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Department of Conservation Biology, Doñana Biological Station, Avda. Maria Luisa s/n, E-41013 Sevilla, Spain
ABSTRACT
1. During a study of ﬁve artiﬁcial brackish ponds situated in Doñana Natural Park and the
Guadalquivir delta between July 2001 and June 2002, a total of six copepod species (two calanoids,
three cyclopoids and one harpacticoid) were recorded. All of them are typical of brackish or
estuarine habitats.
2. The estuarine calanoid copepod Acartia tonsa (originally from North America) was present in
all the ponds studied. This exotic species has been found previously in European estuaries, but has
not previously been recorded from artiﬁcial wetlands.
3. Both the relative and absolute abundance of the species varied signiﬁcantly among months and
ponds. A. tonsa was most abundant during autumn and spring, while Calanipeda aquae-dulcis was
most abundant in summer. This seasonal pattern of the copepod community composition was
diﬀerent from that reported in studies from other European estuaries or wetlands.
4. The invasion by and dominance of A. tonsa in the area of Doñana Natural Park has important
implications for the conservation of the diverse native zooplankton fauna in the natural marshes of
the adjacent Doñana National Park, which includes endemic species.
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INTRODUCTION
Estuaries are transition zones between marine and freshwater habitats with ﬂuctuating salinity ranges. They
are inhabited by a mixture of marine, estuarine and freshwater zooplankton fauna associated with the
salinity gradient (e.g. Baldó et al., 2001; Vincent et al., 2002; Vieira et al., 2003; Tackx et al., 2004). Coastal
salt marshes are often inhabited in large numbers by estuarine fauna (Quintana et al., 1998), which may
colonize these habitats via hydrological connections, e.g. channels and rivulets between the estuary and the
coastal wetlands.
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A tolerance for salinities ranging from marine to freshwater conditions is typical for estuarine organisms
and has enabled many exotic species to invade continental freshwater habitats, e.g. the amphipod
Gammarus tigrinus, the zebra mussel Dreissena polymorpha, or the copepod Eurytemora aﬃnis (Lee and
Bell, 1999). Once established in new habitats, exotic species can have deleterious consequences on the native
fauna and ﬂora, leading to shifts in the dominance structure of planktonic communities (Lehman and
Cáceres, 1993; Hoﬀmeyer, 2004) and the extinction of native species (Ruiz et al., 1999).
The increase in commercial shipping has made estuaries and connected habitats especially vulnerable to
invasion by exotic species. Shipping activities account for 22% of introduced species in estuaries and
marine habitats in the Ponto-Caspian region (Grigorovich et al., 2002). Many invertebrates, including
copepods, have been found in ballast water in various parts of Europe (Leppäkoski et al., 2002). Various
crustaceans have been introduced to the Guadalquivir estuary, south-west Spain, in the ballast water of
ships visiting the port of Sevilla (Cuesta et al., 1996). The Veta la Palma wetland complex in Doñana
Natural Park is ﬂooded artiﬁcially by water pumped from the Guadalquivir estuary, making the occurrence
of invasive planktonic species very likely.
In this paper we present the ﬁrst study of zooplankton in Doñana Natural Park, focusing on the copepod
community in Veta la Palma. As a component of the zooplankton, copepods are important food for
juvenile ﬁsh, macroinvertebrates and ﬁlter-feeding waterbirds (Hurlbert et al., 1986; Euliss et al., 1997;
Cardona et al., 2001). The main aim of the present study was to determine the species composition of the
zooplankton community and its spatial and temporal ﬂuctuation in the Veta la Palma wetlands with
speciﬁc emphasis on the presence of introduced species. We consider the implications of our ﬁndings for the
conservation of Doñana, which contains some of Europe’s most important wetlands.

METHODS
Study area and pond description
Veta la Palma (368 570 N, 68 140 W) is a private estate situated within the Doñana Natural Park and
adjacent to the Doñana National Park (Figure 1) at a distance of approximately 23 kilometres from the
coast. The National Park contains 30 000 ha of natural, temporary marshes and is considered as one of the
most important wetlands in Europe, especially because of its overwhelming importance for waterbirds.
Over a million waterbirds use the area for wintering or on migration to and from Africa (Martı́ and del
Moral, 2002). It is also of great importance for breeding waterbirds (Martı́ and del Moral, 2003). The
National Park is declared a UNESCO World Heritage Site, a Biosphere Reserve, a Ramsar site and
a Special Protection Area under the European Union Birds Directive. The Natural Park (including Veta la
Palma) has a lower level of protection and lacks international protection status, despite the fact that Veta la
Palma easily meets those Ramsar criteria for wetlands of international importance based on waterfowl
(http://www.ramsar.org/key guidelines index.htm).
Veta la Palma contains 37 ponds (total 3125 ha), which are used for extensive ﬁsh culture and were
created between 1990 and 1993 (Figure 1). These ponds are shallow (average depth 30 cm) and connected to
deeper canals used to transport water to and from the Guadalquivir estuary. This site is used for culturing
estuarine ﬁsh such as European seabass, Dicentrarchus labrax, ﬂathead mullet, Mugil cephalus, and gilthead
seabream, Sparus auratus, as well as Atlantic ditch shrimp, Palaemonetes varians. Submerged vegetation is
dominated by wigeongrass, Ruppia maritima (which forms extensive beds between April and July). The
shores and islands are covered with saltmarsh vegetation, especially Arthrocnemum macrostachyum and
Suaeda spp. Some patches of Phragmites australis and Scirpus maritimus and the alien Spartina densiﬂora
occur on the shoreline.
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Figure 1. Map of the study area (Veta la Palma, Doñana Natural Park). Ponds sampled for the present study are labelled as A7, B7,
D6, E3 and E4. The black line with arrows denotes the direction of the main channel, the dotted line represents the border between
Doñana National Park and Doñana Natural Park. Source: Digital Orthophoto of Andalucia (1998–1999), UTM projection, European
Datum 1950 Spain and Portugal, Zone 30, scale 1:60.000. The insert shows a map of the areas of Doñana National Park (light grey)
and Doñana Natural Park (dark grey). The position of the dyke constructed to isolate the marshes of the National Park from the
estuary is shown on the inserted map with a dotted line along the Guadalquivir River

The Veta la Palma wetlands are a major part of the Doñana ecosystem and often hold the majority of
waterbirds present in Doñana when the temporary marshes in the National Park are dry. Recent studies of
waterbird ecology have focused on the Veta la Palma wetlands (e.g. Figuerola et al., 2003; Green and
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Sánchez, 2003; Figuerola and Green, 2004). Salinity varies from 7 g L1 during winter to near 15 g L1 in
August and September, while pH ranged from 9.3 to 10.3 during the study period. The macroinvertebrate
community is low in diversity and contains a mixture of groups typical of marine (e.g. the polychaete
Hediste diversicolor) and continental aquatic (e.g. the corixid Sigara stagnalis) habitats. During the present
study, copepods were the dominant crustaceans recorded amongst the zooplankton (excluding ostracods
and P. varians shrimps) and no cladocerans were recorded. In other samples from the study area, small
numbers of two cladoceran species have been recorded: Daphnia magna and Moina brachiata (personal
observation).
Mean monthly air temperature during the study period was between 11.88C in February 2002 and 23.58C
in July 2001. Since data on water temperature were not available and the ponds are very shallow, air
temperature was used as a surrogate of water temperature. Mean precipitation is 562 mm yr1 with a range
of 158–1062 (Castroviejo, 1993).
Veta la Palma ponds are dried and reﬂooded in a rotating cycle to allow ﬁsh to grow prior to harvest. We
selected ﬁve ponds, which varied in the length of time for which they had been ﬂooded (pond age) at the
beginning of the sample period in April 2001. Two of them (A7 and B7) had been ﬂooded less than
6 months and two (E3 and E4) for more than 18 months. D6 had an intermediate ﬂooding time.
Sampling methods
Samples were collected in April, July and October 2001, and February and June 2002. Four replicate
samples were taken from each pond. Zooplankton was sampled by placing a PVC tube of 20 cm diameter
through the water column down to the sediment. The water was stirred inside the pipe and taken out with a
jug from the sediments upwards. By using this method, the water column was constantly mixed during the
sampling procedure, ensuring complete sampling of the water column and extraction of all the water
present in the pipe. Water samples were ﬁltered through a 250-mm sieve. The depth of the water column was
measured to allow us to calculate the volume ﬁltered. Water depth at sampling points varied between 9 and
37 cm. Each sample was preserved with formalin and stored.
Qualitative and quantitative analysis of copepods
For the faunal analysis, copepods were sexed and staged at species level according to Brylinski (1981),
Einsle (1993) and Dussart (1967, 1969). Both adult and juvenile copepods of all copepod species were
counted, using a Sedgewick-Rafter chamber under a light microscope (magniﬁcation  100). To quantify
the number of individuals, the complete sample was counted, with the exception of two samples, which
contained more than 2000 individuals. These two samples were concentrated to 20 mL and three
subsamples of 1 mL each were counted. Throughout this paper, we present results for adult copepods.
Statistical analysis
In order to analyse variation in the composition of the copepod community, we calculated the relative
abundance of A. tonsa adults as a percentage of all copepod adults present. Arcsine-transformed
percentages were used as the dependent variable in a 2-way ANOVA. The main predictors were site (a ﬁxed
factor of ﬁve levels corresponding to diﬀerent ponds) and month of sampling (a ﬁxed factor of ﬁve levels).
We also analysed absolute abundance of A. tonsa in the same manner as described above (2-way ANOVA,
main eﬀects of site and month). Fisher LSD post hoc tests were used to establish signiﬁcant diﬀerences
between individual pairs of ponds or months. All statistical analyses were carried out with Statistica 6.0
(StatSoft, 2001).
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RESULTS
Six copepod species were identiﬁed in the ponds of Veta la Palma. The Calanoida were represented by
A. tonsa Dana 1848 and Calanipeda aquae-dulcis Kritschagin 1873, and the Cyclopoida by Halicyclops
magniceps (Lilljeborg 1853), Halicyclops neglectus Kiefer 1935, and Halicyclops rotundipes Kiefer 1935.
Harpacticoida were represented by Cletocamptus cf. retrogressus Shmankevich 1875.

Table 1. ANOVA of relative abundance (percentage of adults, arcsine-transformed)
of Acartia tonsa, testing for the main eﬀects of site and month and their interaction
df = degrees of freedom MS = mean square

Site
Month
Site n month
Error

df

MS

F

p

4
4
16
72

12.61
19.10
3.66
0.11

117.26
177.60
34.04

50.0001
50.0001
50.0001

Table 2. ANOVA of absolute densities of adult Acartia tonsa, testing the main eﬀects of site
and month and their interaction

Site
Month
Site n month
Error

df

MS

F

p

4
4
16
72

1411.94
1411.94
477.91
67.41

20.95
20.95
7.09

50.0001
50.0001
50.0001

1.0
0.8
0.6

Frequency of A. tonsa

0.4
0.2
0.0
(a)

Apr

Jul

Oct

Feb

June

A7

B7

D6

E3

E4

1.0
0.8
0.6
0.4
0.2
0.0
(b)

Figure 2. Relative abundance of adult Acartia tonsa in the Veta La Palma ponds. Graphs represent medians (line), and the 75th and
25th percentile (upper and lower part of the boxes, respectively). Error bars show maximum and minimum relative abundance.
(a) Seasonal relative abundance of A. tonsa (includes data from all ﬁve ponds). (b) Pond-speciﬁc density in the ﬁve ponds studied
(includes data from ﬁve sample dates)
Copyright # 2005 John Wiley & Sons, Ltd.
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The copepod assembly was dominated on all sample dates and at all ponds by the two calanoid copepods
(Figure 3), which jointly reached maximum densities of 734.2 Ind L1 in pond E4 on 5 June 2002.
Maxima of A. tonsa and C. aquae-dulcis were 59.5 Ind L1 (E4, 13 July 2001) and 709.9 Ind L1 (E4, 5
June 2002) respectively. Cyclopoid and harpacticoid copepods generally only contributed very small
numbers of individuals with usually less than 1 Ind L1. The maximum density of this group was
4.3 Ind L1 on 6 June 2002 in pond D6. A. tonsa, C. aquae-dulcis and H. magniceps were recorded in all
ﬁve ponds studied. H. neglectus, H. rotundipes and C. retrogressus were present in four, three and two
ponds respectively.

1000

Copepod density (1+Ind L-1)

Acartia tonsa
Calanipeda aquae-dulcis
others

(a)

100

10

1

Apr

Jul

Oct

Feb

June

A7

B7

D6

E3

E4

Copepod density (1+Ind L-1)

1000

(b)

100

10

1

Figure 3. Density of adult copepods in the Veta La Palma ponds. Acartia tonsa and Calanipeda aquae-dulcis are shown separately.
‘Others’ is the sum of three cyclopoids Halicyclops neglectus, Halicyclops rotundipes and Halicyclops magniceps and the harpacticoid
Cletocamptus retrogressus. Graphs represent medians (line), and the 75th and 25th percentile (upper and lower part of the boxes,
respectively). To permit logarithmic scaling of the y-axis, 1 was added to all densities. Error bars show maximum and minimum
densities. (a) Seasonal density of copepods pooled for ﬁve ponds. (b) Pond-speciﬁc density in the ﬁve ponds pooled for ﬁve months
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Figure 4. Average adult densities of ﬁve Acartia tonsa and Calanipeda aquae-dulcis populations (circles and triangles, respectively) in
Veta la Palma in relation to mean monthly air temperature during the study period. The data points were ﬁtted with the polynomial
equations y ¼ �69:74 þ 9:22 n x � 0:26 n x2 (unbroken line, A. tonsa) and y ¼ 33:86 � 6:03 n x þ 0:27 n x2 (dotted line, C. aquae-dulcis)

A. tonsa was present in all sample months in each pond. However, there were major seasonal ﬂuctuations
of the copepod community, with absolute and relative abundance of A. tonsa diﬀering signiﬁcantly between
months (Tables 1 and 2). In the cooler seasons, the copepod community was dominated by A. tonsa,
whereas in the summer months (June, July) the dominant species was C. aquae-dulcis (Figures 2(a) and
3(a)). The relative abundance (Figure 2(a)) of A. tonsa was signiﬁcantly lower in June and July than in any
of the other months (p50:0001, Fisher LSD post hoc tests). The plot of absolute abundance against air
temperature (Figure 4) illustrates highest abundance of A. tonsa at temperatures between 14 and 208C,
while abundance was lower when temperatures were higher or lower. This relation with temperature is
reﬂected in the eﬀect of month on absolute abundance of A. tonsa, which in April and October was
signiﬁcantly higher than in July and February (Fisher LSD post hoc tests, p50:005).
In addition to seasonal variation, there was also a spatial eﬀect on community composition and on
population size of A. tonsa. Both relative and absolute abundance of this species diﬀered signiﬁcantly
among the ﬁve ponds studied (Tables 1 and 2). In three ponds (B7, E3 and E4) the median proportion of
A. tonsa was much higher, lying between 0.85 and 0.96 (Figure 2(b)). However, post hoc tests showed that
the diﬀerences between ponds were only signiﬁcant for all pairs that included pond E4, in which both
relative ð0:04 > p50:001Þ and absolute ð0:02 > p50:001Þ abundance of A. tonsa were highest.

DISCUSSION
The copepod fauna of the Veta la Palma wetlands is exclusively represented by species typical of brackish or
estuarine waters. Species of the cyclopoid genus Halicyclops are frequently found in coastal marine habitats
and estuaries or in brackish inland habitats (Dussart, 1969; Heip, 1975; Rocha et al., 1998). Likewise, the
harpacticoid C. retrogressus is typical of salt marshes and is common in salt lake and salt work communities
in Spain and other parts of the Mediterranean region (Dussart, 1967; Alonso, 1990; Williams, 1998).
Copyright # 2005 John Wiley & Sons, Ltd.
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C. aquae-dulcis has been recorded in European estuaries (Vieira et al., 2003) and Mediterranean salt
marshes (Quintana et al., 1998; Turki and El Abed, 1999; Brucet, 2003). It was found to have moved from
marine habitats into freshwater reservoirs in the Ponto-Caspian region (Grigorovich et al., 2002).
This is the ﬁrst record of A. tonsa in European ponds or marshes to date. A. tonsa originated from coastal
waters of North and South America where it mainly occurs in estuaries and shallow nearshore marine
habitats (Mallin, 1991; Caudill and Bucklin, 2004). This species was ﬁrst recorded in Europe in the early
twentieth century (Remy, 1927) and has since invaded estuaries and coastal marine waters throughout
Europe (Brylinski, 1981; Cervetto et al., 1999; Vincent et al., 2002; Castro-Longoria, 2003; Pastorinho
et al., 2003; Vieira et al., 2003; Tackx et al., 2004). The closest locality where A. tonsa was previously
reported is the Tagus estuary (Sobral, 1985), about 350 km away on the western coast of Portugal. A. tonsa
has been present in the Guadalquivir estuary at least since 1998 (J.A. Cuesta and P. Drake, pers. comm.). It
is very possible that the invasion of the Guadalquivir estuary preceded 1998, as A. tonsa was already present
in samples collected in Veta la Palma in 1994 (J.A. Cuesta, unpublished data). The Veta la Palma ponds are
directly fed by water from the Guadalquivir estuary, which is certain to be the mode of invasion for A. tonsa
in this site.
The overall dominance of calanoid copepods over cyclopoids and harpacticoids in the zooplankton of
the Veta la Palma ponds is similar to the situation in brackish ponds in El Hondo in south-east Spain
(Armengol-Diaz et al., 2002). However, the copepod species diversity at Veta la Palma is low, and
cladocerans were missing in the ponds studied, possibly related to the impact of the A. tonsa invasion. If
A. tonsa was absent from this site, it is inevitable that other ﬁlter-feeding zooplankton, e.g. cladocerans,
would take its place, especially between October and April. The zooplankton community of the Veta la
Palma wetlands is dominated by A. tonsa in the cooler season. The seasonal pattern of A. tonsa with its
main abundance between October and April parallels ﬁndings in other south European estuaries
(Pastorinho et al., 2003; Vieira et al., 2003). However, the seasonal pattern displayed by C. aquae-dulcis in
the Veta la Palma study ponds appears to be unusual. Here, C. aquae-dulcis dominated the copepod
community in the summer months when average monthly air temperatures were above 228C, but had low
abundance or was absent from the ponds during the colder months. It has been described as eurytherm,
tolerating temperatures between 3 and 308C (Dussart, 1969; Einsle, 1993), but usually with a preference for
cooler temperatures. In El Hondo, south-west Spain, this species was present mainly during the winter
months (Armengol-Diaz et al., 2002). Its main reproductive period has been reported as March and April
(Dussart, 1969). At Veta la Palma, C. aquae-dulcis appears to have a diﬀerent phenology, probably owing
to the invasion by A. tonsa, and to have a competitive advantage over A. tonsa only during the summer
months.
With respect to spatial distribution, there were diﬀerences in the relative and absolute abundance of
A. tonsa. Since measurements of physicochemical variables are not available for the ponds studied, it is
diﬃcult to relate pond speciﬁc environmental conditions to community composition. However, as the
ponds are managed for commercial culturing of ﬁsh, an eﬀort is made by the pond management to create
similar conditions, constantly exchanging water between the ponds by active pumping. Diﬀerences in water
chemistry are therefore unlikely to have caused diﬀerences in species composition. Likewise, pond age did
not seem important, since ponds of the same age (e.g. E3 and E4) diﬀered in copepod composition.
Stochastic factors appear to produce important diﬀerences in the structure of zooplankton communities
between ponds (Jenkins and Buikema, 1998) and our results may have been related to diﬀerences between
ponds in ﬁsh stocks and waterfowl use.
The exotic species A. tonsa has successfully invaded the Veta la Palma wetlands in Doñana Natural Park,
evidently via the estuary. The dominance of this exotic species in Veta La Palma and its mode of invasion
raises concern for the native copepod fauna in the brackish marshes in the southern part of the National
Park. These natural marshes support a species-rich copepod community including copepods endemic to this
area (Furest and Toja, 1981; Fahd et al., 2000). Although these marshes originally had an extensive
Copyright # 2005 John Wiley & Sons, Ltd.
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hydrological connectivity with the river estuary, they are now isolated by a dyke constructed in 1984
(Figure 1), which has had the eﬀect of increasing the volume of water that can be stored in the natural
marshes during the winter. Under a restoration plan designed to restore the hydrology of the system, there
is now a proposal to remove this dyke (Saura et al., 2001). This would lead to regular ﬂooding of the
southern part of the marshes from the estuary, providing A. tonsa with a clear invasion route into the
marshes. Although most of the natural marshes have lower salinities than the Veta la Palma ponds, a future
invasion by A. tonsa into other areas of Doñana is possible as it is able to survive salinities down to 1 psu
(Cervetto et al., 1999). We suggest that research on the invasion biology of A. tonsa and of its eﬀects on the
native copepod community is urgently required before a ﬁnal decision is made to remove the dyke.
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Castroviejo J. 1993. Mapa del Parque Nacional de Doñana. Consejo Superior de Investigaciones Cientı́ﬁcas y Agencia
de Medio Ambiente de la Junta de Andalucı́a, Madrid.
Caudill CC, Bucklin A. 2004. Molecular phylogeography and evolutionary history of the estuarine copepod, Acartia
tonsa, on the Northwest Atlantic coast. Hydrobiologia 511: 91–102.
Cervetto G, Gaudy R, Pagano M. 1999. Inﬂuence of salinity on the distribution of Acartia tonsa (Copepoda,
Calanoida). Journal of Experimental Marine Biology and Ecology 239: 33–45.
Cuesta JA, Serrano L, Bravo MR, Toja J. 1996. Four new crustaceans in the Guadalquivir River estuary (SW Spain),
including an introduced species. Limne´tica 12: 41–45.
Dussart B. 1967. Les Cope´podes des Eaux Continentales d ’Europe Occidentale. Vol. I: Calanoı¨des et Harpacticoı¨des.
N. Boubee: Paris.
Dussart B. 1969. Les Cope´podes des Eaux Continentales d’Europe Occidentale. Vol. II: Cyclopoı¨des et Biologie.
N. Boubée: Paris.
Einsle U. 1993. Crustacea: Copepoda: Calanoida und Cyclopoida. Gustav Fischer Verlag: Stuttgart.
Euliss NH, Jarvis RL, Gilmer DS. 1997. Relationship between waterfowl nutrition and condition on agricultural
drainwater ponds in the tulare basin, California: waterfowl body composition. Wetlands 17: 106–115.
Fahd K, Serrano L, Toja J. 2000. Crustacean and rotifer composition of temporary ponds in the Donana National Park
(SE Spain) during ﬂoods. Hydrobiologia 436: 41–49.
Figuerola J, Green AJ. 2004. Eﬀects of seed ingestion and herbivory by waterfowl on seedling establishment: a ﬁeld
experiment with wigeongrass Ruppia maritima in Doñana, south-west Spain. Plant Ecology 173: 33–38.
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