooplanctonique du réservoir de Nam Theun 2, nouvellement
mis en eau et situé dans la République démocratique du Laos, a été suivie de 2009 a 2013.
Cing stations d'échantillonnage réparties sur la surface du réservoir ont été échantillonnées
a une fréquence mensuelle. Les résultats ont été interprétés pour évaluer les variations spa-
tiales et temporelles de la communauté et d’identifier les facteurs environnementaux tels que
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les paramétres physiques ou chimiques de I'eau influengant les communautés. La commu-
nauté zooplanctonique était dominée par les Copépodes pendant la période d'étude et a été
caractérisée par de faibles densités et biomasses reflétant des conditions de faible produc-
tivité. L'nétérogénéité spatiale de la communauté zooplanctonique observée le long d'un gra-
dient longitudinal a disparu rapidement apreés le début de la phase d'exploitation en 2010 et
la communauté a eu tendance a se stabiliser. Les résultats ont également mis en évidence
un effet saisonnier expliqué par une chaine alimentaire basée sur le phytoplancton. La com-
munauté zooplanctonique a été sous I'influence significative de facteurs hydrauliques comme
la période de mélange des eaux ou de facteurs de qualité d’eau comme la température de
I'eau ou de la profondeur de I'oxycline. Cette communauté zooplanctonique doit étre évaluée
afin d’anticiper la nourriture disponible pour les poissons zooplanctophages et avant la mise
en place d’'un programme de gestion de la ressource piscicole.

Mots clés — réservoir sub-tropical, Asie du sud-est, Copépodes, hétérogénéité spatiale,

mélange

1 INTRODUCTION

Freshwater zooplankton communi-
ties have been described in tropical and
sub-tropical areas in numerous studies
in South America (Matsumura-Tundisi
& Tundisi, 1976; Bini et al., 1997;
Starling, 2000; Fernando, 2002;
Bonecker et al., 2007; Lansac-T6ha
et al., 2008; Sousa et al., 2014), Africa
(Uku & Mavuti, 1994; Mageed & Heikal,
2006; Fetahi et al, 2011) and Asia
(Dussart et al., 1984). They are, in lentic
zones, generally driven by environmen-
tal factors such as turbidity, nutrientand
dissolved oxygen concentrations or
phytoplankton density and diversity
(Hart, 1990; Schulz & Sterner, 1999).
These factors fuel the spatial heteroge-
neity in a water body and enhance tem-
poral variations of the zooplankton
communities (Bini et al., 1997; Seda &
Devetter, 2000; Espindola et al., 2000;
Bernot et al., 2004).

The few available data in Asia
mainly focused on systematics. Dussart
et al. (1984) indicated that Rotifera,

Cladocera and Copepods are com-
posed of few species and that the
Cyclopoida Copepod could represent
high densities. They also specified that
the common limnetic species can use
the entire range of habitat types. How-
ever, scarce data on zooplankton com-
munity dynamics exists in Southeast
Asia (Dussart et al., 1984), and even
less in the Mekong River and its tribu-
taries. Studies on reservoirs remained
also inexistent in Lao PDR.

The number of new reservoirs in
Southeast Asia is increasing to face the
growing energy demand. In 2009, The
Mekong River Commission (MRC) esti-
mated that more than 70% of a total 124
existing, under construction and poten-
tial projects in the Lower Mekong Basin
willbe locatedin Lao PDR (MRC, 2010).
The impoundment of the Nam Theun 2
(NT2) Reservoir in 2008 led to a pro-
found changes in aquatic communities
(Cottet etal., same issue; Martinet etal.,
same issue) resulting in a modification
of the trophic web structure. Phyto-
plankton and zooplankton, respectively
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primary and secondary producers are
key components of this new ecosys-
tem, influencing the entire food web
(Hairston & Fussman, 2002; Rennella &
Quirds, 2006; Araujo et al., 2008). The
understanding of the temporal and spa-
tial evolution of zooplankton community
appears all the most important that
newly created reservoirs play an impor-
tant role for the local populations
depending primarily on fish as protein
resources. It is highly important to
understand and assess the availability
of zooplankton for the trophic chain and
thus studies are required before imple-
menting any fisheries management
programmes.

In this context, the first objective of
the study was to assess the intra and
inter-annual evolution of the zooplank-
ton community since the NT2 Reservoir
impoundment based on density and
biomass estimations of the main taxo-
nomic groups. The second objective
was to identify the main environmental
parameters which influenced these
zooplankton communities.

2 MATERIAL AND METHODS
2.1 Sampling strategy

2.1.1 Study area

The NT2 Project is a trans-basin
hydro-power scheme located in Kham-
mouane Province, central Lao PDR
(Fig. 1). The water coming from the NT2
Reservoir (Nakai Plateau — Nam Theun
watershed) is diverted to the Xe Bangfai
River southwards (Xe Bangfai water-
shed). The impoundment of the reser-
voir was initiated in April 2008. Com-
mercial operation started in April 2010.

Since then, the average retention time
of the water in the reservoir is estimated
to be approximately 6 months on the
basis of the production of 6000
GWh.year'1 . The NT2 Reservoir covers
a surface area of 489 kmz at its full sup-
ply level and potentially decreases to a
minimum of 86 km?2 at the end of the dry
season (Descloux et al, same issue).
The reservoir flooded almost 70% of
dense to light forest, 23% of degraded
forest, riparian forest and agricultural
soils and the last 7% were composed of
water system, swamps and villages
(Descloux et al., 2011). The reservoir is
qualified as a dendritic and is relatively
shallow with an average depth of 8 m
(Chanudet et al., 2012). The main trib-
utaries of the reservoir are the Nam Xot,
the Nam Theun and the Nam On Riv-
ers. The climate is moist sub-tropical
with awarm-wet (WW) season (June to
October), a cool-dry (CD) season
(November to February) and a warm-
dry (WD) season (March to May). The
CD season is also characterized by
wind events. During this season and
because of the turbulences linked to the
wind, the water column is mixed (mixing
period). This mixing period occurs for a
few weeks between November and
February. Then, the NT2 Reservoir is
defined as a monomictic reservoir with
thermal and oxygen stratification occur-
ring during the dry and warm seasons.
Detailed features of this project are
described in Descloux etal. (same issue).

2.1.2 Monitored stations

The sampling strategy covers the
spatial heterogeneity of the reservoir.
Zooplankton was monitored in the NT2
Reservoir on a monthly basis (Fig. 1)
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Fig. 1. Zooplankton communities monitoring stations.
Fig. 1. Stations de suivi des communautés zooplanctoniques.
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from February 2009 to December 2013
at three stations (i) RES1 is the deepest
station situated just upstream to the
Nakai Dam (ii) RES4 is situated at the
former Nam Theun River thalweg, the
area is surrounded by submerged
medium forest and (iii) RES6 is located
at the former Nam Theun River thalweg
near the North shore of the reservoir
near the headrace channel. Since May
2013, RES6 station has been removed
from the monitoring because of its sim-
ilarity with RES8. Two stations were
added in June 2009 to include a wider
range of habitat (i) RESS is situated in
a sheltered and shallow area in a sub-
merged dense forest and (ii) RES8 is
situated in an open area outside the
former Nam Theun River thalweg on the
southern shore of the reservoir.

2.1.3 Environmental parameters

Since 2009, in situphysico-chemical
parameters (depth, oxycline depth, sur-
face dissolved oxygen (DO), surface
water temperature, and surface water
conductivity) were measured with a
multi-parameter probe (Quanta, Hydro-
lab; the analytical methods with the
associated limits of detection and
uncertainties can be found in Chanudet
etal., sameissue). Water samples were
collected in the euphotic zone defined
by the Secchi disk (2.5 x Secchi depth
in m). A total of 5 samples of 1 L were
collected with a Niskin bottle at equidis-
tant depths covering the entire euphotic
zone and were mixed together. One litre
of the mixed water was collected for
chlorophyll a (Chlo a) analysis (Loren-
zen’s method). A sample of 250 mL
was collected for chemical analyses
which included Total phosphorus (Ptot,

spectrophotometry), Total nitrogen
(Ntot, spectrophotometry). All of the
analyses followed the American Stand-
ards for Water Quality (APHA stand-
ards, 1995). Meteorological data (rain,
wind) were recorded at RES4 and are
detailedin Descloux et al. (same issue).

2.1.4 Zooplankton sampling

Zooplankton were collected verti-
cally with a plankton net (50 pm mesh
size) from 1 m below the oxycline to the
surface to include organisms colonizing
this area. All samples were preserved
in 75% alcohol for further laboratory
analysis.

2.2 Laboratory analysis

2.2.1 Zooplankton analysis

At laboratory, samples were care-
fully washed on a 50 pm mesh size
sieve, collected and diluted to a final vol-
ume of 150 mL. This final volume of
sample was chosen because (i) it allows
a good repartition of individuals during
the mixing step; (ii) it avoids aggrega-
tion between individuals and then a
rapid sedimentation; (iii) it avoids an
overload of the sample in case of abun-
dant and large phytoplankton cells (e.g.
Peridinium spp.) and (iv) it allows a
good constancy between subsamples,
collected with a 5 mL micro-pipette.

The identification of the taxa was
realized at relatively coarse level mainly
because of the high number of samples.
These groups are the Cyclopoids, Cala-
noids, Cladocera, Nauplii stage (mainly
composed by Copepods), Rotifer, and
Ostracoda.
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2.2.2 Zooplankton Sub-counting
technique

Seven sub-samples of 5 mL, col-
lected from the homogenized 150 mL
sample, were counted on a counting
plate under stereomicroscope. This
total of 35 mL was chosen because it
resulted in extrapolated densities with
an error less than 5% for large individ-
uals and 10% for small individuals com-
pared to the real abundance (test real-
ized with extrapolation on sub-counting
and total sample counting: data not
shown). This error range remains
acceptable compared to the literature
(Frontier, 1972). Furthermore, this
number of sub-samples allows the
observation of rare groups. Finally, ifless
than 200 individuals in the first 35 mL
for a main group defined above were
counted; additional counts of 5 ml con-
tinues until a minimum of 200 individuals
was reached. Finally, total densities
(ind.L™") are reported according to the
sub-counting factor and the total volume
of the water column sampled on site.

2.2.3 Zooplankton biomass estimation

An estimation of the mean dry
weight (DW) of each zooplankton group
was established for the NT2 Reservoir.
This estimation was based on size of
individuals which was defined as (i) the
maximum length for Ostracoda and
Rotifera (ii) the length from the head
until the tail for Copepods and Nauplii
and finally (iii) length from the head
until spine for Cladocera. For Rotifer,
Nauplii, and Ostracoda all individuals
collected for the biomass estimation
were measured, counted and kept in a
sample for further analysis. Copepods

and Cladocera were measured and
separated according to different size
classes (Tab. I). Each group sample
was dried at 60 °C during 24 hours and
weighed (pg) on a micro-balance after
being cooled in a desiccator. Then, bio-
masses were expressed as mean dry
weight (DW) in ug.L'1. A comparison
with literature data on zooplankton bio-
masses showed that the estimations of
the biomasses of the NT2 zooplankton
groups are reliable (Tab. ).

For monthly routine analysis, 30 in-
dividuals of Cladocera, Cyclopoids and
Calanoids were measured to estimate
the total biomass of each group. For the
other groups, the mean DW was multi-
plied by the number of the individuals
found in the sample. Finally, total bio-
masses (pg.L'1 DW) are reported ac-
cording to the sub-counting factor and
the total volume of the water column
sampled on site.

2.3 Data analysis

Densities, biomasses and relative
densities of each group were used to
describe the spatial and temporal evo-
lution of the community (GraphPad
Software). Non-parametric tests of
Kruskal-Wallis were used to compare
the densities and biomasses among
monitoring stations and years. Pair-
wise comparisons were done following
the Dunn procedure. Zooplankton com-
munities and environmental relations
were studied through Principal Compo-
nent Analysis (PCA). The PCA was
undergone on a matrix including the
biomass of the zooplankton groups,
trophic factors (nutrient concentra-
tions and Chlo a concentrations),
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Table I. Mean dry weight (ug) of zooplankton groups according to the size class and comparison with
available dry weight in literature. * = according to the species, x = size of the individual and d = mean

size of individual used for dry weight estimation.

Tableau I. Poids sec moyen (pg) des groupes zooplanctoniques selon la classe de taille et
comparaison avec les valeurs de poids sec disponible dans la littérature. * = selon I'espéce, x = taille
de l'individu et d = taille moyenne de l'individu dans I'échantillon utilise pour I'estimation du poids sec.

Zooplankton | Size Number of |Calculated| Estimation | Gonzales | Fetahi Michal-
Group class |individual for | dry weight |from Dumont | et al. (2008)| etal. |oudi(2005)
(mm) | estimation | (pg) (this | et al. (1975) (H9) (2011) (H9)
(this study) study) (Hg)
Cladocera >0.5 1120 2.68 3.63+0.54| 1.4 t0 3.1*
Large
Cladocera <0.5 2739 0.73 0.4t02.7*
Small
Cyclopoid >0.5 743 2.56 2.3+0.9 2.88+0.33
Large
Cyclopoid <0.5 3624 0.72 0.5+0.4
Small
Calanoid Large| >1.2 615 16.75 19.0+7.4 5to 51"
Calanoid 0.75<x 1377 5.45 6.9+2.5
Medium x<1.25
Calanoid Small| x< 0.75 1299 1.54 1.9+1.0
Ostracoda [d=0.5 761 3.81 3.2
(Cypridae)
Rotifera d=0.2 1769 0.57 0.025 to 4.2*
Nauplii d=0.11 5576 0.29 0.27+0.04| 0.119to
0.303*

physico-chemical parameters of the
water (temperature, DO and depth of
the  oxycline), hydrometeorology
parameters (season, rain, water level,
wind and mixing period) The signifi-
cance level for all statistical analyses
was 0.05. Statistical analyses were per-
formed using R statistical software (ver-
sion n° 2.6.1, R Development Core
Team 2011) and XLSTAT software.

3 RESULTS

3.1 Water qualityinthe Nam Theun 2
Reservoir

Surface water temperature varied
from 18.5 °C (at RES8 during the CD

season) to 31.7 °C (at RES4 during the
WW season; Fig. 2). The seasonal pat-
tern was the same for all the reservoir
stations and no spatial variation
appeared among the sampling stations.
During the warm seasons, the reservoir
water column is thermally stratified with
a warm oxic epilimnion and a cooler
anoxic hypolimnion. During the CD sea-
sons or during floods, the reservoir
water column overturns and the whole
water column experienced a tempera-
ture decrease and homogenisation
(Chanudet et al., same issue). The res-
ervoir overturn generally occurred in
December (except during the 2012-
2013 CD season where it occurred in
January 2013). Dissolved oxygen (DO)
concentrations showed spatial and
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Fig. 2. Temporal evolution of main physico-chemical parameters on sub-surface from 2009 to 2013 at

the monitoring stations.

Fig. 2. Evolution temporelle des principaux paramétres physico-chimiques en sub-surface de 2009 a

2013 aux stations du monitoring.

temporal variations (Fig. 2). At RES1,
RES4 and RESS, the thickness of the
surface oxic layer increased from nearly
0.5 m in 2008 to 5 m in 2013. In 2010
and 2011, high floods induced a signif-
icant increase of the oxygenation at the
end of the year. RES3 which is an iso-
lated sheltered area and RES8 which is
under the influence of tributaries,
showed respectively a lower evolution

and no significant evolution of the thick-
ness of the DO concentrations. The DO
concentrations in RES1 and RESS3
ranged from 0.5 mg.L™" (5% saturation)
to 9.6 mg.L™' (115%) over the study
period. However, the low DO only
occurred for a short period in December
2009 (water column mixing process).
RES4, RES6 and RES8 had better
surface oxygenation, ranging from
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Fig. 3. Concentrations en phosphore total (Ptot) et azote total (Ntot) de 2009 & 2013 aux stations du

monitoring.

3.0 mg.L"" (32%) t0 8.7 mg.L" (105%).
The conductivity in surface water was
always very low (monthly average val-
ues ranging from 11 at RES3 to
32 uS.cm™ at RES1). The conductivity
decreased during WW seasons and
when the reservoir overturned. The
highest values were recorded immedi-
ately after the impoundment until 2011
at RES1, RES3, RES4 and RES6 and
slightly decreased the following years.
In RESS8, seasonal variation can be
observed due to the influence of annual
floods of the tributaries (Nam Theun
and Nam On) but the range of concen-
trations is close to the others stations.
Annual peaks of chl a concentra-
tions are observed during the stratifica-
tion period (up to 67.4 pg.L! at RES3)
at the end of the WD season, with high-
est concentrations during the first two
years (Fig. 2) and at RES1 and RESS.
The rest of the year, values remained
around 10 pg.L'1. Ptot concentrations
measured in the reservoir were low
until 2011 (from 0.01 to 0.06 mgP.L™";
Fig. 3), expect during the first month

after impoundment in RES1 (up to
0.27 mgP.L™). In 2012, Ptot concentra-
tions showed the highest values with a
maximum of average value across sta-
tions in June 2012 at 0.27 mgP.L™".
Then, Ptot concentrations decreased
againin 2013 exceptin RES8. Ntot con-
centrations were close to 0 mgN/L atthe
beginning of the impoundment and
increased at the end of 2009. Mean
monthly Ntot concentrations ranged
from 0 to 2.83 mgN.L™" and no clear
spatial pattern appeared among sam-
pling stations. Two peaks occurred in
June 2011 in RES6 (7.1 mgN.L™") and
in December2012in RES4 (9.6 mgN.L'1).
After an upsurge period of two years
(2009-2011), the NT2 Reservoir
evolved to an oligo-mesotrophic status
(Martinet et al., same issue).

3.2 Zooplankton population
dynamics

Figure 4 shows the temporal evolu-
tion of total densities and biomasses for
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Fig. 4. Biomasses et densités du zooplancton de 2009 a 2013 pour les stations du monitoring.

each sampling station. Globally, bio-
masses follow the same dynamic than
the densities characterized by high
monthly variations. Each year, three
peaks were observed (up to 250 ind. LT
and 250 pg DW L™ in RES1) (i) around
March (end of the CD season), (ii)
around September (end of the WW sea-
son) and (iii) in November (WD windy
season). The dry and windy season
peaks were more pronounced in 2013
compared to 2012. An annual disap-
pearance of the zooplankton commu-
nity occurred in December 2010, 2011
and 2013 and in January 2012 and can
be related to the destratification of the
water column (Fig. 4).

At the reservoir scale, the mean
annual densities and biomasses of the
zooplankton community (Tab. II, Tab. Il
and Fig. 4) reached a maximumin 2010,
two years after the reservoir filling. The
average densities and biomasses in
2011, 2012 and 2013 were not signifi-
cantly different but all were significantly
lower than in 2010 (Kruskal-Wallis test,
respectively p =0.03; p=0.02and p =
0.01 for densities and p =0.001; p =
0.001 and p = 0.01 for biomasses).
While 2009 had high density and bio-
mass, only biomass values were signif-
icantly higher than those in 2011 and in
2012 (Kruskal-Wallis test, respectively
p = 0.04; p = 0.03). Biomasses in 2010
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Table Il. Annual average densities (ind.L'1 + SD) of zooplankton in NT2 reservoir from 2009 to 2013.

Tableau Il. Densités moyennes annuelles (ind.L"

entre 2009 et 2013.

"+ SD) du zooplancton dans le réservoir de NT2

RESH RES3 RES4 RES6 RES8 Annual

(ind.L™! + SD)|(ind.L™" + SD)| (ind. L! + SD) |(ind. L' + SD)|(ind. L™ + SD)| average
(ind. L' + SD)
2009| 344+526 | 249+233 9+69 11.9+105 136+7.8 18.7 £ 28.6
(last 7 months) (last 7 months)

2010 408+579 | 49.7+369 16.9 £ 8.7 183+ 14 165+104 | 27.7+335

2011 653 29.7+339 72+58 89+84 83+115 124 +19

2012 105+85 | 188+152 | 104+1038 135+115 10.3+89 127114

2013| 86=+7.8 195+17.7 | 138x127 53+34 97+89 123+124

(first 4 months)

Table lll. Annual average biomasses (ug DW.L"+ SD) of zooplankton in NT2 reservoir from 2009 to

2013.

Tableau lll. Biomasses moyennes annuelles (ug DW.L™" + SD) du zooplancton dans le réservoir de

NT2 entre 2009 et 2013.

RES1 RES3 RES4 RES6 RES8 Annual average
(wgDWL'| (ugDWL' |(ugDWL'| (ugDWL' | (ugDWL' | (ugDWL’

+ SD) +SD) +SD) + SD) +SD) + SD)

2009 |23.3+34.7| 159+11.6 9.7+ 8.8 10.4 + 8.5 154 +11.2 14.8+18.9
(last 7 months) (last 7 months)
2010 39.1 +66.2 | 37.7+31.0 147 + 8.0 129+ 8.9 14.4 + 6.6 23.3+34.3
2011 | 42+36 20.1 +20.3 52+48 4.7 +4.6 52+6.9 79+11.6
2012| 7.9x56 88+7.3 71+81 8.0+57 70+57 7.8+6.3
2013 | 8477 123+119 | 11.3x74 43+28 85+84 9.7 +8.7
(first 4 months)

were significantly higher than in other
years for each sampling stations (see
SM 1). The maximum annual mean
density and biomass were reached
respectively at RES3 in 2010 with
49.7 ind. L™ and at RES1 in 2010 with
39.1 uygDW L (Tab.Iland Tab.1ll). The
minimum mean density and biomass
were recorded respectively at RES6 in
2013 with 5.3 ind. L' and at RES1 in
2011 with 4.2 ug DW L". The results
also highlight the spatial heterogeneity
of the densities and biomasses into the
reservoir during the first years of the

monitoring. Whereas in 2009 and 2010
RES1 showed the highest densities
and biomasses, since 2010, RES3 had
the highest densities and since 2011
had the highest biomasses. Neverthe-
less, both densities and biomasses
were not significantly different among
stations and years in 2012 and 2013
(Kruskal-Wallis test, p > 0.05; SM 1)
underlining a homogenization of the
community at the reservoir scale since
this date.

Relative densities (Fig. 5) and rela-
tive biomasses (not shown) have a
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Fig. 5. Zooplanktonic groups relative density from 2009 to 2013 for the monitored stations.
Fig. 5. Densité relative des groupes zooplanctoniques de 2009 a 2013 pour les stations du

monitoring.

similar pattern and highlight that the
community was dominated by Copep-
ods and especially the naupliar stage
(mainly composed of Cyclopoids) and
adults of Cyclopoids. RES4, RES6 and
RES8 had a more stable composition of
zooplankton than RES1 and RESS3,
where zooplankton group densities and
biomasses varied substantially until
2011. At the inter-annual scale, Nauplii
contributed between 46.0% (RES1) to
54.4% (RESS) to the total zooplankton
densities (during the 5-year survey they

contributed to 49.0% + 18.2%). Nauplii
indicated a constant recruitment of the
Copepod group. A short decrease of
percentage of Nauplii appeared in
October 2009 (4%), March 2010
(11.3%) and December 2010 (14.7%).
Calanoids, which were the largest indi-
viduals, had low average relative den-
sities ranging from 3.2% at RES3 and
RESS8 to 4.2% at RES4 (mean value of
3.7% + 5.6%). High relative densities
were recorded in February 2009 at
RES4 (29%) and RES6 (72.9%) for this
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group. In the following years, only small
increases of this population were
observed at the end of the CD seasons
(up to 12% of relative densities) and
during the wet season 2013 which also
contributed significantly to the biomass.
Cladocera populations had a small con-
tribution to the zooplankton community
(9.2% + 10.4% relative abundance over
the study period), even though some
peaks of density and biomass were
observed, e.g. in February 2009 at
RES1 (80.0%) and RES4 (55.7%), in
October and May 2010 at RES4
(60.8%) and in September 2013 at
RES8 (59.6%). The lowest relative den-
sity of Cladocera was observed at
RESS3 (3.6%). Since 2001, the popula-
tion declined excepted at RES4, RES6
and RES8 where the population
remained stable. The total contribution
of the Ostracoda population to the zoo-
plankton abundances remained low for
all the stations (0.8% + 3.6%) during
the monitoring except at RES3 in
December 2009 and January 2011
where their contributions reached
respectively 48% and 32.5%. These
periods corresponded to the mixing of
the water column period. Finally, Rotif-
ers, which are important as a food
resource for fish juveniles, showed a
relatively low contribution to the zoo-
plankton community with an average
value of 13.8% + 14.0% during the
study period. The contribution of Rotif-
ers ranged from 10.8% at RES6 to
15.3% at RES3 and RES8. Stable, but
low densities and biomass were
recorded during the CD season just
after the mixing period (December-
February).

3.3 Environmental driving factors

The zooplankton community was
explored by PCA ordination based on
biomasses. The two first axes
explained a total variance of 44.4%
(Fig. 6). The variables associated with
this analysis explaining a high and sig-
nificant proportion of variance were (i)
on the first axis, the depth of the oxy-
cline (12.3%), the temperature (8.5%),
the mixing period (8.1%) and the Chl a
concentration (7.1%) and (ii) on the sec-
ond axis meteorological variables with
the mean monthly rain (17.9%) and the
season (12.8%). The zooplankton com-
munity can be divided in two main clus-
ters. The first cluster is composed of the
Calanoids, Cyclopoids and Cladoreca
that were negatively correlated to the
depth of the oxycline (as well as the
Nauplii; Fig. 6 and Tab. IV). The second
cluster is composed of Ostracoda,
Rotifera and Nauplii positively associ-
ated with temperature and Chl a and
sensitive to physical variables (mixing
period and wind). Rotifera population
was also positively related to the sea-
son. Surprisingly, nutrients (Ntot and
Ptot) and oxygen concentration varia-
bles were not significantly related with
the zooplankton groups.

4 DISCUSSION

4.1 Zooplankton community
dynamics in the NT2 Reservoir

From the beginning of the monitor-
ingin 2009, the zooplankton community
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Fig. 6. Principal component analysis.
Fig. 6. Analyse en composante principale.

Table IV. Pearson correlation matrix from the PCA. In bold, correlations significantly different from 0
with alpha = 0.05. WL = water level, Chlo a = Chlorophyll a, DO = dissolved oxygen, Temp =
temperature, Ntot = total nitrogen, Ptot = total phoshorus, Depth-Oxy = depth of the oxycline.

Tableau IV. Matrice des corrélations de Pearson depuis 'ACP. Les valeurs en gras sont différentes de
0 a un niveau de signification alpha=0,05. WL = niveau d‘eau, Chlo a = Chlorophylle a, DO = oxygen
dissous, Temp = température, Ntot = azote total, Ptot = phosphore total, Depth-Oxy = profondeur de

'oxycline.

Variables | Mixing |Season| WL Chloa DO Temp| Ntot | Ptot |Depth-Oxy| Rain | Wind
Calanoids | -0.168 | 0.271 | 0.046 [0.183|-0.033|0.100(-0.182|-0.140| -0.324 |-0.033|-0.161

Cyclopoids | -0.218 | 0.270 | 0.081 |0.278|-0.029 |0.060|-0.126(-0.188| -0.381 (-0.121|-0.252
Nauplii | -0.564 | 0.230 (-0.291|0.431| 0.154 {0.490(0.139|-0.263| -0.613 | 0.062 (-0.386
Rotifera | -0.267 | 0.332 |-0.205(0.326 | 0.157 |0.325|-0.065|-0.120| -0.259 |0.018 (-0.181
Cladocera | -0.271 | 0.288 | 0.055 |0.184| 0.001 |0.139(-0.265|-0.229| -0.413 |-0.112{-0.208
Ostracoda | -0.046 | 0.066 | 0.005 [0.538| 0.062 |0.161|-0.084|-0.295| -0.317 |[-0.036|-0.319

showed different phases of develop-
ment mainly in line with the evolution of
the reservoir water quality and hydrol-
ogy. The first phase, occurring between
2009 and 2010, was a productive period
linked to the trophic upsurge phenome-

non observed after the first filling of the
reservoir. During these 2 years, zoo-
plankton showed the highest densities
and biomasses, especially in 2010 at
the end of the CD season. Populations
of Calanoids, and Rotifers, which are
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mainly herbivorous, and the omnivo-
rous Cyclopoids were well-developed.
Cladocera species, which are mainly
detritivorous, took advantage of a high
amount of particles directly linked to a
high amount of nutrients and organic
matter coming from the decomposition
of drowned soil and vegetation. Ostra-
coda were not abundant but these spe-
cies are mainly benthic and are gener-
ally under-represented in the water
column. This high zooplankton produc-
tion was enhanced by a low water
renewal rate in the reservoir at this
period (production started in March
2010). The peak observed during the
end of the CD season 2010 was related
to a combination of abiotic factors e.g.
high temperature, lake stratification,
low water level and the end of the period
of the lowest water renewal rate, factors
already qualified as important in zoo-
plankton dynamics in shallow lakes
(Rennella & Quirds, 2006). The second
phase occurred rapidly at the end of
2010 — beginning of 2011, and was
highlighted by a decrease of annual
zooplankton densities and biomasses.
The decrease of zooplankton appeared
during the last months of 2010 because
of relatively low recruitment compared
to that observed the previous year,
especially at RES1. Seasonal peaks of
density and biomass observed during
the CD season (highest productivity
period) decreased. This could be
explained by a higher water renewal
rate at this time compared to the previ-
ous years at the same season. But the
main negative effect on zooplankton
communities appeared in 2011 afterthe
exceptional rainy season. This high
flooding event led to a faster renewal
water rate which is a factor already

known to affect zooplankton community
(Nogueira, 2001) e.g. Rotifers or Cope-
pods (Gonzales et al., 2008). Since
2012 the zooplankton population
seems to have reached stabilization in
terms of densities, biomasses and pop-
ulation composition. Zooplankton pop-
ulations recovered from the flushing
and dilution effects of the previous rainy
season.

More globally, the NT2 annual aver-
age density was low in the main body of
the reservoir (RES1, RES4, RES6 and
RES8) compared to some other tropical
reservoirs. However, values found in
the NT2 Reservoir are in the range of
the lowest values observed in the liter-
ature. For instance, Pinto-Coelho et al.
(2005) found a mean density of
11.6ind. L' for large oligotrophic trop-
ical reservoirs. Other studies in tropical
reservoirs indicated larger range of
densities such as the Corumba Reser-
voir (Brazil) with densities between 0.5
to 447 ind. L' (Lansac-Toha et al.,
2008) or in the Jurumirim Reservoir, an
oligotrophic reservoir in Brazil, with
densities between 1 to 1000 ind. L
(Matsumura-Tundisi & Tundisi, 1976).
Biomass of the NT2 Reservoir could
be compared to the biomass of
Mourao Reservoir, an oligotrophic
reservoir in Brazil (7.5 pg DW L;
Bonecker et al,, 2007) or 12.3 pg DW L™
for large oligotrophic tropical reservoirs
(Pinto-Coelho et al., 2005). Based on
the densities and biomasses found in
the NT2 Reservoir compared to other
studies in tropical reservoirs, the NT2
Reservoir can be qualified as oligo-
trophic. This trophic state is also sup-
ported by the observed size distribution
of individuals. Zooplankton communi-
ties in the NT2 Reservoir have small
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body sizes, which is common in other
oligotrophic tropical reservoir and lakes
(e.g. South America; Gliwicz, 1994). For
instance, the NT2 zooplanktonic com-
munity was dominated by small Cope-
pods (>80% of the population and
occasionally by Cladocera up to 70% of
the population) that could indicate an
oligotrophic status (Matsumura-Tundisi
& Tundisi, 1976).

The high density of naupliar stages
compared to the density of adults
underlines that communities were
maintained by a constant recruitment
likely as a response to predation, food
limitation or an unstable environment
(strategy r). The small size of individuals
is also known to be related to a top-
down predation effect (Fetahi et al.,
2011). Amazonian reservoirs were
often dominated by Rotifers the years
following the first filling (Arcifa, 1984)
but they were not abundant in our sur-
vey. ltis likely that the high fish biomass
observed after the impoundment
(Cottet et al., same issue) was sup-
ported as a result of high Rotifer preda-
tion. Nevertheless, the NT2 zooplank-
ton community was dominated by
Copepods (mainly Cyclopoida) which
seems to be common in Asia (Dussart
et al., 1984). This result is also in line
with what has been observed by Horeau
et al. (2005) in the Petit-Saut Reservoir
in French Guiana.

4.2 Environmental parameters
influencing zooplankton
communities

The results of the PCA have shown
a separation of the zooplanktonic com-
munity in two different clusters. The first
cluster composed of Nauplii, Rotifer

and Ostracoda, is related to Chl a and
temperature. These populations are
mainly composed of phytophage spe-
cies and were linked to the phytoplank-
ton production, itself highly seasonal.
The Naupliar stage was also signifi-
cantly negatively driven by the hydraulic
factors like mixing period or wind lead-
ing to a nearly total disappearance of
the population. Large mortalities of
zooplankton following annual over-
turn have already been reported by
Saunders & Lewis (1988). On another
hand, short-term disappearance of the
zooplankton community can also be
related to the decrease of the phyto-
plankton biomass (Martinet et al., same
issue). The second cluster composed of
Cladocera and Copepods (Cyclopoids
and Calanoids) was mainly influenced
by the depth of the oxycline, e.g. the
dilution of the epilimnion.

These abiotic factors led to a spatial
and temporal heterogeneity of the res-
ervoir particularly during the first filling
and the beginning of the operation
phase. A clear longitudinal gradient was
observed in 2009 and 2010. The RES3
sampling site is isolated from the main
body of the reservoir and was protected
from floods. The upstream sampling
sites (RES6 and RES8) are clearly
under the influence of the hydrology
compared to the most downstream sta-
tions which are influenced by the mixing
period, temperature and Chl a. No spa-
tial difference was observed after 2011.
This is in accordance with the study of
Bonecker et al. (2007) that found no
spatial variation of zooplankton bio-
mass in relatively young Brazilian res-
ervoirs (5, 12 and 40 years old). The
theoretical model of Marzolf (1990) that
predict higher zooplanktonic density
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toward the dam seems to be valid only
for the first two years. This means that
the influence of the current velocity was
effective along the reservoir (lower cur-
rent velocity at the dam site) during this
period. Afterwards, other factors like
temperature or mixing of the water col-
umn led to a homogenization of the hab-
itat conditions. Bini et al. (1997) found
similar results on limnological parame-
ters. For instance, DO, pH and temper-
ature did not explain longitudinal heter-
ogeneity into their reservoir because of
the low variation of these parameters
along the axis. During the study period,
no dramatic oxygen depletion events
appeared in the NT2 Reservoir also
minimizing the influence of the DO.
Finally, no significant relation has been
observed between the zooplankton
community and nutrients. This can be
due to low nutrient concentrations even
during the peaks of zooplanktonic pro-
duction. Nevertheless, densities and
biomasses were correlated to Chl awith
a high seasonal effect underlying the
dominance of phytophage within the
zooplantktonic community and a phy-
toplankton-based food chain in the
NT2 Reservoir. As in these systems
most of the energy transfer could
come from both the phytoplankton
and bacterioplankton (Havens, 2002),
monitoring of bacterioplankton in the
NT2 Reservoir may be of interest. The
relationship of zooplankton community
dynamics with fish pressure was not
assessed in this study, but the rate of
predation may influence zooplankton
density and biomass. This could be par-
ticularly important during the beginning
of the rainy season when zooplanktivo-
rous fish focus on reproduction and

decrease the predation pressure on
Rotifera and Cladocera populations.

5 CONCLUSION

The filling of the NT2 Reservoir led
to a change in the zooplanktonic com-
munity which is linked to the appear-
ance of a thin oxygenated epilimnion
and a large anoxic hypolimnion. The
community was dominated by Copep-
ods (including the Naupliar stage) over
the study period. The spatial heteroge-
neity of the zooplanktonic community
observed along a longitudinal gradient
disappeared rapidly after the beginning
of the operation phase and tend to sta-
bilize. Nevertheless, the results high-
lighted a seasonal effect explained by a
phytoplankton-based food chain. The
zooplankton community of the NT2
Reservoir had low densities and bio-
masses compared to other tropical res-
ervoirs and reflected oligotrophic condi-
tions. They were significantly and
negatively driven by the hydraulic fac-
tors like mixing period, temperature of
the water or depth of the oxycline.
Finally, the zooplankton community
must be evaluated in order to anticipate
the food availability for zooplanktivo-
rous fish before developing a fish man-
agement plan.
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Supplementary Material 1

Comparison of average densities and biomasses of each sampling site among years. P-values from
Kruskal-Wallis test. Values in bold and grey are significantly different.

Density Biomass
RES1 | 2009 | 2010 | 2011 | 2012 | 2013 2009 | 2010 | 2011 | 2012 | 2013
2009 1 1
2010 | 0.345 1 0.308 1

1 1

2012 0.161 1 0.288 0.134 1
2013 | 0.115 0.440 | 0.529 1 0.268 0.147 | 0.962 1
RES3
2009 1 1
2010 | 0.129 1 0.095 1
2011 | 0.957 | 0.071 1 0.852 1
2012 | 0.694 0.692 1 0.219 0.224 1
2013 | 0.727 0731 | 0.958 1 0.424 0.475 | 0.615 1
RES4
2009 1 1
2010 1 0.074 1
2011 | 0.603 1 0.145 1
2012 | 0.933 0537 1 0.420 0.506 1
2013 | 0.294 | 0.195 | 0.109 | 0.324 1 0361 | 0.373 0.079 1
RES6
2009 1 1
2010 | 0.280 1 0.399 1
2011 | 0.291 1 0.058 1
2012 | 0.889 0.222 1 0.646 0.142 1
2013 | 0.199 0593 | 0.162 1 0.152 0.938 | 0.264 1
RES8
2009 1 1
2010 | 0.703 1 0.878 1
2012 | 0.303 | 0.100 | 0.257 1 0.068 0.273 1
2013 | 0.224 | 0.063 | 0.359 | 0.829 1 0.115 0.165 | 0.769 1
Average value
2009 1 1
2010 | 0.151 1 0.232 1
2011 | 0.144 1 1
2012 | 0.439 0.483 1 0.953 1
2013 | 0.343 0.601 | 0.859 1 0.200 0.433 | 0.399 1
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Comparison of average densities and biomasses of each year site among sampling sites. P-values
from Kruskal-Wallis test. Values in bold and grey are significantly different.

Density Biomass
2009 | RES1 | RES3 | RES4 | RES6 | RES8 | | RES1 | RES3 | RES4 | RES6 | RESS
RES1 1 1
RES3 | 0526 1 0.555 1
RES4 | 0096 OGS 0.327 | 0.146 1
RES6 | 0.270 | 0.108 | 0.576 1 0524 | 0.249 | 0.732 1
RES8 | 0.837 | 0.447 | 0.207 | 0.443 1] ] 0585 | 0.969 | 0.158 | 0.268 1
2010
RES1 1 1
RES3 | 0.272 1 0.146 1
RES4 | 0.196 1 0.384 1
RES6 | 0.209 0.971 1 0.157 0.586 1
RES8 | 0.165 0.923 | 0.894 1] | 0425 0.942 | 0.538 1
2011
RES1 1 1
RES3 | 0.060 1 0.061 1
RES4 | 0.674 | 0.144 1 0.888 | 0.084 1
RES6 | 0.870 | 0.086 | 0.797 1 0.824 0717 1
REss | 0.co8 |JENIMA 0583 | 0.770 1] | 0700 0.599 | 0870 1
2012
RES1 1 1
RES3 | 0.157 1 0.852 1
RES4 | 0.674 | 0.067 1 0.368 | 0.277 1
RES6 | 0.632 | 0.350 | 0.368 1 0981 | 0.870 | 0.356 1
RES8 | 0.852 | 0.109 | 0.815 | 0.505 1] | 0674 | 0543 | 0.632 | 0.657 1
2013
RES1 1 1
RES3 | 0.071 1 0.346 1
RES4 | 0.191 | 0.618 1 0.165 | 0.657 1
RES6 | 0.536 | 0.058 | 0.123 1 0.463 | 0.161 | 0.086 1
RES8 | 0.968 | 0.078 | 0.205 | 0.517 1] | 0861 | 0.264 | 0.118 | 0.542 1
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