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ABSTRACT. Species richness and geographical distribution of Cyclopoida freshwater copepods were analyzed along the

“La Plata” River basin. Ninety-six samples were taken from 24 sampling sites, twelve sites for zooplankton in open

waters and twelve sites for zooplankton within macrophyte stands, including reservoirs and lotic stretches. There were,

on average, three species per sample in the plankton compared to five per sample in macrophytes. Six species were

exclusive to the plankton, 10 to macrophyte stands, and 17 were common to both. Only one species was found in

similar proportions in plankton and macrophytes, while five species were widely found in plankton, and thirteen in

macrophytes. The distinction between species from open water zooplankton and macrophytes was supported by non-

metric multidimensional analysis. There was no distinct pattern of endemicity within the basin, and double sampling

contributes to this result. This lack of sub-regional faunal differentiation is in accordance with other studies that have

shown that cyclopoids generally have wide geographical distribution in the Neotropics and that some species there are

cosmopolitan. This contrasts with other freshwater copepods such as Calanoida and some Harpacticoida. We conclude

that sampling plankton and macrophytes together provided a more accurate estimate of the richness and geographical

distribution of these organisms than sampling in either one of those zones alone.
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Freshwater copepods are a link in the trophic web, con-
necting producers to consumers (PerBICHE-NEVES et al. 2007);
they inhabit lakes, rivers, pools, caves, humid rocks, etc.
(BoxsHaLL & Derave 2008), where it is easy to find free living
copepods of the order Cyclopoida.

In large spatial scales, cyclopoids are less endemic than
other copepods, for instance diaptomids. Many cyclopoid spe-
cies in Mesocyclops, Metacyclops, Eucyclops, etc. are widely dis-
tributed in the Neotropical region and in the world (Reip 1985,
Siva 2008). However, there are exceptions to this rule, for in-
stance species of Thermocyclops (Reip 1989), which occur in the
South hemisphere, and differ between the Afrotropical and
Neotropical biogeographical regions. In contrast to the pat-
terns of distribution of cyclopoids in large bio geographical
areas, there are no clear patterns in the spatial distribution of
these organisms among river basins in South America, as ob-
served for diaptomids (SuArez-MoraLes et al. 2005). The low
endemism of cyclopoids can be in part explained by their effi-
cient dispersion (e.g., by birds, fishes, humans) and their re-
cent colonization of many parts of the world (BoxsHALL & JAUME
2000, SuArez-MorALEs et al. 2004). Comparing among the main

rivers of the La Plata Basin, the composition of cyclopoid spe-
cies is similar (PacGr & Jost DE PacGr 1990, Lansac-ToHA et al.
2002).

Cyclopoid copepods of inland waters are more diverse
than in the littoral, which can be colonized by aquatic macro-
phytes. For example, two studies sampling the two types of
habitats, open water and macrophyte stands have documented
this trend for lakes in Brazil (Lansac-ToHa et al. 2002, Maia-
Barsosa et al. 2008). The habitat complexity provided by aquatic
macrophytes (Genkal-Kato 2007, Lucina-Mova & DuGaan 2011)
also allow several species to be more abundant in them
(GERALDES & Boavipa 2004).

Most of zooplankton horizontal migration between lim-
netic zones and macrophyte stands in lentic environments can
be attributed to predation pressure by planktivorous fish
(GeNnkal-Karo 2007, FaNTIN-CRuz et al. 2008). Lower richness of
cyclopoid species tends to be found in limnetic waters, where
generally few abundant species dominate. Clear tendencies in
some ecological attributes can be observed for copepods and
other crustaceans in reservoirs (Siva & Matsumura-Tunpist 2002,
Nogutrra et al. 2008).
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There are no comparative studies of copepod richness
between habitats in large geographical scales, only in lotic
stretches or in lakes (Lansac-ToHA et al. 2002, Maia-Barsosa et al.
2008). This study is the first to compare copepod species rich-
ness in a large hydrographic basin, the fourth largest in the
world. We simultaneously sampled plankton and macrophyte
stands in rivers and reservoirs. Based on references, we tested
the alternative hypotheses that in limnetic zones there is greater
richness of species in macrophytes than in zooplankton. Addi-
tionally, we tried to pinpoint particular species in each kind of
habitat, and to ascertain how sampling effort can determine
the species that are found.

MATERIAL AND METHODS

The “La Plata” River basin crosses Argentina, Brazil, Bo-
livia, Paraguay and Uruguay. Samples were taken in the sum-
mer (from January to March 2010) and in the winter (from
June to July 2010), periods that have different mean tempera-
tures and precipitation. It was established that a minimum of
two sampling trips were necessary to estimate richness. Alto-
gether 24 sites were sampled, which included 12 reservoirs in
the high Parand and Uruguay rivers (because they are domi-
nant in this stretch), and 12 lotic stretches (in Paraguay, middle
and low Parana and Uruguay rivers (Fig. 1).

The main rivers of the La Plata” River are the Parana, Para-
guay and Uruguay rivers. In each river, we chose sampling sites
that were deemed representative of three stretches of the river:
high, middle and low. In the main river of the basin, the Parana
River, we sampled the first reservoir (Ilha Solteira Reservoir) af-
ter it had been built. We also sampled one more reservoir (Itaipu
Reservoir) at the end of the high stretch (680 km apart from
each other), and another reservoir at the end of the Parana River
in the beginning of the middle stretch (1,000 away from the
first sampling site). After this last reservoir (Yacyreta Reservoir),
at the middle stretch of the river, there was a long lotic stretch,
where we sampled six sites, each being approximately 250 km
apart from the other, until we reached the mouth of the “La
Plata” River, between Buenos Aires and Uruguay.

Beyond the three main rivers of the “La Plata” basin
(Parana, Paraguay and Uruguay), we sampled five main tribu-
tary rivers of the Parand River (Grande, Paranaiba, Tiete,
Paranapanema, and Iguacu rivers), because collectively they
amount to a large area of the basin in the high stretch. All tribu-
taries are totally dammed, with a long cascade formed by a se-
ries of reservoirs. In each tributary river, we sampled the first
and the last large reservoir. In general, the first reservoir of these
tributaries has a dendritic shape, a large area (more than 200
km?), is deep and has high volume and high water retention
time, functioning as a regulator for the downstream reservoir
series (AgostiNHO et al. 2007, Nocutra et al. 2012). In the Uru-
guay River, many large reservoirs have been constructed, espe-
cially in the high stretch, but there is an old reservoir in the low
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Figure 1. Sampling site map of zooplankton and macrophytes in
La Plata river basin, divided in reservoirs (the first and the last in
each regulated river), and free-damming lotic stretches. There are
codes for abbreviation of the name of reservoirs, as also for high
(H), middle (M) and low (L) stretches in lotic environments stud-
ied. Water retention time (WRT) and water flow data are given.

stretch. We sampled two reservoirs (the first and the last reser-
voirs in this river), and three sites in lotic stretches (two in the
middle stretch, 260 km away from each other), and one in the
low stretch, 5 km from the delta of Parana River.

In the Paraguay River there are no reservoirs, only lotic
stretches. Thus, the high, middle (250 km apart) and low
stretches (650 km below the middle station) were sampled in
the main channel. In each sampling site, we obtained zoop-
lankton samples from open waters (limnetic region) and also
zooplankton samples within macrophyte stands. In total,
ninety-six samples were obtained.

As far as zooplankton are concerned, the sampling was
obtained from the main river channels and from upstream zones
of the reservoir, all of these with water retention time (WRT)
longer than 15 days (see AcostiNHO et al. 2007, ZALOCAR DE
Dowmrrrovic et al. 2007, Borrovskoy et al. 2013), which is consid-
ered as the lower time threshold for the development of a cope-
pod life cycle (RietzLer et al. 2002). The approximate WRT of
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each reservoir is indicated in Fig. 1, to highlight differences be-
tween storage reservoirs and run-of-river or intermediate reser-
voirs. Water flow values in lotic sites are also shown in Fig. 1.

Zooplankton samples were taken by vertical hauls through
water column (from close to the bottom to the surface) at each
station. Values of water filtered varied between 706 L and 2,826
L, and the average value was 1,766 L. Conical plankton nets,
0.30 m mouth diameter per 0.90m side length, and 68 im mesh
size, were used after being modified with a mouth reducing cone
(TranTER & SMmITH 1979), a kind of anti-reflux bulkhead with an-
other 0.50 m diameter circle. In deeper stations the vertical hauls
were extended to a depth of 40m. In rivers, vertical hauls were
taken from a drifting boat in order to ensure that the hauls were
not excessively oblique. The volume of water filtered was esti-
mated by the cylinder volume formula, using: pi * radius of the
mouth net® * the length of the haul.

For samples obtained inside macrophyte stands, organ-
isms were sampled with conical plankton nets of 68 im of mesh
size, adapted with a 2 m drive cable of aluminum and with a
steel screen to avoid excessive macrophyte intake. This net was
passed between and alongside the macrophyte banks at stan-
dardized time of five minutes to obtain good amount of quali-
tative material.

Samples were fixed with 4% formalin solution. In the
laboratory, they were analysed in their totality. Male and fe-
male copepods were identified to species. Copepods were ex-
amined under stereo- and compound microscopes, and
identified using specialized taxonomic references (Remp 1985,
EinsLE 1996, RocHA 1998, KarayTuG 1999, ALikseev 2002, Urpa &
Remp 2003, Siva & Marsumura-Tunpist 2005). Species richness
was considered according to the number of species, in the most
robust way as possible. The samples obtained in this study are
deposited in the “Collection of microcrustaceans of continen-
tal waters” of “Universidade Estadual Paulista” (in Botucatu,
Brazil). Vouchers are also deposited in at the Museu de Zoologia
da Universidade de Sao Paulo MZUSP) (e.g., Macrocyclops albidus
(Jurine, 1820) (MZUSP30601), Eucyclops neumani (Pesta, 1927)
(MZUSP30602), and Microcyclops ceibaensis (Marsh, 1919)
(MZUSP30603).

The non-parametric Man Whitney U test (for non-para-
metric data) was used to compare species richness between
zooplankton and macrophytes stand. We used R Cran Project
(R DeveLopmeNT Core Team 2012) for this test.

A non-metric multidimensional scaling (NMDS) analy-
sis using Bray-Curtis dissimilarity was applied for spatial ordi-
nation of the data, aiming to verify differences among sampling
sites, and taking the species into consideration. We used the
Vegan and Mass packages for software R Cran Project (R DeveL-
opPMENT Cort Team 2012), according to Oksanen (2013). The it-
erative search was carried out using the “meta MDS” function,
by several random starts, and selecting among similar solu-
tions with the smallest stresses. For scaling we used centering,
PC rotation and half change scaling.

RESULTS

We identified 32 species of cyclopoid copepods (Table I),
23 of which were found in zooplankton and 26 in macrophytes.
Six species were exclusive to plankton, 10 to macrophyte stands,
and 17 were common to both. Only Mesocyclops meridianus
(Kiefer, 1926) was found in similar proportions in plankton (50%
from total samples) and in macrophytes (54%), while five spe-
cies (e.g., Thermocyclops) were widely found in plankton, and
thirteen (e.g., Microcyclops and Eucyclops) in macrophytes.

Table I. List of cyclopoid species with respective abbreviations (Ab)
for NMDS, and number of occurrences in sampling sites at
plankton (P) of limnetic zones (from a total of 24 sites) and within
macrophytes stands (M) samples (from a total of 24 sites). In bold
occurrences only in plankton or macrophytes.

Cyclopoida Ab. P M
Acanthocyclops robustus (Sars, 1863) Arob 4 6
Ectocyclops herbsti Dussart, 1984 Eher 0o 1
Ectocyclops rubescens Brady, 1904 Erub 1
Eucyclops elegans (Herrick, 1884) Eele 1
Eucyclops ensifer Kiefer, 1936 Eens 1 0
Eucyclops serrulatus (Fischer, 1851) Eser 0o 10
Eucyclops solitarius Herbst, 1959 Esol 1 0
Eucyclops prionophorus Kiefer, 1931 Epri 0o M
Eucyclops leptacanthus Kiefer, 1956 Elep 0 4
Eucyclops neumani (Pesta, 1927) Eneu 0 6
Homocyclops ater (Herrick, 1882) Hat 0 3
Macrocyclops albidus (Jurine, 1820) Malb 4 14
Megacyclops viridis (Jurine, 1820) Muvir 0 1
Mesocyclops aspericornis (Daday, 1906) Masp 1 2
Mesocyclops ellipticus Kiefer, 1936 Mell 1 0
Mesocyclops longisetus curvatus Dussart, 1987 Mloc 1 10
Mesocyclops longisetus longisetus (Thiébaud, 1912) Miol 1 0
Mesocyclops meridianus (Kiefer, 1926) Mmer 12 13
Mesocyclops ogunnus Onabamiro, 1957 Mogu 6 3
Metacyclops laticornis (Lowndes, 1934) Mlat 3 0
Metacyclops leptopus (Kiefer, 1927) Mlep 0 1
Metacyclops mendocinus (Wierzejski, 1892) Mmen 1 2
Microcyclops anceps anceps (Richard, 1897) Manc 8 20
Microcyclops ceibaensis (Marsh, 1919) Mcei 3 7
Microcyclops finitimus Dussart, 1984 Mfin 2 15
Microcyclops mediasetosus Dussart & Frutos, 1985 Mmed 8 10
Paracyclops chiltoni (Thomson, 1883) Pchil 4 6
Thermocyclops decipiens (Kiefer, 1929) Tdec 23 3
Thermocyclops inversus Kiefer, 1936 Tinv 1 0
Thermocyclops minutus (Lowndes, 1934) Tmin 16 1
Tropocyclops prasinus meridionalis (Kiefer, 1931) Tpram 2 1

Tropocyclops prasinus prasinus (Fischer, 1860) Tprap 0 1
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In general, higher median value of species richness was
found in macrophyte than in plankton samples (Fig. 2), with a
significant difference. For zooplankton in the summer we found
a mean + standard-deviation of 2.75 + 1.03 species and 3.12 +
1.74 species. For macrophytes, we found 5.08 + 1.62 species in
the summer and 5.41 + 2.20 species per sample.

12r O Median [ 25-75% T Min-Max

Richness
(2]

U=366.50 p=0.00

Limnetic region Within macrophytes
Figure 2. Median = minimum maximum values of species richness

between zooplankton and macrophytes samples.

After 20 attempts we found two convergent solutions
for NMDS. This analysis (Fig. 3) classified the kind of habitat
sample in basically three groups: zooplankton, macrophytes,
and a median line where zooplankton and macrophyte samples
were located close to each other, supporting the result shown
in Table I. Geographical distribution was strongly affected by
the habitat sampled. There was no clear spatial pattern of en-
demicity for cyclopoid species within the La Plata basin.
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Figure 3. NMDS analysis for ordination of sampling stations and
cyclopoid species in our study. See three groups of sampling sites
and species: zooplankton, macrophytes and a median group where
species occurred were found in zooplankton and macrophytes.
For codes of species see Table I.
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DISCUSSION

Our results were similar to those obtained by Maia-Barsosa
et al. (2008), which found major richness of zooplanktonic
species in places with aquatic macrophytes, pointing to the
heterogeneity of habitats as the responsible factor. Thus, the
hypothesis tested in our study was corroborated. The model of
Genkal-Kato (2007) supports this statement, pointing out mac-
rophyte areas as a refuge for zooplankton species to avoid pre-
dation of planktivorous fish.

The greatest number of exclusive species was found in
macrophytes. Our results show that some genera, as Eucyclops
and Ectocyclops are more frequent in macrophytes than in zoop-
lankton, where Thermocyclops is common. This result agrees
with Lansac-Tona et al. (2002) and Maia-Barsosa et al. (2008).
Lansac-Tona et al. (2002) found 12 species of cyclopoids in the
flood plain of the upper Parand River in aquatic macrophytes.
Of these species, a few were in plankton, being found more
frequently and sometimes exclusively in macrophytes, similar
to the findings of Maia-Barsosa et al. (2008). These authors
found13 species of cyclopoid copepods in litoranean regions
with aquatic macrophytes in Lake Dom Helvécio (State of Minas
Gerais, Brazil), but only 7 of these were found in areas without
macrophytes.

We did not find any clear pattern of geographical distri-
bution for the cyclopoid species of our study. Many species are
well distributed and some of them are cosmopolitan (Uepa &
Rem 2003, BoxsHALL & Derave 2008). According to SELDEN et al.
(2010) the recent evolution of the order Cyclopoida in the
Neogene (+ 15 M.A.) is another possible factor for its wide dis-
tribution. The results for Cyclopoida contrasts with the results
of other freshwater copepods such as diaptomids and some
harpacticoids, according to the literature.

In our results, the most widely distributed species were
Ectocyclops herbsti Dussart, 1984, Eucyclops serrulatus (Fischer,
1851), Macrocyclops albidus (Jurine, 1820), Microcyclops anceps
(Richard, 1897), Microcyclops finitimus Dussart, 1984,
Microcyclops ceibaensis (Marsh, 1919), Thermocyclops decipiens
(Kiefer, 1929), Thermocyclops minutus (Lowndes, 1934), and
Thermocyclops inversus Kiefer, 1936. It is important to highlight
that some species, for instance Mesocyclops aspericornis (Daday,
1906) and Mesocyclops ogunnus Onabamiro, 1957, are invasive
from Africa (Uepa & Remp 2003).The species cited above are
widely distributed in the Neotropical Region (Reib 1985). The
most common species, in addition to those that occur in both
environments sampled, are adapted to different ecosystems.
This contrasts with species that are from litoranean zones or
macrophyte stands. Examples are Homocyclops ater (Herrick,
1882) and E. herbsti.

Compared to other studies in the La Plata basin (e.g.,
Pacr & Jost DE Pacar 1990, Lansac-ToHa et al. 2002, Siva &
Matsumura-Tunpist 2002, NoGutira et al. 2008), the number of
species found in this study is considerably high, and this was
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attributed to the combination of sampling in a large area and
in two types of habitat (plankton and macrophytes), allowing
the capture of exclusive species from specific habitats. Our rich-
ness of cyclopoids is also high if compared with other basins
in the world (Tasu 1971, KosavasHi et al. 1998).

The geographical distribution of cyclopoid copepods was
highly influenced by the type of habitat sampled, as shown by
the NMDS. This result confirms that some species are almost
restricted to open waters or to macrophytes stands. Other spe-
cies are common in several kinds of habitats, or can be found
accidently in them, when removed by the water flow, for ex-
ample. For a more accurate estimate of the diversity of these
copepods it is necessary to sample at least two kinds of habi-
tats, open waters and macrophyte stands.
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