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Passive zooplankton community in dry littoral
sediment: Reservoir of diversity and potential source of
dispersal in a subtropical floodplain lake of the Middle
Paraná River (Santa Fe, Argentina)
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During the low water or contraction phase, the Parana floodplain lakes show a marginal area
with the littoral sediments exposed to the air. They were studied as “resting stage bank” and
potential zooplankton diversity storage as well as a source of propagules for exozoochoric
dispersal by terrestrial and semiaquatic vectors, mainly birds. The aims of the study were
to analyze (i) specific composition of the zooplankton hatchling assemblage, (ii) time
and hatching pattern of each species, (iii) similarities and differences between hatchlings
and active assemblages, (iv) assessment of the habitat membership (limnetic/littoral) of
hatched species. Sediment samples were taken from three sites of a representative floodplain
lake of Paraná River and hatching experiments were conducted under laboratory conditions
at 25°C for 90 days. Twenty-seven species of rotifers and four of cladocerans hatched in the
laboratory. Hatchlings (7097 specimens) were recorded (92.4% rotifers, 7.6% cladocerans).
The number of hatched species increased significantly from day 4 to day 30, showing
oscillating trends and then began to decrease until day 90. Thirty percent of hatched species
were unrecorded for the lake, and 12% species were new records for Argentina. Seventy-
seven percent of the hatched species were littoral in habit.
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1 Introduction

Zooplankton populations of continental waters produce
diapausing stages as an adaptative mechanism that
allows them to survive in adverse conditions of aquatic
environments [1, 2]. The accumulation of these resting
stages in the sediment of lakes produces the so-called
“egg banks” which can remain viable for many years [3–6].

The structure and hatching dynamics of resting eggs in
the sediment would be determined by life history of the

species, hatching phenology, habitat, and microhabitat
characteristics [2]. Moreover, timing and amount of egg
production can be related to loss by senescence rate,
predation, disease, and dispersal [7].

These dormant propagules not only allow the permanence
in time of different species of rotifers, copepods, and
cladocerans in the same aquatic body, but they also represent
an efficient dispersal mechanism. The wall structure of
diapausing eggs enables them to withstand extreme physical
conditions [8], to persist in lake sediments over several
years [9] or to be transported by different dispersal vectors,
water, wind, anthropogenic activities, and animals [10–13].
Probably one of the most important dispersal mechanisms is
exozoochory, which is carried out mainly by birds transporting
resting stages attached to the feathers, legs, and feet [14].

River floodplains are very dynamic systems in which the
degree of hydrological connectivity between their structural
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components depends upon the seasonal changes in the
level of water [15]. Zooplankton communities of the lotic
and lentic components of these complex hydrological
systems are connected by dispersal to form metacom-
munities. As ecological systems, river floodplains have a
characteristic functional feature, which is the flood pulse or
expansion–contraction cycle [16]. According to the Flood
Pulse Concept [17], dispersal of organisms would occur
during the high-water period with the expansion of the river
network, when the main channel is well connected with the
floodplain. During the low-water phase (contraction phase)
as the water recedes, the areas of the floodplain called the
aquatic/terrestrial transition zone (ATTZ) become unsub-
merged so that soil and sediment remain partially dried or
muddy, important repositories of resting eggs produced
during the aquatic phase [18]. The marginal areas of the
lakes are frequented by a number of terrestrial vertebrates,
mainly birds, which walk and collect their food from the
ground. Birds belonging to the “walkers” ecological
guild [19] are frequent and abundant in the floodplains of
South American rivers. In the Parana River during low
waters, they constitute about 38% of total birds [20].
Therefore, egg banks in the wet and dry sediments of the
shores frequented by birds represent a reservoir of
zooplankton species that can potentially serve for the
colonization of new habitats via transport in feet or feathers.

The analysis of the composition of egg banks from
zooplankton has proved to be an important tool for
biodiversity studies [21] because it is a complement for
water column composition studies, due to in most cases,
the comparison of active and inactive phase composition
reveals that the species do not overlap completely [22].

The shallow lakes on floodplain of the Paraná River are
a great reservoir of zooplankton diversity [23]. However,
their richness has been evaluated only through the
analysis of water column populations. In this study, we
try to assess, from hatchlings, the egg bank richness of dry
littoral sediments for the first time in these freshwater

habitats, as zooplankton diversity storage and potential
source of propagules available for dispersion by external
vectors, especially waterfowl. The aims of the study were
to analyze (i) specific composition of the zooplankton
hatchling assemblage, (ii) time and hatching pattern of
each species, (iii) similarities and differences between
hatchlings and active assemblages, (iv) assessment of the
habitat membership (limnetic/littoral) of hatched species.

2 Methods

2.1 Study site

The freshwater habitat studied is located in the Ecological
Reserve of the University Campus, Santa Fe, Argentina
(31°370S, 60°410W), characterized by a rich fauna of birds,
of which 164 species have been recorded [24]. It is a
permanent floodplain lake (Paraná River basin) of 12
hectares and a maximum depth of 1.70m. In periods of
flooding, it first receives groundwater inputs, and later the
indirect inputs from the Paraná River through nearby water
bodies. Duration of flooding in the Paraná River system is
highly fluctuating, in our study the high water period began
in November 2009 and lasted until June 2010. The range of
river hydrometric level was about 5m. During the low water
period, a littoral fringe (area of 970m2) without vegetation
located at the southern part of the lake remains with the
bottom sediments exposed to the air (Fig. 1).

The littoral area of the lake supports a moderate to
poor cover of aquatic plants, composed primarily by the
emergent Panicum elephantipes Nees and Cyperus
alternifolius Linn., and small mats of the free-floating plant
Eichhornia crassipes (Mart.) Solms. The main physico-
chemical characteristics of the water are the following:
Secchi disk 0.12–0.70m, pH 6.89–9.75, conductivity
245–1584mS/cm; this lake is considered eutrophic
because of its nutrients contents and phytoplankton

Figure 1. Location of stud-
ied lake in the floodplain of
the Middle Parana River,
Santa Fe, Argentina.
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abundance [[25] and Frau et al. unpublished]. Previous
studies recorded dominance of rotifers in the zooplankton
assemblage of the lake and the presence of abundant
small fish species (<70mm), mainly Characidae [25].

2.2 Sediment sampling and incubation
experiment design

To assess the hatching of the zooplankton resting stages,
we used the emergence assessment method ex situ, that
provide an estimation of the number of animals contribut-
ing to population recruitment from the egg bank in the
sediment [1, 22].

Sediment samples were collected during the summer
2011 from the exposed surface sediment (<10 cm deep) at
3 equidistant points on the shore of the lake along a
transect (50m long approximately) parallel to the shore-
line. The collections were then composited and thoroughly
mixed and dried at 21°C for 48 h. Afterwards, they were
stored in the dark at 4°C for 7 months [21]. After storage in
the refrigerator, the sediments were exposed to room
temperature for 3 h. A total of 15 subsamples (20 g each)
were incubated in plastic trays, (165 cm2 of surface, each
tray), covered by 2–3 cm of sterile water (filtered from the
lake, with a 20mm mesh and brought to boil). Trays were
placed in an incubator at 25°C with a dark:light photoperiod
of 8:16 h. We controlled for hatchlings at 3 days-intervals
for 90 days. The supernatant water of the all trays was
filtered using a 20mm mesh and mixed in a single sample
fixed in 10% formalin.

The storage temperature was determined considering
that the winters in the region have very low temperatures
(the minimum monthly the last 30 years varied between
3.7 and 10.3°C, data from CIM, Universidad Nacional del
Litoral, the timing experience was of 90 days, Chitapum
et al. [26] observed that no additional species were found
to hatch after 3 months, besides the warm period in
the region lasts more than 3 months. The emergence
experiment temperature was selected because during
the warm season temperatures in the region are very high
(monthly averages of the last 30 years from December to
March, varied between 23.1 and 29°C).

The samples were stained with erythrosine and
observed under an optical Nikon Eclipse (E100) micro-
scope. Analyses of abundance and richness of hatchlings
were carried out on a 1mL Kolkwitz chamber. Taxonomic
determinations were made using keys of different
authors [27–32].

2.3 Water column sampling

The zooplankton was sampled fortnightly between De-
cember 2009 and November 2010 at three sites (two
littoral and one limnetic) of the lake. In order to collect an

integrated zooplankton sample through the water column
of the lake, two or three samples were taken at different
depths, with a Schindler-Patalas trap of 30 L capacity,
equipped with a 50mm mesh, and pooled in a composite
sample per station. Analyses of abundance, richness and
taxonomic determinations were carried out with the same
methodology as in dry littoral sediments.

2.4 Data analysis

Taking into account the dominant patterns of hatching, and
to make their descriptions easier, the experimental time
was divided into four periods, early (E: days 1–21), middle
early (ME: days 22–46), middle late (ML: days 47–67) and
late (L: days 68–90). The index for timing of hatching (ITH),
was calculated according the formula given by Vandeker-
khove et al. [33], adapted to our case. Beta diversity was
estimated [34] and the similarity between taxonomic
composition of the hatchling and active community
assemblage was calculated using the Jaccard index [34].
Discrimination between limnetic and littoral species was
done according to Shiel et al. [35] and our own experience
on the regional fauna. The data analyses were performed
with software PAST [36].

3 Results

3.1 Composition and abundance

A total of 31 taxa, 26 Rotifera Monogononta, 1 Rotifera
Bdelloidea (indeterminated) and 4 Cladocerans hatched.
Rotifers were represented by Lecane (8 spp.), Cepha-
lodella (4 spp.), Brachionus (3 spp.), Euchlanis (3 spp.),
Keratella (2 spp.), Lepadella (2 spp.), Filinia (1 sp.),
Epiphanes (1 sp.), Colurella (1 sp.), and Trichocerca
(1 sp.), Cladocerans by, Alona (2 spp.), Anthalona (1 sp.),
Karualona (1 sp.). Copepods were not observed, 77% of
the hatched species were littoral, and the rest limnetic.

A total of 7097 hatchlings were recorded. The average
number of hatchlings by sampling was 273 (CV¼ 0.88),
the minimum was recorded on day 4 then it rose rapidly to
reach the maximum values during the middle of the
experimental period (1025 hatchlings at day 39). After
this increase, toward the end of the experiment, there was
a progressive decrease in the number of hatchlings,
(mean¼ 73, CV¼ 0.38). From the total of hatchlings, 6555
(92.4%) corresponded to rotifers and 542 (7.6%) to
cladocerans. The most abundant species were Lecane
closterocerca (Schmarda), Lecane nana (Murray) and
Lepadella patella (Müller), followed by Bdelloidea, Ceph-
alodella paggiae Koste and Robertson, Cephalodella cf.
tenuior (Gosse) and cladocerans Anthalona verrucosa
(Sars), and Alona glabra Sars (Fig. 2).
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3.2 Richness and hatching timing

The number of hatched species increased significantly, but
with some oscillations, from day 4 to day 30, then began to
decrease until day 67 when there were no new species.
The richness had an average of 7.6 species per sampling
(CV¼ 0.27). As it is shown by the beta diversity values
(Fig. 3), the species turnover rate was higher at the
beginning and the end of the experiment (49 and 43) and
lower during the intermediate periods (28 and 23).

Species recorded during the experiment showed varied
timings and patterns of hatching. Rotifers were the first to
enter in active state; on day 4 hatched a single species
hatched, on day 7, seven species. Cladocerans exhibited
the first emergence at 15 days into the experiment. A small
group of species (L. patella, L. nana, and L. closterocerca
and Bdelloidea) were present in 69–92% of the samples,
and other four species in 38–50% while a half of the total
species were recorded on less than four occasions (Fig. 4).
60% species hatched in the E period, 28% in ME, 3% in ML
and finally 9% in L.

Most of the recorded species, perhaps with exception
of L. patella with values of abundance and frequency,
exhibits moderately well defined monomodal trends with
the highest values at different times. Notwithstanding the
number of hatchlings of each species these patterns,
schematically adjusted to the time periods established in
this work, can be perceived in Fig. 5. These patterns can be
better visualized in those species with more abundant
hatchlings (Fig. 6). The tendency to hatch in the early
period, though with some differences, is shown by
Cephalodella mucronata, L. closterocerca and A. glabra.
A similar situation may be seen for Cephalodella cf.
tenuior, L. nana and Belloidea for the middle periods and
C. paggiae, A. verrucosa, and L. patella for the late period.
Even though the last one species was abundant in all the
experimental time, it was more abundant in the late period.

Figure 2. Taxonomic composition and abundance (log) of
the hatchlings.

Figure 3. Cumulative richness of
hatched species and Beta diversity.

Figure 4. Taxonomic composition and frequency of the
hatchlings.
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3.3 Hatched species assemblage versus active
population

The taxonomic composition of the active zooplankton of
the lake included 110 species of rotifers, cladocerans, and
copepods. The similarity between these and the composi-
tion of hatchling assemblages was very low (Jaccard: 0.07)
considering the dominant group: The similarity between
species of rotifers recorded of the littoral region in the water
column and the composition of hatching in the sediment

also was very low (Jaccard: 0.08) (Table 1). Thirty percent
of hatched species were unrecorded species, not found
in the lake and also in the region. These were: Lecane
inermis (Bryce), Lepadella mataca José de Paggi,
Keratella mexicana Kutikova and Silva-Briano, C. paggiae
Koste and Robertson, Cephalodella cf. tenuior (Gosse),
Cephalodella cf. delicata Wulfert.

Of the most common species recorded in the active
zooplankton only L. closterocerca (Schmarda), Keratella
tropica (Apstein), Filina sp., and Epiphanes macroura

Figure 5. Timing and emergence E, early; ME, middle early; ML, middle late; L, late; ITH, Index for timing of hatching.

Figure 6. Hatching timing of the most representative species.
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(Barrois and Daday) were recorded in the hatched
assemblage.

In terms of species composition, we observed that
while the majority of emergences of the littoral species
had significant hatchling abundance during all the trials,
planktonic species hatched mainly in the early periods of
the trial (Fig. 7a). The ratio of limnetic and littoral species, in
the active zooplankton composition and species hatched
composition was similar (Fig. 7b).

4 Discussion

The number of species hatched from the dry sediments
was low in comparison with that assessed in a similar
environment, like the Murray River, Australia, where 54
species hatched in 35 days [37]: Also Segers and
Shiel [38], by examining the Rotifera hatching experiment
on dried sediments of two billabongs of the River Murray
floodplain recorded 48 spp., including several new or

Table 1. Comparative list of rotifer species recorded from littoral region of the lake (LR) and hatched from sediment
(SR)

LR SR LR SR

Anuraeopsis fissa Gosse x Lecane acuminata (Ehrenberg) x
Anuraeopsis navicula Rousselet x Lecane arcula Harring x
Anuraeopsis urawensis Sudzuki x Lecane bulla (Gosse) x x
Ascomorpha sp. x Lecane closterocerca (Schmarda) x x
Asplanchna sieboldi (Leydig) x Lecane curvicornis (Murray) x
Brachionus angularis Gosse x x Lecane elsa Hauer x
Brachionus austrogenitus Ahlstrom x Lecane furcata (Murray) x
Brachionus budapestinensis Daday x Lecane hamata (Stokes) x x
Brachionus calyciflorus Pallas x Lecane inermis (Bryce) x
Brachionus caudatus Barrois & Daday x Lecane inopinata Harring and Myers x
Brachionus chelonis Ahlstrom x Lecane leontina (Turner) x
Brachionus falcatus Zacharias x Lecane ludwigi (Eckstein) x
Brachionus havanaensis Rousselet x Lecane nana (Murray) x
Brachionus mirabilis Daday x Lecane aff. nana (Murray)idem 1 x
Brachionus cf. quadridentatus Hermann x Lecane papuana (Murray) x
Cephalodella cf. delicata Wulfert x Lecane pyriformis (Daday) x
Cephalodella mucronata Myers x Lecane quadridentata (Ehrenberg) x
Cephalodella paggiae Koste & Robertson x Lepadella donneri Koste x
Cephalodella cf. tenuior (Gosse) x Lepadella elongata Koste x
Cephalodella sp. x Lepadella mataca Jose de Pagi x
Colurella obtusa (Gosse) x Lepadella ovalis (Muller) x
Colurella cf. sinistra Carlin x Lepadella patella (Muller) x x
Colurella sp. x Lepadella rhomboides Gosse x
Dicranophorus caudatus (Ehrenberg) x Lepadella sp. x
Epiphanes clavulata (Ehrenberg) x Mytilina bisulcata (Lucks) x
Epiphanes macroura (Barrois & Daday) x Platyias quadricornis (Ehrenberg) x
Euchlanis dilatata Ehrenberg x Platyionus patulus (Daday) x
Euchlanis meneta Myers x Polyarthra platensis (Jose de Paggi & Paggi). x
Echlanis triquetra Ehrenberg x Synchaeta sp. x
Euchlanis sp. 1 x Testudinella patina (Hermann) x
Euchlanis sp. 2 x Trichocerca bicristata (Gosse) x
Filinia novaezealandiae Shiel & Sanoamuang x Trichocerca similis (Wierzejski) x
Filinia sp. 2 x Trichocerca similis grandis Hauer x
Hexarthra mira (Hudson) x Trichocerca sp. 1 x x
Hexarthra sp. x Trichocerca sp. 2 x
Horaella thomassoni Koste x Trichocerca sp. 3 x
Keratella lenzi Hauer x Trichotria tetractis Ehrenberg x
Keratella mexicana Kutikova & Silva-Briano x Trochosphaera aequatorialis Semper x
Keratella tecta (Gosse) x Bdelloideos x
Keratella tropica (Apstein) x x
Lecane cf. abanica Segers x
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previously unrecorded taxa. However, it was higher than
that found in Brazil in the sediments taken in a shallow lake
by Panarelli et al. [39], 14 spp.; or 20 spp. in a pool of nine
water bodies [40]. Likewise, in dry littoral sediments from
Thailand, Chitapum et al. [26] recorded 14 species in a 68-
day trial and 17 species in 2 years of experiment,
respectively. Our data show that the diversity of potentially
available species for dispersion in surface sediments is
high considering that it has been suggested that the
horizontal egg banks show a patchy distribution and a
gradient with highest densities in the deeper parts of the
lakes (several authors in Brendonck and De Meester [2]),
although this distribution may vary depending of flooding
frequency [41]. The high abundance of rotifers hatching
during the experiment may be due to in situ reproductive
events that take place over a period of 3 days at 25°C [42].

Rotifers and cladocerans represented 87 and 13%,
respectively of all the hatched species. Rotifers became
active first responding successfully to applied temperature
and photoperiod. In contrast the hatches of cladocerans
were low considering their significant regional diversity [43].
Studies performed in Brazil by Maia-Barbosa et al. [44] on
the hatching rate of rotifers and cladocerans in tropical
littoral exposed sediments, using the same pre-incubation
treatment, reported a hatching rate of 60–80% for rotifers
and <10% for cladocerans. Similarly, Panarelli et al. [39]
also found only four species in Cavalos Lake, Brazil;
Palazzo et al. [45] found five cladocerans species in the
littoral of a shallow lake of Brazil, also. In another study
using eggs isolated, only 18% of Moina micrura Kurz and
6% ofDiaphanosoma birgei Kořínek hatched successfully,
it has been suggested that a low hatching rate can be
caused by the pre-incubation treatment of drying and

exposure to low temperature [46]. Although some
studies also show the importance of the photoperiod
duration of the emergence [47]. We could infer that this low
hatching would be related to the hatching-stimuli factors
employed during pre-incubation, mainly temperature,
since in the area under study winters are mild and,
consequently, frost periods are short. However, regarding
the adequate temperature of cladocerans incubation, there
are contradictory results. Some authors in the Northern
Hemisphere found that the emergence of most species
occurred with temperatures of 10 and 15°C. Likewise,
with incubation temperature (20 and 25°C) hatching
decreased [21].

Regarding copepod hatching, Maia-Barbosa et al. [44]
in littoral sediments in Pampulha Reservoir (Brazil) also
reported the absence of copepod eggs hatching in 20 days
of study. However, Frisch and Green [48] in 72 sediment
samples of six ponds (Spain) in only seven days of
incubation at 15°C reported cyclopoid copepods (Meta-
cyclops minutus (Claus) and calanoid nauplii; also
Frisch [49] found that the copepods were the dominant
first colonist in a floodplain pond in Germany. The reason
for the lack of hatching of the copepod resting stages in this
study is unknown. However, it is important to conduct
further studies to obtain a suitable methodology for the
emergence of cladocerans and copepods in subtropical
zones.

The analysis of the hatching dynamics showed a trend
interpreted as a strategy to avoid overlap in hatching time,
species groups E, ME, ML, and L being identified. Studies
by Lindholm et al. [50] with cladocerans in Africa also found
that species such as M. micrura, Daphnia laevis, and
Chydorus sphaericus (O. F.Müller) hatched exclusively

Figure 7. (a) Hatched spe-
cies and numbers of hatch-
lings of littoral and planktonic
species. (b) composition of
the zooplankton (littoral and
planktonic species) hatched
from sediment and active
populations in the lake.
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during a specific time period. Studies by Tan and Shiel [51],
with plankton in Australia they sampled during pre-flooding
and post-flooding periods, three population responses
were evident for most common taxa of 63 rotifer species
recorded: marked collapses indicative of dilution or
deleterious effects of inundation (e.g. Brachionus buda-
pestinensis); maintenance of pre-flooding levels in pop-
ulations (e.g. Asplanchna asymmetrica) and population
pulses exceeding pre-flood densities (e.g. Brachionus.
falcatus). This behavior support the hypothesis proposed
by Hairston and Kearns [52] that in some cases the egg
bank may play a fundamental role in maintaining the
coexistence of species. Moreover, species of the same
genus, for example, Cephalodella, Lecane, or Alona,
behaved similarly in terms of timing of hatching emerging in
the same period. We could assume that by exposing the
sediments to fixed conditions of incubation (photoperiod,
temperature), behavioral hatching responses may be due
to selection pressure by biological interactions as preda-
tion or competition, indicating the result of a long co-
evolutionary process between species, but as Cáceres
and Schwalbach [53] suggested one must be cautious
when applying these laboratory data to the dynamics of
natural populations, studies are needed to verify these
timing of hatching in situ in the lake.

Vandekerkhove et al. [54] analyzing cladocerans,
suggested that the propagule banks integrate at least
part of the temporal variation in active community structure.
In our study, the diversity of hatched eggs was lower than
the active zooplankton, probably according with the
number of samples of sediments or their localization, only
the littoral area, and stimuli specific for each taxon; Duggan
et al. [6] showed that at only one site of sampling sediments
it is not enough to detect all rotifer species in the active
community. However, an interesting contribution of this
study is having found species rarely found or not found at
all in this region, e.g. L. inermis, is a rare record in
Argentina (José de Paggi unpublished). This species was
an abundant taxon in the sediments from Brazil, but it was
not found in the composition of active zooplankton [39], the
species is also abundant in the hygropsammon intersti-
tial [55]; L. mataca was recorded for the first time after its
original description in the Pilcomayo river, Argentina [56];
K. mexicana was recorded for the first time in the Paraná
River Basin after having been found only in the Paraguay
River Basin, (José de Paggi unpublished); C. paggiae,
described by Koste and Robertson [57] from AmazonRiver
basin was recorded for the first time in Argentina and for
the second time after its original description. Cephalodella
cf. tenuior and Cephalodella cf. delicata have not been
previously recorded in Argentina. All this show the value of
littoral eggs bank as archives of local diversity. The ex situ
incubation technique in dry littoral sediment, as was
suggested by other authors [21, 22, 58], is an efficient

complementarity method for assessment of the biological
diversity.

The proportions of hatched species classified by their
life habit (planktonic, littoral) are similar to those obtained
in the active population. Thus, we can observe that the
structure, but not the composition, of plankton in the lake
is reflected in the hatches. The absence of hatching of
species present in the water column may be because they
were not present in the littoral zone, thereby indicating a
marked spatial heterogeneity of the egg bank of the lakes
or the lack of appropriate stimuli in both storage phase
and in the incubation.

Our results provide information about the dynamics of
hatching of common species in the region, at 25°C. The
shore sediments constitute an important potential source
of resting forms available for recruitment to the water body
itself and dispersal to other water bodies of the floodplain.
Taking into account the abundance of hatching, the
species with higher probability of dispersal through
exozoochory are Monogononta rotifers L. closterocerca,
L. nana, and L. patella, followed by cladocerans A. glabra,
A. verrucosa, and Bdelloidea.
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