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ABSTRACT

Zooplankton changes at six reservoirs in the Ebro watershed, Spain

In the present study, six reservoirs of the Ebro watershed were sampled during summer and autumn of 2016, with the objec-
tive of recognizing the zooplankton community, the environmental variables that are correlated with them and update the 
species checklist. We identify 40 zooplankton species among reservoirs: 21 rotifer species, 10 cladocerans, 8 copepods, and 
the veliger larvae of the invasive zebra mussel. Species that had higher abundances and biomass were: the rotifer Polyarthra 
dolichoptera (up to 278 ind/L), the cladoceran genera Daphnia spp. and Ceriodaphnia spp., the copepods Copidodiaptomus 
numidicus (83 ind/L), Acanthocyclops americanus (72 ind/L), Eudiaptomus vulgaris (62 ind/L) and zebra mussel Dreissena 
polymorpha (540 ind/L). In general, the smaller species were dominant during the summer while the larger species were 
dominant in the autumn. The density and biomass of zooplankton in four out of six reservoirs during the summer were double 
that in autumn. The main physicochemical variables correlated with the zooplankton species through a Canonical Corre-
spondences Analysis (CCA) were: chlorophyll a, Secchi disk, total phosphorus, pH and depth. We report for the first time the 
species presented at the Ullibarri-Gamboa reservoir, and present new species registered in the reservoirs compared with those 
reported in previous studies. For the first time, the presence of the zebra mussel was detected at La Sotonera reservoir. This 
indicate its expansion throughout the watershed, suggesting that knowledge of zooplankton species and the changes that occur 
through time can be a tool for reservoirs and watershed management.
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RESUMEN

Cambios en el zooplancton en seis embalses en la cuenca del Ebro, España

En el presente estudio, seis embalses de la cuenca del Ebro fueron muestreados durante las estaciones de verano y otoño de 
2016, con los objetivos de conocer la estructura de la comunidad de zooplancton, las variables ambientales con las que se 
correlación y actualizar los listados de especies. Se identificaron 40 especies de zooplancton entre todos los embalses; 21 
especies de rotíferos, 10 de cladóceros, 8 de copépodos y las larvas veligeras del invasivo mejillón cebra. Algunas de las 
especies que tuvieron mayores abundancias y biomasa fueron: el rotífero Polyarthra dolichoptera (hasta 278 ind/L), los 
géneros de cladóceros Daphnia spp, y Ceriodaphnia spp., los copépodos Copidodiaptomus numidicus (83 ind/L), Acanthocy-
clops americanus (72 ind/L), Eudiaptomus vulgaris (62 ind/L) y el mejillón cebra Dreissena polymorpha (540 ind/L). En 
general, durante el verano las especies de menor tamaño fueron las dominantes mientras que en el otoño tuvieron una mayor 
dominancia las especies de mayor tamaño. La densidad y biomasas del zooplancton en cuatro de los seis embalses durante 
el verano fue el doble que en otoño. Las principales variables fisicoquímicas correlacionadas a las especies de zooplancton 
a través de un Análisis de Correspondencias Canónicas (ACC) fueron: clorofila a, disco de Secchi, fosforo total, pH y la 
profundidad. Se reportan por primera vez las especies presentes en el embalse de Ullibarri-Gamboa, además de que se 
presentan nuevas especies registradas en el resto de los embalses contra aquellas reportadas en estudios anteriores. Se 
detecto por primera vez la presencia del mejillón cebra en el embalse de La Sotonera, indicando su expansión a través de la 
cuenca, esto nos sugiere que el conocimiento de las especies del zooplancton y los cambios que presentan a través del tiempo 
puede ser una herramienta para el manejo de los embalses y la cuenca.
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with low diversity (Fig. 3) for their increase in 
density and biomass (Table 3).

For the Ebro reservoir, there is a great differ-
ence in the number of zooplankton species 
between studies since previously 20 species were 
reported, where almost half of the species were 
microcrustaceans including several species of 
Daphnia and cyclopids, however, we registered 
only four shared species. Nowadays, only eight 
species are present, where five of them belong to 

rotifers and only D. pulicaria and C. abyssorum 
were reported before. Thus, all these data 
indicate that the communities have changed, 
increasing, or decreasing the number of species 
and being replaced for others. Several explana-
tions such as competition, natural succession or 
even variations of environmental variables 
(Devetter, 1998; Dodson et al., 2009) could 
explain these changes, however, since there is a 
lack of information for all non-reported years, 
the question of which exact events caused these 
changes remains unanswered. 

Due to diverse factors, including manage-
ment, most of water bodies cannot be sampled 
on a regular basis to confirm the species presents 
and like in this study, can take a long time until 
having new data. Nevertheless, having a moni-
toring program could help us to understand the 
community changes. But this is not the only 
benefit, thus, it can be a tool to have complete 
knowledge of species richness and to identify 
the already reported and the newly invasive 
species. For the invasive fauna, correct actions 
could prevent their introduction and dispersal 
along the watershed area, which could not only 
affect local diversity and become one of the 
major aquatic stressors, as is the case with zebra 
mussels (Strayer, 2010), but also create econom-
ic losses due to their impact on important infra-
structures (Duran et al., 2012). 

The Zebra mussels were detected for first time 
at the Ebro watershed in 2001 (Duran & Anadón, 
2008). Previously at La Sotonera reservoir the 
presence of D. polymorpha was not detected, 
however, now the veliger larvae can be found at 
both seasons and it’s a dominant component of 
zooplankton. Thus, the mussel invasion has 
progressed throughout the years and among 
different reservoirs. The two reservoirs were 
mussels were not present are Oliana and Ebro, 
this last is under special protection (Duran & 
Anadón, 2008). Due to the lack of natural preda-
tors, efficient competition and non-intentional 
dispersion of invaders caused by the interaction 
between people among the reservoirs in the area, 
this invader could be detected in the Ebro reser-
voir in the upcoming years. Consequently, they 
would be present from the beginning until the end 
of watershed.

autumn, were mesotrophic to eutrophic, and 
densities of larger species as Daphnia spp. decay 
while smaller cladocerans such as B. longirostris 
and Ceriodaphnia spp. increase. 

Despite the limitations of this work (and 
taking in count the low number of reservoirs 
sampled compared with the watershed size), with 
the data obtained from the CCA we could hypoth-

these statements, for example, the general tenden-
cy at Oliana was that rotifers had high abundances 
during summer, then, during autumn this group 
tended to decrease and microcrustaceans 
increased in number becoming the dominant 
group. Ullibarri-Gamboa presented a similar 
tendency but with higher abundances of rotifers 
and mussels during the summer, followed by the 
increase of copepods and cladocerans during 
autumn. At the Ebro and La Sotonera reservoirs, 
the number of all groups increase in autumn but 
with the rotifers being the dominant group. How-
ever, at Mequinenza the zebra mussels and cope-
pods were dominants during summer reaching up 
350 ind/L, but with a decrease during autumn. 
Sobrón shows a similar tendency, the summer was 
dominated by the zebra mussel (540 ind/L) and in 
the next period densities of all groups decreased 
dramatically. For these two last reservoirs several 
factors could explain these changes, such as an 
extreme fish predation (Amundsen et al., 2009; 
Ginter et al., 2019), the establishment of the 
sessile stage of mussels in any surface decreasing 
the number of the planktonic larvae (Claudi & 
Mackie, 1994) or even some criteria that were not 
taken in count in the previous model, such as the 
food quality and the trophic level of each reservoir 
(Sommer et al., 2012).

Biodiversity is strongly related with environ-
mental factors (Jeppesen et al., 2000), while some 
physiochemical parameters such as temperature, 
dissolved oxygen, pH, etc., can have positive or 
negative effects on zooplankton (Wetzel, 2001). 
One of the more efficient analyses to correlate the 
zooplankton communities with the physical and 
chemical variables is the CCA (Attayde & Bozel-
li, 1998). Data from our CCA analysis shows the 
rotifer P. dolichoptera, which was positioned in 
the middle of the ordination plot, due to their high 
tolerance to different environments conditions 
(Bērziņš & Pejler, 1989), nowadays it has a wide 
distribution in many water bodies around the 
world (Segers, 2007). The copepod Neolovenula 
alluaudi, that is typically from the Mediterranean 
area (Miracle, 1982), also was positioned near the 
center of the CCA. We can infer that they possess 
high tolerance, however, compared to the previ-
ously mentioned rotifer, it was only present at La 
Sotonera reservoir. The populations of this cope-

pod are moving from the south and are now found 
in several water bodies along the Iberian Peninsu-
la (Alfonso & Belmonte, 2013; Miracle, 1982). 
Thus, this copepod was reported at Mequinenza 
30 years ago (De Manuel & Jaume, 1993), but not 
found during the present study. Furthermore, at 
the Mequinenza reservoir the presence of silurids 
is well documented and the early stages of this 
fish can consume copepods and large cladocerans 
individuals as the Daphnia species, they can 
promote the small-size species such as C. dubia 
and D. mongolium, (Miranda et al., 2010). Also, 
in this reservoir no Daphnia species were record-
ed, probably due the combination of predation 
and lower levels of oxygen compared to other 
reservoirs (Hanazato, 1996).

The copepods C. numidicus and T. dybowskii 
were correlated with conductivity, temperature 
and depth. It is well known that big-sized 
zooplankton species perform a daily vertical 
migration to avoid depredation (Hays, 2003; 
Lampert, 1989). The study of Caramujo & Boavi-
da (2000) found that these two copepod species 
can be consumed in large numbers by fishes, for 
this reason, their populations are settled in deepest 
water bodies. In this study, we found both species 
only at Mequinenza, which has an average 50 m of 
depth in both seasons. The biggest copepod found 
in this study was C. numidicus and it provides a 
high percentage of total biomass and density of all 
copepods, thus, Pearson correlation was significa-
tive in terms of depth for this group. 

In the CCA for groups (Fig. 6) the rotifer 
biomass was also correlated to pH, other studies 
have shown that this parameter can affect the 
rotifer occurrence (Bērziņš, 1987) and their 
assemblage in reservoirs (Devetter, 1998). 

The complex of abundances and biomasses of 
microcrustaceans (copepods and cladocerans), 
were related with the components that conform 
the trophic state since they are influenced by the 
Secchi disk, TP and Chl-a. Some authors have 
indicated that large species of these groups can be 
used as an indicator of oligotrophic state (Pejler, 
1983; Moss et al., 2003; Kane et al., 2009; 
Haberman & Maldna, 2014). Usually, at higher 
trophic level, large species are replaced by small 
species (Lampert & Sommer, 1997). The Ebro, 
Oliana and La Sotonera reservoirs, during the 

was in the middle of the ordination plot, this 
rotifer was present in all reservoirs during both 
seasons, their highest abundances were during the 
summer at La Sotonera (279 ind/L) and Oliana 
(125 ind/L). The Daphnia group was related to 
DO, TP and turbidity. The Daphnia species were 
present in five reservoirs and their seasonality 
was split into those which had higher abundances 
in summer (D. cucullata, D. galeata and D. 
pulicaria) and in autumn (Daphnia longispina). 
Finally, the copepod C. vicinus is not related to 
any variable and the zebra mussels are slightly 
connected with pH and alkalinity (Fig. 5).

In the second CCA, we analyzed the envi-
ronmental variables related with the zooplank-
ton density and biomass, the first two axes 
represent the most explanatory value (93.2 %) 

(p value > 0.05 in the Monte Carlo permutation 
test). This CCA indicates that in the first axis the 
trophic indicators are related (SD, Chl-a and TP). 
These principal indicators are related with both 
cladocera and copepoda density and biomass, 
while rotifer density is related to combination of 
TP, turbidity and DO. The biomass of rotifera 
group presents a similar relation with pH instead 
of turbidity. Finally, both density and biomass of 
zebra mussels are related to temperature and 
conductivity (Fig. 6).

DISCUSSION

Sommer et al. (1986) together with the PEG 
(Plankton Ecology Group) proposed a model 
where sequential statements describe the changes 
in zooplankton and phytoplankton communities in 
lakes. In these statements, they described that in 
summer the smaller groups with short generation-
al life cycle dominate and during autumn large 
species appear. In our study, we found that most of 
the changes in reservoirs’ communities followed 

Density and biomass

The zooplankton density varied in each reservoir 
and season, the average of individuals for all the 
reservoirs during summer was 277 ind/L, that was 
higher than in autumn with 148 ind/L. The higher 
densities in most of reservoir belong to rotifers 
and zebra mussels, except in Ullibarri-Gamboa, 
Mequinenza and Oliana during winter (Fig. 4). 

In terms of biomass, microcrustaceans have a 
bigger role instead of rotifers, and each reservoir 
varied in quantity and group that dominates during 
both seasons. The reservoirs with major changes 
between biomass were La Sotonera (dominated 
during the summer for microcrustaceans to zebra 
mussels in fall), Sobrón (zebra mussels to 
cladocerans) and Ullivarri-Gamboa (cladocerans, 
rotifers and zebra mussels to microcrustaceans 
mainly) (Table 3). The Shannon-Wiener index 
indicated that diversity in the Ullibarri-Gamboa 
reservoir was the highest overall 2.59 bits/ind in 
summer. The lowest diversity was found in 
Sobrón during autumn with only 0.18 bits/ind 
(Fig. 3).

Data analysis 

Through the linear Pearson correlations between 
environmental factors and zooplankton groups we 
found that pH was significantly correlated with 

the density of rotifer group (r2 0.35, p < 0.05). 
Also, both zebra mussel density and biomass were 
positively correlated with Chl-a (r2 0.60, p < 0.05 
and r2 0.62, p < 0.05 respectively). Besides, 
copepods density (r2 0.39, p < 0.05) and biomass 
(r2 0.34, p < 0.05) were correlated with the reser-
voir´s depth. Other correlations were not signifi-
cant (p > 0.05). The Analysis of similarity (ANO-
SIM) doesn’t show any difference between both 
seasons (p > 0.05). The contribution of the 
individual taxa in the dissimilarity of zooplankton 
was low (SIMPER values < 5 %), being A. 
priodonta, C. pulchella, Synchaeta pectinata and 
D. mongolianum the responsible for the cumula-
tive of 20 % in the variance of dissimilarity 
between seasons. 

The first CCA, related the physicochemical 
variables with the principal zooplankton species. 
The first two axes explains 45.2 % of the variance 
(p value 0.001 in the Monte Carlo permutation 
test). Temperature, conductivity and depth are 
strongly related to copepods (C. numidicus, 
Cyclops sp. and T. dybowskii) and the cladoceran 
C. dubia. Two of the most abundant rotifers are 
related with the pH (S. pectinata and C. unicornis) 
in addition to the cladoceran D. cucullata. A big 
group composed principally by cladocerans, few 
copepods and rotifers were related to dissolved 
oxygen (DO), turbidity, TP, Chl-a and suspended 
solids (SS) (Fig. 5). The rotifer P. dolichoptera 

Trophic state

With the data obtained, we calculated the Troph-
ic State Index (TSI) for every reservoir and 
season, the waterbodies were ordinated accord-
ing to their TSI from lower to higher values. 
Ullibarri-Gamboa shows the lower trophic value 
in both seasons (39.01, summer and 37.70, 
autumn) and is classifiedd as oligotrophic. While 
Sobrón had the higher value during the summer 
(52.5) and La Sotonera in autumn (59.8). The 
reservoirs during the summer generally present-
ed values between 30 to 50 and during autumn 
the values increase from 40 to 60. According to 
Carlson (1996), most reservoirs are classified as 
mesotrophic, however, Ebro, Oliana and La 
Sotonera are eutrophic during the autumn and 
Sobrón during the summer (Fig. 2).

Zooplankton

We registered a total of 40 zooplankton species 
during both seasons in the six reservoirs (Table 
2). The rotifers were the group with more 
species reported (21), followed by cladocerans 
(10) and copepods (8). Since the veliger larvae 
of the zebra mussel invader (Dreissena polymor-
pha) were found at 4 reservoirs, they were 
considered a separate group inside this study and 
both abundance and biomass were counted. La 

Sotonera presented the highest number of 
species with, 13 in each season, followed by 
Sobrón with 12 in the summer, Oliana and 
Mequinenza with 11 during summer. This same 
species richness was present in Ebro and 
Ullibarri-Gamboa in the autumn. The lowest 
number of species was in Sobrón with only 6 
during the autumn (Table 2). On average, each 
reservoir presented 10 zooplankton species per 
season. The rotifer Polyarthra dolichoptera was 
presented on all reservoirs in at least one season, 
followed by the zebra mussel, which was detect-
ed on four reservoirs during both seasons. The 
two copepod species Cyclops vicinus and 
Cyclops sp., and some rotifers were only 
presented in one reservoir during one season 
(Table 2).

The only previous study on these reservoirs 
was performed during 1987-1988 and reports 
data of summer and winter seasons. However, to 
compare species composition per season we 
only used the summer data from both studies, 
since the other season is not the same and cannot 
be compared equally (winter from the previous 
study and fall in the current). To indicate new 
registers for each reservoir we verified that 
species were not present in the data of both 
seasons from the previous study. The complete 
list of species present of the previous study can 
be found in De Manuel & Jaume (1993).

The new registers of zooplankton species for 
each reservoir are: Sotonera (Bosmina longi-
rostris, Ceriodapnia dubia, Ceriodaphnia 
pulchella, Daphnia galeata, Diaphanosoma 
mongolianum, Acanthocyclops americanus, 
Anuraeopsis fissa, Polyarthra major, Ascomor-
pha ecaudis and D. polymorpha). Ebro (Eud-
iaptomus vulgaris, B. longirostris, D. mongolia-
num, Conochilus unicornis, Trichotria tetractis, 
P. major, Tricochercca cylindrica). Mequinenza 
(Copidodiaptomus numidicus, Thermocyclops 
dybowskii, A. ecaudis). Sobron (Daphnia cucul-
lata, Cyclops vicinus, Asplanchna priodonta, P. 
major, A. fissa) and Oliana (A. americanus, E. 
vulgaris, C. sphaericus, D. mongolianum, Kelli-
cotia longispina). Since there is not previous 
data available for Ullibarri-Gamboa reservoir, 
all 14 species reported for this study are first 
register (Table 2). 

analyzed those variables that are corresponded to 
the principal zooplankton species. For the second, 
we performed an analysis using the zooplankton 
groups (rotifers, copepods, cladocerans and zebra 
mussels). For each CCA we included the densi-
ties and or biomass of zooplankton and the 
following environmental variables (temperature, 
dissolved oxygen, conductivity, turbidity, pH, 
Secchi disk, depth, nutrients (TP and TN) and 
Chl-a. In order to normalize the data, they were 
transformed logarithmically Log(x + 1), except 
for pH. The models were tested using Monte 
Carlo permutation (n = 499). Nauplius, copepo-
dites and bdelloid rotifers were excluded since 
they were not identified to species level. Both 
CCAs were executed using the Canoco 4.5 for 
Windows computer program (Ter Braak & 
Šmilauer, 2002).

RESULTS

Environmental parameters

During the two seasons of this study the physical 
and chemical parameters varied at the different 
reservoirs, complete data is reported in Table 1. 
The water temperature on average was higher 
during summer in all waterbodies, except at 
Oliana, where it was higher in autumn. In general, 
the dissolved oxygen presents higher values during 

summer than those in autumn. The pH values do 
not show an important difference between seasons 
because the buffer effect of the bicarbonate in the 
waters and the conductivity values were stable 
(with exception of Mequinenza during autumn 
with a peak of 1288 µS/cm). Suspended solids in 
both seasons were similar in four of the six reser-
voirs, however, data from the Ebro and La Soton-
era reservoirs during the autumn were double 
compared to the summer data. The Secchi disk 
visibility presented a wide variability among reser-
voirs and seasons: Ebro, Oliana and La Sotonera 
had higher values in summer, nevertheless, 
Ullibarri-Gamboa, Mequinenza and Sobrón were 
higher during autumn.

In the case of Chl-a, higher values were 
presented during the summer at Ullibarri-Gam-
boa and Sobrón, and during the autumn at Ebro 
and Oliana. The Oliana reservoir (autumn) had 
the biggest Chl-a concentration of all the study 
(21.14 µg/L). Finally, Mequinenza and La Soton-
era had similar values during both seasons (aver-
age of 3.3 µg/L and 3.5 µg/L respectively). Total 
Nitrogen (TN) values at 5 of the reservoirs were 
higher during summer, only Mequinenza present-
ed a high peak in autumn (1692 µg/L). The higher 
values of total phosphorus (TP) were reported in 
autumn, except at Oliana (80.78 µg/L) and 
Sobrón (25.5 µg/L), where the higher values were 
during summer.

means of a multiparametric devise Sea-Bird 19 
plus V2. The depth of the photic zone was calcu-
lated by measuring the light penetration using a 
quantometer. The water transparency was deter-
mined measuring the Secchi disk depth (SD). An 
integrative water sample was collected from the 
photic zone of each reservoir using a 25 mm 
ballasted tube technique for ex-situ analyses 
(Vicente et al., 2005). For measurements of the 
following variables, we used the standard method-
ology (APHA, 1998) described for suspended 
solids (APHA 2540D), turbidity (ISO7027-1999), 
total nitrogen (TN) (APHA method 4500-N C), 
total phosphorus (TP) (4500-P B/APHA 4500-P 
C), and chlorophyll a (Shoaf & Lium, 1976). The 
complete data set of environmental variables can 
be found at C.H.E. (2016).

To estimate the reservoir´s trophic conditions, 
we used the criteria of the trophic state index 
(TSI) (Carlson, 1977). The TSI´ values of each 
reservoir were obtained with the following 
formulae (Carlson & Simpson, 1996):

  Total phosphorus; TSI (TP) = 14.42 ln (TP) + 4.15
  Chlorophyll a, TSI (Chl-a) = 9.81 ln (Chl-a) + 30.6
  Secchi disk, TSI (SD) = 60 - 14.41 ln (SD) 

Total phosphorus and Chl-a are measured in 
micrograms per liter (μg/L) and Secchi disk depth 
is expressed in meters. TSI is the average value of 
the three above mentioned variables.

  TSI´= [(TSI(TP) + TSI (Chl-a) + TSI (SD))/3]

Zooplankton samples

The zooplankton samples were collected using a 
Ruttner bottle with a capacity of 2.7 L. For each 
reservoir were taken two Ruttner bottles to obtain 
5.4 liters of water sample, then the sample was 
filtered through 30 μm mesh size Nytal, fixed 
with formaldehyde at 4 % final concentration and 
stored in a hermetic glass vial. The sample depth 
was established in each reservoir at the beginning 
of oxygen decline, where has been reported as the 
richest zone of zooplankton fauna (Miracle & 
Vicente, 1983). Also, a zooplankton vertical tow 
net of 50 μm mesh size Nytal was towed from 30 
m deep to the surface, collected and fixed with 

formalin. These vertical tow net samples were 
taken mainly for taxonomic purposes.

Zooplankton species were identified using 
the following guides: Ruttner-Kolisko (1974), 
Koste (1978), Nogrady et al., (1995) and 
Nogrady & Segers (2002) for rotifers, Alonso 
(1996) for cladocerans, and Dussart (1967, 1969) 
for copepods. 

For quantitative results, we used the samples 
taken from the Ruttner bottles, all individuals 
were counted using a Sedgewick Rafter-type 
counting chamber under inverted microscopy. 
After individuals were counted and densities 
were obtained, we calculate the biomass, to deter-
mine it, a minimum of 30 specimens of all species 
were measured and using the formulas that relate 
the total length with the dry weight of the speci-
mens were obtained the corresponding conver-
sion factors (Ruttner-Kolisko, 1977; Dumont et 
al., 1975; Culver et al., 1985). The Shan-
non–Wiener diversity index (H’) (Shannon & 
Weaver, 1963) was calculated from data on the 
abundance of zooplankton for each reservoir at 
both seasons. 

Statistical analysis
 
The correlation coefficients between zooplankton 
data and the environmental factors were calculat-
ed by linear Pearson correlations. Analysis of 
similarity (ANOSIM) tests were performed on the 
zooplankton data to determine which, if any, reser-
voirs showed significant differences in zooplank-
ton community structure between the two seasons. 
ANOSIM is a nonparametric analogue to analysis 
of variance and tests for multivariate differences 
between groups based on Bray-Curtis distance and 
rank dissimilarity. Also, we ran a similarity 
percentage routine (SIMPER), to test which 
zooplankton species were contributing to the com-
munity changes. The SIMPER routine uses 
average Bray-Curtis dissimilarities between all 
pairs of sites to produce a percent contribution 
from each species, identifying the species most 
responsible for the dissimilarity (Clarke & 
Warwick, 2001).

To determine the influence of different factors 
on zooplankton we performed two canonical 
correspondence analysis (CCA). For the first, we 

we focus on zooplankton communities of six 
reservoirs located across the watershed. These 
were chosen due to the fact that existing data is 
more than 30 years old (De Manuel & Jaumel, 
1993) or no previous data was available. The lack 
of information of these reservoirs throughout the 
last three decades could significate changes in 
species composition and non-detected invaders. 
Therefore, it´s important to update the current 
knowledge on zooplanktonic fauna in this water-
shed and know how environmental variables can 
affect the composition of communities through 
seasons. Thus, all this information could be a 
helpful tool for reservoirs management. 

The main objectives of this study were; first, 
report and compare the zooplankton composition 
(species richness, density and biomass) during 
two studied seasons (summer and autumn) in six 
reservoirs at the Ebro watershed. Second, deter-
mine the environmental variables related to the 
zooplankton groups structure (density and 
biomass). Third, update information on the 
zooplanktonic fauna and verify if new species are 

present in the reservoirs compared with available 
data of previous studies. 

MATERIAL AND METHODS

Study area

The data presented in this study was obtained 
from six reservoirs, located in different areas and 
altitudes along the Ebro watershed (Fig. 1). Each 
reservoir was sampled at the beginning of two 
different seasons in 2016: summer (last week of 
June) and autumn (last week of September). One 
sampling point was established at each reservoir 
in the deepest part of the reservoir at 300-500 
meters from the dam.

Environmental Variables

For each reservoir the following variables were 
measured along the water vertical profile, temper-
ature, conductivity, dissolved oxygen, pH, turbidi-
ty and chlorophyll a, all in situ measurements, by 

INTRODUCTION

Zooplankton is, an important component inside the 
freshwater ecosystem, playings a big role in the 
transfer of energy in the aquatic food web between 
primary producers and higher consumers, while 
significantly contributing to the recycling of nutri-
ents (Lampert & Sommer, 1997).

Besides their essential role in trophic levels of 
aquatic environments, this group can also provide 
valuable information that other groups cannot. For 
example, changes in certain metrics such as, size, 
proportion of large and small zooplankton, mean 
of body weight and proportion of resting eggs 
together with the zooplankton:phytoplankton 
biomass ratio, which can indicate a “top-down” 
process (Jeppesen et al., 2011). Top-down control 
is one of the main attributes of zooplankton. This 
occurs when zooplankton consumes high quanti-
ties of phytoplankton and becomes a pressure 
factor, this pressure can determine the composi-
tion of phytoplankton assemblage and decrease 
their abundances and biomass (Naselli-Flores & 
Rossetti, 2010). On the other hand, the zooplank-
ton community can respond quickly to phyto-
plankton blooms during the bottom-up control 
(Carpenter et al., 1985), such as, changes in the 
biomass, the proportion of calanoids copepods 
and numbers of rotifers could indicate this process 
(Jeppesen et al., 2011). Due to their pivotal 
position in the transfer of nutrients and energy in 
aquatic food webs and the valuable data they can 
provide, it is essential to have a wide knowledge 
of zooplankton composition and the factors relat-
ed to this group (Caroni & Irvine, 2010).

All the species and individuals that make up 
the zooplankton community exhibit diverse 
responses to changes (Stemberger et al., 2001). 
These changes can be done by biotic (e.g. food 
availability, predation and competition) and 
abiotic (physical and chemical habitat conditions: 
temperature, dissolved oxygen, pH, etc.) factors, 
as both can affect the species richness, increasing 
or decreasing their abundances and biomass, and 

promoting shifts in their diversity (Jeppesen et 
al., 2000; Wetzel, 2001; Dodson et al., 2009; 
Bonecker et al., 2013). Hence, studies focused on 
such factors can provide useful information to 
manage natural resources (Gulati et al., 1990) as 
well as the understanding of how its community 
structure (species richness, density and abun-
dances) varies with time and in different aquatic 
systems (Dodson et al., 2009; Boix et al., 2008).

Seasonal variation also has an important role 
in waterbodies. Over the course of a year many 
environmental variables can suffer big changes 
depending on the season (Margalef, 1983). On a 
regional and local scale, these seasonal changes 
in natural components, in addition to anthropo-
genic pollution, can impact on aquatic communi-
ties and affect the zooplankton groups in different 
ways (Tavernini et al., 2009). 

Many studies have correlated density, species 
richness and the presence or absence of zooplank-
ton, for example, rotifers (Sladečeck, 1983; 
Ejsmont-Karabin, 1995, 2012; May & O’Hare, 
2005) and micro-crustaceans (Pinto-Coelho et 
al., 2005) to the trophic gradient. Moreover, 
zooplankton, can be an element in evaluating the 
trophic state of reservoirs and lakes (Haberman et 
al., 2007; Haberman & Haldna, 2014) and a good 
indicator of the different trophic states related to 
natural processes, man-made activities and 
climate changes (Jeppesen et al., 2011). Recently, 
in man-made reservoirs have proved that even 
zooplankton density can be a tool to determinate 
the trophic state of a large watershed in Spain 
(Garcia-Chicote et al., 2018). Although the Water 
Framework Directive has the aim of evaluating 
the European waters through several Biological 
Quality Indicators, zooplankton and its valuable 
data is not included as one of these indicators. 

Despite the Ebro watershed being the second 
large watershed in Spain, studies related to 
zooplankton presence in the reservoirs are few 
and focus principally on rotifera phylum´s 
description or distribution (De Manuel & Armen-
gol, 1993; De Manuel, 2000). In the present study 
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ABSTRACT

Zooplankton changes at six reservoirs in the Ebro watershed, Spain

In the present study, six reservoirs of the Ebro watershed were sampled during summer and autumn of 2016, with the objec-
tive of recognizing the zooplankton community, the environmental variables that are correlated with them and update the 
species checklist. We identify 40 zooplankton species among reservoirs: 21 rotifer species, 10 cladocerans, 8 copepods, and 
the veliger larvae of the invasive zebra mussel. Species that had higher abundances and biomass were: the rotifer Polyarthra 
dolichoptera (up to 278 ind/L), the cladoceran genera Daphnia spp. and Ceriodaphnia spp., the copepods Copidodiaptomus 
numidicus (83 ind/L), Acanthocyclops americanus (72 ind/L), Eudiaptomus vulgaris (62 ind/L) and zebra mussel Dreissena 
polymorpha (540 ind/L). In general, the smaller species were dominant during the summer while the larger species were 
dominant in the autumn. The density and biomass of zooplankton in four out of six reservoirs during the summer were double 
that in autumn. The main physicochemical variables correlated with the zooplankton species through a Canonical Corre-
spondences Analysis (CCA) were: chlorophyll a, Secchi disk, total phosphorus, pH and depth. We report for the first time the 
species presented at the Ullibarri-Gamboa reservoir, and present new species registered in the reservoirs compared with those 
reported in previous studies. For the first time, the presence of the zebra mussel was detected at La Sotonera reservoir. This 
indicate its expansion throughout the watershed, suggesting that knowledge of zooplankton species and the changes that occur 
through time can be a tool for reservoirs and watershed management.

Key words: zooplankton community, reservoirs, Ebro watershed, physicochemical parameters, species seasonal variation

RESUMEN

Cambios en el zooplancton en seis embalses en la cuenca del Ebro, España

En el presente estudio, seis embalses de la cuenca del Ebro fueron muestreados durante las estaciones de verano y otoño de 
2016, con los objetivos de conocer la estructura de la comunidad de zooplancton, las variables ambientales con las que se 
correlación y actualizar los listados de especies. Se identificaron 40 especies de zooplancton entre todos los embalses; 21 
especies de rotíferos, 10 de cladóceros, 8 de copépodos y las larvas veligeras del invasivo mejillón cebra. Algunas de las 
especies que tuvieron mayores abundancias y biomasa fueron: el rotífero Polyarthra dolichoptera (hasta 278 ind/L), los 
géneros de cladóceros Daphnia spp, y Ceriodaphnia spp., los copépodos Copidodiaptomus numidicus (83 ind/L), Acanthocy-
clops americanus (72 ind/L), Eudiaptomus vulgaris (62 ind/L) y el mejillón cebra Dreissena polymorpha (540 ind/L). En 
general, durante el verano las especies de menor tamaño fueron las dominantes mientras que en el otoño tuvieron una mayor 
dominancia las especies de mayor tamaño. La densidad y biomasas del zooplancton en cuatro de los seis embalses durante 
el verano fue el doble que en otoño. Las principales variables fisicoquímicas correlacionadas a las especies de zooplancton 
a través de un Análisis de Correspondencias Canónicas (ACC) fueron: clorofila a, disco de Secchi, fosforo total, pH y la 
profundidad. Se reportan por primera vez las especies presentes en el embalse de Ullibarri-Gamboa, además de que se 
presentan nuevas especies registradas en el resto de los embalses contra aquellas reportadas en estudios anteriores. Se 
detecto por primera vez la presencia del mejillón cebra en el embalse de La Sotonera, indicando su expansión a través de la 
cuenca, esto nos sugiere que el conocimiento de las especies del zooplancton y los cambios que presentan a través del tiempo 
puede ser una herramienta para el manejo de los embalses y la cuenca.
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CONCLUSION
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values were in general two times higher in 
summer than values in autumn. However, there is 
not an equal tendency for all reservoirs and each 
one works in a different way. The data suggest that 
the changes in the zooplankton community during 
both seasons are related mainly with physico-
chemical variables as Chl-a, SD, TP, pH and reser-
voir depth, as well as with biotic interactions, like 
competition with alien species such as D. poly-
morpha. The relation between the zooplankton 
groups and the environmental variables could help 
us understand the main changes that could occur 
in a shifting world. All reservoirs presented new 
records in zooplankton species. La Sotonera had 
the highest number of new registers with ten 
species, followed by the Ebro with seven, while 
Oliana, Sobrón and Mequinenza have five. For 
Ullibarri-Gamboa reservoir we showed for the 
first time a record of zooplankton species. Also, 
we detected for first time the presence of zebra 
mussels at La Sotonera reservoir, indicating that 
this invader is dispersing throughout the water-
shed. Therefore, zooplankton composition knowl-
edge, regular monitoring of species inhabiting in 
the reservoirs and the understanding of environ-
mental variables that affect species and zooplank-
ton structure (specific richness, density and 
biomass) can be a helpful tool for watershed man-
agement and early detection of invasive species.
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microcrustaceans including several species of 
Daphnia and cyclopids, however, we registered 
only four shared species. Nowadays, only eight 
species are present, where five of them belong to 

rotifers and only D. pulicaria and C. abyssorum 
were reported before. Thus, all these data 
indicate that the communities have changed, 
increasing, or decreasing the number of species 
and being replaced for others. Several explana-
tions such as competition, natural succession or 
even variations of environmental variables 
(Devetter, 1998; Dodson et al., 2009) could 
explain these changes, however, since there is a 
lack of information for all non-reported years, 
the question of which exact events caused these 
changes remains unanswered. 

Due to diverse factors, including manage-
ment, most of water bodies cannot be sampled 
on a regular basis to confirm the species presents 
and like in this study, can take a long time until 
having new data. Nevertheless, having a moni-
toring program could help us to understand the 
community changes. But this is not the only 
benefit, thus, it can be a tool to have complete 
knowledge of species richness and to identify 
the already reported and the newly invasive 
species. For the invasive fauna, correct actions 
could prevent their introduction and dispersal 
along the watershed area, which could not only 
affect local diversity and become one of the 
major aquatic stressors, as is the case with zebra 
mussels (Strayer, 2010), but also create econom-
ic losses due to their impact on important infra-
structures (Duran et al., 2012). 

The Zebra mussels were detected for first time 
at the Ebro watershed in 2001 (Duran & Anadón, 
2008). Previously at La Sotonera reservoir the 
presence of D. polymorpha was not detected, 
however, now the veliger larvae can be found at 
both seasons and it’s a dominant component of 
zooplankton. Thus, the mussel invasion has 
progressed throughout the years and among 
different reservoirs. The two reservoirs were 
mussels were not present are Oliana and Ebro, 
this last is under special protection (Duran & 
Anadón, 2008). Due to the lack of natural preda-
tors, efficient competition and non-intentional 
dispersion of invaders caused by the interaction 
between people among the reservoirs in the area, 
this invader could be detected in the Ebro reser-
voir in the upcoming years. Consequently, they 
would be present from the beginning until the end 
of watershed.

autumn, were mesotrophic to eutrophic, and 
densities of larger species as Daphnia spp. decay 
while smaller cladocerans such as B. longirostris 
and Ceriodaphnia spp. increase. 

Despite the limitations of this work (and 
taking in count the low number of reservoirs 
sampled compared with the watershed size), with 
the data obtained from the CCA we could hypoth-

these statements, for example, the general tenden-
cy at Oliana was that rotifers had high abundances 
during summer, then, during autumn this group 
tended to decrease and microcrustaceans 
increased in number becoming the dominant 
group. Ullibarri-Gamboa presented a similar 
tendency but with higher abundances of rotifers 
and mussels during the summer, followed by the 
increase of copepods and cladocerans during 
autumn. At the Ebro and La Sotonera reservoirs, 
the number of all groups increase in autumn but 
with the rotifers being the dominant group. How-
ever, at Mequinenza the zebra mussels and cope-
pods were dominants during summer reaching up 
350 ind/L, but with a decrease during autumn. 
Sobrón shows a similar tendency, the summer was 
dominated by the zebra mussel (540 ind/L) and in 
the next period densities of all groups decreased 
dramatically. For these two last reservoirs several 
factors could explain these changes, such as an 
extreme fish predation (Amundsen et al., 2009; 
Ginter et al., 2019), the establishment of the 
sessile stage of mussels in any surface decreasing 
the number of the planktonic larvae (Claudi & 
Mackie, 1994) or even some criteria that were not 
taken in count in the previous model, such as the 
food quality and the trophic level of each reservoir 
(Sommer et al., 2012).

Biodiversity is strongly related with environ-
mental factors (Jeppesen et al., 2000), while some 
physiochemical parameters such as temperature, 
dissolved oxygen, pH, etc., can have positive or 
negative effects on zooplankton (Wetzel, 2001). 
One of the more efficient analyses to correlate the 
zooplankton communities with the physical and 
chemical variables is the CCA (Attayde & Bozel-
li, 1998). Data from our CCA analysis shows the 
rotifer P. dolichoptera, which was positioned in 
the middle of the ordination plot, due to their high 
tolerance to different environments conditions 
(Bērziņš & Pejler, 1989), nowadays it has a wide 
distribution in many water bodies around the 
world (Segers, 2007). The copepod Neolovenula 
alluaudi, that is typically from the Mediterranean 
area (Miracle, 1982), also was positioned near the 
center of the CCA. We can infer that they possess 
high tolerance, however, compared to the previ-
ously mentioned rotifer, it was only present at La 
Sotonera reservoir. The populations of this cope-

pod are moving from the south and are now found 
in several water bodies along the Iberian Peninsu-
la (Alfonso & Belmonte, 2013; Miracle, 1982). 
Thus, this copepod was reported at Mequinenza 
30 years ago (De Manuel & Jaume, 1993), but not 
found during the present study. Furthermore, at 
the Mequinenza reservoir the presence of silurids 
is well documented and the early stages of this 
fish can consume copepods and large cladocerans 
individuals as the Daphnia species, they can 
promote the small-size species such as C. dubia 
and D. mongolium, (Miranda et al., 2010). Also, 
in this reservoir no Daphnia species were record-
ed, probably due the combination of predation 
and lower levels of oxygen compared to other 
reservoirs (Hanazato, 1996).

The copepods C. numidicus and T. dybowskii 
were correlated with conductivity, temperature 
and depth. It is well known that big-sized 
zooplankton species perform a daily vertical 
migration to avoid depredation (Hays, 2003; 
Lampert, 1989). The study of Caramujo & Boavi-
da (2000) found that these two copepod species 
can be consumed in large numbers by fishes, for 
this reason, their populations are settled in deepest 
water bodies. In this study, we found both species 
only at Mequinenza, which has an average 50 m of 
depth in both seasons. The biggest copepod found 
in this study was C. numidicus and it provides a 
high percentage of total biomass and density of all 
copepods, thus, Pearson correlation was significa-
tive in terms of depth for this group. 

In the CCA for groups (Fig. 6) the rotifer 
biomass was also correlated to pH, other studies 
have shown that this parameter can affect the 
rotifer occurrence (Bērziņš, 1987) and their 
assemblage in reservoirs (Devetter, 1998). 

The complex of abundances and biomasses of 
microcrustaceans (copepods and cladocerans), 
were related with the components that conform 
the trophic state since they are influenced by the 
Secchi disk, TP and Chl-a. Some authors have 
indicated that large species of these groups can be 
used as an indicator of oligotrophic state (Pejler, 
1983; Moss et al., 2003; Kane et al., 2009; 
Haberman & Maldna, 2014). Usually, at higher 
trophic level, large species are replaced by small 
species (Lampert & Sommer, 1997). The Ebro, 
Oliana and La Sotonera reservoirs, during the 

was in the middle of the ordination plot, this 
rotifer was present in all reservoirs during both 
seasons, their highest abundances were during the 
summer at La Sotonera (279 ind/L) and Oliana 
(125 ind/L). The Daphnia group was related to 
DO, TP and turbidity. The Daphnia species were 
present in five reservoirs and their seasonality 
was split into those which had higher abundances 
in summer (D. cucullata, D. galeata and D. 
pulicaria) and in autumn (Daphnia longispina). 
Finally, the copepod C. vicinus is not related to 
any variable and the zebra mussels are slightly 
connected with pH and alkalinity (Fig. 5).

In the second CCA, we analyzed the envi-
ronmental variables related with the zooplank-
ton density and biomass, the first two axes 
represent the most explanatory value (93.2 %) 

(p value > 0.05 in the Monte Carlo permutation 
test). This CCA indicates that in the first axis the 
trophic indicators are related (SD, Chl-a and TP). 
These principal indicators are related with both 
cladocera and copepoda density and biomass, 
while rotifer density is related to combination of 
TP, turbidity and DO. The biomass of rotifera 
group presents a similar relation with pH instead 
of turbidity. Finally, both density and biomass of 
zebra mussels are related to temperature and 
conductivity (Fig. 6).

DISCUSSION

Sommer et al. (1986) together with the PEG 
(Plankton Ecology Group) proposed a model 
where sequential statements describe the changes 
in zooplankton and phytoplankton communities in 
lakes. In these statements, they described that in 
summer the smaller groups with short generation-
al life cycle dominate and during autumn large 
species appear. In our study, we found that most of 
the changes in reservoirs’ communities followed 

Density and biomass

The zooplankton density varied in each reservoir 
and season, the average of individuals for all the 
reservoirs during summer was 277 ind/L, that was 
higher than in autumn with 148 ind/L. The higher 
densities in most of reservoir belong to rotifers 
and zebra mussels, except in Ullibarri-Gamboa, 
Mequinenza and Oliana during winter (Fig. 4). 

In terms of biomass, microcrustaceans have a 
bigger role instead of rotifers, and each reservoir 
varied in quantity and group that dominates during 
both seasons. The reservoirs with major changes 
between biomass were La Sotonera (dominated 
during the summer for microcrustaceans to zebra 
mussels in fall), Sobrón (zebra mussels to 
cladocerans) and Ullivarri-Gamboa (cladocerans, 
rotifers and zebra mussels to microcrustaceans 
mainly) (Table 3). The Shannon-Wiener index 
indicated that diversity in the Ullibarri-Gamboa 
reservoir was the highest overall 2.59 bits/ind in 
summer. The lowest diversity was found in 
Sobrón during autumn with only 0.18 bits/ind 
(Fig. 3).

Data analysis 

Through the linear Pearson correlations between 
environmental factors and zooplankton groups we 
found that pH was significantly correlated with 

the density of rotifer group (r2 0.35, p < 0.05). 
Also, both zebra mussel density and biomass were 
positively correlated with Chl-a (r2 0.60, p < 0.05 
and r2 0.62, p < 0.05 respectively). Besides, 
copepods density (r2 0.39, p < 0.05) and biomass 
(r2 0.34, p < 0.05) were correlated with the reser-
voir´s depth. Other correlations were not signifi-
cant (p > 0.05). The Analysis of similarity (ANO-
SIM) doesn’t show any difference between both 
seasons (p > 0.05). The contribution of the 
individual taxa in the dissimilarity of zooplankton 
was low (SIMPER values < 5 %), being A. 
priodonta, C. pulchella, Synchaeta pectinata and 
D. mongolianum the responsible for the cumula-
tive of 20 % in the variance of dissimilarity 
between seasons. 

The first CCA, related the physicochemical 
variables with the principal zooplankton species. 
The first two axes explains 45.2 % of the variance 
(p value 0.001 in the Monte Carlo permutation 
test). Temperature, conductivity and depth are 
strongly related to copepods (C. numidicus, 
Cyclops sp. and T. dybowskii) and the cladoceran 
C. dubia. Two of the most abundant rotifers are 
related with the pH (S. pectinata and C. unicornis) 
in addition to the cladoceran D. cucullata. A big 
group composed principally by cladocerans, few 
copepods and rotifers were related to dissolved 
oxygen (DO), turbidity, TP, Chl-a and suspended 
solids (SS) (Fig. 5). The rotifer P. dolichoptera 

Trophic state

With the data obtained, we calculated the Troph-
ic State Index (TSI) for every reservoir and 
season, the waterbodies were ordinated accord-
ing to their TSI from lower to higher values. 
Ullibarri-Gamboa shows the lower trophic value 
in both seasons (39.01, summer and 37.70, 
autumn) and is classifiedd as oligotrophic. While 
Sobrón had the higher value during the summer 
(52.5) and La Sotonera in autumn (59.8). The 
reservoirs during the summer generally present-
ed values between 30 to 50 and during autumn 
the values increase from 40 to 60. According to 
Carlson (1996), most reservoirs are classified as 
mesotrophic, however, Ebro, Oliana and La 
Sotonera are eutrophic during the autumn and 
Sobrón during the summer (Fig. 2).

Zooplankton

We registered a total of 40 zooplankton species 
during both seasons in the six reservoirs (Table 
2). The rotifers were the group with more 
species reported (21), followed by cladocerans 
(10) and copepods (8). Since the veliger larvae 
of the zebra mussel invader (Dreissena polymor-
pha) were found at 4 reservoirs, they were 
considered a separate group inside this study and 
both abundance and biomass were counted. La 

Sotonera presented the highest number of 
species with, 13 in each season, followed by 
Sobrón with 12 in the summer, Oliana and 
Mequinenza with 11 during summer. This same 
species richness was present in Ebro and 
Ullibarri-Gamboa in the autumn. The lowest 
number of species was in Sobrón with only 6 
during the autumn (Table 2). On average, each 
reservoir presented 10 zooplankton species per 
season. The rotifer Polyarthra dolichoptera was 
presented on all reservoirs in at least one season, 
followed by the zebra mussel, which was detect-
ed on four reservoirs during both seasons. The 
two copepod species Cyclops vicinus and 
Cyclops sp., and some rotifers were only 
presented in one reservoir during one season 
(Table 2).

The only previous study on these reservoirs 
was performed during 1987-1988 and reports 
data of summer and winter seasons. However, to 
compare species composition per season we 
only used the summer data from both studies, 
since the other season is not the same and cannot 
be compared equally (winter from the previous 
study and fall in the current). To indicate new 
registers for each reservoir we verified that 
species were not present in the data of both 
seasons from the previous study. The complete 
list of species present of the previous study can 
be found in De Manuel & Jaume (1993).

The new registers of zooplankton species for 
each reservoir are: Sotonera (Bosmina longi-
rostris, Ceriodapnia dubia, Ceriodaphnia 
pulchella, Daphnia galeata, Diaphanosoma 
mongolianum, Acanthocyclops americanus, 
Anuraeopsis fissa, Polyarthra major, Ascomor-
pha ecaudis and D. polymorpha). Ebro (Eud-
iaptomus vulgaris, B. longirostris, D. mongolia-
num, Conochilus unicornis, Trichotria tetractis, 
P. major, Tricochercca cylindrica). Mequinenza 
(Copidodiaptomus numidicus, Thermocyclops 
dybowskii, A. ecaudis). Sobron (Daphnia cucul-
lata, Cyclops vicinus, Asplanchna priodonta, P. 
major, A. fissa) and Oliana (A. americanus, E. 
vulgaris, C. sphaericus, D. mongolianum, Kelli-
cotia longispina). Since there is not previous 
data available for Ullibarri-Gamboa reservoir, 
all 14 species reported for this study are first 
register (Table 2). 

analyzed those variables that are corresponded to 
the principal zooplankton species. For the second, 
we performed an analysis using the zooplankton 
groups (rotifers, copepods, cladocerans and zebra 
mussels). For each CCA we included the densi-
ties and or biomass of zooplankton and the 
following environmental variables (temperature, 
dissolved oxygen, conductivity, turbidity, pH, 
Secchi disk, depth, nutrients (TP and TN) and 
Chl-a. In order to normalize the data, they were 
transformed logarithmically Log(x + 1), except 
for pH. The models were tested using Monte 
Carlo permutation (n = 499). Nauplius, copepo-
dites and bdelloid rotifers were excluded since 
they were not identified to species level. Both 
CCAs were executed using the Canoco 4.5 for 
Windows computer program (Ter Braak & 
Šmilauer, 2002).

RESULTS

Environmental parameters

During the two seasons of this study the physical 
and chemical parameters varied at the different 
reservoirs, complete data is reported in Table 1. 
The water temperature on average was higher 
during summer in all waterbodies, except at 
Oliana, where it was higher in autumn. In general, 
the dissolved oxygen presents higher values during 

summer than those in autumn. The pH values do 
not show an important difference between seasons 
because the buffer effect of the bicarbonate in the 
waters and the conductivity values were stable 
(with exception of Mequinenza during autumn 
with a peak of 1288 µS/cm). Suspended solids in 
both seasons were similar in four of the six reser-
voirs, however, data from the Ebro and La Soton-
era reservoirs during the autumn were double 
compared to the summer data. The Secchi disk 
visibility presented a wide variability among reser-
voirs and seasons: Ebro, Oliana and La Sotonera 
had higher values in summer, nevertheless, 
Ullibarri-Gamboa, Mequinenza and Sobrón were 
higher during autumn.

In the case of Chl-a, higher values were 
presented during the summer at Ullibarri-Gam-
boa and Sobrón, and during the autumn at Ebro 
and Oliana. The Oliana reservoir (autumn) had 
the biggest Chl-a concentration of all the study 
(21.14 µg/L). Finally, Mequinenza and La Soton-
era had similar values during both seasons (aver-
age of 3.3 µg/L and 3.5 µg/L respectively). Total 
Nitrogen (TN) values at 5 of the reservoirs were 
higher during summer, only Mequinenza present-
ed a high peak in autumn (1692 µg/L). The higher 
values of total phosphorus (TP) were reported in 
autumn, except at Oliana (80.78 µg/L) and 
Sobrón (25.5 µg/L), where the higher values were 
during summer.

means of a multiparametric devise Sea-Bird 19 
plus V2. The depth of the photic zone was calcu-
lated by measuring the light penetration using a 
quantometer. The water transparency was deter-
mined measuring the Secchi disk depth (SD). An 
integrative water sample was collected from the 
photic zone of each reservoir using a 25 mm 
ballasted tube technique for ex-situ analyses 
(Vicente et al., 2005). For measurements of the 
following variables, we used the standard method-
ology (APHA, 1998) described for suspended 
solids (APHA 2540D), turbidity (ISO7027-1999), 
total nitrogen (TN) (APHA method 4500-N C), 
total phosphorus (TP) (4500-P B/APHA 4500-P 
C), and chlorophyll a (Shoaf & Lium, 1976). The 
complete data set of environmental variables can 
be found at C.H.E. (2016).

To estimate the reservoir´s trophic conditions, 
we used the criteria of the trophic state index 
(TSI) (Carlson, 1977). The TSI´ values of each 
reservoir were obtained with the following 
formulae (Carlson & Simpson, 1996):

  Total phosphorus; TSI (TP) = 14.42 ln (TP) + 4.15
  Chlorophyll a, TSI (Chl-a) = 9.81 ln (Chl-a) + 30.6
  Secchi disk, TSI (SD) = 60 - 14.41 ln (SD) 

Total phosphorus and Chl-a are measured in 
micrograms per liter (μg/L) and Secchi disk depth 
is expressed in meters. TSI is the average value of 
the three above mentioned variables.

  TSI´= [(TSI(TP) + TSI (Chl-a) + TSI (SD))/3]

Zooplankton samples

The zooplankton samples were collected using a 
Ruttner bottle with a capacity of 2.7 L. For each 
reservoir were taken two Ruttner bottles to obtain 
5.4 liters of water sample, then the sample was 
filtered through 30 μm mesh size Nytal, fixed 
with formaldehyde at 4 % final concentration and 
stored in a hermetic glass vial. The sample depth 
was established in each reservoir at the beginning 
of oxygen decline, where has been reported as the 
richest zone of zooplankton fauna (Miracle & 
Vicente, 1983). Also, a zooplankton vertical tow 
net of 50 μm mesh size Nytal was towed from 30 
m deep to the surface, collected and fixed with 

formalin. These vertical tow net samples were 
taken mainly for taxonomic purposes.

Zooplankton species were identified using 
the following guides: Ruttner-Kolisko (1974), 
Koste (1978), Nogrady et al., (1995) and 
Nogrady & Segers (2002) for rotifers, Alonso 
(1996) for cladocerans, and Dussart (1967, 1969) 
for copepods. 

For quantitative results, we used the samples 
taken from the Ruttner bottles, all individuals 
were counted using a Sedgewick Rafter-type 
counting chamber under inverted microscopy. 
After individuals were counted and densities 
were obtained, we calculate the biomass, to deter-
mine it, a minimum of 30 specimens of all species 
were measured and using the formulas that relate 
the total length with the dry weight of the speci-
mens were obtained the corresponding conver-
sion factors (Ruttner-Kolisko, 1977; Dumont et 
al., 1975; Culver et al., 1985). The Shan-
non–Wiener diversity index (H’) (Shannon & 
Weaver, 1963) was calculated from data on the 
abundance of zooplankton for each reservoir at 
both seasons. 

Statistical analysis
 
The correlation coefficients between zooplankton 
data and the environmental factors were calculat-
ed by linear Pearson correlations. Analysis of 
similarity (ANOSIM) tests were performed on the 
zooplankton data to determine which, if any, reser-
voirs showed significant differences in zooplank-
ton community structure between the two seasons. 
ANOSIM is a nonparametric analogue to analysis 
of variance and tests for multivariate differences 
between groups based on Bray-Curtis distance and 
rank dissimilarity. Also, we ran a similarity 
percentage routine (SIMPER), to test which 
zooplankton species were contributing to the com-
munity changes. The SIMPER routine uses 
average Bray-Curtis dissimilarities between all 
pairs of sites to produce a percent contribution 
from each species, identifying the species most 
responsible for the dissimilarity (Clarke & 
Warwick, 2001).

To determine the influence of different factors 
on zooplankton we performed two canonical 
correspondence analysis (CCA). For the first, we 

we focus on zooplankton communities of six 
reservoirs located across the watershed. These 
were chosen due to the fact that existing data is 
more than 30 years old (De Manuel & Jaumel, 
1993) or no previous data was available. The lack 
of information of these reservoirs throughout the 
last three decades could significate changes in 
species composition and non-detected invaders. 
Therefore, it´s important to update the current 
knowledge on zooplanktonic fauna in this water-
shed and know how environmental variables can 
affect the composition of communities through 
seasons. Thus, all this information could be a 
helpful tool for reservoirs management. 

The main objectives of this study were; first, 
report and compare the zooplankton composition 
(species richness, density and biomass) during 
two studied seasons (summer and autumn) in six 
reservoirs at the Ebro watershed. Second, deter-
mine the environmental variables related to the 
zooplankton groups structure (density and 
biomass). Third, update information on the 
zooplanktonic fauna and verify if new species are 

present in the reservoirs compared with available 
data of previous studies. 

MATERIAL AND METHODS

Study area

The data presented in this study was obtained 
from six reservoirs, located in different areas and 
altitudes along the Ebro watershed (Fig. 1). Each 
reservoir was sampled at the beginning of two 
different seasons in 2016: summer (last week of 
June) and autumn (last week of September). One 
sampling point was established at each reservoir 
in the deepest part of the reservoir at 300-500 
meters from the dam.

Environmental Variables

For each reservoir the following variables were 
measured along the water vertical profile, temper-
ature, conductivity, dissolved oxygen, pH, turbidi-
ty and chlorophyll a, all in situ measurements, by 

INTRODUCTION

Zooplankton is, an important component inside the 
freshwater ecosystem, playings a big role in the 
transfer of energy in the aquatic food web between 
primary producers and higher consumers, while 
significantly contributing to the recycling of nutri-
ents (Lampert & Sommer, 1997).

Besides their essential role in trophic levels of 
aquatic environments, this group can also provide 
valuable information that other groups cannot. For 
example, changes in certain metrics such as, size, 
proportion of large and small zooplankton, mean 
of body weight and proportion of resting eggs 
together with the zooplankton:phytoplankton 
biomass ratio, which can indicate a “top-down” 
process (Jeppesen et al., 2011). Top-down control 
is one of the main attributes of zooplankton. This 
occurs when zooplankton consumes high quanti-
ties of phytoplankton and becomes a pressure 
factor, this pressure can determine the composi-
tion of phytoplankton assemblage and decrease 
their abundances and biomass (Naselli-Flores & 
Rossetti, 2010). On the other hand, the zooplank-
ton community can respond quickly to phyto-
plankton blooms during the bottom-up control 
(Carpenter et al., 1985), such as, changes in the 
biomass, the proportion of calanoids copepods 
and numbers of rotifers could indicate this process 
(Jeppesen et al., 2011). Due to their pivotal 
position in the transfer of nutrients and energy in 
aquatic food webs and the valuable data they can 
provide, it is essential to have a wide knowledge 
of zooplankton composition and the factors relat-
ed to this group (Caroni & Irvine, 2010).

All the species and individuals that make up 
the zooplankton community exhibit diverse 
responses to changes (Stemberger et al., 2001). 
These changes can be done by biotic (e.g. food 
availability, predation and competition) and 
abiotic (physical and chemical habitat conditions: 
temperature, dissolved oxygen, pH, etc.) factors, 
as both can affect the species richness, increasing 
or decreasing their abundances and biomass, and 

promoting shifts in their diversity (Jeppesen et 
al., 2000; Wetzel, 2001; Dodson et al., 2009; 
Bonecker et al., 2013). Hence, studies focused on 
such factors can provide useful information to 
manage natural resources (Gulati et al., 1990) as 
well as the understanding of how its community 
structure (species richness, density and abun-
dances) varies with time and in different aquatic 
systems (Dodson et al., 2009; Boix et al., 2008).

Seasonal variation also has an important role 
in waterbodies. Over the course of a year many 
environmental variables can suffer big changes 
depending on the season (Margalef, 1983). On a 
regional and local scale, these seasonal changes 
in natural components, in addition to anthropo-
genic pollution, can impact on aquatic communi-
ties and affect the zooplankton groups in different 
ways (Tavernini et al., 2009). 

Many studies have correlated density, species 
richness and the presence or absence of zooplank-
ton, for example, rotifers (Sladečeck, 1983; 
Ejsmont-Karabin, 1995, 2012; May & O’Hare, 
2005) and micro-crustaceans (Pinto-Coelho et 
al., 2005) to the trophic gradient. Moreover, 
zooplankton, can be an element in evaluating the 
trophic state of reservoirs and lakes (Haberman et 
al., 2007; Haberman & Haldna, 2014) and a good 
indicator of the different trophic states related to 
natural processes, man-made activities and 
climate changes (Jeppesen et al., 2011). Recently, 
in man-made reservoirs have proved that even 
zooplankton density can be a tool to determinate 
the trophic state of a large watershed in Spain 
(Garcia-Chicote et al., 2018). Although the Water 
Framework Directive has the aim of evaluating 
the European waters through several Biological 
Quality Indicators, zooplankton and its valuable 
data is not included as one of these indicators. 

Despite the Ebro watershed being the second 
large watershed in Spain, studies related to 
zooplankton presence in the reservoirs are few 
and focus principally on rotifera phylum´s 
description or distribution (De Manuel & Armen-
gol, 1993; De Manuel, 2000). In the present study Figure 1.  Location of the Ebro Watershed with the sampled reservoirs. Localización de la Cuenca del Ebro con los embalses muestreados.
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ABSTRACT

Zooplankton changes at six reservoirs in the Ebro watershed, Spain

In the present study, six reservoirs of the Ebro watershed were sampled during summer and autumn of 2016, with the objec-
tive of recognizing the zooplankton community, the environmental variables that are correlated with them and update the 
species checklist. We identify 40 zooplankton species among reservoirs: 21 rotifer species, 10 cladocerans, 8 copepods, and 
the veliger larvae of the invasive zebra mussel. Species that had higher abundances and biomass were: the rotifer Polyarthra 
dolichoptera (up to 278 ind/L), the cladoceran genera Daphnia spp. and Ceriodaphnia spp., the copepods Copidodiaptomus 
numidicus (83 ind/L), Acanthocyclops americanus (72 ind/L), Eudiaptomus vulgaris (62 ind/L) and zebra mussel Dreissena 
polymorpha (540 ind/L). In general, the smaller species were dominant during the summer while the larger species were 
dominant in the autumn. The density and biomass of zooplankton in four out of six reservoirs during the summer were double 
that in autumn. The main physicochemical variables correlated with the zooplankton species through a Canonical Corre-
spondences Analysis (CCA) were: chlorophyll a, Secchi disk, total phosphorus, pH and depth. We report for the first time the 
species presented at the Ullibarri-Gamboa reservoir, and present new species registered in the reservoirs compared with those 
reported in previous studies. For the first time, the presence of the zebra mussel was detected at La Sotonera reservoir. This 
indicate its expansion throughout the watershed, suggesting that knowledge of zooplankton species and the changes that occur 
through time can be a tool for reservoirs and watershed management.

Key words: zooplankton community, reservoirs, Ebro watershed, physicochemical parameters, species seasonal variation

RESUMEN

Cambios en el zooplancton en seis embalses en la cuenca del Ebro, España

En el presente estudio, seis embalses de la cuenca del Ebro fueron muestreados durante las estaciones de verano y otoño de 
2016, con los objetivos de conocer la estructura de la comunidad de zooplancton, las variables ambientales con las que se 
correlación y actualizar los listados de especies. Se identificaron 40 especies de zooplancton entre todos los embalses; 21 
especies de rotíferos, 10 de cladóceros, 8 de copépodos y las larvas veligeras del invasivo mejillón cebra. Algunas de las 
especies que tuvieron mayores abundancias y biomasa fueron: el rotífero Polyarthra dolichoptera (hasta 278 ind/L), los 
géneros de cladóceros Daphnia spp, y Ceriodaphnia spp., los copépodos Copidodiaptomus numidicus (83 ind/L), Acanthocy-
clops americanus (72 ind/L), Eudiaptomus vulgaris (62 ind/L) y el mejillón cebra Dreissena polymorpha (540 ind/L). En 
general, durante el verano las especies de menor tamaño fueron las dominantes mientras que en el otoño tuvieron una mayor 
dominancia las especies de mayor tamaño. La densidad y biomasas del zooplancton en cuatro de los seis embalses durante 
el verano fue el doble que en otoño. Las principales variables fisicoquímicas correlacionadas a las especies de zooplancton 
a través de un Análisis de Correspondencias Canónicas (ACC) fueron: clorofila a, disco de Secchi, fosforo total, pH y la 
profundidad. Se reportan por primera vez las especies presentes en el embalse de Ullibarri-Gamboa, además de que se 
presentan nuevas especies registradas en el resto de los embalses contra aquellas reportadas en estudios anteriores. Se 
detecto por primera vez la presencia del mejillón cebra en el embalse de La Sotonera, indicando su expansión a través de la 
cuenca, esto nos sugiere que el conocimiento de las especies del zooplancton y los cambios que presentan a través del tiempo 
puede ser una herramienta para el manejo de los embalses y la cuenca.
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CONCLUSION
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voir depth, as well as with biotic interactions, like 
competition with alien species such as D. poly-
morpha. The relation between the zooplankton 
groups and the environmental variables could help 
us understand the main changes that could occur 
in a shifting world. All reservoirs presented new 
records in zooplankton species. La Sotonera had 
the highest number of new registers with ten 
species, followed by the Ebro with seven, while 
Oliana, Sobrón and Mequinenza have five. For 
Ullibarri-Gamboa reservoir we showed for the 
first time a record of zooplankton species. Also, 
we detected for first time the presence of zebra 
mussels at La Sotonera reservoir, indicating that 
this invader is dispersing throughout the water-
shed. Therefore, zooplankton composition knowl-
edge, regular monitoring of species inhabiting in 
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biomass) can be a helpful tool for watershed man-
agement and early detection of invasive species.
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species are present, where five of them belong to 

rotifers and only D. pulicaria and C. abyssorum 
were reported before. Thus, all these data 
indicate that the communities have changed, 
increasing, or decreasing the number of species 
and being replaced for others. Several explana-
tions such as competition, natural succession or 
even variations of environmental variables 
(Devetter, 1998; Dodson et al., 2009) could 
explain these changes, however, since there is a 
lack of information for all non-reported years, 
the question of which exact events caused these 
changes remains unanswered. 

Due to diverse factors, including manage-
ment, most of water bodies cannot be sampled 
on a regular basis to confirm the species presents 
and like in this study, can take a long time until 
having new data. Nevertheless, having a moni-
toring program could help us to understand the 
community changes. But this is not the only 
benefit, thus, it can be a tool to have complete 
knowledge of species richness and to identify 
the already reported and the newly invasive 
species. For the invasive fauna, correct actions 
could prevent their introduction and dispersal 
along the watershed area, which could not only 
affect local diversity and become one of the 
major aquatic stressors, as is the case with zebra 
mussels (Strayer, 2010), but also create econom-
ic losses due to their impact on important infra-
structures (Duran et al., 2012). 

The Zebra mussels were detected for first time 
at the Ebro watershed in 2001 (Duran & Anadón, 
2008). Previously at La Sotonera reservoir the 
presence of D. polymorpha was not detected, 
however, now the veliger larvae can be found at 
both seasons and it’s a dominant component of 
zooplankton. Thus, the mussel invasion has 
progressed throughout the years and among 
different reservoirs. The two reservoirs were 
mussels were not present are Oliana and Ebro, 
this last is under special protection (Duran & 
Anadón, 2008). Due to the lack of natural preda-
tors, efficient competition and non-intentional 
dispersion of invaders caused by the interaction 
between people among the reservoirs in the area, 
this invader could be detected in the Ebro reser-
voir in the upcoming years. Consequently, they 
would be present from the beginning until the end 
of watershed.

autumn, were mesotrophic to eutrophic, and 
densities of larger species as Daphnia spp. decay 
while smaller cladocerans such as B. longirostris 
and Ceriodaphnia spp. increase. 

Despite the limitations of this work (and 
taking in count the low number of reservoirs 
sampled compared with the watershed size), with 
the data obtained from the CCA we could hypoth-

these statements, for example, the general tenden-
cy at Oliana was that rotifers had high abundances 
during summer, then, during autumn this group 
tended to decrease and microcrustaceans 
increased in number becoming the dominant 
group. Ullibarri-Gamboa presented a similar 
tendency but with higher abundances of rotifers 
and mussels during the summer, followed by the 
increase of copepods and cladocerans during 
autumn. At the Ebro and La Sotonera reservoirs, 
the number of all groups increase in autumn but 
with the rotifers being the dominant group. How-
ever, at Mequinenza the zebra mussels and cope-
pods were dominants during summer reaching up 
350 ind/L, but with a decrease during autumn. 
Sobrón shows a similar tendency, the summer was 
dominated by the zebra mussel (540 ind/L) and in 
the next period densities of all groups decreased 
dramatically. For these two last reservoirs several 
factors could explain these changes, such as an 
extreme fish predation (Amundsen et al., 2009; 
Ginter et al., 2019), the establishment of the 
sessile stage of mussels in any surface decreasing 
the number of the planktonic larvae (Claudi & 
Mackie, 1994) or even some criteria that were not 
taken in count in the previous model, such as the 
food quality and the trophic level of each reservoir 
(Sommer et al., 2012).

Biodiversity is strongly related with environ-
mental factors (Jeppesen et al., 2000), while some 
physiochemical parameters such as temperature, 
dissolved oxygen, pH, etc., can have positive or 
negative effects on zooplankton (Wetzel, 2001). 
One of the more efficient analyses to correlate the 
zooplankton communities with the physical and 
chemical variables is the CCA (Attayde & Bozel-
li, 1998). Data from our CCA analysis shows the 
rotifer P. dolichoptera, which was positioned in 
the middle of the ordination plot, due to their high 
tolerance to different environments conditions 
(Bērziņš & Pejler, 1989), nowadays it has a wide 
distribution in many water bodies around the 
world (Segers, 2007). The copepod Neolovenula 
alluaudi, that is typically from the Mediterranean 
area (Miracle, 1982), also was positioned near the 
center of the CCA. We can infer that they possess 
high tolerance, however, compared to the previ-
ously mentioned rotifer, it was only present at La 
Sotonera reservoir. The populations of this cope-

pod are moving from the south and are now found 
in several water bodies along the Iberian Peninsu-
la (Alfonso & Belmonte, 2013; Miracle, 1982). 
Thus, this copepod was reported at Mequinenza 
30 years ago (De Manuel & Jaume, 1993), but not 
found during the present study. Furthermore, at 
the Mequinenza reservoir the presence of silurids 
is well documented and the early stages of this 
fish can consume copepods and large cladocerans 
individuals as the Daphnia species, they can 
promote the small-size species such as C. dubia 
and D. mongolium, (Miranda et al., 2010). Also, 
in this reservoir no Daphnia species were record-
ed, probably due the combination of predation 
and lower levels of oxygen compared to other 
reservoirs (Hanazato, 1996).

The copepods C. numidicus and T. dybowskii 
were correlated with conductivity, temperature 
and depth. It is well known that big-sized 
zooplankton species perform a daily vertical 
migration to avoid depredation (Hays, 2003; 
Lampert, 1989). The study of Caramujo & Boavi-
da (2000) found that these two copepod species 
can be consumed in large numbers by fishes, for 
this reason, their populations are settled in deepest 
water bodies. In this study, we found both species 
only at Mequinenza, which has an average 50 m of 
depth in both seasons. The biggest copepod found 
in this study was C. numidicus and it provides a 
high percentage of total biomass and density of all 
copepods, thus, Pearson correlation was significa-
tive in terms of depth for this group. 

In the CCA for groups (Fig. 6) the rotifer 
biomass was also correlated to pH, other studies 
have shown that this parameter can affect the 
rotifer occurrence (Bērziņš, 1987) and their 
assemblage in reservoirs (Devetter, 1998). 

The complex of abundances and biomasses of 
microcrustaceans (copepods and cladocerans), 
were related with the components that conform 
the trophic state since they are influenced by the 
Secchi disk, TP and Chl-a. Some authors have 
indicated that large species of these groups can be 
used as an indicator of oligotrophic state (Pejler, 
1983; Moss et al., 2003; Kane et al., 2009; 
Haberman & Maldna, 2014). Usually, at higher 
trophic level, large species are replaced by small 
species (Lampert & Sommer, 1997). The Ebro, 
Oliana and La Sotonera reservoirs, during the 

was in the middle of the ordination plot, this 
rotifer was present in all reservoirs during both 
seasons, their highest abundances were during the 
summer at La Sotonera (279 ind/L) and Oliana 
(125 ind/L). The Daphnia group was related to 
DO, TP and turbidity. The Daphnia species were 
present in five reservoirs and their seasonality 
was split into those which had higher abundances 
in summer (D. cucullata, D. galeata and D. 
pulicaria) and in autumn (Daphnia longispina). 
Finally, the copepod C. vicinus is not related to 
any variable and the zebra mussels are slightly 
connected with pH and alkalinity (Fig. 5).

In the second CCA, we analyzed the envi-
ronmental variables related with the zooplank-
ton density and biomass, the first two axes 
represent the most explanatory value (93.2 %) 

(p value > 0.05 in the Monte Carlo permutation 
test). This CCA indicates that in the first axis the 
trophic indicators are related (SD, Chl-a and TP). 
These principal indicators are related with both 
cladocera and copepoda density and biomass, 
while rotifer density is related to combination of 
TP, turbidity and DO. The biomass of rotifera 
group presents a similar relation with pH instead 
of turbidity. Finally, both density and biomass of 
zebra mussels are related to temperature and 
conductivity (Fig. 6).

DISCUSSION

Sommer et al. (1986) together with the PEG 
(Plankton Ecology Group) proposed a model 
where sequential statements describe the changes 
in zooplankton and phytoplankton communities in 
lakes. In these statements, they described that in 
summer the smaller groups with short generation-
al life cycle dominate and during autumn large 
species appear. In our study, we found that most of 
the changes in reservoirs’ communities followed 

Density and biomass

The zooplankton density varied in each reservoir 
and season, the average of individuals for all the 
reservoirs during summer was 277 ind/L, that was 
higher than in autumn with 148 ind/L. The higher 
densities in most of reservoir belong to rotifers 
and zebra mussels, except in Ullibarri-Gamboa, 
Mequinenza and Oliana during winter (Fig. 4). 

In terms of biomass, microcrustaceans have a 
bigger role instead of rotifers, and each reservoir 
varied in quantity and group that dominates during 
both seasons. The reservoirs with major changes 
between biomass were La Sotonera (dominated 
during the summer for microcrustaceans to zebra 
mussels in fall), Sobrón (zebra mussels to 
cladocerans) and Ullivarri-Gamboa (cladocerans, 
rotifers and zebra mussels to microcrustaceans 
mainly) (Table 3). The Shannon-Wiener index 
indicated that diversity in the Ullibarri-Gamboa 
reservoir was the highest overall 2.59 bits/ind in 
summer. The lowest diversity was found in 
Sobrón during autumn with only 0.18 bits/ind 
(Fig. 3).

Data analysis 

Through the linear Pearson correlations between 
environmental factors and zooplankton groups we 
found that pH was significantly correlated with 

the density of rotifer group (r2 0.35, p < 0.05). 
Also, both zebra mussel density and biomass were 
positively correlated with Chl-a (r2 0.60, p < 0.05 
and r2 0.62, p < 0.05 respectively). Besides, 
copepods density (r2 0.39, p < 0.05) and biomass 
(r2 0.34, p < 0.05) were correlated with the reser-
voir´s depth. Other correlations were not signifi-
cant (p > 0.05). The Analysis of similarity (ANO-
SIM) doesn’t show any difference between both 
seasons (p > 0.05). The contribution of the 
individual taxa in the dissimilarity of zooplankton 
was low (SIMPER values < 5 %), being A. 
priodonta, C. pulchella, Synchaeta pectinata and 
D. mongolianum the responsible for the cumula-
tive of 20 % in the variance of dissimilarity 
between seasons. 

The first CCA, related the physicochemical 
variables with the principal zooplankton species. 
The first two axes explains 45.2 % of the variance 
(p value 0.001 in the Monte Carlo permutation 
test). Temperature, conductivity and depth are 
strongly related to copepods (C. numidicus, 
Cyclops sp. and T. dybowskii) and the cladoceran 
C. dubia. Two of the most abundant rotifers are 
related with the pH (S. pectinata and C. unicornis) 
in addition to the cladoceran D. cucullata. A big 
group composed principally by cladocerans, few 
copepods and rotifers were related to dissolved 
oxygen (DO), turbidity, TP, Chl-a and suspended 
solids (SS) (Fig. 5). The rotifer P. dolichoptera 

Trophic state

With the data obtained, we calculated the Troph-
ic State Index (TSI) for every reservoir and 
season, the waterbodies were ordinated accord-
ing to their TSI from lower to higher values. 
Ullibarri-Gamboa shows the lower trophic value 
in both seasons (39.01, summer and 37.70, 
autumn) and is classifiedd as oligotrophic. While 
Sobrón had the higher value during the summer 
(52.5) and La Sotonera in autumn (59.8). The 
reservoirs during the summer generally present-
ed values between 30 to 50 and during autumn 
the values increase from 40 to 60. According to 
Carlson (1996), most reservoirs are classified as 
mesotrophic, however, Ebro, Oliana and La 
Sotonera are eutrophic during the autumn and 
Sobrón during the summer (Fig. 2).

Zooplankton

We registered a total of 40 zooplankton species 
during both seasons in the six reservoirs (Table 
2). The rotifers were the group with more 
species reported (21), followed by cladocerans 
(10) and copepods (8). Since the veliger larvae 
of the zebra mussel invader (Dreissena polymor-
pha) were found at 4 reservoirs, they were 
considered a separate group inside this study and 
both abundance and biomass were counted. La 

Sotonera presented the highest number of 
species with, 13 in each season, followed by 
Sobrón with 12 in the summer, Oliana and 
Mequinenza with 11 during summer. This same 
species richness was present in Ebro and 
Ullibarri-Gamboa in the autumn. The lowest 
number of species was in Sobrón with only 6 
during the autumn (Table 2). On average, each 
reservoir presented 10 zooplankton species per 
season. The rotifer Polyarthra dolichoptera was 
presented on all reservoirs in at least one season, 
followed by the zebra mussel, which was detect-
ed on four reservoirs during both seasons. The 
two copepod species Cyclops vicinus and 
Cyclops sp., and some rotifers were only 
presented in one reservoir during one season 
(Table 2).

The only previous study on these reservoirs 
was performed during 1987-1988 and reports 
data of summer and winter seasons. However, to 
compare species composition per season we 
only used the summer data from both studies, 
since the other season is not the same and cannot 
be compared equally (winter from the previous 
study and fall in the current). To indicate new 
registers for each reservoir we verified that 
species were not present in the data of both 
seasons from the previous study. The complete 
list of species present of the previous study can 
be found in De Manuel & Jaume (1993).

The new registers of zooplankton species for 
each reservoir are: Sotonera (Bosmina longi-
rostris, Ceriodapnia dubia, Ceriodaphnia 
pulchella, Daphnia galeata, Diaphanosoma 
mongolianum, Acanthocyclops americanus, 
Anuraeopsis fissa, Polyarthra major, Ascomor-
pha ecaudis and D. polymorpha). Ebro (Eud-
iaptomus vulgaris, B. longirostris, D. mongolia-
num, Conochilus unicornis, Trichotria tetractis, 
P. major, Tricochercca cylindrica). Mequinenza 
(Copidodiaptomus numidicus, Thermocyclops 
dybowskii, A. ecaudis). Sobron (Daphnia cucul-
lata, Cyclops vicinus, Asplanchna priodonta, P. 
major, A. fissa) and Oliana (A. americanus, E. 
vulgaris, C. sphaericus, D. mongolianum, Kelli-
cotia longispina). Since there is not previous 
data available for Ullibarri-Gamboa reservoir, 
all 14 species reported for this study are first 
register (Table 2). 

analyzed those variables that are corresponded to 
the principal zooplankton species. For the second, 
we performed an analysis using the zooplankton 
groups (rotifers, copepods, cladocerans and zebra 
mussels). For each CCA we included the densi-
ties and or biomass of zooplankton and the 
following environmental variables (temperature, 
dissolved oxygen, conductivity, turbidity, pH, 
Secchi disk, depth, nutrients (TP and TN) and 
Chl-a. In order to normalize the data, they were 
transformed logarithmically Log(x + 1), except 
for pH. The models were tested using Monte 
Carlo permutation (n = 499). Nauplius, copepo-
dites and bdelloid rotifers were excluded since 
they were not identified to species level. Both 
CCAs were executed using the Canoco 4.5 for 
Windows computer program (Ter Braak & 
Šmilauer, 2002).

RESULTS

Environmental parameters

During the two seasons of this study the physical 
and chemical parameters varied at the different 
reservoirs, complete data is reported in Table 1. 
The water temperature on average was higher 
during summer in all waterbodies, except at 
Oliana, where it was higher in autumn. In general, 
the dissolved oxygen presents higher values during 

summer than those in autumn. The pH values do 
not show an important difference between seasons 
because the buffer effect of the bicarbonate in the 
waters and the conductivity values were stable 
(with exception of Mequinenza during autumn 
with a peak of 1288 µS/cm). Suspended solids in 
both seasons were similar in four of the six reser-
voirs, however, data from the Ebro and La Soton-
era reservoirs during the autumn were double 
compared to the summer data. The Secchi disk 
visibility presented a wide variability among reser-
voirs and seasons: Ebro, Oliana and La Sotonera 
had higher values in summer, nevertheless, 
Ullibarri-Gamboa, Mequinenza and Sobrón were 
higher during autumn.

In the case of Chl-a, higher values were 
presented during the summer at Ullibarri-Gam-
boa and Sobrón, and during the autumn at Ebro 
and Oliana. The Oliana reservoir (autumn) had 
the biggest Chl-a concentration of all the study 
(21.14 µg/L). Finally, Mequinenza and La Soton-
era had similar values during both seasons (aver-
age of 3.3 µg/L and 3.5 µg/L respectively). Total 
Nitrogen (TN) values at 5 of the reservoirs were 
higher during summer, only Mequinenza present-
ed a high peak in autumn (1692 µg/L). The higher 
values of total phosphorus (TP) were reported in 
autumn, except at Oliana (80.78 µg/L) and 
Sobrón (25.5 µg/L), where the higher values were 
during summer.

means of a multiparametric devise Sea-Bird 19 
plus V2. The depth of the photic zone was calcu-
lated by measuring the light penetration using a 
quantometer. The water transparency was deter-
mined measuring the Secchi disk depth (SD). An 
integrative water sample was collected from the 
photic zone of each reservoir using a 25 mm 
ballasted tube technique for ex-situ analyses 
(Vicente et al., 2005). For measurements of the 
following variables, we used the standard method-
ology (APHA, 1998) described for suspended 
solids (APHA 2540D), turbidity (ISO7027-1999), 
total nitrogen (TN) (APHA method 4500-N C), 
total phosphorus (TP) (4500-P B/APHA 4500-P 
C), and chlorophyll a (Shoaf & Lium, 1976). The 
complete data set of environmental variables can 
be found at C.H.E. (2016).

To estimate the reservoir´s trophic conditions, 
we used the criteria of the trophic state index 
(TSI) (Carlson, 1977). The TSI´ values of each 
reservoir were obtained with the following 
formulae (Carlson & Simpson, 1996):

  Total phosphorus; TSI (TP) = 14.42 ln (TP) + 4.15
  Chlorophyll a, TSI (Chl-a) = 9.81 ln (Chl-a) + 30.6
  Secchi disk, TSI (SD) = 60 - 14.41 ln (SD) 

Total phosphorus and Chl-a are measured in 
micrograms per liter (μg/L) and Secchi disk depth 
is expressed in meters. TSI is the average value of 
the three above mentioned variables.

  TSI´= [(TSI(TP) + TSI (Chl-a) + TSI (SD))/3]

Zooplankton samples

The zooplankton samples were collected using a 
Ruttner bottle with a capacity of 2.7 L. For each 
reservoir were taken two Ruttner bottles to obtain 
5.4 liters of water sample, then the sample was 
filtered through 30 μm mesh size Nytal, fixed 
with formaldehyde at 4 % final concentration and 
stored in a hermetic glass vial. The sample depth 
was established in each reservoir at the beginning 
of oxygen decline, where has been reported as the 
richest zone of zooplankton fauna (Miracle & 
Vicente, 1983). Also, a zooplankton vertical tow 
net of 50 μm mesh size Nytal was towed from 30 
m deep to the surface, collected and fixed with 

formalin. These vertical tow net samples were 
taken mainly for taxonomic purposes.

Zooplankton species were identified using 
the following guides: Ruttner-Kolisko (1974), 
Koste (1978), Nogrady et al., (1995) and 
Nogrady & Segers (2002) for rotifers, Alonso 
(1996) for cladocerans, and Dussart (1967, 1969) 
for copepods. 

For quantitative results, we used the samples 
taken from the Ruttner bottles, all individuals 
were counted using a Sedgewick Rafter-type 
counting chamber under inverted microscopy. 
After individuals were counted and densities 
were obtained, we calculate the biomass, to deter-
mine it, a minimum of 30 specimens of all species 
were measured and using the formulas that relate 
the total length with the dry weight of the speci-
mens were obtained the corresponding conver-
sion factors (Ruttner-Kolisko, 1977; Dumont et 
al., 1975; Culver et al., 1985). The Shan-
non–Wiener diversity index (H’) (Shannon & 
Weaver, 1963) was calculated from data on the 
abundance of zooplankton for each reservoir at 
both seasons. 

Statistical analysis
 
The correlation coefficients between zooplankton 
data and the environmental factors were calculat-
ed by linear Pearson correlations. Analysis of 
similarity (ANOSIM) tests were performed on the 
zooplankton data to determine which, if any, reser-
voirs showed significant differences in zooplank-
ton community structure between the two seasons. 
ANOSIM is a nonparametric analogue to analysis 
of variance and tests for multivariate differences 
between groups based on Bray-Curtis distance and 
rank dissimilarity. Also, we ran a similarity 
percentage routine (SIMPER), to test which 
zooplankton species were contributing to the com-
munity changes. The SIMPER routine uses 
average Bray-Curtis dissimilarities between all 
pairs of sites to produce a percent contribution 
from each species, identifying the species most 
responsible for the dissimilarity (Clarke & 
Warwick, 2001).

To determine the influence of different factors 
on zooplankton we performed two canonical 
correspondence analysis (CCA). For the first, we 

we focus on zooplankton communities of six 
reservoirs located across the watershed. These 
were chosen due to the fact that existing data is 
more than 30 years old (De Manuel & Jaumel, 
1993) or no previous data was available. The lack 
of information of these reservoirs throughout the 
last three decades could significate changes in 
species composition and non-detected invaders. 
Therefore, it´s important to update the current 
knowledge on zooplanktonic fauna in this water-
shed and know how environmental variables can 
affect the composition of communities through 
seasons. Thus, all this information could be a 
helpful tool for reservoirs management. 

The main objectives of this study were; first, 
report and compare the zooplankton composition 
(species richness, density and biomass) during 
two studied seasons (summer and autumn) in six 
reservoirs at the Ebro watershed. Second, deter-
mine the environmental variables related to the 
zooplankton groups structure (density and 
biomass). Third, update information on the 
zooplanktonic fauna and verify if new species are 

present in the reservoirs compared with available 
data of previous studies. 

MATERIAL AND METHODS

Study area

The data presented in this study was obtained 
from six reservoirs, located in different areas and 
altitudes along the Ebro watershed (Fig. 1). Each 
reservoir was sampled at the beginning of two 
different seasons in 2016: summer (last week of 
June) and autumn (last week of September). One 
sampling point was established at each reservoir 
in the deepest part of the reservoir at 300-500 
meters from the dam.

Environmental Variables

For each reservoir the following variables were 
measured along the water vertical profile, temper-
ature, conductivity, dissolved oxygen, pH, turbidi-
ty and chlorophyll a, all in situ measurements, by 

INTRODUCTION

Zooplankton is, an important component inside the 
freshwater ecosystem, playings a big role in the 
transfer of energy in the aquatic food web between 
primary producers and higher consumers, while 
significantly contributing to the recycling of nutri-
ents (Lampert & Sommer, 1997).

Besides their essential role in trophic levels of 
aquatic environments, this group can also provide 
valuable information that other groups cannot. For 
example, changes in certain metrics such as, size, 
proportion of large and small zooplankton, mean 
of body weight and proportion of resting eggs 
together with the zooplankton:phytoplankton 
biomass ratio, which can indicate a “top-down” 
process (Jeppesen et al., 2011). Top-down control 
is one of the main attributes of zooplankton. This 
occurs when zooplankton consumes high quanti-
ties of phytoplankton and becomes a pressure 
factor, this pressure can determine the composi-
tion of phytoplankton assemblage and decrease 
their abundances and biomass (Naselli-Flores & 
Rossetti, 2010). On the other hand, the zooplank-
ton community can respond quickly to phyto-
plankton blooms during the bottom-up control 
(Carpenter et al., 1985), such as, changes in the 
biomass, the proportion of calanoids copepods 
and numbers of rotifers could indicate this process 
(Jeppesen et al., 2011). Due to their pivotal 
position in the transfer of nutrients and energy in 
aquatic food webs and the valuable data they can 
provide, it is essential to have a wide knowledge 
of zooplankton composition and the factors relat-
ed to this group (Caroni & Irvine, 2010).

All the species and individuals that make up 
the zooplankton community exhibit diverse 
responses to changes (Stemberger et al., 2001). 
These changes can be done by biotic (e.g. food 
availability, predation and competition) and 
abiotic (physical and chemical habitat conditions: 
temperature, dissolved oxygen, pH, etc.) factors, 
as both can affect the species richness, increasing 
or decreasing their abundances and biomass, and 

promoting shifts in their diversity (Jeppesen et 
al., 2000; Wetzel, 2001; Dodson et al., 2009; 
Bonecker et al., 2013). Hence, studies focused on 
such factors can provide useful information to 
manage natural resources (Gulati et al., 1990) as 
well as the understanding of how its community 
structure (species richness, density and abun-
dances) varies with time and in different aquatic 
systems (Dodson et al., 2009; Boix et al., 2008).

Seasonal variation also has an important role 
in waterbodies. Over the course of a year many 
environmental variables can suffer big changes 
depending on the season (Margalef, 1983). On a 
regional and local scale, these seasonal changes 
in natural components, in addition to anthropo-
genic pollution, can impact on aquatic communi-
ties and affect the zooplankton groups in different 
ways (Tavernini et al., 2009). 

Many studies have correlated density, species 
richness and the presence or absence of zooplank-
ton, for example, rotifers (Sladečeck, 1983; 
Ejsmont-Karabin, 1995, 2012; May & O’Hare, 
2005) and micro-crustaceans (Pinto-Coelho et 
al., 2005) to the trophic gradient. Moreover, 
zooplankton, can be an element in evaluating the 
trophic state of reservoirs and lakes (Haberman et 
al., 2007; Haberman & Haldna, 2014) and a good 
indicator of the different trophic states related to 
natural processes, man-made activities and 
climate changes (Jeppesen et al., 2011). Recently, 
in man-made reservoirs have proved that even 
zooplankton density can be a tool to determinate 
the trophic state of a large watershed in Spain 
(Garcia-Chicote et al., 2018). Although the Water 
Framework Directive has the aim of evaluating 
the European waters through several Biological 
Quality Indicators, zooplankton and its valuable 
data is not included as one of these indicators. 

Despite the Ebro watershed being the second 
large watershed in Spain, studies related to 
zooplankton presence in the reservoirs are few 
and focus principally on rotifera phylum´s 
description or distribution (De Manuel & Armen-
gol, 1993; De Manuel, 2000). In the present study 
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CONCLUSION

Our results show that abundances and biomass 
values were in general two times higher in 
summer than values in autumn. However, there is 
not an equal tendency for all reservoirs and each 
one works in a different way. The data suggest that 
the changes in the zooplankton community during 
both seasons are related mainly with physico-
chemical variables as Chl-a, SD, TP, pH and reser-
voir depth, as well as with biotic interactions, like 
competition with alien species such as D. poly-
morpha. The relation between the zooplankton 
groups and the environmental variables could help 
us understand the main changes that could occur 
in a shifting world. All reservoirs presented new 
records in zooplankton species. La Sotonera had 
the highest number of new registers with ten 
species, followed by the Ebro with seven, while 
Oliana, Sobrón and Mequinenza have five. For 
Ullibarri-Gamboa reservoir we showed for the 
first time a record of zooplankton species. Also, 
we detected for first time the presence of zebra 
mussels at La Sotonera reservoir, indicating that 
this invader is dispersing throughout the water-
shed. Therefore, zooplankton composition knowl-
edge, regular monitoring of species inhabiting in 
the reservoirs and the understanding of environ-
mental variables that affect species and zooplank-
ton structure (specific richness, density and 
biomass) can be a helpful tool for watershed man-
agement and early detection of invasive species.
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esize the zooplankton groups, such as, copepods 
and cladocerans could be affected firstly and their 
structure modified if the variables that are more 
related or affect these groups change for several 
factors, such as, climate change, new invasive 
species and or anthropogenic impacts. 

The zooplankton community normally varied 
through months, seasons or years, and the 
species replacement can happen quickly or 
change gradually with time (Lampert & Sommer, 
1997). Some of these species’ substitutions can 
be observed in the current research compared 
with data of previous works, at Mequinenza, 
from species reported previously for summer 
season we found only two shared species. Larger 
filter species such as N. alluaudi and D. galeata 
together with the main predator A. robustus, 
were substituted for C. numidicus and T. 
dybowskii. A similar case occurred at Sobrón, 
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Vander Zanden (2010) suggests that D. polymor-
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affect the species richness and diversity. The low 
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non-presence of them. In contrast, some changes 
can be appreciated at La Sotonera and Sobrón 
with low diversity (Fig. 3) for their increase in 
density and biomass (Table 3).
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only four shared species. Nowadays, only eight 
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rotifers and only D. pulicaria and C. abyssorum 
were reported before. Thus, all these data 
indicate that the communities have changed, 
increasing, or decreasing the number of species 
and being replaced for others. Several explana-
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(Devetter, 1998; Dodson et al., 2009) could 
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the question of which exact events caused these 
changes remains unanswered. 
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mussels (Strayer, 2010), but also create econom-
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structures (Duran et al., 2012). 
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at the Ebro watershed in 2001 (Duran & Anadón, 
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zooplankton. Thus, the mussel invasion has 
progressed throughout the years and among 
different reservoirs. The two reservoirs were 
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autumn, were mesotrophic to eutrophic, and 
densities of larger species as Daphnia spp. decay 
while smaller cladocerans such as B. longirostris 
and Ceriodaphnia spp. increase. 

Despite the limitations of this work (and 
taking in count the low number of reservoirs 
sampled compared with the watershed size), with 
the data obtained from the CCA we could hypoth-

these statements, for example, the general tenden-
cy at Oliana was that rotifers had high abundances 
during summer, then, during autumn this group 
tended to decrease and microcrustaceans 
increased in number becoming the dominant 
group. Ullibarri-Gamboa presented a similar 
tendency but with higher abundances of rotifers 
and mussels during the summer, followed by the 
increase of copepods and cladocerans during 
autumn. At the Ebro and La Sotonera reservoirs, 
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ever, at Mequinenza the zebra mussels and cope-
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Ginter et al., 2019), the establishment of the 
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Sotonera reservoir. The populations of this cope-
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Thus, this copepod was reported at Mequinenza 
30 years ago (De Manuel & Jaume, 1993), but not 
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the Mequinenza reservoir the presence of silurids 
is well documented and the early stages of this 
fish can consume copepods and large cladocerans 
individuals as the Daphnia species, they can 
promote the small-size species such as C. dubia 
and D. mongolium, (Miranda et al., 2010). Also, 
in this reservoir no Daphnia species were record-
ed, probably due the combination of predation 
and lower levels of oxygen compared to other 
reservoirs (Hanazato, 1996).

The copepods C. numidicus and T. dybowskii 
were correlated with conductivity, temperature 
and depth. It is well known that big-sized 
zooplankton species perform a daily vertical 
migration to avoid depredation (Hays, 2003; 
Lampert, 1989). The study of Caramujo & Boavi-
da (2000) found that these two copepod species 
can be consumed in large numbers by fishes, for 
this reason, their populations are settled in deepest 
water bodies. In this study, we found both species 
only at Mequinenza, which has an average 50 m of 
depth in both seasons. The biggest copepod found 
in this study was C. numidicus and it provides a 
high percentage of total biomass and density of all 
copepods, thus, Pearson correlation was significa-
tive in terms of depth for this group. 

In the CCA for groups (Fig. 6) the rotifer 
biomass was also correlated to pH, other studies 
have shown that this parameter can affect the 
rotifer occurrence (Bērziņš, 1987) and their 
assemblage in reservoirs (Devetter, 1998). 

The complex of abundances and biomasses of 
microcrustaceans (copepods and cladocerans), 
were related with the components that conform 
the trophic state since they are influenced by the 
Secchi disk, TP and Chl-a. Some authors have 
indicated that large species of these groups can be 
used as an indicator of oligotrophic state (Pejler, 
1983; Moss et al., 2003; Kane et al., 2009; 
Haberman & Maldna, 2014). Usually, at higher 
trophic level, large species are replaced by small 
species (Lampert & Sommer, 1997). The Ebro, 
Oliana and La Sotonera reservoirs, during the 

was in the middle of the ordination plot, this 
rotifer was present in all reservoirs during both 
seasons, their highest abundances were during the 
summer at La Sotonera (279 ind/L) and Oliana 
(125 ind/L). The Daphnia group was related to 
DO, TP and turbidity. The Daphnia species were 
present in five reservoirs and their seasonality 
was split into those which had higher abundances 
in summer (D. cucullata, D. galeata and D. 
pulicaria) and in autumn (Daphnia longispina). 
Finally, the copepod C. vicinus is not related to 
any variable and the zebra mussels are slightly 
connected with pH and alkalinity (Fig. 5).

In the second CCA, we analyzed the envi-
ronmental variables related with the zooplank-
ton density and biomass, the first two axes 
represent the most explanatory value (93.2 %) 

(p value > 0.05 in the Monte Carlo permutation 
test). This CCA indicates that in the first axis the 
trophic indicators are related (SD, Chl-a and TP). 
These principal indicators are related with both 
cladocera and copepoda density and biomass, 
while rotifer density is related to combination of 
TP, turbidity and DO. The biomass of rotifera 
group presents a similar relation with pH instead 
of turbidity. Finally, both density and biomass of 
zebra mussels are related to temperature and 
conductivity (Fig. 6).

DISCUSSION

Sommer et al. (1986) together with the PEG 
(Plankton Ecology Group) proposed a model 
where sequential statements describe the changes 
in zooplankton and phytoplankton communities in 
lakes. In these statements, they described that in 
summer the smaller groups with short generation-
al life cycle dominate and during autumn large 
species appear. In our study, we found that most of 
the changes in reservoirs’ communities followed 

Density and biomass

The zooplankton density varied in each reservoir 
and season, the average of individuals for all the 
reservoirs during summer was 277 ind/L, that was 
higher than in autumn with 148 ind/L. The higher 
densities in most of reservoir belong to rotifers 
and zebra mussels, except in Ullibarri-Gamboa, 
Mequinenza and Oliana during winter (Fig. 4). 

In terms of biomass, microcrustaceans have a 
bigger role instead of rotifers, and each reservoir 
varied in quantity and group that dominates during 
both seasons. The reservoirs with major changes 
between biomass were La Sotonera (dominated 
during the summer for microcrustaceans to zebra 
mussels in fall), Sobrón (zebra mussels to 
cladocerans) and Ullivarri-Gamboa (cladocerans, 
rotifers and zebra mussels to microcrustaceans 
mainly) (Table 3). The Shannon-Wiener index 
indicated that diversity in the Ullibarri-Gamboa 
reservoir was the highest overall 2.59 bits/ind in 
summer. The lowest diversity was found in 
Sobrón during autumn with only 0.18 bits/ind 
(Fig. 3).

Data analysis 

Through the linear Pearson correlations between 
environmental factors and zooplankton groups we 
found that pH was significantly correlated with 

the density of rotifer group (r2 0.35, p < 0.05). 
Also, both zebra mussel density and biomass were 
positively correlated with Chl-a (r2 0.60, p < 0.05 
and r2 0.62, p < 0.05 respectively). Besides, 
copepods density (r2 0.39, p < 0.05) and biomass 
(r2 0.34, p < 0.05) were correlated with the reser-
voir´s depth. Other correlations were not signifi-
cant (p > 0.05). The Analysis of similarity (ANO-
SIM) doesn’t show any difference between both 
seasons (p > 0.05). The contribution of the 
individual taxa in the dissimilarity of zooplankton 
was low (SIMPER values < 5 %), being A. 
priodonta, C. pulchella, Synchaeta pectinata and 
D. mongolianum the responsible for the cumula-
tive of 20 % in the variance of dissimilarity 
between seasons. 

The first CCA, related the physicochemical 
variables with the principal zooplankton species. 
The first two axes explains 45.2 % of the variance 
(p value 0.001 in the Monte Carlo permutation 
test). Temperature, conductivity and depth are 
strongly related to copepods (C. numidicus, 
Cyclops sp. and T. dybowskii) and the cladoceran 
C. dubia. Two of the most abundant rotifers are 
related with the pH (S. pectinata and C. unicornis) 
in addition to the cladoceran D. cucullata. A big 
group composed principally by cladocerans, few 
copepods and rotifers were related to dissolved 
oxygen (DO), turbidity, TP, Chl-a and suspended 
solids (SS) (Fig. 5). The rotifer P. dolichoptera 

Trophic state

With the data obtained, we calculated the Troph-
ic State Index (TSI) for every reservoir and 
season, the waterbodies were ordinated accord-
ing to their TSI from lower to higher values. 
Ullibarri-Gamboa shows the lower trophic value 
in both seasons (39.01, summer and 37.70, 
autumn) and is classifiedd as oligotrophic. While 
Sobrón had the higher value during the summer 
(52.5) and La Sotonera in autumn (59.8). The 
reservoirs during the summer generally present-
ed values between 30 to 50 and during autumn 
the values increase from 40 to 60. According to 
Carlson (1996), most reservoirs are classified as 
mesotrophic, however, Ebro, Oliana and La 
Sotonera are eutrophic during the autumn and 
Sobrón during the summer (Fig. 2).

Zooplankton

We registered a total of 40 zooplankton species 
during both seasons in the six reservoirs (Table 
2). The rotifers were the group with more 
species reported (21), followed by cladocerans 
(10) and copepods (8). Since the veliger larvae 
of the zebra mussel invader (Dreissena polymor-
pha) were found at 4 reservoirs, they were 
considered a separate group inside this study and 
both abundance and biomass were counted. La 

Sotonera presented the highest number of 
species with, 13 in each season, followed by 
Sobrón with 12 in the summer, Oliana and 
Mequinenza with 11 during summer. This same 
species richness was present in Ebro and 
Ullibarri-Gamboa in the autumn. The lowest 
number of species was in Sobrón with only 6 
during the autumn (Table 2). On average, each 
reservoir presented 10 zooplankton species per 
season. The rotifer Polyarthra dolichoptera was 
presented on all reservoirs in at least one season, 
followed by the zebra mussel, which was detect-
ed on four reservoirs during both seasons. The 
two copepod species Cyclops vicinus and 
Cyclops sp., and some rotifers were only 
presented in one reservoir during one season 
(Table 2).

The only previous study on these reservoirs 
was performed during 1987-1988 and reports 
data of summer and winter seasons. However, to 
compare species composition per season we 
only used the summer data from both studies, 
since the other season is not the same and cannot 
be compared equally (winter from the previous 
study and fall in the current). To indicate new 
registers for each reservoir we verified that 
species were not present in the data of both 
seasons from the previous study. The complete 
list of species present of the previous study can 
be found in De Manuel & Jaume (1993).

The new registers of zooplankton species for 
each reservoir are: Sotonera (Bosmina longi-
rostris, Ceriodapnia dubia, Ceriodaphnia 
pulchella, Daphnia galeata, Diaphanosoma 
mongolianum, Acanthocyclops americanus, 
Anuraeopsis fissa, Polyarthra major, Ascomor-
pha ecaudis and D. polymorpha). Ebro (Eud-
iaptomus vulgaris, B. longirostris, D. mongolia-
num, Conochilus unicornis, Trichotria tetractis, 
P. major, Tricochercca cylindrica). Mequinenza 
(Copidodiaptomus numidicus, Thermocyclops 
dybowskii, A. ecaudis). Sobron (Daphnia cucul-
lata, Cyclops vicinus, Asplanchna priodonta, P. 
major, A. fissa) and Oliana (A. americanus, E. 
vulgaris, C. sphaericus, D. mongolianum, Kelli-
cotia longispina). Since there is not previous 
data available for Ullibarri-Gamboa reservoir, 
all 14 species reported for this study are first 
register (Table 2). 

analyzed those variables that are corresponded to 
the principal zooplankton species. For the second, 
we performed an analysis using the zooplankton 
groups (rotifers, copepods, cladocerans and zebra 
mussels). For each CCA we included the densi-
ties and or biomass of zooplankton and the 
following environmental variables (temperature, 
dissolved oxygen, conductivity, turbidity, pH, 
Secchi disk, depth, nutrients (TP and TN) and 
Chl-a. In order to normalize the data, they were 
transformed logarithmically Log(x + 1), except 
for pH. The models were tested using Monte 
Carlo permutation (n = 499). Nauplius, copepo-
dites and bdelloid rotifers were excluded since 
they were not identified to species level. Both 
CCAs were executed using the Canoco 4.5 for 
Windows computer program (Ter Braak & 
Šmilauer, 2002).

RESULTS

Environmental parameters

During the two seasons of this study the physical 
and chemical parameters varied at the different 
reservoirs, complete data is reported in Table 1. 
The water temperature on average was higher 
during summer in all waterbodies, except at 
Oliana, where it was higher in autumn. In general, 
the dissolved oxygen presents higher values during 

summer than those in autumn. The pH values do 
not show an important difference between seasons 
because the buffer effect of the bicarbonate in the 
waters and the conductivity values were stable 
(with exception of Mequinenza during autumn 
with a peak of 1288 µS/cm). Suspended solids in 
both seasons were similar in four of the six reser-
voirs, however, data from the Ebro and La Soton-
era reservoirs during the autumn were double 
compared to the summer data. The Secchi disk 
visibility presented a wide variability among reser-
voirs and seasons: Ebro, Oliana and La Sotonera 
had higher values in summer, nevertheless, 
Ullibarri-Gamboa, Mequinenza and Sobrón were 
higher during autumn.

In the case of Chl-a, higher values were 
presented during the summer at Ullibarri-Gam-
boa and Sobrón, and during the autumn at Ebro 
and Oliana. The Oliana reservoir (autumn) had 
the biggest Chl-a concentration of all the study 
(21.14 µg/L). Finally, Mequinenza and La Soton-
era had similar values during both seasons (aver-
age of 3.3 µg/L and 3.5 µg/L respectively). Total 
Nitrogen (TN) values at 5 of the reservoirs were 
higher during summer, only Mequinenza present-
ed a high peak in autumn (1692 µg/L). The higher 
values of total phosphorus (TP) were reported in 
autumn, except at Oliana (80.78 µg/L) and 
Sobrón (25.5 µg/L), where the higher values were 
during summer.

means of a multiparametric devise Sea-Bird 19 
plus V2. The depth of the photic zone was calcu-
lated by measuring the light penetration using a 
quantometer. The water transparency was deter-
mined measuring the Secchi disk depth (SD). An 
integrative water sample was collected from the 
photic zone of each reservoir using a 25 mm 
ballasted tube technique for ex-situ analyses 
(Vicente et al., 2005). For measurements of the 
following variables, we used the standard method-
ology (APHA, 1998) described for suspended 
solids (APHA 2540D), turbidity (ISO7027-1999), 
total nitrogen (TN) (APHA method 4500-N C), 
total phosphorus (TP) (4500-P B/APHA 4500-P 
C), and chlorophyll a (Shoaf & Lium, 1976). The 
complete data set of environmental variables can 
be found at C.H.E. (2016).

To estimate the reservoir´s trophic conditions, 
we used the criteria of the trophic state index 
(TSI) (Carlson, 1977). The TSI´ values of each 
reservoir were obtained with the following 
formulae (Carlson & Simpson, 1996):

  Total phosphorus; TSI (TP) = 14.42 ln (TP) + 4.15
  Chlorophyll a, TSI (Chl-a) = 9.81 ln (Chl-a) + 30.6
  Secchi disk, TSI (SD) = 60 - 14.41 ln (SD) 

Total phosphorus and Chl-a are measured in 
micrograms per liter (μg/L) and Secchi disk depth 
is expressed in meters. TSI is the average value of 
the three above mentioned variables.

  TSI´= [(TSI(TP) + TSI (Chl-a) + TSI (SD))/3]

Zooplankton samples

The zooplankton samples were collected using a 
Ruttner bottle with a capacity of 2.7 L. For each 
reservoir were taken two Ruttner bottles to obtain 
5.4 liters of water sample, then the sample was 
filtered through 30 μm mesh size Nytal, fixed 
with formaldehyde at 4 % final concentration and 
stored in a hermetic glass vial. The sample depth 
was established in each reservoir at the beginning 
of oxygen decline, where has been reported as the 
richest zone of zooplankton fauna (Miracle & 
Vicente, 1983). Also, a zooplankton vertical tow 
net of 50 μm mesh size Nytal was towed from 30 
m deep to the surface, collected and fixed with 

formalin. These vertical tow net samples were 
taken mainly for taxonomic purposes.

Zooplankton species were identified using 
the following guides: Ruttner-Kolisko (1974), 
Koste (1978), Nogrady et al., (1995) and 
Nogrady & Segers (2002) for rotifers, Alonso 
(1996) for cladocerans, and Dussart (1967, 1969) 
for copepods. 

For quantitative results, we used the samples 
taken from the Ruttner bottles, all individuals 
were counted using a Sedgewick Rafter-type 
counting chamber under inverted microscopy. 
After individuals were counted and densities 
were obtained, we calculate the biomass, to deter-
mine it, a minimum of 30 specimens of all species 
were measured and using the formulas that relate 
the total length with the dry weight of the speci-
mens were obtained the corresponding conver-
sion factors (Ruttner-Kolisko, 1977; Dumont et 
al., 1975; Culver et al., 1985). The Shan-
non–Wiener diversity index (H’) (Shannon & 
Weaver, 1963) was calculated from data on the 
abundance of zooplankton for each reservoir at 
both seasons. 

Statistical analysis
 
The correlation coefficients between zooplankton 
data and the environmental factors were calculat-
ed by linear Pearson correlations. Analysis of 
similarity (ANOSIM) tests were performed on the 
zooplankton data to determine which, if any, reser-
voirs showed significant differences in zooplank-
ton community structure between the two seasons. 
ANOSIM is a nonparametric analogue to analysis 
of variance and tests for multivariate differences 
between groups based on Bray-Curtis distance and 
rank dissimilarity. Also, we ran a similarity 
percentage routine (SIMPER), to test which 
zooplankton species were contributing to the com-
munity changes. The SIMPER routine uses 
average Bray-Curtis dissimilarities between all 
pairs of sites to produce a percent contribution 
from each species, identifying the species most 
responsible for the dissimilarity (Clarke & 
Warwick, 2001).

To determine the influence of different factors 
on zooplankton we performed two canonical 
correspondence analysis (CCA). For the first, we 

we focus on zooplankton communities of six 
reservoirs located across the watershed. These 
were chosen due to the fact that existing data is 
more than 30 years old (De Manuel & Jaumel, 
1993) or no previous data was available. The lack 
of information of these reservoirs throughout the 
last three decades could significate changes in 
species composition and non-detected invaders. 
Therefore, it´s important to update the current 
knowledge on zooplanktonic fauna in this water-
shed and know how environmental variables can 
affect the composition of communities through 
seasons. Thus, all this information could be a 
helpful tool for reservoirs management. 

The main objectives of this study were; first, 
report and compare the zooplankton composition 
(species richness, density and biomass) during 
two studied seasons (summer and autumn) in six 
reservoirs at the Ebro watershed. Second, deter-
mine the environmental variables related to the 
zooplankton groups structure (density and 
biomass). Third, update information on the 
zooplanktonic fauna and verify if new species are 

present in the reservoirs compared with available 
data of previous studies. 

MATERIAL AND METHODS

Study area

The data presented in this study was obtained 
from six reservoirs, located in different areas and 
altitudes along the Ebro watershed (Fig. 1). Each 
reservoir was sampled at the beginning of two 
different seasons in 2016: summer (last week of 
June) and autumn (last week of September). One 
sampling point was established at each reservoir 
in the deepest part of the reservoir at 300-500 
meters from the dam.

Environmental Variables

For each reservoir the following variables were 
measured along the water vertical profile, temper-
ature, conductivity, dissolved oxygen, pH, turbidi-
ty and chlorophyll a, all in situ measurements, by 

INTRODUCTION

Zooplankton is, an important component inside the 
freshwater ecosystem, playings a big role in the 
transfer of energy in the aquatic food web between 
primary producers and higher consumers, while 
significantly contributing to the recycling of nutri-
ents (Lampert & Sommer, 1997).

Besides their essential role in trophic levels of 
aquatic environments, this group can also provide 
valuable information that other groups cannot. For 
example, changes in certain metrics such as, size, 
proportion of large and small zooplankton, mean 
of body weight and proportion of resting eggs 
together with the zooplankton:phytoplankton 
biomass ratio, which can indicate a “top-down” 
process (Jeppesen et al., 2011). Top-down control 
is one of the main attributes of zooplankton. This 
occurs when zooplankton consumes high quanti-
ties of phytoplankton and becomes a pressure 
factor, this pressure can determine the composi-
tion of phytoplankton assemblage and decrease 
their abundances and biomass (Naselli-Flores & 
Rossetti, 2010). On the other hand, the zooplank-
ton community can respond quickly to phyto-
plankton blooms during the bottom-up control 
(Carpenter et al., 1985), such as, changes in the 
biomass, the proportion of calanoids copepods 
and numbers of rotifers could indicate this process 
(Jeppesen et al., 2011). Due to their pivotal 
position in the transfer of nutrients and energy in 
aquatic food webs and the valuable data they can 
provide, it is essential to have a wide knowledge 
of zooplankton composition and the factors relat-
ed to this group (Caroni & Irvine, 2010).

All the species and individuals that make up 
the zooplankton community exhibit diverse 
responses to changes (Stemberger et al., 2001). 
These changes can be done by biotic (e.g. food 
availability, predation and competition) and 
abiotic (physical and chemical habitat conditions: 
temperature, dissolved oxygen, pH, etc.) factors, 
as both can affect the species richness, increasing 
or decreasing their abundances and biomass, and 

promoting shifts in their diversity (Jeppesen et 
al., 2000; Wetzel, 2001; Dodson et al., 2009; 
Bonecker et al., 2013). Hence, studies focused on 
such factors can provide useful information to 
manage natural resources (Gulati et al., 1990) as 
well as the understanding of how its community 
structure (species richness, density and abun-
dances) varies with time and in different aquatic 
systems (Dodson et al., 2009; Boix et al., 2008).

Seasonal variation also has an important role 
in waterbodies. Over the course of a year many 
environmental variables can suffer big changes 
depending on the season (Margalef, 1983). On a 
regional and local scale, these seasonal changes 
in natural components, in addition to anthropo-
genic pollution, can impact on aquatic communi-
ties and affect the zooplankton groups in different 
ways (Tavernini et al., 2009). 

Many studies have correlated density, species 
richness and the presence or absence of zooplank-
ton, for example, rotifers (Sladečeck, 1983; 
Ejsmont-Karabin, 1995, 2012; May & O’Hare, 
2005) and micro-crustaceans (Pinto-Coelho et 
al., 2005) to the trophic gradient. Moreover, 
zooplankton, can be an element in evaluating the 
trophic state of reservoirs and lakes (Haberman et 
al., 2007; Haberman & Haldna, 2014) and a good 
indicator of the different trophic states related to 
natural processes, man-made activities and 
climate changes (Jeppesen et al., 2011). Recently, 
in man-made reservoirs have proved that even 
zooplankton density can be a tool to determinate 
the trophic state of a large watershed in Spain 
(Garcia-Chicote et al., 2018). Although the Water 
Framework Directive has the aim of evaluating 
the European waters through several Biological 
Quality Indicators, zooplankton and its valuable 
data is not included as one of these indicators. 

Despite the Ebro watershed being the second 
large watershed in Spain, studies related to 
zooplankton presence in the reservoirs are few 
and focus principally on rotifera phylum´s 
description or distribution (De Manuel & Armen-
gol, 1993; De Manuel, 2000). In the present study 

Table 1.  Complete data of physicochemical variable measurements during both seasons, data modified from C.H.E (2016). Datos 
completos de los parámetros fisicoquímicos medidos durante las dos sesiones. Datos modificados de C.H.E. (2016).

Summer  Autumn 

Parameter unit ULL MEQ EBR OLI SOB SOT ULL MEQ EBR OLI SOB SOT 

Temperature °C 20.80 23.62 18.15 18.87 21.59 23.50 19.49 24.64 18.41 22.99 17.77 23.29 

Disolved oxygen mg/L 7.16 6.79 7.84 8.70 7.31 8.04 5.85 3.52 7.95 7.45 6.87 7.29 
Conductivity µS/cm 244 815 188 187 324 331 219 1288 195 270 255 318 

pH 8.43 8.24 8.18 8.45 8.31 8.34 8.09 7.94 7.87 8.35 7.89 8.38 

Depth m 23 57 20 50 27 20 21 53 14 37 27 12 

Secchi m 3.50 3.70 4.50 2.90 1.70 2.25 7.75 3.80 1.40 2.70 2.00 1.10 
Suspended solids mg/L 1.12 2.13 1.29 4.32 4.47 3.40 0.79 2.02 7.41 4.11 3.39 7.56 

Turbidity NTU 1.88 1.88 2.89 3.80 4.37 1.61 1.55 1.22 6.99 3.86 4.47 4.74 

Alkalinity Meq/L 2.28 3.12 1.24 1.52 2.32 2.52 2.00 2.85 1.24 1.92 1.88 2.24 

Chl-  µg/L 2.26 3.66 2.26 6.73 11.13 3.38 1.37 3.69 5.00 21.14 3.03 3.69 
TN µg/L 660 217 450 680 810 450 324 1692 427 622 484 276 

TP µg/L 9.41 9.12 13.54 80.78 25.50 8.39 22.44 13.00 26.48 25.00 19.29 16.00 
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CONCLUSION

Our results show that abundances and biomass 
values were in general two times higher in 
summer than values in autumn. However, there is 
not an equal tendency for all reservoirs and each 
one works in a different way. The data suggest that 
the changes in the zooplankton community during 
both seasons are related mainly with physico-
chemical variables as Chl-a, SD, TP, pH and reser-
voir depth, as well as with biotic interactions, like 
competition with alien species such as D. poly-
morpha. The relation between the zooplankton 
groups and the environmental variables could help 
us understand the main changes that could occur 
in a shifting world. All reservoirs presented new 
records in zooplankton species. La Sotonera had 
the highest number of new registers with ten 
species, followed by the Ebro with seven, while 
Oliana, Sobrón and Mequinenza have five. For 
Ullibarri-Gamboa reservoir we showed for the 
first time a record of zooplankton species. Also, 
we detected for first time the presence of zebra 
mussels at La Sotonera reservoir, indicating that 
this invader is dispersing throughout the water-
shed. Therefore, zooplankton composition knowl-
edge, regular monitoring of species inhabiting in 
the reservoirs and the understanding of environ-
mental variables that affect species and zooplank-
ton structure (specific richness, density and 
biomass) can be a helpful tool for watershed man-
agement and early detection of invasive species.
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esize the zooplankton groups, such as, copepods 
and cladocerans could be affected firstly and their 
structure modified if the variables that are more 
related or affect these groups change for several 
factors, such as, climate change, new invasive 
species and or anthropogenic impacts. 

The zooplankton community normally varied 
through months, seasons or years, and the 
species replacement can happen quickly or 
change gradually with time (Lampert & Sommer, 
1997). Some of these species’ substitutions can 
be observed in the current research compared 
with data of previous works, at Mequinenza, 
from species reported previously for summer 
season we found only two shared species. Larger 
filter species such as N. alluaudi and D. galeata 
together with the main predator A. robustus, 
were substituted for C. numidicus and T. 
dybowskii. A similar case occurred at Sobrón, 
where only three species were shared. From three 
cyclopids species to only C. vicinus and the pres-
ence of D. galeata and C. pulchella.

The reservoir with the most shared species 
was Oliana, with seven of the nine species 
reported for this study. The main change 
observed was C. abyssorum to A. americanus. 
The Sotonera reservoir was the only reservoir 
where the two previous copepod species did not 
suffer any variation, however, cladocerans from 
two Daphnia species changed to one species (D. 
galeata) and medium-size filters as C. dubia and 
D. mongolianum. The study of Higgins & 
Vander Zanden (2010) suggests that D. polymor-
pha can reduce the zooplankton biomass to 
40-77 % in pelagic areas and replace them, this 
affect the species richness and diversity. The low 
replacement at Oliana could be related to the 
non-presence of them. In contrast, some changes 
can be appreciated at La Sotonera and Sobrón 
with low diversity (Fig. 3) for their increase in 
density and biomass (Table 3).

For the Ebro reservoir, there is a great differ-
ence in the number of zooplankton species 
between studies since previously 20 species were 
reported, where almost half of the species were 
microcrustaceans including several species of 
Daphnia and cyclopids, however, we registered 
only four shared species. Nowadays, only eight 
species are present, where five of them belong to 

rotifers and only D. pulicaria and C. abyssorum 
were reported before. Thus, all these data 
indicate that the communities have changed, 
increasing, or decreasing the number of species 
and being replaced for others. Several explana-
tions such as competition, natural succession or 
even variations of environmental variables 
(Devetter, 1998; Dodson et al., 2009) could 
explain these changes, however, since there is a 
lack of information for all non-reported years, 
the question of which exact events caused these 
changes remains unanswered. 

Due to diverse factors, including manage-
ment, most of water bodies cannot be sampled 
on a regular basis to confirm the species presents 
and like in this study, can take a long time until 
having new data. Nevertheless, having a moni-
toring program could help us to understand the 
community changes. But this is not the only 
benefit, thus, it can be a tool to have complete 
knowledge of species richness and to identify 
the already reported and the newly invasive 
species. For the invasive fauna, correct actions 
could prevent their introduction and dispersal 
along the watershed area, which could not only 
affect local diversity and become one of the 
major aquatic stressors, as is the case with zebra 
mussels (Strayer, 2010), but also create econom-
ic losses due to their impact on important infra-
structures (Duran et al., 2012). 

The Zebra mussels were detected for first time 
at the Ebro watershed in 2001 (Duran & Anadón, 
2008). Previously at La Sotonera reservoir the 
presence of D. polymorpha was not detected, 
however, now the veliger larvae can be found at 
both seasons and it’s a dominant component of 
zooplankton. Thus, the mussel invasion has 
progressed throughout the years and among 
different reservoirs. The two reservoirs were 
mussels were not present are Oliana and Ebro, 
this last is under special protection (Duran & 
Anadón, 2008). Due to the lack of natural preda-
tors, efficient competition and non-intentional 
dispersion of invaders caused by the interaction 
between people among the reservoirs in the area, 
this invader could be detected in the Ebro reser-
voir in the upcoming years. Consequently, they 
would be present from the beginning until the end 
of watershed.

autumn, were mesotrophic to eutrophic, and 
densities of larger species as Daphnia spp. decay 
while smaller cladocerans such as B. longirostris 
and Ceriodaphnia spp. increase. 

Despite the limitations of this work (and 
taking in count the low number of reservoirs 
sampled compared with the watershed size), with 
the data obtained from the CCA we could hypoth-

these statements, for example, the general tenden-
cy at Oliana was that rotifers had high abundances 
during summer, then, during autumn this group 
tended to decrease and microcrustaceans 
increased in number becoming the dominant 
group. Ullibarri-Gamboa presented a similar 
tendency but with higher abundances of rotifers 
and mussels during the summer, followed by the 
increase of copepods and cladocerans during 
autumn. At the Ebro and La Sotonera reservoirs, 
the number of all groups increase in autumn but 
with the rotifers being the dominant group. How-
ever, at Mequinenza the zebra mussels and cope-
pods were dominants during summer reaching up 
350 ind/L, but with a decrease during autumn. 
Sobrón shows a similar tendency, the summer was 
dominated by the zebra mussel (540 ind/L) and in 
the next period densities of all groups decreased 
dramatically. For these two last reservoirs several 
factors could explain these changes, such as an 
extreme fish predation (Amundsen et al., 2009; 
Ginter et al., 2019), the establishment of the 
sessile stage of mussels in any surface decreasing 
the number of the planktonic larvae (Claudi & 
Mackie, 1994) or even some criteria that were not 
taken in count in the previous model, such as the 
food quality and the trophic level of each reservoir 
(Sommer et al., 2012).

Biodiversity is strongly related with environ-
mental factors (Jeppesen et al., 2000), while some 
physiochemical parameters such as temperature, 
dissolved oxygen, pH, etc., can have positive or 
negative effects on zooplankton (Wetzel, 2001). 
One of the more efficient analyses to correlate the 
zooplankton communities with the physical and 
chemical variables is the CCA (Attayde & Bozel-
li, 1998). Data from our CCA analysis shows the 
rotifer P. dolichoptera, which was positioned in 
the middle of the ordination plot, due to their high 
tolerance to different environments conditions 
(Bērziņš & Pejler, 1989), nowadays it has a wide 
distribution in many water bodies around the 
world (Segers, 2007). The copepod Neolovenula 
alluaudi, that is typically from the Mediterranean 
area (Miracle, 1982), also was positioned near the 
center of the CCA. We can infer that they possess 
high tolerance, however, compared to the previ-
ously mentioned rotifer, it was only present at La 
Sotonera reservoir. The populations of this cope-

pod are moving from the south and are now found 
in several water bodies along the Iberian Peninsu-
la (Alfonso & Belmonte, 2013; Miracle, 1982). 
Thus, this copepod was reported at Mequinenza 
30 years ago (De Manuel & Jaume, 1993), but not 
found during the present study. Furthermore, at 
the Mequinenza reservoir the presence of silurids 
is well documented and the early stages of this 
fish can consume copepods and large cladocerans 
individuals as the Daphnia species, they can 
promote the small-size species such as C. dubia 
and D. mongolium, (Miranda et al., 2010). Also, 
in this reservoir no Daphnia species were record-
ed, probably due the combination of predation 
and lower levels of oxygen compared to other 
reservoirs (Hanazato, 1996).

The copepods C. numidicus and T. dybowskii 
were correlated with conductivity, temperature 
and depth. It is well known that big-sized 
zooplankton species perform a daily vertical 
migration to avoid depredation (Hays, 2003; 
Lampert, 1989). The study of Caramujo & Boavi-
da (2000) found that these two copepod species 
can be consumed in large numbers by fishes, for 
this reason, their populations are settled in deepest 
water bodies. In this study, we found both species 
only at Mequinenza, which has an average 50 m of 
depth in both seasons. The biggest copepod found 
in this study was C. numidicus and it provides a 
high percentage of total biomass and density of all 
copepods, thus, Pearson correlation was significa-
tive in terms of depth for this group. 

In the CCA for groups (Fig. 6) the rotifer 
biomass was also correlated to pH, other studies 
have shown that this parameter can affect the 
rotifer occurrence (Bērziņš, 1987) and their 
assemblage in reservoirs (Devetter, 1998). 

The complex of abundances and biomasses of 
microcrustaceans (copepods and cladocerans), 
were related with the components that conform 
the trophic state since they are influenced by the 
Secchi disk, TP and Chl-a. Some authors have 
indicated that large species of these groups can be 
used as an indicator of oligotrophic state (Pejler, 
1983; Moss et al., 2003; Kane et al., 2009; 
Haberman & Maldna, 2014). Usually, at higher 
trophic level, large species are replaced by small 
species (Lampert & Sommer, 1997). The Ebro, 
Oliana and La Sotonera reservoirs, during the 

was in the middle of the ordination plot, this 
rotifer was present in all reservoirs during both 
seasons, their highest abundances were during the 
summer at La Sotonera (279 ind/L) and Oliana 
(125 ind/L). The Daphnia group was related to 
DO, TP and turbidity. The Daphnia species were 
present in five reservoirs and their seasonality 
was split into those which had higher abundances 
in summer (D. cucullata, D. galeata and D. 
pulicaria) and in autumn (Daphnia longispina). 
Finally, the copepod C. vicinus is not related to 
any variable and the zebra mussels are slightly 
connected with pH and alkalinity (Fig. 5).

In the second CCA, we analyzed the envi-
ronmental variables related with the zooplank-
ton density and biomass, the first two axes 
represent the most explanatory value (93.2 %) 

(p value > 0.05 in the Monte Carlo permutation 
test). This CCA indicates that in the first axis the 
trophic indicators are related (SD, Chl-a and TP). 
These principal indicators are related with both 
cladocera and copepoda density and biomass, 
while rotifer density is related to combination of 
TP, turbidity and DO. The biomass of rotifera 
group presents a similar relation with pH instead 
of turbidity. Finally, both density and biomass of 
zebra mussels are related to temperature and 
conductivity (Fig. 6).

DISCUSSION

Sommer et al. (1986) together with the PEG 
(Plankton Ecology Group) proposed a model 
where sequential statements describe the changes 
in zooplankton and phytoplankton communities in 
lakes. In these statements, they described that in 
summer the smaller groups with short generation-
al life cycle dominate and during autumn large 
species appear. In our study, we found that most of 
the changes in reservoirs’ communities followed 

Density and biomass

The zooplankton density varied in each reservoir 
and season, the average of individuals for all the 
reservoirs during summer was 277 ind/L, that was 
higher than in autumn with 148 ind/L. The higher 
densities in most of reservoir belong to rotifers 
and zebra mussels, except in Ullibarri-Gamboa, 
Mequinenza and Oliana during winter (Fig. 4). 

In terms of biomass, microcrustaceans have a 
bigger role instead of rotifers, and each reservoir 
varied in quantity and group that dominates during 
both seasons. The reservoirs with major changes 
between biomass were La Sotonera (dominated 
during the summer for microcrustaceans to zebra 
mussels in fall), Sobrón (zebra mussels to 
cladocerans) and Ullivarri-Gamboa (cladocerans, 
rotifers and zebra mussels to microcrustaceans 
mainly) (Table 3). The Shannon-Wiener index 
indicated that diversity in the Ullibarri-Gamboa 
reservoir was the highest overall 2.59 bits/ind in 
summer. The lowest diversity was found in 
Sobrón during autumn with only 0.18 bits/ind 
(Fig. 3).

Data analysis 

Through the linear Pearson correlations between 
environmental factors and zooplankton groups we 
found that pH was significantly correlated with 

the density of rotifer group (r2 0.35, p < 0.05). 
Also, both zebra mussel density and biomass were 
positively correlated with Chl-a (r2 0.60, p < 0.05 
and r2 0.62, p < 0.05 respectively). Besides, 
copepods density (r2 0.39, p < 0.05) and biomass 
(r2 0.34, p < 0.05) were correlated with the reser-
voir´s depth. Other correlations were not signifi-
cant (p > 0.05). The Analysis of similarity (ANO-
SIM) doesn’t show any difference between both 
seasons (p > 0.05). The contribution of the 
individual taxa in the dissimilarity of zooplankton 
was low (SIMPER values < 5 %), being A. 
priodonta, C. pulchella, Synchaeta pectinata and 
D. mongolianum the responsible for the cumula-
tive of 20 % in the variance of dissimilarity 
between seasons. 

The first CCA, related the physicochemical 
variables with the principal zooplankton species. 
The first two axes explains 45.2 % of the variance 
(p value 0.001 in the Monte Carlo permutation 
test). Temperature, conductivity and depth are 
strongly related to copepods (C. numidicus, 
Cyclops sp. and T. dybowskii) and the cladoceran 
C. dubia. Two of the most abundant rotifers are 
related with the pH (S. pectinata and C. unicornis) 
in addition to the cladoceran D. cucullata. A big 
group composed principally by cladocerans, few 
copepods and rotifers were related to dissolved 
oxygen (DO), turbidity, TP, Chl-a and suspended 
solids (SS) (Fig. 5). The rotifer P. dolichoptera 

Trophic state

With the data obtained, we calculated the Troph-
ic State Index (TSI) for every reservoir and 
season, the waterbodies were ordinated accord-
ing to their TSI from lower to higher values. 
Ullibarri-Gamboa shows the lower trophic value 
in both seasons (39.01, summer and 37.70, 
autumn) and is classifiedd as oligotrophic. While 
Sobrón had the higher value during the summer 
(52.5) and La Sotonera in autumn (59.8). The 
reservoirs during the summer generally present-
ed values between 30 to 50 and during autumn 
the values increase from 40 to 60. According to 
Carlson (1996), most reservoirs are classified as 
mesotrophic, however, Ebro, Oliana and La 
Sotonera are eutrophic during the autumn and 
Sobrón during the summer (Fig. 2).

Zooplankton

We registered a total of 40 zooplankton species 
during both seasons in the six reservoirs (Table 
2). The rotifers were the group with more 
species reported (21), followed by cladocerans 
(10) and copepods (8). Since the veliger larvae 
of the zebra mussel invader (Dreissena polymor-
pha) were found at 4 reservoirs, they were 
considered a separate group inside this study and 
both abundance and biomass were counted. La 

Sotonera presented the highest number of 
species with, 13 in each season, followed by 
Sobrón with 12 in the summer, Oliana and 
Mequinenza with 11 during summer. This same 
species richness was present in Ebro and 
Ullibarri-Gamboa in the autumn. The lowest 
number of species was in Sobrón with only 6 
during the autumn (Table 2). On average, each 
reservoir presented 10 zooplankton species per 
season. The rotifer Polyarthra dolichoptera was 
presented on all reservoirs in at least one season, 
followed by the zebra mussel, which was detect-
ed on four reservoirs during both seasons. The 
two copepod species Cyclops vicinus and 
Cyclops sp., and some rotifers were only 
presented in one reservoir during one season 
(Table 2).

The only previous study on these reservoirs 
was performed during 1987-1988 and reports 
data of summer and winter seasons. However, to 
compare species composition per season we 
only used the summer data from both studies, 
since the other season is not the same and cannot 
be compared equally (winter from the previous 
study and fall in the current). To indicate new 
registers for each reservoir we verified that 
species were not present in the data of both 
seasons from the previous study. The complete 
list of species present of the previous study can 
be found in De Manuel & Jaume (1993).

The new registers of zooplankton species for 
each reservoir are: Sotonera (Bosmina longi-
rostris, Ceriodapnia dubia, Ceriodaphnia 
pulchella, Daphnia galeata, Diaphanosoma 
mongolianum, Acanthocyclops americanus, 
Anuraeopsis fissa, Polyarthra major, Ascomor-
pha ecaudis and D. polymorpha). Ebro (Eud-
iaptomus vulgaris, B. longirostris, D. mongolia-
num, Conochilus unicornis, Trichotria tetractis, 
P. major, Tricochercca cylindrica). Mequinenza 
(Copidodiaptomus numidicus, Thermocyclops 
dybowskii, A. ecaudis). Sobron (Daphnia cucul-
lata, Cyclops vicinus, Asplanchna priodonta, P. 
major, A. fissa) and Oliana (A. americanus, E. 
vulgaris, C. sphaericus, D. mongolianum, Kelli-
cotia longispina). Since there is not previous 
data available for Ullibarri-Gamboa reservoir, 
all 14 species reported for this study are first 
register (Table 2). 

analyzed those variables that are corresponded to 
the principal zooplankton species. For the second, 
we performed an analysis using the zooplankton 
groups (rotifers, copepods, cladocerans and zebra 
mussels). For each CCA we included the densi-
ties and or biomass of zooplankton and the 
following environmental variables (temperature, 
dissolved oxygen, conductivity, turbidity, pH, 
Secchi disk, depth, nutrients (TP and TN) and 
Chl-a. In order to normalize the data, they were 
transformed logarithmically Log(x + 1), except 
for pH. The models were tested using Monte 
Carlo permutation (n = 499). Nauplius, copepo-
dites and bdelloid rotifers were excluded since 
they were not identified to species level. Both 
CCAs were executed using the Canoco 4.5 for 
Windows computer program (Ter Braak & 
Šmilauer, 2002).

RESULTS

Environmental parameters

During the two seasons of this study the physical 
and chemical parameters varied at the different 
reservoirs, complete data is reported in Table 1. 
The water temperature on average was higher 
during summer in all waterbodies, except at 
Oliana, where it was higher in autumn. In general, 
the dissolved oxygen presents higher values during 

summer than those in autumn. The pH values do 
not show an important difference between seasons 
because the buffer effect of the bicarbonate in the 
waters and the conductivity values were stable 
(with exception of Mequinenza during autumn 
with a peak of 1288 µS/cm). Suspended solids in 
both seasons were similar in four of the six reser-
voirs, however, data from the Ebro and La Soton-
era reservoirs during the autumn were double 
compared to the summer data. The Secchi disk 
visibility presented a wide variability among reser-
voirs and seasons: Ebro, Oliana and La Sotonera 
had higher values in summer, nevertheless, 
Ullibarri-Gamboa, Mequinenza and Sobrón were 
higher during autumn.

In the case of Chl-a, higher values were 
presented during the summer at Ullibarri-Gam-
boa and Sobrón, and during the autumn at Ebro 
and Oliana. The Oliana reservoir (autumn) had 
the biggest Chl-a concentration of all the study 
(21.14 µg/L). Finally, Mequinenza and La Soton-
era had similar values during both seasons (aver-
age of 3.3 µg/L and 3.5 µg/L respectively). Total 
Nitrogen (TN) values at 5 of the reservoirs were 
higher during summer, only Mequinenza present-
ed a high peak in autumn (1692 µg/L). The higher 
values of total phosphorus (TP) were reported in 
autumn, except at Oliana (80.78 µg/L) and 
Sobrón (25.5 µg/L), where the higher values were 
during summer.

means of a multiparametric devise Sea-Bird 19 
plus V2. The depth of the photic zone was calcu-
lated by measuring the light penetration using a 
quantometer. The water transparency was deter-
mined measuring the Secchi disk depth (SD). An 
integrative water sample was collected from the 
photic zone of each reservoir using a 25 mm 
ballasted tube technique for ex-situ analyses 
(Vicente et al., 2005). For measurements of the 
following variables, we used the standard method-
ology (APHA, 1998) described for suspended 
solids (APHA 2540D), turbidity (ISO7027-1999), 
total nitrogen (TN) (APHA method 4500-N C), 
total phosphorus (TP) (4500-P B/APHA 4500-P 
C), and chlorophyll a (Shoaf & Lium, 1976). The 
complete data set of environmental variables can 
be found at C.H.E. (2016).

To estimate the reservoir´s trophic conditions, 
we used the criteria of the trophic state index 
(TSI) (Carlson, 1977). The TSI´ values of each 
reservoir were obtained with the following 
formulae (Carlson & Simpson, 1996):

  Total phosphorus; TSI (TP) = 14.42 ln (TP) + 4.15
  Chlorophyll a, TSI (Chl-a) = 9.81 ln (Chl-a) + 30.6
  Secchi disk, TSI (SD) = 60 - 14.41 ln (SD) 

Total phosphorus and Chl-a are measured in 
micrograms per liter (μg/L) and Secchi disk depth 
is expressed in meters. TSI is the average value of 
the three above mentioned variables.

  TSI´= [(TSI(TP) + TSI (Chl-a) + TSI (SD))/3]

Zooplankton samples

The zooplankton samples were collected using a 
Ruttner bottle with a capacity of 2.7 L. For each 
reservoir were taken two Ruttner bottles to obtain 
5.4 liters of water sample, then the sample was 
filtered through 30 μm mesh size Nytal, fixed 
with formaldehyde at 4 % final concentration and 
stored in a hermetic glass vial. The sample depth 
was established in each reservoir at the beginning 
of oxygen decline, where has been reported as the 
richest zone of zooplankton fauna (Miracle & 
Vicente, 1983). Also, a zooplankton vertical tow 
net of 50 μm mesh size Nytal was towed from 30 
m deep to the surface, collected and fixed with 

formalin. These vertical tow net samples were 
taken mainly for taxonomic purposes.

Zooplankton species were identified using 
the following guides: Ruttner-Kolisko (1974), 
Koste (1978), Nogrady et al., (1995) and 
Nogrady & Segers (2002) for rotifers, Alonso 
(1996) for cladocerans, and Dussart (1967, 1969) 
for copepods. 

For quantitative results, we used the samples 
taken from the Ruttner bottles, all individuals 
were counted using a Sedgewick Rafter-type 
counting chamber under inverted microscopy. 
After individuals were counted and densities 
were obtained, we calculate the biomass, to deter-
mine it, a minimum of 30 specimens of all species 
were measured and using the formulas that relate 
the total length with the dry weight of the speci-
mens were obtained the corresponding conver-
sion factors (Ruttner-Kolisko, 1977; Dumont et 
al., 1975; Culver et al., 1985). The Shan-
non–Wiener diversity index (H’) (Shannon & 
Weaver, 1963) was calculated from data on the 
abundance of zooplankton for each reservoir at 
both seasons. 

Statistical analysis
 
The correlation coefficients between zooplankton 
data and the environmental factors were calculat-
ed by linear Pearson correlations. Analysis of 
similarity (ANOSIM) tests were performed on the 
zooplankton data to determine which, if any, reser-
voirs showed significant differences in zooplank-
ton community structure between the two seasons. 
ANOSIM is a nonparametric analogue to analysis 
of variance and tests for multivariate differences 
between groups based on Bray-Curtis distance and 
rank dissimilarity. Also, we ran a similarity 
percentage routine (SIMPER), to test which 
zooplankton species were contributing to the com-
munity changes. The SIMPER routine uses 
average Bray-Curtis dissimilarities between all 
pairs of sites to produce a percent contribution 
from each species, identifying the species most 
responsible for the dissimilarity (Clarke & 
Warwick, 2001).

To determine the influence of different factors 
on zooplankton we performed two canonical 
correspondence analysis (CCA). For the first, we 

we focus on zooplankton communities of six 
reservoirs located across the watershed. These 
were chosen due to the fact that existing data is 
more than 30 years old (De Manuel & Jaumel, 
1993) or no previous data was available. The lack 
of information of these reservoirs throughout the 
last three decades could significate changes in 
species composition and non-detected invaders. 
Therefore, it´s important to update the current 
knowledge on zooplanktonic fauna in this water-
shed and know how environmental variables can 
affect the composition of communities through 
seasons. Thus, all this information could be a 
helpful tool for reservoirs management. 

The main objectives of this study were; first, 
report and compare the zooplankton composition 
(species richness, density and biomass) during 
two studied seasons (summer and autumn) in six 
reservoirs at the Ebro watershed. Second, deter-
mine the environmental variables related to the 
zooplankton groups structure (density and 
biomass). Third, update information on the 
zooplanktonic fauna and verify if new species are 

present in the reservoirs compared with available 
data of previous studies. 

MATERIAL AND METHODS

Study area

The data presented in this study was obtained 
from six reservoirs, located in different areas and 
altitudes along the Ebro watershed (Fig. 1). Each 
reservoir was sampled at the beginning of two 
different seasons in 2016: summer (last week of 
June) and autumn (last week of September). One 
sampling point was established at each reservoir 
in the deepest part of the reservoir at 300-500 
meters from the dam.

Environmental Variables

For each reservoir the following variables were 
measured along the water vertical profile, temper-
ature, conductivity, dissolved oxygen, pH, turbidi-
ty and chlorophyll a, all in situ measurements, by 

INTRODUCTION

Zooplankton is, an important component inside the 
freshwater ecosystem, playings a big role in the 
transfer of energy in the aquatic food web between 
primary producers and higher consumers, while 
significantly contributing to the recycling of nutri-
ents (Lampert & Sommer, 1997).

Besides their essential role in trophic levels of 
aquatic environments, this group can also provide 
valuable information that other groups cannot. For 
example, changes in certain metrics such as, size, 
proportion of large and small zooplankton, mean 
of body weight and proportion of resting eggs 
together with the zooplankton:phytoplankton 
biomass ratio, which can indicate a “top-down” 
process (Jeppesen et al., 2011). Top-down control 
is one of the main attributes of zooplankton. This 
occurs when zooplankton consumes high quanti-
ties of phytoplankton and becomes a pressure 
factor, this pressure can determine the composi-
tion of phytoplankton assemblage and decrease 
their abundances and biomass (Naselli-Flores & 
Rossetti, 2010). On the other hand, the zooplank-
ton community can respond quickly to phyto-
plankton blooms during the bottom-up control 
(Carpenter et al., 1985), such as, changes in the 
biomass, the proportion of calanoids copepods 
and numbers of rotifers could indicate this process 
(Jeppesen et al., 2011). Due to their pivotal 
position in the transfer of nutrients and energy in 
aquatic food webs and the valuable data they can 
provide, it is essential to have a wide knowledge 
of zooplankton composition and the factors relat-
ed to this group (Caroni & Irvine, 2010).

All the species and individuals that make up 
the zooplankton community exhibit diverse 
responses to changes (Stemberger et al., 2001). 
These changes can be done by biotic (e.g. food 
availability, predation and competition) and 
abiotic (physical and chemical habitat conditions: 
temperature, dissolved oxygen, pH, etc.) factors, 
as both can affect the species richness, increasing 
or decreasing their abundances and biomass, and 

promoting shifts in their diversity (Jeppesen et 
al., 2000; Wetzel, 2001; Dodson et al., 2009; 
Bonecker et al., 2013). Hence, studies focused on 
such factors can provide useful information to 
manage natural resources (Gulati et al., 1990) as 
well as the understanding of how its community 
structure (species richness, density and abun-
dances) varies with time and in different aquatic 
systems (Dodson et al., 2009; Boix et al., 2008).

Seasonal variation also has an important role 
in waterbodies. Over the course of a year many 
environmental variables can suffer big changes 
depending on the season (Margalef, 1983). On a 
regional and local scale, these seasonal changes 
in natural components, in addition to anthropo-
genic pollution, can impact on aquatic communi-
ties and affect the zooplankton groups in different 
ways (Tavernini et al., 2009). 

Many studies have correlated density, species 
richness and the presence or absence of zooplank-
ton, for example, rotifers (Sladečeck, 1983; 
Ejsmont-Karabin, 1995, 2012; May & O’Hare, 
2005) and micro-crustaceans (Pinto-Coelho et 
al., 2005) to the trophic gradient. Moreover, 
zooplankton, can be an element in evaluating the 
trophic state of reservoirs and lakes (Haberman et 
al., 2007; Haberman & Haldna, 2014) and a good 
indicator of the different trophic states related to 
natural processes, man-made activities and 
climate changes (Jeppesen et al., 2011). Recently, 
in man-made reservoirs have proved that even 
zooplankton density can be a tool to determinate 
the trophic state of a large watershed in Spain 
(Garcia-Chicote et al., 2018). Although the Water 
Framework Directive has the aim of evaluating 
the European waters through several Biological 
Quality Indicators, zooplankton and its valuable 
data is not included as one of these indicators. 

Despite the Ebro watershed being the second 
large watershed in Spain, studies related to 
zooplankton presence in the reservoirs are few 
and focus principally on rotifera phylum´s 
description or distribution (De Manuel & Armen-
gol, 1993; De Manuel, 2000). In the present study 

Figure 2.  Reservoir TSI´ values, black charts (summer) and 
gray charts (autumn). Valores de TSI´ de los embalses, barras en 
negro (verano) y gris (otoño).
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CONCLUSION

Our results show that abundances and biomass 
values were in general two times higher in 
summer than values in autumn. However, there is 
not an equal tendency for all reservoirs and each 
one works in a different way. The data suggest that 
the changes in the zooplankton community during 
both seasons are related mainly with physico-
chemical variables as Chl-a, SD, TP, pH and reser-
voir depth, as well as with biotic interactions, like 
competition with alien species such as D. poly-
morpha. The relation between the zooplankton 
groups and the environmental variables could help 
us understand the main changes that could occur 
in a shifting world. All reservoirs presented new 
records in zooplankton species. La Sotonera had 
the highest number of new registers with ten 
species, followed by the Ebro with seven, while 
Oliana, Sobrón and Mequinenza have five. For 
Ullibarri-Gamboa reservoir we showed for the 
first time a record of zooplankton species. Also, 
we detected for first time the presence of zebra 
mussels at La Sotonera reservoir, indicating that 
this invader is dispersing throughout the water-
shed. Therefore, zooplankton composition knowl-
edge, regular monitoring of species inhabiting in 
the reservoirs and the understanding of environ-
mental variables that affect species and zooplank-
ton structure (specific richness, density and 
biomass) can be a helpful tool for watershed man-
agement and early detection of invasive species.
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esize the zooplankton groups, such as, copepods 
and cladocerans could be affected firstly and their 
structure modified if the variables that are more 
related or affect these groups change for several 
factors, such as, climate change, new invasive 
species and or anthropogenic impacts. 

The zooplankton community normally varied 
through months, seasons or years, and the 
species replacement can happen quickly or 
change gradually with time (Lampert & Sommer, 
1997). Some of these species’ substitutions can 
be observed in the current research compared 
with data of previous works, at Mequinenza, 
from species reported previously for summer 
season we found only two shared species. Larger 
filter species such as N. alluaudi and D. galeata 
together with the main predator A. robustus, 
were substituted for C. numidicus and T. 
dybowskii. A similar case occurred at Sobrón, 
where only three species were shared. From three 
cyclopids species to only C. vicinus and the pres-
ence of D. galeata and C. pulchella.

The reservoir with the most shared species 
was Oliana, with seven of the nine species 
reported for this study. The main change 
observed was C. abyssorum to A. americanus. 
The Sotonera reservoir was the only reservoir 
where the two previous copepod species did not 
suffer any variation, however, cladocerans from 
two Daphnia species changed to one species (D. 
galeata) and medium-size filters as C. dubia and 
D. mongolianum. The study of Higgins & 
Vander Zanden (2010) suggests that D. polymor-
pha can reduce the zooplankton biomass to 
40-77 % in pelagic areas and replace them, this 
affect the species richness and diversity. The low 
replacement at Oliana could be related to the 
non-presence of them. In contrast, some changes 
can be appreciated at La Sotonera and Sobrón 
with low diversity (Fig. 3) for their increase in 
density and biomass (Table 3).

For the Ebro reservoir, there is a great differ-
ence in the number of zooplankton species 
between studies since previously 20 species were 
reported, where almost half of the species were 
microcrustaceans including several species of 
Daphnia and cyclopids, however, we registered 
only four shared species. Nowadays, only eight 
species are present, where five of them belong to 

rotifers and only D. pulicaria and C. abyssorum 
were reported before. Thus, all these data 
indicate that the communities have changed, 
increasing, or decreasing the number of species 
and being replaced for others. Several explana-
tions such as competition, natural succession or 
even variations of environmental variables 
(Devetter, 1998; Dodson et al., 2009) could 
explain these changes, however, since there is a 
lack of information for all non-reported years, 
the question of which exact events caused these 
changes remains unanswered. 

Due to diverse factors, including manage-
ment, most of water bodies cannot be sampled 
on a regular basis to confirm the species presents 
and like in this study, can take a long time until 
having new data. Nevertheless, having a moni-
toring program could help us to understand the 
community changes. But this is not the only 
benefit, thus, it can be a tool to have complete 
knowledge of species richness and to identify 
the already reported and the newly invasive 
species. For the invasive fauna, correct actions 
could prevent their introduction and dispersal 
along the watershed area, which could not only 
affect local diversity and become one of the 
major aquatic stressors, as is the case with zebra 
mussels (Strayer, 2010), but also create econom-
ic losses due to their impact on important infra-
structures (Duran et al., 2012). 

The Zebra mussels were detected for first time 
at the Ebro watershed in 2001 (Duran & Anadón, 
2008). Previously at La Sotonera reservoir the 
presence of D. polymorpha was not detected, 
however, now the veliger larvae can be found at 
both seasons and it’s a dominant component of 
zooplankton. Thus, the mussel invasion has 
progressed throughout the years and among 
different reservoirs. The two reservoirs were 
mussels were not present are Oliana and Ebro, 
this last is under special protection (Duran & 
Anadón, 2008). Due to the lack of natural preda-
tors, efficient competition and non-intentional 
dispersion of invaders caused by the interaction 
between people among the reservoirs in the area, 
this invader could be detected in the Ebro reser-
voir in the upcoming years. Consequently, they 
would be present from the beginning until the end 
of watershed.

autumn, were mesotrophic to eutrophic, and 
densities of larger species as Daphnia spp. decay 
while smaller cladocerans such as B. longirostris 
and Ceriodaphnia spp. increase. 

Despite the limitations of this work (and 
taking in count the low number of reservoirs 
sampled compared with the watershed size), with 
the data obtained from the CCA we could hypoth-

these statements, for example, the general tenden-
cy at Oliana was that rotifers had high abundances 
during summer, then, during autumn this group 
tended to decrease and microcrustaceans 
increased in number becoming the dominant 
group. Ullibarri-Gamboa presented a similar 
tendency but with higher abundances of rotifers 
and mussels during the summer, followed by the 
increase of copepods and cladocerans during 
autumn. At the Ebro and La Sotonera reservoirs, 
the number of all groups increase in autumn but 
with the rotifers being the dominant group. How-
ever, at Mequinenza the zebra mussels and cope-
pods were dominants during summer reaching up 
350 ind/L, but with a decrease during autumn. 
Sobrón shows a similar tendency, the summer was 
dominated by the zebra mussel (540 ind/L) and in 
the next period densities of all groups decreased 
dramatically. For these two last reservoirs several 
factors could explain these changes, such as an 
extreme fish predation (Amundsen et al., 2009; 
Ginter et al., 2019), the establishment of the 
sessile stage of mussels in any surface decreasing 
the number of the planktonic larvae (Claudi & 
Mackie, 1994) or even some criteria that were not 
taken in count in the previous model, such as the 
food quality and the trophic level of each reservoir 
(Sommer et al., 2012).

Biodiversity is strongly related with environ-
mental factors (Jeppesen et al., 2000), while some 
physiochemical parameters such as temperature, 
dissolved oxygen, pH, etc., can have positive or 
negative effects on zooplankton (Wetzel, 2001). 
One of the more efficient analyses to correlate the 
zooplankton communities with the physical and 
chemical variables is the CCA (Attayde & Bozel-
li, 1998). Data from our CCA analysis shows the 
rotifer P. dolichoptera, which was positioned in 
the middle of the ordination plot, due to their high 
tolerance to different environments conditions 
(Bērziņš & Pejler, 1989), nowadays it has a wide 
distribution in many water bodies around the 
world (Segers, 2007). The copepod Neolovenula 
alluaudi, that is typically from the Mediterranean 
area (Miracle, 1982), also was positioned near the 
center of the CCA. We can infer that they possess 
high tolerance, however, compared to the previ-
ously mentioned rotifer, it was only present at La 
Sotonera reservoir. The populations of this cope-

pod are moving from the south and are now found 
in several water bodies along the Iberian Peninsu-
la (Alfonso & Belmonte, 2013; Miracle, 1982). 
Thus, this copepod was reported at Mequinenza 
30 years ago (De Manuel & Jaume, 1993), but not 
found during the present study. Furthermore, at 
the Mequinenza reservoir the presence of silurids 
is well documented and the early stages of this 
fish can consume copepods and large cladocerans 
individuals as the Daphnia species, they can 
promote the small-size species such as C. dubia 
and D. mongolium, (Miranda et al., 2010). Also, 
in this reservoir no Daphnia species were record-
ed, probably due the combination of predation 
and lower levels of oxygen compared to other 
reservoirs (Hanazato, 1996).

The copepods C. numidicus and T. dybowskii 
were correlated with conductivity, temperature 
and depth. It is well known that big-sized 
zooplankton species perform a daily vertical 
migration to avoid depredation (Hays, 2003; 
Lampert, 1989). The study of Caramujo & Boavi-
da (2000) found that these two copepod species 
can be consumed in large numbers by fishes, for 
this reason, their populations are settled in deepest 
water bodies. In this study, we found both species 
only at Mequinenza, which has an average 50 m of 
depth in both seasons. The biggest copepod found 
in this study was C. numidicus and it provides a 
high percentage of total biomass and density of all 
copepods, thus, Pearson correlation was significa-
tive in terms of depth for this group. 

In the CCA for groups (Fig. 6) the rotifer 
biomass was also correlated to pH, other studies 
have shown that this parameter can affect the 
rotifer occurrence (Bērziņš, 1987) and their 
assemblage in reservoirs (Devetter, 1998). 

The complex of abundances and biomasses of 
microcrustaceans (copepods and cladocerans), 
were related with the components that conform 
the trophic state since they are influenced by the 
Secchi disk, TP and Chl-a. Some authors have 
indicated that large species of these groups can be 
used as an indicator of oligotrophic state (Pejler, 
1983; Moss et al., 2003; Kane et al., 2009; 
Haberman & Maldna, 2014). Usually, at higher 
trophic level, large species are replaced by small 
species (Lampert & Sommer, 1997). The Ebro, 
Oliana and La Sotonera reservoirs, during the 

was in the middle of the ordination plot, this 
rotifer was present in all reservoirs during both 
seasons, their highest abundances were during the 
summer at La Sotonera (279 ind/L) and Oliana 
(125 ind/L). The Daphnia group was related to 
DO, TP and turbidity. The Daphnia species were 
present in five reservoirs and their seasonality 
was split into those which had higher abundances 
in summer (D. cucullata, D. galeata and D. 
pulicaria) and in autumn (Daphnia longispina). 
Finally, the copepod C. vicinus is not related to 
any variable and the zebra mussels are slightly 
connected with pH and alkalinity (Fig. 5).

In the second CCA, we analyzed the envi-
ronmental variables related with the zooplank-
ton density and biomass, the first two axes 
represent the most explanatory value (93.2 %) 

(p value > 0.05 in the Monte Carlo permutation 
test). This CCA indicates that in the first axis the 
trophic indicators are related (SD, Chl-a and TP). 
These principal indicators are related with both 
cladocera and copepoda density and biomass, 
while rotifer density is related to combination of 
TP, turbidity and DO. The biomass of rotifera 
group presents a similar relation with pH instead 
of turbidity. Finally, both density and biomass of 
zebra mussels are related to temperature and 
conductivity (Fig. 6).

DISCUSSION

Sommer et al. (1986) together with the PEG 
(Plankton Ecology Group) proposed a model 
where sequential statements describe the changes 
in zooplankton and phytoplankton communities in 
lakes. In these statements, they described that in 
summer the smaller groups with short generation-
al life cycle dominate and during autumn large 
species appear. In our study, we found that most of 
the changes in reservoirs’ communities followed 

Density and biomass

The zooplankton density varied in each reservoir 
and season, the average of individuals for all the 
reservoirs during summer was 277 ind/L, that was 
higher than in autumn with 148 ind/L. The higher 
densities in most of reservoir belong to rotifers 
and zebra mussels, except in Ullibarri-Gamboa, 
Mequinenza and Oliana during winter (Fig. 4). 

In terms of biomass, microcrustaceans have a 
bigger role instead of rotifers, and each reservoir 
varied in quantity and group that dominates during 
both seasons. The reservoirs with major changes 
between biomass were La Sotonera (dominated 
during the summer for microcrustaceans to zebra 
mussels in fall), Sobrón (zebra mussels to 
cladocerans) and Ullivarri-Gamboa (cladocerans, 
rotifers and zebra mussels to microcrustaceans 
mainly) (Table 3). The Shannon-Wiener index 
indicated that diversity in the Ullibarri-Gamboa 
reservoir was the highest overall 2.59 bits/ind in 
summer. The lowest diversity was found in 
Sobrón during autumn with only 0.18 bits/ind 
(Fig. 3).

Data analysis 

Through the linear Pearson correlations between 
environmental factors and zooplankton groups we 
found that pH was significantly correlated with 

the density of rotifer group (r2 0.35, p < 0.05). 
Also, both zebra mussel density and biomass were 
positively correlated with Chl-a (r2 0.60, p < 0.05 
and r2 0.62, p < 0.05 respectively). Besides, 
copepods density (r2 0.39, p < 0.05) and biomass 
(r2 0.34, p < 0.05) were correlated with the reser-
voir´s depth. Other correlations were not signifi-
cant (p > 0.05). The Analysis of similarity (ANO-
SIM) doesn’t show any difference between both 
seasons (p > 0.05). The contribution of the 
individual taxa in the dissimilarity of zooplankton 
was low (SIMPER values < 5 %), being A. 
priodonta, C. pulchella, Synchaeta pectinata and 
D. mongolianum the responsible for the cumula-
tive of 20 % in the variance of dissimilarity 
between seasons. 

The first CCA, related the physicochemical 
variables with the principal zooplankton species. 
The first two axes explains 45.2 % of the variance 
(p value 0.001 in the Monte Carlo permutation 
test). Temperature, conductivity and depth are 
strongly related to copepods (C. numidicus, 
Cyclops sp. and T. dybowskii) and the cladoceran 
C. dubia. Two of the most abundant rotifers are 
related with the pH (S. pectinata and C. unicornis) 
in addition to the cladoceran D. cucullata. A big 
group composed principally by cladocerans, few 
copepods and rotifers were related to dissolved 
oxygen (DO), turbidity, TP, Chl-a and suspended 
solids (SS) (Fig. 5). The rotifer P. dolichoptera 

Trophic state

With the data obtained, we calculated the Troph-
ic State Index (TSI) for every reservoir and 
season, the waterbodies were ordinated accord-
ing to their TSI from lower to higher values. 
Ullibarri-Gamboa shows the lower trophic value 
in both seasons (39.01, summer and 37.70, 
autumn) and is classifiedd as oligotrophic. While 
Sobrón had the higher value during the summer 
(52.5) and La Sotonera in autumn (59.8). The 
reservoirs during the summer generally present-
ed values between 30 to 50 and during autumn 
the values increase from 40 to 60. According to 
Carlson (1996), most reservoirs are classified as 
mesotrophic, however, Ebro, Oliana and La 
Sotonera are eutrophic during the autumn and 
Sobrón during the summer (Fig. 2).

Zooplankton

We registered a total of 40 zooplankton species 
during both seasons in the six reservoirs (Table 
2). The rotifers were the group with more 
species reported (21), followed by cladocerans 
(10) and copepods (8). Since the veliger larvae 
of the zebra mussel invader (Dreissena polymor-
pha) were found at 4 reservoirs, they were 
considered a separate group inside this study and 
both abundance and biomass were counted. La 

Sotonera presented the highest number of 
species with, 13 in each season, followed by 
Sobrón with 12 in the summer, Oliana and 
Mequinenza with 11 during summer. This same 
species richness was present in Ebro and 
Ullibarri-Gamboa in the autumn. The lowest 
number of species was in Sobrón with only 6 
during the autumn (Table 2). On average, each 
reservoir presented 10 zooplankton species per 
season. The rotifer Polyarthra dolichoptera was 
presented on all reservoirs in at least one season, 
followed by the zebra mussel, which was detect-
ed on four reservoirs during both seasons. The 
two copepod species Cyclops vicinus and 
Cyclops sp., and some rotifers were only 
presented in one reservoir during one season 
(Table 2).

The only previous study on these reservoirs 
was performed during 1987-1988 and reports 
data of summer and winter seasons. However, to 
compare species composition per season we 
only used the summer data from both studies, 
since the other season is not the same and cannot 
be compared equally (winter from the previous 
study and fall in the current). To indicate new 
registers for each reservoir we verified that 
species were not present in the data of both 
seasons from the previous study. The complete 
list of species present of the previous study can 
be found in De Manuel & Jaume (1993).

The new registers of zooplankton species for 
each reservoir are: Sotonera (Bosmina longi-
rostris, Ceriodapnia dubia, Ceriodaphnia 
pulchella, Daphnia galeata, Diaphanosoma 
mongolianum, Acanthocyclops americanus, 
Anuraeopsis fissa, Polyarthra major, Ascomor-
pha ecaudis and D. polymorpha). Ebro (Eud-
iaptomus vulgaris, B. longirostris, D. mongolia-
num, Conochilus unicornis, Trichotria tetractis, 
P. major, Tricochercca cylindrica). Mequinenza 
(Copidodiaptomus numidicus, Thermocyclops 
dybowskii, A. ecaudis). Sobron (Daphnia cucul-
lata, Cyclops vicinus, Asplanchna priodonta, P. 
major, A. fissa) and Oliana (A. americanus, E. 
vulgaris, C. sphaericus, D. mongolianum, Kelli-
cotia longispina). Since there is not previous 
data available for Ullibarri-Gamboa reservoir, 
all 14 species reported for this study are first 
register (Table 2). 

analyzed those variables that are corresponded to 
the principal zooplankton species. For the second, 
we performed an analysis using the zooplankton 
groups (rotifers, copepods, cladocerans and zebra 
mussels). For each CCA we included the densi-
ties and or biomass of zooplankton and the 
following environmental variables (temperature, 
dissolved oxygen, conductivity, turbidity, pH, 
Secchi disk, depth, nutrients (TP and TN) and 
Chl-a. In order to normalize the data, they were 
transformed logarithmically Log(x + 1), except 
for pH. The models were tested using Monte 
Carlo permutation (n = 499). Nauplius, copepo-
dites and bdelloid rotifers were excluded since 
they were not identified to species level. Both 
CCAs were executed using the Canoco 4.5 for 
Windows computer program (Ter Braak & 
Šmilauer, 2002).

RESULTS

Environmental parameters

During the two seasons of this study the physical 
and chemical parameters varied at the different 
reservoirs, complete data is reported in Table 1. 
The water temperature on average was higher 
during summer in all waterbodies, except at 
Oliana, where it was higher in autumn. In general, 
the dissolved oxygen presents higher values during 

summer than those in autumn. The pH values do 
not show an important difference between seasons 
because the buffer effect of the bicarbonate in the 
waters and the conductivity values were stable 
(with exception of Mequinenza during autumn 
with a peak of 1288 µS/cm). Suspended solids in 
both seasons were similar in four of the six reser-
voirs, however, data from the Ebro and La Soton-
era reservoirs during the autumn were double 
compared to the summer data. The Secchi disk 
visibility presented a wide variability among reser-
voirs and seasons: Ebro, Oliana and La Sotonera 
had higher values in summer, nevertheless, 
Ullibarri-Gamboa, Mequinenza and Sobrón were 
higher during autumn.

In the case of Chl-a, higher values were 
presented during the summer at Ullibarri-Gam-
boa and Sobrón, and during the autumn at Ebro 
and Oliana. The Oliana reservoir (autumn) had 
the biggest Chl-a concentration of all the study 
(21.14 µg/L). Finally, Mequinenza and La Soton-
era had similar values during both seasons (aver-
age of 3.3 µg/L and 3.5 µg/L respectively). Total 
Nitrogen (TN) values at 5 of the reservoirs were 
higher during summer, only Mequinenza present-
ed a high peak in autumn (1692 µg/L). The higher 
values of total phosphorus (TP) were reported in 
autumn, except at Oliana (80.78 µg/L) and 
Sobrón (25.5 µg/L), where the higher values were 
during summer.

means of a multiparametric devise Sea-Bird 19 
plus V2. The depth of the photic zone was calcu-
lated by measuring the light penetration using a 
quantometer. The water transparency was deter-
mined measuring the Secchi disk depth (SD). An 
integrative water sample was collected from the 
photic zone of each reservoir using a 25 mm 
ballasted tube technique for ex-situ analyses 
(Vicente et al., 2005). For measurements of the 
following variables, we used the standard method-
ology (APHA, 1998) described for suspended 
solids (APHA 2540D), turbidity (ISO7027-1999), 
total nitrogen (TN) (APHA method 4500-N C), 
total phosphorus (TP) (4500-P B/APHA 4500-P 
C), and chlorophyll a (Shoaf & Lium, 1976). The 
complete data set of environmental variables can 
be found at C.H.E. (2016).

To estimate the reservoir´s trophic conditions, 
we used the criteria of the trophic state index 
(TSI) (Carlson, 1977). The TSI´ values of each 
reservoir were obtained with the following 
formulae (Carlson & Simpson, 1996):

  Total phosphorus; TSI (TP) = 14.42 ln (TP) + 4.15
  Chlorophyll a, TSI (Chl-a) = 9.81 ln (Chl-a) + 30.6
  Secchi disk, TSI (SD) = 60 - 14.41 ln (SD) 

Total phosphorus and Chl-a are measured in 
micrograms per liter (μg/L) and Secchi disk depth 
is expressed in meters. TSI is the average value of 
the three above mentioned variables.

  TSI´= [(TSI(TP) + TSI (Chl-a) + TSI (SD))/3]

Zooplankton samples

The zooplankton samples were collected using a 
Ruttner bottle with a capacity of 2.7 L. For each 
reservoir were taken two Ruttner bottles to obtain 
5.4 liters of water sample, then the sample was 
filtered through 30 μm mesh size Nytal, fixed 
with formaldehyde at 4 % final concentration and 
stored in a hermetic glass vial. The sample depth 
was established in each reservoir at the beginning 
of oxygen decline, where has been reported as the 
richest zone of zooplankton fauna (Miracle & 
Vicente, 1983). Also, a zooplankton vertical tow 
net of 50 μm mesh size Nytal was towed from 30 
m deep to the surface, collected and fixed with 

formalin. These vertical tow net samples were 
taken mainly for taxonomic purposes.

Zooplankton species were identified using 
the following guides: Ruttner-Kolisko (1974), 
Koste (1978), Nogrady et al., (1995) and 
Nogrady & Segers (2002) for rotifers, Alonso 
(1996) for cladocerans, and Dussart (1967, 1969) 
for copepods. 

For quantitative results, we used the samples 
taken from the Ruttner bottles, all individuals 
were counted using a Sedgewick Rafter-type 
counting chamber under inverted microscopy. 
After individuals were counted and densities 
were obtained, we calculate the biomass, to deter-
mine it, a minimum of 30 specimens of all species 
were measured and using the formulas that relate 
the total length with the dry weight of the speci-
mens were obtained the corresponding conver-
sion factors (Ruttner-Kolisko, 1977; Dumont et 
al., 1975; Culver et al., 1985). The Shan-
non–Wiener diversity index (H’) (Shannon & 
Weaver, 1963) was calculated from data on the 
abundance of zooplankton for each reservoir at 
both seasons. 

Statistical analysis
 
The correlation coefficients between zooplankton 
data and the environmental factors were calculat-
ed by linear Pearson correlations. Analysis of 
similarity (ANOSIM) tests were performed on the 
zooplankton data to determine which, if any, reser-
voirs showed significant differences in zooplank-
ton community structure between the two seasons. 
ANOSIM is a nonparametric analogue to analysis 
of variance and tests for multivariate differences 
between groups based on Bray-Curtis distance and 
rank dissimilarity. Also, we ran a similarity 
percentage routine (SIMPER), to test which 
zooplankton species were contributing to the com-
munity changes. The SIMPER routine uses 
average Bray-Curtis dissimilarities between all 
pairs of sites to produce a percent contribution 
from each species, identifying the species most 
responsible for the dissimilarity (Clarke & 
Warwick, 2001).

To determine the influence of different factors 
on zooplankton we performed two canonical 
correspondence analysis (CCA). For the first, we 

we focus on zooplankton communities of six 
reservoirs located across the watershed. These 
were chosen due to the fact that existing data is 
more than 30 years old (De Manuel & Jaumel, 
1993) or no previous data was available. The lack 
of information of these reservoirs throughout the 
last three decades could significate changes in 
species composition and non-detected invaders. 
Therefore, it´s important to update the current 
knowledge on zooplanktonic fauna in this water-
shed and know how environmental variables can 
affect the composition of communities through 
seasons. Thus, all this information could be a 
helpful tool for reservoirs management. 

The main objectives of this study were; first, 
report and compare the zooplankton composition 
(species richness, density and biomass) during 
two studied seasons (summer and autumn) in six 
reservoirs at the Ebro watershed. Second, deter-
mine the environmental variables related to the 
zooplankton groups structure (density and 
biomass). Third, update information on the 
zooplanktonic fauna and verify if new species are 

present in the reservoirs compared with available 
data of previous studies. 

MATERIAL AND METHODS

Study area

The data presented in this study was obtained 
from six reservoirs, located in different areas and 
altitudes along the Ebro watershed (Fig. 1). Each 
reservoir was sampled at the beginning of two 
different seasons in 2016: summer (last week of 
June) and autumn (last week of September). One 
sampling point was established at each reservoir 
in the deepest part of the reservoir at 300-500 
meters from the dam.

Environmental Variables

For each reservoir the following variables were 
measured along the water vertical profile, temper-
ature, conductivity, dissolved oxygen, pH, turbidi-
ty and chlorophyll a, all in situ measurements, by 

INTRODUCTION

Zooplankton is, an important component inside the 
freshwater ecosystem, playings a big role in the 
transfer of energy in the aquatic food web between 
primary producers and higher consumers, while 
significantly contributing to the recycling of nutri-
ents (Lampert & Sommer, 1997).

Besides their essential role in trophic levels of 
aquatic environments, this group can also provide 
valuable information that other groups cannot. For 
example, changes in certain metrics such as, size, 
proportion of large and small zooplankton, mean 
of body weight and proportion of resting eggs 
together with the zooplankton:phytoplankton 
biomass ratio, which can indicate a “top-down” 
process (Jeppesen et al., 2011). Top-down control 
is one of the main attributes of zooplankton. This 
occurs when zooplankton consumes high quanti-
ties of phytoplankton and becomes a pressure 
factor, this pressure can determine the composi-
tion of phytoplankton assemblage and decrease 
their abundances and biomass (Naselli-Flores & 
Rossetti, 2010). On the other hand, the zooplank-
ton community can respond quickly to phyto-
plankton blooms during the bottom-up control 
(Carpenter et al., 1985), such as, changes in the 
biomass, the proportion of calanoids copepods 
and numbers of rotifers could indicate this process 
(Jeppesen et al., 2011). Due to their pivotal 
position in the transfer of nutrients and energy in 
aquatic food webs and the valuable data they can 
provide, it is essential to have a wide knowledge 
of zooplankton composition and the factors relat-
ed to this group (Caroni & Irvine, 2010).

All the species and individuals that make up 
the zooplankton community exhibit diverse 
responses to changes (Stemberger et al., 2001). 
These changes can be done by biotic (e.g. food 
availability, predation and competition) and 
abiotic (physical and chemical habitat conditions: 
temperature, dissolved oxygen, pH, etc.) factors, 
as both can affect the species richness, increasing 
or decreasing their abundances and biomass, and 

promoting shifts in their diversity (Jeppesen et 
al., 2000; Wetzel, 2001; Dodson et al., 2009; 
Bonecker et al., 2013). Hence, studies focused on 
such factors can provide useful information to 
manage natural resources (Gulati et al., 1990) as 
well as the understanding of how its community 
structure (species richness, density and abun-
dances) varies with time and in different aquatic 
systems (Dodson et al., 2009; Boix et al., 2008).

Seasonal variation also has an important role 
in waterbodies. Over the course of a year many 
environmental variables can suffer big changes 
depending on the season (Margalef, 1983). On a 
regional and local scale, these seasonal changes 
in natural components, in addition to anthropo-
genic pollution, can impact on aquatic communi-
ties and affect the zooplankton groups in different 
ways (Tavernini et al., 2009). 

Many studies have correlated density, species 
richness and the presence or absence of zooplank-
ton, for example, rotifers (Sladečeck, 1983; 
Ejsmont-Karabin, 1995, 2012; May & O’Hare, 
2005) and micro-crustaceans (Pinto-Coelho et 
al., 2005) to the trophic gradient. Moreover, 
zooplankton, can be an element in evaluating the 
trophic state of reservoirs and lakes (Haberman et 
al., 2007; Haberman & Haldna, 2014) and a good 
indicator of the different trophic states related to 
natural processes, man-made activities and 
climate changes (Jeppesen et al., 2011). Recently, 
in man-made reservoirs have proved that even 
zooplankton density can be a tool to determinate 
the trophic state of a large watershed in Spain 
(Garcia-Chicote et al., 2018). Although the Water 
Framework Directive has the aim of evaluating 
the European waters through several Biological 
Quality Indicators, zooplankton and its valuable 
data is not included as one of these indicators. 

Despite the Ebro watershed being the second 
large watershed in Spain, studies related to 
zooplankton presence in the reservoirs are few 
and focus principally on rotifera phylum´s 
description or distribution (De Manuel & Armen-
gol, 1993; De Manuel, 2000). In the present study 

Table 2.  Complete list of zooplankton species found in the six reservoirs. Listado completo de las especies de zooplancton presentes 
en los seis embalses.

Summer 
ULL MEQ EBR OLI SOB SOT ULL MEQ EBR OLI SOB SOT

Cladocera 
Bosmina longirostris X X X X X X X X 
Ceriodapnia dubia X X X 
Ceriodaphnia pulchella X X X X X X X 
Chydorus sphaericus X X X 
Daphnia cucullata X X X X 
Daphnia galeata X X X 
Daphnia longispina X X 
Daphnia pulicaria X 
Diaphanosoma mongolianum X X X X 
Pleuroxus sp. X 
Copepoda  

Acanthocyclops americanus X X X X X 
Copidodiaptomus numidicus X X 
Cyclops abyssorum X X 
Cyclops vicinus X 
Eudiaptomus vulgaris X X X X 
Neolovenula alluaudi X X 
Thermocyclops dybowskii X X 
Cyclops sp. X 
Rotifera 
Anuraeopsis fissa X X X 
Ascomorpha ecaudis X X X 
Asplanchna priodonta X X X 
Brachionus angularis X 
Brachionus calcyflorus X 
Brachionus havanaensis X 
Brachionus quadridentatus X 
Conochilus unicornis X X 
Filinia longiseta X 
Hexarthra fennica X 
Hexarthra oxyuris X 
Kellicotia longispina longispina X 
Keratella cochlearis X X X X X X X X 
Keratella cochlearis tecta X X X 
Keratella quadrata X 
Polyarthra dolichoptera X X X X X X X X X X 
Polyarthra major X X X X 
Synchaeta pectinata X X X X 
Synchaeta sp. X X 
Trichocerca cylindrica  X 
Trichotria tetractis X 
Others 
Dreissena polymorpha X X X X X X X X 

Autumn
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CONCLUSION

Our results show that abundances and biomass 
values were in general two times higher in 
summer than values in autumn. However, there is 
not an equal tendency for all reservoirs and each 
one works in a different way. The data suggest that 
the changes in the zooplankton community during 
both seasons are related mainly with physico-
chemical variables as Chl-a, SD, TP, pH and reser-
voir depth, as well as with biotic interactions, like 
competition with alien species such as D. poly-
morpha. The relation between the zooplankton 
groups and the environmental variables could help 
us understand the main changes that could occur 
in a shifting world. All reservoirs presented new 
records in zooplankton species. La Sotonera had 
the highest number of new registers with ten 
species, followed by the Ebro with seven, while 
Oliana, Sobrón and Mequinenza have five. For 
Ullibarri-Gamboa reservoir we showed for the 
first time a record of zooplankton species. Also, 
we detected for first time the presence of zebra 
mussels at La Sotonera reservoir, indicating that 
this invader is dispersing throughout the water-
shed. Therefore, zooplankton composition knowl-
edge, regular monitoring of species inhabiting in 
the reservoirs and the understanding of environ-
mental variables that affect species and zooplank-
ton structure (specific richness, density and 
biomass) can be a helpful tool for watershed man-
agement and early detection of invasive species.
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esize the zooplankton groups, such as, copepods 
and cladocerans could be affected firstly and their 
structure modified if the variables that are more 
related or affect these groups change for several 
factors, such as, climate change, new invasive 
species and or anthropogenic impacts. 

The zooplankton community normally varied 
through months, seasons or years, and the 
species replacement can happen quickly or 
change gradually with time (Lampert & Sommer, 
1997). Some of these species’ substitutions can 
be observed in the current research compared 
with data of previous works, at Mequinenza, 
from species reported previously for summer 
season we found only two shared species. Larger 
filter species such as N. alluaudi and D. galeata 
together with the main predator A. robustus, 
were substituted for C. numidicus and T. 
dybowskii. A similar case occurred at Sobrón, 
where only three species were shared. From three 
cyclopids species to only C. vicinus and the pres-
ence of D. galeata and C. pulchella.

The reservoir with the most shared species 
was Oliana, with seven of the nine species 
reported for this study. The main change 
observed was C. abyssorum to A. americanus. 
The Sotonera reservoir was the only reservoir 
where the two previous copepod species did not 
suffer any variation, however, cladocerans from 
two Daphnia species changed to one species (D. 
galeata) and medium-size filters as C. dubia and 
D. mongolianum. The study of Higgins & 
Vander Zanden (2010) suggests that D. polymor-
pha can reduce the zooplankton biomass to 
40-77 % in pelagic areas and replace them, this 
affect the species richness and diversity. The low 
replacement at Oliana could be related to the 
non-presence of them. In contrast, some changes 
can be appreciated at La Sotonera and Sobrón 
with low diversity (Fig. 3) for their increase in 
density and biomass (Table 3).

For the Ebro reservoir, there is a great differ-
ence in the number of zooplankton species 
between studies since previously 20 species were 
reported, where almost half of the species were 
microcrustaceans including several species of 
Daphnia and cyclopids, however, we registered 
only four shared species. Nowadays, only eight 
species are present, where five of them belong to 

rotifers and only D. pulicaria and C. abyssorum 
were reported before. Thus, all these data 
indicate that the communities have changed, 
increasing, or decreasing the number of species 
and being replaced for others. Several explana-
tions such as competition, natural succession or 
even variations of environmental variables 
(Devetter, 1998; Dodson et al., 2009) could 
explain these changes, however, since there is a 
lack of information for all non-reported years, 
the question of which exact events caused these 
changes remains unanswered. 

Due to diverse factors, including manage-
ment, most of water bodies cannot be sampled 
on a regular basis to confirm the species presents 
and like in this study, can take a long time until 
having new data. Nevertheless, having a moni-
toring program could help us to understand the 
community changes. But this is not the only 
benefit, thus, it can be a tool to have complete 
knowledge of species richness and to identify 
the already reported and the newly invasive 
species. For the invasive fauna, correct actions 
could prevent their introduction and dispersal 
along the watershed area, which could not only 
affect local diversity and become one of the 
major aquatic stressors, as is the case with zebra 
mussels (Strayer, 2010), but also create econom-
ic losses due to their impact on important infra-
structures (Duran et al., 2012). 

The Zebra mussels were detected for first time 
at the Ebro watershed in 2001 (Duran & Anadón, 
2008). Previously at La Sotonera reservoir the 
presence of D. polymorpha was not detected, 
however, now the veliger larvae can be found at 
both seasons and it’s a dominant component of 
zooplankton. Thus, the mussel invasion has 
progressed throughout the years and among 
different reservoirs. The two reservoirs were 
mussels were not present are Oliana and Ebro, 
this last is under special protection (Duran & 
Anadón, 2008). Due to the lack of natural preda-
tors, efficient competition and non-intentional 
dispersion of invaders caused by the interaction 
between people among the reservoirs in the area, 
this invader could be detected in the Ebro reser-
voir in the upcoming years. Consequently, they 
would be present from the beginning until the end 
of watershed.

autumn, were mesotrophic to eutrophic, and 
densities of larger species as Daphnia spp. decay 
while smaller cladocerans such as B. longirostris 
and Ceriodaphnia spp. increase. 

Despite the limitations of this work (and 
taking in count the low number of reservoirs 
sampled compared with the watershed size), with 
the data obtained from the CCA we could hypoth-

these statements, for example, the general tenden-
cy at Oliana was that rotifers had high abundances 
during summer, then, during autumn this group 
tended to decrease and microcrustaceans 
increased in number becoming the dominant 
group. Ullibarri-Gamboa presented a similar 
tendency but with higher abundances of rotifers 
and mussels during the summer, followed by the 
increase of copepods and cladocerans during 
autumn. At the Ebro and La Sotonera reservoirs, 
the number of all groups increase in autumn but 
with the rotifers being the dominant group. How-
ever, at Mequinenza the zebra mussels and cope-
pods were dominants during summer reaching up 
350 ind/L, but with a decrease during autumn. 
Sobrón shows a similar tendency, the summer was 
dominated by the zebra mussel (540 ind/L) and in 
the next period densities of all groups decreased 
dramatically. For these two last reservoirs several 
factors could explain these changes, such as an 
extreme fish predation (Amundsen et al., 2009; 
Ginter et al., 2019), the establishment of the 
sessile stage of mussels in any surface decreasing 
the number of the planktonic larvae (Claudi & 
Mackie, 1994) or even some criteria that were not 
taken in count in the previous model, such as the 
food quality and the trophic level of each reservoir 
(Sommer et al., 2012).

Biodiversity is strongly related with environ-
mental factors (Jeppesen et al., 2000), while some 
physiochemical parameters such as temperature, 
dissolved oxygen, pH, etc., can have positive or 
negative effects on zooplankton (Wetzel, 2001). 
One of the more efficient analyses to correlate the 
zooplankton communities with the physical and 
chemical variables is the CCA (Attayde & Bozel-
li, 1998). Data from our CCA analysis shows the 
rotifer P. dolichoptera, which was positioned in 
the middle of the ordination plot, due to their high 
tolerance to different environments conditions 
(Bērziņš & Pejler, 1989), nowadays it has a wide 
distribution in many water bodies around the 
world (Segers, 2007). The copepod Neolovenula 
alluaudi, that is typically from the Mediterranean 
area (Miracle, 1982), also was positioned near the 
center of the CCA. We can infer that they possess 
high tolerance, however, compared to the previ-
ously mentioned rotifer, it was only present at La 
Sotonera reservoir. The populations of this cope-

pod are moving from the south and are now found 
in several water bodies along the Iberian Peninsu-
la (Alfonso & Belmonte, 2013; Miracle, 1982). 
Thus, this copepod was reported at Mequinenza 
30 years ago (De Manuel & Jaume, 1993), but not 
found during the present study. Furthermore, at 
the Mequinenza reservoir the presence of silurids 
is well documented and the early stages of this 
fish can consume copepods and large cladocerans 
individuals as the Daphnia species, they can 
promote the small-size species such as C. dubia 
and D. mongolium, (Miranda et al., 2010). Also, 
in this reservoir no Daphnia species were record-
ed, probably due the combination of predation 
and lower levels of oxygen compared to other 
reservoirs (Hanazato, 1996).

The copepods C. numidicus and T. dybowskii 
were correlated with conductivity, temperature 
and depth. It is well known that big-sized 
zooplankton species perform a daily vertical 
migration to avoid depredation (Hays, 2003; 
Lampert, 1989). The study of Caramujo & Boavi-
da (2000) found that these two copepod species 
can be consumed in large numbers by fishes, for 
this reason, their populations are settled in deepest 
water bodies. In this study, we found both species 
only at Mequinenza, which has an average 50 m of 
depth in both seasons. The biggest copepod found 
in this study was C. numidicus and it provides a 
high percentage of total biomass and density of all 
copepods, thus, Pearson correlation was significa-
tive in terms of depth for this group. 

In the CCA for groups (Fig. 6) the rotifer 
biomass was also correlated to pH, other studies 
have shown that this parameter can affect the 
rotifer occurrence (Bērziņš, 1987) and their 
assemblage in reservoirs (Devetter, 1998). 

The complex of abundances and biomasses of 
microcrustaceans (copepods and cladocerans), 
were related with the components that conform 
the trophic state since they are influenced by the 
Secchi disk, TP and Chl-a. Some authors have 
indicated that large species of these groups can be 
used as an indicator of oligotrophic state (Pejler, 
1983; Moss et al., 2003; Kane et al., 2009; 
Haberman & Maldna, 2014). Usually, at higher 
trophic level, large species are replaced by small 
species (Lampert & Sommer, 1997). The Ebro, 
Oliana and La Sotonera reservoirs, during the 

was in the middle of the ordination plot, this 
rotifer was present in all reservoirs during both 
seasons, their highest abundances were during the 
summer at La Sotonera (279 ind/L) and Oliana 
(125 ind/L). The Daphnia group was related to 
DO, TP and turbidity. The Daphnia species were 
present in five reservoirs and their seasonality 
was split into those which had higher abundances 
in summer (D. cucullata, D. galeata and D. 
pulicaria) and in autumn (Daphnia longispina). 
Finally, the copepod C. vicinus is not related to 
any variable and the zebra mussels are slightly 
connected with pH and alkalinity (Fig. 5).

In the second CCA, we analyzed the envi-
ronmental variables related with the zooplank-
ton density and biomass, the first two axes 
represent the most explanatory value (93.2 %) 

(p value > 0.05 in the Monte Carlo permutation 
test). This CCA indicates that in the first axis the 
trophic indicators are related (SD, Chl-a and TP). 
These principal indicators are related with both 
cladocera and copepoda density and biomass, 
while rotifer density is related to combination of 
TP, turbidity and DO. The biomass of rotifera 
group presents a similar relation with pH instead 
of turbidity. Finally, both density and biomass of 
zebra mussels are related to temperature and 
conductivity (Fig. 6).

DISCUSSION

Sommer et al. (1986) together with the PEG 
(Plankton Ecology Group) proposed a model 
where sequential statements describe the changes 
in zooplankton and phytoplankton communities in 
lakes. In these statements, they described that in 
summer the smaller groups with short generation-
al life cycle dominate and during autumn large 
species appear. In our study, we found that most of 
the changes in reservoirs’ communities followed 

Density and biomass

The zooplankton density varied in each reservoir 
and season, the average of individuals for all the 
reservoirs during summer was 277 ind/L, that was 
higher than in autumn with 148 ind/L. The higher 
densities in most of reservoir belong to rotifers 
and zebra mussels, except in Ullibarri-Gamboa, 
Mequinenza and Oliana during winter (Fig. 4). 

In terms of biomass, microcrustaceans have a 
bigger role instead of rotifers, and each reservoir 
varied in quantity and group that dominates during 
both seasons. The reservoirs with major changes 
between biomass were La Sotonera (dominated 
during the summer for microcrustaceans to zebra 
mussels in fall), Sobrón (zebra mussels to 
cladocerans) and Ullivarri-Gamboa (cladocerans, 
rotifers and zebra mussels to microcrustaceans 
mainly) (Table 3). The Shannon-Wiener index 
indicated that diversity in the Ullibarri-Gamboa 
reservoir was the highest overall 2.59 bits/ind in 
summer. The lowest diversity was found in 
Sobrón during autumn with only 0.18 bits/ind 
(Fig. 3).

Data analysis 

Through the linear Pearson correlations between 
environmental factors and zooplankton groups we 
found that pH was significantly correlated with 

the density of rotifer group (r2 0.35, p < 0.05). 
Also, both zebra mussel density and biomass were 
positively correlated with Chl-a (r2 0.60, p < 0.05 
and r2 0.62, p < 0.05 respectively). Besides, 
copepods density (r2 0.39, p < 0.05) and biomass 
(r2 0.34, p < 0.05) were correlated with the reser-
voir´s depth. Other correlations were not signifi-
cant (p > 0.05). The Analysis of similarity (ANO-
SIM) doesn’t show any difference between both 
seasons (p > 0.05). The contribution of the 
individual taxa in the dissimilarity of zooplankton 
was low (SIMPER values < 5 %), being A. 
priodonta, C. pulchella, Synchaeta pectinata and 
D. mongolianum the responsible for the cumula-
tive of 20 % in the variance of dissimilarity 
between seasons. 

The first CCA, related the physicochemical 
variables with the principal zooplankton species. 
The first two axes explains 45.2 % of the variance 
(p value 0.001 in the Monte Carlo permutation 
test). Temperature, conductivity and depth are 
strongly related to copepods (C. numidicus, 
Cyclops sp. and T. dybowskii) and the cladoceran 
C. dubia. Two of the most abundant rotifers are 
related with the pH (S. pectinata and C. unicornis) 
in addition to the cladoceran D. cucullata. A big 
group composed principally by cladocerans, few 
copepods and rotifers were related to dissolved 
oxygen (DO), turbidity, TP, Chl-a and suspended 
solids (SS) (Fig. 5). The rotifer P. dolichoptera 

Trophic state

With the data obtained, we calculated the Troph-
ic State Index (TSI) for every reservoir and 
season, the waterbodies were ordinated accord-
ing to their TSI from lower to higher values. 
Ullibarri-Gamboa shows the lower trophic value 
in both seasons (39.01, summer and 37.70, 
autumn) and is classifiedd as oligotrophic. While 
Sobrón had the higher value during the summer 
(52.5) and La Sotonera in autumn (59.8). The 
reservoirs during the summer generally present-
ed values between 30 to 50 and during autumn 
the values increase from 40 to 60. According to 
Carlson (1996), most reservoirs are classified as 
mesotrophic, however, Ebro, Oliana and La 
Sotonera are eutrophic during the autumn and 
Sobrón during the summer (Fig. 2).

Zooplankton

We registered a total of 40 zooplankton species 
during both seasons in the six reservoirs (Table 
2). The rotifers were the group with more 
species reported (21), followed by cladocerans 
(10) and copepods (8). Since the veliger larvae 
of the zebra mussel invader (Dreissena polymor-
pha) were found at 4 reservoirs, they were 
considered a separate group inside this study and 
both abundance and biomass were counted. La 

Sotonera presented the highest number of 
species with, 13 in each season, followed by 
Sobrón with 12 in the summer, Oliana and 
Mequinenza with 11 during summer. This same 
species richness was present in Ebro and 
Ullibarri-Gamboa in the autumn. The lowest 
number of species was in Sobrón with only 6 
during the autumn (Table 2). On average, each 
reservoir presented 10 zooplankton species per 
season. The rotifer Polyarthra dolichoptera was 
presented on all reservoirs in at least one season, 
followed by the zebra mussel, which was detect-
ed on four reservoirs during both seasons. The 
two copepod species Cyclops vicinus and 
Cyclops sp., and some rotifers were only 
presented in one reservoir during one season 
(Table 2).

The only previous study on these reservoirs 
was performed during 1987-1988 and reports 
data of summer and winter seasons. However, to 
compare species composition per season we 
only used the summer data from both studies, 
since the other season is not the same and cannot 
be compared equally (winter from the previous 
study and fall in the current). To indicate new 
registers for each reservoir we verified that 
species were not present in the data of both 
seasons from the previous study. The complete 
list of species present of the previous study can 
be found in De Manuel & Jaume (1993).

The new registers of zooplankton species for 
each reservoir are: Sotonera (Bosmina longi-
rostris, Ceriodapnia dubia, Ceriodaphnia 
pulchella, Daphnia galeata, Diaphanosoma 
mongolianum, Acanthocyclops americanus, 
Anuraeopsis fissa, Polyarthra major, Ascomor-
pha ecaudis and D. polymorpha). Ebro (Eud-
iaptomus vulgaris, B. longirostris, D. mongolia-
num, Conochilus unicornis, Trichotria tetractis, 
P. major, Tricochercca cylindrica). Mequinenza 
(Copidodiaptomus numidicus, Thermocyclops 
dybowskii, A. ecaudis). Sobron (Daphnia cucul-
lata, Cyclops vicinus, Asplanchna priodonta, P. 
major, A. fissa) and Oliana (A. americanus, E. 
vulgaris, C. sphaericus, D. mongolianum, Kelli-
cotia longispina). Since there is not previous 
data available for Ullibarri-Gamboa reservoir, 
all 14 species reported for this study are first 
register (Table 2). 

analyzed those variables that are corresponded to 
the principal zooplankton species. For the second, 
we performed an analysis using the zooplankton 
groups (rotifers, copepods, cladocerans and zebra 
mussels). For each CCA we included the densi-
ties and or biomass of zooplankton and the 
following environmental variables (temperature, 
dissolved oxygen, conductivity, turbidity, pH, 
Secchi disk, depth, nutrients (TP and TN) and 
Chl-a. In order to normalize the data, they were 
transformed logarithmically Log(x + 1), except 
for pH. The models were tested using Monte 
Carlo permutation (n = 499). Nauplius, copepo-
dites and bdelloid rotifers were excluded since 
they were not identified to species level. Both 
CCAs were executed using the Canoco 4.5 for 
Windows computer program (Ter Braak & 
Šmilauer, 2002).

RESULTS

Environmental parameters

During the two seasons of this study the physical 
and chemical parameters varied at the different 
reservoirs, complete data is reported in Table 1. 
The water temperature on average was higher 
during summer in all waterbodies, except at 
Oliana, where it was higher in autumn. In general, 
the dissolved oxygen presents higher values during 

summer than those in autumn. The pH values do 
not show an important difference between seasons 
because the buffer effect of the bicarbonate in the 
waters and the conductivity values were stable 
(with exception of Mequinenza during autumn 
with a peak of 1288 µS/cm). Suspended solids in 
both seasons were similar in four of the six reser-
voirs, however, data from the Ebro and La Soton-
era reservoirs during the autumn were double 
compared to the summer data. The Secchi disk 
visibility presented a wide variability among reser-
voirs and seasons: Ebro, Oliana and La Sotonera 
had higher values in summer, nevertheless, 
Ullibarri-Gamboa, Mequinenza and Sobrón were 
higher during autumn.

In the case of Chl-a, higher values were 
presented during the summer at Ullibarri-Gam-
boa and Sobrón, and during the autumn at Ebro 
and Oliana. The Oliana reservoir (autumn) had 
the biggest Chl-a concentration of all the study 
(21.14 µg/L). Finally, Mequinenza and La Soton-
era had similar values during both seasons (aver-
age of 3.3 µg/L and 3.5 µg/L respectively). Total 
Nitrogen (TN) values at 5 of the reservoirs were 
higher during summer, only Mequinenza present-
ed a high peak in autumn (1692 µg/L). The higher 
values of total phosphorus (TP) were reported in 
autumn, except at Oliana (80.78 µg/L) and 
Sobrón (25.5 µg/L), where the higher values were 
during summer.

means of a multiparametric devise Sea-Bird 19 
plus V2. The depth of the photic zone was calcu-
lated by measuring the light penetration using a 
quantometer. The water transparency was deter-
mined measuring the Secchi disk depth (SD). An 
integrative water sample was collected from the 
photic zone of each reservoir using a 25 mm 
ballasted tube technique for ex-situ analyses 
(Vicente et al., 2005). For measurements of the 
following variables, we used the standard method-
ology (APHA, 1998) described for suspended 
solids (APHA 2540D), turbidity (ISO7027-1999), 
total nitrogen (TN) (APHA method 4500-N C), 
total phosphorus (TP) (4500-P B/APHA 4500-P 
C), and chlorophyll a (Shoaf & Lium, 1976). The 
complete data set of environmental variables can 
be found at C.H.E. (2016).

To estimate the reservoir´s trophic conditions, 
we used the criteria of the trophic state index 
(TSI) (Carlson, 1977). The TSI´ values of each 
reservoir were obtained with the following 
formulae (Carlson & Simpson, 1996):

  Total phosphorus; TSI (TP) = 14.42 ln (TP) + 4.15
  Chlorophyll a, TSI (Chl-a) = 9.81 ln (Chl-a) + 30.6
  Secchi disk, TSI (SD) = 60 - 14.41 ln (SD) 

Total phosphorus and Chl-a are measured in 
micrograms per liter (μg/L) and Secchi disk depth 
is expressed in meters. TSI is the average value of 
the three above mentioned variables.

  TSI´= [(TSI(TP) + TSI (Chl-a) + TSI (SD))/3]

Zooplankton samples

The zooplankton samples were collected using a 
Ruttner bottle with a capacity of 2.7 L. For each 
reservoir were taken two Ruttner bottles to obtain 
5.4 liters of water sample, then the sample was 
filtered through 30 μm mesh size Nytal, fixed 
with formaldehyde at 4 % final concentration and 
stored in a hermetic glass vial. The sample depth 
was established in each reservoir at the beginning 
of oxygen decline, where has been reported as the 
richest zone of zooplankton fauna (Miracle & 
Vicente, 1983). Also, a zooplankton vertical tow 
net of 50 μm mesh size Nytal was towed from 30 
m deep to the surface, collected and fixed with 

formalin. These vertical tow net samples were 
taken mainly for taxonomic purposes.

Zooplankton species were identified using 
the following guides: Ruttner-Kolisko (1974), 
Koste (1978), Nogrady et al., (1995) and 
Nogrady & Segers (2002) for rotifers, Alonso 
(1996) for cladocerans, and Dussart (1967, 1969) 
for copepods. 

For quantitative results, we used the samples 
taken from the Ruttner bottles, all individuals 
were counted using a Sedgewick Rafter-type 
counting chamber under inverted microscopy. 
After individuals were counted and densities 
were obtained, we calculate the biomass, to deter-
mine it, a minimum of 30 specimens of all species 
were measured and using the formulas that relate 
the total length with the dry weight of the speci-
mens were obtained the corresponding conver-
sion factors (Ruttner-Kolisko, 1977; Dumont et 
al., 1975; Culver et al., 1985). The Shan-
non–Wiener diversity index (H’) (Shannon & 
Weaver, 1963) was calculated from data on the 
abundance of zooplankton for each reservoir at 
both seasons. 

Statistical analysis
 
The correlation coefficients between zooplankton 
data and the environmental factors were calculat-
ed by linear Pearson correlations. Analysis of 
similarity (ANOSIM) tests were performed on the 
zooplankton data to determine which, if any, reser-
voirs showed significant differences in zooplank-
ton community structure between the two seasons. 
ANOSIM is a nonparametric analogue to analysis 
of variance and tests for multivariate differences 
between groups based on Bray-Curtis distance and 
rank dissimilarity. Also, we ran a similarity 
percentage routine (SIMPER), to test which 
zooplankton species were contributing to the com-
munity changes. The SIMPER routine uses 
average Bray-Curtis dissimilarities between all 
pairs of sites to produce a percent contribution 
from each species, identifying the species most 
responsible for the dissimilarity (Clarke & 
Warwick, 2001).

To determine the influence of different factors 
on zooplankton we performed two canonical 
correspondence analysis (CCA). For the first, we 

we focus on zooplankton communities of six 
reservoirs located across the watershed. These 
were chosen due to the fact that existing data is 
more than 30 years old (De Manuel & Jaumel, 
1993) or no previous data was available. The lack 
of information of these reservoirs throughout the 
last three decades could significate changes in 
species composition and non-detected invaders. 
Therefore, it´s important to update the current 
knowledge on zooplanktonic fauna in this water-
shed and know how environmental variables can 
affect the composition of communities through 
seasons. Thus, all this information could be a 
helpful tool for reservoirs management. 

The main objectives of this study were; first, 
report and compare the zooplankton composition 
(species richness, density and biomass) during 
two studied seasons (summer and autumn) in six 
reservoirs at the Ebro watershed. Second, deter-
mine the environmental variables related to the 
zooplankton groups structure (density and 
biomass). Third, update information on the 
zooplanktonic fauna and verify if new species are 

present in the reservoirs compared with available 
data of previous studies. 

MATERIAL AND METHODS

Study area

The data presented in this study was obtained 
from six reservoirs, located in different areas and 
altitudes along the Ebro watershed (Fig. 1). Each 
reservoir was sampled at the beginning of two 
different seasons in 2016: summer (last week of 
June) and autumn (last week of September). One 
sampling point was established at each reservoir 
in the deepest part of the reservoir at 300-500 
meters from the dam.

Environmental Variables

For each reservoir the following variables were 
measured along the water vertical profile, temper-
ature, conductivity, dissolved oxygen, pH, turbidi-
ty and chlorophyll a, all in situ measurements, by 

INTRODUCTION

Zooplankton is, an important component inside the 
freshwater ecosystem, playings a big role in the 
transfer of energy in the aquatic food web between 
primary producers and higher consumers, while 
significantly contributing to the recycling of nutri-
ents (Lampert & Sommer, 1997).

Besides their essential role in trophic levels of 
aquatic environments, this group can also provide 
valuable information that other groups cannot. For 
example, changes in certain metrics such as, size, 
proportion of large and small zooplankton, mean 
of body weight and proportion of resting eggs 
together with the zooplankton:phytoplankton 
biomass ratio, which can indicate a “top-down” 
process (Jeppesen et al., 2011). Top-down control 
is one of the main attributes of zooplankton. This 
occurs when zooplankton consumes high quanti-
ties of phytoplankton and becomes a pressure 
factor, this pressure can determine the composi-
tion of phytoplankton assemblage and decrease 
their abundances and biomass (Naselli-Flores & 
Rossetti, 2010). On the other hand, the zooplank-
ton community can respond quickly to phyto-
plankton blooms during the bottom-up control 
(Carpenter et al., 1985), such as, changes in the 
biomass, the proportion of calanoids copepods 
and numbers of rotifers could indicate this process 
(Jeppesen et al., 2011). Due to their pivotal 
position in the transfer of nutrients and energy in 
aquatic food webs and the valuable data they can 
provide, it is essential to have a wide knowledge 
of zooplankton composition and the factors relat-
ed to this group (Caroni & Irvine, 2010).

All the species and individuals that make up 
the zooplankton community exhibit diverse 
responses to changes (Stemberger et al., 2001). 
These changes can be done by biotic (e.g. food 
availability, predation and competition) and 
abiotic (physical and chemical habitat conditions: 
temperature, dissolved oxygen, pH, etc.) factors, 
as both can affect the species richness, increasing 
or decreasing their abundances and biomass, and 

promoting shifts in their diversity (Jeppesen et 
al., 2000; Wetzel, 2001; Dodson et al., 2009; 
Bonecker et al., 2013). Hence, studies focused on 
such factors can provide useful information to 
manage natural resources (Gulati et al., 1990) as 
well as the understanding of how its community 
structure (species richness, density and abun-
dances) varies with time and in different aquatic 
systems (Dodson et al., 2009; Boix et al., 2008).

Seasonal variation also has an important role 
in waterbodies. Over the course of a year many 
environmental variables can suffer big changes 
depending on the season (Margalef, 1983). On a 
regional and local scale, these seasonal changes 
in natural components, in addition to anthropo-
genic pollution, can impact on aquatic communi-
ties and affect the zooplankton groups in different 
ways (Tavernini et al., 2009). 

Many studies have correlated density, species 
richness and the presence or absence of zooplank-
ton, for example, rotifers (Sladečeck, 1983; 
Ejsmont-Karabin, 1995, 2012; May & O’Hare, 
2005) and micro-crustaceans (Pinto-Coelho et 
al., 2005) to the trophic gradient. Moreover, 
zooplankton, can be an element in evaluating the 
trophic state of reservoirs and lakes (Haberman et 
al., 2007; Haberman & Haldna, 2014) and a good 
indicator of the different trophic states related to 
natural processes, man-made activities and 
climate changes (Jeppesen et al., 2011). Recently, 
in man-made reservoirs have proved that even 
zooplankton density can be a tool to determinate 
the trophic state of a large watershed in Spain 
(Garcia-Chicote et al., 2018). Although the Water 
Framework Directive has the aim of evaluating 
the European waters through several Biological 
Quality Indicators, zooplankton and its valuable 
data is not included as one of these indicators. 

Despite the Ebro watershed being the second 
large watershed in Spain, studies related to 
zooplankton presence in the reservoirs are few 
and focus principally on rotifera phylum´s 
description or distribution (De Manuel & Armen-
gol, 1993; De Manuel, 2000). In the present study 

Figure 4.  Abundances of zooplankton groups in the six 
reservoirs, (*) indicate summer values. Abundancias de los grupos 
de zooplancton en los seis embalses, (*) indica valores de verano.

Figure 3.  Shannon-Wiener diversity index (black bars represents 
summer, gray bars autumn). Diversidad de Shannon-Wiener 
(barras negras representan verano, grises otoño).
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CONCLUSION

Our results show that abundances and biomass 
values were in general two times higher in 
summer than values in autumn. However, there is 
not an equal tendency for all reservoirs and each 
one works in a different way. The data suggest that 
the changes in the zooplankton community during 
both seasons are related mainly with physico-
chemical variables as Chl-a, SD, TP, pH and reser-
voir depth, as well as with biotic interactions, like 
competition with alien species such as D. poly-
morpha. The relation between the zooplankton 
groups and the environmental variables could help 
us understand the main changes that could occur 
in a shifting world. All reservoirs presented new 
records in zooplankton species. La Sotonera had 
the highest number of new registers with ten 
species, followed by the Ebro with seven, while 
Oliana, Sobrón and Mequinenza have five. For 
Ullibarri-Gamboa reservoir we showed for the 
first time a record of zooplankton species. Also, 
we detected for first time the presence of zebra 
mussels at La Sotonera reservoir, indicating that 
this invader is dispersing throughout the water-
shed. Therefore, zooplankton composition knowl-
edge, regular monitoring of species inhabiting in 
the reservoirs and the understanding of environ-
mental variables that affect species and zooplank-
ton structure (specific richness, density and 
biomass) can be a helpful tool for watershed man-
agement and early detection of invasive species.
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esize the zooplankton groups, such as, copepods 
and cladocerans could be affected firstly and their 
structure modified if the variables that are more 
related or affect these groups change for several 
factors, such as, climate change, new invasive 
species and or anthropogenic impacts. 

The zooplankton community normally varied 
through months, seasons or years, and the 
species replacement can happen quickly or 
change gradually with time (Lampert & Sommer, 
1997). Some of these species’ substitutions can 
be observed in the current research compared 
with data of previous works, at Mequinenza, 
from species reported previously for summer 
season we found only two shared species. Larger 
filter species such as N. alluaudi and D. galeata 
together with the main predator A. robustus, 
were substituted for C. numidicus and T. 
dybowskii. A similar case occurred at Sobrón, 
where only three species were shared. From three 
cyclopids species to only C. vicinus and the pres-
ence of D. galeata and C. pulchella.

The reservoir with the most shared species 
was Oliana, with seven of the nine species 
reported for this study. The main change 
observed was C. abyssorum to A. americanus. 
The Sotonera reservoir was the only reservoir 
where the two previous copepod species did not 
suffer any variation, however, cladocerans from 
two Daphnia species changed to one species (D. 
galeata) and medium-size filters as C. dubia and 
D. mongolianum. The study of Higgins & 
Vander Zanden (2010) suggests that D. polymor-
pha can reduce the zooplankton biomass to 
40-77 % in pelagic areas and replace them, this 
affect the species richness and diversity. The low 
replacement at Oliana could be related to the 
non-presence of them. In contrast, some changes 
can be appreciated at La Sotonera and Sobrón 
with low diversity (Fig. 3) for their increase in 
density and biomass (Table 3).

For the Ebro reservoir, there is a great differ-
ence in the number of zooplankton species 
between studies since previously 20 species were 
reported, where almost half of the species were 
microcrustaceans including several species of 
Daphnia and cyclopids, however, we registered 
only four shared species. Nowadays, only eight 
species are present, where five of them belong to 

rotifers and only D. pulicaria and C. abyssorum 
were reported before. Thus, all these data 
indicate that the communities have changed, 
increasing, or decreasing the number of species 
and being replaced for others. Several explana-
tions such as competition, natural succession or 
even variations of environmental variables 
(Devetter, 1998; Dodson et al., 2009) could 
explain these changes, however, since there is a 
lack of information for all non-reported years, 
the question of which exact events caused these 
changes remains unanswered. 

Due to diverse factors, including manage-
ment, most of water bodies cannot be sampled 
on a regular basis to confirm the species presents 
and like in this study, can take a long time until 
having new data. Nevertheless, having a moni-
toring program could help us to understand the 
community changes. But this is not the only 
benefit, thus, it can be a tool to have complete 
knowledge of species richness and to identify 
the already reported and the newly invasive 
species. For the invasive fauna, correct actions 
could prevent their introduction and dispersal 
along the watershed area, which could not only 
affect local diversity and become one of the 
major aquatic stressors, as is the case with zebra 
mussels (Strayer, 2010), but also create econom-
ic losses due to their impact on important infra-
structures (Duran et al., 2012). 

The Zebra mussels were detected for first time 
at the Ebro watershed in 2001 (Duran & Anadón, 
2008). Previously at La Sotonera reservoir the 
presence of D. polymorpha was not detected, 
however, now the veliger larvae can be found at 
both seasons and it’s a dominant component of 
zooplankton. Thus, the mussel invasion has 
progressed throughout the years and among 
different reservoirs. The two reservoirs were 
mussels were not present are Oliana and Ebro, 
this last is under special protection (Duran & 
Anadón, 2008). Due to the lack of natural preda-
tors, efficient competition and non-intentional 
dispersion of invaders caused by the interaction 
between people among the reservoirs in the area, 
this invader could be detected in the Ebro reser-
voir in the upcoming years. Consequently, they 
would be present from the beginning until the end 
of watershed.

autumn, were mesotrophic to eutrophic, and 
densities of larger species as Daphnia spp. decay 
while smaller cladocerans such as B. longirostris 
and Ceriodaphnia spp. increase. 

Despite the limitations of this work (and 
taking in count the low number of reservoirs 
sampled compared with the watershed size), with 
the data obtained from the CCA we could hypoth-

these statements, for example, the general tenden-
cy at Oliana was that rotifers had high abundances 
during summer, then, during autumn this group 
tended to decrease and microcrustaceans 
increased in number becoming the dominant 
group. Ullibarri-Gamboa presented a similar 
tendency but with higher abundances of rotifers 
and mussels during the summer, followed by the 
increase of copepods and cladocerans during 
autumn. At the Ebro and La Sotonera reservoirs, 
the number of all groups increase in autumn but 
with the rotifers being the dominant group. How-
ever, at Mequinenza the zebra mussels and cope-
pods were dominants during summer reaching up 
350 ind/L, but with a decrease during autumn. 
Sobrón shows a similar tendency, the summer was 
dominated by the zebra mussel (540 ind/L) and in 
the next period densities of all groups decreased 
dramatically. For these two last reservoirs several 
factors could explain these changes, such as an 
extreme fish predation (Amundsen et al., 2009; 
Ginter et al., 2019), the establishment of the 
sessile stage of mussels in any surface decreasing 
the number of the planktonic larvae (Claudi & 
Mackie, 1994) or even some criteria that were not 
taken in count in the previous model, such as the 
food quality and the trophic level of each reservoir 
(Sommer et al., 2012).

Biodiversity is strongly related with environ-
mental factors (Jeppesen et al., 2000), while some 
physiochemical parameters such as temperature, 
dissolved oxygen, pH, etc., can have positive or 
negative effects on zooplankton (Wetzel, 2001). 
One of the more efficient analyses to correlate the 
zooplankton communities with the physical and 
chemical variables is the CCA (Attayde & Bozel-
li, 1998). Data from our CCA analysis shows the 
rotifer P. dolichoptera, which was positioned in 
the middle of the ordination plot, due to their high 
tolerance to different environments conditions 
(Bērziņš & Pejler, 1989), nowadays it has a wide 
distribution in many water bodies around the 
world (Segers, 2007). The copepod Neolovenula 
alluaudi, that is typically from the Mediterranean 
area (Miracle, 1982), also was positioned near the 
center of the CCA. We can infer that they possess 
high tolerance, however, compared to the previ-
ously mentioned rotifer, it was only present at La 
Sotonera reservoir. The populations of this cope-

pod are moving from the south and are now found 
in several water bodies along the Iberian Peninsu-
la (Alfonso & Belmonte, 2013; Miracle, 1982). 
Thus, this copepod was reported at Mequinenza 
30 years ago (De Manuel & Jaume, 1993), but not 
found during the present study. Furthermore, at 
the Mequinenza reservoir the presence of silurids 
is well documented and the early stages of this 
fish can consume copepods and large cladocerans 
individuals as the Daphnia species, they can 
promote the small-size species such as C. dubia 
and D. mongolium, (Miranda et al., 2010). Also, 
in this reservoir no Daphnia species were record-
ed, probably due the combination of predation 
and lower levels of oxygen compared to other 
reservoirs (Hanazato, 1996).

The copepods C. numidicus and T. dybowskii 
were correlated with conductivity, temperature 
and depth. It is well known that big-sized 
zooplankton species perform a daily vertical 
migration to avoid depredation (Hays, 2003; 
Lampert, 1989). The study of Caramujo & Boavi-
da (2000) found that these two copepod species 
can be consumed in large numbers by fishes, for 
this reason, their populations are settled in deepest 
water bodies. In this study, we found both species 
only at Mequinenza, which has an average 50 m of 
depth in both seasons. The biggest copepod found 
in this study was C. numidicus and it provides a 
high percentage of total biomass and density of all 
copepods, thus, Pearson correlation was significa-
tive in terms of depth for this group. 

In the CCA for groups (Fig. 6) the rotifer 
biomass was also correlated to pH, other studies 
have shown that this parameter can affect the 
rotifer occurrence (Bērziņš, 1987) and their 
assemblage in reservoirs (Devetter, 1998). 

The complex of abundances and biomasses of 
microcrustaceans (copepods and cladocerans), 
were related with the components that conform 
the trophic state since they are influenced by the 
Secchi disk, TP and Chl-a. Some authors have 
indicated that large species of these groups can be 
used as an indicator of oligotrophic state (Pejler, 
1983; Moss et al., 2003; Kane et al., 2009; 
Haberman & Maldna, 2014). Usually, at higher 
trophic level, large species are replaced by small 
species (Lampert & Sommer, 1997). The Ebro, 
Oliana and La Sotonera reservoirs, during the 

was in the middle of the ordination plot, this 
rotifer was present in all reservoirs during both 
seasons, their highest abundances were during the 
summer at La Sotonera (279 ind/L) and Oliana 
(125 ind/L). The Daphnia group was related to 
DO, TP and turbidity. The Daphnia species were 
present in five reservoirs and their seasonality 
was split into those which had higher abundances 
in summer (D. cucullata, D. galeata and D. 
pulicaria) and in autumn (Daphnia longispina). 
Finally, the copepod C. vicinus is not related to 
any variable and the zebra mussels are slightly 
connected with pH and alkalinity (Fig. 5).

In the second CCA, we analyzed the envi-
ronmental variables related with the zooplank-
ton density and biomass, the first two axes 
represent the most explanatory value (93.2 %) 

(p value > 0.05 in the Monte Carlo permutation 
test). This CCA indicates that in the first axis the 
trophic indicators are related (SD, Chl-a and TP). 
These principal indicators are related with both 
cladocera and copepoda density and biomass, 
while rotifer density is related to combination of 
TP, turbidity and DO. The biomass of rotifera 
group presents a similar relation with pH instead 
of turbidity. Finally, both density and biomass of 
zebra mussels are related to temperature and 
conductivity (Fig. 6).

DISCUSSION

Sommer et al. (1986) together with the PEG 
(Plankton Ecology Group) proposed a model 
where sequential statements describe the changes 
in zooplankton and phytoplankton communities in 
lakes. In these statements, they described that in 
summer the smaller groups with short generation-
al life cycle dominate and during autumn large 
species appear. In our study, we found that most of 
the changes in reservoirs’ communities followed 

Density and biomass

The zooplankton density varied in each reservoir 
and season, the average of individuals for all the 
reservoirs during summer was 277 ind/L, that was 
higher than in autumn with 148 ind/L. The higher 
densities in most of reservoir belong to rotifers 
and zebra mussels, except in Ullibarri-Gamboa, 
Mequinenza and Oliana during winter (Fig. 4). 

In terms of biomass, microcrustaceans have a 
bigger role instead of rotifers, and each reservoir 
varied in quantity and group that dominates during 
both seasons. The reservoirs with major changes 
between biomass were La Sotonera (dominated 
during the summer for microcrustaceans to zebra 
mussels in fall), Sobrón (zebra mussels to 
cladocerans) and Ullivarri-Gamboa (cladocerans, 
rotifers and zebra mussels to microcrustaceans 
mainly) (Table 3). The Shannon-Wiener index 
indicated that diversity in the Ullibarri-Gamboa 
reservoir was the highest overall 2.59 bits/ind in 
summer. The lowest diversity was found in 
Sobrón during autumn with only 0.18 bits/ind 
(Fig. 3).

Data analysis 

Through the linear Pearson correlations between 
environmental factors and zooplankton groups we 
found that pH was significantly correlated with 

the density of rotifer group (r2 0.35, p < 0.05). 
Also, both zebra mussel density and biomass were 
positively correlated with Chl-a (r2 0.60, p < 0.05 
and r2 0.62, p < 0.05 respectively). Besides, 
copepods density (r2 0.39, p < 0.05) and biomass 
(r2 0.34, p < 0.05) were correlated with the reser-
voir´s depth. Other correlations were not signifi-
cant (p > 0.05). The Analysis of similarity (ANO-
SIM) doesn’t show any difference between both 
seasons (p > 0.05). The contribution of the 
individual taxa in the dissimilarity of zooplankton 
was low (SIMPER values < 5 %), being A. 
priodonta, C. pulchella, Synchaeta pectinata and 
D. mongolianum the responsible for the cumula-
tive of 20 % in the variance of dissimilarity 
between seasons. 

The first CCA, related the physicochemical 
variables with the principal zooplankton species. 
The first two axes explains 45.2 % of the variance 
(p value 0.001 in the Monte Carlo permutation 
test). Temperature, conductivity and depth are 
strongly related to copepods (C. numidicus, 
Cyclops sp. and T. dybowskii) and the cladoceran 
C. dubia. Two of the most abundant rotifers are 
related with the pH (S. pectinata and C. unicornis) 
in addition to the cladoceran D. cucullata. A big 
group composed principally by cladocerans, few 
copepods and rotifers were related to dissolved 
oxygen (DO), turbidity, TP, Chl-a and suspended 
solids (SS) (Fig. 5). The rotifer P. dolichoptera 

Trophic state

With the data obtained, we calculated the Troph-
ic State Index (TSI) for every reservoir and 
season, the waterbodies were ordinated accord-
ing to their TSI from lower to higher values. 
Ullibarri-Gamboa shows the lower trophic value 
in both seasons (39.01, summer and 37.70, 
autumn) and is classifiedd as oligotrophic. While 
Sobrón had the higher value during the summer 
(52.5) and La Sotonera in autumn (59.8). The 
reservoirs during the summer generally present-
ed values between 30 to 50 and during autumn 
the values increase from 40 to 60. According to 
Carlson (1996), most reservoirs are classified as 
mesotrophic, however, Ebro, Oliana and La 
Sotonera are eutrophic during the autumn and 
Sobrón during the summer (Fig. 2).

Zooplankton

We registered a total of 40 zooplankton species 
during both seasons in the six reservoirs (Table 
2). The rotifers were the group with more 
species reported (21), followed by cladocerans 
(10) and copepods (8). Since the veliger larvae 
of the zebra mussel invader (Dreissena polymor-
pha) were found at 4 reservoirs, they were 
considered a separate group inside this study and 
both abundance and biomass were counted. La 

Sotonera presented the highest number of 
species with, 13 in each season, followed by 
Sobrón with 12 in the summer, Oliana and 
Mequinenza with 11 during summer. This same 
species richness was present in Ebro and 
Ullibarri-Gamboa in the autumn. The lowest 
number of species was in Sobrón with only 6 
during the autumn (Table 2). On average, each 
reservoir presented 10 zooplankton species per 
season. The rotifer Polyarthra dolichoptera was 
presented on all reservoirs in at least one season, 
followed by the zebra mussel, which was detect-
ed on four reservoirs during both seasons. The 
two copepod species Cyclops vicinus and 
Cyclops sp., and some rotifers were only 
presented in one reservoir during one season 
(Table 2).

The only previous study on these reservoirs 
was performed during 1987-1988 and reports 
data of summer and winter seasons. However, to 
compare species composition per season we 
only used the summer data from both studies, 
since the other season is not the same and cannot 
be compared equally (winter from the previous 
study and fall in the current). To indicate new 
registers for each reservoir we verified that 
species were not present in the data of both 
seasons from the previous study. The complete 
list of species present of the previous study can 
be found in De Manuel & Jaume (1993).

The new registers of zooplankton species for 
each reservoir are: Sotonera (Bosmina longi-
rostris, Ceriodapnia dubia, Ceriodaphnia 
pulchella, Daphnia galeata, Diaphanosoma 
mongolianum, Acanthocyclops americanus, 
Anuraeopsis fissa, Polyarthra major, Ascomor-
pha ecaudis and D. polymorpha). Ebro (Eud-
iaptomus vulgaris, B. longirostris, D. mongolia-
num, Conochilus unicornis, Trichotria tetractis, 
P. major, Tricochercca cylindrica). Mequinenza 
(Copidodiaptomus numidicus, Thermocyclops 
dybowskii, A. ecaudis). Sobron (Daphnia cucul-
lata, Cyclops vicinus, Asplanchna priodonta, P. 
major, A. fissa) and Oliana (A. americanus, E. 
vulgaris, C. sphaericus, D. mongolianum, Kelli-
cotia longispina). Since there is not previous 
data available for Ullibarri-Gamboa reservoir, 
all 14 species reported for this study are first 
register (Table 2). 

analyzed those variables that are corresponded to 
the principal zooplankton species. For the second, 
we performed an analysis using the zooplankton 
groups (rotifers, copepods, cladocerans and zebra 
mussels). For each CCA we included the densi-
ties and or biomass of zooplankton and the 
following environmental variables (temperature, 
dissolved oxygen, conductivity, turbidity, pH, 
Secchi disk, depth, nutrients (TP and TN) and 
Chl-a. In order to normalize the data, they were 
transformed logarithmically Log(x + 1), except 
for pH. The models were tested using Monte 
Carlo permutation (n = 499). Nauplius, copepo-
dites and bdelloid rotifers were excluded since 
they were not identified to species level. Both 
CCAs were executed using the Canoco 4.5 for 
Windows computer program (Ter Braak & 
Šmilauer, 2002).

RESULTS

Environmental parameters

During the two seasons of this study the physical 
and chemical parameters varied at the different 
reservoirs, complete data is reported in Table 1. 
The water temperature on average was higher 
during summer in all waterbodies, except at 
Oliana, where it was higher in autumn. In general, 
the dissolved oxygen presents higher values during 

summer than those in autumn. The pH values do 
not show an important difference between seasons 
because the buffer effect of the bicarbonate in the 
waters and the conductivity values were stable 
(with exception of Mequinenza during autumn 
with a peak of 1288 µS/cm). Suspended solids in 
both seasons were similar in four of the six reser-
voirs, however, data from the Ebro and La Soton-
era reservoirs during the autumn were double 
compared to the summer data. The Secchi disk 
visibility presented a wide variability among reser-
voirs and seasons: Ebro, Oliana and La Sotonera 
had higher values in summer, nevertheless, 
Ullibarri-Gamboa, Mequinenza and Sobrón were 
higher during autumn.

In the case of Chl-a, higher values were 
presented during the summer at Ullibarri-Gam-
boa and Sobrón, and during the autumn at Ebro 
and Oliana. The Oliana reservoir (autumn) had 
the biggest Chl-a concentration of all the study 
(21.14 µg/L). Finally, Mequinenza and La Soton-
era had similar values during both seasons (aver-
age of 3.3 µg/L and 3.5 µg/L respectively). Total 
Nitrogen (TN) values at 5 of the reservoirs were 
higher during summer, only Mequinenza present-
ed a high peak in autumn (1692 µg/L). The higher 
values of total phosphorus (TP) were reported in 
autumn, except at Oliana (80.78 µg/L) and 
Sobrón (25.5 µg/L), where the higher values were 
during summer.

means of a multiparametric devise Sea-Bird 19 
plus V2. The depth of the photic zone was calcu-
lated by measuring the light penetration using a 
quantometer. The water transparency was deter-
mined measuring the Secchi disk depth (SD). An 
integrative water sample was collected from the 
photic zone of each reservoir using a 25 mm 
ballasted tube technique for ex-situ analyses 
(Vicente et al., 2005). For measurements of the 
following variables, we used the standard method-
ology (APHA, 1998) described for suspended 
solids (APHA 2540D), turbidity (ISO7027-1999), 
total nitrogen (TN) (APHA method 4500-N C), 
total phosphorus (TP) (4500-P B/APHA 4500-P 
C), and chlorophyll a (Shoaf & Lium, 1976). The 
complete data set of environmental variables can 
be found at C.H.E. (2016).

To estimate the reservoir´s trophic conditions, 
we used the criteria of the trophic state index 
(TSI) (Carlson, 1977). The TSI´ values of each 
reservoir were obtained with the following 
formulae (Carlson & Simpson, 1996):

  Total phosphorus; TSI (TP) = 14.42 ln (TP) + 4.15
  Chlorophyll a, TSI (Chl-a) = 9.81 ln (Chl-a) + 30.6
  Secchi disk, TSI (SD) = 60 - 14.41 ln (SD) 

Total phosphorus and Chl-a are measured in 
micrograms per liter (μg/L) and Secchi disk depth 
is expressed in meters. TSI is the average value of 
the three above mentioned variables.

  TSI´= [(TSI(TP) + TSI (Chl-a) + TSI (SD))/3]

Zooplankton samples

The zooplankton samples were collected using a 
Ruttner bottle with a capacity of 2.7 L. For each 
reservoir were taken two Ruttner bottles to obtain 
5.4 liters of water sample, then the sample was 
filtered through 30 μm mesh size Nytal, fixed 
with formaldehyde at 4 % final concentration and 
stored in a hermetic glass vial. The sample depth 
was established in each reservoir at the beginning 
of oxygen decline, where has been reported as the 
richest zone of zooplankton fauna (Miracle & 
Vicente, 1983). Also, a zooplankton vertical tow 
net of 50 μm mesh size Nytal was towed from 30 
m deep to the surface, collected and fixed with 

formalin. These vertical tow net samples were 
taken mainly for taxonomic purposes.

Zooplankton species were identified using 
the following guides: Ruttner-Kolisko (1974), 
Koste (1978), Nogrady et al., (1995) and 
Nogrady & Segers (2002) for rotifers, Alonso 
(1996) for cladocerans, and Dussart (1967, 1969) 
for copepods. 

For quantitative results, we used the samples 
taken from the Ruttner bottles, all individuals 
were counted using a Sedgewick Rafter-type 
counting chamber under inverted microscopy. 
After individuals were counted and densities 
were obtained, we calculate the biomass, to deter-
mine it, a minimum of 30 specimens of all species 
were measured and using the formulas that relate 
the total length with the dry weight of the speci-
mens were obtained the corresponding conver-
sion factors (Ruttner-Kolisko, 1977; Dumont et 
al., 1975; Culver et al., 1985). The Shan-
non–Wiener diversity index (H’) (Shannon & 
Weaver, 1963) was calculated from data on the 
abundance of zooplankton for each reservoir at 
both seasons. 

Statistical analysis
 
The correlation coefficients between zooplankton 
data and the environmental factors were calculat-
ed by linear Pearson correlations. Analysis of 
similarity (ANOSIM) tests were performed on the 
zooplankton data to determine which, if any, reser-
voirs showed significant differences in zooplank-
ton community structure between the two seasons. 
ANOSIM is a nonparametric analogue to analysis 
of variance and tests for multivariate differences 
between groups based on Bray-Curtis distance and 
rank dissimilarity. Also, we ran a similarity 
percentage routine (SIMPER), to test which 
zooplankton species were contributing to the com-
munity changes. The SIMPER routine uses 
average Bray-Curtis dissimilarities between all 
pairs of sites to produce a percent contribution 
from each species, identifying the species most 
responsible for the dissimilarity (Clarke & 
Warwick, 2001).

To determine the influence of different factors 
on zooplankton we performed two canonical 
correspondence analysis (CCA). For the first, we 

we focus on zooplankton communities of six 
reservoirs located across the watershed. These 
were chosen due to the fact that existing data is 
more than 30 years old (De Manuel & Jaumel, 
1993) or no previous data was available. The lack 
of information of these reservoirs throughout the 
last three decades could significate changes in 
species composition and non-detected invaders. 
Therefore, it´s important to update the current 
knowledge on zooplanktonic fauna in this water-
shed and know how environmental variables can 
affect the composition of communities through 
seasons. Thus, all this information could be a 
helpful tool for reservoirs management. 

The main objectives of this study were; first, 
report and compare the zooplankton composition 
(species richness, density and biomass) during 
two studied seasons (summer and autumn) in six 
reservoirs at the Ebro watershed. Second, deter-
mine the environmental variables related to the 
zooplankton groups structure (density and 
biomass). Third, update information on the 
zooplanktonic fauna and verify if new species are 

present in the reservoirs compared with available 
data of previous studies. 

MATERIAL AND METHODS

Study area

The data presented in this study was obtained 
from six reservoirs, located in different areas and 
altitudes along the Ebro watershed (Fig. 1). Each 
reservoir was sampled at the beginning of two 
different seasons in 2016: summer (last week of 
June) and autumn (last week of September). One 
sampling point was established at each reservoir 
in the deepest part of the reservoir at 300-500 
meters from the dam.

Environmental Variables

For each reservoir the following variables were 
measured along the water vertical profile, temper-
ature, conductivity, dissolved oxygen, pH, turbidi-
ty and chlorophyll a, all in situ measurements, by 

INTRODUCTION

Zooplankton is, an important component inside the 
freshwater ecosystem, playings a big role in the 
transfer of energy in the aquatic food web between 
primary producers and higher consumers, while 
significantly contributing to the recycling of nutri-
ents (Lampert & Sommer, 1997).

Besides their essential role in trophic levels of 
aquatic environments, this group can also provide 
valuable information that other groups cannot. For 
example, changes in certain metrics such as, size, 
proportion of large and small zooplankton, mean 
of body weight and proportion of resting eggs 
together with the zooplankton:phytoplankton 
biomass ratio, which can indicate a “top-down” 
process (Jeppesen et al., 2011). Top-down control 
is one of the main attributes of zooplankton. This 
occurs when zooplankton consumes high quanti-
ties of phytoplankton and becomes a pressure 
factor, this pressure can determine the composi-
tion of phytoplankton assemblage and decrease 
their abundances and biomass (Naselli-Flores & 
Rossetti, 2010). On the other hand, the zooplank-
ton community can respond quickly to phyto-
plankton blooms during the bottom-up control 
(Carpenter et al., 1985), such as, changes in the 
biomass, the proportion of calanoids copepods 
and numbers of rotifers could indicate this process 
(Jeppesen et al., 2011). Due to their pivotal 
position in the transfer of nutrients and energy in 
aquatic food webs and the valuable data they can 
provide, it is essential to have a wide knowledge 
of zooplankton composition and the factors relat-
ed to this group (Caroni & Irvine, 2010).

All the species and individuals that make up 
the zooplankton community exhibit diverse 
responses to changes (Stemberger et al., 2001). 
These changes can be done by biotic (e.g. food 
availability, predation and competition) and 
abiotic (physical and chemical habitat conditions: 
temperature, dissolved oxygen, pH, etc.) factors, 
as both can affect the species richness, increasing 
or decreasing their abundances and biomass, and 

promoting shifts in their diversity (Jeppesen et 
al., 2000; Wetzel, 2001; Dodson et al., 2009; 
Bonecker et al., 2013). Hence, studies focused on 
such factors can provide useful information to 
manage natural resources (Gulati et al., 1990) as 
well as the understanding of how its community 
structure (species richness, density and abun-
dances) varies with time and in different aquatic 
systems (Dodson et al., 2009; Boix et al., 2008).

Seasonal variation also has an important role 
in waterbodies. Over the course of a year many 
environmental variables can suffer big changes 
depending on the season (Margalef, 1983). On a 
regional and local scale, these seasonal changes 
in natural components, in addition to anthropo-
genic pollution, can impact on aquatic communi-
ties and affect the zooplankton groups in different 
ways (Tavernini et al., 2009). 

Many studies have correlated density, species 
richness and the presence or absence of zooplank-
ton, for example, rotifers (Sladečeck, 1983; 
Ejsmont-Karabin, 1995, 2012; May & O’Hare, 
2005) and micro-crustaceans (Pinto-Coelho et 
al., 2005) to the trophic gradient. Moreover, 
zooplankton, can be an element in evaluating the 
trophic state of reservoirs and lakes (Haberman et 
al., 2007; Haberman & Haldna, 2014) and a good 
indicator of the different trophic states related to 
natural processes, man-made activities and 
climate changes (Jeppesen et al., 2011). Recently, 
in man-made reservoirs have proved that even 
zooplankton density can be a tool to determinate 
the trophic state of a large watershed in Spain 
(Garcia-Chicote et al., 2018). Although the Water 
Framework Directive has the aim of evaluating 
the European waters through several Biological 
Quality Indicators, zooplankton and its valuable 
data is not included as one of these indicators. 

Despite the Ebro watershed being the second 
large watershed in Spain, studies related to 
zooplankton presence in the reservoirs are few 
and focus principally on rotifera phylum´s 
description or distribution (De Manuel & Armen-
gol, 1993; De Manuel, 2000). In the present study 

Figure 6.  Canonical Correspondences Analysis of the zooplank-
ton groups, D = density, B = biomass, TP = Total phosphorus, 
TN = Total nitrogen, Chl-a = chlorophyll a. Análisis de Corres-
pondencias Canónicas de los grupos del zooplancton, D = 
densidad, B = biomasa, TP = Fosforo total, TN = Nitrogeno 
total, Chl-a = clorofila.

Figure 5.  Canonical Correspondences Analysis of the 22 
zooplankton main species. DO = Dissolved oxygen, TP = Total 
phosphorus, TN = Total nitrogen, Chl-a = chlorophyll a. Análisis 
de Correspondencias Canónicas de las 22 especies principales 
del zooplancton, DO = Oxígeno disuelto, TP = Fosforo total, TN 
= Nitrogeno total, Chl-a = clorofila. Z1 Acanthocyclops 
americanus, Z2 Asplanchna priodonta, Z3 Bosmina longirostris, 
Z4 Ceriodaphnia pulchella, Z5 Ceriodapnia dubia, Z6 Chydorus 
sphaericus, Z7 Conochilus unicornis, Z8 Copidodiaptomus 
numidicus, Z9 Cyclops abyssorum, Z10 Cyclops sp., Z11 Cyclops 
vicinus, Z12 Daphnia cucullata, Z13 Daphnia galeata, Z14 
Daphnia longispina, Z15 Daphnia pulicaria, Z16 Diaphanosoma 
mongolianum, Z17 Dreissena polymorpha, Z18 Eudiaptomus 
vulgaris, Z19 Neolovenula alluaudi, Z20 Polyarthra dolichop-
tera, Z21 Synchaeta pectinata, Z22 Thermocyclops dybowskii.
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CONCLUSION

Our results show that abundances and biomass 
values were in general two times higher in 
summer than values in autumn. However, there is 
not an equal tendency for all reservoirs and each 
one works in a different way. The data suggest that 
the changes in the zooplankton community during 
both seasons are related mainly with physico-
chemical variables as Chl-a, SD, TP, pH and reser-
voir depth, as well as with biotic interactions, like 
competition with alien species such as D. poly-
morpha. The relation between the zooplankton 
groups and the environmental variables could help 
us understand the main changes that could occur 
in a shifting world. All reservoirs presented new 
records in zooplankton species. La Sotonera had 
the highest number of new registers with ten 
species, followed by the Ebro with seven, while 
Oliana, Sobrón and Mequinenza have five. For 
Ullibarri-Gamboa reservoir we showed for the 
first time a record of zooplankton species. Also, 
we detected for first time the presence of zebra 
mussels at La Sotonera reservoir, indicating that 
this invader is dispersing throughout the water-
shed. Therefore, zooplankton composition knowl-
edge, regular monitoring of species inhabiting in 
the reservoirs and the understanding of environ-
mental variables that affect species and zooplank-
ton structure (specific richness, density and 
biomass) can be a helpful tool for watershed man-
agement and early detection of invasive species.
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esize the zooplankton groups, such as, copepods 
and cladocerans could be affected firstly and their 
structure modified if the variables that are more 
related or affect these groups change for several 
factors, such as, climate change, new invasive 
species and or anthropogenic impacts. 

The zooplankton community normally varied 
through months, seasons or years, and the 
species replacement can happen quickly or 
change gradually with time (Lampert & Sommer, 
1997). Some of these species’ substitutions can 
be observed in the current research compared 
with data of previous works, at Mequinenza, 
from species reported previously for summer 
season we found only two shared species. Larger 
filter species such as N. alluaudi and D. galeata 
together with the main predator A. robustus, 
were substituted for C. numidicus and T. 
dybowskii. A similar case occurred at Sobrón, 
where only three species were shared. From three 
cyclopids species to only C. vicinus and the pres-
ence of D. galeata and C. pulchella.

The reservoir with the most shared species 
was Oliana, with seven of the nine species 
reported for this study. The main change 
observed was C. abyssorum to A. americanus. 
The Sotonera reservoir was the only reservoir 
where the two previous copepod species did not 
suffer any variation, however, cladocerans from 
two Daphnia species changed to one species (D. 
galeata) and medium-size filters as C. dubia and 
D. mongolianum. The study of Higgins & 
Vander Zanden (2010) suggests that D. polymor-
pha can reduce the zooplankton biomass to 
40-77 % in pelagic areas and replace them, this 
affect the species richness and diversity. The low 
replacement at Oliana could be related to the 
non-presence of them. In contrast, some changes 
can be appreciated at La Sotonera and Sobrón 
with low diversity (Fig. 3) for their increase in 
density and biomass (Table 3).

For the Ebro reservoir, there is a great differ-
ence in the number of zooplankton species 
between studies since previously 20 species were 
reported, where almost half of the species were 
microcrustaceans including several species of 
Daphnia and cyclopids, however, we registered 
only four shared species. Nowadays, only eight 
species are present, where five of them belong to 

rotifers and only D. pulicaria and C. abyssorum 
were reported before. Thus, all these data 
indicate that the communities have changed, 
increasing, or decreasing the number of species 
and being replaced for others. Several explana-
tions such as competition, natural succession or 
even variations of environmental variables 
(Devetter, 1998; Dodson et al., 2009) could 
explain these changes, however, since there is a 
lack of information for all non-reported years, 
the question of which exact events caused these 
changes remains unanswered. 

Due to diverse factors, including manage-
ment, most of water bodies cannot be sampled 
on a regular basis to confirm the species presents 
and like in this study, can take a long time until 
having new data. Nevertheless, having a moni-
toring program could help us to understand the 
community changes. But this is not the only 
benefit, thus, it can be a tool to have complete 
knowledge of species richness and to identify 
the already reported and the newly invasive 
species. For the invasive fauna, correct actions 
could prevent their introduction and dispersal 
along the watershed area, which could not only 
affect local diversity and become one of the 
major aquatic stressors, as is the case with zebra 
mussels (Strayer, 2010), but also create econom-
ic losses due to their impact on important infra-
structures (Duran et al., 2012). 

The Zebra mussels were detected for first time 
at the Ebro watershed in 2001 (Duran & Anadón, 
2008). Previously at La Sotonera reservoir the 
presence of D. polymorpha was not detected, 
however, now the veliger larvae can be found at 
both seasons and it’s a dominant component of 
zooplankton. Thus, the mussel invasion has 
progressed throughout the years and among 
different reservoirs. The two reservoirs were 
mussels were not present are Oliana and Ebro, 
this last is under special protection (Duran & 
Anadón, 2008). Due to the lack of natural preda-
tors, efficient competition and non-intentional 
dispersion of invaders caused by the interaction 
between people among the reservoirs in the area, 
this invader could be detected in the Ebro reser-
voir in the upcoming years. Consequently, they 
would be present from the beginning until the end 
of watershed.

autumn, were mesotrophic to eutrophic, and 
densities of larger species as Daphnia spp. decay 
while smaller cladocerans such as B. longirostris 
and Ceriodaphnia spp. increase. 

Despite the limitations of this work (and 
taking in count the low number of reservoirs 
sampled compared with the watershed size), with 
the data obtained from the CCA we could hypoth-

these statements, for example, the general tenden-
cy at Oliana was that rotifers had high abundances 
during summer, then, during autumn this group 
tended to decrease and microcrustaceans 
increased in number becoming the dominant 
group. Ullibarri-Gamboa presented a similar 
tendency but with higher abundances of rotifers 
and mussels during the summer, followed by the 
increase of copepods and cladocerans during 
autumn. At the Ebro and La Sotonera reservoirs, 
the number of all groups increase in autumn but 
with the rotifers being the dominant group. How-
ever, at Mequinenza the zebra mussels and cope-
pods were dominants during summer reaching up 
350 ind/L, but with a decrease during autumn. 
Sobrón shows a similar tendency, the summer was 
dominated by the zebra mussel (540 ind/L) and in 
the next period densities of all groups decreased 
dramatically. For these two last reservoirs several 
factors could explain these changes, such as an 
extreme fish predation (Amundsen et al., 2009; 
Ginter et al., 2019), the establishment of the 
sessile stage of mussels in any surface decreasing 
the number of the planktonic larvae (Claudi & 
Mackie, 1994) or even some criteria that were not 
taken in count in the previous model, such as the 
food quality and the trophic level of each reservoir 
(Sommer et al., 2012).

Biodiversity is strongly related with environ-
mental factors (Jeppesen et al., 2000), while some 
physiochemical parameters such as temperature, 
dissolved oxygen, pH, etc., can have positive or 
negative effects on zooplankton (Wetzel, 2001). 
One of the more efficient analyses to correlate the 
zooplankton communities with the physical and 
chemical variables is the CCA (Attayde & Bozel-
li, 1998). Data from our CCA analysis shows the 
rotifer P. dolichoptera, which was positioned in 
the middle of the ordination plot, due to their high 
tolerance to different environments conditions 
(Bērziņš & Pejler, 1989), nowadays it has a wide 
distribution in many water bodies around the 
world (Segers, 2007). The copepod Neolovenula 
alluaudi, that is typically from the Mediterranean 
area (Miracle, 1982), also was positioned near the 
center of the CCA. We can infer that they possess 
high tolerance, however, compared to the previ-
ously mentioned rotifer, it was only present at La 
Sotonera reservoir. The populations of this cope-

pod are moving from the south and are now found 
in several water bodies along the Iberian Peninsu-
la (Alfonso & Belmonte, 2013; Miracle, 1982). 
Thus, this copepod was reported at Mequinenza 
30 years ago (De Manuel & Jaume, 1993), but not 
found during the present study. Furthermore, at 
the Mequinenza reservoir the presence of silurids 
is well documented and the early stages of this 
fish can consume copepods and large cladocerans 
individuals as the Daphnia species, they can 
promote the small-size species such as C. dubia 
and D. mongolium, (Miranda et al., 2010). Also, 
in this reservoir no Daphnia species were record-
ed, probably due the combination of predation 
and lower levels of oxygen compared to other 
reservoirs (Hanazato, 1996).

The copepods C. numidicus and T. dybowskii 
were correlated with conductivity, temperature 
and depth. It is well known that big-sized 
zooplankton species perform a daily vertical 
migration to avoid depredation (Hays, 2003; 
Lampert, 1989). The study of Caramujo & Boavi-
da (2000) found that these two copepod species 
can be consumed in large numbers by fishes, for 
this reason, their populations are settled in deepest 
water bodies. In this study, we found both species 
only at Mequinenza, which has an average 50 m of 
depth in both seasons. The biggest copepod found 
in this study was C. numidicus and it provides a 
high percentage of total biomass and density of all 
copepods, thus, Pearson correlation was significa-
tive in terms of depth for this group. 

In the CCA for groups (Fig. 6) the rotifer 
biomass was also correlated to pH, other studies 
have shown that this parameter can affect the 
rotifer occurrence (Bērziņš, 1987) and their 
assemblage in reservoirs (Devetter, 1998). 

The complex of abundances and biomasses of 
microcrustaceans (copepods and cladocerans), 
were related with the components that conform 
the trophic state since they are influenced by the 
Secchi disk, TP and Chl-a. Some authors have 
indicated that large species of these groups can be 
used as an indicator of oligotrophic state (Pejler, 
1983; Moss et al., 2003; Kane et al., 2009; 
Haberman & Maldna, 2014). Usually, at higher 
trophic level, large species are replaced by small 
species (Lampert & Sommer, 1997). The Ebro, 
Oliana and La Sotonera reservoirs, during the 

was in the middle of the ordination plot, this 
rotifer was present in all reservoirs during both 
seasons, their highest abundances were during the 
summer at La Sotonera (279 ind/L) and Oliana 
(125 ind/L). The Daphnia group was related to 
DO, TP and turbidity. The Daphnia species were 
present in five reservoirs and their seasonality 
was split into those which had higher abundances 
in summer (D. cucullata, D. galeata and D. 
pulicaria) and in autumn (Daphnia longispina). 
Finally, the copepod C. vicinus is not related to 
any variable and the zebra mussels are slightly 
connected with pH and alkalinity (Fig. 5).

In the second CCA, we analyzed the envi-
ronmental variables related with the zooplank-
ton density and biomass, the first two axes 
represent the most explanatory value (93.2 %) 

(p value > 0.05 in the Monte Carlo permutation 
test). This CCA indicates that in the first axis the 
trophic indicators are related (SD, Chl-a and TP). 
These principal indicators are related with both 
cladocera and copepoda density and biomass, 
while rotifer density is related to combination of 
TP, turbidity and DO. The biomass of rotifera 
group presents a similar relation with pH instead 
of turbidity. Finally, both density and biomass of 
zebra mussels are related to temperature and 
conductivity (Fig. 6).

DISCUSSION

Sommer et al. (1986) together with the PEG 
(Plankton Ecology Group) proposed a model 
where sequential statements describe the changes 
in zooplankton and phytoplankton communities in 
lakes. In these statements, they described that in 
summer the smaller groups with short generation-
al life cycle dominate and during autumn large 
species appear. In our study, we found that most of 
the changes in reservoirs’ communities followed 

Density and biomass

The zooplankton density varied in each reservoir 
and season, the average of individuals for all the 
reservoirs during summer was 277 ind/L, that was 
higher than in autumn with 148 ind/L. The higher 
densities in most of reservoir belong to rotifers 
and zebra mussels, except in Ullibarri-Gamboa, 
Mequinenza and Oliana during winter (Fig. 4). 

In terms of biomass, microcrustaceans have a 
bigger role instead of rotifers, and each reservoir 
varied in quantity and group that dominates during 
both seasons. The reservoirs with major changes 
between biomass were La Sotonera (dominated 
during the summer for microcrustaceans to zebra 
mussels in fall), Sobrón (zebra mussels to 
cladocerans) and Ullivarri-Gamboa (cladocerans, 
rotifers and zebra mussels to microcrustaceans 
mainly) (Table 3). The Shannon-Wiener index 
indicated that diversity in the Ullibarri-Gamboa 
reservoir was the highest overall 2.59 bits/ind in 
summer. The lowest diversity was found in 
Sobrón during autumn with only 0.18 bits/ind 
(Fig. 3).

Data analysis 

Through the linear Pearson correlations between 
environmental factors and zooplankton groups we 
found that pH was significantly correlated with 

the density of rotifer group (r2 0.35, p < 0.05). 
Also, both zebra mussel density and biomass were 
positively correlated with Chl-a (r2 0.60, p < 0.05 
and r2 0.62, p < 0.05 respectively). Besides, 
copepods density (r2 0.39, p < 0.05) and biomass 
(r2 0.34, p < 0.05) were correlated with the reser-
voir´s depth. Other correlations were not signifi-
cant (p > 0.05). The Analysis of similarity (ANO-
SIM) doesn’t show any difference between both 
seasons (p > 0.05). The contribution of the 
individual taxa in the dissimilarity of zooplankton 
was low (SIMPER values < 5 %), being A. 
priodonta, C. pulchella, Synchaeta pectinata and 
D. mongolianum the responsible for the cumula-
tive of 20 % in the variance of dissimilarity 
between seasons. 

The first CCA, related the physicochemical 
variables with the principal zooplankton species. 
The first two axes explains 45.2 % of the variance 
(p value 0.001 in the Monte Carlo permutation 
test). Temperature, conductivity and depth are 
strongly related to copepods (C. numidicus, 
Cyclops sp. and T. dybowskii) and the cladoceran 
C. dubia. Two of the most abundant rotifers are 
related with the pH (S. pectinata and C. unicornis) 
in addition to the cladoceran D. cucullata. A big 
group composed principally by cladocerans, few 
copepods and rotifers were related to dissolved 
oxygen (DO), turbidity, TP, Chl-a and suspended 
solids (SS) (Fig. 5). The rotifer P. dolichoptera 

Trophic state

With the data obtained, we calculated the Troph-
ic State Index (TSI) for every reservoir and 
season, the waterbodies were ordinated accord-
ing to their TSI from lower to higher values. 
Ullibarri-Gamboa shows the lower trophic value 
in both seasons (39.01, summer and 37.70, 
autumn) and is classifiedd as oligotrophic. While 
Sobrón had the higher value during the summer 
(52.5) and La Sotonera in autumn (59.8). The 
reservoirs during the summer generally present-
ed values between 30 to 50 and during autumn 
the values increase from 40 to 60. According to 
Carlson (1996), most reservoirs are classified as 
mesotrophic, however, Ebro, Oliana and La 
Sotonera are eutrophic during the autumn and 
Sobrón during the summer (Fig. 2).

Zooplankton

We registered a total of 40 zooplankton species 
during both seasons in the six reservoirs (Table 
2). The rotifers were the group with more 
species reported (21), followed by cladocerans 
(10) and copepods (8). Since the veliger larvae 
of the zebra mussel invader (Dreissena polymor-
pha) were found at 4 reservoirs, they were 
considered a separate group inside this study and 
both abundance and biomass were counted. La 

Sotonera presented the highest number of 
species with, 13 in each season, followed by 
Sobrón with 12 in the summer, Oliana and 
Mequinenza with 11 during summer. This same 
species richness was present in Ebro and 
Ullibarri-Gamboa in the autumn. The lowest 
number of species was in Sobrón with only 6 
during the autumn (Table 2). On average, each 
reservoir presented 10 zooplankton species per 
season. The rotifer Polyarthra dolichoptera was 
presented on all reservoirs in at least one season, 
followed by the zebra mussel, which was detect-
ed on four reservoirs during both seasons. The 
two copepod species Cyclops vicinus and 
Cyclops sp., and some rotifers were only 
presented in one reservoir during one season 
(Table 2).

The only previous study on these reservoirs 
was performed during 1987-1988 and reports 
data of summer and winter seasons. However, to 
compare species composition per season we 
only used the summer data from both studies, 
since the other season is not the same and cannot 
be compared equally (winter from the previous 
study and fall in the current). To indicate new 
registers for each reservoir we verified that 
species were not present in the data of both 
seasons from the previous study. The complete 
list of species present of the previous study can 
be found in De Manuel & Jaume (1993).

The new registers of zooplankton species for 
each reservoir are: Sotonera (Bosmina longi-
rostris, Ceriodapnia dubia, Ceriodaphnia 
pulchella, Daphnia galeata, Diaphanosoma 
mongolianum, Acanthocyclops americanus, 
Anuraeopsis fissa, Polyarthra major, Ascomor-
pha ecaudis and D. polymorpha). Ebro (Eud-
iaptomus vulgaris, B. longirostris, D. mongolia-
num, Conochilus unicornis, Trichotria tetractis, 
P. major, Tricochercca cylindrica). Mequinenza 
(Copidodiaptomus numidicus, Thermocyclops 
dybowskii, A. ecaudis). Sobron (Daphnia cucul-
lata, Cyclops vicinus, Asplanchna priodonta, P. 
major, A. fissa) and Oliana (A. americanus, E. 
vulgaris, C. sphaericus, D. mongolianum, Kelli-
cotia longispina). Since there is not previous 
data available for Ullibarri-Gamboa reservoir, 
all 14 species reported for this study are first 
register (Table 2). 

analyzed those variables that are corresponded to 
the principal zooplankton species. For the second, 
we performed an analysis using the zooplankton 
groups (rotifers, copepods, cladocerans and zebra 
mussels). For each CCA we included the densi-
ties and or biomass of zooplankton and the 
following environmental variables (temperature, 
dissolved oxygen, conductivity, turbidity, pH, 
Secchi disk, depth, nutrients (TP and TN) and 
Chl-a. In order to normalize the data, they were 
transformed logarithmically Log(x + 1), except 
for pH. The models were tested using Monte 
Carlo permutation (n = 499). Nauplius, copepo-
dites and bdelloid rotifers were excluded since 
they were not identified to species level. Both 
CCAs were executed using the Canoco 4.5 for 
Windows computer program (Ter Braak & 
Šmilauer, 2002).

RESULTS

Environmental parameters

During the two seasons of this study the physical 
and chemical parameters varied at the different 
reservoirs, complete data is reported in Table 1. 
The water temperature on average was higher 
during summer in all waterbodies, except at 
Oliana, where it was higher in autumn. In general, 
the dissolved oxygen presents higher values during 

summer than those in autumn. The pH values do 
not show an important difference between seasons 
because the buffer effect of the bicarbonate in the 
waters and the conductivity values were stable 
(with exception of Mequinenza during autumn 
with a peak of 1288 µS/cm). Suspended solids in 
both seasons were similar in four of the six reser-
voirs, however, data from the Ebro and La Soton-
era reservoirs during the autumn were double 
compared to the summer data. The Secchi disk 
visibility presented a wide variability among reser-
voirs and seasons: Ebro, Oliana and La Sotonera 
had higher values in summer, nevertheless, 
Ullibarri-Gamboa, Mequinenza and Sobrón were 
higher during autumn.

In the case of Chl-a, higher values were 
presented during the summer at Ullibarri-Gam-
boa and Sobrón, and during the autumn at Ebro 
and Oliana. The Oliana reservoir (autumn) had 
the biggest Chl-a concentration of all the study 
(21.14 µg/L). Finally, Mequinenza and La Soton-
era had similar values during both seasons (aver-
age of 3.3 µg/L and 3.5 µg/L respectively). Total 
Nitrogen (TN) values at 5 of the reservoirs were 
higher during summer, only Mequinenza present-
ed a high peak in autumn (1692 µg/L). The higher 
values of total phosphorus (TP) were reported in 
autumn, except at Oliana (80.78 µg/L) and 
Sobrón (25.5 µg/L), where the higher values were 
during summer.

means of a multiparametric devise Sea-Bird 19 
plus V2. The depth of the photic zone was calcu-
lated by measuring the light penetration using a 
quantometer. The water transparency was deter-
mined measuring the Secchi disk depth (SD). An 
integrative water sample was collected from the 
photic zone of each reservoir using a 25 mm 
ballasted tube technique for ex-situ analyses 
(Vicente et al., 2005). For measurements of the 
following variables, we used the standard method-
ology (APHA, 1998) described for suspended 
solids (APHA 2540D), turbidity (ISO7027-1999), 
total nitrogen (TN) (APHA method 4500-N C), 
total phosphorus (TP) (4500-P B/APHA 4500-P 
C), and chlorophyll a (Shoaf & Lium, 1976). The 
complete data set of environmental variables can 
be found at C.H.E. (2016).

To estimate the reservoir´s trophic conditions, 
we used the criteria of the trophic state index 
(TSI) (Carlson, 1977). The TSI´ values of each 
reservoir were obtained with the following 
formulae (Carlson & Simpson, 1996):

  Total phosphorus; TSI (TP) = 14.42 ln (TP) + 4.15
  Chlorophyll a, TSI (Chl-a) = 9.81 ln (Chl-a) + 30.6
  Secchi disk, TSI (SD) = 60 - 14.41 ln (SD) 

Total phosphorus and Chl-a are measured in 
micrograms per liter (μg/L) and Secchi disk depth 
is expressed in meters. TSI is the average value of 
the three above mentioned variables.

  TSI´= [(TSI(TP) + TSI (Chl-a) + TSI (SD))/3]

Zooplankton samples

The zooplankton samples were collected using a 
Ruttner bottle with a capacity of 2.7 L. For each 
reservoir were taken two Ruttner bottles to obtain 
5.4 liters of water sample, then the sample was 
filtered through 30 μm mesh size Nytal, fixed 
with formaldehyde at 4 % final concentration and 
stored in a hermetic glass vial. The sample depth 
was established in each reservoir at the beginning 
of oxygen decline, where has been reported as the 
richest zone of zooplankton fauna (Miracle & 
Vicente, 1983). Also, a zooplankton vertical tow 
net of 50 μm mesh size Nytal was towed from 30 
m deep to the surface, collected and fixed with 

formalin. These vertical tow net samples were 
taken mainly for taxonomic purposes.

Zooplankton species were identified using 
the following guides: Ruttner-Kolisko (1974), 
Koste (1978), Nogrady et al., (1995) and 
Nogrady & Segers (2002) for rotifers, Alonso 
(1996) for cladocerans, and Dussart (1967, 1969) 
for copepods. 

For quantitative results, we used the samples 
taken from the Ruttner bottles, all individuals 
were counted using a Sedgewick Rafter-type 
counting chamber under inverted microscopy. 
After individuals were counted and densities 
were obtained, we calculate the biomass, to deter-
mine it, a minimum of 30 specimens of all species 
were measured and using the formulas that relate 
the total length with the dry weight of the speci-
mens were obtained the corresponding conver-
sion factors (Ruttner-Kolisko, 1977; Dumont et 
al., 1975; Culver et al., 1985). The Shan-
non–Wiener diversity index (H’) (Shannon & 
Weaver, 1963) was calculated from data on the 
abundance of zooplankton for each reservoir at 
both seasons. 

Statistical analysis
 
The correlation coefficients between zooplankton 
data and the environmental factors were calculat-
ed by linear Pearson correlations. Analysis of 
similarity (ANOSIM) tests were performed on the 
zooplankton data to determine which, if any, reser-
voirs showed significant differences in zooplank-
ton community structure between the two seasons. 
ANOSIM is a nonparametric analogue to analysis 
of variance and tests for multivariate differences 
between groups based on Bray-Curtis distance and 
rank dissimilarity. Also, we ran a similarity 
percentage routine (SIMPER), to test which 
zooplankton species were contributing to the com-
munity changes. The SIMPER routine uses 
average Bray-Curtis dissimilarities between all 
pairs of sites to produce a percent contribution 
from each species, identifying the species most 
responsible for the dissimilarity (Clarke & 
Warwick, 2001).

To determine the influence of different factors 
on zooplankton we performed two canonical 
correspondence analysis (CCA). For the first, we 

we focus on zooplankton communities of six 
reservoirs located across the watershed. These 
were chosen due to the fact that existing data is 
more than 30 years old (De Manuel & Jaumel, 
1993) or no previous data was available. The lack 
of information of these reservoirs throughout the 
last three decades could significate changes in 
species composition and non-detected invaders. 
Therefore, it´s important to update the current 
knowledge on zooplanktonic fauna in this water-
shed and know how environmental variables can 
affect the composition of communities through 
seasons. Thus, all this information could be a 
helpful tool for reservoirs management. 

The main objectives of this study were; first, 
report and compare the zooplankton composition 
(species richness, density and biomass) during 
two studied seasons (summer and autumn) in six 
reservoirs at the Ebro watershed. Second, deter-
mine the environmental variables related to the 
zooplankton groups structure (density and 
biomass). Third, update information on the 
zooplanktonic fauna and verify if new species are 

present in the reservoirs compared with available 
data of previous studies. 

MATERIAL AND METHODS

Study area

The data presented in this study was obtained 
from six reservoirs, located in different areas and 
altitudes along the Ebro watershed (Fig. 1). Each 
reservoir was sampled at the beginning of two 
different seasons in 2016: summer (last week of 
June) and autumn (last week of September). One 
sampling point was established at each reservoir 
in the deepest part of the reservoir at 300-500 
meters from the dam.

Environmental Variables

For each reservoir the following variables were 
measured along the water vertical profile, temper-
ature, conductivity, dissolved oxygen, pH, turbidi-
ty and chlorophyll a, all in situ measurements, by 

INTRODUCTION

Zooplankton is, an important component inside the 
freshwater ecosystem, playings a big role in the 
transfer of energy in the aquatic food web between 
primary producers and higher consumers, while 
significantly contributing to the recycling of nutri-
ents (Lampert & Sommer, 1997).

Besides their essential role in trophic levels of 
aquatic environments, this group can also provide 
valuable information that other groups cannot. For 
example, changes in certain metrics such as, size, 
proportion of large and small zooplankton, mean 
of body weight and proportion of resting eggs 
together with the zooplankton:phytoplankton 
biomass ratio, which can indicate a “top-down” 
process (Jeppesen et al., 2011). Top-down control 
is one of the main attributes of zooplankton. This 
occurs when zooplankton consumes high quanti-
ties of phytoplankton and becomes a pressure 
factor, this pressure can determine the composi-
tion of phytoplankton assemblage and decrease 
their abundances and biomass (Naselli-Flores & 
Rossetti, 2010). On the other hand, the zooplank-
ton community can respond quickly to phyto-
plankton blooms during the bottom-up control 
(Carpenter et al., 1985), such as, changes in the 
biomass, the proportion of calanoids copepods 
and numbers of rotifers could indicate this process 
(Jeppesen et al., 2011). Due to their pivotal 
position in the transfer of nutrients and energy in 
aquatic food webs and the valuable data they can 
provide, it is essential to have a wide knowledge 
of zooplankton composition and the factors relat-
ed to this group (Caroni & Irvine, 2010).

All the species and individuals that make up 
the zooplankton community exhibit diverse 
responses to changes (Stemberger et al., 2001). 
These changes can be done by biotic (e.g. food 
availability, predation and competition) and 
abiotic (physical and chemical habitat conditions: 
temperature, dissolved oxygen, pH, etc.) factors, 
as both can affect the species richness, increasing 
or decreasing their abundances and biomass, and 

promoting shifts in their diversity (Jeppesen et 
al., 2000; Wetzel, 2001; Dodson et al., 2009; 
Bonecker et al., 2013). Hence, studies focused on 
such factors can provide useful information to 
manage natural resources (Gulati et al., 1990) as 
well as the understanding of how its community 
structure (species richness, density and abun-
dances) varies with time and in different aquatic 
systems (Dodson et al., 2009; Boix et al., 2008).

Seasonal variation also has an important role 
in waterbodies. Over the course of a year many 
environmental variables can suffer big changes 
depending on the season (Margalef, 1983). On a 
regional and local scale, these seasonal changes 
in natural components, in addition to anthropo-
genic pollution, can impact on aquatic communi-
ties and affect the zooplankton groups in different 
ways (Tavernini et al., 2009). 

Many studies have correlated density, species 
richness and the presence or absence of zooplank-
ton, for example, rotifers (Sladečeck, 1983; 
Ejsmont-Karabin, 1995, 2012; May & O’Hare, 
2005) and micro-crustaceans (Pinto-Coelho et 
al., 2005) to the trophic gradient. Moreover, 
zooplankton, can be an element in evaluating the 
trophic state of reservoirs and lakes (Haberman et 
al., 2007; Haberman & Haldna, 2014) and a good 
indicator of the different trophic states related to 
natural processes, man-made activities and 
climate changes (Jeppesen et al., 2011). Recently, 
in man-made reservoirs have proved that even 
zooplankton density can be a tool to determinate 
the trophic state of a large watershed in Spain 
(Garcia-Chicote et al., 2018). Although the Water 
Framework Directive has the aim of evaluating 
the European waters through several Biological 
Quality Indicators, zooplankton and its valuable 
data is not included as one of these indicators. 

Despite the Ebro watershed being the second 
large watershed in Spain, studies related to 
zooplankton presence in the reservoirs are few 
and focus principally on rotifera phylum´s 
description or distribution (De Manuel & Armen-
gol, 1993; De Manuel, 2000). In the present study 
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CONCLUSION

Our results show that abundances and biomass 
values were in general two times higher in 
summer than values in autumn. However, there is 
not an equal tendency for all reservoirs and each 
one works in a different way. The data suggest that 
the changes in the zooplankton community during 
both seasons are related mainly with physico-
chemical variables as Chl-a, SD, TP, pH and reser-
voir depth, as well as with biotic interactions, like 
competition with alien species such as D. poly-
morpha. The relation between the zooplankton 
groups and the environmental variables could help 
us understand the main changes that could occur 
in a shifting world. All reservoirs presented new 
records in zooplankton species. La Sotonera had 
the highest number of new registers with ten 
species, followed by the Ebro with seven, while 
Oliana, Sobrón and Mequinenza have five. For 
Ullibarri-Gamboa reservoir we showed for the 
first time a record of zooplankton species. Also, 
we detected for first time the presence of zebra 
mussels at La Sotonera reservoir, indicating that 
this invader is dispersing throughout the water-
shed. Therefore, zooplankton composition knowl-
edge, regular monitoring of species inhabiting in 
the reservoirs and the understanding of environ-
mental variables that affect species and zooplank-
ton structure (specific richness, density and 
biomass) can be a helpful tool for watershed man-
agement and early detection of invasive species.
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ment, most of water bodies cannot be sampled 
on a regular basis to confirm the species presents 
and like in this study, can take a long time until 
having new data. Nevertheless, having a moni-
toring program could help us to understand the 
community changes. But this is not the only 
benefit, thus, it can be a tool to have complete 
knowledge of species richness and to identify 
the already reported and the newly invasive 
species. For the invasive fauna, correct actions 
could prevent their introduction and dispersal 
along the watershed area, which could not only 
affect local diversity and become one of the 
major aquatic stressors, as is the case with zebra 
mussels (Strayer, 2010), but also create econom-
ic losses due to their impact on important infra-
structures (Duran et al., 2012). 

The Zebra mussels were detected for first time 
at the Ebro watershed in 2001 (Duran & Anadón, 
2008). Previously at La Sotonera reservoir the 
presence of D. polymorpha was not detected, 
however, now the veliger larvae can be found at 
both seasons and it’s a dominant component of 
zooplankton. Thus, the mussel invasion has 
progressed throughout the years and among 
different reservoirs. The two reservoirs were 
mussels were not present are Oliana and Ebro, 
this last is under special protection (Duran & 
Anadón, 2008). Due to the lack of natural preda-
tors, efficient competition and non-intentional 
dispersion of invaders caused by the interaction 
between people among the reservoirs in the area, 
this invader could be detected in the Ebro reser-
voir in the upcoming years. Consequently, they 
would be present from the beginning until the end 
of watershed.

autumn, were mesotrophic to eutrophic, and 
densities of larger species as Daphnia spp. decay 
while smaller cladocerans such as B. longirostris 
and Ceriodaphnia spp. increase. 

Despite the limitations of this work (and 
taking in count the low number of reservoirs 
sampled compared with the watershed size), with 
the data obtained from the CCA we could hypoth-

these statements, for example, the general tenden-
cy at Oliana was that rotifers had high abundances 
during summer, then, during autumn this group 
tended to decrease and microcrustaceans 
increased in number becoming the dominant 
group. Ullibarri-Gamboa presented a similar 
tendency but with higher abundances of rotifers 
and mussels during the summer, followed by the 
increase of copepods and cladocerans during 
autumn. At the Ebro and La Sotonera reservoirs, 
the number of all groups increase in autumn but 
with the rotifers being the dominant group. How-
ever, at Mequinenza the zebra mussels and cope-
pods were dominants during summer reaching up 
350 ind/L, but with a decrease during autumn. 
Sobrón shows a similar tendency, the summer was 
dominated by the zebra mussel (540 ind/L) and in 
the next period densities of all groups decreased 
dramatically. For these two last reservoirs several 
factors could explain these changes, such as an 
extreme fish predation (Amundsen et al., 2009; 
Ginter et al., 2019), the establishment of the 
sessile stage of mussels in any surface decreasing 
the number of the planktonic larvae (Claudi & 
Mackie, 1994) or even some criteria that were not 
taken in count in the previous model, such as the 
food quality and the trophic level of each reservoir 
(Sommer et al., 2012).

Biodiversity is strongly related with environ-
mental factors (Jeppesen et al., 2000), while some 
physiochemical parameters such as temperature, 
dissolved oxygen, pH, etc., can have positive or 
negative effects on zooplankton (Wetzel, 2001). 
One of the more efficient analyses to correlate the 
zooplankton communities with the physical and 
chemical variables is the CCA (Attayde & Bozel-
li, 1998). Data from our CCA analysis shows the 
rotifer P. dolichoptera, which was positioned in 
the middle of the ordination plot, due to their high 
tolerance to different environments conditions 
(Bērziņš & Pejler, 1989), nowadays it has a wide 
distribution in many water bodies around the 
world (Segers, 2007). The copepod Neolovenula 
alluaudi, that is typically from the Mediterranean 
area (Miracle, 1982), also was positioned near the 
center of the CCA. We can infer that they possess 
high tolerance, however, compared to the previ-
ously mentioned rotifer, it was only present at La 
Sotonera reservoir. The populations of this cope-

pod are moving from the south and are now found 
in several water bodies along the Iberian Peninsu-
la (Alfonso & Belmonte, 2013; Miracle, 1982). 
Thus, this copepod was reported at Mequinenza 
30 years ago (De Manuel & Jaume, 1993), but not 
found during the present study. Furthermore, at 
the Mequinenza reservoir the presence of silurids 
is well documented and the early stages of this 
fish can consume copepods and large cladocerans 
individuals as the Daphnia species, they can 
promote the small-size species such as C. dubia 
and D. mongolium, (Miranda et al., 2010). Also, 
in this reservoir no Daphnia species were record-
ed, probably due the combination of predation 
and lower levels of oxygen compared to other 
reservoirs (Hanazato, 1996).

The copepods C. numidicus and T. dybowskii 
were correlated with conductivity, temperature 
and depth. It is well known that big-sized 
zooplankton species perform a daily vertical 
migration to avoid depredation (Hays, 2003; 
Lampert, 1989). The study of Caramujo & Boavi-
da (2000) found that these two copepod species 
can be consumed in large numbers by fishes, for 
this reason, their populations are settled in deepest 
water bodies. In this study, we found both species 
only at Mequinenza, which has an average 50 m of 
depth in both seasons. The biggest copepod found 
in this study was C. numidicus and it provides a 
high percentage of total biomass and density of all 
copepods, thus, Pearson correlation was significa-
tive in terms of depth for this group. 

In the CCA for groups (Fig. 6) the rotifer 
biomass was also correlated to pH, other studies 
have shown that this parameter can affect the 
rotifer occurrence (Bērziņš, 1987) and their 
assemblage in reservoirs (Devetter, 1998). 

The complex of abundances and biomasses of 
microcrustaceans (copepods and cladocerans), 
were related with the components that conform 
the trophic state since they are influenced by the 
Secchi disk, TP and Chl-a. Some authors have 
indicated that large species of these groups can be 
used as an indicator of oligotrophic state (Pejler, 
1983; Moss et al., 2003; Kane et al., 2009; 
Haberman & Maldna, 2014). Usually, at higher 
trophic level, large species are replaced by small 
species (Lampert & Sommer, 1997). The Ebro, 
Oliana and La Sotonera reservoirs, during the 

was in the middle of the ordination plot, this 
rotifer was present in all reservoirs during both 
seasons, their highest abundances were during the 
summer at La Sotonera (279 ind/L) and Oliana 
(125 ind/L). The Daphnia group was related to 
DO, TP and turbidity. The Daphnia species were 
present in five reservoirs and their seasonality 
was split into those which had higher abundances 
in summer (D. cucullata, D. galeata and D. 
pulicaria) and in autumn (Daphnia longispina). 
Finally, the copepod C. vicinus is not related to 
any variable and the zebra mussels are slightly 
connected with pH and alkalinity (Fig. 5).

In the second CCA, we analyzed the envi-
ronmental variables related with the zooplank-
ton density and biomass, the first two axes 
represent the most explanatory value (93.2 %) 

(p value > 0.05 in the Monte Carlo permutation 
test). This CCA indicates that in the first axis the 
trophic indicators are related (SD, Chl-a and TP). 
These principal indicators are related with both 
cladocera and copepoda density and biomass, 
while rotifer density is related to combination of 
TP, turbidity and DO. The biomass of rotifera 
group presents a similar relation with pH instead 
of turbidity. Finally, both density and biomass of 
zebra mussels are related to temperature and 
conductivity (Fig. 6).

DISCUSSION

Sommer et al. (1986) together with the PEG 
(Plankton Ecology Group) proposed a model 
where sequential statements describe the changes 
in zooplankton and phytoplankton communities in 
lakes. In these statements, they described that in 
summer the smaller groups with short generation-
al life cycle dominate and during autumn large 
species appear. In our study, we found that most of 
the changes in reservoirs’ communities followed 

Density and biomass

The zooplankton density varied in each reservoir 
and season, the average of individuals for all the 
reservoirs during summer was 277 ind/L, that was 
higher than in autumn with 148 ind/L. The higher 
densities in most of reservoir belong to rotifers 
and zebra mussels, except in Ullibarri-Gamboa, 
Mequinenza and Oliana during winter (Fig. 4). 

In terms of biomass, microcrustaceans have a 
bigger role instead of rotifers, and each reservoir 
varied in quantity and group that dominates during 
both seasons. The reservoirs with major changes 
between biomass were La Sotonera (dominated 
during the summer for microcrustaceans to zebra 
mussels in fall), Sobrón (zebra mussels to 
cladocerans) and Ullivarri-Gamboa (cladocerans, 
rotifers and zebra mussels to microcrustaceans 
mainly) (Table 3). The Shannon-Wiener index 
indicated that diversity in the Ullibarri-Gamboa 
reservoir was the highest overall 2.59 bits/ind in 
summer. The lowest diversity was found in 
Sobrón during autumn with only 0.18 bits/ind 
(Fig. 3).

Data analysis 

Through the linear Pearson correlations between 
environmental factors and zooplankton groups we 
found that pH was significantly correlated with 

the density of rotifer group (r2 0.35, p < 0.05). 
Also, both zebra mussel density and biomass were 
positively correlated with Chl-a (r2 0.60, p < 0.05 
and r2 0.62, p < 0.05 respectively). Besides, 
copepods density (r2 0.39, p < 0.05) and biomass 
(r2 0.34, p < 0.05) were correlated with the reser-
voir´s depth. Other correlations were not signifi-
cant (p > 0.05). The Analysis of similarity (ANO-
SIM) doesn’t show any difference between both 
seasons (p > 0.05). The contribution of the 
individual taxa in the dissimilarity of zooplankton 
was low (SIMPER values < 5 %), being A. 
priodonta, C. pulchella, Synchaeta pectinata and 
D. mongolianum the responsible for the cumula-
tive of 20 % in the variance of dissimilarity 
between seasons. 

The first CCA, related the physicochemical 
variables with the principal zooplankton species. 
The first two axes explains 45.2 % of the variance 
(p value 0.001 in the Monte Carlo permutation 
test). Temperature, conductivity and depth are 
strongly related to copepods (C. numidicus, 
Cyclops sp. and T. dybowskii) and the cladoceran 
C. dubia. Two of the most abundant rotifers are 
related with the pH (S. pectinata and C. unicornis) 
in addition to the cladoceran D. cucullata. A big 
group composed principally by cladocerans, few 
copepods and rotifers were related to dissolved 
oxygen (DO), turbidity, TP, Chl-a and suspended 
solids (SS) (Fig. 5). The rotifer P. dolichoptera 

Trophic state

With the data obtained, we calculated the Troph-
ic State Index (TSI) for every reservoir and 
season, the waterbodies were ordinated accord-
ing to their TSI from lower to higher values. 
Ullibarri-Gamboa shows the lower trophic value 
in both seasons (39.01, summer and 37.70, 
autumn) and is classifiedd as oligotrophic. While 
Sobrón had the higher value during the summer 
(52.5) and La Sotonera in autumn (59.8). The 
reservoirs during the summer generally present-
ed values between 30 to 50 and during autumn 
the values increase from 40 to 60. According to 
Carlson (1996), most reservoirs are classified as 
mesotrophic, however, Ebro, Oliana and La 
Sotonera are eutrophic during the autumn and 
Sobrón during the summer (Fig. 2).

Zooplankton

We registered a total of 40 zooplankton species 
during both seasons in the six reservoirs (Table 
2). The rotifers were the group with more 
species reported (21), followed by cladocerans 
(10) and copepods (8). Since the veliger larvae 
of the zebra mussel invader (Dreissena polymor-
pha) were found at 4 reservoirs, they were 
considered a separate group inside this study and 
both abundance and biomass were counted. La 

Sotonera presented the highest number of 
species with, 13 in each season, followed by 
Sobrón with 12 in the summer, Oliana and 
Mequinenza with 11 during summer. This same 
species richness was present in Ebro and 
Ullibarri-Gamboa in the autumn. The lowest 
number of species was in Sobrón with only 6 
during the autumn (Table 2). On average, each 
reservoir presented 10 zooplankton species per 
season. The rotifer Polyarthra dolichoptera was 
presented on all reservoirs in at least one season, 
followed by the zebra mussel, which was detect-
ed on four reservoirs during both seasons. The 
two copepod species Cyclops vicinus and 
Cyclops sp., and some rotifers were only 
presented in one reservoir during one season 
(Table 2).

The only previous study on these reservoirs 
was performed during 1987-1988 and reports 
data of summer and winter seasons. However, to 
compare species composition per season we 
only used the summer data from both studies, 
since the other season is not the same and cannot 
be compared equally (winter from the previous 
study and fall in the current). To indicate new 
registers for each reservoir we verified that 
species were not present in the data of both 
seasons from the previous study. The complete 
list of species present of the previous study can 
be found in De Manuel & Jaume (1993).

The new registers of zooplankton species for 
each reservoir are: Sotonera (Bosmina longi-
rostris, Ceriodapnia dubia, Ceriodaphnia 
pulchella, Daphnia galeata, Diaphanosoma 
mongolianum, Acanthocyclops americanus, 
Anuraeopsis fissa, Polyarthra major, Ascomor-
pha ecaudis and D. polymorpha). Ebro (Eud-
iaptomus vulgaris, B. longirostris, D. mongolia-
num, Conochilus unicornis, Trichotria tetractis, 
P. major, Tricochercca cylindrica). Mequinenza 
(Copidodiaptomus numidicus, Thermocyclops 
dybowskii, A. ecaudis). Sobron (Daphnia cucul-
lata, Cyclops vicinus, Asplanchna priodonta, P. 
major, A. fissa) and Oliana (A. americanus, E. 
vulgaris, C. sphaericus, D. mongolianum, Kelli-
cotia longispina). Since there is not previous 
data available for Ullibarri-Gamboa reservoir, 
all 14 species reported for this study are first 
register (Table 2). 

analyzed those variables that are corresponded to 
the principal zooplankton species. For the second, 
we performed an analysis using the zooplankton 
groups (rotifers, copepods, cladocerans and zebra 
mussels). For each CCA we included the densi-
ties and or biomass of zooplankton and the 
following environmental variables (temperature, 
dissolved oxygen, conductivity, turbidity, pH, 
Secchi disk, depth, nutrients (TP and TN) and 
Chl-a. In order to normalize the data, they were 
transformed logarithmically Log(x + 1), except 
for pH. The models were tested using Monte 
Carlo permutation (n = 499). Nauplius, copepo-
dites and bdelloid rotifers were excluded since 
they were not identified to species level. Both 
CCAs were executed using the Canoco 4.5 for 
Windows computer program (Ter Braak & 
Šmilauer, 2002).

RESULTS

Environmental parameters

During the two seasons of this study the physical 
and chemical parameters varied at the different 
reservoirs, complete data is reported in Table 1. 
The water temperature on average was higher 
during summer in all waterbodies, except at 
Oliana, where it was higher in autumn. In general, 
the dissolved oxygen presents higher values during 

summer than those in autumn. The pH values do 
not show an important difference between seasons 
because the buffer effect of the bicarbonate in the 
waters and the conductivity values were stable 
(with exception of Mequinenza during autumn 
with a peak of 1288 µS/cm). Suspended solids in 
both seasons were similar in four of the six reser-
voirs, however, data from the Ebro and La Soton-
era reservoirs during the autumn were double 
compared to the summer data. The Secchi disk 
visibility presented a wide variability among reser-
voirs and seasons: Ebro, Oliana and La Sotonera 
had higher values in summer, nevertheless, 
Ullibarri-Gamboa, Mequinenza and Sobrón were 
higher during autumn.

In the case of Chl-a, higher values were 
presented during the summer at Ullibarri-Gam-
boa and Sobrón, and during the autumn at Ebro 
and Oliana. The Oliana reservoir (autumn) had 
the biggest Chl-a concentration of all the study 
(21.14 µg/L). Finally, Mequinenza and La Soton-
era had similar values during both seasons (aver-
age of 3.3 µg/L and 3.5 µg/L respectively). Total 
Nitrogen (TN) values at 5 of the reservoirs were 
higher during summer, only Mequinenza present-
ed a high peak in autumn (1692 µg/L). The higher 
values of total phosphorus (TP) were reported in 
autumn, except at Oliana (80.78 µg/L) and 
Sobrón (25.5 µg/L), where the higher values were 
during summer.

means of a multiparametric devise Sea-Bird 19 
plus V2. The depth of the photic zone was calcu-
lated by measuring the light penetration using a 
quantometer. The water transparency was deter-
mined measuring the Secchi disk depth (SD). An 
integrative water sample was collected from the 
photic zone of each reservoir using a 25 mm 
ballasted tube technique for ex-situ analyses 
(Vicente et al., 2005). For measurements of the 
following variables, we used the standard method-
ology (APHA, 1998) described for suspended 
solids (APHA 2540D), turbidity (ISO7027-1999), 
total nitrogen (TN) (APHA method 4500-N C), 
total phosphorus (TP) (4500-P B/APHA 4500-P 
C), and chlorophyll a (Shoaf & Lium, 1976). The 
complete data set of environmental variables can 
be found at C.H.E. (2016).

To estimate the reservoir´s trophic conditions, 
we used the criteria of the trophic state index 
(TSI) (Carlson, 1977). The TSI´ values of each 
reservoir were obtained with the following 
formulae (Carlson & Simpson, 1996):

  Total phosphorus; TSI (TP) = 14.42 ln (TP) + 4.15
  Chlorophyll a, TSI (Chl-a) = 9.81 ln (Chl-a) + 30.6
  Secchi disk, TSI (SD) = 60 - 14.41 ln (SD) 

Total phosphorus and Chl-a are measured in 
micrograms per liter (μg/L) and Secchi disk depth 
is expressed in meters. TSI is the average value of 
the three above mentioned variables.

  TSI´= [(TSI(TP) + TSI (Chl-a) + TSI (SD))/3]

Zooplankton samples

The zooplankton samples were collected using a 
Ruttner bottle with a capacity of 2.7 L. For each 
reservoir were taken two Ruttner bottles to obtain 
5.4 liters of water sample, then the sample was 
filtered through 30 μm mesh size Nytal, fixed 
with formaldehyde at 4 % final concentration and 
stored in a hermetic glass vial. The sample depth 
was established in each reservoir at the beginning 
of oxygen decline, where has been reported as the 
richest zone of zooplankton fauna (Miracle & 
Vicente, 1983). Also, a zooplankton vertical tow 
net of 50 μm mesh size Nytal was towed from 30 
m deep to the surface, collected and fixed with 

formalin. These vertical tow net samples were 
taken mainly for taxonomic purposes.

Zooplankton species were identified using 
the following guides: Ruttner-Kolisko (1974), 
Koste (1978), Nogrady et al., (1995) and 
Nogrady & Segers (2002) for rotifers, Alonso 
(1996) for cladocerans, and Dussart (1967, 1969) 
for copepods. 

For quantitative results, we used the samples 
taken from the Ruttner bottles, all individuals 
were counted using a Sedgewick Rafter-type 
counting chamber under inverted microscopy. 
After individuals were counted and densities 
were obtained, we calculate the biomass, to deter-
mine it, a minimum of 30 specimens of all species 
were measured and using the formulas that relate 
the total length with the dry weight of the speci-
mens were obtained the corresponding conver-
sion factors (Ruttner-Kolisko, 1977; Dumont et 
al., 1975; Culver et al., 1985). The Shan-
non–Wiener diversity index (H’) (Shannon & 
Weaver, 1963) was calculated from data on the 
abundance of zooplankton for each reservoir at 
both seasons. 

Statistical analysis
 
The correlation coefficients between zooplankton 
data and the environmental factors were calculat-
ed by linear Pearson correlations. Analysis of 
similarity (ANOSIM) tests were performed on the 
zooplankton data to determine which, if any, reser-
voirs showed significant differences in zooplank-
ton community structure between the two seasons. 
ANOSIM is a nonparametric analogue to analysis 
of variance and tests for multivariate differences 
between groups based on Bray-Curtis distance and 
rank dissimilarity. Also, we ran a similarity 
percentage routine (SIMPER), to test which 
zooplankton species were contributing to the com-
munity changes. The SIMPER routine uses 
average Bray-Curtis dissimilarities between all 
pairs of sites to produce a percent contribution 
from each species, identifying the species most 
responsible for the dissimilarity (Clarke & 
Warwick, 2001).

To determine the influence of different factors 
on zooplankton we performed two canonical 
correspondence analysis (CCA). For the first, we 

we focus on zooplankton communities of six 
reservoirs located across the watershed. These 
were chosen due to the fact that existing data is 
more than 30 years old (De Manuel & Jaumel, 
1993) or no previous data was available. The lack 
of information of these reservoirs throughout the 
last three decades could significate changes in 
species composition and non-detected invaders. 
Therefore, it´s important to update the current 
knowledge on zooplanktonic fauna in this water-
shed and know how environmental variables can 
affect the composition of communities through 
seasons. Thus, all this information could be a 
helpful tool for reservoirs management. 

The main objectives of this study were; first, 
report and compare the zooplankton composition 
(species richness, density and biomass) during 
two studied seasons (summer and autumn) in six 
reservoirs at the Ebro watershed. Second, deter-
mine the environmental variables related to the 
zooplankton groups structure (density and 
biomass). Third, update information on the 
zooplanktonic fauna and verify if new species are 

present in the reservoirs compared with available 
data of previous studies. 

MATERIAL AND METHODS

Study area

The data presented in this study was obtained 
from six reservoirs, located in different areas and 
altitudes along the Ebro watershed (Fig. 1). Each 
reservoir was sampled at the beginning of two 
different seasons in 2016: summer (last week of 
June) and autumn (last week of September). One 
sampling point was established at each reservoir 
in the deepest part of the reservoir at 300-500 
meters from the dam.

Environmental Variables

For each reservoir the following variables were 
measured along the water vertical profile, temper-
ature, conductivity, dissolved oxygen, pH, turbidi-
ty and chlorophyll a, all in situ measurements, by 

INTRODUCTION

Zooplankton is, an important component inside the 
freshwater ecosystem, playings a big role in the 
transfer of energy in the aquatic food web between 
primary producers and higher consumers, while 
significantly contributing to the recycling of nutri-
ents (Lampert & Sommer, 1997).

Besides their essential role in trophic levels of 
aquatic environments, this group can also provide 
valuable information that other groups cannot. For 
example, changes in certain metrics such as, size, 
proportion of large and small zooplankton, mean 
of body weight and proportion of resting eggs 
together with the zooplankton:phytoplankton 
biomass ratio, which can indicate a “top-down” 
process (Jeppesen et al., 2011). Top-down control 
is one of the main attributes of zooplankton. This 
occurs when zooplankton consumes high quanti-
ties of phytoplankton and becomes a pressure 
factor, this pressure can determine the composi-
tion of phytoplankton assemblage and decrease 
their abundances and biomass (Naselli-Flores & 
Rossetti, 2010). On the other hand, the zooplank-
ton community can respond quickly to phyto-
plankton blooms during the bottom-up control 
(Carpenter et al., 1985), such as, changes in the 
biomass, the proportion of calanoids copepods 
and numbers of rotifers could indicate this process 
(Jeppesen et al., 2011). Due to their pivotal 
position in the transfer of nutrients and energy in 
aquatic food webs and the valuable data they can 
provide, it is essential to have a wide knowledge 
of zooplankton composition and the factors relat-
ed to this group (Caroni & Irvine, 2010).

All the species and individuals that make up 
the zooplankton community exhibit diverse 
responses to changes (Stemberger et al., 2001). 
These changes can be done by biotic (e.g. food 
availability, predation and competition) and 
abiotic (physical and chemical habitat conditions: 
temperature, dissolved oxygen, pH, etc.) factors, 
as both can affect the species richness, increasing 
or decreasing their abundances and biomass, and 

promoting shifts in their diversity (Jeppesen et 
al., 2000; Wetzel, 2001; Dodson et al., 2009; 
Bonecker et al., 2013). Hence, studies focused on 
such factors can provide useful information to 
manage natural resources (Gulati et al., 1990) as 
well as the understanding of how its community 
structure (species richness, density and abun-
dances) varies with time and in different aquatic 
systems (Dodson et al., 2009; Boix et al., 2008).

Seasonal variation also has an important role 
in waterbodies. Over the course of a year many 
environmental variables can suffer big changes 
depending on the season (Margalef, 1983). On a 
regional and local scale, these seasonal changes 
in natural components, in addition to anthropo-
genic pollution, can impact on aquatic communi-
ties and affect the zooplankton groups in different 
ways (Tavernini et al., 2009). 

Many studies have correlated density, species 
richness and the presence or absence of zooplank-
ton, for example, rotifers (Sladečeck, 1983; 
Ejsmont-Karabin, 1995, 2012; May & O’Hare, 
2005) and micro-crustaceans (Pinto-Coelho et 
al., 2005) to the trophic gradient. Moreover, 
zooplankton, can be an element in evaluating the 
trophic state of reservoirs and lakes (Haberman et 
al., 2007; Haberman & Haldna, 2014) and a good 
indicator of the different trophic states related to 
natural processes, man-made activities and 
climate changes (Jeppesen et al., 2011). Recently, 
in man-made reservoirs have proved that even 
zooplankton density can be a tool to determinate 
the trophic state of a large watershed in Spain 
(Garcia-Chicote et al., 2018). Although the Water 
Framework Directive has the aim of evaluating 
the European waters through several Biological 
Quality Indicators, zooplankton and its valuable 
data is not included as one of these indicators. 

Despite the Ebro watershed being the second 
large watershed in Spain, studies related to 
zooplankton presence in the reservoirs are few 
and focus principally on rotifera phylum´s 
description or distribution (De Manuel & Armen-
gol, 1993; De Manuel, 2000). In the present study 

Table 3.  Density (ind/L), Biomass (mg/L) and their percentage (%) of zooplankton groups present on the six reservoirs. Densidad 
(ind/L), Biomasa (mg/L) y el porcentaje (%) de los grupos del zooplancton presentes en los seis embalses.

Summer Autumn 

ind/L mg/L  ind/L % mg/L % ind/L mg/L  ind/L % mg/L % 
Ullibarri-Gamboa

Cladocerans 23.46 31.15 14.4 47.14 47.12 95.06 49.8 73.95 
Copepods 2.31 0.34 1.42 0.52 38.85 32.87 41.06 25.57 
Rotifers 107.69 22.23 66.12 33.64 8.27 0.47 8.74 0.36 

Mussels larvae 29.42 12.35 18.06 18.7 0.38 0.16 0.41 0.13 
Total 162.88 66.07 100 100 94.62 128.55 100 100 

Mequinenza
Cladocerans 24.62 47 7.31 11.3 15 29.54 22.61 36.75 
Copepods 118.08 287.74 35.05 69.19 29.81 43.88 44.93 54.59 
Rotifers 13.08 5.03 3.88 1.21 5.77 0.33 8.7 0.41 

Mussels larvae 181.15 76.08 53.77 18.3 15.77 6.62 23.77 8.24 
Total 336.92 415.86 100 100 66.35 80.37 100 100 
Ebro

Cladocerans 3.85 14.62 5.12 23.46 16.73 29.96 9.25 23.29 
Copepods 15.96 42.38 21.23 68.04 55.19 91.83 30.5 71.39 
Rotifers 55.38 5.29 73.66 8.5 109.04 6.83 60.26 5.31 

Total 75.19 62.29 100 100 180.96 128.62 100 100 
Oliana

Cladocerans 34.8 75.9 14.22 44.69 24.81 36.71 20.31 48.05 
Copepods 76.92 86.86 31.42 51.14 89.42 39.29 73.23 51.43 
Rotifers 133.08 7.09 54.36 4.17 7.88 0.4 6.46 0.52 

Total 244.8 169.85 100 100 122.11 76.4 100 100 
Sobrón

Cladocerans 54.23 104.17 8.24 29.75 0.77 1.62 19.05 64.52 
Copepods 3.08 3 0.47 0.86 1.73 0.35 42.87 13.83 
Rotifers 60.58 16.21 9.21 4.63 0.38 0.06 9.53 2.32 

Mussels larvae 540 226.8 82.08 64.77 1.15 0.48 28.55 19.34 
Total 657.88 350.19 100 100 4.04 2.5 100 100 

Sotonera
Cladocerans 16.92 24.19 9.19 39.5 15.77 24.15 3.74 23.44 
Copepods 16.73 20.68 9.08 33.77 15.58 25.92 3.7 25.16 
Rotifers 134.62 9.67 73.07 15.78 302.5 16.29 71.83 15.81 

Mussels larvae 15.96 6.7 8.66 10.95 87.3 36.67 20.73 35.59 
Total 184.23 61.24 100 100 421.15 103.03 100 100 
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CONCLUSION

Our results show that abundances and biomass 
values were in general two times higher in 
summer than values in autumn. However, there is 
not an equal tendency for all reservoirs and each 
one works in a different way. The data suggest that 
the changes in the zooplankton community during 
both seasons are related mainly with physico-
chemical variables as Chl-a, SD, TP, pH and reser-
voir depth, as well as with biotic interactions, like 
competition with alien species such as D. poly-
morpha. The relation between the zooplankton 
groups and the environmental variables could help 
us understand the main changes that could occur 
in a shifting world. All reservoirs presented new 
records in zooplankton species. La Sotonera had 
the highest number of new registers with ten 
species, followed by the Ebro with seven, while 
Oliana, Sobrón and Mequinenza have five. For 
Ullibarri-Gamboa reservoir we showed for the 
first time a record of zooplankton species. Also, 
we detected for first time the presence of zebra 
mussels at La Sotonera reservoir, indicating that 
this invader is dispersing throughout the water-
shed. Therefore, zooplankton composition knowl-
edge, regular monitoring of species inhabiting in 
the reservoirs and the understanding of environ-
mental variables that affect species and zooplank-
ton structure (specific richness, density and 
biomass) can be a helpful tool for watershed man-
agement and early detection of invasive species.
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taking in count the low number of reservoirs 
sampled compared with the watershed size), with 
the data obtained from the CCA we could hypoth-

these statements, for example, the general tenden-
cy at Oliana was that rotifers had high abundances 
during summer, then, during autumn this group 
tended to decrease and microcrustaceans 
increased in number becoming the dominant 
group. Ullibarri-Gamboa presented a similar 
tendency but with higher abundances of rotifers 
and mussels during the summer, followed by the 
increase of copepods and cladocerans during 
autumn. At the Ebro and La Sotonera reservoirs, 
the number of all groups increase in autumn but 
with the rotifers being the dominant group. How-
ever, at Mequinenza the zebra mussels and cope-
pods were dominants during summer reaching up 
350 ind/L, but with a decrease during autumn. 
Sobrón shows a similar tendency, the summer was 
dominated by the zebra mussel (540 ind/L) and in 
the next period densities of all groups decreased 
dramatically. For these two last reservoirs several 
factors could explain these changes, such as an 
extreme fish predation (Amundsen et al., 2009; 
Ginter et al., 2019), the establishment of the 
sessile stage of mussels in any surface decreasing 
the number of the planktonic larvae (Claudi & 
Mackie, 1994) or even some criteria that were not 
taken in count in the previous model, such as the 
food quality and the trophic level of each reservoir 
(Sommer et al., 2012).

Biodiversity is strongly related with environ-
mental factors (Jeppesen et al., 2000), while some 
physiochemical parameters such as temperature, 
dissolved oxygen, pH, etc., can have positive or 
negative effects on zooplankton (Wetzel, 2001). 
One of the more efficient analyses to correlate the 
zooplankton communities with the physical and 
chemical variables is the CCA (Attayde & Bozel-
li, 1998). Data from our CCA analysis shows the 
rotifer P. dolichoptera, which was positioned in 
the middle of the ordination plot, due to their high 
tolerance to different environments conditions 
(Bērziņš & Pejler, 1989), nowadays it has a wide 
distribution in many water bodies around the 
world (Segers, 2007). The copepod Neolovenula 
alluaudi, that is typically from the Mediterranean 
area (Miracle, 1982), also was positioned near the 
center of the CCA. We can infer that they possess 
high tolerance, however, compared to the previ-
ously mentioned rotifer, it was only present at La 
Sotonera reservoir. The populations of this cope-

pod are moving from the south and are now found 
in several water bodies along the Iberian Peninsu-
la (Alfonso & Belmonte, 2013; Miracle, 1982). 
Thus, this copepod was reported at Mequinenza 
30 years ago (De Manuel & Jaume, 1993), but not 
found during the present study. Furthermore, at 
the Mequinenza reservoir the presence of silurids 
is well documented and the early stages of this 
fish can consume copepods and large cladocerans 
individuals as the Daphnia species, they can 
promote the small-size species such as C. dubia 
and D. mongolium, (Miranda et al., 2010). Also, 
in this reservoir no Daphnia species were record-
ed, probably due the combination of predation 
and lower levels of oxygen compared to other 
reservoirs (Hanazato, 1996).

The copepods C. numidicus and T. dybowskii 
were correlated with conductivity, temperature 
and depth. It is well known that big-sized 
zooplankton species perform a daily vertical 
migration to avoid depredation (Hays, 2003; 
Lampert, 1989). The study of Caramujo & Boavi-
da (2000) found that these two copepod species 
can be consumed in large numbers by fishes, for 
this reason, their populations are settled in deepest 
water bodies. In this study, we found both species 
only at Mequinenza, which has an average 50 m of 
depth in both seasons. The biggest copepod found 
in this study was C. numidicus and it provides a 
high percentage of total biomass and density of all 
copepods, thus, Pearson correlation was significa-
tive in terms of depth for this group. 

In the CCA for groups (Fig. 6) the rotifer 
biomass was also correlated to pH, other studies 
have shown that this parameter can affect the 
rotifer occurrence (Bērziņš, 1987) and their 
assemblage in reservoirs (Devetter, 1998). 

The complex of abundances and biomasses of 
microcrustaceans (copepods and cladocerans), 
were related with the components that conform 
the trophic state since they are influenced by the 
Secchi disk, TP and Chl-a. Some authors have 
indicated that large species of these groups can be 
used as an indicator of oligotrophic state (Pejler, 
1983; Moss et al., 2003; Kane et al., 2009; 
Haberman & Maldna, 2014). Usually, at higher 
trophic level, large species are replaced by small 
species (Lampert & Sommer, 1997). The Ebro, 
Oliana and La Sotonera reservoirs, during the 

was in the middle of the ordination plot, this 
rotifer was present in all reservoirs during both 
seasons, their highest abundances were during the 
summer at La Sotonera (279 ind/L) and Oliana 
(125 ind/L). The Daphnia group was related to 
DO, TP and turbidity. The Daphnia species were 
present in five reservoirs and their seasonality 
was split into those which had higher abundances 
in summer (D. cucullata, D. galeata and D. 
pulicaria) and in autumn (Daphnia longispina). 
Finally, the copepod C. vicinus is not related to 
any variable and the zebra mussels are slightly 
connected with pH and alkalinity (Fig. 5).

In the second CCA, we analyzed the envi-
ronmental variables related with the zooplank-
ton density and biomass, the first two axes 
represent the most explanatory value (93.2 %) 

(p value > 0.05 in the Monte Carlo permutation 
test). This CCA indicates that in the first axis the 
trophic indicators are related (SD, Chl-a and TP). 
These principal indicators are related with both 
cladocera and copepoda density and biomass, 
while rotifer density is related to combination of 
TP, turbidity and DO. The biomass of rotifera 
group presents a similar relation with pH instead 
of turbidity. Finally, both density and biomass of 
zebra mussels are related to temperature and 
conductivity (Fig. 6).

DISCUSSION

Sommer et al. (1986) together with the PEG 
(Plankton Ecology Group) proposed a model 
where sequential statements describe the changes 
in zooplankton and phytoplankton communities in 
lakes. In these statements, they described that in 
summer the smaller groups with short generation-
al life cycle dominate and during autumn large 
species appear. In our study, we found that most of 
the changes in reservoirs’ communities followed 

Density and biomass

The zooplankton density varied in each reservoir 
and season, the average of individuals for all the 
reservoirs during summer was 277 ind/L, that was 
higher than in autumn with 148 ind/L. The higher 
densities in most of reservoir belong to rotifers 
and zebra mussels, except in Ullibarri-Gamboa, 
Mequinenza and Oliana during winter (Fig. 4). 

In terms of biomass, microcrustaceans have a 
bigger role instead of rotifers, and each reservoir 
varied in quantity and group that dominates during 
both seasons. The reservoirs with major changes 
between biomass were La Sotonera (dominated 
during the summer for microcrustaceans to zebra 
mussels in fall), Sobrón (zebra mussels to 
cladocerans) and Ullivarri-Gamboa (cladocerans, 
rotifers and zebra mussels to microcrustaceans 
mainly) (Table 3). The Shannon-Wiener index 
indicated that diversity in the Ullibarri-Gamboa 
reservoir was the highest overall 2.59 bits/ind in 
summer. The lowest diversity was found in 
Sobrón during autumn with only 0.18 bits/ind 
(Fig. 3).

Data analysis 

Through the linear Pearson correlations between 
environmental factors and zooplankton groups we 
found that pH was significantly correlated with 

the density of rotifer group (r2 0.35, p < 0.05). 
Also, both zebra mussel density and biomass were 
positively correlated with Chl-a (r2 0.60, p < 0.05 
and r2 0.62, p < 0.05 respectively). Besides, 
copepods density (r2 0.39, p < 0.05) and biomass 
(r2 0.34, p < 0.05) were correlated with the reser-
voir´s depth. Other correlations were not signifi-
cant (p > 0.05). The Analysis of similarity (ANO-
SIM) doesn’t show any difference between both 
seasons (p > 0.05). The contribution of the 
individual taxa in the dissimilarity of zooplankton 
was low (SIMPER values < 5 %), being A. 
priodonta, C. pulchella, Synchaeta pectinata and 
D. mongolianum the responsible for the cumula-
tive of 20 % in the variance of dissimilarity 
between seasons. 

The first CCA, related the physicochemical 
variables with the principal zooplankton species. 
The first two axes explains 45.2 % of the variance 
(p value 0.001 in the Monte Carlo permutation 
test). Temperature, conductivity and depth are 
strongly related to copepods (C. numidicus, 
Cyclops sp. and T. dybowskii) and the cladoceran 
C. dubia. Two of the most abundant rotifers are 
related with the pH (S. pectinata and C. unicornis) 
in addition to the cladoceran D. cucullata. A big 
group composed principally by cladocerans, few 
copepods and rotifers were related to dissolved 
oxygen (DO), turbidity, TP, Chl-a and suspended 
solids (SS) (Fig. 5). The rotifer P. dolichoptera 

Trophic state

With the data obtained, we calculated the Troph-
ic State Index (TSI) for every reservoir and 
season, the waterbodies were ordinated accord-
ing to their TSI from lower to higher values. 
Ullibarri-Gamboa shows the lower trophic value 
in both seasons (39.01, summer and 37.70, 
autumn) and is classifiedd as oligotrophic. While 
Sobrón had the higher value during the summer 
(52.5) and La Sotonera in autumn (59.8). The 
reservoirs during the summer generally present-
ed values between 30 to 50 and during autumn 
the values increase from 40 to 60. According to 
Carlson (1996), most reservoirs are classified as 
mesotrophic, however, Ebro, Oliana and La 
Sotonera are eutrophic during the autumn and 
Sobrón during the summer (Fig. 2).

Zooplankton

We registered a total of 40 zooplankton species 
during both seasons in the six reservoirs (Table 
2). The rotifers were the group with more 
species reported (21), followed by cladocerans 
(10) and copepods (8). Since the veliger larvae 
of the zebra mussel invader (Dreissena polymor-
pha) were found at 4 reservoirs, they were 
considered a separate group inside this study and 
both abundance and biomass were counted. La 

Sotonera presented the highest number of 
species with, 13 in each season, followed by 
Sobrón with 12 in the summer, Oliana and 
Mequinenza with 11 during summer. This same 
species richness was present in Ebro and 
Ullibarri-Gamboa in the autumn. The lowest 
number of species was in Sobrón with only 6 
during the autumn (Table 2). On average, each 
reservoir presented 10 zooplankton species per 
season. The rotifer Polyarthra dolichoptera was 
presented on all reservoirs in at least one season, 
followed by the zebra mussel, which was detect-
ed on four reservoirs during both seasons. The 
two copepod species Cyclops vicinus and 
Cyclops sp., and some rotifers were only 
presented in one reservoir during one season 
(Table 2).

The only previous study on these reservoirs 
was performed during 1987-1988 and reports 
data of summer and winter seasons. However, to 
compare species composition per season we 
only used the summer data from both studies, 
since the other season is not the same and cannot 
be compared equally (winter from the previous 
study and fall in the current). To indicate new 
registers for each reservoir we verified that 
species were not present in the data of both 
seasons from the previous study. The complete 
list of species present of the previous study can 
be found in De Manuel & Jaume (1993).

The new registers of zooplankton species for 
each reservoir are: Sotonera (Bosmina longi-
rostris, Ceriodapnia dubia, Ceriodaphnia 
pulchella, Daphnia galeata, Diaphanosoma 
mongolianum, Acanthocyclops americanus, 
Anuraeopsis fissa, Polyarthra major, Ascomor-
pha ecaudis and D. polymorpha). Ebro (Eud-
iaptomus vulgaris, B. longirostris, D. mongolia-
num, Conochilus unicornis, Trichotria tetractis, 
P. major, Tricochercca cylindrica). Mequinenza 
(Copidodiaptomus numidicus, Thermocyclops 
dybowskii, A. ecaudis). Sobron (Daphnia cucul-
lata, Cyclops vicinus, Asplanchna priodonta, P. 
major, A. fissa) and Oliana (A. americanus, E. 
vulgaris, C. sphaericus, D. mongolianum, Kelli-
cotia longispina). Since there is not previous 
data available for Ullibarri-Gamboa reservoir, 
all 14 species reported for this study are first 
register (Table 2). 

analyzed those variables that are corresponded to 
the principal zooplankton species. For the second, 
we performed an analysis using the zooplankton 
groups (rotifers, copepods, cladocerans and zebra 
mussels). For each CCA we included the densi-
ties and or biomass of zooplankton and the 
following environmental variables (temperature, 
dissolved oxygen, conductivity, turbidity, pH, 
Secchi disk, depth, nutrients (TP and TN) and 
Chl-a. In order to normalize the data, they were 
transformed logarithmically Log(x + 1), except 
for pH. The models were tested using Monte 
Carlo permutation (n = 499). Nauplius, copepo-
dites and bdelloid rotifers were excluded since 
they were not identified to species level. Both 
CCAs were executed using the Canoco 4.5 for 
Windows computer program (Ter Braak & 
Šmilauer, 2002).

RESULTS

Environmental parameters

During the two seasons of this study the physical 
and chemical parameters varied at the different 
reservoirs, complete data is reported in Table 1. 
The water temperature on average was higher 
during summer in all waterbodies, except at 
Oliana, where it was higher in autumn. In general, 
the dissolved oxygen presents higher values during 

summer than those in autumn. The pH values do 
not show an important difference between seasons 
because the buffer effect of the bicarbonate in the 
waters and the conductivity values were stable 
(with exception of Mequinenza during autumn 
with a peak of 1288 µS/cm). Suspended solids in 
both seasons were similar in four of the six reser-
voirs, however, data from the Ebro and La Soton-
era reservoirs during the autumn were double 
compared to the summer data. The Secchi disk 
visibility presented a wide variability among reser-
voirs and seasons: Ebro, Oliana and La Sotonera 
had higher values in summer, nevertheless, 
Ullibarri-Gamboa, Mequinenza and Sobrón were 
higher during autumn.

In the case of Chl-a, higher values were 
presented during the summer at Ullibarri-Gam-
boa and Sobrón, and during the autumn at Ebro 
and Oliana. The Oliana reservoir (autumn) had 
the biggest Chl-a concentration of all the study 
(21.14 µg/L). Finally, Mequinenza and La Soton-
era had similar values during both seasons (aver-
age of 3.3 µg/L and 3.5 µg/L respectively). Total 
Nitrogen (TN) values at 5 of the reservoirs were 
higher during summer, only Mequinenza present-
ed a high peak in autumn (1692 µg/L). The higher 
values of total phosphorus (TP) were reported in 
autumn, except at Oliana (80.78 µg/L) and 
Sobrón (25.5 µg/L), where the higher values were 
during summer.

means of a multiparametric devise Sea-Bird 19 
plus V2. The depth of the photic zone was calcu-
lated by measuring the light penetration using a 
quantometer. The water transparency was deter-
mined measuring the Secchi disk depth (SD). An 
integrative water sample was collected from the 
photic zone of each reservoir using a 25 mm 
ballasted tube technique for ex-situ analyses 
(Vicente et al., 2005). For measurements of the 
following variables, we used the standard method-
ology (APHA, 1998) described for suspended 
solids (APHA 2540D), turbidity (ISO7027-1999), 
total nitrogen (TN) (APHA method 4500-N C), 
total phosphorus (TP) (4500-P B/APHA 4500-P 
C), and chlorophyll a (Shoaf & Lium, 1976). The 
complete data set of environmental variables can 
be found at C.H.E. (2016).

To estimate the reservoir´s trophic conditions, 
we used the criteria of the trophic state index 
(TSI) (Carlson, 1977). The TSI´ values of each 
reservoir were obtained with the following 
formulae (Carlson & Simpson, 1996):

  Total phosphorus; TSI (TP) = 14.42 ln (TP) + 4.15
  Chlorophyll a, TSI (Chl-a) = 9.81 ln (Chl-a) + 30.6
  Secchi disk, TSI (SD) = 60 - 14.41 ln (SD) 

Total phosphorus and Chl-a are measured in 
micrograms per liter (μg/L) and Secchi disk depth 
is expressed in meters. TSI is the average value of 
the three above mentioned variables.

  TSI´= [(TSI(TP) + TSI (Chl-a) + TSI (SD))/3]

Zooplankton samples

The zooplankton samples were collected using a 
Ruttner bottle with a capacity of 2.7 L. For each 
reservoir were taken two Ruttner bottles to obtain 
5.4 liters of water sample, then the sample was 
filtered through 30 μm mesh size Nytal, fixed 
with formaldehyde at 4 % final concentration and 
stored in a hermetic glass vial. The sample depth 
was established in each reservoir at the beginning 
of oxygen decline, where has been reported as the 
richest zone of zooplankton fauna (Miracle & 
Vicente, 1983). Also, a zooplankton vertical tow 
net of 50 μm mesh size Nytal was towed from 30 
m deep to the surface, collected and fixed with 

formalin. These vertical tow net samples were 
taken mainly for taxonomic purposes.

Zooplankton species were identified using 
the following guides: Ruttner-Kolisko (1974), 
Koste (1978), Nogrady et al., (1995) and 
Nogrady & Segers (2002) for rotifers, Alonso 
(1996) for cladocerans, and Dussart (1967, 1969) 
for copepods. 

For quantitative results, we used the samples 
taken from the Ruttner bottles, all individuals 
were counted using a Sedgewick Rafter-type 
counting chamber under inverted microscopy. 
After individuals were counted and densities 
were obtained, we calculate the biomass, to deter-
mine it, a minimum of 30 specimens of all species 
were measured and using the formulas that relate 
the total length with the dry weight of the speci-
mens were obtained the corresponding conver-
sion factors (Ruttner-Kolisko, 1977; Dumont et 
al., 1975; Culver et al., 1985). The Shan-
non–Wiener diversity index (H’) (Shannon & 
Weaver, 1963) was calculated from data on the 
abundance of zooplankton for each reservoir at 
both seasons. 

Statistical analysis
 
The correlation coefficients between zooplankton 
data and the environmental factors were calculat-
ed by linear Pearson correlations. Analysis of 
similarity (ANOSIM) tests were performed on the 
zooplankton data to determine which, if any, reser-
voirs showed significant differences in zooplank-
ton community structure between the two seasons. 
ANOSIM is a nonparametric analogue to analysis 
of variance and tests for multivariate differences 
between groups based on Bray-Curtis distance and 
rank dissimilarity. Also, we ran a similarity 
percentage routine (SIMPER), to test which 
zooplankton species were contributing to the com-
munity changes. The SIMPER routine uses 
average Bray-Curtis dissimilarities between all 
pairs of sites to produce a percent contribution 
from each species, identifying the species most 
responsible for the dissimilarity (Clarke & 
Warwick, 2001).

To determine the influence of different factors 
on zooplankton we performed two canonical 
correspondence analysis (CCA). For the first, we 

we focus on zooplankton communities of six 
reservoirs located across the watershed. These 
were chosen due to the fact that existing data is 
more than 30 years old (De Manuel & Jaumel, 
1993) or no previous data was available. The lack 
of information of these reservoirs throughout the 
last three decades could significate changes in 
species composition and non-detected invaders. 
Therefore, it´s important to update the current 
knowledge on zooplanktonic fauna in this water-
shed and know how environmental variables can 
affect the composition of communities through 
seasons. Thus, all this information could be a 
helpful tool for reservoirs management. 

The main objectives of this study were; first, 
report and compare the zooplankton composition 
(species richness, density and biomass) during 
two studied seasons (summer and autumn) in six 
reservoirs at the Ebro watershed. Second, deter-
mine the environmental variables related to the 
zooplankton groups structure (density and 
biomass). Third, update information on the 
zooplanktonic fauna and verify if new species are 

present in the reservoirs compared with available 
data of previous studies. 

MATERIAL AND METHODS

Study area

The data presented in this study was obtained 
from six reservoirs, located in different areas and 
altitudes along the Ebro watershed (Fig. 1). Each 
reservoir was sampled at the beginning of two 
different seasons in 2016: summer (last week of 
June) and autumn (last week of September). One 
sampling point was established at each reservoir 
in the deepest part of the reservoir at 300-500 
meters from the dam.

Environmental Variables

For each reservoir the following variables were 
measured along the water vertical profile, temper-
ature, conductivity, dissolved oxygen, pH, turbidi-
ty and chlorophyll a, all in situ measurements, by 

INTRODUCTION

Zooplankton is, an important component inside the 
freshwater ecosystem, playings a big role in the 
transfer of energy in the aquatic food web between 
primary producers and higher consumers, while 
significantly contributing to the recycling of nutri-
ents (Lampert & Sommer, 1997).

Besides their essential role in trophic levels of 
aquatic environments, this group can also provide 
valuable information that other groups cannot. For 
example, changes in certain metrics such as, size, 
proportion of large and small zooplankton, mean 
of body weight and proportion of resting eggs 
together with the zooplankton:phytoplankton 
biomass ratio, which can indicate a “top-down” 
process (Jeppesen et al., 2011). Top-down control 
is one of the main attributes of zooplankton. This 
occurs when zooplankton consumes high quanti-
ties of phytoplankton and becomes a pressure 
factor, this pressure can determine the composi-
tion of phytoplankton assemblage and decrease 
their abundances and biomass (Naselli-Flores & 
Rossetti, 2010). On the other hand, the zooplank-
ton community can respond quickly to phyto-
plankton blooms during the bottom-up control 
(Carpenter et al., 1985), such as, changes in the 
biomass, the proportion of calanoids copepods 
and numbers of rotifers could indicate this process 
(Jeppesen et al., 2011). Due to their pivotal 
position in the transfer of nutrients and energy in 
aquatic food webs and the valuable data they can 
provide, it is essential to have a wide knowledge 
of zooplankton composition and the factors relat-
ed to this group (Caroni & Irvine, 2010).

All the species and individuals that make up 
the zooplankton community exhibit diverse 
responses to changes (Stemberger et al., 2001). 
These changes can be done by biotic (e.g. food 
availability, predation and competition) and 
abiotic (physical and chemical habitat conditions: 
temperature, dissolved oxygen, pH, etc.) factors, 
as both can affect the species richness, increasing 
or decreasing their abundances and biomass, and 

promoting shifts in their diversity (Jeppesen et 
al., 2000; Wetzel, 2001; Dodson et al., 2009; 
Bonecker et al., 2013). Hence, studies focused on 
such factors can provide useful information to 
manage natural resources (Gulati et al., 1990) as 
well as the understanding of how its community 
structure (species richness, density and abun-
dances) varies with time and in different aquatic 
systems (Dodson et al., 2009; Boix et al., 2008).

Seasonal variation also has an important role 
in waterbodies. Over the course of a year many 
environmental variables can suffer big changes 
depending on the season (Margalef, 1983). On a 
regional and local scale, these seasonal changes 
in natural components, in addition to anthropo-
genic pollution, can impact on aquatic communi-
ties and affect the zooplankton groups in different 
ways (Tavernini et al., 2009). 

Many studies have correlated density, species 
richness and the presence or absence of zooplank-
ton, for example, rotifers (Sladečeck, 1983; 
Ejsmont-Karabin, 1995, 2012; May & O’Hare, 
2005) and micro-crustaceans (Pinto-Coelho et 
al., 2005) to the trophic gradient. Moreover, 
zooplankton, can be an element in evaluating the 
trophic state of reservoirs and lakes (Haberman et 
al., 2007; Haberman & Haldna, 2014) and a good 
indicator of the different trophic states related to 
natural processes, man-made activities and 
climate changes (Jeppesen et al., 2011). Recently, 
in man-made reservoirs have proved that even 
zooplankton density can be a tool to determinate 
the trophic state of a large watershed in Spain 
(Garcia-Chicote et al., 2018). Although the Water 
Framework Directive has the aim of evaluating 
the European waters through several Biological 
Quality Indicators, zooplankton and its valuable 
data is not included as one of these indicators. 

Despite the Ebro watershed being the second 
large watershed in Spain, studies related to 
zooplankton presence in the reservoirs are few 
and focus principally on rotifera phylum´s 
description or distribution (De Manuel & Armen-
gol, 1993; De Manuel, 2000). In the present study 
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CONCLUSION

Our results show that abundances and biomass 
values were in general two times higher in 
summer than values in autumn. However, there is 
not an equal tendency for all reservoirs and each 
one works in a different way. The data suggest that 
the changes in the zooplankton community during 
both seasons are related mainly with physico-
chemical variables as Chl-a, SD, TP, pH and reser-
voir depth, as well as with biotic interactions, like 
competition with alien species such as D. poly-
morpha. The relation between the zooplankton 
groups and the environmental variables could help 
us understand the main changes that could occur 
in a shifting world. All reservoirs presented new 
records in zooplankton species. La Sotonera had 
the highest number of new registers with ten 
species, followed by the Ebro with seven, while 
Oliana, Sobrón and Mequinenza have five. For 
Ullibarri-Gamboa reservoir we showed for the 
first time a record of zooplankton species. Also, 
we detected for first time the presence of zebra 
mussels at La Sotonera reservoir, indicating that 
this invader is dispersing throughout the water-
shed. Therefore, zooplankton composition knowl-
edge, regular monitoring of species inhabiting in 
the reservoirs and the understanding of environ-
mental variables that affect species and zooplank-
ton structure (specific richness, density and 
biomass) can be a helpful tool for watershed man-
agement and early detection of invasive species.
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esize the zooplankton groups, such as, copepods 
and cladocerans could be affected firstly and their 
structure modified if the variables that are more 
related or affect these groups change for several 
factors, such as, climate change, new invasive 
species and or anthropogenic impacts. 

The zooplankton community normally varied 
through months, seasons or years, and the 
species replacement can happen quickly or 
change gradually with time (Lampert & Sommer, 
1997). Some of these species’ substitutions can 
be observed in the current research compared 
with data of previous works, at Mequinenza, 
from species reported previously for summer 
season we found only two shared species. Larger 
filter species such as N. alluaudi and D. galeata 
together with the main predator A. robustus, 
were substituted for C. numidicus and T. 
dybowskii. A similar case occurred at Sobrón, 
where only three species were shared. From three 
cyclopids species to only C. vicinus and the pres-
ence of D. galeata and C. pulchella.

The reservoir with the most shared species 
was Oliana, with seven of the nine species 
reported for this study. The main change 
observed was C. abyssorum to A. americanus. 
The Sotonera reservoir was the only reservoir 
where the two previous copepod species did not 
suffer any variation, however, cladocerans from 
two Daphnia species changed to one species (D. 
galeata) and medium-size filters as C. dubia and 
D. mongolianum. The study of Higgins & 
Vander Zanden (2010) suggests that D. polymor-
pha can reduce the zooplankton biomass to 
40-77 % in pelagic areas and replace them, this 
affect the species richness and diversity. The low 
replacement at Oliana could be related to the 
non-presence of them. In contrast, some changes 
can be appreciated at La Sotonera and Sobrón 
with low diversity (Fig. 3) for their increase in 
density and biomass (Table 3).

For the Ebro reservoir, there is a great differ-
ence in the number of zooplankton species 
between studies since previously 20 species were 
reported, where almost half of the species were 
microcrustaceans including several species of 
Daphnia and cyclopids, however, we registered 
only four shared species. Nowadays, only eight 
species are present, where five of them belong to 

rotifers and only D. pulicaria and C. abyssorum 
were reported before. Thus, all these data 
indicate that the communities have changed, 
increasing, or decreasing the number of species 
and being replaced for others. Several explana-
tions such as competition, natural succession or 
even variations of environmental variables 
(Devetter, 1998; Dodson et al., 2009) could 
explain these changes, however, since there is a 
lack of information for all non-reported years, 
the question of which exact events caused these 
changes remains unanswered. 

Due to diverse factors, including manage-
ment, most of water bodies cannot be sampled 
on a regular basis to confirm the species presents 
and like in this study, can take a long time until 
having new data. Nevertheless, having a moni-
toring program could help us to understand the 
community changes. But this is not the only 
benefit, thus, it can be a tool to have complete 
knowledge of species richness and to identify 
the already reported and the newly invasive 
species. For the invasive fauna, correct actions 
could prevent their introduction and dispersal 
along the watershed area, which could not only 
affect local diversity and become one of the 
major aquatic stressors, as is the case with zebra 
mussels (Strayer, 2010), but also create econom-
ic losses due to their impact on important infra-
structures (Duran et al., 2012). 

The Zebra mussels were detected for first time 
at the Ebro watershed in 2001 (Duran & Anadón, 
2008). Previously at La Sotonera reservoir the 
presence of D. polymorpha was not detected, 
however, now the veliger larvae can be found at 
both seasons and it’s a dominant component of 
zooplankton. Thus, the mussel invasion has 
progressed throughout the years and among 
different reservoirs. The two reservoirs were 
mussels were not present are Oliana and Ebro, 
this last is under special protection (Duran & 
Anadón, 2008). Due to the lack of natural preda-
tors, efficient competition and non-intentional 
dispersion of invaders caused by the interaction 
between people among the reservoirs in the area, 
this invader could be detected in the Ebro reser-
voir in the upcoming years. Consequently, they 
would be present from the beginning until the end 
of watershed.

autumn, were mesotrophic to eutrophic, and 
densities of larger species as Daphnia spp. decay 
while smaller cladocerans such as B. longirostris 
and Ceriodaphnia spp. increase. 

Despite the limitations of this work (and 
taking in count the low number of reservoirs 
sampled compared with the watershed size), with 
the data obtained from the CCA we could hypoth-

these statements, for example, the general tenden-
cy at Oliana was that rotifers had high abundances 
during summer, then, during autumn this group 
tended to decrease and microcrustaceans 
increased in number becoming the dominant 
group. Ullibarri-Gamboa presented a similar 
tendency but with higher abundances of rotifers 
and mussels during the summer, followed by the 
increase of copepods and cladocerans during 
autumn. At the Ebro and La Sotonera reservoirs, 
the number of all groups increase in autumn but 
with the rotifers being the dominant group. How-
ever, at Mequinenza the zebra mussels and cope-
pods were dominants during summer reaching up 
350 ind/L, but with a decrease during autumn. 
Sobrón shows a similar tendency, the summer was 
dominated by the zebra mussel (540 ind/L) and in 
the next period densities of all groups decreased 
dramatically. For these two last reservoirs several 
factors could explain these changes, such as an 
extreme fish predation (Amundsen et al., 2009; 
Ginter et al., 2019), the establishment of the 
sessile stage of mussels in any surface decreasing 
the number of the planktonic larvae (Claudi & 
Mackie, 1994) or even some criteria that were not 
taken in count in the previous model, such as the 
food quality and the trophic level of each reservoir 
(Sommer et al., 2012).

Biodiversity is strongly related with environ-
mental factors (Jeppesen et al., 2000), while some 
physiochemical parameters such as temperature, 
dissolved oxygen, pH, etc., can have positive or 
negative effects on zooplankton (Wetzel, 2001). 
One of the more efficient analyses to correlate the 
zooplankton communities with the physical and 
chemical variables is the CCA (Attayde & Bozel-
li, 1998). Data from our CCA analysis shows the 
rotifer P. dolichoptera, which was positioned in 
the middle of the ordination plot, due to their high 
tolerance to different environments conditions 
(Bērziņš & Pejler, 1989), nowadays it has a wide 
distribution in many water bodies around the 
world (Segers, 2007). The copepod Neolovenula 
alluaudi, that is typically from the Mediterranean 
area (Miracle, 1982), also was positioned near the 
center of the CCA. We can infer that they possess 
high tolerance, however, compared to the previ-
ously mentioned rotifer, it was only present at La 
Sotonera reservoir. The populations of this cope-

pod are moving from the south and are now found 
in several water bodies along the Iberian Peninsu-
la (Alfonso & Belmonte, 2013; Miracle, 1982). 
Thus, this copepod was reported at Mequinenza 
30 years ago (De Manuel & Jaume, 1993), but not 
found during the present study. Furthermore, at 
the Mequinenza reservoir the presence of silurids 
is well documented and the early stages of this 
fish can consume copepods and large cladocerans 
individuals as the Daphnia species, they can 
promote the small-size species such as C. dubia 
and D. mongolium, (Miranda et al., 2010). Also, 
in this reservoir no Daphnia species were record-
ed, probably due the combination of predation 
and lower levels of oxygen compared to other 
reservoirs (Hanazato, 1996).

The copepods C. numidicus and T. dybowskii 
were correlated with conductivity, temperature 
and depth. It is well known that big-sized 
zooplankton species perform a daily vertical 
migration to avoid depredation (Hays, 2003; 
Lampert, 1989). The study of Caramujo & Boavi-
da (2000) found that these two copepod species 
can be consumed in large numbers by fishes, for 
this reason, their populations are settled in deepest 
water bodies. In this study, we found both species 
only at Mequinenza, which has an average 50 m of 
depth in both seasons. The biggest copepod found 
in this study was C. numidicus and it provides a 
high percentage of total biomass and density of all 
copepods, thus, Pearson correlation was significa-
tive in terms of depth for this group. 

In the CCA for groups (Fig. 6) the rotifer 
biomass was also correlated to pH, other studies 
have shown that this parameter can affect the 
rotifer occurrence (Bērziņš, 1987) and their 
assemblage in reservoirs (Devetter, 1998). 

The complex of abundances and biomasses of 
microcrustaceans (copepods and cladocerans), 
were related with the components that conform 
the trophic state since they are influenced by the 
Secchi disk, TP and Chl-a. Some authors have 
indicated that large species of these groups can be 
used as an indicator of oligotrophic state (Pejler, 
1983; Moss et al., 2003; Kane et al., 2009; 
Haberman & Maldna, 2014). Usually, at higher 
trophic level, large species are replaced by small 
species (Lampert & Sommer, 1997). The Ebro, 
Oliana and La Sotonera reservoirs, during the 

was in the middle of the ordination plot, this 
rotifer was present in all reservoirs during both 
seasons, their highest abundances were during the 
summer at La Sotonera (279 ind/L) and Oliana 
(125 ind/L). The Daphnia group was related to 
DO, TP and turbidity. The Daphnia species were 
present in five reservoirs and their seasonality 
was split into those which had higher abundances 
in summer (D. cucullata, D. galeata and D. 
pulicaria) and in autumn (Daphnia longispina). 
Finally, the copepod C. vicinus is not related to 
any variable and the zebra mussels are slightly 
connected with pH and alkalinity (Fig. 5).

In the second CCA, we analyzed the envi-
ronmental variables related with the zooplank-
ton density and biomass, the first two axes 
represent the most explanatory value (93.2 %) 

(p value > 0.05 in the Monte Carlo permutation 
test). This CCA indicates that in the first axis the 
trophic indicators are related (SD, Chl-a and TP). 
These principal indicators are related with both 
cladocera and copepoda density and biomass, 
while rotifer density is related to combination of 
TP, turbidity and DO. The biomass of rotifera 
group presents a similar relation with pH instead 
of turbidity. Finally, both density and biomass of 
zebra mussels are related to temperature and 
conductivity (Fig. 6).

DISCUSSION

Sommer et al. (1986) together with the PEG 
(Plankton Ecology Group) proposed a model 
where sequential statements describe the changes 
in zooplankton and phytoplankton communities in 
lakes. In these statements, they described that in 
summer the smaller groups with short generation-
al life cycle dominate and during autumn large 
species appear. In our study, we found that most of 
the changes in reservoirs’ communities followed 

Density and biomass

The zooplankton density varied in each reservoir 
and season, the average of individuals for all the 
reservoirs during summer was 277 ind/L, that was 
higher than in autumn with 148 ind/L. The higher 
densities in most of reservoir belong to rotifers 
and zebra mussels, except in Ullibarri-Gamboa, 
Mequinenza and Oliana during winter (Fig. 4). 

In terms of biomass, microcrustaceans have a 
bigger role instead of rotifers, and each reservoir 
varied in quantity and group that dominates during 
both seasons. The reservoirs with major changes 
between biomass were La Sotonera (dominated 
during the summer for microcrustaceans to zebra 
mussels in fall), Sobrón (zebra mussels to 
cladocerans) and Ullivarri-Gamboa (cladocerans, 
rotifers and zebra mussels to microcrustaceans 
mainly) (Table 3). The Shannon-Wiener index 
indicated that diversity in the Ullibarri-Gamboa 
reservoir was the highest overall 2.59 bits/ind in 
summer. The lowest diversity was found in 
Sobrón during autumn with only 0.18 bits/ind 
(Fig. 3).

Data analysis 

Through the linear Pearson correlations between 
environmental factors and zooplankton groups we 
found that pH was significantly correlated with 

the density of rotifer group (r2 0.35, p < 0.05). 
Also, both zebra mussel density and biomass were 
positively correlated with Chl-a (r2 0.60, p < 0.05 
and r2 0.62, p < 0.05 respectively). Besides, 
copepods density (r2 0.39, p < 0.05) and biomass 
(r2 0.34, p < 0.05) were correlated with the reser-
voir´s depth. Other correlations were not signifi-
cant (p > 0.05). The Analysis of similarity (ANO-
SIM) doesn’t show any difference between both 
seasons (p > 0.05). The contribution of the 
individual taxa in the dissimilarity of zooplankton 
was low (SIMPER values < 5 %), being A. 
priodonta, C. pulchella, Synchaeta pectinata and 
D. mongolianum the responsible for the cumula-
tive of 20 % in the variance of dissimilarity 
between seasons. 

The first CCA, related the physicochemical 
variables with the principal zooplankton species. 
The first two axes explains 45.2 % of the variance 
(p value 0.001 in the Monte Carlo permutation 
test). Temperature, conductivity and depth are 
strongly related to copepods (C. numidicus, 
Cyclops sp. and T. dybowskii) and the cladoceran 
C. dubia. Two of the most abundant rotifers are 
related with the pH (S. pectinata and C. unicornis) 
in addition to the cladoceran D. cucullata. A big 
group composed principally by cladocerans, few 
copepods and rotifers were related to dissolved 
oxygen (DO), turbidity, TP, Chl-a and suspended 
solids (SS) (Fig. 5). The rotifer P. dolichoptera 

Trophic state

With the data obtained, we calculated the Troph-
ic State Index (TSI) for every reservoir and 
season, the waterbodies were ordinated accord-
ing to their TSI from lower to higher values. 
Ullibarri-Gamboa shows the lower trophic value 
in both seasons (39.01, summer and 37.70, 
autumn) and is classifiedd as oligotrophic. While 
Sobrón had the higher value during the summer 
(52.5) and La Sotonera in autumn (59.8). The 
reservoirs during the summer generally present-
ed values between 30 to 50 and during autumn 
the values increase from 40 to 60. According to 
Carlson (1996), most reservoirs are classified as 
mesotrophic, however, Ebro, Oliana and La 
Sotonera are eutrophic during the autumn and 
Sobrón during the summer (Fig. 2).

Zooplankton

We registered a total of 40 zooplankton species 
during both seasons in the six reservoirs (Table 
2). The rotifers were the group with more 
species reported (21), followed by cladocerans 
(10) and copepods (8). Since the veliger larvae 
of the zebra mussel invader (Dreissena polymor-
pha) were found at 4 reservoirs, they were 
considered a separate group inside this study and 
both abundance and biomass were counted. La 

Sotonera presented the highest number of 
species with, 13 in each season, followed by 
Sobrón with 12 in the summer, Oliana and 
Mequinenza with 11 during summer. This same 
species richness was present in Ebro and 
Ullibarri-Gamboa in the autumn. The lowest 
number of species was in Sobrón with only 6 
during the autumn (Table 2). On average, each 
reservoir presented 10 zooplankton species per 
season. The rotifer Polyarthra dolichoptera was 
presented on all reservoirs in at least one season, 
followed by the zebra mussel, which was detect-
ed on four reservoirs during both seasons. The 
two copepod species Cyclops vicinus and 
Cyclops sp., and some rotifers were only 
presented in one reservoir during one season 
(Table 2).

The only previous study on these reservoirs 
was performed during 1987-1988 and reports 
data of summer and winter seasons. However, to 
compare species composition per season we 
only used the summer data from both studies, 
since the other season is not the same and cannot 
be compared equally (winter from the previous 
study and fall in the current). To indicate new 
registers for each reservoir we verified that 
species were not present in the data of both 
seasons from the previous study. The complete 
list of species present of the previous study can 
be found in De Manuel & Jaume (1993).

The new registers of zooplankton species for 
each reservoir are: Sotonera (Bosmina longi-
rostris, Ceriodapnia dubia, Ceriodaphnia 
pulchella, Daphnia galeata, Diaphanosoma 
mongolianum, Acanthocyclops americanus, 
Anuraeopsis fissa, Polyarthra major, Ascomor-
pha ecaudis and D. polymorpha). Ebro (Eud-
iaptomus vulgaris, B. longirostris, D. mongolia-
num, Conochilus unicornis, Trichotria tetractis, 
P. major, Tricochercca cylindrica). Mequinenza 
(Copidodiaptomus numidicus, Thermocyclops 
dybowskii, A. ecaudis). Sobron (Daphnia cucul-
lata, Cyclops vicinus, Asplanchna priodonta, P. 
major, A. fissa) and Oliana (A. americanus, E. 
vulgaris, C. sphaericus, D. mongolianum, Kelli-
cotia longispina). Since there is not previous 
data available for Ullibarri-Gamboa reservoir, 
all 14 species reported for this study are first 
register (Table 2). 

analyzed those variables that are corresponded to 
the principal zooplankton species. For the second, 
we performed an analysis using the zooplankton 
groups (rotifers, copepods, cladocerans and zebra 
mussels). For each CCA we included the densi-
ties and or biomass of zooplankton and the 
following environmental variables (temperature, 
dissolved oxygen, conductivity, turbidity, pH, 
Secchi disk, depth, nutrients (TP and TN) and 
Chl-a. In order to normalize the data, they were 
transformed logarithmically Log(x + 1), except 
for pH. The models were tested using Monte 
Carlo permutation (n = 499). Nauplius, copepo-
dites and bdelloid rotifers were excluded since 
they were not identified to species level. Both 
CCAs were executed using the Canoco 4.5 for 
Windows computer program (Ter Braak & 
Šmilauer, 2002).

RESULTS

Environmental parameters

During the two seasons of this study the physical 
and chemical parameters varied at the different 
reservoirs, complete data is reported in Table 1. 
The water temperature on average was higher 
during summer in all waterbodies, except at 
Oliana, where it was higher in autumn. In general, 
the dissolved oxygen presents higher values during 

summer than those in autumn. The pH values do 
not show an important difference between seasons 
because the buffer effect of the bicarbonate in the 
waters and the conductivity values were stable 
(with exception of Mequinenza during autumn 
with a peak of 1288 µS/cm). Suspended solids in 
both seasons were similar in four of the six reser-
voirs, however, data from the Ebro and La Soton-
era reservoirs during the autumn were double 
compared to the summer data. The Secchi disk 
visibility presented a wide variability among reser-
voirs and seasons: Ebro, Oliana and La Sotonera 
had higher values in summer, nevertheless, 
Ullibarri-Gamboa, Mequinenza and Sobrón were 
higher during autumn.

In the case of Chl-a, higher values were 
presented during the summer at Ullibarri-Gam-
boa and Sobrón, and during the autumn at Ebro 
and Oliana. The Oliana reservoir (autumn) had 
the biggest Chl-a concentration of all the study 
(21.14 µg/L). Finally, Mequinenza and La Soton-
era had similar values during both seasons (aver-
age of 3.3 µg/L and 3.5 µg/L respectively). Total 
Nitrogen (TN) values at 5 of the reservoirs were 
higher during summer, only Mequinenza present-
ed a high peak in autumn (1692 µg/L). The higher 
values of total phosphorus (TP) were reported in 
autumn, except at Oliana (80.78 µg/L) and 
Sobrón (25.5 µg/L), where the higher values were 
during summer.

means of a multiparametric devise Sea-Bird 19 
plus V2. The depth of the photic zone was calcu-
lated by measuring the light penetration using a 
quantometer. The water transparency was deter-
mined measuring the Secchi disk depth (SD). An 
integrative water sample was collected from the 
photic zone of each reservoir using a 25 mm 
ballasted tube technique for ex-situ analyses 
(Vicente et al., 2005). For measurements of the 
following variables, we used the standard method-
ology (APHA, 1998) described for suspended 
solids (APHA 2540D), turbidity (ISO7027-1999), 
total nitrogen (TN) (APHA method 4500-N C), 
total phosphorus (TP) (4500-P B/APHA 4500-P 
C), and chlorophyll a (Shoaf & Lium, 1976). The 
complete data set of environmental variables can 
be found at C.H.E. (2016).

To estimate the reservoir´s trophic conditions, 
we used the criteria of the trophic state index 
(TSI) (Carlson, 1977). The TSI´ values of each 
reservoir were obtained with the following 
formulae (Carlson & Simpson, 1996):

  Total phosphorus; TSI (TP) = 14.42 ln (TP) + 4.15
  Chlorophyll a, TSI (Chl-a) = 9.81 ln (Chl-a) + 30.6
  Secchi disk, TSI (SD) = 60 - 14.41 ln (SD) 

Total phosphorus and Chl-a are measured in 
micrograms per liter (μg/L) and Secchi disk depth 
is expressed in meters. TSI is the average value of 
the three above mentioned variables.

  TSI´= [(TSI(TP) + TSI (Chl-a) + TSI (SD))/3]

Zooplankton samples

The zooplankton samples were collected using a 
Ruttner bottle with a capacity of 2.7 L. For each 
reservoir were taken two Ruttner bottles to obtain 
5.4 liters of water sample, then the sample was 
filtered through 30 μm mesh size Nytal, fixed 
with formaldehyde at 4 % final concentration and 
stored in a hermetic glass vial. The sample depth 
was established in each reservoir at the beginning 
of oxygen decline, where has been reported as the 
richest zone of zooplankton fauna (Miracle & 
Vicente, 1983). Also, a zooplankton vertical tow 
net of 50 μm mesh size Nytal was towed from 30 
m deep to the surface, collected and fixed with 

formalin. These vertical tow net samples were 
taken mainly for taxonomic purposes.

Zooplankton species were identified using 
the following guides: Ruttner-Kolisko (1974), 
Koste (1978), Nogrady et al., (1995) and 
Nogrady & Segers (2002) for rotifers, Alonso 
(1996) for cladocerans, and Dussart (1967, 1969) 
for copepods. 

For quantitative results, we used the samples 
taken from the Ruttner bottles, all individuals 
were counted using a Sedgewick Rafter-type 
counting chamber under inverted microscopy. 
After individuals were counted and densities 
were obtained, we calculate the biomass, to deter-
mine it, a minimum of 30 specimens of all species 
were measured and using the formulas that relate 
the total length with the dry weight of the speci-
mens were obtained the corresponding conver-
sion factors (Ruttner-Kolisko, 1977; Dumont et 
al., 1975; Culver et al., 1985). The Shan-
non–Wiener diversity index (H’) (Shannon & 
Weaver, 1963) was calculated from data on the 
abundance of zooplankton for each reservoir at 
both seasons. 

Statistical analysis
 
The correlation coefficients between zooplankton 
data and the environmental factors were calculat-
ed by linear Pearson correlations. Analysis of 
similarity (ANOSIM) tests were performed on the 
zooplankton data to determine which, if any, reser-
voirs showed significant differences in zooplank-
ton community structure between the two seasons. 
ANOSIM is a nonparametric analogue to analysis 
of variance and tests for multivariate differences 
between groups based on Bray-Curtis distance and 
rank dissimilarity. Also, we ran a similarity 
percentage routine (SIMPER), to test which 
zooplankton species were contributing to the com-
munity changes. The SIMPER routine uses 
average Bray-Curtis dissimilarities between all 
pairs of sites to produce a percent contribution 
from each species, identifying the species most 
responsible for the dissimilarity (Clarke & 
Warwick, 2001).

To determine the influence of different factors 
on zooplankton we performed two canonical 
correspondence analysis (CCA). For the first, we 

we focus on zooplankton communities of six 
reservoirs located across the watershed. These 
were chosen due to the fact that existing data is 
more than 30 years old (De Manuel & Jaumel, 
1993) or no previous data was available. The lack 
of information of these reservoirs throughout the 
last three decades could significate changes in 
species composition and non-detected invaders. 
Therefore, it´s important to update the current 
knowledge on zooplanktonic fauna in this water-
shed and know how environmental variables can 
affect the composition of communities through 
seasons. Thus, all this information could be a 
helpful tool for reservoirs management. 

The main objectives of this study were; first, 
report and compare the zooplankton composition 
(species richness, density and biomass) during 
two studied seasons (summer and autumn) in six 
reservoirs at the Ebro watershed. Second, deter-
mine the environmental variables related to the 
zooplankton groups structure (density and 
biomass). Third, update information on the 
zooplanktonic fauna and verify if new species are 

present in the reservoirs compared with available 
data of previous studies. 

MATERIAL AND METHODS

Study area

The data presented in this study was obtained 
from six reservoirs, located in different areas and 
altitudes along the Ebro watershed (Fig. 1). Each 
reservoir was sampled at the beginning of two 
different seasons in 2016: summer (last week of 
June) and autumn (last week of September). One 
sampling point was established at each reservoir 
in the deepest part of the reservoir at 300-500 
meters from the dam.

Environmental Variables

For each reservoir the following variables were 
measured along the water vertical profile, temper-
ature, conductivity, dissolved oxygen, pH, turbidi-
ty and chlorophyll a, all in situ measurements, by 

INTRODUCTION

Zooplankton is, an important component inside the 
freshwater ecosystem, playings a big role in the 
transfer of energy in the aquatic food web between 
primary producers and higher consumers, while 
significantly contributing to the recycling of nutri-
ents (Lampert & Sommer, 1997).

Besides their essential role in trophic levels of 
aquatic environments, this group can also provide 
valuable information that other groups cannot. For 
example, changes in certain metrics such as, size, 
proportion of large and small zooplankton, mean 
of body weight and proportion of resting eggs 
together with the zooplankton:phytoplankton 
biomass ratio, which can indicate a “top-down” 
process (Jeppesen et al., 2011). Top-down control 
is one of the main attributes of zooplankton. This 
occurs when zooplankton consumes high quanti-
ties of phytoplankton and becomes a pressure 
factor, this pressure can determine the composi-
tion of phytoplankton assemblage and decrease 
their abundances and biomass (Naselli-Flores & 
Rossetti, 2010). On the other hand, the zooplank-
ton community can respond quickly to phyto-
plankton blooms during the bottom-up control 
(Carpenter et al., 1985), such as, changes in the 
biomass, the proportion of calanoids copepods 
and numbers of rotifers could indicate this process 
(Jeppesen et al., 2011). Due to their pivotal 
position in the transfer of nutrients and energy in 
aquatic food webs and the valuable data they can 
provide, it is essential to have a wide knowledge 
of zooplankton composition and the factors relat-
ed to this group (Caroni & Irvine, 2010).

All the species and individuals that make up 
the zooplankton community exhibit diverse 
responses to changes (Stemberger et al., 2001). 
These changes can be done by biotic (e.g. food 
availability, predation and competition) and 
abiotic (physical and chemical habitat conditions: 
temperature, dissolved oxygen, pH, etc.) factors, 
as both can affect the species richness, increasing 
or decreasing their abundances and biomass, and 

promoting shifts in their diversity (Jeppesen et 
al., 2000; Wetzel, 2001; Dodson et al., 2009; 
Bonecker et al., 2013). Hence, studies focused on 
such factors can provide useful information to 
manage natural resources (Gulati et al., 1990) as 
well as the understanding of how its community 
structure (species richness, density and abun-
dances) varies with time and in different aquatic 
systems (Dodson et al., 2009; Boix et al., 2008).

Seasonal variation also has an important role 
in waterbodies. Over the course of a year many 
environmental variables can suffer big changes 
depending on the season (Margalef, 1983). On a 
regional and local scale, these seasonal changes 
in natural components, in addition to anthropo-
genic pollution, can impact on aquatic communi-
ties and affect the zooplankton groups in different 
ways (Tavernini et al., 2009). 

Many studies have correlated density, species 
richness and the presence or absence of zooplank-
ton, for example, rotifers (Sladečeck, 1983; 
Ejsmont-Karabin, 1995, 2012; May & O’Hare, 
2005) and micro-crustaceans (Pinto-Coelho et 
al., 2005) to the trophic gradient. Moreover, 
zooplankton, can be an element in evaluating the 
trophic state of reservoirs and lakes (Haberman et 
al., 2007; Haberman & Haldna, 2014) and a good 
indicator of the different trophic states related to 
natural processes, man-made activities and 
climate changes (Jeppesen et al., 2011). Recently, 
in man-made reservoirs have proved that even 
zooplankton density can be a tool to determinate 
the trophic state of a large watershed in Spain 
(Garcia-Chicote et al., 2018). Although the Water 
Framework Directive has the aim of evaluating 
the European waters through several Biological 
Quality Indicators, zooplankton and its valuable 
data is not included as one of these indicators. 

Despite the Ebro watershed being the second 
large watershed in Spain, studies related to 
zooplankton presence in the reservoirs are few 
and focus principally on rotifera phylum´s 
description or distribution (De Manuel & Armen-
gol, 1993; De Manuel, 2000). In the present study 

http://doi.org/10.1016/j.limno.2012.07.007
http://doi.org/10.1016/j.limno.2012.07.007
http://doi.org/10.1007/BF00025733
http://doi.org/10.4081/jlimnol.2013.e20
http://doi.org/10.4081/jlimnol.2013.e20


Limnetica, 40(2): 279-294 (2021) Limnetica, 40(2): 279-294 (2021)

Limnetica, 40(2): 279-294 (2021) Limnetica, 40(2): 279-294 (2021)

Limnetica, 40(2): 279-294 (2021) Limnetica, 40(2): 279-294 (2021)

Limnetica, 40(2): 279-294 (2021) Limnetica, 40(2): 279-294 (2021)

Limnetica, 40(2): 279-294 (2021) Limnetica, 40(2): 279-294 (2021)

Limnetica, 40(2): 279-294 (2021) Limnetica, 40(2): 279-294 (2021)

Limnetica, 40(2): 279-294 (2021) Limnetica, 40(2): 279-294 (2021)

Limnetica, 40(2): 279-294 (2021)

280 281

282 283

284 285

286 287

288 289

290 291

292 293

294

Muñoz-Colmenares et al.

Muñoz-Colmenares et al.

Muñoz-Colmenares et al.

Muñoz-Colmenares et al.

Muñoz-Colmenares et al.

Muñoz-Colmenares et al.

Muñoz-Colmenares et al.

Muñoz-Colmenares et al.

European Water Framework Directive. Aquatic 
Conservation: Marine and Freshwater Ecosys-
tems, 13:507–549.

NASELLI-FLORES, L. & G. ROSSETTI. 2010. 
Fifty Years After the Homage to Santa 
Rosalia: Old and New Paradigms on Biodiver-
sity in Aquatic Ecosystems, In: Santa Rosalia 
50 Years On. Developments in Hydrobiology 
213. Springer, Netherlands, pp. 246. 

NOGRADY, T., R. POURRIO. & H. SEGERS. 
1995. Rotifera 3. Notommatidae and Scaridii-
dae. Guides to the Identification of the 
Microinvertebrates of the Continental Waters 
of the World 8. (H. Dumont, T. Nogrady, 
eds.). SPB Academic Publishing BV.

NOGRADY, T. & H. SEGERS. 2002. Rotifera 6: 
Asplanchnidae, Gastropodidae, Linfiidae, 
Microcodidae, Synchaetidae, Trochosphaeri-
dae and Filinia. Guides to the Identification of 
the Microinvertebrates of the Continental 
Waters of the World. (H. Dumont, T. Nogrady, 
eds.). SPB Academic Publishing BV.

PEJLER, B. 1983. Zooplanktonic indicators of 
trophy and their food. Hydrobiologia, 
101:111–114.

PINTO-COELHO, R. M., B. PINEL-ALLOUL, 
G. MÉTHOT. & K. HAVENS. 2005. Crusta-
cean zooplankton in lakes and reservoirs of 
temperate and tropical regions: variations 
with trophic status. Canadian Journal of Fish-
eries and Aquatic Sciences, 61:348–361.

RUTTNER-KOLISKO, A. 1974. Plankton 
rotifers: Biology and taxonomy. Die 
Binnengewässer, 26, Suppl., Schweizerbart, 
Sutttgart. 146 pp.

RUTTNER-KOLISKO, A. 1977. Suggestions for 
biomass calculation of plankton rotifers. 
Archiv fur Hydrobiologie, 8:71-76

SEGERS, H. 2007. Annotated cheklist of the 
rotifers (Phylum Rotifera), with notes on 
nomenclature, taxonomy and distribution. 
Zootaxa, 1564:1-104.

SHANNON, C. E. & W. WEAVER. 1963. “The 
Mathematical Theory of Communication”. 
Urbana: University of Illinois Press.

SHOAF, W. T. & B. W. LIUM. 1976. Improved 
extraction of chlorophyll a and b from algae 

using dimethyl sulphoxide. Limnology and 
Oceanography, 21: 926–928.

SLÁDEČEK, V. 1983. Rotifers as indicators of 
water quality. Hydrobiologia, 100(1): 
169–201. DOI: 10.1007/BF00027429

SOMMER, U., Z. MACIEJ, W. LAMPERT, & A. 
DUNCAN. 1986. The PEG model of seasonal 
succession of planktonic events in fresh waters. 
Archiv fur Hydrobiologie, 106(4):433-47.

SOMMER, U., R. ADRIAN, L. DE SENERPONT 
DOMIS, J. J. ELSER, U. GAEDKE, B. IBEL-
INGS, E. JEPPESEN, M. LÜRLING, J. C. 
MOLINERO, W. M. MOOIJ, E. VAN DONK, 
& M. WINDER. 2012. Beyond the plankton 
ecology group (PEG) model: mechanisms 
driving plankton succession. Annual Review of 
Ecology, Evolution, and Systematics, 
43:429–448. DOI: 10.1146/annurev-ecolsys-
110411-160251

STEMBERGER, R. S., D. P. LARSEN & T. M. 
KINCAID. 2001. Sensitivity of zooplankton 
for regional lake monitoring. Canadian Jour-
nal of Fisheries and Aquatic Sciences, 
58:2222–2232.

STRAYER, D. L. 2010. Alien species in freshwa-
ters: ecological effects, interactions with other 
stressors, and prospects for the future. Fresh-
water Biology, 55:152–174. DOI: 10.1111/j.
1365-2427.2009.02380.x

TAVERNINI S., R. PRIMICERIO & G. ROS-
SETTI. 2009. Zooplankton assembly in 
mountain lentic waters is primarily driven by 
local processes. Acta Oecologica, 35:22-31.

TER BRAAK, C. J. F. & P. SMILAUER. 2002. 
CANOCO for Windows 4.5. Biometrics-Plant 
Research International, Wageningen.

VICENTE, E., C. HOYOS, P. SANCHEZ & J. 
CAMBRA. 2005. MFIT-13 Protocolo de 
muestreo y análisis para fitoplancton. Minis-
terio de Agricultura, Alimentación y Medio 
Ambiente. Available online (2018-02-11): 
http://www.mapama.gob.es.

WETZEL, R. G. 2001. Limnology: Lake and 
River Ecosystem Part 19: Land-water inter-
face: Attached Microorganisms, Littoral 
Algae and Zooplankton. Academic Press, San 
Diego, 1006 pp.

iputation - Tool for Water Management. 
Hydrobiologia, 200/201:1-627.

HABERMAN, J., R. LAUGUSTE & T. NOGES. 
2007. The role of cladocerans reflecting the 
trophic status of two large and shallow Estoni-
an lakes. Hydrobiologia, 584:157–166.

HABERMAN, J., & M. HALDNA. 2014. Indices 
of zooplankton community as valuable tools in 
assessing the trophic state and water quality of 
eutrophic lakes: long term study of Lake Vőrts-
järv. Journal of Limnology, 73(2):263–273. 
DOI: 10.4081/jlimnol.2014.828

HANAZATO T. 1996. Combined effects of food 
shortage and oxygen deficiency on life history 
characteristics and filter screens of Daphnia. 
Journal of Plankton Research, 8: 757-765.

HAYS, G. C. 2003. A review of the adaptive 
significance and ecosystem consequences of 
zooplankton diel vertical migrations. Hydro-
biologia, 503:163-170.

HIGGINS, S. N., & M. J. VANDER ZANDEN. 
2010. What a difference a species makes: a 
meta-analysis of dreissenid mussel impacts on 
freshwater ecosystems. Ecological Mono-
graphs, 80:179–196. DOI: 10.1890/09-1249.1

JEPPESEN, E., J. P. JENSEN, M. SONDER-
GAARD, T. LAURIDSEN & F. LANDKIL-
DEHUS. 2000. Trophic status, species 
richness and biodiversity in Danish lakes: 
changes along a phosphorus gradient. Fresh-
water Biology, 45:201–218.

JEPPESEN E, P. NÕGES, T. DAVIDSON, J. 
HABERMAN, T. NÕGES, K. BLANK, T. 
LAURIDSEN, M. SØNDERGAARD, C. 
SAYER, R. LAUGASTE, L. JOHANSSON, 
R. BJERRING R & S. AMSINCK. 2011. 
Zooplankton as indicators in lakes: a scientif-
ic-based plea for including zooplankton in the 
ecological quality assessment of lakes accord-
ing to the European Water Framework Direc-
tive (WFD). Hydrobiologia, 676:279–297. 
DOI: 10.1007/s10750-011-0831-0

KANE, D. D., S. I. D. GORDON, M. MUNA-
WAR, M. N. CHARLTON & D. A. 
CULVER. 2009. The Planktonic Index of 
Biotic Integrity (P-IBI): an approach for 
assessing lake ecosystem health. Ecological 
Indicators, 9:1234–1247.

KOSTE, W. 1978. Rotatoria. Die Rädertiere 

Mitteleuropas. Begründet Von Max Voigt. 
Borntraeger, Berlin.

LAMPERT, W. 1989. The adaptive significance 
of diel vertical migration of zooplankton. 
Functional Ecology, 3:21-27.

LAMPERT, W., & U. SOMMER. 1997. 
Limnoecology: The Ecology of Lakes and 
Streams. Oxford University Press, New York. 
bioscience.heacademy.ac.uk. 

MARGALEF, R. 1983. Limnología. Ediciones, 
Omega. S. A. Barcelona. 1010 pp.

MAY, L., & M. O’HARE. 2005. Changes in 
rotifer species composition and abundance 
along a trophic gradient in Loch Lomond, 
Scotland, UK. Hydrobiologia, 546:397–404. 
DOI: 10.1007/s10750-005-4282-3

MIRACLE, M. R.1982. Biogeography of the 
freshwater zooplankton communities of 
Spain. Journal of Biogeography, 9:445-467.

MIRACLE, M. R. & E. VICENTE. 1983. Verti-
cal distribution and rotifer concentrations in 
the chemocline of meromictic lakes. Hydrobi-
ologia, 104:259–267.

MIRANDA R, P. M. LEUNDA, J. OSCOZ, A. 
VILCHES, I. TOBES, J. MADOZ & J. 
MARTÍNEZ-LAGE. 2010. Additional records 
of non-native freshwater fishes for the Ebro 
River basin (Northeast Spain). Aquatic Inva-
sions, 5:291–296. DOI: 10.3391/ai.2010.5.3.06

MOSS, B., D. STEPHEN, C. ALVAREZ, E. 
BECARES, W. VAN DE BUND, S. E. COLL-
INGS, E. VAN DONK, E. DE EYTO, T. 
FELDMANN, C. FERNÁNDEZ-ALÁEZ, M. 
FERNÁNDEZ-ALÁEZ, R. J. M. FRANKEN, 
F. GARCÍA–CRIADO, E. M. GROSS, M. 
GYLLSTROM, L. A. HANSSON, K. IRVINE, 
A. JÄRVALT, J. P. JENSEN, E. JEPPESEN, 
T. KAIRESALO, R. KORNIJÓW, T. 
KRAUSE, H. KÜ NNAP, A. LAAS, E. LILL, 
B. LORENS, H. LUUP, M. R. MIRACLE, P. 
NOGES, T. NOGES, M. NYKÄ-NEN, I. OTT, 
W. PECZULA, E. PEETERS, G. PHILLIS, S. 
ROMO, V. RUSSELL, J. SALUJOE, M. 
SCHEFFER, K. SIEWERTSEN, H. SMAL, C. 
TESCH, H. TIMM, L. TUVIKENE, I. 
TONNO, T. VIRRO, E. VICENTE & D. 
WILSON. 2003. The determination of ecologi-
cal status in shallow lakes- a tested system 
(ECOFRAME) for implementation of the 

CARLSON, R. E. & J. SIMPSON. 1996. A Coor-
dinator’s Guide to Volunteer Lake Monitoring 
Methods. North American Lakes Manage-
ment Society. Madison, WI, U.S.A.

CARONI, R. & K. IRVINE. 2010. The potential 
of zooplankton communities for ecological 
assessment of lakes: redundant concept or 
political oversight? Biology and Environ-
ment: Proceedings of the Royal Irish Acade-
my, 110B:35-53.

CARPENTER, S. R., J. F. KITCHELL & J. R. 
HODGSON. 1985. Cascading trophic interac-
tions and lake productivity. BioScience, 
35:634–639.

CHE Confederación Hidrográfica Del Ebro. 
2016. Establecimiento de una metodología 
para el seguimiento del potencial vs. estado 
trófico de la cuenca del Ebro. 212 págs. más 
anejos. Disponible en PDF en la web: 
https://chebro.es.

CLARKE K., & R. WARWICK. 2001. Change in 
marine communities: an approach to statisti-
cal analysis and interpretation, 2nd edition. 
PRIMER-E, Plymouth.

CLAUDI, R. & G. L. MACKIE. 1994. Practical 
Manual for Zebra Mussel Monitoring and 
Control. Lewis: Boca Raton, FL. 227 pp.

CULVER, D. A., M. BOUCHERLE, D. J. BEAN, 
& J. W. FLETCHER. 1985. Biomass of fresh-
water crustacean zooplankton from length- 
weight regressions. Canadian Journal of Fish-
eries and Aquatic Sciences, 42(8):1380-1390.

DE MANUEL, J. 2000. The rotifers of Spanish 
reservoirs: ecological, systematical and zooge-
ographic remarks. Limnetica. 19:91-167.

DE MANUEL, J. & D. JAUME. 1993. Zooplank-
ton from reservoirs from the River Ebro basin 
(Spain): Relationships with some physical, 
chemical and biological features. Verh. Inter-
nat. Verein. Limnol. 25 (2): 1236-1241.

DE MANUEL, J. & J. ARMENGOL. 1993. Roti-
fer assemblages: a contribution to thte typolo-
gy of Spanihs reservoirs. Hydrobiologia, 
255/256:241-228.

DEVETTER, M. 1998. Influence of environmen-
tal factors on the rotifer assemblage in an artifi-
cial lake. Hydrobiologia, 387/388:171–178.

DODSON, S. I., A. L. NEWMAN, S. 
WILL-WOLF, M. L. ALEXANDER, M. P. 

WOODFORD. & S. VAN EGEREN. 2009. 
The relationship between zooplankton com-
munity structure and lake characteristics in 
temperate lakes (Northern Wisconsin, USA). 
Journal of Plankton Research, 31 (1):93–100. 
DOI: 10.1093/plankt/fbn095

DURAN, C., & A. ANADÓN. 2008. The zebra 
mussel invasion in Spain and navigation 
rules. Aquatic invasion, 3:315-324. DOI: 
10.23818/limn.31.20

DURAN, C., M. LANAO, L. PÉREZ Y PÉREZ, 
C. CHICA, A. ANADÓN & T. VINCENT. 
2012. Estimación de los costes de la invasión 
del mejillón cebra en la cuenca del Ebro (perio-
do 2005-2009). Limnetica. 31(2): 213-230.

DUMONT, H. J., I. VAN DER VELDE & S. 
DUMONT. 1975. The dry weight estimate of 
biomass in a selection of Cladocera, Copepo-
da and Rotifera from the plankton, periphyton 
and benthos of continental waters. Oecologia, 
19:75-97.

DUSSART, B. 1967. Les Copépodes Des Eaux 
Continentales d’Europe Occidentale. I. 
Calanoïdes Et Harpacticoïdes. Nérée Boubée 
et Cie, Paris.

DUSSART, B. 1969. Les Copépodes Des Eaux 
Continentáles. II. Cyclopoides Et Biologie. 
Nérée Boubée et Cie, Paris.

EJSMONT-KARABIN, J. 1995. Rotifer occurrence 
in relation to age, depth and trophic state of 
quarry lakes. Hydrobiologia, 313/314:21–28.

EJSMONT-KARABIN, J. 2012. The usefulness 
of zooplankton as lake ecosystem indicators: 
rotifer trophic state index. Polish Journal of 
Ecology, 60(2):339–350.

GARCÍA-CHICOTE, J., X. ARMENGOL & C. 
ROJO. 2018. Zooplankton abundance: a 
neglected key element in the evaluation of 
reservoir water quality. Limnologica, 69: 
46–54. DOI: 10.1016/j.limno.2017.11.004

GINTER, K., K. BLANK, J. HABERMAN, A. 
KANGUR & K. KANGUR. 2018. Fish preda-
tion pressure on zooplankton in a large north-
ern temperate lake: impact of adult predators 
versus juvenile predators. Proceedings of the 
Estonian Academy of Sciences, 67, 4:356–367. 
DOI: 10.3176/proc.2018.4.07

GULATI, R. D., E. H. R. R. LAMMENS, M. L. 
MEIJER & E. VAN DONK. 1990. Bioman-

CONCLUSION

Our results show that abundances and biomass 
values were in general two times higher in 
summer than values in autumn. However, there is 
not an equal tendency for all reservoirs and each 
one works in a different way. The data suggest that 
the changes in the zooplankton community during 
both seasons are related mainly with physico-
chemical variables as Chl-a, SD, TP, pH and reser-
voir depth, as well as with biotic interactions, like 
competition with alien species such as D. poly-
morpha. The relation between the zooplankton 
groups and the environmental variables could help 
us understand the main changes that could occur 
in a shifting world. All reservoirs presented new 
records in zooplankton species. La Sotonera had 
the highest number of new registers with ten 
species, followed by the Ebro with seven, while 
Oliana, Sobrón and Mequinenza have five. For 
Ullibarri-Gamboa reservoir we showed for the 
first time a record of zooplankton species. Also, 
we detected for first time the presence of zebra 
mussels at La Sotonera reservoir, indicating that 
this invader is dispersing throughout the water-
shed. Therefore, zooplankton composition knowl-
edge, regular monitoring of species inhabiting in 
the reservoirs and the understanding of environ-
mental variables that affect species and zooplank-
ton structure (specific richness, density and 
biomass) can be a helpful tool for watershed man-
agement and early detection of invasive species.
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esize the zooplankton groups, such as, copepods 
and cladocerans could be affected firstly and their 
structure modified if the variables that are more 
related or affect these groups change for several 
factors, such as, climate change, new invasive 
species and or anthropogenic impacts. 

The zooplankton community normally varied 
through months, seasons or years, and the 
species replacement can happen quickly or 
change gradually with time (Lampert & Sommer, 
1997). Some of these species’ substitutions can 
be observed in the current research compared 
with data of previous works, at Mequinenza, 
from species reported previously for summer 
season we found only two shared species. Larger 
filter species such as N. alluaudi and D. galeata 
together with the main predator A. robustus, 
were substituted for C. numidicus and T. 
dybowskii. A similar case occurred at Sobrón, 
where only three species were shared. From three 
cyclopids species to only C. vicinus and the pres-
ence of D. galeata and C. pulchella.

The reservoir with the most shared species 
was Oliana, with seven of the nine species 
reported for this study. The main change 
observed was C. abyssorum to A. americanus. 
The Sotonera reservoir was the only reservoir 
where the two previous copepod species did not 
suffer any variation, however, cladocerans from 
two Daphnia species changed to one species (D. 
galeata) and medium-size filters as C. dubia and 
D. mongolianum. The study of Higgins & 
Vander Zanden (2010) suggests that D. polymor-
pha can reduce the zooplankton biomass to 
40-77 % in pelagic areas and replace them, this 
affect the species richness and diversity. The low 
replacement at Oliana could be related to the 
non-presence of them. In contrast, some changes 
can be appreciated at La Sotonera and Sobrón 
with low diversity (Fig. 3) for their increase in 
density and biomass (Table 3).

For the Ebro reservoir, there is a great differ-
ence in the number of zooplankton species 
between studies since previously 20 species were 
reported, where almost half of the species were 
microcrustaceans including several species of 
Daphnia and cyclopids, however, we registered 
only four shared species. Nowadays, only eight 
species are present, where five of them belong to 

rotifers and only D. pulicaria and C. abyssorum 
were reported before. Thus, all these data 
indicate that the communities have changed, 
increasing, or decreasing the number of species 
and being replaced for others. Several explana-
tions such as competition, natural succession or 
even variations of environmental variables 
(Devetter, 1998; Dodson et al., 2009) could 
explain these changes, however, since there is a 
lack of information for all non-reported years, 
the question of which exact events caused these 
changes remains unanswered. 

Due to diverse factors, including manage-
ment, most of water bodies cannot be sampled 
on a regular basis to confirm the species presents 
and like in this study, can take a long time until 
having new data. Nevertheless, having a moni-
toring program could help us to understand the 
community changes. But this is not the only 
benefit, thus, it can be a tool to have complete 
knowledge of species richness and to identify 
the already reported and the newly invasive 
species. For the invasive fauna, correct actions 
could prevent their introduction and dispersal 
along the watershed area, which could not only 
affect local diversity and become one of the 
major aquatic stressors, as is the case with zebra 
mussels (Strayer, 2010), but also create econom-
ic losses due to their impact on important infra-
structures (Duran et al., 2012). 

The Zebra mussels were detected for first time 
at the Ebro watershed in 2001 (Duran & Anadón, 
2008). Previously at La Sotonera reservoir the 
presence of D. polymorpha was not detected, 
however, now the veliger larvae can be found at 
both seasons and it’s a dominant component of 
zooplankton. Thus, the mussel invasion has 
progressed throughout the years and among 
different reservoirs. The two reservoirs were 
mussels were not present are Oliana and Ebro, 
this last is under special protection (Duran & 
Anadón, 2008). Due to the lack of natural preda-
tors, efficient competition and non-intentional 
dispersion of invaders caused by the interaction 
between people among the reservoirs in the area, 
this invader could be detected in the Ebro reser-
voir in the upcoming years. Consequently, they 
would be present from the beginning until the end 
of watershed.

autumn, were mesotrophic to eutrophic, and 
densities of larger species as Daphnia spp. decay 
while smaller cladocerans such as B. longirostris 
and Ceriodaphnia spp. increase. 

Despite the limitations of this work (and 
taking in count the low number of reservoirs 
sampled compared with the watershed size), with 
the data obtained from the CCA we could hypoth-

these statements, for example, the general tenden-
cy at Oliana was that rotifers had high abundances 
during summer, then, during autumn this group 
tended to decrease and microcrustaceans 
increased in number becoming the dominant 
group. Ullibarri-Gamboa presented a similar 
tendency but with higher abundances of rotifers 
and mussels during the summer, followed by the 
increase of copepods and cladocerans during 
autumn. At the Ebro and La Sotonera reservoirs, 
the number of all groups increase in autumn but 
with the rotifers being the dominant group. How-
ever, at Mequinenza the zebra mussels and cope-
pods were dominants during summer reaching up 
350 ind/L, but with a decrease during autumn. 
Sobrón shows a similar tendency, the summer was 
dominated by the zebra mussel (540 ind/L) and in 
the next period densities of all groups decreased 
dramatically. For these two last reservoirs several 
factors could explain these changes, such as an 
extreme fish predation (Amundsen et al., 2009; 
Ginter et al., 2019), the establishment of the 
sessile stage of mussels in any surface decreasing 
the number of the planktonic larvae (Claudi & 
Mackie, 1994) or even some criteria that were not 
taken in count in the previous model, such as the 
food quality and the trophic level of each reservoir 
(Sommer et al., 2012).

Biodiversity is strongly related with environ-
mental factors (Jeppesen et al., 2000), while some 
physiochemical parameters such as temperature, 
dissolved oxygen, pH, etc., can have positive or 
negative effects on zooplankton (Wetzel, 2001). 
One of the more efficient analyses to correlate the 
zooplankton communities with the physical and 
chemical variables is the CCA (Attayde & Bozel-
li, 1998). Data from our CCA analysis shows the 
rotifer P. dolichoptera, which was positioned in 
the middle of the ordination plot, due to their high 
tolerance to different environments conditions 
(Bērziņš & Pejler, 1989), nowadays it has a wide 
distribution in many water bodies around the 
world (Segers, 2007). The copepod Neolovenula 
alluaudi, that is typically from the Mediterranean 
area (Miracle, 1982), also was positioned near the 
center of the CCA. We can infer that they possess 
high tolerance, however, compared to the previ-
ously mentioned rotifer, it was only present at La 
Sotonera reservoir. The populations of this cope-

pod are moving from the south and are now found 
in several water bodies along the Iberian Peninsu-
la (Alfonso & Belmonte, 2013; Miracle, 1982). 
Thus, this copepod was reported at Mequinenza 
30 years ago (De Manuel & Jaume, 1993), but not 
found during the present study. Furthermore, at 
the Mequinenza reservoir the presence of silurids 
is well documented and the early stages of this 
fish can consume copepods and large cladocerans 
individuals as the Daphnia species, they can 
promote the small-size species such as C. dubia 
and D. mongolium, (Miranda et al., 2010). Also, 
in this reservoir no Daphnia species were record-
ed, probably due the combination of predation 
and lower levels of oxygen compared to other 
reservoirs (Hanazato, 1996).

The copepods C. numidicus and T. dybowskii 
were correlated with conductivity, temperature 
and depth. It is well known that big-sized 
zooplankton species perform a daily vertical 
migration to avoid depredation (Hays, 2003; 
Lampert, 1989). The study of Caramujo & Boavi-
da (2000) found that these two copepod species 
can be consumed in large numbers by fishes, for 
this reason, their populations are settled in deepest 
water bodies. In this study, we found both species 
only at Mequinenza, which has an average 50 m of 
depth in both seasons. The biggest copepod found 
in this study was C. numidicus and it provides a 
high percentage of total biomass and density of all 
copepods, thus, Pearson correlation was significa-
tive in terms of depth for this group. 

In the CCA for groups (Fig. 6) the rotifer 
biomass was also correlated to pH, other studies 
have shown that this parameter can affect the 
rotifer occurrence (Bērziņš, 1987) and their 
assemblage in reservoirs (Devetter, 1998). 

The complex of abundances and biomasses of 
microcrustaceans (copepods and cladocerans), 
were related with the components that conform 
the trophic state since they are influenced by the 
Secchi disk, TP and Chl-a. Some authors have 
indicated that large species of these groups can be 
used as an indicator of oligotrophic state (Pejler, 
1983; Moss et al., 2003; Kane et al., 2009; 
Haberman & Maldna, 2014). Usually, at higher 
trophic level, large species are replaced by small 
species (Lampert & Sommer, 1997). The Ebro, 
Oliana and La Sotonera reservoirs, during the 

was in the middle of the ordination plot, this 
rotifer was present in all reservoirs during both 
seasons, their highest abundances were during the 
summer at La Sotonera (279 ind/L) and Oliana 
(125 ind/L). The Daphnia group was related to 
DO, TP and turbidity. The Daphnia species were 
present in five reservoirs and their seasonality 
was split into those which had higher abundances 
in summer (D. cucullata, D. galeata and D. 
pulicaria) and in autumn (Daphnia longispina). 
Finally, the copepod C. vicinus is not related to 
any variable and the zebra mussels are slightly 
connected with pH and alkalinity (Fig. 5).

In the second CCA, we analyzed the envi-
ronmental variables related with the zooplank-
ton density and biomass, the first two axes 
represent the most explanatory value (93.2 %) 

(p value > 0.05 in the Monte Carlo permutation 
test). This CCA indicates that in the first axis the 
trophic indicators are related (SD, Chl-a and TP). 
These principal indicators are related with both 
cladocera and copepoda density and biomass, 
while rotifer density is related to combination of 
TP, turbidity and DO. The biomass of rotifera 
group presents a similar relation with pH instead 
of turbidity. Finally, both density and biomass of 
zebra mussels are related to temperature and 
conductivity (Fig. 6).

DISCUSSION

Sommer et al. (1986) together with the PEG 
(Plankton Ecology Group) proposed a model 
where sequential statements describe the changes 
in zooplankton and phytoplankton communities in 
lakes. In these statements, they described that in 
summer the smaller groups with short generation-
al life cycle dominate and during autumn large 
species appear. In our study, we found that most of 
the changes in reservoirs’ communities followed 

Density and biomass

The zooplankton density varied in each reservoir 
and season, the average of individuals for all the 
reservoirs during summer was 277 ind/L, that was 
higher than in autumn with 148 ind/L. The higher 
densities in most of reservoir belong to rotifers 
and zebra mussels, except in Ullibarri-Gamboa, 
Mequinenza and Oliana during winter (Fig. 4). 

In terms of biomass, microcrustaceans have a 
bigger role instead of rotifers, and each reservoir 
varied in quantity and group that dominates during 
both seasons. The reservoirs with major changes 
between biomass were La Sotonera (dominated 
during the summer for microcrustaceans to zebra 
mussels in fall), Sobrón (zebra mussels to 
cladocerans) and Ullivarri-Gamboa (cladocerans, 
rotifers and zebra mussels to microcrustaceans 
mainly) (Table 3). The Shannon-Wiener index 
indicated that diversity in the Ullibarri-Gamboa 
reservoir was the highest overall 2.59 bits/ind in 
summer. The lowest diversity was found in 
Sobrón during autumn with only 0.18 bits/ind 
(Fig. 3).

Data analysis 

Through the linear Pearson correlations between 
environmental factors and zooplankton groups we 
found that pH was significantly correlated with 

the density of rotifer group (r2 0.35, p < 0.05). 
Also, both zebra mussel density and biomass were 
positively correlated with Chl-a (r2 0.60, p < 0.05 
and r2 0.62, p < 0.05 respectively). Besides, 
copepods density (r2 0.39, p < 0.05) and biomass 
(r2 0.34, p < 0.05) were correlated with the reser-
voir´s depth. Other correlations were not signifi-
cant (p > 0.05). The Analysis of similarity (ANO-
SIM) doesn’t show any difference between both 
seasons (p > 0.05). The contribution of the 
individual taxa in the dissimilarity of zooplankton 
was low (SIMPER values < 5 %), being A. 
priodonta, C. pulchella, Synchaeta pectinata and 
D. mongolianum the responsible for the cumula-
tive of 20 % in the variance of dissimilarity 
between seasons. 

The first CCA, related the physicochemical 
variables with the principal zooplankton species. 
The first two axes explains 45.2 % of the variance 
(p value 0.001 in the Monte Carlo permutation 
test). Temperature, conductivity and depth are 
strongly related to copepods (C. numidicus, 
Cyclops sp. and T. dybowskii) and the cladoceran 
C. dubia. Two of the most abundant rotifers are 
related with the pH (S. pectinata and C. unicornis) 
in addition to the cladoceran D. cucullata. A big 
group composed principally by cladocerans, few 
copepods and rotifers were related to dissolved 
oxygen (DO), turbidity, TP, Chl-a and suspended 
solids (SS) (Fig. 5). The rotifer P. dolichoptera 

Trophic state

With the data obtained, we calculated the Troph-
ic State Index (TSI) for every reservoir and 
season, the waterbodies were ordinated accord-
ing to their TSI from lower to higher values. 
Ullibarri-Gamboa shows the lower trophic value 
in both seasons (39.01, summer and 37.70, 
autumn) and is classifiedd as oligotrophic. While 
Sobrón had the higher value during the summer 
(52.5) and La Sotonera in autumn (59.8). The 
reservoirs during the summer generally present-
ed values between 30 to 50 and during autumn 
the values increase from 40 to 60. According to 
Carlson (1996), most reservoirs are classified as 
mesotrophic, however, Ebro, Oliana and La 
Sotonera are eutrophic during the autumn and 
Sobrón during the summer (Fig. 2).

Zooplankton

We registered a total of 40 zooplankton species 
during both seasons in the six reservoirs (Table 
2). The rotifers were the group with more 
species reported (21), followed by cladocerans 
(10) and copepods (8). Since the veliger larvae 
of the zebra mussel invader (Dreissena polymor-
pha) were found at 4 reservoirs, they were 
considered a separate group inside this study and 
both abundance and biomass were counted. La 

Sotonera presented the highest number of 
species with, 13 in each season, followed by 
Sobrón with 12 in the summer, Oliana and 
Mequinenza with 11 during summer. This same 
species richness was present in Ebro and 
Ullibarri-Gamboa in the autumn. The lowest 
number of species was in Sobrón with only 6 
during the autumn (Table 2). On average, each 
reservoir presented 10 zooplankton species per 
season. The rotifer Polyarthra dolichoptera was 
presented on all reservoirs in at least one season, 
followed by the zebra mussel, which was detect-
ed on four reservoirs during both seasons. The 
two copepod species Cyclops vicinus and 
Cyclops sp., and some rotifers were only 
presented in one reservoir during one season 
(Table 2).

The only previous study on these reservoirs 
was performed during 1987-1988 and reports 
data of summer and winter seasons. However, to 
compare species composition per season we 
only used the summer data from both studies, 
since the other season is not the same and cannot 
be compared equally (winter from the previous 
study and fall in the current). To indicate new 
registers for each reservoir we verified that 
species were not present in the data of both 
seasons from the previous study. The complete 
list of species present of the previous study can 
be found in De Manuel & Jaume (1993).

The new registers of zooplankton species for 
each reservoir are: Sotonera (Bosmina longi-
rostris, Ceriodapnia dubia, Ceriodaphnia 
pulchella, Daphnia galeata, Diaphanosoma 
mongolianum, Acanthocyclops americanus, 
Anuraeopsis fissa, Polyarthra major, Ascomor-
pha ecaudis and D. polymorpha). Ebro (Eud-
iaptomus vulgaris, B. longirostris, D. mongolia-
num, Conochilus unicornis, Trichotria tetractis, 
P. major, Tricochercca cylindrica). Mequinenza 
(Copidodiaptomus numidicus, Thermocyclops 
dybowskii, A. ecaudis). Sobron (Daphnia cucul-
lata, Cyclops vicinus, Asplanchna priodonta, P. 
major, A. fissa) and Oliana (A. americanus, E. 
vulgaris, C. sphaericus, D. mongolianum, Kelli-
cotia longispina). Since there is not previous 
data available for Ullibarri-Gamboa reservoir, 
all 14 species reported for this study are first 
register (Table 2). 

analyzed those variables that are corresponded to 
the principal zooplankton species. For the second, 
we performed an analysis using the zooplankton 
groups (rotifers, copepods, cladocerans and zebra 
mussels). For each CCA we included the densi-
ties and or biomass of zooplankton and the 
following environmental variables (temperature, 
dissolved oxygen, conductivity, turbidity, pH, 
Secchi disk, depth, nutrients (TP and TN) and 
Chl-a. In order to normalize the data, they were 
transformed logarithmically Log(x + 1), except 
for pH. The models were tested using Monte 
Carlo permutation (n = 499). Nauplius, copepo-
dites and bdelloid rotifers were excluded since 
they were not identified to species level. Both 
CCAs were executed using the Canoco 4.5 for 
Windows computer program (Ter Braak & 
Šmilauer, 2002).

RESULTS

Environmental parameters

During the two seasons of this study the physical 
and chemical parameters varied at the different 
reservoirs, complete data is reported in Table 1. 
The water temperature on average was higher 
during summer in all waterbodies, except at 
Oliana, where it was higher in autumn. In general, 
the dissolved oxygen presents higher values during 

summer than those in autumn. The pH values do 
not show an important difference between seasons 
because the buffer effect of the bicarbonate in the 
waters and the conductivity values were stable 
(with exception of Mequinenza during autumn 
with a peak of 1288 µS/cm). Suspended solids in 
both seasons were similar in four of the six reser-
voirs, however, data from the Ebro and La Soton-
era reservoirs during the autumn were double 
compared to the summer data. The Secchi disk 
visibility presented a wide variability among reser-
voirs and seasons: Ebro, Oliana and La Sotonera 
had higher values in summer, nevertheless, 
Ullibarri-Gamboa, Mequinenza and Sobrón were 
higher during autumn.

In the case of Chl-a, higher values were 
presented during the summer at Ullibarri-Gam-
boa and Sobrón, and during the autumn at Ebro 
and Oliana. The Oliana reservoir (autumn) had 
the biggest Chl-a concentration of all the study 
(21.14 µg/L). Finally, Mequinenza and La Soton-
era had similar values during both seasons (aver-
age of 3.3 µg/L and 3.5 µg/L respectively). Total 
Nitrogen (TN) values at 5 of the reservoirs were 
higher during summer, only Mequinenza present-
ed a high peak in autumn (1692 µg/L). The higher 
values of total phosphorus (TP) were reported in 
autumn, except at Oliana (80.78 µg/L) and 
Sobrón (25.5 µg/L), where the higher values were 
during summer.

means of a multiparametric devise Sea-Bird 19 
plus V2. The depth of the photic zone was calcu-
lated by measuring the light penetration using a 
quantometer. The water transparency was deter-
mined measuring the Secchi disk depth (SD). An 
integrative water sample was collected from the 
photic zone of each reservoir using a 25 mm 
ballasted tube technique for ex-situ analyses 
(Vicente et al., 2005). For measurements of the 
following variables, we used the standard method-
ology (APHA, 1998) described for suspended 
solids (APHA 2540D), turbidity (ISO7027-1999), 
total nitrogen (TN) (APHA method 4500-N C), 
total phosphorus (TP) (4500-P B/APHA 4500-P 
C), and chlorophyll a (Shoaf & Lium, 1976). The 
complete data set of environmental variables can 
be found at C.H.E. (2016).

To estimate the reservoir´s trophic conditions, 
we used the criteria of the trophic state index 
(TSI) (Carlson, 1977). The TSI´ values of each 
reservoir were obtained with the following 
formulae (Carlson & Simpson, 1996):

  Total phosphorus; TSI (TP) = 14.42 ln (TP) + 4.15
  Chlorophyll a, TSI (Chl-a) = 9.81 ln (Chl-a) + 30.6
  Secchi disk, TSI (SD) = 60 - 14.41 ln (SD) 

Total phosphorus and Chl-a are measured in 
micrograms per liter (μg/L) and Secchi disk depth 
is expressed in meters. TSI is the average value of 
the three above mentioned variables.

  TSI´= [(TSI(TP) + TSI (Chl-a) + TSI (SD))/3]

Zooplankton samples

The zooplankton samples were collected using a 
Ruttner bottle with a capacity of 2.7 L. For each 
reservoir were taken two Ruttner bottles to obtain 
5.4 liters of water sample, then the sample was 
filtered through 30 μm mesh size Nytal, fixed 
with formaldehyde at 4 % final concentration and 
stored in a hermetic glass vial. The sample depth 
was established in each reservoir at the beginning 
of oxygen decline, where has been reported as the 
richest zone of zooplankton fauna (Miracle & 
Vicente, 1983). Also, a zooplankton vertical tow 
net of 50 μm mesh size Nytal was towed from 30 
m deep to the surface, collected and fixed with 

formalin. These vertical tow net samples were 
taken mainly for taxonomic purposes.

Zooplankton species were identified using 
the following guides: Ruttner-Kolisko (1974), 
Koste (1978), Nogrady et al., (1995) and 
Nogrady & Segers (2002) for rotifers, Alonso 
(1996) for cladocerans, and Dussart (1967, 1969) 
for copepods. 

For quantitative results, we used the samples 
taken from the Ruttner bottles, all individuals 
were counted using a Sedgewick Rafter-type 
counting chamber under inverted microscopy. 
After individuals were counted and densities 
were obtained, we calculate the biomass, to deter-
mine it, a minimum of 30 specimens of all species 
were measured and using the formulas that relate 
the total length with the dry weight of the speci-
mens were obtained the corresponding conver-
sion factors (Ruttner-Kolisko, 1977; Dumont et 
al., 1975; Culver et al., 1985). The Shan-
non–Wiener diversity index (H’) (Shannon & 
Weaver, 1963) was calculated from data on the 
abundance of zooplankton for each reservoir at 
both seasons. 

Statistical analysis
 
The correlation coefficients between zooplankton 
data and the environmental factors were calculat-
ed by linear Pearson correlations. Analysis of 
similarity (ANOSIM) tests were performed on the 
zooplankton data to determine which, if any, reser-
voirs showed significant differences in zooplank-
ton community structure between the two seasons. 
ANOSIM is a nonparametric analogue to analysis 
of variance and tests for multivariate differences 
between groups based on Bray-Curtis distance and 
rank dissimilarity. Also, we ran a similarity 
percentage routine (SIMPER), to test which 
zooplankton species were contributing to the com-
munity changes. The SIMPER routine uses 
average Bray-Curtis dissimilarities between all 
pairs of sites to produce a percent contribution 
from each species, identifying the species most 
responsible for the dissimilarity (Clarke & 
Warwick, 2001).

To determine the influence of different factors 
on zooplankton we performed two canonical 
correspondence analysis (CCA). For the first, we 

we focus on zooplankton communities of six 
reservoirs located across the watershed. These 
were chosen due to the fact that existing data is 
more than 30 years old (De Manuel & Jaumel, 
1993) or no previous data was available. The lack 
of information of these reservoirs throughout the 
last three decades could significate changes in 
species composition and non-detected invaders. 
Therefore, it´s important to update the current 
knowledge on zooplanktonic fauna in this water-
shed and know how environmental variables can 
affect the composition of communities through 
seasons. Thus, all this information could be a 
helpful tool for reservoirs management. 

The main objectives of this study were; first, 
report and compare the zooplankton composition 
(species richness, density and biomass) during 
two studied seasons (summer and autumn) in six 
reservoirs at the Ebro watershed. Second, deter-
mine the environmental variables related to the 
zooplankton groups structure (density and 
biomass). Third, update information on the 
zooplanktonic fauna and verify if new species are 

present in the reservoirs compared with available 
data of previous studies. 

MATERIAL AND METHODS

Study area

The data presented in this study was obtained 
from six reservoirs, located in different areas and 
altitudes along the Ebro watershed (Fig. 1). Each 
reservoir was sampled at the beginning of two 
different seasons in 2016: summer (last week of 
June) and autumn (last week of September). One 
sampling point was established at each reservoir 
in the deepest part of the reservoir at 300-500 
meters from the dam.

Environmental Variables

For each reservoir the following variables were 
measured along the water vertical profile, temper-
ature, conductivity, dissolved oxygen, pH, turbidi-
ty and chlorophyll a, all in situ measurements, by 

INTRODUCTION

Zooplankton is, an important component inside the 
freshwater ecosystem, playings a big role in the 
transfer of energy in the aquatic food web between 
primary producers and higher consumers, while 
significantly contributing to the recycling of nutri-
ents (Lampert & Sommer, 1997).

Besides their essential role in trophic levels of 
aquatic environments, this group can also provide 
valuable information that other groups cannot. For 
example, changes in certain metrics such as, size, 
proportion of large and small zooplankton, mean 
of body weight and proportion of resting eggs 
together with the zooplankton:phytoplankton 
biomass ratio, which can indicate a “top-down” 
process (Jeppesen et al., 2011). Top-down control 
is one of the main attributes of zooplankton. This 
occurs when zooplankton consumes high quanti-
ties of phytoplankton and becomes a pressure 
factor, this pressure can determine the composi-
tion of phytoplankton assemblage and decrease 
their abundances and biomass (Naselli-Flores & 
Rossetti, 2010). On the other hand, the zooplank-
ton community can respond quickly to phyto-
plankton blooms during the bottom-up control 
(Carpenter et al., 1985), such as, changes in the 
biomass, the proportion of calanoids copepods 
and numbers of rotifers could indicate this process 
(Jeppesen et al., 2011). Due to their pivotal 
position in the transfer of nutrients and energy in 
aquatic food webs and the valuable data they can 
provide, it is essential to have a wide knowledge 
of zooplankton composition and the factors relat-
ed to this group (Caroni & Irvine, 2010).

All the species and individuals that make up 
the zooplankton community exhibit diverse 
responses to changes (Stemberger et al., 2001). 
These changes can be done by biotic (e.g. food 
availability, predation and competition) and 
abiotic (physical and chemical habitat conditions: 
temperature, dissolved oxygen, pH, etc.) factors, 
as both can affect the species richness, increasing 
or decreasing their abundances and biomass, and 

promoting shifts in their diversity (Jeppesen et 
al., 2000; Wetzel, 2001; Dodson et al., 2009; 
Bonecker et al., 2013). Hence, studies focused on 
such factors can provide useful information to 
manage natural resources (Gulati et al., 1990) as 
well as the understanding of how its community 
structure (species richness, density and abun-
dances) varies with time and in different aquatic 
systems (Dodson et al., 2009; Boix et al., 2008).

Seasonal variation also has an important role 
in waterbodies. Over the course of a year many 
environmental variables can suffer big changes 
depending on the season (Margalef, 1983). On a 
regional and local scale, these seasonal changes 
in natural components, in addition to anthropo-
genic pollution, can impact on aquatic communi-
ties and affect the zooplankton groups in different 
ways (Tavernini et al., 2009). 

Many studies have correlated density, species 
richness and the presence or absence of zooplank-
ton, for example, rotifers (Sladečeck, 1983; 
Ejsmont-Karabin, 1995, 2012; May & O’Hare, 
2005) and micro-crustaceans (Pinto-Coelho et 
al., 2005) to the trophic gradient. Moreover, 
zooplankton, can be an element in evaluating the 
trophic state of reservoirs and lakes (Haberman et 
al., 2007; Haberman & Haldna, 2014) and a good 
indicator of the different trophic states related to 
natural processes, man-made activities and 
climate changes (Jeppesen et al., 2011). Recently, 
in man-made reservoirs have proved that even 
zooplankton density can be a tool to determinate 
the trophic state of a large watershed in Spain 
(Garcia-Chicote et al., 2018). Although the Water 
Framework Directive has the aim of evaluating 
the European waters through several Biological 
Quality Indicators, zooplankton and its valuable 
data is not included as one of these indicators. 

Despite the Ebro watershed being the second 
large watershed in Spain, studies related to 
zooplankton presence in the reservoirs are few 
and focus principally on rotifera phylum´s 
description or distribution (De Manuel & Armen-
gol, 1993; De Manuel, 2000). In the present study 
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CONCLUSION

Our results show that abundances and biomass 
values were in general two times higher in 
summer than values in autumn. However, there is 
not an equal tendency for all reservoirs and each 
one works in a different way. The data suggest that 
the changes in the zooplankton community during 
both seasons are related mainly with physico-
chemical variables as Chl-a, SD, TP, pH and reser-
voir depth, as well as with biotic interactions, like 
competition with alien species such as D. poly-
morpha. The relation between the zooplankton 
groups and the environmental variables could help 
us understand the main changes that could occur 
in a shifting world. All reservoirs presented new 
records in zooplankton species. La Sotonera had 
the highest number of new registers with ten 
species, followed by the Ebro with seven, while 
Oliana, Sobrón and Mequinenza have five. For 
Ullibarri-Gamboa reservoir we showed for the 
first time a record of zooplankton species. Also, 
we detected for first time the presence of zebra 
mussels at La Sotonera reservoir, indicating that 
this invader is dispersing throughout the water-
shed. Therefore, zooplankton composition knowl-
edge, regular monitoring of species inhabiting in 
the reservoirs and the understanding of environ-
mental variables that affect species and zooplank-
ton structure (specific richness, density and 
biomass) can be a helpful tool for watershed man-
agement and early detection of invasive species.
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esize the zooplankton groups, such as, copepods 
and cladocerans could be affected firstly and their 
structure modified if the variables that are more 
related or affect these groups change for several 
factors, such as, climate change, new invasive 
species and or anthropogenic impacts. 

The zooplankton community normally varied 
through months, seasons or years, and the 
species replacement can happen quickly or 
change gradually with time (Lampert & Sommer, 
1997). Some of these species’ substitutions can 
be observed in the current research compared 
with data of previous works, at Mequinenza, 
from species reported previously for summer 
season we found only two shared species. Larger 
filter species such as N. alluaudi and D. galeata 
together with the main predator A. robustus, 
were substituted for C. numidicus and T. 
dybowskii. A similar case occurred at Sobrón, 
where only three species were shared. From three 
cyclopids species to only C. vicinus and the pres-
ence of D. galeata and C. pulchella.

The reservoir with the most shared species 
was Oliana, with seven of the nine species 
reported for this study. The main change 
observed was C. abyssorum to A. americanus. 
The Sotonera reservoir was the only reservoir 
where the two previous copepod species did not 
suffer any variation, however, cladocerans from 
two Daphnia species changed to one species (D. 
galeata) and medium-size filters as C. dubia and 
D. mongolianum. The study of Higgins & 
Vander Zanden (2010) suggests that D. polymor-
pha can reduce the zooplankton biomass to 
40-77 % in pelagic areas and replace them, this 
affect the species richness and diversity. The low 
replacement at Oliana could be related to the 
non-presence of them. In contrast, some changes 
can be appreciated at La Sotonera and Sobrón 
with low diversity (Fig. 3) for their increase in 
density and biomass (Table 3).

For the Ebro reservoir, there is a great differ-
ence in the number of zooplankton species 
between studies since previously 20 species were 
reported, where almost half of the species were 
microcrustaceans including several species of 
Daphnia and cyclopids, however, we registered 
only four shared species. Nowadays, only eight 
species are present, where five of them belong to 

rotifers and only D. pulicaria and C. abyssorum 
were reported before. Thus, all these data 
indicate that the communities have changed, 
increasing, or decreasing the number of species 
and being replaced for others. Several explana-
tions such as competition, natural succession or 
even variations of environmental variables 
(Devetter, 1998; Dodson et al., 2009) could 
explain these changes, however, since there is a 
lack of information for all non-reported years, 
the question of which exact events caused these 
changes remains unanswered. 

Due to diverse factors, including manage-
ment, most of water bodies cannot be sampled 
on a regular basis to confirm the species presents 
and like in this study, can take a long time until 
having new data. Nevertheless, having a moni-
toring program could help us to understand the 
community changes. But this is not the only 
benefit, thus, it can be a tool to have complete 
knowledge of species richness and to identify 
the already reported and the newly invasive 
species. For the invasive fauna, correct actions 
could prevent their introduction and dispersal 
along the watershed area, which could not only 
affect local diversity and become one of the 
major aquatic stressors, as is the case with zebra 
mussels (Strayer, 2010), but also create econom-
ic losses due to their impact on important infra-
structures (Duran et al., 2012). 

The Zebra mussels were detected for first time 
at the Ebro watershed in 2001 (Duran & Anadón, 
2008). Previously at La Sotonera reservoir the 
presence of D. polymorpha was not detected, 
however, now the veliger larvae can be found at 
both seasons and it’s a dominant component of 
zooplankton. Thus, the mussel invasion has 
progressed throughout the years and among 
different reservoirs. The two reservoirs were 
mussels were not present are Oliana and Ebro, 
this last is under special protection (Duran & 
Anadón, 2008). Due to the lack of natural preda-
tors, efficient competition and non-intentional 
dispersion of invaders caused by the interaction 
between people among the reservoirs in the area, 
this invader could be detected in the Ebro reser-
voir in the upcoming years. Consequently, they 
would be present from the beginning until the end 
of watershed.

autumn, were mesotrophic to eutrophic, and 
densities of larger species as Daphnia spp. decay 
while smaller cladocerans such as B. longirostris 
and Ceriodaphnia spp. increase. 

Despite the limitations of this work (and 
taking in count the low number of reservoirs 
sampled compared with the watershed size), with 
the data obtained from the CCA we could hypoth-

these statements, for example, the general tenden-
cy at Oliana was that rotifers had high abundances 
during summer, then, during autumn this group 
tended to decrease and microcrustaceans 
increased in number becoming the dominant 
group. Ullibarri-Gamboa presented a similar 
tendency but with higher abundances of rotifers 
and mussels during the summer, followed by the 
increase of copepods and cladocerans during 
autumn. At the Ebro and La Sotonera reservoirs, 
the number of all groups increase in autumn but 
with the rotifers being the dominant group. How-
ever, at Mequinenza the zebra mussels and cope-
pods were dominants during summer reaching up 
350 ind/L, but with a decrease during autumn. 
Sobrón shows a similar tendency, the summer was 
dominated by the zebra mussel (540 ind/L) and in 
the next period densities of all groups decreased 
dramatically. For these two last reservoirs several 
factors could explain these changes, such as an 
extreme fish predation (Amundsen et al., 2009; 
Ginter et al., 2019), the establishment of the 
sessile stage of mussels in any surface decreasing 
the number of the planktonic larvae (Claudi & 
Mackie, 1994) or even some criteria that were not 
taken in count in the previous model, such as the 
food quality and the trophic level of each reservoir 
(Sommer et al., 2012).

Biodiversity is strongly related with environ-
mental factors (Jeppesen et al., 2000), while some 
physiochemical parameters such as temperature, 
dissolved oxygen, pH, etc., can have positive or 
negative effects on zooplankton (Wetzel, 2001). 
One of the more efficient analyses to correlate the 
zooplankton communities with the physical and 
chemical variables is the CCA (Attayde & Bozel-
li, 1998). Data from our CCA analysis shows the 
rotifer P. dolichoptera, which was positioned in 
the middle of the ordination plot, due to their high 
tolerance to different environments conditions 
(Bērziņš & Pejler, 1989), nowadays it has a wide 
distribution in many water bodies around the 
world (Segers, 2007). The copepod Neolovenula 
alluaudi, that is typically from the Mediterranean 
area (Miracle, 1982), also was positioned near the 
center of the CCA. We can infer that they possess 
high tolerance, however, compared to the previ-
ously mentioned rotifer, it was only present at La 
Sotonera reservoir. The populations of this cope-

pod are moving from the south and are now found 
in several water bodies along the Iberian Peninsu-
la (Alfonso & Belmonte, 2013; Miracle, 1982). 
Thus, this copepod was reported at Mequinenza 
30 years ago (De Manuel & Jaume, 1993), but not 
found during the present study. Furthermore, at 
the Mequinenza reservoir the presence of silurids 
is well documented and the early stages of this 
fish can consume copepods and large cladocerans 
individuals as the Daphnia species, they can 
promote the small-size species such as C. dubia 
and D. mongolium, (Miranda et al., 2010). Also, 
in this reservoir no Daphnia species were record-
ed, probably due the combination of predation 
and lower levels of oxygen compared to other 
reservoirs (Hanazato, 1996).

The copepods C. numidicus and T. dybowskii 
were correlated with conductivity, temperature 
and depth. It is well known that big-sized 
zooplankton species perform a daily vertical 
migration to avoid depredation (Hays, 2003; 
Lampert, 1989). The study of Caramujo & Boavi-
da (2000) found that these two copepod species 
can be consumed in large numbers by fishes, for 
this reason, their populations are settled in deepest 
water bodies. In this study, we found both species 
only at Mequinenza, which has an average 50 m of 
depth in both seasons. The biggest copepod found 
in this study was C. numidicus and it provides a 
high percentage of total biomass and density of all 
copepods, thus, Pearson correlation was significa-
tive in terms of depth for this group. 

In the CCA for groups (Fig. 6) the rotifer 
biomass was also correlated to pH, other studies 
have shown that this parameter can affect the 
rotifer occurrence (Bērziņš, 1987) and their 
assemblage in reservoirs (Devetter, 1998). 

The complex of abundances and biomasses of 
microcrustaceans (copepods and cladocerans), 
were related with the components that conform 
the trophic state since they are influenced by the 
Secchi disk, TP and Chl-a. Some authors have 
indicated that large species of these groups can be 
used as an indicator of oligotrophic state (Pejler, 
1983; Moss et al., 2003; Kane et al., 2009; 
Haberman & Maldna, 2014). Usually, at higher 
trophic level, large species are replaced by small 
species (Lampert & Sommer, 1997). The Ebro, 
Oliana and La Sotonera reservoirs, during the 

was in the middle of the ordination plot, this 
rotifer was present in all reservoirs during both 
seasons, their highest abundances were during the 
summer at La Sotonera (279 ind/L) and Oliana 
(125 ind/L). The Daphnia group was related to 
DO, TP and turbidity. The Daphnia species were 
present in five reservoirs and their seasonality 
was split into those which had higher abundances 
in summer (D. cucullata, D. galeata and D. 
pulicaria) and in autumn (Daphnia longispina). 
Finally, the copepod C. vicinus is not related to 
any variable and the zebra mussels are slightly 
connected with pH and alkalinity (Fig. 5).

In the second CCA, we analyzed the envi-
ronmental variables related with the zooplank-
ton density and biomass, the first two axes 
represent the most explanatory value (93.2 %) 

(p value > 0.05 in the Monte Carlo permutation 
test). This CCA indicates that in the first axis the 
trophic indicators are related (SD, Chl-a and TP). 
These principal indicators are related with both 
cladocera and copepoda density and biomass, 
while rotifer density is related to combination of 
TP, turbidity and DO. The biomass of rotifera 
group presents a similar relation with pH instead 
of turbidity. Finally, both density and biomass of 
zebra mussels are related to temperature and 
conductivity (Fig. 6).

DISCUSSION

Sommer et al. (1986) together with the PEG 
(Plankton Ecology Group) proposed a model 
where sequential statements describe the changes 
in zooplankton and phytoplankton communities in 
lakes. In these statements, they described that in 
summer the smaller groups with short generation-
al life cycle dominate and during autumn large 
species appear. In our study, we found that most of 
the changes in reservoirs’ communities followed 

Density and biomass

The zooplankton density varied in each reservoir 
and season, the average of individuals for all the 
reservoirs during summer was 277 ind/L, that was 
higher than in autumn with 148 ind/L. The higher 
densities in most of reservoir belong to rotifers 
and zebra mussels, except in Ullibarri-Gamboa, 
Mequinenza and Oliana during winter (Fig. 4). 

In terms of biomass, microcrustaceans have a 
bigger role instead of rotifers, and each reservoir 
varied in quantity and group that dominates during 
both seasons. The reservoirs with major changes 
between biomass were La Sotonera (dominated 
during the summer for microcrustaceans to zebra 
mussels in fall), Sobrón (zebra mussels to 
cladocerans) and Ullivarri-Gamboa (cladocerans, 
rotifers and zebra mussels to microcrustaceans 
mainly) (Table 3). The Shannon-Wiener index 
indicated that diversity in the Ullibarri-Gamboa 
reservoir was the highest overall 2.59 bits/ind in 
summer. The lowest diversity was found in 
Sobrón during autumn with only 0.18 bits/ind 
(Fig. 3).

Data analysis 

Through the linear Pearson correlations between 
environmental factors and zooplankton groups we 
found that pH was significantly correlated with 

the density of rotifer group (r2 0.35, p < 0.05). 
Also, both zebra mussel density and biomass were 
positively correlated with Chl-a (r2 0.60, p < 0.05 
and r2 0.62, p < 0.05 respectively). Besides, 
copepods density (r2 0.39, p < 0.05) and biomass 
(r2 0.34, p < 0.05) were correlated with the reser-
voir´s depth. Other correlations were not signifi-
cant (p > 0.05). The Analysis of similarity (ANO-
SIM) doesn’t show any difference between both 
seasons (p > 0.05). The contribution of the 
individual taxa in the dissimilarity of zooplankton 
was low (SIMPER values < 5 %), being A. 
priodonta, C. pulchella, Synchaeta pectinata and 
D. mongolianum the responsible for the cumula-
tive of 20 % in the variance of dissimilarity 
between seasons. 

The first CCA, related the physicochemical 
variables with the principal zooplankton species. 
The first two axes explains 45.2 % of the variance 
(p value 0.001 in the Monte Carlo permutation 
test). Temperature, conductivity and depth are 
strongly related to copepods (C. numidicus, 
Cyclops sp. and T. dybowskii) and the cladoceran 
C. dubia. Two of the most abundant rotifers are 
related with the pH (S. pectinata and C. unicornis) 
in addition to the cladoceran D. cucullata. A big 
group composed principally by cladocerans, few 
copepods and rotifers were related to dissolved 
oxygen (DO), turbidity, TP, Chl-a and suspended 
solids (SS) (Fig. 5). The rotifer P. dolichoptera 

Trophic state

With the data obtained, we calculated the Troph-
ic State Index (TSI) for every reservoir and 
season, the waterbodies were ordinated accord-
ing to their TSI from lower to higher values. 
Ullibarri-Gamboa shows the lower trophic value 
in both seasons (39.01, summer and 37.70, 
autumn) and is classifiedd as oligotrophic. While 
Sobrón had the higher value during the summer 
(52.5) and La Sotonera in autumn (59.8). The 
reservoirs during the summer generally present-
ed values between 30 to 50 and during autumn 
the values increase from 40 to 60. According to 
Carlson (1996), most reservoirs are classified as 
mesotrophic, however, Ebro, Oliana and La 
Sotonera are eutrophic during the autumn and 
Sobrón during the summer (Fig. 2).

Zooplankton

We registered a total of 40 zooplankton species 
during both seasons in the six reservoirs (Table 
2). The rotifers were the group with more 
species reported (21), followed by cladocerans 
(10) and copepods (8). Since the veliger larvae 
of the zebra mussel invader (Dreissena polymor-
pha) were found at 4 reservoirs, they were 
considered a separate group inside this study and 
both abundance and biomass were counted. La 

Sotonera presented the highest number of 
species with, 13 in each season, followed by 
Sobrón with 12 in the summer, Oliana and 
Mequinenza with 11 during summer. This same 
species richness was present in Ebro and 
Ullibarri-Gamboa in the autumn. The lowest 
number of species was in Sobrón with only 6 
during the autumn (Table 2). On average, each 
reservoir presented 10 zooplankton species per 
season. The rotifer Polyarthra dolichoptera was 
presented on all reservoirs in at least one season, 
followed by the zebra mussel, which was detect-
ed on four reservoirs during both seasons. The 
two copepod species Cyclops vicinus and 
Cyclops sp., and some rotifers were only 
presented in one reservoir during one season 
(Table 2).

The only previous study on these reservoirs 
was performed during 1987-1988 and reports 
data of summer and winter seasons. However, to 
compare species composition per season we 
only used the summer data from both studies, 
since the other season is not the same and cannot 
be compared equally (winter from the previous 
study and fall in the current). To indicate new 
registers for each reservoir we verified that 
species were not present in the data of both 
seasons from the previous study. The complete 
list of species present of the previous study can 
be found in De Manuel & Jaume (1993).

The new registers of zooplankton species for 
each reservoir are: Sotonera (Bosmina longi-
rostris, Ceriodapnia dubia, Ceriodaphnia 
pulchella, Daphnia galeata, Diaphanosoma 
mongolianum, Acanthocyclops americanus, 
Anuraeopsis fissa, Polyarthra major, Ascomor-
pha ecaudis and D. polymorpha). Ebro (Eud-
iaptomus vulgaris, B. longirostris, D. mongolia-
num, Conochilus unicornis, Trichotria tetractis, 
P. major, Tricochercca cylindrica). Mequinenza 
(Copidodiaptomus numidicus, Thermocyclops 
dybowskii, A. ecaudis). Sobron (Daphnia cucul-
lata, Cyclops vicinus, Asplanchna priodonta, P. 
major, A. fissa) and Oliana (A. americanus, E. 
vulgaris, C. sphaericus, D. mongolianum, Kelli-
cotia longispina). Since there is not previous 
data available for Ullibarri-Gamboa reservoir, 
all 14 species reported for this study are first 
register (Table 2). 

analyzed those variables that are corresponded to 
the principal zooplankton species. For the second, 
we performed an analysis using the zooplankton 
groups (rotifers, copepods, cladocerans and zebra 
mussels). For each CCA we included the densi-
ties and or biomass of zooplankton and the 
following environmental variables (temperature, 
dissolved oxygen, conductivity, turbidity, pH, 
Secchi disk, depth, nutrients (TP and TN) and 
Chl-a. In order to normalize the data, they were 
transformed logarithmically Log(x + 1), except 
for pH. The models were tested using Monte 
Carlo permutation (n = 499). Nauplius, copepo-
dites and bdelloid rotifers were excluded since 
they were not identified to species level. Both 
CCAs were executed using the Canoco 4.5 for 
Windows computer program (Ter Braak & 
Šmilauer, 2002).

RESULTS

Environmental parameters

During the two seasons of this study the physical 
and chemical parameters varied at the different 
reservoirs, complete data is reported in Table 1. 
The water temperature on average was higher 
during summer in all waterbodies, except at 
Oliana, where it was higher in autumn. In general, 
the dissolved oxygen presents higher values during 

summer than those in autumn. The pH values do 
not show an important difference between seasons 
because the buffer effect of the bicarbonate in the 
waters and the conductivity values were stable 
(with exception of Mequinenza during autumn 
with a peak of 1288 µS/cm). Suspended solids in 
both seasons were similar in four of the six reser-
voirs, however, data from the Ebro and La Soton-
era reservoirs during the autumn were double 
compared to the summer data. The Secchi disk 
visibility presented a wide variability among reser-
voirs and seasons: Ebro, Oliana and La Sotonera 
had higher values in summer, nevertheless, 
Ullibarri-Gamboa, Mequinenza and Sobrón were 
higher during autumn.

In the case of Chl-a, higher values were 
presented during the summer at Ullibarri-Gam-
boa and Sobrón, and during the autumn at Ebro 
and Oliana. The Oliana reservoir (autumn) had 
the biggest Chl-a concentration of all the study 
(21.14 µg/L). Finally, Mequinenza and La Soton-
era had similar values during both seasons (aver-
age of 3.3 µg/L and 3.5 µg/L respectively). Total 
Nitrogen (TN) values at 5 of the reservoirs were 
higher during summer, only Mequinenza present-
ed a high peak in autumn (1692 µg/L). The higher 
values of total phosphorus (TP) were reported in 
autumn, except at Oliana (80.78 µg/L) and 
Sobrón (25.5 µg/L), where the higher values were 
during summer.

means of a multiparametric devise Sea-Bird 19 
plus V2. The depth of the photic zone was calcu-
lated by measuring the light penetration using a 
quantometer. The water transparency was deter-
mined measuring the Secchi disk depth (SD). An 
integrative water sample was collected from the 
photic zone of each reservoir using a 25 mm 
ballasted tube technique for ex-situ analyses 
(Vicente et al., 2005). For measurements of the 
following variables, we used the standard method-
ology (APHA, 1998) described for suspended 
solids (APHA 2540D), turbidity (ISO7027-1999), 
total nitrogen (TN) (APHA method 4500-N C), 
total phosphorus (TP) (4500-P B/APHA 4500-P 
C), and chlorophyll a (Shoaf & Lium, 1976). The 
complete data set of environmental variables can 
be found at C.H.E. (2016).

To estimate the reservoir´s trophic conditions, 
we used the criteria of the trophic state index 
(TSI) (Carlson, 1977). The TSI´ values of each 
reservoir were obtained with the following 
formulae (Carlson & Simpson, 1996):

  Total phosphorus; TSI (TP) = 14.42 ln (TP) + 4.15
  Chlorophyll a, TSI (Chl-a) = 9.81 ln (Chl-a) + 30.6
  Secchi disk, TSI (SD) = 60 - 14.41 ln (SD) 

Total phosphorus and Chl-a are measured in 
micrograms per liter (μg/L) and Secchi disk depth 
is expressed in meters. TSI is the average value of 
the three above mentioned variables.

  TSI´= [(TSI(TP) + TSI (Chl-a) + TSI (SD))/3]

Zooplankton samples

The zooplankton samples were collected using a 
Ruttner bottle with a capacity of 2.7 L. For each 
reservoir were taken two Ruttner bottles to obtain 
5.4 liters of water sample, then the sample was 
filtered through 30 μm mesh size Nytal, fixed 
with formaldehyde at 4 % final concentration and 
stored in a hermetic glass vial. The sample depth 
was established in each reservoir at the beginning 
of oxygen decline, where has been reported as the 
richest zone of zooplankton fauna (Miracle & 
Vicente, 1983). Also, a zooplankton vertical tow 
net of 50 μm mesh size Nytal was towed from 30 
m deep to the surface, collected and fixed with 

formalin. These vertical tow net samples were 
taken mainly for taxonomic purposes.

Zooplankton species were identified using 
the following guides: Ruttner-Kolisko (1974), 
Koste (1978), Nogrady et al., (1995) and 
Nogrady & Segers (2002) for rotifers, Alonso 
(1996) for cladocerans, and Dussart (1967, 1969) 
for copepods. 

For quantitative results, we used the samples 
taken from the Ruttner bottles, all individuals 
were counted using a Sedgewick Rafter-type 
counting chamber under inverted microscopy. 
After individuals were counted and densities 
were obtained, we calculate the biomass, to deter-
mine it, a minimum of 30 specimens of all species 
were measured and using the formulas that relate 
the total length with the dry weight of the speci-
mens were obtained the corresponding conver-
sion factors (Ruttner-Kolisko, 1977; Dumont et 
al., 1975; Culver et al., 1985). The Shan-
non–Wiener diversity index (H’) (Shannon & 
Weaver, 1963) was calculated from data on the 
abundance of zooplankton for each reservoir at 
both seasons. 

Statistical analysis
 
The correlation coefficients between zooplankton 
data and the environmental factors were calculat-
ed by linear Pearson correlations. Analysis of 
similarity (ANOSIM) tests were performed on the 
zooplankton data to determine which, if any, reser-
voirs showed significant differences in zooplank-
ton community structure between the two seasons. 
ANOSIM is a nonparametric analogue to analysis 
of variance and tests for multivariate differences 
between groups based on Bray-Curtis distance and 
rank dissimilarity. Also, we ran a similarity 
percentage routine (SIMPER), to test which 
zooplankton species were contributing to the com-
munity changes. The SIMPER routine uses 
average Bray-Curtis dissimilarities between all 
pairs of sites to produce a percent contribution 
from each species, identifying the species most 
responsible for the dissimilarity (Clarke & 
Warwick, 2001).

To determine the influence of different factors 
on zooplankton we performed two canonical 
correspondence analysis (CCA). For the first, we 

we focus on zooplankton communities of six 
reservoirs located across the watershed. These 
were chosen due to the fact that existing data is 
more than 30 years old (De Manuel & Jaumel, 
1993) or no previous data was available. The lack 
of information of these reservoirs throughout the 
last three decades could significate changes in 
species composition and non-detected invaders. 
Therefore, it´s important to update the current 
knowledge on zooplanktonic fauna in this water-
shed and know how environmental variables can 
affect the composition of communities through 
seasons. Thus, all this information could be a 
helpful tool for reservoirs management. 

The main objectives of this study were; first, 
report and compare the zooplankton composition 
(species richness, density and biomass) during 
two studied seasons (summer and autumn) in six 
reservoirs at the Ebro watershed. Second, deter-
mine the environmental variables related to the 
zooplankton groups structure (density and 
biomass). Third, update information on the 
zooplanktonic fauna and verify if new species are 

present in the reservoirs compared with available 
data of previous studies. 

MATERIAL AND METHODS

Study area

The data presented in this study was obtained 
from six reservoirs, located in different areas and 
altitudes along the Ebro watershed (Fig. 1). Each 
reservoir was sampled at the beginning of two 
different seasons in 2016: summer (last week of 
June) and autumn (last week of September). One 
sampling point was established at each reservoir 
in the deepest part of the reservoir at 300-500 
meters from the dam.

Environmental Variables

For each reservoir the following variables were 
measured along the water vertical profile, temper-
ature, conductivity, dissolved oxygen, pH, turbidi-
ty and chlorophyll a, all in situ measurements, by 

INTRODUCTION

Zooplankton is, an important component inside the 
freshwater ecosystem, playings a big role in the 
transfer of energy in the aquatic food web between 
primary producers and higher consumers, while 
significantly contributing to the recycling of nutri-
ents (Lampert & Sommer, 1997).

Besides their essential role in trophic levels of 
aquatic environments, this group can also provide 
valuable information that other groups cannot. For 
example, changes in certain metrics such as, size, 
proportion of large and small zooplankton, mean 
of body weight and proportion of resting eggs 
together with the zooplankton:phytoplankton 
biomass ratio, which can indicate a “top-down” 
process (Jeppesen et al., 2011). Top-down control 
is one of the main attributes of zooplankton. This 
occurs when zooplankton consumes high quanti-
ties of phytoplankton and becomes a pressure 
factor, this pressure can determine the composi-
tion of phytoplankton assemblage and decrease 
their abundances and biomass (Naselli-Flores & 
Rossetti, 2010). On the other hand, the zooplank-
ton community can respond quickly to phyto-
plankton blooms during the bottom-up control 
(Carpenter et al., 1985), such as, changes in the 
biomass, the proportion of calanoids copepods 
and numbers of rotifers could indicate this process 
(Jeppesen et al., 2011). Due to their pivotal 
position in the transfer of nutrients and energy in 
aquatic food webs and the valuable data they can 
provide, it is essential to have a wide knowledge 
of zooplankton composition and the factors relat-
ed to this group (Caroni & Irvine, 2010).

All the species and individuals that make up 
the zooplankton community exhibit diverse 
responses to changes (Stemberger et al., 2001). 
These changes can be done by biotic (e.g. food 
availability, predation and competition) and 
abiotic (physical and chemical habitat conditions: 
temperature, dissolved oxygen, pH, etc.) factors, 
as both can affect the species richness, increasing 
or decreasing their abundances and biomass, and 

promoting shifts in their diversity (Jeppesen et 
al., 2000; Wetzel, 2001; Dodson et al., 2009; 
Bonecker et al., 2013). Hence, studies focused on 
such factors can provide useful information to 
manage natural resources (Gulati et al., 1990) as 
well as the understanding of how its community 
structure (species richness, density and abun-
dances) varies with time and in different aquatic 
systems (Dodson et al., 2009; Boix et al., 2008).

Seasonal variation also has an important role 
in waterbodies. Over the course of a year many 
environmental variables can suffer big changes 
depending on the season (Margalef, 1983). On a 
regional and local scale, these seasonal changes 
in natural components, in addition to anthropo-
genic pollution, can impact on aquatic communi-
ties and affect the zooplankton groups in different 
ways (Tavernini et al., 2009). 

Many studies have correlated density, species 
richness and the presence or absence of zooplank-
ton, for example, rotifers (Sladečeck, 1983; 
Ejsmont-Karabin, 1995, 2012; May & O’Hare, 
2005) and micro-crustaceans (Pinto-Coelho et 
al., 2005) to the trophic gradient. Moreover, 
zooplankton, can be an element in evaluating the 
trophic state of reservoirs and lakes (Haberman et 
al., 2007; Haberman & Haldna, 2014) and a good 
indicator of the different trophic states related to 
natural processes, man-made activities and 
climate changes (Jeppesen et al., 2011). Recently, 
in man-made reservoirs have proved that even 
zooplankton density can be a tool to determinate 
the trophic state of a large watershed in Spain 
(Garcia-Chicote et al., 2018). Although the Water 
Framework Directive has the aim of evaluating 
the European waters through several Biological 
Quality Indicators, zooplankton and its valuable 
data is not included as one of these indicators. 

Despite the Ebro watershed being the second 
large watershed in Spain, studies related to 
zooplankton presence in the reservoirs are few 
and focus principally on rotifera phylum´s 
description or distribution (De Manuel & Armen-
gol, 1993; De Manuel, 2000). In the present study 
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CONCLUSION

Our results show that abundances and biomass 
values were in general two times higher in 
summer than values in autumn. However, there is 
not an equal tendency for all reservoirs and each 
one works in a different way. The data suggest that 
the changes in the zooplankton community during 
both seasons are related mainly with physico-
chemical variables as Chl-a, SD, TP, pH and reser-
voir depth, as well as with biotic interactions, like 
competition with alien species such as D. poly-
morpha. The relation between the zooplankton 
groups and the environmental variables could help 
us understand the main changes that could occur 
in a shifting world. All reservoirs presented new 
records in zooplankton species. La Sotonera had 
the highest number of new registers with ten 
species, followed by the Ebro with seven, while 
Oliana, Sobrón and Mequinenza have five. For 
Ullibarri-Gamboa reservoir we showed for the 
first time a record of zooplankton species. Also, 
we detected for first time the presence of zebra 
mussels at La Sotonera reservoir, indicating that 
this invader is dispersing throughout the water-
shed. Therefore, zooplankton composition knowl-
edge, regular monitoring of species inhabiting in 
the reservoirs and the understanding of environ-
mental variables that affect species and zooplank-
ton structure (specific richness, density and 
biomass) can be a helpful tool for watershed man-
agement and early detection of invasive species.
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esize the zooplankton groups, such as, copepods 
and cladocerans could be affected firstly and their 
structure modified if the variables that are more 
related or affect these groups change for several 
factors, such as, climate change, new invasive 
species and or anthropogenic impacts. 

The zooplankton community normally varied 
through months, seasons or years, and the 
species replacement can happen quickly or 
change gradually with time (Lampert & Sommer, 
1997). Some of these species’ substitutions can 
be observed in the current research compared 
with data of previous works, at Mequinenza, 
from species reported previously for summer 
season we found only two shared species. Larger 
filter species such as N. alluaudi and D. galeata 
together with the main predator A. robustus, 
were substituted for C. numidicus and T. 
dybowskii. A similar case occurred at Sobrón, 
where only three species were shared. From three 
cyclopids species to only C. vicinus and the pres-
ence of D. galeata and C. pulchella.

The reservoir with the most shared species 
was Oliana, with seven of the nine species 
reported for this study. The main change 
observed was C. abyssorum to A. americanus. 
The Sotonera reservoir was the only reservoir 
where the two previous copepod species did not 
suffer any variation, however, cladocerans from 
two Daphnia species changed to one species (D. 
galeata) and medium-size filters as C. dubia and 
D. mongolianum. The study of Higgins & 
Vander Zanden (2010) suggests that D. polymor-
pha can reduce the zooplankton biomass to 
40-77 % in pelagic areas and replace them, this 
affect the species richness and diversity. The low 
replacement at Oliana could be related to the 
non-presence of them. In contrast, some changes 
can be appreciated at La Sotonera and Sobrón 
with low diversity (Fig. 3) for their increase in 
density and biomass (Table 3).

For the Ebro reservoir, there is a great differ-
ence in the number of zooplankton species 
between studies since previously 20 species were 
reported, where almost half of the species were 
microcrustaceans including several species of 
Daphnia and cyclopids, however, we registered 
only four shared species. Nowadays, only eight 
species are present, where five of them belong to 

rotifers and only D. pulicaria and C. abyssorum 
were reported before. Thus, all these data 
indicate that the communities have changed, 
increasing, or decreasing the number of species 
and being replaced for others. Several explana-
tions such as competition, natural succession or 
even variations of environmental variables 
(Devetter, 1998; Dodson et al., 2009) could 
explain these changes, however, since there is a 
lack of information for all non-reported years, 
the question of which exact events caused these 
changes remains unanswered. 

Due to diverse factors, including manage-
ment, most of water bodies cannot be sampled 
on a regular basis to confirm the species presents 
and like in this study, can take a long time until 
having new data. Nevertheless, having a moni-
toring program could help us to understand the 
community changes. But this is not the only 
benefit, thus, it can be a tool to have complete 
knowledge of species richness and to identify 
the already reported and the newly invasive 
species. For the invasive fauna, correct actions 
could prevent their introduction and dispersal 
along the watershed area, which could not only 
affect local diversity and become one of the 
major aquatic stressors, as is the case with zebra 
mussels (Strayer, 2010), but also create econom-
ic losses due to their impact on important infra-
structures (Duran et al., 2012). 

The Zebra mussels were detected for first time 
at the Ebro watershed in 2001 (Duran & Anadón, 
2008). Previously at La Sotonera reservoir the 
presence of D. polymorpha was not detected, 
however, now the veliger larvae can be found at 
both seasons and it’s a dominant component of 
zooplankton. Thus, the mussel invasion has 
progressed throughout the years and among 
different reservoirs. The two reservoirs were 
mussels were not present are Oliana and Ebro, 
this last is under special protection (Duran & 
Anadón, 2008). Due to the lack of natural preda-
tors, efficient competition and non-intentional 
dispersion of invaders caused by the interaction 
between people among the reservoirs in the area, 
this invader could be detected in the Ebro reser-
voir in the upcoming years. Consequently, they 
would be present from the beginning until the end 
of watershed.

autumn, were mesotrophic to eutrophic, and 
densities of larger species as Daphnia spp. decay 
while smaller cladocerans such as B. longirostris 
and Ceriodaphnia spp. increase. 

Despite the limitations of this work (and 
taking in count the low number of reservoirs 
sampled compared with the watershed size), with 
the data obtained from the CCA we could hypoth-

these statements, for example, the general tenden-
cy at Oliana was that rotifers had high abundances 
during summer, then, during autumn this group 
tended to decrease and microcrustaceans 
increased in number becoming the dominant 
group. Ullibarri-Gamboa presented a similar 
tendency but with higher abundances of rotifers 
and mussels during the summer, followed by the 
increase of copepods and cladocerans during 
autumn. At the Ebro and La Sotonera reservoirs, 
the number of all groups increase in autumn but 
with the rotifers being the dominant group. How-
ever, at Mequinenza the zebra mussels and cope-
pods were dominants during summer reaching up 
350 ind/L, but with a decrease during autumn. 
Sobrón shows a similar tendency, the summer was 
dominated by the zebra mussel (540 ind/L) and in 
the next period densities of all groups decreased 
dramatically. For these two last reservoirs several 
factors could explain these changes, such as an 
extreme fish predation (Amundsen et al., 2009; 
Ginter et al., 2019), the establishment of the 
sessile stage of mussels in any surface decreasing 
the number of the planktonic larvae (Claudi & 
Mackie, 1994) or even some criteria that were not 
taken in count in the previous model, such as the 
food quality and the trophic level of each reservoir 
(Sommer et al., 2012).

Biodiversity is strongly related with environ-
mental factors (Jeppesen et al., 2000), while some 
physiochemical parameters such as temperature, 
dissolved oxygen, pH, etc., can have positive or 
negative effects on zooplankton (Wetzel, 2001). 
One of the more efficient analyses to correlate the 
zooplankton communities with the physical and 
chemical variables is the CCA (Attayde & Bozel-
li, 1998). Data from our CCA analysis shows the 
rotifer P. dolichoptera, which was positioned in 
the middle of the ordination plot, due to their high 
tolerance to different environments conditions 
(Bērziņš & Pejler, 1989), nowadays it has a wide 
distribution in many water bodies around the 
world (Segers, 2007). The copepod Neolovenula 
alluaudi, that is typically from the Mediterranean 
area (Miracle, 1982), also was positioned near the 
center of the CCA. We can infer that they possess 
high tolerance, however, compared to the previ-
ously mentioned rotifer, it was only present at La 
Sotonera reservoir. The populations of this cope-

pod are moving from the south and are now found 
in several water bodies along the Iberian Peninsu-
la (Alfonso & Belmonte, 2013; Miracle, 1982). 
Thus, this copepod was reported at Mequinenza 
30 years ago (De Manuel & Jaume, 1993), but not 
found during the present study. Furthermore, at 
the Mequinenza reservoir the presence of silurids 
is well documented and the early stages of this 
fish can consume copepods and large cladocerans 
individuals as the Daphnia species, they can 
promote the small-size species such as C. dubia 
and D. mongolium, (Miranda et al., 2010). Also, 
in this reservoir no Daphnia species were record-
ed, probably due the combination of predation 
and lower levels of oxygen compared to other 
reservoirs (Hanazato, 1996).

The copepods C. numidicus and T. dybowskii 
were correlated with conductivity, temperature 
and depth. It is well known that big-sized 
zooplankton species perform a daily vertical 
migration to avoid depredation (Hays, 2003; 
Lampert, 1989). The study of Caramujo & Boavi-
da (2000) found that these two copepod species 
can be consumed in large numbers by fishes, for 
this reason, their populations are settled in deepest 
water bodies. In this study, we found both species 
only at Mequinenza, which has an average 50 m of 
depth in both seasons. The biggest copepod found 
in this study was C. numidicus and it provides a 
high percentage of total biomass and density of all 
copepods, thus, Pearson correlation was significa-
tive in terms of depth for this group. 

In the CCA for groups (Fig. 6) the rotifer 
biomass was also correlated to pH, other studies 
have shown that this parameter can affect the 
rotifer occurrence (Bērziņš, 1987) and their 
assemblage in reservoirs (Devetter, 1998). 

The complex of abundances and biomasses of 
microcrustaceans (copepods and cladocerans), 
were related with the components that conform 
the trophic state since they are influenced by the 
Secchi disk, TP and Chl-a. Some authors have 
indicated that large species of these groups can be 
used as an indicator of oligotrophic state (Pejler, 
1983; Moss et al., 2003; Kane et al., 2009; 
Haberman & Maldna, 2014). Usually, at higher 
trophic level, large species are replaced by small 
species (Lampert & Sommer, 1997). The Ebro, 
Oliana and La Sotonera reservoirs, during the 

was in the middle of the ordination plot, this 
rotifer was present in all reservoirs during both 
seasons, their highest abundances were during the 
summer at La Sotonera (279 ind/L) and Oliana 
(125 ind/L). The Daphnia group was related to 
DO, TP and turbidity. The Daphnia species were 
present in five reservoirs and their seasonality 
was split into those which had higher abundances 
in summer (D. cucullata, D. galeata and D. 
pulicaria) and in autumn (Daphnia longispina). 
Finally, the copepod C. vicinus is not related to 
any variable and the zebra mussels are slightly 
connected with pH and alkalinity (Fig. 5).

In the second CCA, we analyzed the envi-
ronmental variables related with the zooplank-
ton density and biomass, the first two axes 
represent the most explanatory value (93.2 %) 

(p value > 0.05 in the Monte Carlo permutation 
test). This CCA indicates that in the first axis the 
trophic indicators are related (SD, Chl-a and TP). 
These principal indicators are related with both 
cladocera and copepoda density and biomass, 
while rotifer density is related to combination of 
TP, turbidity and DO. The biomass of rotifera 
group presents a similar relation with pH instead 
of turbidity. Finally, both density and biomass of 
zebra mussels are related to temperature and 
conductivity (Fig. 6).

DISCUSSION

Sommer et al. (1986) together with the PEG 
(Plankton Ecology Group) proposed a model 
where sequential statements describe the changes 
in zooplankton and phytoplankton communities in 
lakes. In these statements, they described that in 
summer the smaller groups with short generation-
al life cycle dominate and during autumn large 
species appear. In our study, we found that most of 
the changes in reservoirs’ communities followed 

Density and biomass

The zooplankton density varied in each reservoir 
and season, the average of individuals for all the 
reservoirs during summer was 277 ind/L, that was 
higher than in autumn with 148 ind/L. The higher 
densities in most of reservoir belong to rotifers 
and zebra mussels, except in Ullibarri-Gamboa, 
Mequinenza and Oliana during winter (Fig. 4). 

In terms of biomass, microcrustaceans have a 
bigger role instead of rotifers, and each reservoir 
varied in quantity and group that dominates during 
both seasons. The reservoirs with major changes 
between biomass were La Sotonera (dominated 
during the summer for microcrustaceans to zebra 
mussels in fall), Sobrón (zebra mussels to 
cladocerans) and Ullivarri-Gamboa (cladocerans, 
rotifers and zebra mussels to microcrustaceans 
mainly) (Table 3). The Shannon-Wiener index 
indicated that diversity in the Ullibarri-Gamboa 
reservoir was the highest overall 2.59 bits/ind in 
summer. The lowest diversity was found in 
Sobrón during autumn with only 0.18 bits/ind 
(Fig. 3).

Data analysis 

Through the linear Pearson correlations between 
environmental factors and zooplankton groups we 
found that pH was significantly correlated with 

the density of rotifer group (r2 0.35, p < 0.05). 
Also, both zebra mussel density and biomass were 
positively correlated with Chl-a (r2 0.60, p < 0.05 
and r2 0.62, p < 0.05 respectively). Besides, 
copepods density (r2 0.39, p < 0.05) and biomass 
(r2 0.34, p < 0.05) were correlated with the reser-
voir´s depth. Other correlations were not signifi-
cant (p > 0.05). The Analysis of similarity (ANO-
SIM) doesn’t show any difference between both 
seasons (p > 0.05). The contribution of the 
individual taxa in the dissimilarity of zooplankton 
was low (SIMPER values < 5 %), being A. 
priodonta, C. pulchella, Synchaeta pectinata and 
D. mongolianum the responsible for the cumula-
tive of 20 % in the variance of dissimilarity 
between seasons. 

The first CCA, related the physicochemical 
variables with the principal zooplankton species. 
The first two axes explains 45.2 % of the variance 
(p value 0.001 in the Monte Carlo permutation 
test). Temperature, conductivity and depth are 
strongly related to copepods (C. numidicus, 
Cyclops sp. and T. dybowskii) and the cladoceran 
C. dubia. Two of the most abundant rotifers are 
related with the pH (S. pectinata and C. unicornis) 
in addition to the cladoceran D. cucullata. A big 
group composed principally by cladocerans, few 
copepods and rotifers were related to dissolved 
oxygen (DO), turbidity, TP, Chl-a and suspended 
solids (SS) (Fig. 5). The rotifer P. dolichoptera 

Trophic state

With the data obtained, we calculated the Troph-
ic State Index (TSI) for every reservoir and 
season, the waterbodies were ordinated accord-
ing to their TSI from lower to higher values. 
Ullibarri-Gamboa shows the lower trophic value 
in both seasons (39.01, summer and 37.70, 
autumn) and is classifiedd as oligotrophic. While 
Sobrón had the higher value during the summer 
(52.5) and La Sotonera in autumn (59.8). The 
reservoirs during the summer generally present-
ed values between 30 to 50 and during autumn 
the values increase from 40 to 60. According to 
Carlson (1996), most reservoirs are classified as 
mesotrophic, however, Ebro, Oliana and La 
Sotonera are eutrophic during the autumn and 
Sobrón during the summer (Fig. 2).

Zooplankton

We registered a total of 40 zooplankton species 
during both seasons in the six reservoirs (Table 
2). The rotifers were the group with more 
species reported (21), followed by cladocerans 
(10) and copepods (8). Since the veliger larvae 
of the zebra mussel invader (Dreissena polymor-
pha) were found at 4 reservoirs, they were 
considered a separate group inside this study and 
both abundance and biomass were counted. La 

Sotonera presented the highest number of 
species with, 13 in each season, followed by 
Sobrón with 12 in the summer, Oliana and 
Mequinenza with 11 during summer. This same 
species richness was present in Ebro and 
Ullibarri-Gamboa in the autumn. The lowest 
number of species was in Sobrón with only 6 
during the autumn (Table 2). On average, each 
reservoir presented 10 zooplankton species per 
season. The rotifer Polyarthra dolichoptera was 
presented on all reservoirs in at least one season, 
followed by the zebra mussel, which was detect-
ed on four reservoirs during both seasons. The 
two copepod species Cyclops vicinus and 
Cyclops sp., and some rotifers were only 
presented in one reservoir during one season 
(Table 2).

The only previous study on these reservoirs 
was performed during 1987-1988 and reports 
data of summer and winter seasons. However, to 
compare species composition per season we 
only used the summer data from both studies, 
since the other season is not the same and cannot 
be compared equally (winter from the previous 
study and fall in the current). To indicate new 
registers for each reservoir we verified that 
species were not present in the data of both 
seasons from the previous study. The complete 
list of species present of the previous study can 
be found in De Manuel & Jaume (1993).

The new registers of zooplankton species for 
each reservoir are: Sotonera (Bosmina longi-
rostris, Ceriodapnia dubia, Ceriodaphnia 
pulchella, Daphnia galeata, Diaphanosoma 
mongolianum, Acanthocyclops americanus, 
Anuraeopsis fissa, Polyarthra major, Ascomor-
pha ecaudis and D. polymorpha). Ebro (Eud-
iaptomus vulgaris, B. longirostris, D. mongolia-
num, Conochilus unicornis, Trichotria tetractis, 
P. major, Tricochercca cylindrica). Mequinenza 
(Copidodiaptomus numidicus, Thermocyclops 
dybowskii, A. ecaudis). Sobron (Daphnia cucul-
lata, Cyclops vicinus, Asplanchna priodonta, P. 
major, A. fissa) and Oliana (A. americanus, E. 
vulgaris, C. sphaericus, D. mongolianum, Kelli-
cotia longispina). Since there is not previous 
data available for Ullibarri-Gamboa reservoir, 
all 14 species reported for this study are first 
register (Table 2). 

analyzed those variables that are corresponded to 
the principal zooplankton species. For the second, 
we performed an analysis using the zooplankton 
groups (rotifers, copepods, cladocerans and zebra 
mussels). For each CCA we included the densi-
ties and or biomass of zooplankton and the 
following environmental variables (temperature, 
dissolved oxygen, conductivity, turbidity, pH, 
Secchi disk, depth, nutrients (TP and TN) and 
Chl-a. In order to normalize the data, they were 
transformed logarithmically Log(x + 1), except 
for pH. The models were tested using Monte 
Carlo permutation (n = 499). Nauplius, copepo-
dites and bdelloid rotifers were excluded since 
they were not identified to species level. Both 
CCAs were executed using the Canoco 4.5 for 
Windows computer program (Ter Braak & 
Šmilauer, 2002).

RESULTS

Environmental parameters

During the two seasons of this study the physical 
and chemical parameters varied at the different 
reservoirs, complete data is reported in Table 1. 
The water temperature on average was higher 
during summer in all waterbodies, except at 
Oliana, where it was higher in autumn. In general, 
the dissolved oxygen presents higher values during 

summer than those in autumn. The pH values do 
not show an important difference between seasons 
because the buffer effect of the bicarbonate in the 
waters and the conductivity values were stable 
(with exception of Mequinenza during autumn 
with a peak of 1288 µS/cm). Suspended solids in 
both seasons were similar in four of the six reser-
voirs, however, data from the Ebro and La Soton-
era reservoirs during the autumn were double 
compared to the summer data. The Secchi disk 
visibility presented a wide variability among reser-
voirs and seasons: Ebro, Oliana and La Sotonera 
had higher values in summer, nevertheless, 
Ullibarri-Gamboa, Mequinenza and Sobrón were 
higher during autumn.

In the case of Chl-a, higher values were 
presented during the summer at Ullibarri-Gam-
boa and Sobrón, and during the autumn at Ebro 
and Oliana. The Oliana reservoir (autumn) had 
the biggest Chl-a concentration of all the study 
(21.14 µg/L). Finally, Mequinenza and La Soton-
era had similar values during both seasons (aver-
age of 3.3 µg/L and 3.5 µg/L respectively). Total 
Nitrogen (TN) values at 5 of the reservoirs were 
higher during summer, only Mequinenza present-
ed a high peak in autumn (1692 µg/L). The higher 
values of total phosphorus (TP) were reported in 
autumn, except at Oliana (80.78 µg/L) and 
Sobrón (25.5 µg/L), where the higher values were 
during summer.

means of a multiparametric devise Sea-Bird 19 
plus V2. The depth of the photic zone was calcu-
lated by measuring the light penetration using a 
quantometer. The water transparency was deter-
mined measuring the Secchi disk depth (SD). An 
integrative water sample was collected from the 
photic zone of each reservoir using a 25 mm 
ballasted tube technique for ex-situ analyses 
(Vicente et al., 2005). For measurements of the 
following variables, we used the standard method-
ology (APHA, 1998) described for suspended 
solids (APHA 2540D), turbidity (ISO7027-1999), 
total nitrogen (TN) (APHA method 4500-N C), 
total phosphorus (TP) (4500-P B/APHA 4500-P 
C), and chlorophyll a (Shoaf & Lium, 1976). The 
complete data set of environmental variables can 
be found at C.H.E. (2016).

To estimate the reservoir´s trophic conditions, 
we used the criteria of the trophic state index 
(TSI) (Carlson, 1977). The TSI´ values of each 
reservoir were obtained with the following 
formulae (Carlson & Simpson, 1996):

  Total phosphorus; TSI (TP) = 14.42 ln (TP) + 4.15
  Chlorophyll a, TSI (Chl-a) = 9.81 ln (Chl-a) + 30.6
  Secchi disk, TSI (SD) = 60 - 14.41 ln (SD) 

Total phosphorus and Chl-a are measured in 
micrograms per liter (μg/L) and Secchi disk depth 
is expressed in meters. TSI is the average value of 
the three above mentioned variables.

  TSI´= [(TSI(TP) + TSI (Chl-a) + TSI (SD))/3]

Zooplankton samples

The zooplankton samples were collected using a 
Ruttner bottle with a capacity of 2.7 L. For each 
reservoir were taken two Ruttner bottles to obtain 
5.4 liters of water sample, then the sample was 
filtered through 30 μm mesh size Nytal, fixed 
with formaldehyde at 4 % final concentration and 
stored in a hermetic glass vial. The sample depth 
was established in each reservoir at the beginning 
of oxygen decline, where has been reported as the 
richest zone of zooplankton fauna (Miracle & 
Vicente, 1983). Also, a zooplankton vertical tow 
net of 50 μm mesh size Nytal was towed from 30 
m deep to the surface, collected and fixed with 

formalin. These vertical tow net samples were 
taken mainly for taxonomic purposes.

Zooplankton species were identified using 
the following guides: Ruttner-Kolisko (1974), 
Koste (1978), Nogrady et al., (1995) and 
Nogrady & Segers (2002) for rotifers, Alonso 
(1996) for cladocerans, and Dussart (1967, 1969) 
for copepods. 

For quantitative results, we used the samples 
taken from the Ruttner bottles, all individuals 
were counted using a Sedgewick Rafter-type 
counting chamber under inverted microscopy. 
After individuals were counted and densities 
were obtained, we calculate the biomass, to deter-
mine it, a minimum of 30 specimens of all species 
were measured and using the formulas that relate 
the total length with the dry weight of the speci-
mens were obtained the corresponding conver-
sion factors (Ruttner-Kolisko, 1977; Dumont et 
al., 1975; Culver et al., 1985). The Shan-
non–Wiener diversity index (H’) (Shannon & 
Weaver, 1963) was calculated from data on the 
abundance of zooplankton for each reservoir at 
both seasons. 

Statistical analysis
 
The correlation coefficients between zooplankton 
data and the environmental factors were calculat-
ed by linear Pearson correlations. Analysis of 
similarity (ANOSIM) tests were performed on the 
zooplankton data to determine which, if any, reser-
voirs showed significant differences in zooplank-
ton community structure between the two seasons. 
ANOSIM is a nonparametric analogue to analysis 
of variance and tests for multivariate differences 
between groups based on Bray-Curtis distance and 
rank dissimilarity. Also, we ran a similarity 
percentage routine (SIMPER), to test which 
zooplankton species were contributing to the com-
munity changes. The SIMPER routine uses 
average Bray-Curtis dissimilarities between all 
pairs of sites to produce a percent contribution 
from each species, identifying the species most 
responsible for the dissimilarity (Clarke & 
Warwick, 2001).

To determine the influence of different factors 
on zooplankton we performed two canonical 
correspondence analysis (CCA). For the first, we 

we focus on zooplankton communities of six 
reservoirs located across the watershed. These 
were chosen due to the fact that existing data is 
more than 30 years old (De Manuel & Jaumel, 
1993) or no previous data was available. The lack 
of information of these reservoirs throughout the 
last three decades could significate changes in 
species composition and non-detected invaders. 
Therefore, it´s important to update the current 
knowledge on zooplanktonic fauna in this water-
shed and know how environmental variables can 
affect the composition of communities through 
seasons. Thus, all this information could be a 
helpful tool for reservoirs management. 

The main objectives of this study were; first, 
report and compare the zooplankton composition 
(species richness, density and biomass) during 
two studied seasons (summer and autumn) in six 
reservoirs at the Ebro watershed. Second, deter-
mine the environmental variables related to the 
zooplankton groups structure (density and 
biomass). Third, update information on the 
zooplanktonic fauna and verify if new species are 

present in the reservoirs compared with available 
data of previous studies. 

MATERIAL AND METHODS

Study area

The data presented in this study was obtained 
from six reservoirs, located in different areas and 
altitudes along the Ebro watershed (Fig. 1). Each 
reservoir was sampled at the beginning of two 
different seasons in 2016: summer (last week of 
June) and autumn (last week of September). One 
sampling point was established at each reservoir 
in the deepest part of the reservoir at 300-500 
meters from the dam.

Environmental Variables

For each reservoir the following variables were 
measured along the water vertical profile, temper-
ature, conductivity, dissolved oxygen, pH, turbidi-
ty and chlorophyll a, all in situ measurements, by 

INTRODUCTION

Zooplankton is, an important component inside the 
freshwater ecosystem, playings a big role in the 
transfer of energy in the aquatic food web between 
primary producers and higher consumers, while 
significantly contributing to the recycling of nutri-
ents (Lampert & Sommer, 1997).

Besides their essential role in trophic levels of 
aquatic environments, this group can also provide 
valuable information that other groups cannot. For 
example, changes in certain metrics such as, size, 
proportion of large and small zooplankton, mean 
of body weight and proportion of resting eggs 
together with the zooplankton:phytoplankton 
biomass ratio, which can indicate a “top-down” 
process (Jeppesen et al., 2011). Top-down control 
is one of the main attributes of zooplankton. This 
occurs when zooplankton consumes high quanti-
ties of phytoplankton and becomes a pressure 
factor, this pressure can determine the composi-
tion of phytoplankton assemblage and decrease 
their abundances and biomass (Naselli-Flores & 
Rossetti, 2010). On the other hand, the zooplank-
ton community can respond quickly to phyto-
plankton blooms during the bottom-up control 
(Carpenter et al., 1985), such as, changes in the 
biomass, the proportion of calanoids copepods 
and numbers of rotifers could indicate this process 
(Jeppesen et al., 2011). Due to their pivotal 
position in the transfer of nutrients and energy in 
aquatic food webs and the valuable data they can 
provide, it is essential to have a wide knowledge 
of zooplankton composition and the factors relat-
ed to this group (Caroni & Irvine, 2010).

All the species and individuals that make up 
the zooplankton community exhibit diverse 
responses to changes (Stemberger et al., 2001). 
These changes can be done by biotic (e.g. food 
availability, predation and competition) and 
abiotic (physical and chemical habitat conditions: 
temperature, dissolved oxygen, pH, etc.) factors, 
as both can affect the species richness, increasing 
or decreasing their abundances and biomass, and 

promoting shifts in their diversity (Jeppesen et 
al., 2000; Wetzel, 2001; Dodson et al., 2009; 
Bonecker et al., 2013). Hence, studies focused on 
such factors can provide useful information to 
manage natural resources (Gulati et al., 1990) as 
well as the understanding of how its community 
structure (species richness, density and abun-
dances) varies with time and in different aquatic 
systems (Dodson et al., 2009; Boix et al., 2008).

Seasonal variation also has an important role 
in waterbodies. Over the course of a year many 
environmental variables can suffer big changes 
depending on the season (Margalef, 1983). On a 
regional and local scale, these seasonal changes 
in natural components, in addition to anthropo-
genic pollution, can impact on aquatic communi-
ties and affect the zooplankton groups in different 
ways (Tavernini et al., 2009). 

Many studies have correlated density, species 
richness and the presence or absence of zooplank-
ton, for example, rotifers (Sladečeck, 1983; 
Ejsmont-Karabin, 1995, 2012; May & O’Hare, 
2005) and micro-crustaceans (Pinto-Coelho et 
al., 2005) to the trophic gradient. Moreover, 
zooplankton, can be an element in evaluating the 
trophic state of reservoirs and lakes (Haberman et 
al., 2007; Haberman & Haldna, 2014) and a good 
indicator of the different trophic states related to 
natural processes, man-made activities and 
climate changes (Jeppesen et al., 2011). Recently, 
in man-made reservoirs have proved that even 
zooplankton density can be a tool to determinate 
the trophic state of a large watershed in Spain 
(Garcia-Chicote et al., 2018). Although the Water 
Framework Directive has the aim of evaluating 
the European waters through several Biological 
Quality Indicators, zooplankton and its valuable 
data is not included as one of these indicators. 

Despite the Ebro watershed being the second 
large watershed in Spain, studies related to 
zooplankton presence in the reservoirs are few 
and focus principally on rotifera phylum´s 
description or distribution (De Manuel & Armen-
gol, 1993; De Manuel, 2000). In the present study 
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