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ABSTRACT

Spatio-temporal variation in the zooplankton community of the Zahara-El Gastor Reservoir (Cádiz, Spain).
 

-
-

-

-

Polyarthra -
Daphnia longispina -
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RESUMEN

Variación espacio-temporal en la comunidad zooplanctónica del embalse de Zahara-El Gastor (Cádiz, España). 
 
Los embalses desempeñan un papel esencial proporcionando servicios socioeconómicos a diferentes escalas. Sin embargo, en 
los últimos años, los impactos antropogénicos como el cambio climático y la contaminación han aumentado de manera impor-
tante, afectando a este tipo de ecosistemas. Las comunidades de zooplancton juegan un papel fundamental en la regulación del 
equilibrio biológico en estos ambientes, por lo que es esencial comprender los procesos que les afectan. Este estudio analiza la 
variación estacional y espacial en la abundancia de especies de la comunidad de zooplancton del embalse de Zahara-El Gastor, 
Cádiz, España. Este embalse se encuentra en la cuenca del río Guadalete-Barbate y está incluido en el Parque Natural Sierra 
de Grazalema, la zona con mayores precipitaciones en la Península Ibérica. Se tomaron muestras de agua y zooplancton men-
sualmente durante un año en cuatro puntos de muestreo ubicados a lo largo del eje longitudinal del embalse, para determinar 

-
terizado por una estacionalidad y un ciclo térmico monomíctico, con el período de mezcla durante el invierno. La temperatura, 
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INTRODUCTION

Reservoirs provide very important services, such 

-
-

contamination, habitat degradation, and invasion 
by alien species induced by anthropogenic activ-

-
ing biodiversity, among many other ecological 

especially under intense anthropogenic pressure 
(Altshuler et al., 2011).  

aquatic ecosystems (Lampert & Sommer, 2007). 
-

levels to higher ones (Li et al., 2019; Shayesteh-
-

-
-

anthropic management, such as reservoirs. Distri-

-

-
-

al., 2013; Li et al., 2019; Seegers, 2008). 
-

-
voir colonization, systematics, and zoogeography, 

-
ical, and biological variables (J. Armengol, 1978; 
De Manuel Barrabin, 2000).  Recent studies have 

-
munity composition could be good indicators 

al., 2019; Montagud et al., 2019; Almeida et al., 

-

-

although it did not become operational until 1995. 

Basin, a small independent hydrographical basin 

profundidad, volumen embalsado, fosfatos, carbonatos, pH y la conductividad fueron las principales variables ambientales que 
afectaron los patrones estacionales y espaciales de la comunidad de zooplancton. Los rotíferos presentaron el mayor número de 
especies y fueron predominantes en la cola del embalse, especialmente en otoño, donde  spp. alcanzó densidades ele-
vadas. Se encontraron densidades relativamente bajas de copépodos durante todo el año. Branquiópodos pequeños y ciclopoides 
fueron los predominantes en verano, mientras que Daphnia longispina estuvo asociada a las estaciones más frías. La comunidad 

PALABRAS CLAVES: comunidad zooplanctónica, parámetros físico-químicos, variación espacio-temporal, embalse medi-
terráneo, Zahara-El Gastor. 
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a region primarily characterized by irregular sea-
-

-

recorded precipitation in the region represents an 
-
-

tal annual values sometimes approaching or even 
surpassing 2000 mm (Fuster, 2007). 

-

variation in both density and species composition 

-

-

MATERIALS AND METHODS

Sampling design and data collection

3

-

to September 2020. For subsequent analyses, the 

seasons: autumn (October, November, December 

spring (April, May, June 2020), and summer 
(July, August, September 2020). 

sampling site, various in situ measurements 
-

(o

-

-
-

Figure 1
Puntos de muestreo en el embalse de Zahara-El Gastor. S1: cola del 

embalse a 7 km de la presa. S2: punto a 6 km de la presa. S3: punto a 4 km de la presa. S4: punto en la presa del embalse.
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3; 
4

3-; mg/l), and dissolved 
4

+; mg/l), using colorimetric tests. 

3
- -

chlorophyll-a concentration (mg/m3 -

pigments and determined the absorbance using 
-

-

(hm3

-
-

-

-
eral Oceanics Inc, FL, USA) to calculate the 

-

ecosystems (Armengol & Miracle, 2000). Sam-

-

the sample through a binocular microscope (Lei-

specialised publications (Alonso, 1996; Dussart, 
-
-

-

 
Data analyses

-
ic (< 40), mesotrophic (40-50), eutrophic (50-70), 
and hypereutrophic (> 70) (Carlson, 1977; Carl-

a -
-

chlorophyll-a
ln (Chl-a) + 30.6; mg/m3) and the total phospho-

3).

-
-

tio-temporal variation. Environmental variables 
included: nitrates, carbonates, phosphates, am-
monia, chlorophyll-a

-
tion and turbidity. 

-
H´ 

s
i log pi -

species and pi

-

-

-
ity and homogeneity, previously tested using the 
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-
pling site as grouping variables. A Canonical 

environmental variables (Legendre & Legendre, 

-

-

Statistics 26 (IBM Corp, 2019) and the CCA in 

2022).

RESULTS

Environmental structure

-

basin, triggering an increase in dissolved solids, 

Figure 2
Perfiles de temperaturas (a) y concentraciones de oxígeno (b) medias mensuales 

para cada estación en los cuatro puntos de muestreo (S1, S2, S3 y S4) en el embalse de Zahara-El Gastor.
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conductivity, turbidity, carbonates, and dissolved 
-

-

matter and nutrients, contributed to higher chlo-
rophyll-a

decrease in carbonates and phosphates. In addi-

-
ids entering the reservoir through the tail result-
ed in the highest turbidity, carbonates and chlo-
rophyll-a values being recorded at sampling site 

highest values at sampling site 4, corresponding 

-

tor Reservoir can be considered as a mesotrophic 
-

in summer.

-

clearly separated sites sampled in summer and 
-
-
-

-
a concentration and tur-

-
parency. Sampling sites grouped along the second 

Table 1 3 4
+), 

3-
4
3-), Secchi depth (SD) and chlorophyll-a (mg/m3

Valores medios de pH, conductividad 
(Con.), Solidos Disueltos Totales (TDS), turbidez (Turb.), nitratos (NO3), amonio (NH4

+), carbonatos (HCO3-), fosfatos (PO4
3-), 

profundidad de Secchi (SD) y clorofila-a (mg/m3) registrados desde octubre de 2019 hasta septiembre de 2020 en el embalse de 
Zahara-El Gastor en cada punto de muestreo.

Season Site pH
Con.   

(μS/cm)
TDS 

(mg/l)
Turb. 
(NTU)

NO3 
(mg/l)

NH4
+     

(mg/l)
HCO3

-  

(mg/l)
PO4

3-   
(mg/l)

SD   
(m)

Chl-a          
(mg/m3)

Winter S1 7.78 653.3 428.7 5.6 7 0.008 248.1 0.015 1.2 4.606

Winter S2 8.01 858.3 548.3 9.3 10 0.008 185.1 0.020 1.1 3.677

Winter S3 8.12 843.7 537.7 3.4 3 0.008 142.5 0.015 1.8 3.028

Winter S4 8.10 867.7 555.7 2.7 0 0.008 158.7 0.005 2.6 3.487

Spring S1 8.19 696.3 380.3 26.2 15 0.150 252.2 0.015 0.8 6.768

Spring S2 8.32 750.7 411.0 9.7 15 0.100 160.7 0.010 1.2 4.036

Spring S3 8.48 813.3 440.0 4.5 15 0.025 162.7 0.015 1.9 2.622

Spring S4 8.19 867.0 475.0 21.5 25 0.025 152.6 0.025 2.7 2.155

Summer S1 8.34 1066.3 556.7 32.6 20 0.083 142.4 0.005 0.5 4.300

Summer S2 7.90 1051.0 546.7 13.3 10 0.200 152.6 0.000 1.0 3.582

Summer S3 8.25 1078.7 548.0 6.5 10 0.017 138.3 0.000 1.5 2.324

Summer S4 8.32 1086.7 550.3 3.2 10 0.025 130.2 0.000 2.4 1.770

Autumn S1 7.26 1258.7 763.0 28.0 10 0.171 207.5 0.031 0.5 4.679

Autumn S2 7.44 1154.7 675.7 11.9 10 0.054 146.4 0.045 0.8 1.840

Autumn S3 7.39 1154.7 680.0 20.1 10 0.021 148.5 0.015 1.6 1.786

Autumn S4 7.43 1144.0 668.3 2.1 10 0.025 146.4 0.030 2.6 1.737

https://www.limnetica.net/en/limnetica
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-

-
voir tail and presented higher turbidity and chlo-
rophyll-a
compared to sites 3 and 4. 

Zooplankton community structure

-

belonged to the phylum Arthropoda, including 7 
-

ROTIFERA PHYLUM
Rotatoria Class
Ploimida Order

Fam Asplanchnidae
Asplanchna priodonta (Gosse, 1850)

Fam Brachionidae
(Gosse, 1851)

Brachionus angularis (Gosse, 1851)
(Pallas, 1766)

Keratella cochlearis (Gosse, 1851)
Keratella quadrata (Müller, 1786)
Keratella tropica (Apstein, 1907)
Notholca acuminata (Ehrenberg, 1832)
Notholca squamula (Müller, 1786)

Fam Lecanidae
Lecane hastata (Murray, 1913)
Lecane luna (Müller, 1776)
Monostyla bulla (Gosse, 1851)

Gnesiotrocha Order

Fam Filinidae
Filinia longiseta (Ehrenberg, 1834)

Fam Hexarthridae
Hexarthra fennica (Levander,1892)

Fam Lepadellidae
(Ehrenberg, 1831)

Colurella obtusa (Gosse, 1886)

Fam Lepidellidae
Lepidella ovalis (Müller, 1786)

Fam 
Eosphora anthadis (Harring & Myers, 1922) 
Monommata grandis (Tessin, 1890)
Monommata longiseta (Müller, 1786)

Fam
Polyarthra vulgaris (Carlin, 1943)
Polyarthra dolichoptera (Idelson, 1925)

(Ehrenberg, 1832)

Fam Testudinellidae
(Hermann, 1783)

Fam Trichotriidae
Macrochaetus altamirai (Arévalo, 1918)

(Ehrenberg, 1830)

ARTHROPODA PHYLUM
Branchiopoda Class
Ctenopoda Order

Fam Sididae
Diaphanosoma mongolianum

Anomopoda Order

Fam Bosminidae
Bosmina longirostris (Müller, 1776)

Fam Daphniidae
Ceriodaphnia quadrangula (Müller, 1785)
Daphnia longispina (Müller, 1776)
Daphnia pulicaria (Forbes, 1893)

Fam Eurycercidae
Chydorus sphaericus (Müller, 1776)

Fam Macrotrichidae
(Jurine, 1820)

Hexanauplia Class 
Copepoda Subclass
Calanoida Order

Fam Diaptomidae
Copidodiaptomus numidicus (Gurney, 1909)

Cyclopoida Order

Fam Cyclopidae
Acanthocyclops robustus (G.O.Sars, 1863)
Acanthocyclops vernalis (Fischer, 1853)

Table 2 Taxones de zooplancton identificados 
en el embalse de Zahara-El Gastor registradas durante el periodo del estudio.
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-
class).

-
-

H’

H’ -

-
tio-temporal variation. Autumn presented the 

-
-
-

at the sampling stations 2, 3, and 4 Branchiopoda 
-

-

Branchiopoda presented the highest densities at 
-

nant at the other sampling sites (Fig. 3a). Finally, 

-

-

-

net/en/limnetica). At S1, Polyarthra vulgaris pre-
sented the highest mean density value in spring 
(39.0 ind/l), summer (15.2 ind/l) and autumn 

Polyarthra dolichoptera pre-

Asplan-
cha priodonta (7.1 ind/l), Keratella cochlearis 
(13.5 ind/l) and Keratella tropica (6.2 ind/l) also 

Polyarthra spp.
In general, the Branchiopoda class presented a 

Bosmina longirostris (27.3 
Ceriodaphnia 

quadrangula (22.8 ind/l) and Daphnia longispina 
B. longirostris, D. long-

ispina and Chydorus sphaericus -

B. longirostris among sam-

highest density in autumn at S1, being Copidodi-
aptomus numidicus and the Diaptomidae nauplii 

-

en el embalse de Zahara-El Gastor durante las cuatro temporadas y puntos de muestreo.

S1 S2 S3 S4 Annual

H’ H’ H’ H’ H’

Winter 1.58 0.77 1.98 0.96 1.86 0.90 2.01 0.98 2.06 0.90

Spring 1.49 0.79 1.62 0.86 1.77 0.94 1.83 0.97 1.88 0.89

Summer 1.87 0.99 1.62 1.00 1.83 0.97 1.73 0.92 1.97 0.89

Autumn 1.75 0.89 1.65 0.84 2.05 1.00 1.53 0.78 1.88 0.92

H’ Reservoir 2.05 0.82 2.02 0.85 2.07 0.91 2.05 0.87 2.24 0.87

https://www.limnetica.net/en/limnetica
https://www.limnetica.net/en/limnetica
https://www.limnetica.net/en/limnetica
https://www.limnetica.net/en/limnetica
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S2). Acanthocyclops robustus and Acanthocy-
clops vernalis

C. numidicus 

-

-
ance, respectively. Species collected in Summer 

-

observations originally in a given season could 

-

A. priodonta, Brachionus cal-
, Diaphanosoma mongolianum, Daphnia 

pulicaria, and Macrothrix laticornis -

Figure 3
Varia-

ción espacial en la densidad absoluta y relativa de los diferentes grupos de zooplancton en invierno (a), primavera (b), verano (c) y 
otoño (d) en el embalse de Zahara-El Gastor durante el periodo de estudio.

https://www.limnetica.net/en/limnetica
https://www.limnetica.net/en/limnetica
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K. 
cochlearis, K. tropica, . Not-
holca sp., Polyarthra sp. and Testudinella pati-
na D. mongolianum, Acanthocyclops

-

-

Colurella obtusa, 
Monommata grandis, Keratella quadrata, Daph-
nia pulicaria, , and Brachionus angularis 

-

Figure 4 -

Resultados del Análisis de Correspondencia Canónica (ACC) de los distintos puntos de muestreo, especies de zooplancton 
y variables ambientales registradas en el emblase de Zahara-El Gastor durante el periodo de estudio. Solo se muestran las variables 
ambientales (flechas) con correlación >0.3. A. vernalis  = Acanthocyclops vernalis, P. vulgaris = Polyarthra vulgaris, P. dolychop-
tera= Polyarthra dolichoptera, K. tropica = Keratella tropica, K. cochlearis = Keratella cochlearis, A. robustus = Acanthocyclops 
robustus, C. sphaericus = Chydorus sphaericus, A. priodonta = Asplanchna priodonta, B. longirostris = Bosmina longirostris, D. 
mongolianum = Diaphanosoma mongolianum, C. numidicus = Copidodiaptomus numidicus, D. longispina = Daphnia longispina, 
C. quadrangula = Ceriodaphnia quadrangula.

https://www.limnetica.net/en/limnetica
https://www.limnetica.net/en/limnetica
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Relating zooplankton community and envi-
ronmental structure

-
-

-

-

K. tropica. A. verna-
lis, and Cyclopidae naupilii dominated in sum-

P. 
dolichoptera and K. cochlearis

-

D. long-
ispina, C. quadrangula and D. mongolianum oc-

A. robustus, C. 
numidicus

-
dance.

DISCUSSION

-
-

characteristics. 
-
-

-
-

ever, the density values recorded in our study 

-

-

-

reservoirs (Betsill & van den Avyle, 1994). In 

(CCA) results among sampling sites, months, environmen-
tal variables, and community structure. Resumen del Aná-
lisis de Correspondencia Canónica (ACC) entre puntos de 
muestreos, meses, variables ambientales y estructura de la 
comunidad.

Axis 1 Axis 2

Eigenvalue 0.633 0.253

Variance explained 19.7 % 12.5 %

Nitrates (NO3) 0.179 -0.408

Carbonates (HCO3) -0.140 0.721

Phosphates (PO4) -0.460 0.360

Ammonia (NH4) -0.004 0.264

Chlorophyll-a (Chl-a) -0.302 0.229

Water transparency (SD) 0.407 -0.193

Depth 0.467 -0.326

pH 0.542 -0.401

-0.453 -0.128

Temperature -0.078 -0.722

Dissolved Oxygen 0.141 0.123

Total dissolved solids (TDS) -0.382 0.161

Turbidity -0.099 -0.027

0.086 0.308

Volume 0.354 0.661
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that dilute transported materials and nutrients as 
-
-

-

-

by Branchipoda and Copepoda, similarly to other 
reservoirs at similar latitudes in the Mediterrane-

al., 2019). 

decisive role in determining the species compo-
-

colonizing altered and unstable environments pro-

in absolute and relative density in the tail area, 

In particular, in autumn, P. dolichoptera

P. vulgaris, K. cochlearis, and 
small Cladocera such as B. longirostris -

total phosphates, chlorophyll-a, carbonates and 
conductivity levels such as the tail area. Polyar-
thra
to their high tolerance to changing environmen-

-
menares et al., 2021b). A gradient in Polyarthra 

-

-

-

-

-
crease in dissolved solids, conductivity, turbidity, 

-

-

be dominant under these conditions (De Manuel 

In general, sampling sites 2, 3 and 4 presented 
-

-

Nogueira, 2013). Copepoda species such as the 
large-sized A. robustus and C. numidicus, and Di-

C. numidicus
highest density values, and has been related to 

D. longispina
to more oligotrophic conditions (Antunes et al., 

Moreover, D. longispina C. numid-
icus and D. mongolianum, presented the highest 

2001).  
Copepoda and Branchiopoda constituted the 

Species such as C. quadrangular, A. vernalis 
-

Ceriodaphnia spp., Acanthocyclops 

-
-

-
to-Coelho et al., 2005; Obertegger et al., 2007; 
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summer. It should be noted that during this season 

-
phates, probably due to assimilation and incor-

-

-

-
ities and increased evapotranspiration (Jeppesen 

as Polyartha spp., Keratella spp. or B. longi-
rostris -
ic systems, such as C. numidicus, Daphnia spp. 
or D. mongolium

overall in a mesotrophic state. It should be noted 

also highly dependent on season and sampling 
-

Moreover, large and actively moving cladocer-
ans such as Daphnia sp. are selectively preyed 

-
Alburnus alburnus

-

-

chlorophyll-a. In other reservoirs located in the 

a

CONCLUSION

-

-

trophic status. Variations in the species commu-
-

-

reservoir, and spatial heterogeneity should be 

-

human activities on these ecosystems.
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