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Abstract
In floodplains, the passive dispersal by drift occurs when water bodies become connected, and is a key feature offering path-
ways for the recolonization of periodically flooded habitats. Mesocosms with experimental flooding were used to document 
the succession of small invertebrates under differing hydrologic regimes with the intent of identifying which animals were 
capable of moving among habitats. The mesocosm experiments were performed in soils in sandy areas of the Salado-River 
basin including a mixed-use plot, a plot for breeding livestock, and a plot currently without any use located in different 
topographic positions (upper, middle, lower). Forty-seven taxa were found including ciliates, amoebae, rotifers, and micro-
crustaceans. The maximum total specific richness was recorded in middle soil and the minimum in upper soil because of 
a shorter colonization time. Higher mean densities occurred in middle and lower topographies, while the upper exhibited 
lower values. The ciliates and rotifers were the dominant. During the intermediate stage of flooding, the high density and 
biomass of the primary producers resulted in high concentration of dissolved oxygen (photosynthesis exceeded respiration). 
In contrast, in the final stage, low densities of microalgae led to low concentrations of dissolved oxygen and a high density 
of consumers (preponderance of respiration over photosynthesis). These flooded areas are significant as sources of microor-
ganism inocula into the river. An abundance of microbiota arising from temporary wetlands and floodplains is fundamental 
for a successful recruitment of native-fish species.

Keywords In-situ-soil-flooding simulation · Colonization and succession of microconsumers · Agricultural land · Salado-
River basin

Introduction

The dynamic interaction between water and land connects 
components of floodplains and affects the adaptations of 
the biota evolving in those environments (Bayley 1995). 
Variation in water flow facilitates high productivity, drives 
species distributions, and facilitates enhanced biodiver-
sity in river-floodplain systems (Shiel et al. 1998; Górski 
et al. 2013). In such floodplains, passive dispersal by drift 
may occur upon the connection of water bodies during 
the aquatic phase (Junk and Robertson 1997; Havel et al. 

2000). This typically seasonal joining of water bodies 
in floodplains is a key feature enabling pathways for the 
recolonization of periodically flooded habitats (Frisch 
2002). It is significant to highlight the importance of early 
stages of the organisms in the succession for the mainte-
nance of biodiversity (Prach and Walker 2011). Rotifers, 
small cladocerans, and copepods are usually more abun-
dant and diverse in floodplain wetlands and riverine lakes 
where a high physical and chemical heterogeneity provides 
a range of microhabitats compared to the main river chan-
nel (Aoyagui and Bonecker 2004; Górski et al. 2013). Cili-
ates are widely distributed over a range of environments 
including soil (Foissner 1997, 2002; Foissner et al. 2002). 
Field studies need first to explore which species colonize 
only the inundated floodplains and are not found in the 
plankton of the permanent waters and then investigate 
whether certain of those species colonize the flooded areas 
but also use the permanent oxbows and backwaters as ref-
uges during the terrestrial phase (Schröeder 2001). Resting 
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eggs furthermore might serve as propagules transported by 
water currents from temporary to permanent waters, thus 
surviving the terrestrial phase (Schröder 2001, 2005). In 
addition, resting eggs in sediments provide an important 
source of biodiversity, thus contributing to the recoloniza-
tion of the environment (Palazzo et al. 2008; Catlin et al. 
2017). In lakes and other aquatic systems, diapause pre-
vails over other strategies for dormancy and results in the 
production of such resting eggs (Santangelo et al. 2015). 
Since most of the species that colonize floodplains are 
typical denizens of aquatic environments, the presence of 
those taxa in floodwater could indicate their prior resi-
dence in the soil in a latent stage and subsequent develop-
ment in times of flooding. Several, reports suggest that the 
disturbance of flooding is a characteristic element in the 
development of the humid-pampas ecosystem (Ameghino 
1884; Gabellone et al. 2003; Chaneton 2006). In systems 
of high fluctuation, certain organisms become adapted 
either to flooding or to drought conditions, others not only 
can subsist in both phases (Neiff 1996) but also depend 
on stressful conditions in order to continue their life cycle 
(Reddy and DeLaune 2008; Mitsch and Gosselink 2015).

Rotifers are constantly and obligatorily connected to 
aquatic environments in all biologically active states except 
when in the resistant structures that are resilient to drought 
(Segers 2008; Devetter and Schöll 2014). Dormancy is com-
mon among rotifers: bdelloids easily produce dormant prop-
agules in the face of unfavorable periods and long-distance 
dispersal (Bohonak and Jenkins 2003; Santangelo et al. 
2015). Crustaceans, however, can reestablish larger popu-
lations and biomasses only when lentic conditions prevail 
over longer periods.

In the Salado-River basin, several investigations on plank-
ton have been carried out during the last decades (Claps 
et al. 2009; Gabellone et al. 2014). When the plankton in 
a backwater pond was recorded monthly in the lower basin 
(Gabellone et al. 2001; Solari et al. 2002), an input of biota 
from that pond was detected in the river; and the zooplank-
ton structure downstream from that lentic environment was 
found to be similar to that recorded in the pond itself sug-
gesting a close linkage amongst habitats.

The Salado River is a typical lowland river with a water-
shed of 150,000 km2 and articulating with a large number 
of lentic water bodies that may reach an area of 10,000 km2 
(Gabellone et al. 2013). The constant floods that the Salado-
River basin has undergone over time are a key element in 
the structure of the ecosystem and the configuration of the 
basin’s landscape. The ecological influence of these floods 
seems to have become essential in the evolution of the eco-
system, with the latter’s very existence apparently depending 
on the continuity of these events since certain attributes of 
the system are invariably disrupted by the absence of such 
perturbations.

Variations in the topography of a given environment 
determine the differences in frequency, intensity, and length 
of the stages of flooding and drought, as well as the habitat 
offered for micro-and macroorganisms. Different land use, 
for its part, will directly affect the nutrient concentration, 
while the biologic activity of the resident organisms will 
influence the dynamics of nutrient availability within the 
environment.

Here we describe the colonization and succession of 
microconsumers in historically agricultural land through a 
simulation of different periods of soil flooding by in-situ 
experiments. The experiments were performed in soils 
located in sandy areas of the Salado-River basin that var-
ied in topography and land use. Our central question was to 
determine the effects of the characteristics of the soil and the 
topographic position with respect to the runoff after flooding 
on the development of colonizing organisms.

Materials and methods

Study area

The Salado—a typical lowland river whose watershed 
includes endorheic areas, at present joined by canals—has 
a length of approximately 600 km, and a low slope (mean 
0.107 m km−1; Gabellone et al. 2005; Fig. 1). The agricul-
tural soils in this area are one of the most productive in the 
country, and both the cultivation of crops and the pasturing 
of livestock have completely altered the landscape and habi-
tat (Neschuk 2001; Neschuk et al. 2002). The flow regime of 
the Salado River is quite variable: the flow does not exceed 
100 m3 s−1 in dry periods but can reach 1500 m3 s−1 at the 
mouth in times of flooding, with consequent variations in 
the conductivity and the transport of dissolved materials and 
particulates. Large areas may be inundated for weeks or even 
months (Gabellone et al. 2005).

The study area is part of the Salado-River basin, which 
watershed is in the ecoregion of the Argentine pampas or 
pampas plain (Viglizzo et al. 2006) and the neotropical 
region of Chaco Domain (La Pampa province; Cabrera 
1971). The basin is characterized by flat relief; a humid, tem-
perate climate; an undeveloped hydrologic network; poorly 
drained soils; dominant grasses; and a relatively high biotic 
diversity as a result of the presence of shallow lakes and 
easily flooded areas historically subject to regular seasonal 
flooding and drought cycles (Ameghino 1884). The annual 
precipitation during the sampling period was 1012 mm and 
the rain accumulated during the sampling months (i. e., 
June through November) 356 mm. The maximum historical 
rainfall (period 1972–2014) of this area is recorded in sum-
mer and spring, with the highest average monthly rainfall in 
March (summer 148 mm) and in October (spring 106 mm). 
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The lowest average monthly rainfall (37 mm) occurs in win-
ter (August). At times of low rainfall frequency and inten-
sity, the lower elevation accumulated water for some time; 
while the middle became infiltrated but drained quickly, 
leaving the soil damp though not flooded.

October was the month of maximum rainfall at 208 mm. 
The mean annual temperature during the sampling period 
was 15.2 °C and the mean temperature during the sampling 
months 12.9 °C, with the minimum occurring in June at 
10.0 °C and the maximum in November at 18.6 °C.

The in-situ investigations were undertaken in an experimen-
tal field at María Cruz and Manuel Inchausti, an agrotechni-
cal school of the La Plata National University (35°39′00″S, 
60°29′00″W, near the town of Valdés, County of 25 de Mayo, 
Buenos Aires province). The study site was located in the 
region called Sandy Pampa at 61 km within the main course 
of the Salado River. The landscape is characterized by the 
presence of longitudinal dunes and small interdunal shallow 

lakes. We selected an area having the topographic gradient U 
(upper), M (middle) and L (lower) as indicated in Fig. 2a with 
a northwest-to-southeast orientation, a total transect length of 
40.3 m, and a slope of 3.5%.

The soils were classified as Entic Hapludolls (Soil Survey 
Staff 2003) with a predominance of fine sand in the upper and 
an increase in the percentage of silt in the lower (Ventimiglia 
et al. 2000). The plant species for each sampling site were 
Glycine max (soybean) for agricultural use in upper and mid-
dle, Festuca arundinacea, Bromus unioloides, and Trifolium 
repens for mixed use in upper and middle, and Distichlis spi-
cata, Sorghum halepense, and Bromus secalinus in the lower.

Fig. 1  Location of the sampling site in the Salado-River basin
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In‑situ experiment

Enclosure construction

We built cylindrical enclosures 1 m in height and 35 cm in 
diameter with a 96-L capacity made of 0.8-mm-thick biaxi-
ally oriented ultraviolet-protection polyvinylchloride (PVC) 
(Ondex™ plates). Two uncovered bags of transparent so-
called crystal nylon (100 µm thick, 1.20 m high, 0.70 m 
wide) were placed inside the PVC cylinder along with a 
sample of soil at the bottom (25 cm deep, 35 cm in diameter) 
containing the original vegetation (Fig. 2b). Then the bags 
were filled with groundwater up to a height of 0.80 m above 
the soil to simulate a flooding. The addition of the water was 
very slow in order to minimize the disturbance to the soil. 
Once the enclosures were filled, they were left untouched 
for 24 h to stabilize.

Sampling design

The soils used in the treatments—selected according to 
current land-use conditions—included a mixed-use plot for 
agriculture and breeding livestock, a plot for agriculture 
alone, and a fallow plot (Fig. 2a). The soils of mixed and 
of agricultural uses were located in the upper and middle, 
whereas the fallow soil was located in the lower; and since 
the soil in that sector was of a single type of use, only three 
replicates were made. For the sectors containing mixed-use 
and agriculture soils (the upper and middle), three land-
use replicates were performed for both those topographies 
(Fig. 2a). Therefore to these three sectors, five treatments 

were designated according to the topography (U, M, and 
L) and to the land use (a, agriculture; m, mixed—i. e., agri-
culture and livestock) resulting in treatments Ua, Um, Ma, 
Mm, and L (fallow). Three replicates were used for each 
treatment, resulting in a total of 15 enclosures (Fig. 2a). Fur-
thermore, an enclosure was included as a control with water 
but without soil.

The physicochemical characteristics of the groundwater 
were: conductivity, 701 µS cm−1; pH, 6.9; concentration of 
dissolved oxygen (DO) at 58.4% saturation, 5.65 mg L−1; 
N–NO3

−, 6.3 mg L−1; and total phosphorus, 98 µg L−1.
Because the water flowed faster in U than in the other 

topographies (Fig.  2b), the excess water was removed 
through a drainage hose (0.5 cm in diameter with a valve to 
regulate the flow; Fig. 2b). In each topography, the sampling 
was performed in accordance with the length of time that 
would have been required to dry the soil at a given topogra-
phy through realistic evaporation, infiltration, and percola-
tion. Therefore, we estimated that the residence time of the 
water on the soil would be 5 days in U, 60 days in M, and 
120 days in L.

Five samplings (t1–t5) were taken at each site from June 
15 through November 21, 2006, but at different frequencies 
for the three the topographies—i. e., U every day, M, every 
15 days, and L every 30 days (Fig. 2c).

Measurement of biologic and physicochemical parameters

Water samples were taken from the entire water column of 
each enclosure, from the bottom to the surface, by means of 
a hose and a manual pump, for qualitative and quantitative 

Fig. 2  a Scheme of topographic gradient, b photograph and scheme of the enclosures used in the “in-situ” experiment. The water removal was in 
only the upper, c scheme of water residence in the enclosures at different times according to the topography
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analysis of the consumer microorganisms. Between 3 and 
7.5 L of water were filtered through a net of 35 µm and the 
resulting concentrate (250 ml) was fixed with 5% (v/v) aque-
ous formaldehyde. Protozoans and rotifers were counted in 
(1-mL) Sedgwick-Rafter and crustaceans in (10-mL) Bogorov 
chambers. The coefficient of variation (maximum 20%) was 
used for abundance comparisons between dominant species in 
paired samples. The organisms were identified taxonomically 
down to the genus and/or species level according to the rel-
evant literature (Elster and Ohle 1972; Darwin Project Nema-
todes (2018); Koste and Jose de Paggi 1982; Reid 1985; Koste 
and Shiel 1987; Segers 1995; De Smet 1996; Foissner 1997, 
2002; Foissner et al. 1999; Frutos 1998; Lynn 2008). In the 
water, measurements of temperature, pH, conductivity, and 
turbidity were made with a Horiba Multimeter U-10; the DO 
concentration with an YSI sensor; and the oxidation–reduction 
potential with a redox electrode. The total phosphorus (TP) 
was determined by the ascorbic-acid method after digestion 
with acidic persulfate (method 4500-PB, APHA 1995) and the 
soluble-reactive phosphorus (SRP) without digestion. What-
man GF/C filters were used to collect material for spectropho-
tometric analysis of the chlorophyll “a” (chl “a”) concentration 
(method 10,200 H, APHA 1995). The nitrate and nitrite levels 
were measured by the hydrazine-reduction method (4500 H, 
APHA 1995) and the ammonium-ion concentration by the 
phenate technique (4500 F, APHA 1995). The concentra-
tion of suspended solids (in g L−1), as determined according 
to method 2540 D of APHA (1995) and the concentrations 
of particulate organic matter (OM) estimated as the mate-
rial retained in the filter by weight loss on ignition at 550 °C 
(method 2540 E, APHA 1995). The dissolved polyphenols and 
ammonium-ion concentrations were measured according to 
the respective procedures 5550 B and 4500 F of APHA (1995).

Statistical analysis

The statistical analyses performed were the Student t test, the 
two-way analysis of variance (ANOVA), and the correlation 
analysis, all with a confidence level of 0.05 (p < 0.05). In the 
“Results” section, the probability is shown as p < 0.05 (when 
of lower confidence level) and as p < 0.01 (when the confi-
dence level is markedly high; Sokal and Rohlf 1979; Mont-
gomery 2005). The diversity index was calculated according 
to Shannon and Weaver (1949).

Results

In‑situ experiment

Water chemistry

Before the filling of the enclosures, the soil pH was moder-
ately acid (5.8–6.5), whereas the pH of the original water 
was 6.9. The pH of the water decreased for the first 5 days 
after the flooding simulation—to 5.7 in L, 6.5 in M, and 
6.3 in U—but then increased until day 45, reaching a value 
of 7.4 in Ma. The differences between the soils exposed to 
agriculture and mixed usage was not significant (p 0.98 n 
5) (Fig. 3a, left ordinate).

The minimum DO levels were registered in topography 
U on Day 5 after flooding, at values of 1.3 mg L−1 in Ua 
and 2.6 mg L−1 in Um. The maximum concentration of DO 
was reached in topography M on Day 45 at 17 mg L−1 in 
Mm and 14 mg L−1 in Ma. This parameter was not signifi-
cantly different among the fallow soils and those exposed 
to agricultural and mixed use (univariate ANOVA p 0.59; 
d.f., 2; 24) (Fig. 3a, right ordinate).

The differences between the air and water temperatures 
were not significant (paired Student t test, p > 0.09 for all 
treatments) (Fig. 3b).

The conductivity decreased during the first 5 days of 
flooding down to 692 µS cm−1 in Ua, though the average 
value shown in the figure was about 700 µS cm−1. The 
conductivity then increased to reach a maximum—at the 
low site at 853 µS cm−1—at the moment of desiccation 
at 60 days after the start of the experiment (Fig. 3c, left 
ordinate).

The concentration of organic matter was used instead of 
turbidity measurements because that parameter was more 
sensitive in detecting the presence of particles. Further-
more, the concentrations of OM exhibited a high correla-
tion with suspended solids (r, 0.92; p < 0.05). The OM 
levels underwent two pronounced increases, one beginning 
at 5 days and another at 30 days after the start of the in-situ 
experiment, thereafter rising progressively until Day 60. 
The minimum values were estimated in Ua at 1.3 mg L−1 
and the maximum in L at 259 mg L−1 on Day 60 and in 
Mm at 165 mg L−1 on Day 45. The differences between 
the enclosures exposed to agriculture or mixed use were 
not significant (Student t test; p, 0.15; n, 12) (Fig. 3c, right 
ordinate).

The dissolved polyphenols displayed a clear pattern of 
increasing concentrations (except for between days 30 and 
40) from the time of groundwater addition up to the point 
of the soils’ drying out, with that increase being especially 
steep during the first 5 days. The minimum values were 
registered in Um at 0.26 mg L−1 and the maximum in L at 
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3.05 mg L−1 on Day 60. The differences between soil use 
were significant in either U (Student t test; p < 0.05; n, 15) 
or M (Student t test; p < 0.05; n, 14) (Fig. 3d).

The concentration range of TP for all the treatments was 
between 145 and 2190 µg L−1, with the TP concentration 
for the initial groundwater being 98 µg L−1. On the day 
after flooding, the water contained an average concentra-
tion of 217 µg L−1, but with the values being significantly 
higher in the mixed-use (m) than in agricultural-use (a) 
treatment (Student t test: p = 0.04; n, 6) but similar to those 
in L (Student t test: p > 0.05; n, 6). The concentrations of 
TP always remained higher than the initial groundwater 
levels. The TP concentrations were significantly correlated 
with the water–chlorophyll-“a” concentrations (Mm: r, 
0.61; p = 0.03; n, 15; Ma: r, 0.65; p = 0.03; n, 15; and L: r, 
0.96; p = 0.03; n, 9) (Fig. 3e, left ordinate).

The SRP for the initial groundwater was 55 µg L−1. 
After flooding, the average SRP values increased to 
154 µg L−1 in all the treatments. The elevation in SRP 
concentration was 3.5-fold in Um, threefold in Mm, and 
almost fourfold in L. The profile of the SRP concentration 
consisted of a decrease until Day 15 (as a result of algal 
consumption) and then an overall increase up to Day 60 
(Fig. 3e, right ordinate).

The chl “a” concentration exhibited a progressive 
increase from Day 15 until Day 45 of the experiment. In 
Ua, the range of chl “a” varied between 0 µg L−1 on the first 
day to 87 µg L−1 on the fifth day. The maximum values were 
reached in Mm at 3190 µg L−1 (Fig. 3f). The values of chl 
“a” were significantly greater in Mm than in Ma. The chl-“a” 
concentration became elevated at this time as a result of the 
high number of free-living algae in the enclosure.

At the beginning of the experiment, the nitrate concentra-
tion first increased abruptly, by about 30% with respect to the 
groundwater added (at a level of 6.62 mg L−1), until Day 3 
and then began to decrease as evidence of the algal growth. 
The soils with different use exhibited similar values during 
the experiment. The minimum concentration was measured 
in Mm at 0.305 mg L−1 on Day 15 and the maximum in L at 
14.6 mg L−1 on Day 60 (Fig. 3g).

The ammonium-ion concentration was two orders of mag-
nitude lower than that of the nitrate. Those values increased 
from the time of filling—from 60 to 125 µg L−1, after the 5th 
day, and then decreased abruptly and markedly. The maxi-
mum value registered was in Um at 175 µg L−1 on Day 5 
and the minimum in Ma on Day 45 at 18 µg L−1 (Fig. 3h).

Microconsumers: species composition, specific 
richness and diversity

The taxa collected (Table 1) were: 20 Rotifera, 19 Cili-
ophora, 4 Amoebozoa, 1 Rhizaria and various Crustacea 
(2 Cladocera, 1 Copepoda, and ostracods)—in addition to 
oligochaetes, nematodes, acarids, collembolans, and insect 
larvae (Ephydridae and Chironomidae). The presence of 
aquatic microconsumers was not detected in the control 
enclosure (without soil) during the course of the experiment.

The maximum total species richness (SR) was recorded in 
M and the minimum in U because of a shorter time for colo-
nization (Fig. 4a). The differences between the enclosures 
containing soils of different land use were not significant 
(Fig. 4b–d).

The succession of species in Ma and Mm (Fig. 4c) exhib-
ited a similar pattern, characterized by a overall increase in 
SR and diversity until the end of the experiment. The aver-
age SR was significantly higher in the soil having received 
mixed use at 15, 30, and 60 days. Several genera of ciliates 
in particular contributed to this increase (Table 2).

In topography L (Fig. 4d), the SR increased during the 
first 30 days and then stabilized between then and Day 60.

In U the mean species-diversity index (H′) displayed a 
similar pattern to that of SR, and both decreased their values 
on Day 5 (Fig. 4b). In M the diversity exhibited an overall 
increase, reaching the highest mean value for soils of both 
land use types within 60 days (Fig. 4c). The differences 
between the two types of soils were not significant. In topog-
raphy L, as with the SR, the diversity index increased at 30 
days, but then stabilized between then and Day 60 (Fig. 4d).

Species abundance

Higher mean densities occurred in topographies M and L, 
while U exhibited lower values (Fig. 5a). The soil exposed 
to agriculture exhibited higher density in U compared to 
mixed use (Fig. 5b–d).

The most abundant microorganisms were the ciliates and 
rotifers in both types of soil in the middle topography, these 
taxa were followed in abundance by the testate amoebae and 
the crustaceans, to the end of experiment (Fig. 6a–e).

The mean maximum density of the ciliates occurred in 
topography Mm (Fig. 7c) for Urocentrum turbo at 15 days (at 
5710 ind L−1) and in L (Fig. 7d) for Didinium sp., Euplotes 
sp., Prorodon sp., and U. turbo at 30 days; whereas in topog-
raphy Ma (Fig. 7b) at 15 days, Didinium sp., Euplotes sp., U. 
turbo, and Halteria sp. dominated. In Ua and Um (Fig. 7a), 
on the fourth to fifth day, the hypotrichs and gymnostome 
ciliates were prevalent.

The rotifers reached a maximum mean density in L 
on Day 60 (at 12,400 ind L−1), with Brachionus quadri-
dentatus, Lepadella ovalis, Cephalodella sp., Proales sp. 

Fig. 3  Variations in the mean values of selected physicochemical 
parameters and nutrient concentrations for all the experimental topog-
raphies during the time of flooding. a pH and dissolved oxygen; b 
temperature; c conductivity and particulate organic matter; d poly-
phenols; e soluble reactive phosphorus and total phosphorus; f chlo-
rophyll “a”; g nitrates; h ammonium ion

◂
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and bdelloids dominating (Fig. 8c). In Mm (Fig. 8b), the 
mean abundance of rotifers was greater than in Ma (3193 
ind L−1; Fig. 8a), reaching a value of 6310 ind L−1 on 
Day 60. Notommata sp. only was found in Ma on days 15 
and 30 whereas Lepadella ovalis in L, on days 30 and 60. 
In all topographies the bdelloids became prevalent to the 
beginning of the experiments and Monogononta Lecane 
pyriformis in Mm. The early appearance of these rotifers 
may be due to the fact that they belong to the soil.

Succession and feeding habitats of consuming 
organisms

Topography U

A few species were recorded in U, mainly bacteriophages 
and filter feeders, protozoa, and organic particles and 
debris. The most abundant organisms were ciliates fol-
lowed by rotifers. Nematodes and acari were recorded 
occasionally, while most of the organisms identified did 
not remain present over time (Fig. 6a, b; Table 2a).

Topography M with mixed‑use soil (Mm)

Some resistance structures were recorded in Mm on the first 
day of flooding. The succession started on Day 15 with the 
appearance of free-living ciliates that feed on bacteria (e. g., 
Urocentrum turbo, Halteria sp., and Colpidium sp.)—some 
creeping, such as Euplotes sp.; others attaching; both cili-
ate types being bacteriophagic—along with filtering (e. g., 
bdelloids, B. quadridentatus) and predatory (Cephalodella 
sp.) rotifers. In addition, two ciliate-eating gymnostomes 
(Lacrymaria sp. and Trachelophyllum sp.) were registered 
in only the M topography.

On Day 30, the free-living ciliates declined, while the 
substrate-attached bacteriophagic ciliates such as Vorticella 
spp. increased. On Day 45, the filter-feeding rotifers B. qua-
dridentatus, Brachionus patulus, Brachionus caudatus, and 
Lophocaris salpina dominated and increased in abundance 
up to Day 60. The attached ciliates were still remaining 
on Day 60, while the crawling ciliates such as Euplotes 
sp.—after diminishing substantially between days 30 and 
45—increased remarkably at this time to feed on the bac-
teria, other ciliates, and flagellates. The succession at Mm 

Table 1  Microconsumer taxa 
in the floodwater in the five 
topographies

Ciliophora Rotifera Nemata
 Aspidisca sp.  Bdelloidea Annelida
 Colpidium sp.  Brachionus quadridentatus Hermann
 Didinium sp.  Brachionus caudatus Barrois & Daday
 Dileptus sp.  Plationus patulus Müller Arthropoda
 Epistylis sp.  Cephalodella sp1  Coronatella 

sp.
 Euplotes sp.  Cephalodella sp2  Chydorus sp.
 Frontonia sp.  Euchlanis dilatata Ehr.  Copepoda
 Halteria sp.  Keratella tropica Apstein  Ostracoda
 Lacrymaria sp.  Lecane bulla Gosse  Acari
 Podophrya fixa Müller  Lecane hornemanni Ehrb.  Diptera
 Vorticella sp.  Lecane pyriformis Daday  Ephydridae
 Vorticella sp1  Lepadella ovalis Müller  Chironomidae
 Vorticella sp2  Lophocharis salpina Ehr.  Collembola
 Vorticella sp3  Monomata sp.
 Hypotrichida  Notommata sp
 Gymnostomatida  Polyarthra vulgaris Carlin

 Proales sp.
Amoebozoa  Ptygura sp.
 Arcella vulgaris Ehr.  Taphrocampa sp.
 Difflugia sp.  Undetermined rotifer
 Cyclopyxis sp.
 Centropyxis sp.

Rhizaria
 Euglypha sp.
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thus followed the sequence: ciliates (initial stage), rotifers 
(at intermediate stages), and rotifers plus other taxa (final 
stage). The succession of feeding-habit organisms was: none 
present (initial stage); bacteriophagic, predatory, and grazing 
(intermediate stage); and filtering, predatory, and grazing 
(final stage) microconsumers (Figs. 7c, 8b; Table 2b).

Topography M with agricultural soil (Ma)

In Ma, Urocentrum turbo was present on the first day of 
flooding (Fig. 7b). On Day 15, Halteria sp. and some creep-
ing feeders, such as Euplotes sp., appeared. Didinium sp.—a 
free-living ciliate that is predatory especially on Colpidium 
sp. was also recorded. On Day 30a testate amoeba, Centro-
pyxis sp., was present, but was then replaced by Euglypha 
sp. (Fig. 6c). Frontonia sp.—free-living ciliate that feed on 
fungi, algae, and ciliates—and Podophrya fixa, a suctorian 
predator on ciliates, was also registered at this time. On 
Day 45, predator rotifers, such as Cephalodella sp., along 
with filter feeders, such as Keratella tropica and L. salpina, 
appeared as well as nematodes—with the latter being present 
only at this stage (Fig. 8a). On Day 60, free-living ciliates, 

numerous testate amoebae, and filter-feeder rotifers were 
recorded.

The succession of feeding-habit organisms in Ma fol-
lowed the sequence (Table 2b): bacteriophagic and filter-
feeding (early stage); bacteriophagic, predatory, and filter-
feeding (intermediate stage); and scavenging, predatory, and 
filter-feeding (final stage) microconsumers.

Topography L

In L, at the initial stage, free-living organisms such as 
Aspidisca sp. and U. turbo as well as periphytic ciliates 
such as Vorticella sp.—all of which taxa feed on bacte-
ria—were recorded (Fig. 7d). Moreover, a predatory ciliate 
(Dileptus sp.), filter-feeder rotifers (bdelloids), ostracods, 
and nematodes were also present (Fig. 6e). On Day 30, 
bacteriophagic ciliate (Euplotes sp., Vorticella sp.), and 
filter feeders rotifers (B. quadridentatus, L. salpina, L. 
ovalis, and K. tropica) remained in abundance; while pred-
ator species (Cephalodella sp.) also appeared (Figs. 7d, 
8c). On Day 60, filter feeders (L. ovalis) and predatory 
species (Cephalodella sp.) were dominant (Fig. 8c), while 
nematodes were also found in abundance (Fig. 6e). The 

Fig. 4  The mean species diversity and the total species richness of 
microorganism consumers in different topographies and land uses 
during the period of flooding. In the figure, species diversity (H′, 
squares) on the left ordinates and richness (SR, bars) on the right 
ordinates are plotted in Panel a for the three different topographies 

(U, upper; M, middle, L, lower) designated on the abscissa and in 
Panels b (upper), c (middle), and d (lower) for the different days of 
the experiment indicated on the abscissas. In b and c, white squares 
(whole line) and bars represent mixed land use (m) and black squares 
(broken line) and bars, agriculture (a)
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Table 2  Stages in the succession of microorganisms within different topographies and land uses: (a) upper; (b) middle; (c) lower

Detail of the water level in parentheses

(a)

Topography Upper

Land use Mixed Agriculture

Initial period Day 2 (74 cm): organisms not recorded Day 2 (76 cm): Urocentrum turbo
Intermediate period Day 4 (33 cm): Cyclopyxis, and bdelloid rotifers. The nema-

todes present at only this stage
Day 4 (50 cm): ciliates such as Vorticella spp., and one of 

gymnostome. Lecane pyriformis was registered once
Final period Day 5 (20 cm): one hypotrich, one gymnostome, and bdel-

loids
Day 5 (29 cm): organisms not recorded

Species habitat Of the organisms, 83% were attached to a substrate such as 
hypotrich ciliates, testate amoebae (Cyclopyxis), bdelloid 
rotifers, and nematodes

Of the organisms, 80% were associated with a substrate such 
as peritrich ciliates (Vorticella spp.), and rotifers of the 
genus Lecane

(b)

Topography Middle

Land use Mixed Agriculture

Initial period Day 2 (78 cm): organisms not recorded Day 2 (78 cm): ciliate Urocentrum turbo, and bdelloid 
rotifers

Intermediate period Day 15 (71 cm): ciliates Urocentrum turbo, Didinium sp., 
Euplotes sp., Halteria sp., Trachelophyllum sp., Vorticella 
spp., Lacrymaria. Rotifers began to appear with Proales 
sp., bdelloids, Brachionus quadridentatus, and Cephal-
odella sp

Day 15 (71 cm): ciliates such as Euplotes sp., Didinium sp., 
Halteria sp., and Lacrymaria sp. Rotifers such as Brachio-
nus quadridentatus, and Notommata sp. Testate amoebae 
Centropyxis sp. were present

Day 30 (43 cm): ciliates such as Vorticella spp. Rotifers 
such as Proales sp., and Cephalodella sp

Day 30 (43 cm): Euglypha sp. Ciliates such as Frontonia sp., 
and Podophrya fixa

Final period Day 45 (36 cm): B. quadridentatus, Lophocharis salpina Day 45 (37 cm): rotifers such as Cephalodella, Keratella 
tropica, and Lophocaris salpina. Nematodes were present

Day 60 (8 cm): ciliates such as Euplotes sp. Euglypha 
among testate amoebae. Among the 13 species of rotifers, 
the most abundant found were Lophocaris salpina, 
Lepadella ovalis, and Cephalodella sp. Ostracods were 
found

Day 60 (8 cm): there ciliates, and testate amoebae were 
found such as Arcella vulgaris and Difflugia sp. Rotifers 
as Polyarthra vulgaris, Keratella tropica, Lecane bulla, 
Lecane hornemanni, Lepadella ovalis

Chironomid larvae, nauplii larvae, and adults of crustaceans 
(Coronatella sp.)

Species habitat 53% of species were free-living. The rest were for peri-
phytic forms. Lacrymaria sp., and Tracheophyllum sp. are 
predatory ciliates swimmers, and is also associated with 
substrates

57% of species were periphytic forms including several 
species of testate amoebae, and rotifers such as species of 
Cephalodella, and Lecane

(c)

Topography Lower

Land use Fallow

Initial period Day 3 (73 cm): only 9 species were registered: Aspidisca sp., Urocentrum turbo, and Vorticella spp. Also Proales sp., and 
bdelloid rotifers, ostracods, and nematodes were found

Intermediate period Day 30 (60 cm): 17 species were found: ciliates such as Euplotes sp., and Vorticella sp., rotifers such as Brachionus quadri-
dentatus, Keratella tropica, Proales sp., Cephalodella sp., Lepadella ovalis, and Lophocaris salpina

Final period Day 60 (7 cm): ciliates density decreased slightly, and rotifers increased an order of magnitude due to Lepadella ovalis, and 
Cephalodella sp. Euglypha spp., and nematodes were present

Species habitat 54% of species were associated with substrates such as ciliates Aspidisca sp., Euplotes sp., Podophrya fixa, Vorticella spp. 
such as rotifers Cephalodella spp., Euchlanis dilatata, and Lepadella ovalis

46% were free-living organisms such as Didinium sp., Halteria sp., Brachionus spp., L. salpina, K. tropica, and Proales sp. 
Dileptus sp. is a predatory ciliated swimmer, and its feeding habit is found associated with substrates
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Fig. 5  The mean total density plus the standard error of consumer 
microorganisms, expressed as the logarithm of the number of individ-
uals  L−1, is plotted on the ordinates in Panel a for the different topog-
raphies (U, upper; M, middle, L, lower) (a) and in Panel b (upper: 

black bars, agriculture; white bars, mixed land use), Panel c (mid-
dle: black bars, agriculture; white bars, mixed land use), and Panel 
d (lower) for the different days of the experiment indicated on the 
abscissa

Fig. 6  The mean total density plus the standard error of taxa of con-
sumer microorganisms, expressed as the logarithm of the number of 
individuals  L−1, is plotted on the ordinates for the different days of 
the experiment indicated on the abscissas. Panel [please change the 

rest] a upper, agriculture soil (Ua); b upper, mixed-use soil (Um); 
c middle, agriculture soil (Ma); d middle, mixed-use soil (Mm); e 
lower (L)
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sequence of feeding-habit organisms in L was: bacterio-
phagic, filter-feeding, and predatory (initial and interme-
diate stage) and filter-feeding and predatory (final stage) 
microconsumers (Table 2c).

Discussion

The colonization of a new environment by consumer organ-
isms can occur within days or weeks (Ward and Stanford 
1995). Colonizing over short distances has been dem-
onstrated to be effective through different means, though 
most species do so mainly by wind. Even if distance is not 
a limiting condition for colonization, water chemistry or the 
geomorphologic features of the environment can be (Cohen 
and Shurin 2003). Nevertheless, many species arise from 
resistant structures that remain in the soil after a flooding, 
or originate in soil communities that can reside within the 
moisture prevailing in between sporadic rains.

After the flooding, colonization was initiated by oppor-
tunistic species that did not persist over time. Subsequently, 
species of ciliates and rotifers with different feeding behav-
ior were dominant during the whole flooding period. The 
crustaceans appear in both types of land use in the middle 
topography at the end of the experiment. The highest species 
richness and diversity was recorded at the middle topogra-
phy, with mixed use.

Fig. 7  The mean total density plus the standard error of the most 
abundant ciliates in different topographies and land uses, expressed as 
the logarithm of the number of individuals L−1, is plotted on the ordi-

nates for the different days of the experiment indicated on the abscis-
sas. a upper, agriculture soil (Ua), mixed-use soil (Um); b middle, 
agriculture soil (Ma); c middle, mixed-use soil (Mm); d lower

Fig. 8  The mean density plus the standard error of the most abundant 
species of rotifers in topographies M (Ma, Mm) and L, expressed as 
the logarithm of the number of individuals L−1, is plotted on the ordi-
nates for the different days of the experiment indicated on the abscis-
sas. a middle, agriculture soil (Ma); b middle, mixed-use soil (Mm); 
c lower
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Dominant groups and quiescence strategies

Ciliate and rotifer species with different eating habits were 
the dominant groups during the whole period of flooding, 
right from the initial stages on. Both groups are ubiquitous 
owing to the ability of many of those biota to produce resist-
ant stages that allow them to remain viable during devel-
opmentally unfavorable periods and in so doing adapt to 
survival in environments with a total lack of water (Foiss-
ner 1997; Ricci 2001; Brock et al. 2003; Cohen and Shurin 
2003; Segers 2008). Furthermore, in the production of resist-
ant structures, ciliates are considered to be ‘r’ strategists, 
since that tactic gives those species an additional adaptive 
advantage to exploit temporary environments (Foissner et al. 
1999). Urocentrum turbo represents a good example of strat-
egist “r” in our experiment for its behavior at the begin-
ning of the flood (Fig. 7b–d). Indeed, to complete their life 
cycle, the success of certain species depends on changing 
environmental conditions. Since many “r” strategists have 
evolved to live in only temporarily humid environments, 
droughts do not constitute adversities or disasters (Reddy 
and DeLaune 2008). The bdelloids rotifers resist drought 
for long periods in cryptobiosis while the monogononta do 
it by means of resting eggs. The bdelloid rotifers appeared 
on topographies M and L immediately after flooding the 
closures. This suggests that these organisms are from the 
soil as they emerged quickly as the Monogononta Lecane 
pyriformis (Koste 1996). The resting eggs mainly serve 
as dormant stages to bridge the terrestrial phase in places 
where those dormant forms have been produced during the 
aquatic phase (Schröeder 2001, 2005).

Brachionus quadridentatus, Keratella tropica, Lecane 
bulla, Lepadella ovalis, and Lophocaris salpina are oppor-
tunistic strategists that colonize the floodplain during the 
transition between the aquatic and terrestrial phases. These 
rotifers take advantage in an adverse period because there 
are more available food resources (Schröeder 2001, 2005). 
The increase in the abundance of B. quadridentatus in the 
present experiments would be associated with its tolerance 
to abiotic conditions in sites rich in nutrients and is favored 
as a result of the algae that develop in those locations as 
a food source (Angeler et al. 2010). The microcrustaceans 
were at low abundance only in the final period in Ma with 
nauplii larvae, adult copepods and a cladoceran Coronatella 
sp. Copepods need a longer water-residence time in order to 
develop a critical biomass and size (Schöll and Kiss 2008; 
Santangelo et al. 2015).

Several species of nematodes that live in the water film 
surrounding soil particles are able to survive desiccation 
through the ability to hide in cryptobiosis (Pilato 1979; 
Boulton and Lloyd 1992). In the experiment they occurred 
from day 30 at L and from day 45 at M. The flooding must 
remain for some time so that the quiescent states can develop 

resting eggs that are stored in floodplain soils and may 
remain viable for many years (Catlin et al. 2017).

Succession and feeding habitats

In the present experiment, colonization, just 5 days after 
flooding, was performed by opportunistic species (e. g., 
ciliates, testate amoebae, and bdelloid rotifers) at very low 
densities, but did not persist over time. The variety of feed-
ing habits at this early time point—i. e., detritivory and bac-
teriophagy, those being characteristic of early stages in the 
succession—was very narrow (Foissner et al. 1999). Spe-
cies richness increased at lower elevations, with a higher 
richness and abundance of the earliest consuming species 
being found in the lower. This apparent distribution prob-
ably resulted because the initial sampling in the upper- and 
middle topographies was done two days after the flooding; 
whereas the lower samples were taken on the third day, thus 
affording an extra day of colonization time for that topogra-
phy. Moreover, because the lower remained wet over time, 
even when not flooded, through proximity to the groundwa-
ter level and the basin’s geomorphology; the soil community 
remained in a more constant environment over time.

An eventual high algal development (chlorophyll “a”, 
Fig. 3f) with a few species is characteristic of an early suc-
cession stage (Odum 1969), resulted in such a depletion 
of the nutrients (SRP,  NO3

−, Fig. 3e, g), and later the pro-
ducer community became accordingly reduced. Thus, in the 
lower, the additional control of producer populations by the 
consumers seems to have led to a community with a high 
degree of self-regulation—i. e., an initial consumption of 
nutrients allowed the microalgae to increase in density, and 
thus the consumer population could do so as well. There 
may be mentioned at this stage filtering rotifers as Brachio-
nus quadridentatus, Keratella tropica and Lophocaris sal-
pina (Fig. 8). In this scenario, a so-called top-down control 
occurred in which the producer community was regulated 
by the consumers. Furthermore, in the middle topography, 
the rapid consumption of nutrients by the producers (both 
the free-water and the periphytic algae) during the initial and 
intermediate time periods caused a decrease in the produc-
ers’ biomass that resulted in a subsequent decrease in the 
consumers—here occurring an example of what is referred 
to as bottom-up control (Scheffer 1998). Moreover, another 
difference between the two topographies was with respect 
to their energy processes. During the flooding in the mid-
dle, the high density and biomass of the primary producer 
community resulted in high levels of DO (Fig. 3a) in the 
water, leading to a dynamic where photosynthesis exceeded 
respiration (i. e., an autotrophic system). In contrast, in the 
lower topography, low densities of microalgae led to low 
concentrations of DO and a high density of consumers, thus 
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indicating the preponderance of respiration over photosyn-
thesis (i. e., a heterotrophic system, Fig. 9).

The presence of resistant structures facilitates the ability 
of an ecosystem to recover by means of a flooding after a 
drought, as those structures allow species to develop quickly 
once the dormancy period ends (Brock et al. 2003). Thus, 
considering the frequency of the recurrence of floods in 
the study area and recognizing the ecological role of those 
occasions in the evolution of the ecosystem (Gabellone et al. 
2003; Chaneton 2006), we expected that the soil would be 
provided with forms of resistance that would develop when 
the moisture conditions became adequate.

Microorganisms in the floodwater and in the Salado 
River basin

In less mature ecosystems large fluctuation in population can 
be expected. These fluctuations can represent an export of 
organims to other communities (Margalef 1963). The spe-
cies of consumer microorganisms we identified in the soil 
during the flooding are common to many different lotic envi-
ronments of the Salado-River basin (Claps et al. 2009). Of 
the most abundant rotifer, ciliate, and testate-amoeba species 
recorded in the flooded soil; 75%, 84%, and 47%, respec-
tively, have been registered previously in the river (Claps 
et al. 2009). The Danube, Matjulu, and Murray rivers also 
share more than 30% of the ciliates that are in the associated 
floodplains (Foissner et al. 2008). These data reveal the sig-
nificance of such flooded areas as sources of microorganisms 
for inoculation into a river. Certain species of rotifers found 
in floodwaters but not registered in the Salado-River,such 
as some of the Brachionidae members such as Plationus 
patulus.. Certain ciliates, such as Prorodon sp., that are not 

common to the river are found in temporary environments; 
while others, such as Trachelophyllum sp., live in the sedi-
ments (Foissner et al. 1999) and still others, such as Dileptus 
sp., have been recorded in sandy soils or—in the example of 
Urocentrum turbo and Frontonia sp.—in streams (Foissner 
et al. 2008).

The complete role of the microbiota (i. e., protists, 
rotifers, microcrustaceans) arising from temporary wetlands 
and floodplains in the reproductive success of native-fish 
species is not completely known; but those microconsum-
ers, when carried into the Salado River by floodings, must 
certainly constitute the vital first link in the trophic chain by 
serving as food for that river’s resident fish since hydrologic 
occurrences have been shown to trigger responses in fish 
spawning, and certain hydroecological processes result in an 
increased recruitment of larvae and fry (Bunn and Arthing-
ton 2002). Therefore, measures dictating the formation and 
management of policies determining anthropogenicic altera-
tions in the Salado-floodplain landscape, such as canaliza-
tion, need improvement in order to take into account the 
impact of such interventions on these natural processes and 
on the biota in this region that would necessarily be affected. 
Despite the intensive agricultural use of soil, and the loss of 
the ecological integrity of the natural grasslands, that envi-
ronment still maintains its bank of propagules.
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