
un mayor crecimiento poblacional que B. angularis cuando lo hacían separadamente. Sin embargo, cultivándolos ambos 
juntos, B. havanaensis tuvo una reducción del crecimiento poblacional (casi 50 %), con respecto a B. angularis, en ausencia 
de Microcystis en la dieta. Esta reducción del crecimiento fue mayor que en el tratamiento de B. havanaensis individualmente, 
cuando se cultivó con una dieta mixta de Microcystis y Nannochloropsis oculata. Brachionus havanaensis en todos los tratami-
entos (solos o en presencia de B. angularis) murió completamente cuando se cultivó en 100 % de M. aeruginosa. Las tasas de 
crecimiento poblacional de B. angularis, solos o en competencia con B. havanaensis, fueron similares cuando se excluyó a 
Microcystis de la dieta. Sin embargo, el cultivo solo con Microcystis o junto con Nannochloropsis fue altamente perjudicial 
para el crecimiento poblacional de B. angularis. Nuestros resultados mostraron el diferente resultado de los experimentos de 
competencia entre estos dos rotíferos en función de la presencia o ausencia de cianobacterias tóxicas en la dieta. Nuestro 
estudio también mostró que una dieta exclusiva de esta cianobacteria era tóxica para ambas especies de rotíferos.
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ABSTRACT

Effect of a cyanobacterial diet on the competition between rotifers: a case study in Lake Albufera of Valencia, Spain

Brachionus havanaensis is predominantly distributed in the Nearctic and Neotropical regions. It is now found even in the 
Palearctic and Oriental regions. During the summer of 2015 we found high densities (> 500 ind./l) of this species and low 
numbers of Brachionus angularis in Lake Albufera where the cyanobacterium (Microcystis aeruginosa) was dominant in the 
phytoplankton community. We hypothesized that the cyanobacterium was toxic to B. angularis but not to B. havanaensis hence 
the latter would outcompete the former in the presence of this cyanobacterium. To test the hypothesis, we conducted competi-
tion experiments between two coexisting rotifer species (B. angularis and B. havanaensis) from the Lake Albufera of Valencia 
using as food the green alga (Nannochloropsis oculata) and sonicated colonies of M. aeruginosa (single cells), separately and 
together (1:1 ratio based on biomass). The competition experiments using the population growth approach showed that B. 
havanaensis in controls had higher population abundances than B. angularis. However, when grown both together, B. 
havanaensis had a reduced population growth (nearly 50 %) in relation to B. angularis, in the absence of Microcystis in the diet. 
This reduced growth was more than that in the treatment of B. havanaensis alone when grown on a mixed diet of Microcystis 
and Nannochloropsis oculata. Brachionus havanaensis in all treatments (alone or in the presence of B. angularis) died 
completely when cultured on 100 % M. aeruginosa. The population growth rates of B. angularis, alone or in competition with 
B. havanaensis, were similar when Microcystis was excluded from the diet. However, Microcystis alone or together with 
Nannochloropsis was highly detrimental for the population growth of B. angularis. Our results showed the differences in the 
competitive outcome between the rotifers depending on the presence or absence of toxic cyanobacteria in the diet. Our study 
also showed that an exclusive diet of this cyanobacterium was toxic to both rotifers.
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RESUMEN

Efecto de la dieta con cianobacterias en la competencia entre rotíferos: un caso de estudio en la laguna de la Albufera de 
Valencia, España

Brachionus havanaensis se distribuye predominantemente en las regiones Neártica y Neotropical. Ahora se encuentra incluso 
en las regiones Paleártica y Oriental. Durante el verano de 2015, encontramos altas densidades (> 500 ind./l) de esta especie 
y bajas abundancias de Brachionus angularis en la laguna de la Albufera, donde la cianobacteria (Microcystis aeruginosa) fue 
dominante en la comunidad de fitoplancton. Nuestra hipótesis fue que la cianobacteria era tóxica para B. angularis pero no 
para B. havanaensis, por lo que este último superaría al primero en presencia de dicha cianobacteria. Para probar la hipóte-
sis, realizamos experimentos de competencia entre estas dos especies de rotíferos (B. angularis y B. havanaensis) que coexisten 
en la laguna de la Albufera de Valencia utilizando como alimento el alga verde (Nannochloropsis oculata) y colonias sonicadas 
de M. aeruginosa (células individuales) por separado y juntas (en relación 1:1 basada en biomasa). Los experimentos de 
competencia basados en el seguimiento del crecimiento poblacional mostraron que en los controles B. havanaensis conseguía 
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higher abundances of B. havanaensis in Lake 
Albufera were not possibly due to its competitive 
superiority over B. angularis but the interference 
of toxicity from M. aeruginosa which favoured B. 
havanaensis. It is important to note that the toxic 
effects of M. aeruginosa on the responses of the 
population level responses of both B. angularis 
and B. havanaensis are possibly modulated by the 
presence of the green alga (Paerl, 2018). This is 
evident in mixed diet treatments containing the 
green alga which possibly minimized the adverse 
effects of Microcystis. The fact that both rotifer 
species died within a week when exposed to an 
exclusive diet of M. aeruginosa suggests that this 
strain of cyanobacterium was indeed toxic. This 
is further confirmed from previous studies from 
this waterbody where the microcystin concentra-
tion in the lake was as high as 16 µg/l (Romo et 
al., 2008) and the inclusion of sonicated cells of 
M. aeruginosa in the diet significantly reduced 
the growth rates of the cladocerans (Nandini et 
al., 2017).

The peak population densities (up to 90 
ind./ml) observed here for B. havanaensis are not 
uncommon for this species under laboratory 
conditions. For example, Pavón-Meza et al. 
(2004) observed that B. havanaensis is capable of 
reaching extremely high densities (up to 600 
ind./ml) when fed on the green alga Chlorella. 
We were able to grow B. angularis to peak densi-
ties of about 20 ind./ml. Miracle et al. (2014) 
have cultured B. angularis isolated from Lake 
Albufera and fed on different size fractions of 
lake seston (0-15 µm particle size). They 
obtained peak population densities of about 20 
ind./ml of B. angularis, similar to our observa-
tions in this study. The rate of population increase 
is yet another significant parameter often consid-
ered for interpreting the competitive outcome 
among different zooplankton species. For exam-
ple, when Anuraeopsis fissa and B. calyciflorus 
were cultured together, the ability of the latter to 
replace the former was higher due to its higher 
population growth rates (r = 1.5 per day) than that 
of A. fissa (r = 0.9 per day) (Sarma et al., 1996). 
In the present work, the r of B. havanaensis 
varied from 0.25 to 0.40/d depending on the 
presence or the absence of the competitor. 
Pavón-Meza et al. (2004) reported the r for this 

species in the range of 0.02 to 0.29 per day. For 
the strain of B. havanaensis we used here the r 
was slightly higher, but within the range reported 
for Brachionus (0.12 to 3.7 per day, Miracle & 
Serra, 1989). When Nannochloropsis alone was 
used as a diet, the r of B. angularis varied from 
0.23 to 0.30 per day which is within the range 
(0.07 - 0.35 per day) known for this species 
(Walz, 1987).

The present work suggests the possible 
adverse effects of the exotic B. havanaensis on 
locally occurring brachionid rotifers in interact-
ing with cyanobacterial blooms, common in the 
lake Albufera (Vicente & Miracle, 1992). 
Brachionus havanaensis, being pantropical 
(Segers, 2008), may easily colonize temperate 
waterbodies with the future projections of global 
warming (Hays et al., 2005). Increase in tempera-
ture also favours bloom formation in Microcystis. 
Thus, both these factors together may adversely 
impact locally adapted brachionids in freshwater 
ecosystems of temperate regions.

CONCLUSIONS

An increase in global trade and transport has 
increased the mobility of organisms and broken 
down ecological barriers to the transport of 
species around the world. Rotifers, in particular, 
are easily transported and established across the 
world (Duggan, 2010). The ability of B. 
havanaensis to withstand competition and preda-
tion pressure and grow on diets such as cyanobac-
teria indicates that it can be a successful invasive 
species and can survive in regions outside its 
native continent (Koste, 1978). Although origi-
nally reported from the Nearctic and neotropical 
regions, it is now found in Oriental and Palearctic 
regions (Segers, 2008). It has, however been 
suggested that the presence of the same species in 
different parts of the world could be a case of 
cryptic speciation as was the case in Brachionus 
plicatilis (Pociecha et al., 2007) and perhaps B. 
havanaensis is part of a species complex.
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rotifer genera such as Keratella, Polyarthra and 
Anuraeopsis. Though several members of the 
genus Brachionus are commonly reported in this 
waterbody (Oltra et al., 2001), B. havanaensis 
was not observed from the extensive zooplankton 
collections carried out during 2010-2011 (Sarma 
et al., 2019) suggesting that this species was 
recently established in the Lake Albufera. 
Brachionus havanaensis is predominantly 
distributed in the Nearctic and Neotropical 
regions. Later, it was introduced into the Palearc-
tic and Oriental regions (Segers, 2008). During 
the summer of 2015, we encountered much 
higher abundances of this species suggesting its 
ability to outcompete other members of 
Brachionus in this waterbody. Field collections 
from Mexican waterbodies too indicate its occur-
rence in relatively higher densities, ca. 1000 ind./l 
during certain months (Nandini et al., 2016). 
There appear to be several factors favouring its 
dominance in different waterbodies: these include 
relatively higher resistance to natural toxins 
including cyanotoxins, higher population growth 
rates (Pavón-Meza et al., 2004, 2008) and non-pre-
ferred prey item for invertebrate predators such as 
larval insects and copepods (Enríquez-García et 
al., 2013).

Alva-Martínez et al. (2009) have shown that 
on a mixed diet consisting of a green alga and 
toxic Microcystis aeruginosa, the population of 
Brachionus calyciflorus crashed with increasing 
proportion of cyanobacteria in the diet, while 
under similar conditions, B. havanaensis showed 
consistently higher growth rates. Also, whether 
grown separately or together with B. calyciflorus, 
B. havanaensis was always numerically more 
abundant than the other competing brachionid 
rotifers regardless of the proportion of Microcyst-
is in the diet. This confirms the resistance of B. 
havanaensis to M. aeruginosa over other 
brachionids. This is similar to our observations in 
this work where in the absence of competition 
when B. havanaensis was cultured on a mixed 
diet of Nannochloropsis and Microcystis, the 
population density was reduced to one-tenth; 
under comparable conditions, the population of 
B. angularis was reduced to one-twentieth. 
González-Pérez et al. (2018) have also docu-
mented that B. havanaensis is more resistant for 

two generations than another rotifer from the 
same family Brachionidae, Plationus patulus, 
when exposed to triclosan, an emerging contami-
nant in freshwater ecosystems. In the presence of 
strong invertebrate predators such as cyclopoids, 
B. havanaensis increases its growth rate than in 
the presence of less rapacious taxa such as turbel-
larians (Nandini et al., 2014). Although adult 
copepods such as Acanthocyclops, consume B. 
havanaensis (García et al., 2011), it is not a 
preferred item for many invertebrate predators 
(Nandini et al., 2003) possibly due to long poste-
rior spines (Garza-Mouriño et al., 2005). In Lake 
Albufera, cyclopoids such as Acanthocyclops 
americanus are important predators that feed on 
rotifers including brachionids. 

Competition for food between two (e.g., 
Sarma et al., 1999) or more (e.g., Fernán-
dez-Araiza et al., 2005) brachionid rotifers has 
received considerable attention since the seminal 
works on Brachionus rubens and B. calyciflorus 
by Rothhaupt (1988). These studies have shown 
that both biotic (e.g., food level, inoculation 
density) and abiotic (e.g., salinity, temperature) 
factors as well as species-specific characters 
(e.g., body size, intrinsic rate of population 
increase) influence the competitive outcome. 
Also, the presence of toxic substances, both xeno-
biotic (e.g., pharmaceuticals) and natural (e.g., 
cyanotoxins, salinity) are also known to affect the 
competition between two or more zooplankton 
species (Rebolledo et al., 2018). In the present 
work, the competitive outcome between B. 
havanaensis and B. angularis varied depending 
on the presence or absence of M. aeruginosa. In 
the absence of cyanobacteria, B. angularis had an 
adverse effect on B. havanaensis by reducing its 
population densities by about 90 % and growth 
rates by about 65 %. On the other hand, under 
comparable conditions, B. havanaensis was able 
to affect adversely (by about 20 %) the growth 
rates but not the population abundances of B. 
angularis. However, in the presence of toxic 
Microcystis mixed with Nannochloropsis, the 
population of B. angularis completely crashed (r 
being negative) before termination of the experi-
ments, but under similar conditions, B. havanaen-
sis was able to maintain its population with 
positive growth rates. These results suggest that 

0.001 two-way ANOVA). However, for B. angu-
laris, it was only the diet type that had a signifi-
cant effect on the peak population abundances; 
neither the presence of competitor nor the interac-
tion of competitor x diet had any significant 
impact on this parameter (p < 0.05). The rate of 
population increase of both the rotifer species 
was significantly affected (p < 0.01) by the diet 
type and the competition, but the interaction was 
not (p > 0.05, Table 2).

DISCUSSION

The dominance of the typical American plankton-
ic rotifer species, B. havanaensis, in the 
zooplankton of Lake Albufera suggests that it has 
an invasive tendency (Devin & Beisel, 2007). It is 
often found in waterbodies dominated by toxic 
cyanobacteria (Nandini et al., 2005). Zooplank-
ton composition of Lake Albufera over a 
three-decade period indicates the presence of 

laris, B. havanaensis showed an initial lag phase 
of about four days, an exponential phase of about 
seven days and after that the population began to 
decline. With the inclusion of sonicated M. aerug-
inosa in the diet, B. havanaensis had a longer lag 
phase (6 days). On a diet of M. aeruginosa alone, 
B. havanaensis grew until 6 days and then 
declined but on this diet and the presence of the 
competitor the decline began after 3 days. The 
growth curves of B. angularis cultured on a diet of 
N. oculata, alone or in the presence of a competi-
tor were similar. However, with the inclusion of 
M. aeruginosa, the population of B. angularis 
hardly grew beyond the inoculation density and 
when fed on an exclusive diet of M. aeruginosa, 
the populations of B. angularis completely 
collapsed by the fifth day.

Depending on the treatment and the test rotifer 
species, the peak population abundances of B. 
havanaensis and B. angularis varied from 1-95 
and 1-23 ind./ml, respectively. The presence of a 
competitor or the toxic diet had differential 
effects on the maximal population densities 

achieved by the tested brachionid rotifers. For 
example, for B. havanaensis, the presence of M. 
aeruginosa (in the mixed diet) or the presence of 
competitor (in the absence of cyanobacteria) had 
a similar adverse effect on the peak population 
density. On the other hand, for B. angularis in the 
absence of M. aeruginosa, the presence of a com-
petitor, B. havanaensis, had no adverse effect on 
the peak population densities.

The rates of population increase of B. 
havanaensis and B. angularis in treatments 
containing only N. oculata but without competi-
tion were 0.40 and 0.30 /d, respectively. When 
the mixed diet (Nannochloropsis and Microcyst-
is) was offered as food, the growth rates of B. 
angularis, but not B. havanaensis, became nega-
tive. For either rotifer species, 100 % M. aerugi-
nosa did not permit sustained populations, and 
hence the derivation of growth rates was not 
feasible (Table 1). 

Statistically, the peak population density of B. 
havanaensis was significantly influenced by the 
diet type, competition and their interaction (p < 

Based on the data collected, we derived the 
rate of population increase (r) per day using the 
exponential growth equation: r = (ln Nt – ln N0)/t, 
where N0 = initial rotifer density; Nt = rotifer 
density after time t; and t = time in days. In treat-
ments where a peak of population abundance 
was not evident, the growth rate was calculated 
from the slope between ln N and time (Sibly & 
Hone, 2002) and when growth did not occur, the 
r was not derived.

The peak population density and the rate of 
population increase for each rotifer species were 
statistically treated using two-way ANOVA. For 

multiple comparisons, we used a post hoc 
(Tukey) test (SigmaPlot ver. 12).

RESULTS

Population growth curves of Brachionus 
havanaensis cultured separately and together with 
B. angularis fed Nannochloropsis oculata (100 
%), sonicated Microcystis aeruginosa (100 %) or 
on the mixed diet (1:1 ratio of N. oculata: M. 
aeruginosa) differed depending on the treatment 
(Fig. 1). When cultured on N. oculata, in the 
presence or absence of competition from B. angu-

resist toxic effects of the colonial cyanobacteria 
including Microcystis spp. Though its occurrence 
has been reported in temperate European 
water-bodies (Segers, 2008), it is generally found 
in low abundances (< 50 ind./l). However, during 
the summer 2015, we found very high densities of 
B. havanaensis (> 500 ind./l) but low abundances 
of another brachionid rotifer B. angularis in Lake 
Albufera. The phytoplankton of the lake at that 
time contained blooms of Microcystis aerugino-
sa. Therefore we hypothesized that low abun-
dances of B. angularis were due to the combined 
effect of competitive pressure from B. havanaen-
sis and the toxic effects of M. aeruginosa. 

The aim of the study was, therefore, to test 
which of the two natural forces, competition from 
congeners or toxicity from Microcystis had a 
higher impact on the population growth of B. 
havanaensis and B. angularis.

MATERIAL AND METHODS

Zooplankton samples were collected using a 
plankton net (pore size 50 µm) from Lake 
Albufera by filtering about 50 L of water. The 
phytoplankton, dominated by M. aeruginosa, was 
separately (100 L) collected using a plankton net 
and stored in the dark at 4 °C in a tempera-
ture-controlled chamber. From the live zooplank-
ton samples we isolated a few individuals of 
Brachionus havanaensis and Brachionus angula-
ris using stereomicroscope in the laboratory. 
From these, we established a clonal culture for 
each rotifer starting with a single female. The 
rotifers were fed the green alga Nannochloropsis 
oculata at a density of 0.5 x 106 cells/ml and 
maintained in reconstituted moderately hard 
water (EPA medium). This medium was prepared 
by dissolving 96 mg NaHCO3, 60 mg CaSO4, 60 
mg MgSO4 and 4 mg KCl in one litre of distilled 
water (Weber, 1993). Nannochloropsis oculata 
was axenically batch-cultured in 2 L glass flasks 
using Bold's medium (Borowitzka & Borowitzka, 
1988). When the alga reached the log phase (after 
seven days following inoculation at a density of 
0.1 x 106 cells/ml), it was harvested and concen-
trated by centrifugation at 3000 rpm for 5 min. 
The concentrated alga was rinsed and re-suspend-
ed in a small volume (5 ml) of distilled water. The 

density of the harvested alga was estimated using 
a Neubauer haemocytometer.

For obtaining the sonicated cells of M. aerugi-
nosa, we harvested the floating colonial cyano-
bacteria from the cold-chamber by syphoning 
using a Pasteur pipette. Later, the concentrated 
colonial M. aeruginosa was filtered using differ-
ent meshes to remove large zooplanktonic organ-
isms and smaller phytoplankton cells. The 
remaining cyanobacterial composition showed 
more than 93 % M. aeruginosa which was 
sonicated for four minutes at 20 kHz. Microscop-
ic observations of the sonicated cells revealed 
that more than 90 % of the biomass was in 
single-celled form of M. aeruginosa. The individ-
ual cell size of M. aeruginosa and that of Nanno-
chloropsis oculata was similar (4-5 µm). Howev-
er, we used the biomass equivalent of M. aerugi-
nosa, Nannochloropsis oculata or their mixed 
diet for rotifers in the test jars.

The population growth experiments for both 
rotifer species were conducted simultaneously. 
For the experiments, we used 40 ml glass recipi-
ents as test jars, and each jar contained 30 ml EPA 
medium with one of the chosen diet type and 
combination. In all we used 36 test jars: B. 
havanaensis alone, B. angularis alone and togeth-
er (competition) = 3 x food types N. oculata 
alone, M. aeruginosa alone and their mixed diet = 
3 x 4 replicates for each treatment. Thus, into 
each test jars containing the chosen diet at the 
density of 0.5 x 106 cells/ml, we individually 
introduced one of the two rotifer species at an 
initial density of 1 ind./ml (or both at a ratio of 
1:1). The initial composition of rotifers in the test 
jars consisted of 80 % neonates and 20 % adults. 
The test jars were maintained in a tempera-
ture-controlled chamber set at 22±0.1 °C, pH 
7.0–7.4, and with photoperiod light-dark of 16-8 
hours diffuse fluorescent illumination.

Following initiation of growth experiments, 
after every 24h we counted the number of live 
rotifers in each jar, initially by total count, and as 
the density of the population increased to 50 
ind./ml in some replicates, we used two aliquots 
of 1 ml each. Following quantification of the 
rotifers density, we replaced them into a freshly 
prepared medium with an appropriate algal-cy-
anobacterial composition.

INTRODUCTION

Competition in aquatic ecosystems is an important 
natural process that structures the plankton compo-
sition (Vanni, 1986). Studies on the competitive 
interactions within the zooplanktonic groups are 
usually conducted using large species such as 
cladocerans (Smith & Cooper, 1982), which differ 
from the competitive outcome among the smaller 
sized zooplankton such as rotifers (Gilbert, 1985). 
For example, cladocerans are capable of breaking 
and then feeding on toxic filamentous cyanobacte-
ria which rotifers are incapable of (Sikora & Daw-
idowicz, 2017). Therefore, often due to the 
mechanical limitation of consuming cyanobacte-
ria, rotifers are incapable of competing with 
cladocerans. Even when the toxic cyanobacterial 
colonies are sonicated to single cells and offered as 
a diet to competing rotifers and cladocerans, the 
latter usually dominate due to their higher food 
gathering ability and the mechanical damage (from 
the powerful swimming currents) they inflict to the 
rotifer eggs (MacIsaac & Gilbert, 1989). There-
fore, it becomes evident that when unequally sized 
zooplankton groups compete, the smaller groups 
become competitively inferior especially under 
higher food levels (Sarma et al., 1996).

When two similar sized zooplankton species 
compete for food, the outcome depends on many 
different factors including the relative feeding 
and filtration rates, the magnitude of population 
growth rate and initial densities of the competing 
species (Sarma et al., 1999, Nandini et al., 2007). 
Also, if the medium contains toxic cyanobacteria, 
then the relative tolerances of competing species 
to the toxins are also crucial in deciding the 

outcome (Alva-Martínez et al., 2007). For exam-
ple, when two similar sized rotifers, Brachionus 
havanaensis and Brachionus calyciflorus were 
cultured together on Microcystis mixed with 
green alga at different proportions we observed a 
more adverse effect on B. calyciflorus than on B. 
havanaensis (Alva-Martínez et al., 2009). How-
ever, if the competing species have similar sensi-
tivities to toxins, then the competitive outcome is 
independent of the toxic cyanobacteria. For 
example, Lin et al. (2014) have shown that two 
rotifers of the family Brachionidae, Plationus 
patulus and Brachionus havanaensis had similar 
sensitivities to sonicated cells of a toxic strain of 
Anabaena sp. Both species failed to grow in the 
presences of this cyanobacterium, and thus com-
petition was not influenced by the toxins. There-
fore, although cyanobacterial toxicity influences 
zooplankton growth rates, it is not necessarily the 
deciding biotic factor that determines the compet-
itive outcome among zooplankton species.

Lake Albufera of Valencia is a shallow hyper-
trophic waterbody on the Mediterranean Coast of 
Spain. The plankton of this waterbody has been 
extensively studied over three decades (Vicente 
& Miracle, 1992; Romo et al., 2008). The phyto-
plankton is composed of toxic colonial cyanobac-
teria, mainly Microcystis aeruginosa, while the 
rotifers are dominated by the genus Brachionus. 
Among the species of Brachionus, B. havanaen-
sis is common in American epicontinental waters 
(Segers, 2008). Its natural abundances can be as 
high as 1000 ind./l (Nandini et al., 2016). It has 
the ability to reach extremely high population 
abundances (up to 600 ind./ml, under experimen-
tal conditions (Pavón-Meza et al., 2004) and to 

un mayor crecimiento poblacional que B. angularis cuando lo hacían separadamente. Sin embargo, cultivándolos ambos 
juntos, B. havanaensis tuvo una reducción del crecimiento poblacional (casi 50 %), con respecto a B. angularis, en ausencia 
de Microcystis en la dieta. Esta reducción del crecimiento fue mayor que en el tratamiento de B. havanaensis individualmente, 
cuando se cultivó con una dieta mixta de Microcystis y Nannochloropsis oculata. Brachionus havanaensis en todos los tratami-
entos (solos o en presencia de B. angularis) murió completamente cuando se cultivó en 100 % de M. aeruginosa. Las tasas de 
crecimiento poblacional de B. angularis, solos o en competencia con B. havanaensis, fueron similares cuando se excluyó a 
Microcystis de la dieta. Sin embargo, el cultivo solo con Microcystis o junto con Nannochloropsis fue altamente perjudicial 
para el crecimiento poblacional de B. angularis. Nuestros resultados mostraron el diferente resultado de los experimentos de 
competencia entre estos dos rotíferos en función de la presencia o ausencia de cianobacterias tóxicas en la dieta. Nuestro 
estudio también mostró que una dieta exclusiva de esta cianobacteria era tóxica para ambas especies de rotíferos.

Palabras clave: Brachionus, Rotifera, dinámica poblacional, Microcystis, Nannochloropsis
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ABSTRACT

Effect of a cyanobacterial diet on the competition between rotifers: a case study in Lake Albufera of Valencia, Spain

Brachionus havanaensis is predominantly distributed in the Nearctic and Neotropical regions. It is now found even in the 
Palearctic and Oriental regions. During the summer of 2015 we found high densities (> 500 ind./l) of this species and low 
numbers of Brachionus angularis in Lake Albufera where the cyanobacterium (Microcystis aeruginosa) was dominant in the 
phytoplankton community. We hypothesized that the cyanobacterium was toxic to B. angularis but not to B. havanaensis hence 
the latter would outcompete the former in the presence of this cyanobacterium. To test the hypothesis, we conducted competi-
tion experiments between two coexisting rotifer species (B. angularis and B. havanaensis) from the Lake Albufera of Valencia 
using as food the green alga (Nannochloropsis oculata) and sonicated colonies of M. aeruginosa (single cells), separately and 
together (1:1 ratio based on biomass). The competition experiments using the population growth approach showed that B. 
havanaensis in controls had higher population abundances than B. angularis. However, when grown both together, B. 
havanaensis had a reduced population growth (nearly 50 %) in relation to B. angularis, in the absence of Microcystis in the diet. 
This reduced growth was more than that in the treatment of B. havanaensis alone when grown on a mixed diet of Microcystis 
and Nannochloropsis oculata. Brachionus havanaensis in all treatments (alone or in the presence of B. angularis) died 
completely when cultured on 100 % M. aeruginosa. The population growth rates of B. angularis, alone or in competition with 
B. havanaensis, were similar when Microcystis was excluded from the diet. However, Microcystis alone or together with 
Nannochloropsis was highly detrimental for the population growth of B. angularis. Our results showed the differences in the 
competitive outcome between the rotifers depending on the presence or absence of toxic cyanobacteria in the diet. Our study 
also showed that an exclusive diet of this cyanobacterium was toxic to both rotifers.

Key words: Brachionus, Rotifera, Population dynamics, Microcystis, Nannochloropsis

RESUMEN

Efecto de la dieta con cianobacterias en la competencia entre rotíferos: un caso de estudio en la laguna de la Albufera de 
Valencia, España

Brachionus havanaensis se distribuye predominantemente en las regiones Neártica y Neotropical. Ahora se encuentra incluso 
en las regiones Paleártica y Oriental. Durante el verano de 2015, encontramos altas densidades (> 500 ind./l) de esta especie 
y bajas abundancias de Brachionus angularis en la laguna de la Albufera, donde la cianobacteria (Microcystis aeruginosa) fue 
dominante en la comunidad de fitoplancton. Nuestra hipótesis fue que la cianobacteria era tóxica para B. angularis pero no 
para B. havanaensis, por lo que este último superaría al primero en presencia de dicha cianobacteria. Para probar la hipóte-
sis, realizamos experimentos de competencia entre estas dos especies de rotíferos (B. angularis y B. havanaensis) que coexisten 
en la laguna de la Albufera de Valencia utilizando como alimento el alga verde (Nannochloropsis oculata) y colonias sonicadas 
de M. aeruginosa (células individuales) por separado y juntas (en relación 1:1 basada en biomasa). Los experimentos de 
competencia basados en el seguimiento del crecimiento poblacional mostraron que en los controles B. havanaensis conseguía 
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higher abundances of B. havanaensis in Lake 
Albufera were not possibly due to its competitive 
superiority over B. angularis but the interference 
of toxicity from M. aeruginosa which favoured B. 
havanaensis. It is important to note that the toxic 
effects of M. aeruginosa on the responses of the 
population level responses of both B. angularis 
and B. havanaensis are possibly modulated by the 
presence of the green alga (Paerl, 2018). This is 
evident in mixed diet treatments containing the 
green alga which possibly minimized the adverse 
effects of Microcystis. The fact that both rotifer 
species died within a week when exposed to an 
exclusive diet of M. aeruginosa suggests that this 
strain of cyanobacterium was indeed toxic. This 
is further confirmed from previous studies from 
this waterbody where the microcystin concentra-
tion in the lake was as high as 16 µg/l (Romo et 
al., 2008) and the inclusion of sonicated cells of 
M. aeruginosa in the diet significantly reduced 
the growth rates of the cladocerans (Nandini et 
al., 2017).

The peak population densities (up to 90 
ind./ml) observed here for B. havanaensis are not 
uncommon for this species under laboratory 
conditions. For example, Pavón-Meza et al. 
(2004) observed that B. havanaensis is capable of 
reaching extremely high densities (up to 600 
ind./ml) when fed on the green alga Chlorella. 
We were able to grow B. angularis to peak densi-
ties of about 20 ind./ml. Miracle et al. (2014) 
have cultured B. angularis isolated from Lake 
Albufera and fed on different size fractions of 
lake seston (0-15 µm particle size). They 
obtained peak population densities of about 20 
ind./ml of B. angularis, similar to our observa-
tions in this study. The rate of population increase 
is yet another significant parameter often consid-
ered for interpreting the competitive outcome 
among different zooplankton species. For exam-
ple, when Anuraeopsis fissa and B. calyciflorus 
were cultured together, the ability of the latter to 
replace the former was higher due to its higher 
population growth rates (r = 1.5 per day) than that 
of A. fissa (r = 0.9 per day) (Sarma et al., 1996). 
In the present work, the r of B. havanaensis 
varied from 0.25 to 0.40/d depending on the 
presence or the absence of the competitor. 
Pavón-Meza et al. (2004) reported the r for this 

species in the range of 0.02 to 0.29 per day. For 
the strain of B. havanaensis we used here the r 
was slightly higher, but within the range reported 
for Brachionus (0.12 to 3.7 per day, Miracle & 
Serra, 1989). When Nannochloropsis alone was 
used as a diet, the r of B. angularis varied from 
0.23 to 0.30 per day which is within the range 
(0.07 - 0.35 per day) known for this species 
(Walz, 1987).

The present work suggests the possible 
adverse effects of the exotic B. havanaensis on 
locally occurring brachionid rotifers in interact-
ing with cyanobacterial blooms, common in the 
lake Albufera (Vicente & Miracle, 1992). 
Brachionus havanaensis, being pantropical 
(Segers, 2008), may easily colonize temperate 
waterbodies with the future projections of global 
warming (Hays et al., 2005). Increase in tempera-
ture also favours bloom formation in Microcystis. 
Thus, both these factors together may adversely 
impact locally adapted brachionids in freshwater 
ecosystems of temperate regions.

CONCLUSIONS

An increase in global trade and transport has 
increased the mobility of organisms and broken 
down ecological barriers to the transport of 
species around the world. Rotifers, in particular, 
are easily transported and established across the 
world (Duggan, 2010). The ability of B. 
havanaensis to withstand competition and preda-
tion pressure and grow on diets such as cyanobac-
teria indicates that it can be a successful invasive 
species and can survive in regions outside its 
native continent (Koste, 1978). Although origi-
nally reported from the Nearctic and neotropical 
regions, it is now found in Oriental and Palearctic 
regions (Segers, 2008). It has, however been 
suggested that the presence of the same species in 
different parts of the world could be a case of 
cryptic speciation as was the case in Brachionus 
plicatilis (Pociecha et al., 2007) and perhaps B. 
havanaensis is part of a species complex.
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rotifer genera such as Keratella, Polyarthra and 
Anuraeopsis. Though several members of the 
genus Brachionus are commonly reported in this 
waterbody (Oltra et al., 2001), B. havanaensis 
was not observed from the extensive zooplankton 
collections carried out during 2010-2011 (Sarma 
et al., 2019) suggesting that this species was 
recently established in the Lake Albufera. 
Brachionus havanaensis is predominantly 
distributed in the Nearctic and Neotropical 
regions. Later, it was introduced into the Palearc-
tic and Oriental regions (Segers, 2008). During 
the summer of 2015, we encountered much 
higher abundances of this species suggesting its 
ability to outcompete other members of 
Brachionus in this waterbody. Field collections 
from Mexican waterbodies too indicate its occur-
rence in relatively higher densities, ca. 1000 ind./l 
during certain months (Nandini et al., 2016). 
There appear to be several factors favouring its 
dominance in different waterbodies: these include 
relatively higher resistance to natural toxins 
including cyanotoxins, higher population growth 
rates (Pavón-Meza et al., 2004, 2008) and non-pre-
ferred prey item for invertebrate predators such as 
larval insects and copepods (Enríquez-García et 
al., 2013).

Alva-Martínez et al. (2009) have shown that 
on a mixed diet consisting of a green alga and 
toxic Microcystis aeruginosa, the population of 
Brachionus calyciflorus crashed with increasing 
proportion of cyanobacteria in the diet, while 
under similar conditions, B. havanaensis showed 
consistently higher growth rates. Also, whether 
grown separately or together with B. calyciflorus, 
B. havanaensis was always numerically more 
abundant than the other competing brachionid 
rotifers regardless of the proportion of Microcyst-
is in the diet. This confirms the resistance of B. 
havanaensis to M. aeruginosa over other 
brachionids. This is similar to our observations in 
this work where in the absence of competition 
when B. havanaensis was cultured on a mixed 
diet of Nannochloropsis and Microcystis, the 
population density was reduced to one-tenth; 
under comparable conditions, the population of 
B. angularis was reduced to one-twentieth. 
González-Pérez et al. (2018) have also docu-
mented that B. havanaensis is more resistant for 

two generations than another rotifer from the 
same family Brachionidae, Plationus patulus, 
when exposed to triclosan, an emerging contami-
nant in freshwater ecosystems. In the presence of 
strong invertebrate predators such as cyclopoids, 
B. havanaensis increases its growth rate than in 
the presence of less rapacious taxa such as turbel-
larians (Nandini et al., 2014). Although adult 
copepods such as Acanthocyclops, consume B. 
havanaensis (García et al., 2011), it is not a 
preferred item for many invertebrate predators 
(Nandini et al., 2003) possibly due to long poste-
rior spines (Garza-Mouriño et al., 2005). In Lake 
Albufera, cyclopoids such as Acanthocyclops 
americanus are important predators that feed on 
rotifers including brachionids. 

Competition for food between two (e.g., 
Sarma et al., 1999) or more (e.g., Fernán-
dez-Araiza et al., 2005) brachionid rotifers has 
received considerable attention since the seminal 
works on Brachionus rubens and B. calyciflorus 
by Rothhaupt (1988). These studies have shown 
that both biotic (e.g., food level, inoculation 
density) and abiotic (e.g., salinity, temperature) 
factors as well as species-specific characters 
(e.g., body size, intrinsic rate of population 
increase) influence the competitive outcome. 
Also, the presence of toxic substances, both xeno-
biotic (e.g., pharmaceuticals) and natural (e.g., 
cyanotoxins, salinity) are also known to affect the 
competition between two or more zooplankton 
species (Rebolledo et al., 2018). In the present 
work, the competitive outcome between B. 
havanaensis and B. angularis varied depending 
on the presence or absence of M. aeruginosa. In 
the absence of cyanobacteria, B. angularis had an 
adverse effect on B. havanaensis by reducing its 
population densities by about 90 % and growth 
rates by about 65 %. On the other hand, under 
comparable conditions, B. havanaensis was able 
to affect adversely (by about 20 %) the growth 
rates but not the population abundances of B. 
angularis. However, in the presence of toxic 
Microcystis mixed with Nannochloropsis, the 
population of B. angularis completely crashed (r 
being negative) before termination of the experi-
ments, but under similar conditions, B. havanaen-
sis was able to maintain its population with 
positive growth rates. These results suggest that 

0.001 two-way ANOVA). However, for B. angu-
laris, it was only the diet type that had a signifi-
cant effect on the peak population abundances; 
neither the presence of competitor nor the interac-
tion of competitor x diet had any significant 
impact on this parameter (p < 0.05). The rate of 
population increase of both the rotifer species 
was significantly affected (p < 0.01) by the diet 
type and the competition, but the interaction was 
not (p > 0.05, Table 2).

DISCUSSION

The dominance of the typical American plankton-
ic rotifer species, B. havanaensis, in the 
zooplankton of Lake Albufera suggests that it has 
an invasive tendency (Devin & Beisel, 2007). It is 
often found in waterbodies dominated by toxic 
cyanobacteria (Nandini et al., 2005). Zooplank-
ton composition of Lake Albufera over a 
three-decade period indicates the presence of 

laris, B. havanaensis showed an initial lag phase 
of about four days, an exponential phase of about 
seven days and after that the population began to 
decline. With the inclusion of sonicated M. aerug-
inosa in the diet, B. havanaensis had a longer lag 
phase (6 days). On a diet of M. aeruginosa alone, 
B. havanaensis grew until 6 days and then 
declined but on this diet and the presence of the 
competitor the decline began after 3 days. The 
growth curves of B. angularis cultured on a diet of 
N. oculata, alone or in the presence of a competi-
tor were similar. However, with the inclusion of 
M. aeruginosa, the population of B. angularis 
hardly grew beyond the inoculation density and 
when fed on an exclusive diet of M. aeruginosa, 
the populations of B. angularis completely 
collapsed by the fifth day.

Depending on the treatment and the test rotifer 
species, the peak population abundances of B. 
havanaensis and B. angularis varied from 1-95 
and 1-23 ind./ml, respectively. The presence of a 
competitor or the toxic diet had differential 
effects on the maximal population densities 

achieved by the tested brachionid rotifers. For 
example, for B. havanaensis, the presence of M. 
aeruginosa (in the mixed diet) or the presence of 
competitor (in the absence of cyanobacteria) had 
a similar adverse effect on the peak population 
density. On the other hand, for B. angularis in the 
absence of M. aeruginosa, the presence of a com-
petitor, B. havanaensis, had no adverse effect on 
the peak population densities.

The rates of population increase of B. 
havanaensis and B. angularis in treatments 
containing only N. oculata but without competi-
tion were 0.40 and 0.30 /d, respectively. When 
the mixed diet (Nannochloropsis and Microcyst-
is) was offered as food, the growth rates of B. 
angularis, but not B. havanaensis, became nega-
tive. For either rotifer species, 100 % M. aerugi-
nosa did not permit sustained populations, and 
hence the derivation of growth rates was not 
feasible (Table 1). 

Statistically, the peak population density of B. 
havanaensis was significantly influenced by the 
diet type, competition and their interaction (p < 

Based on the data collected, we derived the 
rate of population increase (r) per day using the 
exponential growth equation: r = (ln Nt – ln N0)/t, 
where N0 = initial rotifer density; Nt = rotifer 
density after time t; and t = time in days. In treat-
ments where a peak of population abundance 
was not evident, the growth rate was calculated 
from the slope between ln N and time (Sibly & 
Hone, 2002) and when growth did not occur, the 
r was not derived.

The peak population density and the rate of 
population increase for each rotifer species were 
statistically treated using two-way ANOVA. For 

multiple comparisons, we used a post hoc 
(Tukey) test (SigmaPlot ver. 12).

RESULTS

Population growth curves of Brachionus 
havanaensis cultured separately and together with 
B. angularis fed Nannochloropsis oculata (100 
%), sonicated Microcystis aeruginosa (100 %) or 
on the mixed diet (1:1 ratio of N. oculata: M. 
aeruginosa) differed depending on the treatment 
(Fig. 1). When cultured on N. oculata, in the 
presence or absence of competition from B. angu-

resist toxic effects of the colonial cyanobacteria 
including Microcystis spp. Though its occurrence 
has been reported in temperate European 
water-bodies (Segers, 2008), it is generally found 
in low abundances (< 50 ind./l). However, during 
the summer 2015, we found very high densities of 
B. havanaensis (> 500 ind./l) but low abundances 
of another brachionid rotifer B. angularis in Lake 
Albufera. The phytoplankton of the lake at that 
time contained blooms of Microcystis aerugino-
sa. Therefore we hypothesized that low abun-
dances of B. angularis were due to the combined 
effect of competitive pressure from B. havanaen-
sis and the toxic effects of M. aeruginosa. 

The aim of the study was, therefore, to test 
which of the two natural forces, competition from 
congeners or toxicity from Microcystis had a 
higher impact on the population growth of B. 
havanaensis and B. angularis.

MATERIAL AND METHODS

Zooplankton samples were collected using a 
plankton net (pore size 50 µm) from Lake 
Albufera by filtering about 50 L of water. The 
phytoplankton, dominated by M. aeruginosa, was 
separately (100 L) collected using a plankton net 
and stored in the dark at 4 °C in a tempera-
ture-controlled chamber. From the live zooplank-
ton samples we isolated a few individuals of 
Brachionus havanaensis and Brachionus angula-
ris using stereomicroscope in the laboratory. 
From these, we established a clonal culture for 
each rotifer starting with a single female. The 
rotifers were fed the green alga Nannochloropsis 
oculata at a density of 0.5 x 106 cells/ml and 
maintained in reconstituted moderately hard 
water (EPA medium). This medium was prepared 
by dissolving 96 mg NaHCO3, 60 mg CaSO4, 60 
mg MgSO4 and 4 mg KCl in one litre of distilled 
water (Weber, 1993). Nannochloropsis oculata 
was axenically batch-cultured in 2 L glass flasks 
using Bold's medium (Borowitzka & Borowitzka, 
1988). When the alga reached the log phase (after 
seven days following inoculation at a density of 
0.1 x 106 cells/ml), it was harvested and concen-
trated by centrifugation at 3000 rpm for 5 min. 
The concentrated alga was rinsed and re-suspend-
ed in a small volume (5 ml) of distilled water. The 

density of the harvested alga was estimated using 
a Neubauer haemocytometer.

For obtaining the sonicated cells of M. aerugi-
nosa, we harvested the floating colonial cyano-
bacteria from the cold-chamber by syphoning 
using a Pasteur pipette. Later, the concentrated 
colonial M. aeruginosa was filtered using differ-
ent meshes to remove large zooplanktonic organ-
isms and smaller phytoplankton cells. The 
remaining cyanobacterial composition showed 
more than 93 % M. aeruginosa which was 
sonicated for four minutes at 20 kHz. Microscop-
ic observations of the sonicated cells revealed 
that more than 90 % of the biomass was in 
single-celled form of M. aeruginosa. The individ-
ual cell size of M. aeruginosa and that of Nanno-
chloropsis oculata was similar (4-5 µm). Howev-
er, we used the biomass equivalent of M. aerugi-
nosa, Nannochloropsis oculata or their mixed 
diet for rotifers in the test jars.

The population growth experiments for both 
rotifer species were conducted simultaneously. 
For the experiments, we used 40 ml glass recipi-
ents as test jars, and each jar contained 30 ml EPA 
medium with one of the chosen diet type and 
combination. In all we used 36 test jars: B. 
havanaensis alone, B. angularis alone and togeth-
er (competition) = 3 x food types N. oculata 
alone, M. aeruginosa alone and their mixed diet = 
3 x 4 replicates for each treatment. Thus, into 
each test jars containing the chosen diet at the 
density of 0.5 x 106 cells/ml, we individually 
introduced one of the two rotifer species at an 
initial density of 1 ind./ml (or both at a ratio of 
1:1). The initial composition of rotifers in the test 
jars consisted of 80 % neonates and 20 % adults. 
The test jars were maintained in a tempera-
ture-controlled chamber set at 22±0.1 °C, pH 
7.0–7.4, and with photoperiod light-dark of 16-8 
hours diffuse fluorescent illumination.

Following initiation of growth experiments, 
after every 24h we counted the number of live 
rotifers in each jar, initially by total count, and as 
the density of the population increased to 50 
ind./ml in some replicates, we used two aliquots 
of 1 ml each. Following quantification of the 
rotifers density, we replaced them into a freshly 
prepared medium with an appropriate algal-cy-
anobacterial composition.

INTRODUCTION

Competition in aquatic ecosystems is an important 
natural process that structures the plankton compo-
sition (Vanni, 1986). Studies on the competitive 
interactions within the zooplanktonic groups are 
usually conducted using large species such as 
cladocerans (Smith & Cooper, 1982), which differ 
from the competitive outcome among the smaller 
sized zooplankton such as rotifers (Gilbert, 1985). 
For example, cladocerans are capable of breaking 
and then feeding on toxic filamentous cyanobacte-
ria which rotifers are incapable of (Sikora & Daw-
idowicz, 2017). Therefore, often due to the 
mechanical limitation of consuming cyanobacte-
ria, rotifers are incapable of competing with 
cladocerans. Even when the toxic cyanobacterial 
colonies are sonicated to single cells and offered as 
a diet to competing rotifers and cladocerans, the 
latter usually dominate due to their higher food 
gathering ability and the mechanical damage (from 
the powerful swimming currents) they inflict to the 
rotifer eggs (MacIsaac & Gilbert, 1989). There-
fore, it becomes evident that when unequally sized 
zooplankton groups compete, the smaller groups 
become competitively inferior especially under 
higher food levels (Sarma et al., 1996).

When two similar sized zooplankton species 
compete for food, the outcome depends on many 
different factors including the relative feeding 
and filtration rates, the magnitude of population 
growth rate and initial densities of the competing 
species (Sarma et al., 1999, Nandini et al., 2007). 
Also, if the medium contains toxic cyanobacteria, 
then the relative tolerances of competing species 
to the toxins are also crucial in deciding the 

outcome (Alva-Martínez et al., 2007). For exam-
ple, when two similar sized rotifers, Brachionus 
havanaensis and Brachionus calyciflorus were 
cultured together on Microcystis mixed with 
green alga at different proportions we observed a 
more adverse effect on B. calyciflorus than on B. 
havanaensis (Alva-Martínez et al., 2009). How-
ever, if the competing species have similar sensi-
tivities to toxins, then the competitive outcome is 
independent of the toxic cyanobacteria. For 
example, Lin et al. (2014) have shown that two 
rotifers of the family Brachionidae, Plationus 
patulus and Brachionus havanaensis had similar 
sensitivities to sonicated cells of a toxic strain of 
Anabaena sp. Both species failed to grow in the 
presences of this cyanobacterium, and thus com-
petition was not influenced by the toxins. There-
fore, although cyanobacterial toxicity influences 
zooplankton growth rates, it is not necessarily the 
deciding biotic factor that determines the compet-
itive outcome among zooplankton species.

Lake Albufera of Valencia is a shallow hyper-
trophic waterbody on the Mediterranean Coast of 
Spain. The plankton of this waterbody has been 
extensively studied over three decades (Vicente 
& Miracle, 1992; Romo et al., 2008). The phyto-
plankton is composed of toxic colonial cyanobac-
teria, mainly Microcystis aeruginosa, while the 
rotifers are dominated by the genus Brachionus. 
Among the species of Brachionus, B. havanaen-
sis is common in American epicontinental waters 
(Segers, 2008). Its natural abundances can be as 
high as 1000 ind./l (Nandini et al., 2016). It has 
the ability to reach extremely high population 
abundances (up to 600 ind./ml, under experimen-
tal conditions (Pavón-Meza et al., 2004) and to 

un mayor crecimiento poblacional que B. angularis cuando lo hacían separadamente. Sin embargo, cultivándolos ambos 
juntos, B. havanaensis tuvo una reducción del crecimiento poblacional (casi 50 %), con respecto a B. angularis, en ausencia 
de Microcystis en la dieta. Esta reducción del crecimiento fue mayor que en el tratamiento de B. havanaensis individualmente, 
cuando se cultivó con una dieta mixta de Microcystis y Nannochloropsis oculata. Brachionus havanaensis en todos los tratami-
entos (solos o en presencia de B. angularis) murió completamente cuando se cultivó en 100 % de M. aeruginosa. Las tasas de 
crecimiento poblacional de B. angularis, solos o en competencia con B. havanaensis, fueron similares cuando se excluyó a 
Microcystis de la dieta. Sin embargo, el cultivo solo con Microcystis o junto con Nannochloropsis fue altamente perjudicial 
para el crecimiento poblacional de B. angularis. Nuestros resultados mostraron el diferente resultado de los experimentos de 
competencia entre estos dos rotíferos en función de la presencia o ausencia de cianobacterias tóxicas en la dieta. Nuestro 
estudio también mostró que una dieta exclusiva de esta cianobacteria era tóxica para ambas especies de rotíferos.
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ABSTRACT

Effect of a cyanobacterial diet on the competition between rotifers: a case study in Lake Albufera of Valencia, Spain

Brachionus havanaensis is predominantly distributed in the Nearctic and Neotropical regions. It is now found even in the 
Palearctic and Oriental regions. During the summer of 2015 we found high densities (> 500 ind./l) of this species and low 
numbers of Brachionus angularis in Lake Albufera where the cyanobacterium (Microcystis aeruginosa) was dominant in the 
phytoplankton community. We hypothesized that the cyanobacterium was toxic to B. angularis but not to B. havanaensis hence 
the latter would outcompete the former in the presence of this cyanobacterium. To test the hypothesis, we conducted competi-
tion experiments between two coexisting rotifer species (B. angularis and B. havanaensis) from the Lake Albufera of Valencia 
using as food the green alga (Nannochloropsis oculata) and sonicated colonies of M. aeruginosa (single cells), separately and 
together (1:1 ratio based on biomass). The competition experiments using the population growth approach showed that B. 
havanaensis in controls had higher population abundances than B. angularis. However, when grown both together, B. 
havanaensis had a reduced population growth (nearly 50 %) in relation to B. angularis, in the absence of Microcystis in the diet. 
This reduced growth was more than that in the treatment of B. havanaensis alone when grown on a mixed diet of Microcystis 
and Nannochloropsis oculata. Brachionus havanaensis in all treatments (alone or in the presence of B. angularis) died 
completely when cultured on 100 % M. aeruginosa. The population growth rates of B. angularis, alone or in competition with 
B. havanaensis, were similar when Microcystis was excluded from the diet. However, Microcystis alone or together with 
Nannochloropsis was highly detrimental for the population growth of B. angularis. Our results showed the differences in the 
competitive outcome between the rotifers depending on the presence or absence of toxic cyanobacteria in the diet. Our study 
also showed that an exclusive diet of this cyanobacterium was toxic to both rotifers.

Key words: Brachionus, Rotifera, Population dynamics, Microcystis, Nannochloropsis

RESUMEN

Efecto de la dieta con cianobacterias en la competencia entre rotíferos: un caso de estudio en la laguna de la Albufera de 
Valencia, España

Brachionus havanaensis se distribuye predominantemente en las regiones Neártica y Neotropical. Ahora se encuentra incluso 
en las regiones Paleártica y Oriental. Durante el verano de 2015, encontramos altas densidades (> 500 ind./l) de esta especie 
y bajas abundancias de Brachionus angularis en la laguna de la Albufera, donde la cianobacteria (Microcystis aeruginosa) fue 
dominante en la comunidad de fitoplancton. Nuestra hipótesis fue que la cianobacteria era tóxica para B. angularis pero no 
para B. havanaensis, por lo que este último superaría al primero en presencia de dicha cianobacteria. Para probar la hipóte-
sis, realizamos experimentos de competencia entre estas dos especies de rotíferos (B. angularis y B. havanaensis) que coexisten 
en la laguna de la Albufera de Valencia utilizando como alimento el alga verde (Nannochloropsis oculata) y colonias sonicadas 
de M. aeruginosa (células individuales) por separado y juntas (en relación 1:1 basada en biomasa). Los experimentos de 
competencia basados en el seguimiento del crecimiento poblacional mostraron que en los controles B. havanaensis conseguía 
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higher abundances of B. havanaensis in Lake 
Albufera were not possibly due to its competitive 
superiority over B. angularis but the interference 
of toxicity from M. aeruginosa which favoured B. 
havanaensis. It is important to note that the toxic 
effects of M. aeruginosa on the responses of the 
population level responses of both B. angularis 
and B. havanaensis are possibly modulated by the 
presence of the green alga (Paerl, 2018). This is 
evident in mixed diet treatments containing the 
green alga which possibly minimized the adverse 
effects of Microcystis. The fact that both rotifer 
species died within a week when exposed to an 
exclusive diet of M. aeruginosa suggests that this 
strain of cyanobacterium was indeed toxic. This 
is further confirmed from previous studies from 
this waterbody where the microcystin concentra-
tion in the lake was as high as 16 µg/l (Romo et 
al., 2008) and the inclusion of sonicated cells of 
M. aeruginosa in the diet significantly reduced 
the growth rates of the cladocerans (Nandini et 
al., 2017).

The peak population densities (up to 90 
ind./ml) observed here for B. havanaensis are not 
uncommon for this species under laboratory 
conditions. For example, Pavón-Meza et al. 
(2004) observed that B. havanaensis is capable of 
reaching extremely high densities (up to 600 
ind./ml) when fed on the green alga Chlorella. 
We were able to grow B. angularis to peak densi-
ties of about 20 ind./ml. Miracle et al. (2014) 
have cultured B. angularis isolated from Lake 
Albufera and fed on different size fractions of 
lake seston (0-15 µm particle size). They 
obtained peak population densities of about 20 
ind./ml of B. angularis, similar to our observa-
tions in this study. The rate of population increase 
is yet another significant parameter often consid-
ered for interpreting the competitive outcome 
among different zooplankton species. For exam-
ple, when Anuraeopsis fissa and B. calyciflorus 
were cultured together, the ability of the latter to 
replace the former was higher due to its higher 
population growth rates (r = 1.5 per day) than that 
of A. fissa (r = 0.9 per day) (Sarma et al., 1996). 
In the present work, the r of B. havanaensis 
varied from 0.25 to 0.40/d depending on the 
presence or the absence of the competitor. 
Pavón-Meza et al. (2004) reported the r for this 

species in the range of 0.02 to 0.29 per day. For 
the strain of B. havanaensis we used here the r 
was slightly higher, but within the range reported 
for Brachionus (0.12 to 3.7 per day, Miracle & 
Serra, 1989). When Nannochloropsis alone was 
used as a diet, the r of B. angularis varied from 
0.23 to 0.30 per day which is within the range 
(0.07 - 0.35 per day) known for this species 
(Walz, 1987).

The present work suggests the possible 
adverse effects of the exotic B. havanaensis on 
locally occurring brachionid rotifers in interact-
ing with cyanobacterial blooms, common in the 
lake Albufera (Vicente & Miracle, 1992). 
Brachionus havanaensis, being pantropical 
(Segers, 2008), may easily colonize temperate 
waterbodies with the future projections of global 
warming (Hays et al., 2005). Increase in tempera-
ture also favours bloom formation in Microcystis. 
Thus, both these factors together may adversely 
impact locally adapted brachionids in freshwater 
ecosystems of temperate regions.

CONCLUSIONS

An increase in global trade and transport has 
increased the mobility of organisms and broken 
down ecological barriers to the transport of 
species around the world. Rotifers, in particular, 
are easily transported and established across the 
world (Duggan, 2010). The ability of B. 
havanaensis to withstand competition and preda-
tion pressure and grow on diets such as cyanobac-
teria indicates that it can be a successful invasive 
species and can survive in regions outside its 
native continent (Koste, 1978). Although origi-
nally reported from the Nearctic and neotropical 
regions, it is now found in Oriental and Palearctic 
regions (Segers, 2008). It has, however been 
suggested that the presence of the same species in 
different parts of the world could be a case of 
cryptic speciation as was the case in Brachionus 
plicatilis (Pociecha et al., 2007) and perhaps B. 
havanaensis is part of a species complex.
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rotifer genera such as Keratella, Polyarthra and 
Anuraeopsis. Though several members of the 
genus Brachionus are commonly reported in this 
waterbody (Oltra et al., 2001), B. havanaensis 
was not observed from the extensive zooplankton 
collections carried out during 2010-2011 (Sarma 
et al., 2019) suggesting that this species was 
recently established in the Lake Albufera. 
Brachionus havanaensis is predominantly 
distributed in the Nearctic and Neotropical 
regions. Later, it was introduced into the Palearc-
tic and Oriental regions (Segers, 2008). During 
the summer of 2015, we encountered much 
higher abundances of this species suggesting its 
ability to outcompete other members of 
Brachionus in this waterbody. Field collections 
from Mexican waterbodies too indicate its occur-
rence in relatively higher densities, ca. 1000 ind./l 
during certain months (Nandini et al., 2016). 
There appear to be several factors favouring its 
dominance in different waterbodies: these include 
relatively higher resistance to natural toxins 
including cyanotoxins, higher population growth 
rates (Pavón-Meza et al., 2004, 2008) and non-pre-
ferred prey item for invertebrate predators such as 
larval insects and copepods (Enríquez-García et 
al., 2013).

Alva-Martínez et al. (2009) have shown that 
on a mixed diet consisting of a green alga and 
toxic Microcystis aeruginosa, the population of 
Brachionus calyciflorus crashed with increasing 
proportion of cyanobacteria in the diet, while 
under similar conditions, B. havanaensis showed 
consistently higher growth rates. Also, whether 
grown separately or together with B. calyciflorus, 
B. havanaensis was always numerically more 
abundant than the other competing brachionid 
rotifers regardless of the proportion of Microcyst-
is in the diet. This confirms the resistance of B. 
havanaensis to M. aeruginosa over other 
brachionids. This is similar to our observations in 
this work where in the absence of competition 
when B. havanaensis was cultured on a mixed 
diet of Nannochloropsis and Microcystis, the 
population density was reduced to one-tenth; 
under comparable conditions, the population of 
B. angularis was reduced to one-twentieth. 
González-Pérez et al. (2018) have also docu-
mented that B. havanaensis is more resistant for 

two generations than another rotifer from the 
same family Brachionidae, Plationus patulus, 
when exposed to triclosan, an emerging contami-
nant in freshwater ecosystems. In the presence of 
strong invertebrate predators such as cyclopoids, 
B. havanaensis increases its growth rate than in 
the presence of less rapacious taxa such as turbel-
larians (Nandini et al., 2014). Although adult 
copepods such as Acanthocyclops, consume B. 
havanaensis (García et al., 2011), it is not a 
preferred item for many invertebrate predators 
(Nandini et al., 2003) possibly due to long poste-
rior spines (Garza-Mouriño et al., 2005). In Lake 
Albufera, cyclopoids such as Acanthocyclops 
americanus are important predators that feed on 
rotifers including brachionids. 

Competition for food between two (e.g., 
Sarma et al., 1999) or more (e.g., Fernán-
dez-Araiza et al., 2005) brachionid rotifers has 
received considerable attention since the seminal 
works on Brachionus rubens and B. calyciflorus 
by Rothhaupt (1988). These studies have shown 
that both biotic (e.g., food level, inoculation 
density) and abiotic (e.g., salinity, temperature) 
factors as well as species-specific characters 
(e.g., body size, intrinsic rate of population 
increase) influence the competitive outcome. 
Also, the presence of toxic substances, both xeno-
biotic (e.g., pharmaceuticals) and natural (e.g., 
cyanotoxins, salinity) are also known to affect the 
competition between two or more zooplankton 
species (Rebolledo et al., 2018). In the present 
work, the competitive outcome between B. 
havanaensis and B. angularis varied depending 
on the presence or absence of M. aeruginosa. In 
the absence of cyanobacteria, B. angularis had an 
adverse effect on B. havanaensis by reducing its 
population densities by about 90 % and growth 
rates by about 65 %. On the other hand, under 
comparable conditions, B. havanaensis was able 
to affect adversely (by about 20 %) the growth 
rates but not the population abundances of B. 
angularis. However, in the presence of toxic 
Microcystis mixed with Nannochloropsis, the 
population of B. angularis completely crashed (r 
being negative) before termination of the experi-
ments, but under similar conditions, B. havanaen-
sis was able to maintain its population with 
positive growth rates. These results suggest that 

0.001 two-way ANOVA). However, for B. angu-
laris, it was only the diet type that had a signifi-
cant effect on the peak population abundances; 
neither the presence of competitor nor the interac-
tion of competitor x diet had any significant 
impact on this parameter (p < 0.05). The rate of 
population increase of both the rotifer species 
was significantly affected (p < 0.01) by the diet 
type and the competition, but the interaction was 
not (p > 0.05, Table 2).

DISCUSSION

The dominance of the typical American plankton-
ic rotifer species, B. havanaensis, in the 
zooplankton of Lake Albufera suggests that it has 
an invasive tendency (Devin & Beisel, 2007). It is 
often found in waterbodies dominated by toxic 
cyanobacteria (Nandini et al., 2005). Zooplank-
ton composition of Lake Albufera over a 
three-decade period indicates the presence of 

laris, B. havanaensis showed an initial lag phase 
of about four days, an exponential phase of about 
seven days and after that the population began to 
decline. With the inclusion of sonicated M. aerug-
inosa in the diet, B. havanaensis had a longer lag 
phase (6 days). On a diet of M. aeruginosa alone, 
B. havanaensis grew until 6 days and then 
declined but on this diet and the presence of the 
competitor the decline began after 3 days. The 
growth curves of B. angularis cultured on a diet of 
N. oculata, alone or in the presence of a competi-
tor were similar. However, with the inclusion of 
M. aeruginosa, the population of B. angularis 
hardly grew beyond the inoculation density and 
when fed on an exclusive diet of M. aeruginosa, 
the populations of B. angularis completely 
collapsed by the fifth day.

Depending on the treatment and the test rotifer 
species, the peak population abundances of B. 
havanaensis and B. angularis varied from 1-95 
and 1-23 ind./ml, respectively. The presence of a 
competitor or the toxic diet had differential 
effects on the maximal population densities 

achieved by the tested brachionid rotifers. For 
example, for B. havanaensis, the presence of M. 
aeruginosa (in the mixed diet) or the presence of 
competitor (in the absence of cyanobacteria) had 
a similar adverse effect on the peak population 
density. On the other hand, for B. angularis in the 
absence of M. aeruginosa, the presence of a com-
petitor, B. havanaensis, had no adverse effect on 
the peak population densities.

The rates of population increase of B. 
havanaensis and B. angularis in treatments 
containing only N. oculata but without competi-
tion were 0.40 and 0.30 /d, respectively. When 
the mixed diet (Nannochloropsis and Microcyst-
is) was offered as food, the growth rates of B. 
angularis, but not B. havanaensis, became nega-
tive. For either rotifer species, 100 % M. aerugi-
nosa did not permit sustained populations, and 
hence the derivation of growth rates was not 
feasible (Table 1). 

Statistically, the peak population density of B. 
havanaensis was significantly influenced by the 
diet type, competition and their interaction (p < 

Based on the data collected, we derived the 
rate of population increase (r) per day using the 
exponential growth equation: r = (ln Nt – ln N0)/t, 
where N0 = initial rotifer density; Nt = rotifer 
density after time t; and t = time in days. In treat-
ments where a peak of population abundance 
was not evident, the growth rate was calculated 
from the slope between ln N and time (Sibly & 
Hone, 2002) and when growth did not occur, the 
r was not derived.

The peak population density and the rate of 
population increase for each rotifer species were 
statistically treated using two-way ANOVA. For 

multiple comparisons, we used a post hoc 
(Tukey) test (SigmaPlot ver. 12).

RESULTS

Population growth curves of Brachionus 
havanaensis cultured separately and together with 
B. angularis fed Nannochloropsis oculata (100 
%), sonicated Microcystis aeruginosa (100 %) or 
on the mixed diet (1:1 ratio of N. oculata: M. 
aeruginosa) differed depending on the treatment 
(Fig. 1). When cultured on N. oculata, in the 
presence or absence of competition from B. angu-

resist toxic effects of the colonial cyanobacteria 
including Microcystis spp. Though its occurrence 
has been reported in temperate European 
water-bodies (Segers, 2008), it is generally found 
in low abundances (< 50 ind./l). However, during 
the summer 2015, we found very high densities of 
B. havanaensis (> 500 ind./l) but low abundances 
of another brachionid rotifer B. angularis in Lake 
Albufera. The phytoplankton of the lake at that 
time contained blooms of Microcystis aerugino-
sa. Therefore we hypothesized that low abun-
dances of B. angularis were due to the combined 
effect of competitive pressure from B. havanaen-
sis and the toxic effects of M. aeruginosa. 

The aim of the study was, therefore, to test 
which of the two natural forces, competition from 
congeners or toxicity from Microcystis had a 
higher impact on the population growth of B. 
havanaensis and B. angularis.

MATERIAL AND METHODS

Zooplankton samples were collected using a 
plankton net (pore size 50 µm) from Lake 
Albufera by filtering about 50 L of water. The 
phytoplankton, dominated by M. aeruginosa, was 
separately (100 L) collected using a plankton net 
and stored in the dark at 4 °C in a tempera-
ture-controlled chamber. From the live zooplank-
ton samples we isolated a few individuals of 
Brachionus havanaensis and Brachionus angula-
ris using stereomicroscope in the laboratory. 
From these, we established a clonal culture for 
each rotifer starting with a single female. The 
rotifers were fed the green alga Nannochloropsis 
oculata at a density of 0.5 x 106 cells/ml and 
maintained in reconstituted moderately hard 
water (EPA medium). This medium was prepared 
by dissolving 96 mg NaHCO3, 60 mg CaSO4, 60 
mg MgSO4 and 4 mg KCl in one litre of distilled 
water (Weber, 1993). Nannochloropsis oculata 
was axenically batch-cultured in 2 L glass flasks 
using Bold's medium (Borowitzka & Borowitzka, 
1988). When the alga reached the log phase (after 
seven days following inoculation at a density of 
0.1 x 106 cells/ml), it was harvested and concen-
trated by centrifugation at 3000 rpm for 5 min. 
The concentrated alga was rinsed and re-suspend-
ed in a small volume (5 ml) of distilled water. The 

density of the harvested alga was estimated using 
a Neubauer haemocytometer.

For obtaining the sonicated cells of M. aerugi-
nosa, we harvested the floating colonial cyano-
bacteria from the cold-chamber by syphoning 
using a Pasteur pipette. Later, the concentrated 
colonial M. aeruginosa was filtered using differ-
ent meshes to remove large zooplanktonic organ-
isms and smaller phytoplankton cells. The 
remaining cyanobacterial composition showed 
more than 93 % M. aeruginosa which was 
sonicated for four minutes at 20 kHz. Microscop-
ic observations of the sonicated cells revealed 
that more than 90 % of the biomass was in 
single-celled form of M. aeruginosa. The individ-
ual cell size of M. aeruginosa and that of Nanno-
chloropsis oculata was similar (4-5 µm). Howev-
er, we used the biomass equivalent of M. aerugi-
nosa, Nannochloropsis oculata or their mixed 
diet for rotifers in the test jars.

The population growth experiments for both 
rotifer species were conducted simultaneously. 
For the experiments, we used 40 ml glass recipi-
ents as test jars, and each jar contained 30 ml EPA 
medium with one of the chosen diet type and 
combination. In all we used 36 test jars: B. 
havanaensis alone, B. angularis alone and togeth-
er (competition) = 3 x food types N. oculata 
alone, M. aeruginosa alone and their mixed diet = 
3 x 4 replicates for each treatment. Thus, into 
each test jars containing the chosen diet at the 
density of 0.5 x 106 cells/ml, we individually 
introduced one of the two rotifer species at an 
initial density of 1 ind./ml (or both at a ratio of 
1:1). The initial composition of rotifers in the test 
jars consisted of 80 % neonates and 20 % adults. 
The test jars were maintained in a tempera-
ture-controlled chamber set at 22±0.1 °C, pH 
7.0–7.4, and with photoperiod light-dark of 16-8 
hours diffuse fluorescent illumination.

Following initiation of growth experiments, 
after every 24h we counted the number of live 
rotifers in each jar, initially by total count, and as 
the density of the population increased to 50 
ind./ml in some replicates, we used two aliquots 
of 1 ml each. Following quantification of the 
rotifers density, we replaced them into a freshly 
prepared medium with an appropriate algal-cy-
anobacterial composition.

INTRODUCTION

Competition in aquatic ecosystems is an important 
natural process that structures the plankton compo-
sition (Vanni, 1986). Studies on the competitive 
interactions within the zooplanktonic groups are 
usually conducted using large species such as 
cladocerans (Smith & Cooper, 1982), which differ 
from the competitive outcome among the smaller 
sized zooplankton such as rotifers (Gilbert, 1985). 
For example, cladocerans are capable of breaking 
and then feeding on toxic filamentous cyanobacte-
ria which rotifers are incapable of (Sikora & Daw-
idowicz, 2017). Therefore, often due to the 
mechanical limitation of consuming cyanobacte-
ria, rotifers are incapable of competing with 
cladocerans. Even when the toxic cyanobacterial 
colonies are sonicated to single cells and offered as 
a diet to competing rotifers and cladocerans, the 
latter usually dominate due to their higher food 
gathering ability and the mechanical damage (from 
the powerful swimming currents) they inflict to the 
rotifer eggs (MacIsaac & Gilbert, 1989). There-
fore, it becomes evident that when unequally sized 
zooplankton groups compete, the smaller groups 
become competitively inferior especially under 
higher food levels (Sarma et al., 1996).

When two similar sized zooplankton species 
compete for food, the outcome depends on many 
different factors including the relative feeding 
and filtration rates, the magnitude of population 
growth rate and initial densities of the competing 
species (Sarma et al., 1999, Nandini et al., 2007). 
Also, if the medium contains toxic cyanobacteria, 
then the relative tolerances of competing species 
to the toxins are also crucial in deciding the 

outcome (Alva-Martínez et al., 2007). For exam-
ple, when two similar sized rotifers, Brachionus 
havanaensis and Brachionus calyciflorus were 
cultured together on Microcystis mixed with 
green alga at different proportions we observed a 
more adverse effect on B. calyciflorus than on B. 
havanaensis (Alva-Martínez et al., 2009). How-
ever, if the competing species have similar sensi-
tivities to toxins, then the competitive outcome is 
independent of the toxic cyanobacteria. For 
example, Lin et al. (2014) have shown that two 
rotifers of the family Brachionidae, Plationus 
patulus and Brachionus havanaensis had similar 
sensitivities to sonicated cells of a toxic strain of 
Anabaena sp. Both species failed to grow in the 
presences of this cyanobacterium, and thus com-
petition was not influenced by the toxins. There-
fore, although cyanobacterial toxicity influences 
zooplankton growth rates, it is not necessarily the 
deciding biotic factor that determines the compet-
itive outcome among zooplankton species.

Lake Albufera of Valencia is a shallow hyper-
trophic waterbody on the Mediterranean Coast of 
Spain. The plankton of this waterbody has been 
extensively studied over three decades (Vicente 
& Miracle, 1992; Romo et al., 2008). The phyto-
plankton is composed of toxic colonial cyanobac-
teria, mainly Microcystis aeruginosa, while the 
rotifers are dominated by the genus Brachionus. 
Among the species of Brachionus, B. havanaen-
sis is common in American epicontinental waters 
(Segers, 2008). Its natural abundances can be as 
high as 1000 ind./l (Nandini et al., 2016). It has 
the ability to reach extremely high population 
abundances (up to 600 ind./ml, under experimen-
tal conditions (Pavón-Meza et al., 2004) and to 

Figure 1.  Population growth curves of Brachionus havanaensis and B. angularis cultured alone or together on Nannochloropsis 
oculata, sonicated cells of Microcystis aeruginosa or on the mixed diet. Shown are the mean±standard errors based on four replicates. 
Note the differences in the scale on Y-axis. Open circle: B. havanaensis; closed circle: B. angularis. Curvas de crecimiento poblacio-
nal de Brachionus havanaensis y B. angularis cultivadas solas o juntas, usando Nannochloropsis oculata, células sonicadas de Micro-
cystis aeruginosa o en la dieta mixta. Se muestran el promedio ± errores estándar basados en cuatro repeticiones. Nótese las diferen-
cias en la escala en el eje Y. Círculo abierto: B. havanaensis; Círculo cerrado: B. angularis.
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higher abundances of B. havanaensis in Lake 
Albufera were not possibly due to its competitive 
superiority over B. angularis but the interference 
of toxicity from M. aeruginosa which favoured B. 
havanaensis. It is important to note that the toxic 
effects of M. aeruginosa on the responses of the 
population level responses of both B. angularis 
and B. havanaensis are possibly modulated by the 
presence of the green alga (Paerl, 2018). This is 
evident in mixed diet treatments containing the 
green alga which possibly minimized the adverse 
effects of Microcystis. The fact that both rotifer 
species died within a week when exposed to an 
exclusive diet of M. aeruginosa suggests that this 
strain of cyanobacterium was indeed toxic. This 
is further confirmed from previous studies from 
this waterbody where the microcystin concentra-
tion in the lake was as high as 16 µg/l (Romo et 
al., 2008) and the inclusion of sonicated cells of 
M. aeruginosa in the diet significantly reduced 
the growth rates of the cladocerans (Nandini et 
al., 2017).

The peak population densities (up to 90 
ind./ml) observed here for B. havanaensis are not 
uncommon for this species under laboratory 
conditions. For example, Pavón-Meza et al. 
(2004) observed that B. havanaensis is capable of 
reaching extremely high densities (up to 600 
ind./ml) when fed on the green alga Chlorella. 
We were able to grow B. angularis to peak densi-
ties of about 20 ind./ml. Miracle et al. (2014) 
have cultured B. angularis isolated from Lake 
Albufera and fed on different size fractions of 
lake seston (0-15 µm particle size). They 
obtained peak population densities of about 20 
ind./ml of B. angularis, similar to our observa-
tions in this study. The rate of population increase 
is yet another significant parameter often consid-
ered for interpreting the competitive outcome 
among different zooplankton species. For exam-
ple, when Anuraeopsis fissa and B. calyciflorus 
were cultured together, the ability of the latter to 
replace the former was higher due to its higher 
population growth rates (r = 1.5 per day) than that 
of A. fissa (r = 0.9 per day) (Sarma et al., 1996). 
In the present work, the r of B. havanaensis 
varied from 0.25 to 0.40/d depending on the 
presence or the absence of the competitor. 
Pavón-Meza et al. (2004) reported the r for this 

species in the range of 0.02 to 0.29 per day. For 
the strain of B. havanaensis we used here the r 
was slightly higher, but within the range reported 
for Brachionus (0.12 to 3.7 per day, Miracle & 
Serra, 1989). When Nannochloropsis alone was 
used as a diet, the r of B. angularis varied from 
0.23 to 0.30 per day which is within the range 
(0.07 - 0.35 per day) known for this species 
(Walz, 1987).

The present work suggests the possible 
adverse effects of the exotic B. havanaensis on 
locally occurring brachionid rotifers in interact-
ing with cyanobacterial blooms, common in the 
lake Albufera (Vicente & Miracle, 1992). 
Brachionus havanaensis, being pantropical 
(Segers, 2008), may easily colonize temperate 
waterbodies with the future projections of global 
warming (Hays et al., 2005). Increase in tempera-
ture also favours bloom formation in Microcystis. 
Thus, both these factors together may adversely 
impact locally adapted brachionids in freshwater 
ecosystems of temperate regions.

CONCLUSIONS

An increase in global trade and transport has 
increased the mobility of organisms and broken 
down ecological barriers to the transport of 
species around the world. Rotifers, in particular, 
are easily transported and established across the 
world (Duggan, 2010). The ability of B. 
havanaensis to withstand competition and preda-
tion pressure and grow on diets such as cyanobac-
teria indicates that it can be a successful invasive 
species and can survive in regions outside its 
native continent (Koste, 1978). Although origi-
nally reported from the Nearctic and neotropical 
regions, it is now found in Oriental and Palearctic 
regions (Segers, 2008). It has, however been 
suggested that the presence of the same species in 
different parts of the world could be a case of 
cryptic speciation as was the case in Brachionus 
plicatilis (Pociecha et al., 2007) and perhaps B. 
havanaensis is part of a species complex.
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rotifer genera such as Keratella, Polyarthra and 
Anuraeopsis. Though several members of the 
genus Brachionus are commonly reported in this 
waterbody (Oltra et al., 2001), B. havanaensis 
was not observed from the extensive zooplankton 
collections carried out during 2010-2011 (Sarma 
et al., 2019) suggesting that this species was 
recently established in the Lake Albufera. 
Brachionus havanaensis is predominantly 
distributed in the Nearctic and Neotropical 
regions. Later, it was introduced into the Palearc-
tic and Oriental regions (Segers, 2008). During 
the summer of 2015, we encountered much 
higher abundances of this species suggesting its 
ability to outcompete other members of 
Brachionus in this waterbody. Field collections 
from Mexican waterbodies too indicate its occur-
rence in relatively higher densities, ca. 1000 ind./l 
during certain months (Nandini et al., 2016). 
There appear to be several factors favouring its 
dominance in different waterbodies: these include 
relatively higher resistance to natural toxins 
including cyanotoxins, higher population growth 
rates (Pavón-Meza et al., 2004, 2008) and non-pre-
ferred prey item for invertebrate predators such as 
larval insects and copepods (Enríquez-García et 
al., 2013).

Alva-Martínez et al. (2009) have shown that 
on a mixed diet consisting of a green alga and 
toxic Microcystis aeruginosa, the population of 
Brachionus calyciflorus crashed with increasing 
proportion of cyanobacteria in the diet, while 
under similar conditions, B. havanaensis showed 
consistently higher growth rates. Also, whether 
grown separately or together with B. calyciflorus, 
B. havanaensis was always numerically more 
abundant than the other competing brachionid 
rotifers regardless of the proportion of Microcyst-
is in the diet. This confirms the resistance of B. 
havanaensis to M. aeruginosa over other 
brachionids. This is similar to our observations in 
this work where in the absence of competition 
when B. havanaensis was cultured on a mixed 
diet of Nannochloropsis and Microcystis, the 
population density was reduced to one-tenth; 
under comparable conditions, the population of 
B. angularis was reduced to one-twentieth. 
González-Pérez et al. (2018) have also docu-
mented that B. havanaensis is more resistant for 

two generations than another rotifer from the 
same family Brachionidae, Plationus patulus, 
when exposed to triclosan, an emerging contami-
nant in freshwater ecosystems. In the presence of 
strong invertebrate predators such as cyclopoids, 
B. havanaensis increases its growth rate than in 
the presence of less rapacious taxa such as turbel-
larians (Nandini et al., 2014). Although adult 
copepods such as Acanthocyclops, consume B. 
havanaensis (García et al., 2011), it is not a 
preferred item for many invertebrate predators 
(Nandini et al., 2003) possibly due to long poste-
rior spines (Garza-Mouriño et al., 2005). In Lake 
Albufera, cyclopoids such as Acanthocyclops 
americanus are important predators that feed on 
rotifers including brachionids. 

Competition for food between two (e.g., 
Sarma et al., 1999) or more (e.g., Fernán-
dez-Araiza et al., 2005) brachionid rotifers has 
received considerable attention since the seminal 
works on Brachionus rubens and B. calyciflorus 
by Rothhaupt (1988). These studies have shown 
that both biotic (e.g., food level, inoculation 
density) and abiotic (e.g., salinity, temperature) 
factors as well as species-specific characters 
(e.g., body size, intrinsic rate of population 
increase) influence the competitive outcome. 
Also, the presence of toxic substances, both xeno-
biotic (e.g., pharmaceuticals) and natural (e.g., 
cyanotoxins, salinity) are also known to affect the 
competition between two or more zooplankton 
species (Rebolledo et al., 2018). In the present 
work, the competitive outcome between B. 
havanaensis and B. angularis varied depending 
on the presence or absence of M. aeruginosa. In 
the absence of cyanobacteria, B. angularis had an 
adverse effect on B. havanaensis by reducing its 
population densities by about 90 % and growth 
rates by about 65 %. On the other hand, under 
comparable conditions, B. havanaensis was able 
to affect adversely (by about 20 %) the growth 
rates but not the population abundances of B. 
angularis. However, in the presence of toxic 
Microcystis mixed with Nannochloropsis, the 
population of B. angularis completely crashed (r 
being negative) before termination of the experi-
ments, but under similar conditions, B. havanaen-
sis was able to maintain its population with 
positive growth rates. These results suggest that 

0.001 two-way ANOVA). However, for B. angu-
laris, it was only the diet type that had a signifi-
cant effect on the peak population abundances; 
neither the presence of competitor nor the interac-
tion of competitor x diet had any significant 
impact on this parameter (p < 0.05). The rate of 
population increase of both the rotifer species 
was significantly affected (p < 0.01) by the diet 
type and the competition, but the interaction was 
not (p > 0.05, Table 2).

DISCUSSION

The dominance of the typical American plankton-
ic rotifer species, B. havanaensis, in the 
zooplankton of Lake Albufera suggests that it has 
an invasive tendency (Devin & Beisel, 2007). It is 
often found in waterbodies dominated by toxic 
cyanobacteria (Nandini et al., 2005). Zooplank-
ton composition of Lake Albufera over a 
three-decade period indicates the presence of 

laris, B. havanaensis showed an initial lag phase 
of about four days, an exponential phase of about 
seven days and after that the population began to 
decline. With the inclusion of sonicated M. aerug-
inosa in the diet, B. havanaensis had a longer lag 
phase (6 days). On a diet of M. aeruginosa alone, 
B. havanaensis grew until 6 days and then 
declined but on this diet and the presence of the 
competitor the decline began after 3 days. The 
growth curves of B. angularis cultured on a diet of 
N. oculata, alone or in the presence of a competi-
tor were similar. However, with the inclusion of 
M. aeruginosa, the population of B. angularis 
hardly grew beyond the inoculation density and 
when fed on an exclusive diet of M. aeruginosa, 
the populations of B. angularis completely 
collapsed by the fifth day.

Depending on the treatment and the test rotifer 
species, the peak population abundances of B. 
havanaensis and B. angularis varied from 1-95 
and 1-23 ind./ml, respectively. The presence of a 
competitor or the toxic diet had differential 
effects on the maximal population densities 

achieved by the tested brachionid rotifers. For 
example, for B. havanaensis, the presence of M. 
aeruginosa (in the mixed diet) or the presence of 
competitor (in the absence of cyanobacteria) had 
a similar adverse effect on the peak population 
density. On the other hand, for B. angularis in the 
absence of M. aeruginosa, the presence of a com-
petitor, B. havanaensis, had no adverse effect on 
the peak population densities.

The rates of population increase of B. 
havanaensis and B. angularis in treatments 
containing only N. oculata but without competi-
tion were 0.40 and 0.30 /d, respectively. When 
the mixed diet (Nannochloropsis and Microcyst-
is) was offered as food, the growth rates of B. 
angularis, but not B. havanaensis, became nega-
tive. For either rotifer species, 100 % M. aerugi-
nosa did not permit sustained populations, and 
hence the derivation of growth rates was not 
feasible (Table 1). 

Statistically, the peak population density of B. 
havanaensis was significantly influenced by the 
diet type, competition and their interaction (p < 

Based on the data collected, we derived the 
rate of population increase (r) per day using the 
exponential growth equation: r = (ln Nt – ln N0)/t, 
where N0 = initial rotifer density; Nt = rotifer 
density after time t; and t = time in days. In treat-
ments where a peak of population abundance 
was not evident, the growth rate was calculated 
from the slope between ln N and time (Sibly & 
Hone, 2002) and when growth did not occur, the 
r was not derived.

The peak population density and the rate of 
population increase for each rotifer species were 
statistically treated using two-way ANOVA. For 

multiple comparisons, we used a post hoc 
(Tukey) test (SigmaPlot ver. 12).

RESULTS

Population growth curves of Brachionus 
havanaensis cultured separately and together with 
B. angularis fed Nannochloropsis oculata (100 
%), sonicated Microcystis aeruginosa (100 %) or 
on the mixed diet (1:1 ratio of N. oculata: M. 
aeruginosa) differed depending on the treatment 
(Fig. 1). When cultured on N. oculata, in the 
presence or absence of competition from B. angu-

resist toxic effects of the colonial cyanobacteria 
including Microcystis spp. Though its occurrence 
has been reported in temperate European 
water-bodies (Segers, 2008), it is generally found 
in low abundances (< 50 ind./l). However, during 
the summer 2015, we found very high densities of 
B. havanaensis (> 500 ind./l) but low abundances 
of another brachionid rotifer B. angularis in Lake 
Albufera. The phytoplankton of the lake at that 
time contained blooms of Microcystis aerugino-
sa. Therefore we hypothesized that low abun-
dances of B. angularis were due to the combined 
effect of competitive pressure from B. havanaen-
sis and the toxic effects of M. aeruginosa. 

The aim of the study was, therefore, to test 
which of the two natural forces, competition from 
congeners or toxicity from Microcystis had a 
higher impact on the population growth of B. 
havanaensis and B. angularis.

MATERIAL AND METHODS

Zooplankton samples were collected using a 
plankton net (pore size 50 µm) from Lake 
Albufera by filtering about 50 L of water. The 
phytoplankton, dominated by M. aeruginosa, was 
separately (100 L) collected using a plankton net 
and stored in the dark at 4 °C in a tempera-
ture-controlled chamber. From the live zooplank-
ton samples we isolated a few individuals of 
Brachionus havanaensis and Brachionus angula-
ris using stereomicroscope in the laboratory. 
From these, we established a clonal culture for 
each rotifer starting with a single female. The 
rotifers were fed the green alga Nannochloropsis 
oculata at a density of 0.5 x 106 cells/ml and 
maintained in reconstituted moderately hard 
water (EPA medium). This medium was prepared 
by dissolving 96 mg NaHCO3, 60 mg CaSO4, 60 
mg MgSO4 and 4 mg KCl in one litre of distilled 
water (Weber, 1993). Nannochloropsis oculata 
was axenically batch-cultured in 2 L glass flasks 
using Bold's medium (Borowitzka & Borowitzka, 
1988). When the alga reached the log phase (after 
seven days following inoculation at a density of 
0.1 x 106 cells/ml), it was harvested and concen-
trated by centrifugation at 3000 rpm for 5 min. 
The concentrated alga was rinsed and re-suspend-
ed in a small volume (5 ml) of distilled water. The 

density of the harvested alga was estimated using 
a Neubauer haemocytometer.

For obtaining the sonicated cells of M. aerugi-
nosa, we harvested the floating colonial cyano-
bacteria from the cold-chamber by syphoning 
using a Pasteur pipette. Later, the concentrated 
colonial M. aeruginosa was filtered using differ-
ent meshes to remove large zooplanktonic organ-
isms and smaller phytoplankton cells. The 
remaining cyanobacterial composition showed 
more than 93 % M. aeruginosa which was 
sonicated for four minutes at 20 kHz. Microscop-
ic observations of the sonicated cells revealed 
that more than 90 % of the biomass was in 
single-celled form of M. aeruginosa. The individ-
ual cell size of M. aeruginosa and that of Nanno-
chloropsis oculata was similar (4-5 µm). Howev-
er, we used the biomass equivalent of M. aerugi-
nosa, Nannochloropsis oculata or their mixed 
diet for rotifers in the test jars.

The population growth experiments for both 
rotifer species were conducted simultaneously. 
For the experiments, we used 40 ml glass recipi-
ents as test jars, and each jar contained 30 ml EPA 
medium with one of the chosen diet type and 
combination. In all we used 36 test jars: B. 
havanaensis alone, B. angularis alone and togeth-
er (competition) = 3 x food types N. oculata 
alone, M. aeruginosa alone and their mixed diet = 
3 x 4 replicates for each treatment. Thus, into 
each test jars containing the chosen diet at the 
density of 0.5 x 106 cells/ml, we individually 
introduced one of the two rotifer species at an 
initial density of 1 ind./ml (or both at a ratio of 
1:1). The initial composition of rotifers in the test 
jars consisted of 80 % neonates and 20 % adults. 
The test jars were maintained in a tempera-
ture-controlled chamber set at 22±0.1 °C, pH 
7.0–7.4, and with photoperiod light-dark of 16-8 
hours diffuse fluorescent illumination.

Following initiation of growth experiments, 
after every 24h we counted the number of live 
rotifers in each jar, initially by total count, and as 
the density of the population increased to 50 
ind./ml in some replicates, we used two aliquots 
of 1 ml each. Following quantification of the 
rotifers density, we replaced them into a freshly 
prepared medium with an appropriate algal-cy-
anobacterial composition.

INTRODUCTION

Competition in aquatic ecosystems is an important 
natural process that structures the plankton compo-
sition (Vanni, 1986). Studies on the competitive 
interactions within the zooplanktonic groups are 
usually conducted using large species such as 
cladocerans (Smith & Cooper, 1982), which differ 
from the competitive outcome among the smaller 
sized zooplankton such as rotifers (Gilbert, 1985). 
For example, cladocerans are capable of breaking 
and then feeding on toxic filamentous cyanobacte-
ria which rotifers are incapable of (Sikora & Daw-
idowicz, 2017). Therefore, often due to the 
mechanical limitation of consuming cyanobacte-
ria, rotifers are incapable of competing with 
cladocerans. Even when the toxic cyanobacterial 
colonies are sonicated to single cells and offered as 
a diet to competing rotifers and cladocerans, the 
latter usually dominate due to their higher food 
gathering ability and the mechanical damage (from 
the powerful swimming currents) they inflict to the 
rotifer eggs (MacIsaac & Gilbert, 1989). There-
fore, it becomes evident that when unequally sized 
zooplankton groups compete, the smaller groups 
become competitively inferior especially under 
higher food levels (Sarma et al., 1996).

When two similar sized zooplankton species 
compete for food, the outcome depends on many 
different factors including the relative feeding 
and filtration rates, the magnitude of population 
growth rate and initial densities of the competing 
species (Sarma et al., 1999, Nandini et al., 2007). 
Also, if the medium contains toxic cyanobacteria, 
then the relative tolerances of competing species 
to the toxins are also crucial in deciding the 

outcome (Alva-Martínez et al., 2007). For exam-
ple, when two similar sized rotifers, Brachionus 
havanaensis and Brachionus calyciflorus were 
cultured together on Microcystis mixed with 
green alga at different proportions we observed a 
more adverse effect on B. calyciflorus than on B. 
havanaensis (Alva-Martínez et al., 2009). How-
ever, if the competing species have similar sensi-
tivities to toxins, then the competitive outcome is 
independent of the toxic cyanobacteria. For 
example, Lin et al. (2014) have shown that two 
rotifers of the family Brachionidae, Plationus 
patulus and Brachionus havanaensis had similar 
sensitivities to sonicated cells of a toxic strain of 
Anabaena sp. Both species failed to grow in the 
presences of this cyanobacterium, and thus com-
petition was not influenced by the toxins. There-
fore, although cyanobacterial toxicity influences 
zooplankton growth rates, it is not necessarily the 
deciding biotic factor that determines the compet-
itive outcome among zooplankton species.

Lake Albufera of Valencia is a shallow hyper-
trophic waterbody on the Mediterranean Coast of 
Spain. The plankton of this waterbody has been 
extensively studied over three decades (Vicente 
& Miracle, 1992; Romo et al., 2008). The phyto-
plankton is composed of toxic colonial cyanobac-
teria, mainly Microcystis aeruginosa, while the 
rotifers are dominated by the genus Brachionus. 
Among the species of Brachionus, B. havanaen-
sis is common in American epicontinental waters 
(Segers, 2008). Its natural abundances can be as 
high as 1000 ind./l (Nandini et al., 2016). It has 
the ability to reach extremely high population 
abundances (up to 600 ind./ml, under experimen-
tal conditions (Pavón-Meza et al., 2004) and to 

Table 1.   Data on the peak population abundance (ind./ml) and the rate of population increase (r) per day of B. havanaensis and B. 
angularis cultured separately and together in the presence (N+M or M) and absence (N) of sonicated cells of M. aeruginosa. For each 
rotifer species data carrying the same alphabet are not significant (p > 0.05, Tukey test). N = Nannochloropsis oculata, M = Microcys-
tis aeruginosa; N+M = N. oculata + M. aeruginosa (50 % each). Datos sobre la abundancia máxima de la población (ind./ml) y la tasa 
de aumento de la población (r) diaria de B. havanaensis y B. angularis cultivados por separado y juntos en presencia (N+M o M) y 
ausencia (N) de células sonicadas de M. aeruginosa. Para cada especie de rotíferos los daots que llevan la misma letra no son signifi-
cativos (p > 0.05, test de Tukey). N = Nannochloropsis oculata, M = Microcystis aeruginosa; N+M = N. oculata + M. aeruginosa (al 
50 % cada una).

Rotifer species Test conditions / Treatment

Without competition With competition
N N+M M N N+M M

Peak population density (ind./ml)
B. havanaensis 95±12a 10±2b,d 1±0c 11±1d 2±1c 1±0c

B. angularis 21±3a 1±1b 1±0b 23±3a 1±1b 1±0b

Rate of population increase per day
B. havanaensis 0.403±

0.031a
0.174±
0.020b

- 0.252±
0.017c

0.078±
0.017d

-

B. angularis 0.302±
0.011a

-0.076±
0.019b

- 0.233±
0.031a

-0.146±
0.010b

-
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superiority over B. angularis but the interference 
of toxicity from M. aeruginosa which favoured B. 
havanaensis. It is important to note that the toxic 
effects of M. aeruginosa on the responses of the 
population level responses of both B. angularis 
and B. havanaensis are possibly modulated by the 
presence of the green alga (Paerl, 2018). This is 
evident in mixed diet treatments containing the 
green alga which possibly minimized the adverse 
effects of Microcystis. The fact that both rotifer 
species died within a week when exposed to an 
exclusive diet of M. aeruginosa suggests that this 
strain of cyanobacterium was indeed toxic. This 
is further confirmed from previous studies from 
this waterbody where the microcystin concentra-
tion in the lake was as high as 16 µg/l (Romo et 
al., 2008) and the inclusion of sonicated cells of 
M. aeruginosa in the diet significantly reduced 
the growth rates of the cladocerans (Nandini et 
al., 2017).

The peak population densities (up to 90 
ind./ml) observed here for B. havanaensis are not 
uncommon for this species under laboratory 
conditions. For example, Pavón-Meza et al. 
(2004) observed that B. havanaensis is capable of 
reaching extremely high densities (up to 600 
ind./ml) when fed on the green alga Chlorella. 
We were able to grow B. angularis to peak densi-
ties of about 20 ind./ml. Miracle et al. (2014) 
have cultured B. angularis isolated from Lake 
Albufera and fed on different size fractions of 
lake seston (0-15 µm particle size). They 
obtained peak population densities of about 20 
ind./ml of B. angularis, similar to our observa-
tions in this study. The rate of population increase 
is yet another significant parameter often consid-
ered for interpreting the competitive outcome 
among different zooplankton species. For exam-
ple, when Anuraeopsis fissa and B. calyciflorus 
were cultured together, the ability of the latter to 
replace the former was higher due to its higher 
population growth rates (r = 1.5 per day) than that 
of A. fissa (r = 0.9 per day) (Sarma et al., 1996). 
In the present work, the r of B. havanaensis 
varied from 0.25 to 0.40/d depending on the 
presence or the absence of the competitor. 
Pavón-Meza et al. (2004) reported the r for this 

species in the range of 0.02 to 0.29 per day. For 
the strain of B. havanaensis we used here the r 
was slightly higher, but within the range reported 
for Brachionus (0.12 to 3.7 per day, Miracle & 
Serra, 1989). When Nannochloropsis alone was 
used as a diet, the r of B. angularis varied from 
0.23 to 0.30 per day which is within the range 
(0.07 - 0.35 per day) known for this species 
(Walz, 1987).

The present work suggests the possible 
adverse effects of the exotic B. havanaensis on 
locally occurring brachionid rotifers in interact-
ing with cyanobacterial blooms, common in the 
lake Albufera (Vicente & Miracle, 1992). 
Brachionus havanaensis, being pantropical 
(Segers, 2008), may easily colonize temperate 
waterbodies with the future projections of global 
warming (Hays et al., 2005). Increase in tempera-
ture also favours bloom formation in Microcystis. 
Thus, both these factors together may adversely 
impact locally adapted brachionids in freshwater 
ecosystems of temperate regions.

CONCLUSIONS

An increase in global trade and transport has 
increased the mobility of organisms and broken 
down ecological barriers to the transport of 
species around the world. Rotifers, in particular, 
are easily transported and established across the 
world (Duggan, 2010). The ability of B. 
havanaensis to withstand competition and preda-
tion pressure and grow on diets such as cyanobac-
teria indicates that it can be a successful invasive 
species and can survive in regions outside its 
native continent (Koste, 1978). Although origi-
nally reported from the Nearctic and neotropical 
regions, it is now found in Oriental and Palearctic 
regions (Segers, 2008). It has, however been 
suggested that the presence of the same species in 
different parts of the world could be a case of 
cryptic speciation as was the case in Brachionus 
plicatilis (Pociecha et al., 2007) and perhaps B. 
havanaensis is part of a species complex.
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rotifer genera such as Keratella, Polyarthra and 
Anuraeopsis. Though several members of the 
genus Brachionus are commonly reported in this 
waterbody (Oltra et al., 2001), B. havanaensis 
was not observed from the extensive zooplankton 
collections carried out during 2010-2011 (Sarma 
et al., 2019) suggesting that this species was 
recently established in the Lake Albufera. 
Brachionus havanaensis is predominantly 
distributed in the Nearctic and Neotropical 
regions. Later, it was introduced into the Palearc-
tic and Oriental regions (Segers, 2008). During 
the summer of 2015, we encountered much 
higher abundances of this species suggesting its 
ability to outcompete other members of 
Brachionus in this waterbody. Field collections 
from Mexican waterbodies too indicate its occur-
rence in relatively higher densities, ca. 1000 ind./l 
during certain months (Nandini et al., 2016). 
There appear to be several factors favouring its 
dominance in different waterbodies: these include 
relatively higher resistance to natural toxins 
including cyanotoxins, higher population growth 
rates (Pavón-Meza et al., 2004, 2008) and non-pre-
ferred prey item for invertebrate predators such as 
larval insects and copepods (Enríquez-García et 
al., 2013).

Alva-Martínez et al. (2009) have shown that 
on a mixed diet consisting of a green alga and 
toxic Microcystis aeruginosa, the population of 
Brachionus calyciflorus crashed with increasing 
proportion of cyanobacteria in the diet, while 
under similar conditions, B. havanaensis showed 
consistently higher growth rates. Also, whether 
grown separately or together with B. calyciflorus, 
B. havanaensis was always numerically more 
abundant than the other competing brachionid 
rotifers regardless of the proportion of Microcyst-
is in the diet. This confirms the resistance of B. 
havanaensis to M. aeruginosa over other 
brachionids. This is similar to our observations in 
this work where in the absence of competition 
when B. havanaensis was cultured on a mixed 
diet of Nannochloropsis and Microcystis, the 
population density was reduced to one-tenth; 
under comparable conditions, the population of 
B. angularis was reduced to one-twentieth. 
González-Pérez et al. (2018) have also docu-
mented that B. havanaensis is more resistant for 

two generations than another rotifer from the 
same family Brachionidae, Plationus patulus, 
when exposed to triclosan, an emerging contami-
nant in freshwater ecosystems. In the presence of 
strong invertebrate predators such as cyclopoids, 
B. havanaensis increases its growth rate than in 
the presence of less rapacious taxa such as turbel-
larians (Nandini et al., 2014). Although adult 
copepods such as Acanthocyclops, consume B. 
havanaensis (García et al., 2011), it is not a 
preferred item for many invertebrate predators 
(Nandini et al., 2003) possibly due to long poste-
rior spines (Garza-Mouriño et al., 2005). In Lake 
Albufera, cyclopoids such as Acanthocyclops 
americanus are important predators that feed on 
rotifers including brachionids. 

Competition for food between two (e.g., 
Sarma et al., 1999) or more (e.g., Fernán-
dez-Araiza et al., 2005) brachionid rotifers has 
received considerable attention since the seminal 
works on Brachionus rubens and B. calyciflorus 
by Rothhaupt (1988). These studies have shown 
that both biotic (e.g., food level, inoculation 
density) and abiotic (e.g., salinity, temperature) 
factors as well as species-specific characters 
(e.g., body size, intrinsic rate of population 
increase) influence the competitive outcome. 
Also, the presence of toxic substances, both xeno-
biotic (e.g., pharmaceuticals) and natural (e.g., 
cyanotoxins, salinity) are also known to affect the 
competition between two or more zooplankton 
species (Rebolledo et al., 2018). In the present 
work, the competitive outcome between B. 
havanaensis and B. angularis varied depending 
on the presence or absence of M. aeruginosa. In 
the absence of cyanobacteria, B. angularis had an 
adverse effect on B. havanaensis by reducing its 
population densities by about 90 % and growth 
rates by about 65 %. On the other hand, under 
comparable conditions, B. havanaensis was able 
to affect adversely (by about 20 %) the growth 
rates but not the population abundances of B. 
angularis. However, in the presence of toxic 
Microcystis mixed with Nannochloropsis, the 
population of B. angularis completely crashed (r 
being negative) before termination of the experi-
ments, but under similar conditions, B. havanaen-
sis was able to maintain its population with 
positive growth rates. These results suggest that 

0.001 two-way ANOVA). However, for B. angu-
laris, it was only the diet type that had a signifi-
cant effect on the peak population abundances; 
neither the presence of competitor nor the interac-
tion of competitor x diet had any significant 
impact on this parameter (p < 0.05). The rate of 
population increase of both the rotifer species 
was significantly affected (p < 0.01) by the diet 
type and the competition, but the interaction was 
not (p > 0.05, Table 2).

DISCUSSION

The dominance of the typical American plankton-
ic rotifer species, B. havanaensis, in the 
zooplankton of Lake Albufera suggests that it has 
an invasive tendency (Devin & Beisel, 2007). It is 
often found in waterbodies dominated by toxic 
cyanobacteria (Nandini et al., 2005). Zooplank-
ton composition of Lake Albufera over a 
three-decade period indicates the presence of 

laris, B. havanaensis showed an initial lag phase 
of about four days, an exponential phase of about 
seven days and after that the population began to 
decline. With the inclusion of sonicated M. aerug-
inosa in the diet, B. havanaensis had a longer lag 
phase (6 days). On a diet of M. aeruginosa alone, 
B. havanaensis grew until 6 days and then 
declined but on this diet and the presence of the 
competitor the decline began after 3 days. The 
growth curves of B. angularis cultured on a diet of 
N. oculata, alone or in the presence of a competi-
tor were similar. However, with the inclusion of 
M. aeruginosa, the population of B. angularis 
hardly grew beyond the inoculation density and 
when fed on an exclusive diet of M. aeruginosa, 
the populations of B. angularis completely 
collapsed by the fifth day.

Depending on the treatment and the test rotifer 
species, the peak population abundances of B. 
havanaensis and B. angularis varied from 1-95 
and 1-23 ind./ml, respectively. The presence of a 
competitor or the toxic diet had differential 
effects on the maximal population densities 

achieved by the tested brachionid rotifers. For 
example, for B. havanaensis, the presence of M. 
aeruginosa (in the mixed diet) or the presence of 
competitor (in the absence of cyanobacteria) had 
a similar adverse effect on the peak population 
density. On the other hand, for B. angularis in the 
absence of M. aeruginosa, the presence of a com-
petitor, B. havanaensis, had no adverse effect on 
the peak population densities.

The rates of population increase of B. 
havanaensis and B. angularis in treatments 
containing only N. oculata but without competi-
tion were 0.40 and 0.30 /d, respectively. When 
the mixed diet (Nannochloropsis and Microcyst-
is) was offered as food, the growth rates of B. 
angularis, but not B. havanaensis, became nega-
tive. For either rotifer species, 100 % M. aerugi-
nosa did not permit sustained populations, and 
hence the derivation of growth rates was not 
feasible (Table 1). 

Statistically, the peak population density of B. 
havanaensis was significantly influenced by the 
diet type, competition and their interaction (p < 

Based on the data collected, we derived the 
rate of population increase (r) per day using the 
exponential growth equation: r = (ln Nt – ln N0)/t, 
where N0 = initial rotifer density; Nt = rotifer 
density after time t; and t = time in days. In treat-
ments where a peak of population abundance 
was not evident, the growth rate was calculated 
from the slope between ln N and time (Sibly & 
Hone, 2002) and when growth did not occur, the 
r was not derived.

The peak population density and the rate of 
population increase for each rotifer species were 
statistically treated using two-way ANOVA. For 

multiple comparisons, we used a post hoc 
(Tukey) test (SigmaPlot ver. 12).

RESULTS

Population growth curves of Brachionus 
havanaensis cultured separately and together with 
B. angularis fed Nannochloropsis oculata (100 
%), sonicated Microcystis aeruginosa (100 %) or 
on the mixed diet (1:1 ratio of N. oculata: M. 
aeruginosa) differed depending on the treatment 
(Fig. 1). When cultured on N. oculata, in the 
presence or absence of competition from B. angu-

resist toxic effects of the colonial cyanobacteria 
including Microcystis spp. Though its occurrence 
has been reported in temperate European 
water-bodies (Segers, 2008), it is generally found 
in low abundances (< 50 ind./l). However, during 
the summer 2015, we found very high densities of 
B. havanaensis (> 500 ind./l) but low abundances 
of another brachionid rotifer B. angularis in Lake 
Albufera. The phytoplankton of the lake at that 
time contained blooms of Microcystis aerugino-
sa. Therefore we hypothesized that low abun-
dances of B. angularis were due to the combined 
effect of competitive pressure from B. havanaen-
sis and the toxic effects of M. aeruginosa. 

The aim of the study was, therefore, to test 
which of the two natural forces, competition from 
congeners or toxicity from Microcystis had a 
higher impact on the population growth of B. 
havanaensis and B. angularis.

MATERIAL AND METHODS

Zooplankton samples were collected using a 
plankton net (pore size 50 µm) from Lake 
Albufera by filtering about 50 L of water. The 
phytoplankton, dominated by M. aeruginosa, was 
separately (100 L) collected using a plankton net 
and stored in the dark at 4 °C in a tempera-
ture-controlled chamber. From the live zooplank-
ton samples we isolated a few individuals of 
Brachionus havanaensis and Brachionus angula-
ris using stereomicroscope in the laboratory. 
From these, we established a clonal culture for 
each rotifer starting with a single female. The 
rotifers were fed the green alga Nannochloropsis 
oculata at a density of 0.5 x 106 cells/ml and 
maintained in reconstituted moderately hard 
water (EPA medium). This medium was prepared 
by dissolving 96 mg NaHCO3, 60 mg CaSO4, 60 
mg MgSO4 and 4 mg KCl in one litre of distilled 
water (Weber, 1993). Nannochloropsis oculata 
was axenically batch-cultured in 2 L glass flasks 
using Bold's medium (Borowitzka & Borowitzka, 
1988). When the alga reached the log phase (after 
seven days following inoculation at a density of 
0.1 x 106 cells/ml), it was harvested and concen-
trated by centrifugation at 3000 rpm for 5 min. 
The concentrated alga was rinsed and re-suspend-
ed in a small volume (5 ml) of distilled water. The 

density of the harvested alga was estimated using 
a Neubauer haemocytometer.

For obtaining the sonicated cells of M. aerugi-
nosa, we harvested the floating colonial cyano-
bacteria from the cold-chamber by syphoning 
using a Pasteur pipette. Later, the concentrated 
colonial M. aeruginosa was filtered using differ-
ent meshes to remove large zooplanktonic organ-
isms and smaller phytoplankton cells. The 
remaining cyanobacterial composition showed 
more than 93 % M. aeruginosa which was 
sonicated for four minutes at 20 kHz. Microscop-
ic observations of the sonicated cells revealed 
that more than 90 % of the biomass was in 
single-celled form of M. aeruginosa. The individ-
ual cell size of M. aeruginosa and that of Nanno-
chloropsis oculata was similar (4-5 µm). Howev-
er, we used the biomass equivalent of M. aerugi-
nosa, Nannochloropsis oculata or their mixed 
diet for rotifers in the test jars.

The population growth experiments for both 
rotifer species were conducted simultaneously. 
For the experiments, we used 40 ml glass recipi-
ents as test jars, and each jar contained 30 ml EPA 
medium with one of the chosen diet type and 
combination. In all we used 36 test jars: B. 
havanaensis alone, B. angularis alone and togeth-
er (competition) = 3 x food types N. oculata 
alone, M. aeruginosa alone and their mixed diet = 
3 x 4 replicates for each treatment. Thus, into 
each test jars containing the chosen diet at the 
density of 0.5 x 106 cells/ml, we individually 
introduced one of the two rotifer species at an 
initial density of 1 ind./ml (or both at a ratio of 
1:1). The initial composition of rotifers in the test 
jars consisted of 80 % neonates and 20 % adults. 
The test jars were maintained in a tempera-
ture-controlled chamber set at 22±0.1 °C, pH 
7.0–7.4, and with photoperiod light-dark of 16-8 
hours diffuse fluorescent illumination.

Following initiation of growth experiments, 
after every 24h we counted the number of live 
rotifers in each jar, initially by total count, and as 
the density of the population increased to 50 
ind./ml in some replicates, we used two aliquots 
of 1 ml each. Following quantification of the 
rotifers density, we replaced them into a freshly 
prepared medium with an appropriate algal-cy-
anobacterial composition.

INTRODUCTION

Competition in aquatic ecosystems is an important 
natural process that structures the plankton compo-
sition (Vanni, 1986). Studies on the competitive 
interactions within the zooplanktonic groups are 
usually conducted using large species such as 
cladocerans (Smith & Cooper, 1982), which differ 
from the competitive outcome among the smaller 
sized zooplankton such as rotifers (Gilbert, 1985). 
For example, cladocerans are capable of breaking 
and then feeding on toxic filamentous cyanobacte-
ria which rotifers are incapable of (Sikora & Daw-
idowicz, 2017). Therefore, often due to the 
mechanical limitation of consuming cyanobacte-
ria, rotifers are incapable of competing with 
cladocerans. Even when the toxic cyanobacterial 
colonies are sonicated to single cells and offered as 
a diet to competing rotifers and cladocerans, the 
latter usually dominate due to their higher food 
gathering ability and the mechanical damage (from 
the powerful swimming currents) they inflict to the 
rotifer eggs (MacIsaac & Gilbert, 1989). There-
fore, it becomes evident that when unequally sized 
zooplankton groups compete, the smaller groups 
become competitively inferior especially under 
higher food levels (Sarma et al., 1996).

When two similar sized zooplankton species 
compete for food, the outcome depends on many 
different factors including the relative feeding 
and filtration rates, the magnitude of population 
growth rate and initial densities of the competing 
species (Sarma et al., 1999, Nandini et al., 2007). 
Also, if the medium contains toxic cyanobacteria, 
then the relative tolerances of competing species 
to the toxins are also crucial in deciding the 

outcome (Alva-Martínez et al., 2007). For exam-
ple, when two similar sized rotifers, Brachionus 
havanaensis and Brachionus calyciflorus were 
cultured together on Microcystis mixed with 
green alga at different proportions we observed a 
more adverse effect on B. calyciflorus than on B. 
havanaensis (Alva-Martínez et al., 2009). How-
ever, if the competing species have similar sensi-
tivities to toxins, then the competitive outcome is 
independent of the toxic cyanobacteria. For 
example, Lin et al. (2014) have shown that two 
rotifers of the family Brachionidae, Plationus 
patulus and Brachionus havanaensis had similar 
sensitivities to sonicated cells of a toxic strain of 
Anabaena sp. Both species failed to grow in the 
presences of this cyanobacterium, and thus com-
petition was not influenced by the toxins. There-
fore, although cyanobacterial toxicity influences 
zooplankton growth rates, it is not necessarily the 
deciding biotic factor that determines the compet-
itive outcome among zooplankton species.

Lake Albufera of Valencia is a shallow hyper-
trophic waterbody on the Mediterranean Coast of 
Spain. The plankton of this waterbody has been 
extensively studied over three decades (Vicente 
& Miracle, 1992; Romo et al., 2008). The phyto-
plankton is composed of toxic colonial cyanobac-
teria, mainly Microcystis aeruginosa, while the 
rotifers are dominated by the genus Brachionus. 
Among the species of Brachionus, B. havanaen-
sis is common in American epicontinental waters 
(Segers, 2008). Its natural abundances can be as 
high as 1000 ind./l (Nandini et al., 2016). It has 
the ability to reach extremely high population 
abundances (up to 600 ind./ml, under experimen-
tal conditions (Pavón-Meza et al., 2004) and to 

Source of Variation DF SS MS F P

Peak population abundance
Bh
Competition (A) 1 5645.734 5645.734 60.596 <0.001
Diet (B) 2 13603.104 6801.552 73.002 <0.001
Interaction of A X B 2 8685.165 4342.582 46.609 <0.001
Error 18 1677.059 93.170

Ba
Competition (A) 1 2.100 2.100 0.174 0.681
Diet (B) 2 2492.614 1246.307 103.330 <0.001
Interaction of A X B 2 7.941 3.970 0.329 0.724
Error 18 217.099 12.061

Rate of population increase
Bh
Competition (A) 1 0.061 0.061 31.040 <0.001
Diet (B) 1 0.162 0.162 82.634 <0.001
Interaction of A X B 1 0.003 0.003 1.574 0.234
Error 12 0.024 0.002

Ba
Competition (A) 1 0.019 0.019 12.297 0.004
Diet (B) 1 0.573 0.573 368.518 <0.001
Interaction of A X B 1 0.000 0.000 0.001 0.992
Error 12 0.019 0.002

Table 2.   Results of the two-way ANOVA conducted for the peak population density and the rate of population increase per day of 
Brachionus havanaensis (Bh) and Brachionus angularis (Ba) cultured separately or together (Factor A: competition) using Nanno-
chloropsis oculata, Microcystis aeruginosa or on their mixed diet (Factor B: diet types). Resultados del ANOVA bidireccional realiza-
do para la densidad máxima de población y la tasa de aumento de población por día de Brachionus havanaensis (Bh) y Brachionus 
angularis (Ba) cultivados por separado o juntos (Factor a: competición) usando Nannochloropsis oculata, Microcystis aeruginosa o 
su mezcla como dieta (Factor B: tipos de dieta).
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higher abundances of B. havanaensis in Lake 
Albufera were not possibly due to its competitive 
superiority over B. angularis but the interference 
of toxicity from M. aeruginosa which favoured B. 
havanaensis. It is important to note that the toxic 
effects of M. aeruginosa on the responses of the 
population level responses of both B. angularis 
and B. havanaensis are possibly modulated by the 
presence of the green alga (Paerl, 2018). This is 
evident in mixed diet treatments containing the 
green alga which possibly minimized the adverse 
effects of Microcystis. The fact that both rotifer 
species died within a week when exposed to an 
exclusive diet of M. aeruginosa suggests that this 
strain of cyanobacterium was indeed toxic. This 
is further confirmed from previous studies from 
this waterbody where the microcystin concentra-
tion in the lake was as high as 16 µg/l (Romo et 
al., 2008) and the inclusion of sonicated cells of 
M. aeruginosa in the diet significantly reduced 
the growth rates of the cladocerans (Nandini et 
al., 2017).

The peak population densities (up to 90 
ind./ml) observed here for B. havanaensis are not 
uncommon for this species under laboratory 
conditions. For example, Pavón-Meza et al. 
(2004) observed that B. havanaensis is capable of 
reaching extremely high densities (up to 600 
ind./ml) when fed on the green alga Chlorella. 
We were able to grow B. angularis to peak densi-
ties of about 20 ind./ml. Miracle et al. (2014) 
have cultured B. angularis isolated from Lake 
Albufera and fed on different size fractions of 
lake seston (0-15 µm particle size). They 
obtained peak population densities of about 20 
ind./ml of B. angularis, similar to our observa-
tions in this study. The rate of population increase 
is yet another significant parameter often consid-
ered for interpreting the competitive outcome 
among different zooplankton species. For exam-
ple, when Anuraeopsis fissa and B. calyciflorus 
were cultured together, the ability of the latter to 
replace the former was higher due to its higher 
population growth rates (r = 1.5 per day) than that 
of A. fissa (r = 0.9 per day) (Sarma et al., 1996). 
In the present work, the r of B. havanaensis 
varied from 0.25 to 0.40/d depending on the 
presence or the absence of the competitor. 
Pavón-Meza et al. (2004) reported the r for this 

species in the range of 0.02 to 0.29 per day. For 
the strain of B. havanaensis we used here the r 
was slightly higher, but within the range reported 
for Brachionus (0.12 to 3.7 per day, Miracle & 
Serra, 1989). When Nannochloropsis alone was 
used as a diet, the r of B. angularis varied from 
0.23 to 0.30 per day which is within the range 
(0.07 - 0.35 per day) known for this species 
(Walz, 1987).

The present work suggests the possible 
adverse effects of the exotic B. havanaensis on 
locally occurring brachionid rotifers in interact-
ing with cyanobacterial blooms, common in the 
lake Albufera (Vicente & Miracle, 1992). 
Brachionus havanaensis, being pantropical 
(Segers, 2008), may easily colonize temperate 
waterbodies with the future projections of global 
warming (Hays et al., 2005). Increase in tempera-
ture also favours bloom formation in Microcystis. 
Thus, both these factors together may adversely 
impact locally adapted brachionids in freshwater 
ecosystems of temperate regions.

CONCLUSIONS

An increase in global trade and transport has 
increased the mobility of organisms and broken 
down ecological barriers to the transport of 
species around the world. Rotifers, in particular, 
are easily transported and established across the 
world (Duggan, 2010). The ability of B. 
havanaensis to withstand competition and preda-
tion pressure and grow on diets such as cyanobac-
teria indicates that it can be a successful invasive 
species and can survive in regions outside its 
native continent (Koste, 1978). Although origi-
nally reported from the Nearctic and neotropical 
regions, it is now found in Oriental and Palearctic 
regions (Segers, 2008). It has, however been 
suggested that the presence of the same species in 
different parts of the world could be a case of 
cryptic speciation as was the case in Brachionus 
plicatilis (Pociecha et al., 2007) and perhaps B. 
havanaensis is part of a species complex.
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rotifer genera such as Keratella, Polyarthra and 
Anuraeopsis. Though several members of the 
genus Brachionus are commonly reported in this 
waterbody (Oltra et al., 2001), B. havanaensis 
was not observed from the extensive zooplankton 
collections carried out during 2010-2011 (Sarma 
et al., 2019) suggesting that this species was 
recently established in the Lake Albufera. 
Brachionus havanaensis is predominantly 
distributed in the Nearctic and Neotropical 
regions. Later, it was introduced into the Palearc-
tic and Oriental regions (Segers, 2008). During 
the summer of 2015, we encountered much 
higher abundances of this species suggesting its 
ability to outcompete other members of 
Brachionus in this waterbody. Field collections 
from Mexican waterbodies too indicate its occur-
rence in relatively higher densities, ca. 1000 ind./l 
during certain months (Nandini et al., 2016). 
There appear to be several factors favouring its 
dominance in different waterbodies: these include 
relatively higher resistance to natural toxins 
including cyanotoxins, higher population growth 
rates (Pavón-Meza et al., 2004, 2008) and non-pre-
ferred prey item for invertebrate predators such as 
larval insects and copepods (Enríquez-García et 
al., 2013).

Alva-Martínez et al. (2009) have shown that 
on a mixed diet consisting of a green alga and 
toxic Microcystis aeruginosa, the population of 
Brachionus calyciflorus crashed with increasing 
proportion of cyanobacteria in the diet, while 
under similar conditions, B. havanaensis showed 
consistently higher growth rates. Also, whether 
grown separately or together with B. calyciflorus, 
B. havanaensis was always numerically more 
abundant than the other competing brachionid 
rotifers regardless of the proportion of Microcyst-
is in the diet. This confirms the resistance of B. 
havanaensis to M. aeruginosa over other 
brachionids. This is similar to our observations in 
this work where in the absence of competition 
when B. havanaensis was cultured on a mixed 
diet of Nannochloropsis and Microcystis, the 
population density was reduced to one-tenth; 
under comparable conditions, the population of 
B. angularis was reduced to one-twentieth. 
González-Pérez et al. (2018) have also docu-
mented that B. havanaensis is more resistant for 

two generations than another rotifer from the 
same family Brachionidae, Plationus patulus, 
when exposed to triclosan, an emerging contami-
nant in freshwater ecosystems. In the presence of 
strong invertebrate predators such as cyclopoids, 
B. havanaensis increases its growth rate than in 
the presence of less rapacious taxa such as turbel-
larians (Nandini et al., 2014). Although adult 
copepods such as Acanthocyclops, consume B. 
havanaensis (García et al., 2011), it is not a 
preferred item for many invertebrate predators 
(Nandini et al., 2003) possibly due to long poste-
rior spines (Garza-Mouriño et al., 2005). In Lake 
Albufera, cyclopoids such as Acanthocyclops 
americanus are important predators that feed on 
rotifers including brachionids. 

Competition for food between two (e.g., 
Sarma et al., 1999) or more (e.g., Fernán-
dez-Araiza et al., 2005) brachionid rotifers has 
received considerable attention since the seminal 
works on Brachionus rubens and B. calyciflorus 
by Rothhaupt (1988). These studies have shown 
that both biotic (e.g., food level, inoculation 
density) and abiotic (e.g., salinity, temperature) 
factors as well as species-specific characters 
(e.g., body size, intrinsic rate of population 
increase) influence the competitive outcome. 
Also, the presence of toxic substances, both xeno-
biotic (e.g., pharmaceuticals) and natural (e.g., 
cyanotoxins, salinity) are also known to affect the 
competition between two or more zooplankton 
species (Rebolledo et al., 2018). In the present 
work, the competitive outcome between B. 
havanaensis and B. angularis varied depending 
on the presence or absence of M. aeruginosa. In 
the absence of cyanobacteria, B. angularis had an 
adverse effect on B. havanaensis by reducing its 
population densities by about 90 % and growth 
rates by about 65 %. On the other hand, under 
comparable conditions, B. havanaensis was able 
to affect adversely (by about 20 %) the growth 
rates but not the population abundances of B. 
angularis. However, in the presence of toxic 
Microcystis mixed with Nannochloropsis, the 
population of B. angularis completely crashed (r 
being negative) before termination of the experi-
ments, but under similar conditions, B. havanaen-
sis was able to maintain its population with 
positive growth rates. These results suggest that 

0.001 two-way ANOVA). However, for B. angu-
laris, it was only the diet type that had a signifi-
cant effect on the peak population abundances; 
neither the presence of competitor nor the interac-
tion of competitor x diet had any significant 
impact on this parameter (p < 0.05). The rate of 
population increase of both the rotifer species 
was significantly affected (p < 0.01) by the diet 
type and the competition, but the interaction was 
not (p > 0.05, Table 2).

DISCUSSION

The dominance of the typical American plankton-
ic rotifer species, B. havanaensis, in the 
zooplankton of Lake Albufera suggests that it has 
an invasive tendency (Devin & Beisel, 2007). It is 
often found in waterbodies dominated by toxic 
cyanobacteria (Nandini et al., 2005). Zooplank-
ton composition of Lake Albufera over a 
three-decade period indicates the presence of 

laris, B. havanaensis showed an initial lag phase 
of about four days, an exponential phase of about 
seven days and after that the population began to 
decline. With the inclusion of sonicated M. aerug-
inosa in the diet, B. havanaensis had a longer lag 
phase (6 days). On a diet of M. aeruginosa alone, 
B. havanaensis grew until 6 days and then 
declined but on this diet and the presence of the 
competitor the decline began after 3 days. The 
growth curves of B. angularis cultured on a diet of 
N. oculata, alone or in the presence of a competi-
tor were similar. However, with the inclusion of 
M. aeruginosa, the population of B. angularis 
hardly grew beyond the inoculation density and 
when fed on an exclusive diet of M. aeruginosa, 
the populations of B. angularis completely 
collapsed by the fifth day.

Depending on the treatment and the test rotifer 
species, the peak population abundances of B. 
havanaensis and B. angularis varied from 1-95 
and 1-23 ind./ml, respectively. The presence of a 
competitor or the toxic diet had differential 
effects on the maximal population densities 

achieved by the tested brachionid rotifers. For 
example, for B. havanaensis, the presence of M. 
aeruginosa (in the mixed diet) or the presence of 
competitor (in the absence of cyanobacteria) had 
a similar adverse effect on the peak population 
density. On the other hand, for B. angularis in the 
absence of M. aeruginosa, the presence of a com-
petitor, B. havanaensis, had no adverse effect on 
the peak population densities.

The rates of population increase of B. 
havanaensis and B. angularis in treatments 
containing only N. oculata but without competi-
tion were 0.40 and 0.30 /d, respectively. When 
the mixed diet (Nannochloropsis and Microcyst-
is) was offered as food, the growth rates of B. 
angularis, but not B. havanaensis, became nega-
tive. For either rotifer species, 100 % M. aerugi-
nosa did not permit sustained populations, and 
hence the derivation of growth rates was not 
feasible (Table 1). 

Statistically, the peak population density of B. 
havanaensis was significantly influenced by the 
diet type, competition and their interaction (p < 

Based on the data collected, we derived the 
rate of population increase (r) per day using the 
exponential growth equation: r = (ln Nt – ln N0)/t, 
where N0 = initial rotifer density; Nt = rotifer 
density after time t; and t = time in days. In treat-
ments where a peak of population abundance 
was not evident, the growth rate was calculated 
from the slope between ln N and time (Sibly & 
Hone, 2002) and when growth did not occur, the 
r was not derived.

The peak population density and the rate of 
population increase for each rotifer species were 
statistically treated using two-way ANOVA. For 

multiple comparisons, we used a post hoc 
(Tukey) test (SigmaPlot ver. 12).

RESULTS

Population growth curves of Brachionus 
havanaensis cultured separately and together with 
B. angularis fed Nannochloropsis oculata (100 
%), sonicated Microcystis aeruginosa (100 %) or 
on the mixed diet (1:1 ratio of N. oculata: M. 
aeruginosa) differed depending on the treatment 
(Fig. 1). When cultured on N. oculata, in the 
presence or absence of competition from B. angu-

resist toxic effects of the colonial cyanobacteria 
including Microcystis spp. Though its occurrence 
has been reported in temperate European 
water-bodies (Segers, 2008), it is generally found 
in low abundances (< 50 ind./l). However, during 
the summer 2015, we found very high densities of 
B. havanaensis (> 500 ind./l) but low abundances 
of another brachionid rotifer B. angularis in Lake 
Albufera. The phytoplankton of the lake at that 
time contained blooms of Microcystis aerugino-
sa. Therefore we hypothesized that low abun-
dances of B. angularis were due to the combined 
effect of competitive pressure from B. havanaen-
sis and the toxic effects of M. aeruginosa. 

The aim of the study was, therefore, to test 
which of the two natural forces, competition from 
congeners or toxicity from Microcystis had a 
higher impact on the population growth of B. 
havanaensis and B. angularis.

MATERIAL AND METHODS

Zooplankton samples were collected using a 
plankton net (pore size 50 µm) from Lake 
Albufera by filtering about 50 L of water. The 
phytoplankton, dominated by M. aeruginosa, was 
separately (100 L) collected using a plankton net 
and stored in the dark at 4 °C in a tempera-
ture-controlled chamber. From the live zooplank-
ton samples we isolated a few individuals of 
Brachionus havanaensis and Brachionus angula-
ris using stereomicroscope in the laboratory. 
From these, we established a clonal culture for 
each rotifer starting with a single female. The 
rotifers were fed the green alga Nannochloropsis 
oculata at a density of 0.5 x 106 cells/ml and 
maintained in reconstituted moderately hard 
water (EPA medium). This medium was prepared 
by dissolving 96 mg NaHCO3, 60 mg CaSO4, 60 
mg MgSO4 and 4 mg KCl in one litre of distilled 
water (Weber, 1993). Nannochloropsis oculata 
was axenically batch-cultured in 2 L glass flasks 
using Bold's medium (Borowitzka & Borowitzka, 
1988). When the alga reached the log phase (after 
seven days following inoculation at a density of 
0.1 x 106 cells/ml), it was harvested and concen-
trated by centrifugation at 3000 rpm for 5 min. 
The concentrated alga was rinsed and re-suspend-
ed in a small volume (5 ml) of distilled water. The 

density of the harvested alga was estimated using 
a Neubauer haemocytometer.

For obtaining the sonicated cells of M. aerugi-
nosa, we harvested the floating colonial cyano-
bacteria from the cold-chamber by syphoning 
using a Pasteur pipette. Later, the concentrated 
colonial M. aeruginosa was filtered using differ-
ent meshes to remove large zooplanktonic organ-
isms and smaller phytoplankton cells. The 
remaining cyanobacterial composition showed 
more than 93 % M. aeruginosa which was 
sonicated for four minutes at 20 kHz. Microscop-
ic observations of the sonicated cells revealed 
that more than 90 % of the biomass was in 
single-celled form of M. aeruginosa. The individ-
ual cell size of M. aeruginosa and that of Nanno-
chloropsis oculata was similar (4-5 µm). Howev-
er, we used the biomass equivalent of M. aerugi-
nosa, Nannochloropsis oculata or their mixed 
diet for rotifers in the test jars.

The population growth experiments for both 
rotifer species were conducted simultaneously. 
For the experiments, we used 40 ml glass recipi-
ents as test jars, and each jar contained 30 ml EPA 
medium with one of the chosen diet type and 
combination. In all we used 36 test jars: B. 
havanaensis alone, B. angularis alone and togeth-
er (competition) = 3 x food types N. oculata 
alone, M. aeruginosa alone and their mixed diet = 
3 x 4 replicates for each treatment. Thus, into 
each test jars containing the chosen diet at the 
density of 0.5 x 106 cells/ml, we individually 
introduced one of the two rotifer species at an 
initial density of 1 ind./ml (or both at a ratio of 
1:1). The initial composition of rotifers in the test 
jars consisted of 80 % neonates and 20 % adults. 
The test jars were maintained in a tempera-
ture-controlled chamber set at 22±0.1 °C, pH 
7.0–7.4, and with photoperiod light-dark of 16-8 
hours diffuse fluorescent illumination.

Following initiation of growth experiments, 
after every 24h we counted the number of live 
rotifers in each jar, initially by total count, and as 
the density of the population increased to 50 
ind./ml in some replicates, we used two aliquots 
of 1 ml each. Following quantification of the 
rotifers density, we replaced them into a freshly 
prepared medium with an appropriate algal-cy-
anobacterial composition.

INTRODUCTION

Competition in aquatic ecosystems is an important 
natural process that structures the plankton compo-
sition (Vanni, 1986). Studies on the competitive 
interactions within the zooplanktonic groups are 
usually conducted using large species such as 
cladocerans (Smith & Cooper, 1982), which differ 
from the competitive outcome among the smaller 
sized zooplankton such as rotifers (Gilbert, 1985). 
For example, cladocerans are capable of breaking 
and then feeding on toxic filamentous cyanobacte-
ria which rotifers are incapable of (Sikora & Daw-
idowicz, 2017). Therefore, often due to the 
mechanical limitation of consuming cyanobacte-
ria, rotifers are incapable of competing with 
cladocerans. Even when the toxic cyanobacterial 
colonies are sonicated to single cells and offered as 
a diet to competing rotifers and cladocerans, the 
latter usually dominate due to their higher food 
gathering ability and the mechanical damage (from 
the powerful swimming currents) they inflict to the 
rotifer eggs (MacIsaac & Gilbert, 1989). There-
fore, it becomes evident that when unequally sized 
zooplankton groups compete, the smaller groups 
become competitively inferior especially under 
higher food levels (Sarma et al., 1996).

When two similar sized zooplankton species 
compete for food, the outcome depends on many 
different factors including the relative feeding 
and filtration rates, the magnitude of population 
growth rate and initial densities of the competing 
species (Sarma et al., 1999, Nandini et al., 2007). 
Also, if the medium contains toxic cyanobacteria, 
then the relative tolerances of competing species 
to the toxins are also crucial in deciding the 

outcome (Alva-Martínez et al., 2007). For exam-
ple, when two similar sized rotifers, Brachionus 
havanaensis and Brachionus calyciflorus were 
cultured together on Microcystis mixed with 
green alga at different proportions we observed a 
more adverse effect on B. calyciflorus than on B. 
havanaensis (Alva-Martínez et al., 2009). How-
ever, if the competing species have similar sensi-
tivities to toxins, then the competitive outcome is 
independent of the toxic cyanobacteria. For 
example, Lin et al. (2014) have shown that two 
rotifers of the family Brachionidae, Plationus 
patulus and Brachionus havanaensis had similar 
sensitivities to sonicated cells of a toxic strain of 
Anabaena sp. Both species failed to grow in the 
presences of this cyanobacterium, and thus com-
petition was not influenced by the toxins. There-
fore, although cyanobacterial toxicity influences 
zooplankton growth rates, it is not necessarily the 
deciding biotic factor that determines the compet-
itive outcome among zooplankton species.

Lake Albufera of Valencia is a shallow hyper-
trophic waterbody on the Mediterranean Coast of 
Spain. The plankton of this waterbody has been 
extensively studied over three decades (Vicente 
& Miracle, 1992; Romo et al., 2008). The phyto-
plankton is composed of toxic colonial cyanobac-
teria, mainly Microcystis aeruginosa, while the 
rotifers are dominated by the genus Brachionus. 
Among the species of Brachionus, B. havanaen-
sis is common in American epicontinental waters 
(Segers, 2008). Its natural abundances can be as 
high as 1000 ind./l (Nandini et al., 2016). It has 
the ability to reach extremely high population 
abundances (up to 600 ind./ml, under experimen-
tal conditions (Pavón-Meza et al., 2004) and to 
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higher abundances of B. havanaensis in Lake 
Albufera were not possibly due to its competitive 
superiority over B. angularis but the interference 
of toxicity from M. aeruginosa which favoured B. 
havanaensis. It is important to note that the toxic 
effects of M. aeruginosa on the responses of the 
population level responses of both B. angularis 
and B. havanaensis are possibly modulated by the 
presence of the green alga (Paerl, 2018). This is 
evident in mixed diet treatments containing the 
green alga which possibly minimized the adverse 
effects of Microcystis. The fact that both rotifer 
species died within a week when exposed to an 
exclusive diet of M. aeruginosa suggests that this 
strain of cyanobacterium was indeed toxic. This 
is further confirmed from previous studies from 
this waterbody where the microcystin concentra-
tion in the lake was as high as 16 µg/l (Romo et 
al., 2008) and the inclusion of sonicated cells of 
M. aeruginosa in the diet significantly reduced 
the growth rates of the cladocerans (Nandini et 
al., 2017).

The peak population densities (up to 90 
ind./ml) observed here for B. havanaensis are not 
uncommon for this species under laboratory 
conditions. For example, Pavón-Meza et al. 
(2004) observed that B. havanaensis is capable of 
reaching extremely high densities (up to 600 
ind./ml) when fed on the green alga Chlorella. 
We were able to grow B. angularis to peak densi-
ties of about 20 ind./ml. Miracle et al. (2014) 
have cultured B. angularis isolated from Lake 
Albufera and fed on different size fractions of 
lake seston (0-15 µm particle size). They 
obtained peak population densities of about 20 
ind./ml of B. angularis, similar to our observa-
tions in this study. The rate of population increase 
is yet another significant parameter often consid-
ered for interpreting the competitive outcome 
among different zooplankton species. For exam-
ple, when Anuraeopsis fissa and B. calyciflorus 
were cultured together, the ability of the latter to 
replace the former was higher due to its higher 
population growth rates (r = 1.5 per day) than that 
of A. fissa (r = 0.9 per day) (Sarma et al., 1996). 
In the present work, the r of B. havanaensis 
varied from 0.25 to 0.40/d depending on the 
presence or the absence of the competitor. 
Pavón-Meza et al. (2004) reported the r for this 

species in the range of 0.02 to 0.29 per day. For 
the strain of B. havanaensis we used here the r 
was slightly higher, but within the range reported 
for Brachionus (0.12 to 3.7 per day, Miracle & 
Serra, 1989). When Nannochloropsis alone was 
used as a diet, the r of B. angularis varied from 
0.23 to 0.30 per day which is within the range 
(0.07 - 0.35 per day) known for this species 
(Walz, 1987).

The present work suggests the possible 
adverse effects of the exotic B. havanaensis on 
locally occurring brachionid rotifers in interact-
ing with cyanobacterial blooms, common in the 
lake Albufera (Vicente & Miracle, 1992). 
Brachionus havanaensis, being pantropical 
(Segers, 2008), may easily colonize temperate 
waterbodies with the future projections of global 
warming (Hays et al., 2005). Increase in tempera-
ture also favours bloom formation in Microcystis. 
Thus, both these factors together may adversely 
impact locally adapted brachionids in freshwater 
ecosystems of temperate regions.

CONCLUSIONS

An increase in global trade and transport has 
increased the mobility of organisms and broken 
down ecological barriers to the transport of 
species around the world. Rotifers, in particular, 
are easily transported and established across the 
world (Duggan, 2010). The ability of B. 
havanaensis to withstand competition and preda-
tion pressure and grow on diets such as cyanobac-
teria indicates that it can be a successful invasive 
species and can survive in regions outside its 
native continent (Koste, 1978). Although origi-
nally reported from the Nearctic and neotropical 
regions, it is now found in Oriental and Palearctic 
regions (Segers, 2008). It has, however been 
suggested that the presence of the same species in 
different parts of the world could be a case of 
cryptic speciation as was the case in Brachionus 
plicatilis (Pociecha et al., 2007) and perhaps B. 
havanaensis is part of a species complex.
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rotifer genera such as Keratella, Polyarthra and 
Anuraeopsis. Though several members of the 
genus Brachionus are commonly reported in this 
waterbody (Oltra et al., 2001), B. havanaensis 
was not observed from the extensive zooplankton 
collections carried out during 2010-2011 (Sarma 
et al., 2019) suggesting that this species was 
recently established in the Lake Albufera. 
Brachionus havanaensis is predominantly 
distributed in the Nearctic and Neotropical 
regions. Later, it was introduced into the Palearc-
tic and Oriental regions (Segers, 2008). During 
the summer of 2015, we encountered much 
higher abundances of this species suggesting its 
ability to outcompete other members of 
Brachionus in this waterbody. Field collections 
from Mexican waterbodies too indicate its occur-
rence in relatively higher densities, ca. 1000 ind./l 
during certain months (Nandini et al., 2016). 
There appear to be several factors favouring its 
dominance in different waterbodies: these include 
relatively higher resistance to natural toxins 
including cyanotoxins, higher population growth 
rates (Pavón-Meza et al., 2004, 2008) and non-pre-
ferred prey item for invertebrate predators such as 
larval insects and copepods (Enríquez-García et 
al., 2013).

Alva-Martínez et al. (2009) have shown that 
on a mixed diet consisting of a green alga and 
toxic Microcystis aeruginosa, the population of 
Brachionus calyciflorus crashed with increasing 
proportion of cyanobacteria in the diet, while 
under similar conditions, B. havanaensis showed 
consistently higher growth rates. Also, whether 
grown separately or together with B. calyciflorus, 
B. havanaensis was always numerically more 
abundant than the other competing brachionid 
rotifers regardless of the proportion of Microcyst-
is in the diet. This confirms the resistance of B. 
havanaensis to M. aeruginosa over other 
brachionids. This is similar to our observations in 
this work where in the absence of competition 
when B. havanaensis was cultured on a mixed 
diet of Nannochloropsis and Microcystis, the 
population density was reduced to one-tenth; 
under comparable conditions, the population of 
B. angularis was reduced to one-twentieth. 
González-Pérez et al. (2018) have also docu-
mented that B. havanaensis is more resistant for 

two generations than another rotifer from the 
same family Brachionidae, Plationus patulus, 
when exposed to triclosan, an emerging contami-
nant in freshwater ecosystems. In the presence of 
strong invertebrate predators such as cyclopoids, 
B. havanaensis increases its growth rate than in 
the presence of less rapacious taxa such as turbel-
larians (Nandini et al., 2014). Although adult 
copepods such as Acanthocyclops, consume B. 
havanaensis (García et al., 2011), it is not a 
preferred item for many invertebrate predators 
(Nandini et al., 2003) possibly due to long poste-
rior spines (Garza-Mouriño et al., 2005). In Lake 
Albufera, cyclopoids such as Acanthocyclops 
americanus are important predators that feed on 
rotifers including brachionids. 

Competition for food between two (e.g., 
Sarma et al., 1999) or more (e.g., Fernán-
dez-Araiza et al., 2005) brachionid rotifers has 
received considerable attention since the seminal 
works on Brachionus rubens and B. calyciflorus 
by Rothhaupt (1988). These studies have shown 
that both biotic (e.g., food level, inoculation 
density) and abiotic (e.g., salinity, temperature) 
factors as well as species-specific characters 
(e.g., body size, intrinsic rate of population 
increase) influence the competitive outcome. 
Also, the presence of toxic substances, both xeno-
biotic (e.g., pharmaceuticals) and natural (e.g., 
cyanotoxins, salinity) are also known to affect the 
competition between two or more zooplankton 
species (Rebolledo et al., 2018). In the present 
work, the competitive outcome between B. 
havanaensis and B. angularis varied depending 
on the presence or absence of M. aeruginosa. In 
the absence of cyanobacteria, B. angularis had an 
adverse effect on B. havanaensis by reducing its 
population densities by about 90 % and growth 
rates by about 65 %. On the other hand, under 
comparable conditions, B. havanaensis was able 
to affect adversely (by about 20 %) the growth 
rates but not the population abundances of B. 
angularis. However, in the presence of toxic 
Microcystis mixed with Nannochloropsis, the 
population of B. angularis completely crashed (r 
being negative) before termination of the experi-
ments, but under similar conditions, B. havanaen-
sis was able to maintain its population with 
positive growth rates. These results suggest that 

0.001 two-way ANOVA). However, for B. angu-
laris, it was only the diet type that had a signifi-
cant effect on the peak population abundances; 
neither the presence of competitor nor the interac-
tion of competitor x diet had any significant 
impact on this parameter (p < 0.05). The rate of 
population increase of both the rotifer species 
was significantly affected (p < 0.01) by the diet 
type and the competition, but the interaction was 
not (p > 0.05, Table 2).

DISCUSSION

The dominance of the typical American plankton-
ic rotifer species, B. havanaensis, in the 
zooplankton of Lake Albufera suggests that it has 
an invasive tendency (Devin & Beisel, 2007). It is 
often found in waterbodies dominated by toxic 
cyanobacteria (Nandini et al., 2005). Zooplank-
ton composition of Lake Albufera over a 
three-decade period indicates the presence of 

laris, B. havanaensis showed an initial lag phase 
of about four days, an exponential phase of about 
seven days and after that the population began to 
decline. With the inclusion of sonicated M. aerug-
inosa in the diet, B. havanaensis had a longer lag 
phase (6 days). On a diet of M. aeruginosa alone, 
B. havanaensis grew until 6 days and then 
declined but on this diet and the presence of the 
competitor the decline began after 3 days. The 
growth curves of B. angularis cultured on a diet of 
N. oculata, alone or in the presence of a competi-
tor were similar. However, with the inclusion of 
M. aeruginosa, the population of B. angularis 
hardly grew beyond the inoculation density and 
when fed on an exclusive diet of M. aeruginosa, 
the populations of B. angularis completely 
collapsed by the fifth day.

Depending on the treatment and the test rotifer 
species, the peak population abundances of B. 
havanaensis and B. angularis varied from 1-95 
and 1-23 ind./ml, respectively. The presence of a 
competitor or the toxic diet had differential 
effects on the maximal population densities 

achieved by the tested brachionid rotifers. For 
example, for B. havanaensis, the presence of M. 
aeruginosa (in the mixed diet) or the presence of 
competitor (in the absence of cyanobacteria) had 
a similar adverse effect on the peak population 
density. On the other hand, for B. angularis in the 
absence of M. aeruginosa, the presence of a com-
petitor, B. havanaensis, had no adverse effect on 
the peak population densities.

The rates of population increase of B. 
havanaensis and B. angularis in treatments 
containing only N. oculata but without competi-
tion were 0.40 and 0.30 /d, respectively. When 
the mixed diet (Nannochloropsis and Microcyst-
is) was offered as food, the growth rates of B. 
angularis, but not B. havanaensis, became nega-
tive. For either rotifer species, 100 % M. aerugi-
nosa did not permit sustained populations, and 
hence the derivation of growth rates was not 
feasible (Table 1). 

Statistically, the peak population density of B. 
havanaensis was significantly influenced by the 
diet type, competition and their interaction (p < 

Based on the data collected, we derived the 
rate of population increase (r) per day using the 
exponential growth equation: r = (ln Nt – ln N0)/t, 
where N0 = initial rotifer density; Nt = rotifer 
density after time t; and t = time in days. In treat-
ments where a peak of population abundance 
was not evident, the growth rate was calculated 
from the slope between ln N and time (Sibly & 
Hone, 2002) and when growth did not occur, the 
r was not derived.

The peak population density and the rate of 
population increase for each rotifer species were 
statistically treated using two-way ANOVA. For 

multiple comparisons, we used a post hoc 
(Tukey) test (SigmaPlot ver. 12).

RESULTS

Population growth curves of Brachionus 
havanaensis cultured separately and together with 
B. angularis fed Nannochloropsis oculata (100 
%), sonicated Microcystis aeruginosa (100 %) or 
on the mixed diet (1:1 ratio of N. oculata: M. 
aeruginosa) differed depending on the treatment 
(Fig. 1). When cultured on N. oculata, in the 
presence or absence of competition from B. angu-

resist toxic effects of the colonial cyanobacteria 
including Microcystis spp. Though its occurrence 
has been reported in temperate European 
water-bodies (Segers, 2008), it is generally found 
in low abundances (< 50 ind./l). However, during 
the summer 2015, we found very high densities of 
B. havanaensis (> 500 ind./l) but low abundances 
of another brachionid rotifer B. angularis in Lake 
Albufera. The phytoplankton of the lake at that 
time contained blooms of Microcystis aerugino-
sa. Therefore we hypothesized that low abun-
dances of B. angularis were due to the combined 
effect of competitive pressure from B. havanaen-
sis and the toxic effects of M. aeruginosa. 

The aim of the study was, therefore, to test 
which of the two natural forces, competition from 
congeners or toxicity from Microcystis had a 
higher impact on the population growth of B. 
havanaensis and B. angularis.

MATERIAL AND METHODS

Zooplankton samples were collected using a 
plankton net (pore size 50 µm) from Lake 
Albufera by filtering about 50 L of water. The 
phytoplankton, dominated by M. aeruginosa, was 
separately (100 L) collected using a plankton net 
and stored in the dark at 4 °C in a tempera-
ture-controlled chamber. From the live zooplank-
ton samples we isolated a few individuals of 
Brachionus havanaensis and Brachionus angula-
ris using stereomicroscope in the laboratory. 
From these, we established a clonal culture for 
each rotifer starting with a single female. The 
rotifers were fed the green alga Nannochloropsis 
oculata at a density of 0.5 x 106 cells/ml and 
maintained in reconstituted moderately hard 
water (EPA medium). This medium was prepared 
by dissolving 96 mg NaHCO3, 60 mg CaSO4, 60 
mg MgSO4 and 4 mg KCl in one litre of distilled 
water (Weber, 1993). Nannochloropsis oculata 
was axenically batch-cultured in 2 L glass flasks 
using Bold's medium (Borowitzka & Borowitzka, 
1988). When the alga reached the log phase (after 
seven days following inoculation at a density of 
0.1 x 106 cells/ml), it was harvested and concen-
trated by centrifugation at 3000 rpm for 5 min. 
The concentrated alga was rinsed and re-suspend-
ed in a small volume (5 ml) of distilled water. The 

density of the harvested alga was estimated using 
a Neubauer haemocytometer.

For obtaining the sonicated cells of M. aerugi-
nosa, we harvested the floating colonial cyano-
bacteria from the cold-chamber by syphoning 
using a Pasteur pipette. Later, the concentrated 
colonial M. aeruginosa was filtered using differ-
ent meshes to remove large zooplanktonic organ-
isms and smaller phytoplankton cells. The 
remaining cyanobacterial composition showed 
more than 93 % M. aeruginosa which was 
sonicated for four minutes at 20 kHz. Microscop-
ic observations of the sonicated cells revealed 
that more than 90 % of the biomass was in 
single-celled form of M. aeruginosa. The individ-
ual cell size of M. aeruginosa and that of Nanno-
chloropsis oculata was similar (4-5 µm). Howev-
er, we used the biomass equivalent of M. aerugi-
nosa, Nannochloropsis oculata or their mixed 
diet for rotifers in the test jars.

The population growth experiments for both 
rotifer species were conducted simultaneously. 
For the experiments, we used 40 ml glass recipi-
ents as test jars, and each jar contained 30 ml EPA 
medium with one of the chosen diet type and 
combination. In all we used 36 test jars: B. 
havanaensis alone, B. angularis alone and togeth-
er (competition) = 3 x food types N. oculata 
alone, M. aeruginosa alone and their mixed diet = 
3 x 4 replicates for each treatment. Thus, into 
each test jars containing the chosen diet at the 
density of 0.5 x 106 cells/ml, we individually 
introduced one of the two rotifer species at an 
initial density of 1 ind./ml (or both at a ratio of 
1:1). The initial composition of rotifers in the test 
jars consisted of 80 % neonates and 20 % adults. 
The test jars were maintained in a tempera-
ture-controlled chamber set at 22±0.1 °C, pH 
7.0–7.4, and with photoperiod light-dark of 16-8 
hours diffuse fluorescent illumination.

Following initiation of growth experiments, 
after every 24h we counted the number of live 
rotifers in each jar, initially by total count, and as 
the density of the population increased to 50 
ind./ml in some replicates, we used two aliquots 
of 1 ml each. Following quantification of the 
rotifers density, we replaced them into a freshly 
prepared medium with an appropriate algal-cy-
anobacterial composition.

INTRODUCTION

Competition in aquatic ecosystems is an important 
natural process that structures the plankton compo-
sition (Vanni, 1986). Studies on the competitive 
interactions within the zooplanktonic groups are 
usually conducted using large species such as 
cladocerans (Smith & Cooper, 1982), which differ 
from the competitive outcome among the smaller 
sized zooplankton such as rotifers (Gilbert, 1985). 
For example, cladocerans are capable of breaking 
and then feeding on toxic filamentous cyanobacte-
ria which rotifers are incapable of (Sikora & Daw-
idowicz, 2017). Therefore, often due to the 
mechanical limitation of consuming cyanobacte-
ria, rotifers are incapable of competing with 
cladocerans. Even when the toxic cyanobacterial 
colonies are sonicated to single cells and offered as 
a diet to competing rotifers and cladocerans, the 
latter usually dominate due to their higher food 
gathering ability and the mechanical damage (from 
the powerful swimming currents) they inflict to the 
rotifer eggs (MacIsaac & Gilbert, 1989). There-
fore, it becomes evident that when unequally sized 
zooplankton groups compete, the smaller groups 
become competitively inferior especially under 
higher food levels (Sarma et al., 1996).

When two similar sized zooplankton species 
compete for food, the outcome depends on many 
different factors including the relative feeding 
and filtration rates, the magnitude of population 
growth rate and initial densities of the competing 
species (Sarma et al., 1999, Nandini et al., 2007). 
Also, if the medium contains toxic cyanobacteria, 
then the relative tolerances of competing species 
to the toxins are also crucial in deciding the 

outcome (Alva-Martínez et al., 2007). For exam-
ple, when two similar sized rotifers, Brachionus 
havanaensis and Brachionus calyciflorus were 
cultured together on Microcystis mixed with 
green alga at different proportions we observed a 
more adverse effect on B. calyciflorus than on B. 
havanaensis (Alva-Martínez et al., 2009). How-
ever, if the competing species have similar sensi-
tivities to toxins, then the competitive outcome is 
independent of the toxic cyanobacteria. For 
example, Lin et al. (2014) have shown that two 
rotifers of the family Brachionidae, Plationus 
patulus and Brachionus havanaensis had similar 
sensitivities to sonicated cells of a toxic strain of 
Anabaena sp. Both species failed to grow in the 
presences of this cyanobacterium, and thus com-
petition was not influenced by the toxins. There-
fore, although cyanobacterial toxicity influences 
zooplankton growth rates, it is not necessarily the 
deciding biotic factor that determines the compet-
itive outcome among zooplankton species.

Lake Albufera of Valencia is a shallow hyper-
trophic waterbody on the Mediterranean Coast of 
Spain. The plankton of this waterbody has been 
extensively studied over three decades (Vicente 
& Miracle, 1992; Romo et al., 2008). The phyto-
plankton is composed of toxic colonial cyanobac-
teria, mainly Microcystis aeruginosa, while the 
rotifers are dominated by the genus Brachionus. 
Among the species of Brachionus, B. havanaen-
sis is common in American epicontinental waters 
(Segers, 2008). Its natural abundances can be as 
high as 1000 ind./l (Nandini et al., 2016). It has 
the ability to reach extremely high population 
abundances (up to 600 ind./ml, under experimen-
tal conditions (Pavón-Meza et al., 2004) and to 
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higher abundances of B. havanaensis in Lake 
Albufera were not possibly due to its competitive 
superiority over B. angularis but the interference 
of toxicity from M. aeruginosa which favoured B. 
havanaensis. It is important to note that the toxic 
effects of M. aeruginosa on the responses of the 
population level responses of both B. angularis 
and B. havanaensis are possibly modulated by the 
presence of the green alga (Paerl, 2018). This is 
evident in mixed diet treatments containing the 
green alga which possibly minimized the adverse 
effects of Microcystis. The fact that both rotifer 
species died within a week when exposed to an 
exclusive diet of M. aeruginosa suggests that this 
strain of cyanobacterium was indeed toxic. This 
is further confirmed from previous studies from 
this waterbody where the microcystin concentra-
tion in the lake was as high as 16 µg/l (Romo et 
al., 2008) and the inclusion of sonicated cells of 
M. aeruginosa in the diet significantly reduced 
the growth rates of the cladocerans (Nandini et 
al., 2017).

The peak population densities (up to 90 
ind./ml) observed here for B. havanaensis are not 
uncommon for this species under laboratory 
conditions. For example, Pavón-Meza et al. 
(2004) observed that B. havanaensis is capable of 
reaching extremely high densities (up to 600 
ind./ml) when fed on the green alga Chlorella. 
We were able to grow B. angularis to peak densi-
ties of about 20 ind./ml. Miracle et al. (2014) 
have cultured B. angularis isolated from Lake 
Albufera and fed on different size fractions of 
lake seston (0-15 µm particle size). They 
obtained peak population densities of about 20 
ind./ml of B. angularis, similar to our observa-
tions in this study. The rate of population increase 
is yet another significant parameter often consid-
ered for interpreting the competitive outcome 
among different zooplankton species. For exam-
ple, when Anuraeopsis fissa and B. calyciflorus 
were cultured together, the ability of the latter to 
replace the former was higher due to its higher 
population growth rates (r = 1.5 per day) than that 
of A. fissa (r = 0.9 per day) (Sarma et al., 1996). 
In the present work, the r of B. havanaensis 
varied from 0.25 to 0.40/d depending on the 
presence or the absence of the competitor. 
Pavón-Meza et al. (2004) reported the r for this 

species in the range of 0.02 to 0.29 per day. For 
the strain of B. havanaensis we used here the r 
was slightly higher, but within the range reported 
for Brachionus (0.12 to 3.7 per day, Miracle & 
Serra, 1989). When Nannochloropsis alone was 
used as a diet, the r of B. angularis varied from 
0.23 to 0.30 per day which is within the range 
(0.07 - 0.35 per day) known for this species 
(Walz, 1987).

The present work suggests the possible 
adverse effects of the exotic B. havanaensis on 
locally occurring brachionid rotifers in interact-
ing with cyanobacterial blooms, common in the 
lake Albufera (Vicente & Miracle, 1992). 
Brachionus havanaensis, being pantropical 
(Segers, 2008), may easily colonize temperate 
waterbodies with the future projections of global 
warming (Hays et al., 2005). Increase in tempera-
ture also favours bloom formation in Microcystis. 
Thus, both these factors together may adversely 
impact locally adapted brachionids in freshwater 
ecosystems of temperate regions.

CONCLUSIONS

An increase in global trade and transport has 
increased the mobility of organisms and broken 
down ecological barriers to the transport of 
species around the world. Rotifers, in particular, 
are easily transported and established across the 
world (Duggan, 2010). The ability of B. 
havanaensis to withstand competition and preda-
tion pressure and grow on diets such as cyanobac-
teria indicates that it can be a successful invasive 
species and can survive in regions outside its 
native continent (Koste, 1978). Although origi-
nally reported from the Nearctic and neotropical 
regions, it is now found in Oriental and Palearctic 
regions (Segers, 2008). It has, however been 
suggested that the presence of the same species in 
different parts of the world could be a case of 
cryptic speciation as was the case in Brachionus 
plicatilis (Pociecha et al., 2007) and perhaps B. 
havanaensis is part of a species complex.
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rotifer genera such as Keratella, Polyarthra and 
Anuraeopsis. Though several members of the 
genus Brachionus are commonly reported in this 
waterbody (Oltra et al., 2001), B. havanaensis 
was not observed from the extensive zooplankton 
collections carried out during 2010-2011 (Sarma 
et al., 2019) suggesting that this species was 
recently established in the Lake Albufera. 
Brachionus havanaensis is predominantly 
distributed in the Nearctic and Neotropical 
regions. Later, it was introduced into the Palearc-
tic and Oriental regions (Segers, 2008). During 
the summer of 2015, we encountered much 
higher abundances of this species suggesting its 
ability to outcompete other members of 
Brachionus in this waterbody. Field collections 
from Mexican waterbodies too indicate its occur-
rence in relatively higher densities, ca. 1000 ind./l 
during certain months (Nandini et al., 2016). 
There appear to be several factors favouring its 
dominance in different waterbodies: these include 
relatively higher resistance to natural toxins 
including cyanotoxins, higher population growth 
rates (Pavón-Meza et al., 2004, 2008) and non-pre-
ferred prey item for invertebrate predators such as 
larval insects and copepods (Enríquez-García et 
al., 2013).

Alva-Martínez et al. (2009) have shown that 
on a mixed diet consisting of a green alga and 
toxic Microcystis aeruginosa, the population of 
Brachionus calyciflorus crashed with increasing 
proportion of cyanobacteria in the diet, while 
under similar conditions, B. havanaensis showed 
consistently higher growth rates. Also, whether 
grown separately or together with B. calyciflorus, 
B. havanaensis was always numerically more 
abundant than the other competing brachionid 
rotifers regardless of the proportion of Microcyst-
is in the diet. This confirms the resistance of B. 
havanaensis to M. aeruginosa over other 
brachionids. This is similar to our observations in 
this work where in the absence of competition 
when B. havanaensis was cultured on a mixed 
diet of Nannochloropsis and Microcystis, the 
population density was reduced to one-tenth; 
under comparable conditions, the population of 
B. angularis was reduced to one-twentieth. 
González-Pérez et al. (2018) have also docu-
mented that B. havanaensis is more resistant for 

two generations than another rotifer from the 
same family Brachionidae, Plationus patulus, 
when exposed to triclosan, an emerging contami-
nant in freshwater ecosystems. In the presence of 
strong invertebrate predators such as cyclopoids, 
B. havanaensis increases its growth rate than in 
the presence of less rapacious taxa such as turbel-
larians (Nandini et al., 2014). Although adult 
copepods such as Acanthocyclops, consume B. 
havanaensis (García et al., 2011), it is not a 
preferred item for many invertebrate predators 
(Nandini et al., 2003) possibly due to long poste-
rior spines (Garza-Mouriño et al., 2005). In Lake 
Albufera, cyclopoids such as Acanthocyclops 
americanus are important predators that feed on 
rotifers including brachionids. 

Competition for food between two (e.g., 
Sarma et al., 1999) or more (e.g., Fernán-
dez-Araiza et al., 2005) brachionid rotifers has 
received considerable attention since the seminal 
works on Brachionus rubens and B. calyciflorus 
by Rothhaupt (1988). These studies have shown 
that both biotic (e.g., food level, inoculation 
density) and abiotic (e.g., salinity, temperature) 
factors as well as species-specific characters 
(e.g., body size, intrinsic rate of population 
increase) influence the competitive outcome. 
Also, the presence of toxic substances, both xeno-
biotic (e.g., pharmaceuticals) and natural (e.g., 
cyanotoxins, salinity) are also known to affect the 
competition between two or more zooplankton 
species (Rebolledo et al., 2018). In the present 
work, the competitive outcome between B. 
havanaensis and B. angularis varied depending 
on the presence or absence of M. aeruginosa. In 
the absence of cyanobacteria, B. angularis had an 
adverse effect on B. havanaensis by reducing its 
population densities by about 90 % and growth 
rates by about 65 %. On the other hand, under 
comparable conditions, B. havanaensis was able 
to affect adversely (by about 20 %) the growth 
rates but not the population abundances of B. 
angularis. However, in the presence of toxic 
Microcystis mixed with Nannochloropsis, the 
population of B. angularis completely crashed (r 
being negative) before termination of the experi-
ments, but under similar conditions, B. havanaen-
sis was able to maintain its population with 
positive growth rates. These results suggest that 

0.001 two-way ANOVA). However, for B. angu-
laris, it was only the diet type that had a signifi-
cant effect on the peak population abundances; 
neither the presence of competitor nor the interac-
tion of competitor x diet had any significant 
impact on this parameter (p < 0.05). The rate of 
population increase of both the rotifer species 
was significantly affected (p < 0.01) by the diet 
type and the competition, but the interaction was 
not (p > 0.05, Table 2).

DISCUSSION

The dominance of the typical American plankton-
ic rotifer species, B. havanaensis, in the 
zooplankton of Lake Albufera suggests that it has 
an invasive tendency (Devin & Beisel, 2007). It is 
often found in waterbodies dominated by toxic 
cyanobacteria (Nandini et al., 2005). Zooplank-
ton composition of Lake Albufera over a 
three-decade period indicates the presence of 

laris, B. havanaensis showed an initial lag phase 
of about four days, an exponential phase of about 
seven days and after that the population began to 
decline. With the inclusion of sonicated M. aerug-
inosa in the diet, B. havanaensis had a longer lag 
phase (6 days). On a diet of M. aeruginosa alone, 
B. havanaensis grew until 6 days and then 
declined but on this diet and the presence of the 
competitor the decline began after 3 days. The 
growth curves of B. angularis cultured on a diet of 
N. oculata, alone or in the presence of a competi-
tor were similar. However, with the inclusion of 
M. aeruginosa, the population of B. angularis 
hardly grew beyond the inoculation density and 
when fed on an exclusive diet of M. aeruginosa, 
the populations of B. angularis completely 
collapsed by the fifth day.

Depending on the treatment and the test rotifer 
species, the peak population abundances of B. 
havanaensis and B. angularis varied from 1-95 
and 1-23 ind./ml, respectively. The presence of a 
competitor or the toxic diet had differential 
effects on the maximal population densities 

achieved by the tested brachionid rotifers. For 
example, for B. havanaensis, the presence of M. 
aeruginosa (in the mixed diet) or the presence of 
competitor (in the absence of cyanobacteria) had 
a similar adverse effect on the peak population 
density. On the other hand, for B. angularis in the 
absence of M. aeruginosa, the presence of a com-
petitor, B. havanaensis, had no adverse effect on 
the peak population densities.

The rates of population increase of B. 
havanaensis and B. angularis in treatments 
containing only N. oculata but without competi-
tion were 0.40 and 0.30 /d, respectively. When 
the mixed diet (Nannochloropsis and Microcyst-
is) was offered as food, the growth rates of B. 
angularis, but not B. havanaensis, became nega-
tive. For either rotifer species, 100 % M. aerugi-
nosa did not permit sustained populations, and 
hence the derivation of growth rates was not 
feasible (Table 1). 

Statistically, the peak population density of B. 
havanaensis was significantly influenced by the 
diet type, competition and their interaction (p < 

Based on the data collected, we derived the 
rate of population increase (r) per day using the 
exponential growth equation: r = (ln Nt – ln N0)/t, 
where N0 = initial rotifer density; Nt = rotifer 
density after time t; and t = time in days. In treat-
ments where a peak of population abundance 
was not evident, the growth rate was calculated 
from the slope between ln N and time (Sibly & 
Hone, 2002) and when growth did not occur, the 
r was not derived.

The peak population density and the rate of 
population increase for each rotifer species were 
statistically treated using two-way ANOVA. For 

multiple comparisons, we used a post hoc 
(Tukey) test (SigmaPlot ver. 12).

RESULTS

Population growth curves of Brachionus 
havanaensis cultured separately and together with 
B. angularis fed Nannochloropsis oculata (100 
%), sonicated Microcystis aeruginosa (100 %) or 
on the mixed diet (1:1 ratio of N. oculata: M. 
aeruginosa) differed depending on the treatment 
(Fig. 1). When cultured on N. oculata, in the 
presence or absence of competition from B. angu-

resist toxic effects of the colonial cyanobacteria 
including Microcystis spp. Though its occurrence 
has been reported in temperate European 
water-bodies (Segers, 2008), it is generally found 
in low abundances (< 50 ind./l). However, during 
the summer 2015, we found very high densities of 
B. havanaensis (> 500 ind./l) but low abundances 
of another brachionid rotifer B. angularis in Lake 
Albufera. The phytoplankton of the lake at that 
time contained blooms of Microcystis aerugino-
sa. Therefore we hypothesized that low abun-
dances of B. angularis were due to the combined 
effect of competitive pressure from B. havanaen-
sis and the toxic effects of M. aeruginosa. 

The aim of the study was, therefore, to test 
which of the two natural forces, competition from 
congeners or toxicity from Microcystis had a 
higher impact on the population growth of B. 
havanaensis and B. angularis.

MATERIAL AND METHODS

Zooplankton samples were collected using a 
plankton net (pore size 50 µm) from Lake 
Albufera by filtering about 50 L of water. The 
phytoplankton, dominated by M. aeruginosa, was 
separately (100 L) collected using a plankton net 
and stored in the dark at 4 °C in a tempera-
ture-controlled chamber. From the live zooplank-
ton samples we isolated a few individuals of 
Brachionus havanaensis and Brachionus angula-
ris using stereomicroscope in the laboratory. 
From these, we established a clonal culture for 
each rotifer starting with a single female. The 
rotifers were fed the green alga Nannochloropsis 
oculata at a density of 0.5 x 106 cells/ml and 
maintained in reconstituted moderately hard 
water (EPA medium). This medium was prepared 
by dissolving 96 mg NaHCO3, 60 mg CaSO4, 60 
mg MgSO4 and 4 mg KCl in one litre of distilled 
water (Weber, 1993). Nannochloropsis oculata 
was axenically batch-cultured in 2 L glass flasks 
using Bold's medium (Borowitzka & Borowitzka, 
1988). When the alga reached the log phase (after 
seven days following inoculation at a density of 
0.1 x 106 cells/ml), it was harvested and concen-
trated by centrifugation at 3000 rpm for 5 min. 
The concentrated alga was rinsed and re-suspend-
ed in a small volume (5 ml) of distilled water. The 

density of the harvested alga was estimated using 
a Neubauer haemocytometer.

For obtaining the sonicated cells of M. aerugi-
nosa, we harvested the floating colonial cyano-
bacteria from the cold-chamber by syphoning 
using a Pasteur pipette. Later, the concentrated 
colonial M. aeruginosa was filtered using differ-
ent meshes to remove large zooplanktonic organ-
isms and smaller phytoplankton cells. The 
remaining cyanobacterial composition showed 
more than 93 % M. aeruginosa which was 
sonicated for four minutes at 20 kHz. Microscop-
ic observations of the sonicated cells revealed 
that more than 90 % of the biomass was in 
single-celled form of M. aeruginosa. The individ-
ual cell size of M. aeruginosa and that of Nanno-
chloropsis oculata was similar (4-5 µm). Howev-
er, we used the biomass equivalent of M. aerugi-
nosa, Nannochloropsis oculata or their mixed 
diet for rotifers in the test jars.

The population growth experiments for both 
rotifer species were conducted simultaneously. 
For the experiments, we used 40 ml glass recipi-
ents as test jars, and each jar contained 30 ml EPA 
medium with one of the chosen diet type and 
combination. In all we used 36 test jars: B. 
havanaensis alone, B. angularis alone and togeth-
er (competition) = 3 x food types N. oculata 
alone, M. aeruginosa alone and their mixed diet = 
3 x 4 replicates for each treatment. Thus, into 
each test jars containing the chosen diet at the 
density of 0.5 x 106 cells/ml, we individually 
introduced one of the two rotifer species at an 
initial density of 1 ind./ml (or both at a ratio of 
1:1). The initial composition of rotifers in the test 
jars consisted of 80 % neonates and 20 % adults. 
The test jars were maintained in a tempera-
ture-controlled chamber set at 22±0.1 °C, pH 
7.0–7.4, and with photoperiod light-dark of 16-8 
hours diffuse fluorescent illumination.

Following initiation of growth experiments, 
after every 24h we counted the number of live 
rotifers in each jar, initially by total count, and as 
the density of the population increased to 50 
ind./ml in some replicates, we used two aliquots 
of 1 ml each. Following quantification of the 
rotifers density, we replaced them into a freshly 
prepared medium with an appropriate algal-cy-
anobacterial composition.

INTRODUCTION

Competition in aquatic ecosystems is an important 
natural process that structures the plankton compo-
sition (Vanni, 1986). Studies on the competitive 
interactions within the zooplanktonic groups are 
usually conducted using large species such as 
cladocerans (Smith & Cooper, 1982), which differ 
from the competitive outcome among the smaller 
sized zooplankton such as rotifers (Gilbert, 1985). 
For example, cladocerans are capable of breaking 
and then feeding on toxic filamentous cyanobacte-
ria which rotifers are incapable of (Sikora & Daw-
idowicz, 2017). Therefore, often due to the 
mechanical limitation of consuming cyanobacte-
ria, rotifers are incapable of competing with 
cladocerans. Even when the toxic cyanobacterial 
colonies are sonicated to single cells and offered as 
a diet to competing rotifers and cladocerans, the 
latter usually dominate due to their higher food 
gathering ability and the mechanical damage (from 
the powerful swimming currents) they inflict to the 
rotifer eggs (MacIsaac & Gilbert, 1989). There-
fore, it becomes evident that when unequally sized 
zooplankton groups compete, the smaller groups 
become competitively inferior especially under 
higher food levels (Sarma et al., 1996).

When two similar sized zooplankton species 
compete for food, the outcome depends on many 
different factors including the relative feeding 
and filtration rates, the magnitude of population 
growth rate and initial densities of the competing 
species (Sarma et al., 1999, Nandini et al., 2007). 
Also, if the medium contains toxic cyanobacteria, 
then the relative tolerances of competing species 
to the toxins are also crucial in deciding the 

outcome (Alva-Martínez et al., 2007). For exam-
ple, when two similar sized rotifers, Brachionus 
havanaensis and Brachionus calyciflorus were 
cultured together on Microcystis mixed with 
green alga at different proportions we observed a 
more adverse effect on B. calyciflorus than on B. 
havanaensis (Alva-Martínez et al., 2009). How-
ever, if the competing species have similar sensi-
tivities to toxins, then the competitive outcome is 
independent of the toxic cyanobacteria. For 
example, Lin et al. (2014) have shown that two 
rotifers of the family Brachionidae, Plationus 
patulus and Brachionus havanaensis had similar 
sensitivities to sonicated cells of a toxic strain of 
Anabaena sp. Both species failed to grow in the 
presences of this cyanobacterium, and thus com-
petition was not influenced by the toxins. There-
fore, although cyanobacterial toxicity influences 
zooplankton growth rates, it is not necessarily the 
deciding biotic factor that determines the compet-
itive outcome among zooplankton species.

Lake Albufera of Valencia is a shallow hyper-
trophic waterbody on the Mediterranean Coast of 
Spain. The plankton of this waterbody has been 
extensively studied over three decades (Vicente 
& Miracle, 1992; Romo et al., 2008). The phyto-
plankton is composed of toxic colonial cyanobac-
teria, mainly Microcystis aeruginosa, while the 
rotifers are dominated by the genus Brachionus. 
Among the species of Brachionus, B. havanaen-
sis is common in American epicontinental waters 
(Segers, 2008). Its natural abundances can be as 
high as 1000 ind./l (Nandini et al., 2016). It has 
the ability to reach extremely high population 
abundances (up to 600 ind./ml, under experimen-
tal conditions (Pavón-Meza et al., 2004) and to 
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higher abundances of B. havanaensis in Lake 
Albufera were not possibly due to its competitive 
superiority over B. angularis but the interference 
of toxicity from M. aeruginosa which favoured B. 
havanaensis. It is important to note that the toxic 
effects of M. aeruginosa on the responses of the 
population level responses of both B. angularis 
and B. havanaensis are possibly modulated by the 
presence of the green alga (Paerl, 2018). This is 
evident in mixed diet treatments containing the 
green alga which possibly minimized the adverse 
effects of Microcystis. The fact that both rotifer 
species died within a week when exposed to an 
exclusive diet of M. aeruginosa suggests that this 
strain of cyanobacterium was indeed toxic. This 
is further confirmed from previous studies from 
this waterbody where the microcystin concentra-
tion in the lake was as high as 16 µg/l (Romo et 
al., 2008) and the inclusion of sonicated cells of 
M. aeruginosa in the diet significantly reduced 
the growth rates of the cladocerans (Nandini et 
al., 2017).

The peak population densities (up to 90 
ind./ml) observed here for B. havanaensis are not 
uncommon for this species under laboratory 
conditions. For example, Pavón-Meza et al. 
(2004) observed that B. havanaensis is capable of 
reaching extremely high densities (up to 600 
ind./ml) when fed on the green alga Chlorella. 
We were able to grow B. angularis to peak densi-
ties of about 20 ind./ml. Miracle et al. (2014) 
have cultured B. angularis isolated from Lake 
Albufera and fed on different size fractions of 
lake seston (0-15 µm particle size). They 
obtained peak population densities of about 20 
ind./ml of B. angularis, similar to our observa-
tions in this study. The rate of population increase 
is yet another significant parameter often consid-
ered for interpreting the competitive outcome 
among different zooplankton species. For exam-
ple, when Anuraeopsis fissa and B. calyciflorus 
were cultured together, the ability of the latter to 
replace the former was higher due to its higher 
population growth rates (r = 1.5 per day) than that 
of A. fissa (r = 0.9 per day) (Sarma et al., 1996). 
In the present work, the r of B. havanaensis 
varied from 0.25 to 0.40/d depending on the 
presence or the absence of the competitor. 
Pavón-Meza et al. (2004) reported the r for this 

species in the range of 0.02 to 0.29 per day. For 
the strain of B. havanaensis we used here the r 
was slightly higher, but within the range reported 
for Brachionus (0.12 to 3.7 per day, Miracle & 
Serra, 1989). When Nannochloropsis alone was 
used as a diet, the r of B. angularis varied from 
0.23 to 0.30 per day which is within the range 
(0.07 - 0.35 per day) known for this species 
(Walz, 1987).

The present work suggests the possible 
adverse effects of the exotic B. havanaensis on 
locally occurring brachionid rotifers in interact-
ing with cyanobacterial blooms, common in the 
lake Albufera (Vicente & Miracle, 1992). 
Brachionus havanaensis, being pantropical 
(Segers, 2008), may easily colonize temperate 
waterbodies with the future projections of global 
warming (Hays et al., 2005). Increase in tempera-
ture also favours bloom formation in Microcystis. 
Thus, both these factors together may adversely 
impact locally adapted brachionids in freshwater 
ecosystems of temperate regions.

CONCLUSIONS

An increase in global trade and transport has 
increased the mobility of organisms and broken 
down ecological barriers to the transport of 
species around the world. Rotifers, in particular, 
are easily transported and established across the 
world (Duggan, 2010). The ability of B. 
havanaensis to withstand competition and preda-
tion pressure and grow on diets such as cyanobac-
teria indicates that it can be a successful invasive 
species and can survive in regions outside its 
native continent (Koste, 1978). Although origi-
nally reported from the Nearctic and neotropical 
regions, it is now found in Oriental and Palearctic 
regions (Segers, 2008). It has, however been 
suggested that the presence of the same species in 
different parts of the world could be a case of 
cryptic speciation as was the case in Brachionus 
plicatilis (Pociecha et al., 2007) and perhaps B. 
havanaensis is part of a species complex.
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rotifer genera such as Keratella, Polyarthra and 
Anuraeopsis. Though several members of the 
genus Brachionus are commonly reported in this 
waterbody (Oltra et al., 2001), B. havanaensis 
was not observed from the extensive zooplankton 
collections carried out during 2010-2011 (Sarma 
et al., 2019) suggesting that this species was 
recently established in the Lake Albufera. 
Brachionus havanaensis is predominantly 
distributed in the Nearctic and Neotropical 
regions. Later, it was introduced into the Palearc-
tic and Oriental regions (Segers, 2008). During 
the summer of 2015, we encountered much 
higher abundances of this species suggesting its 
ability to outcompete other members of 
Brachionus in this waterbody. Field collections 
from Mexican waterbodies too indicate its occur-
rence in relatively higher densities, ca. 1000 ind./l 
during certain months (Nandini et al., 2016). 
There appear to be several factors favouring its 
dominance in different waterbodies: these include 
relatively higher resistance to natural toxins 
including cyanotoxins, higher population growth 
rates (Pavón-Meza et al., 2004, 2008) and non-pre-
ferred prey item for invertebrate predators such as 
larval insects and copepods (Enríquez-García et 
al., 2013).

Alva-Martínez et al. (2009) have shown that 
on a mixed diet consisting of a green alga and 
toxic Microcystis aeruginosa, the population of 
Brachionus calyciflorus crashed with increasing 
proportion of cyanobacteria in the diet, while 
under similar conditions, B. havanaensis showed 
consistently higher growth rates. Also, whether 
grown separately or together with B. calyciflorus, 
B. havanaensis was always numerically more 
abundant than the other competing brachionid 
rotifers regardless of the proportion of Microcyst-
is in the diet. This confirms the resistance of B. 
havanaensis to M. aeruginosa over other 
brachionids. This is similar to our observations in 
this work where in the absence of competition 
when B. havanaensis was cultured on a mixed 
diet of Nannochloropsis and Microcystis, the 
population density was reduced to one-tenth; 
under comparable conditions, the population of 
B. angularis was reduced to one-twentieth. 
González-Pérez et al. (2018) have also docu-
mented that B. havanaensis is more resistant for 

two generations than another rotifer from the 
same family Brachionidae, Plationus patulus, 
when exposed to triclosan, an emerging contami-
nant in freshwater ecosystems. In the presence of 
strong invertebrate predators such as cyclopoids, 
B. havanaensis increases its growth rate than in 
the presence of less rapacious taxa such as turbel-
larians (Nandini et al., 2014). Although adult 
copepods such as Acanthocyclops, consume B. 
havanaensis (García et al., 2011), it is not a 
preferred item for many invertebrate predators 
(Nandini et al., 2003) possibly due to long poste-
rior spines (Garza-Mouriño et al., 2005). In Lake 
Albufera, cyclopoids such as Acanthocyclops 
americanus are important predators that feed on 
rotifers including brachionids. 

Competition for food between two (e.g., 
Sarma et al., 1999) or more (e.g., Fernán-
dez-Araiza et al., 2005) brachionid rotifers has 
received considerable attention since the seminal 
works on Brachionus rubens and B. calyciflorus 
by Rothhaupt (1988). These studies have shown 
that both biotic (e.g., food level, inoculation 
density) and abiotic (e.g., salinity, temperature) 
factors as well as species-specific characters 
(e.g., body size, intrinsic rate of population 
increase) influence the competitive outcome. 
Also, the presence of toxic substances, both xeno-
biotic (e.g., pharmaceuticals) and natural (e.g., 
cyanotoxins, salinity) are also known to affect the 
competition between two or more zooplankton 
species (Rebolledo et al., 2018). In the present 
work, the competitive outcome between B. 
havanaensis and B. angularis varied depending 
on the presence or absence of M. aeruginosa. In 
the absence of cyanobacteria, B. angularis had an 
adverse effect on B. havanaensis by reducing its 
population densities by about 90 % and growth 
rates by about 65 %. On the other hand, under 
comparable conditions, B. havanaensis was able 
to affect adversely (by about 20 %) the growth 
rates but not the population abundances of B. 
angularis. However, in the presence of toxic 
Microcystis mixed with Nannochloropsis, the 
population of B. angularis completely crashed (r 
being negative) before termination of the experi-
ments, but under similar conditions, B. havanaen-
sis was able to maintain its population with 
positive growth rates. These results suggest that 

0.001 two-way ANOVA). However, for B. angu-
laris, it was only the diet type that had a signifi-
cant effect on the peak population abundances; 
neither the presence of competitor nor the interac-
tion of competitor x diet had any significant 
impact on this parameter (p < 0.05). The rate of 
population increase of both the rotifer species 
was significantly affected (p < 0.01) by the diet 
type and the competition, but the interaction was 
not (p > 0.05, Table 2).

DISCUSSION

The dominance of the typical American plankton-
ic rotifer species, B. havanaensis, in the 
zooplankton of Lake Albufera suggests that it has 
an invasive tendency (Devin & Beisel, 2007). It is 
often found in waterbodies dominated by toxic 
cyanobacteria (Nandini et al., 2005). Zooplank-
ton composition of Lake Albufera over a 
three-decade period indicates the presence of 

laris, B. havanaensis showed an initial lag phase 
of about four days, an exponential phase of about 
seven days and after that the population began to 
decline. With the inclusion of sonicated M. aerug-
inosa in the diet, B. havanaensis had a longer lag 
phase (6 days). On a diet of M. aeruginosa alone, 
B. havanaensis grew until 6 days and then 
declined but on this diet and the presence of the 
competitor the decline began after 3 days. The 
growth curves of B. angularis cultured on a diet of 
N. oculata, alone or in the presence of a competi-
tor were similar. However, with the inclusion of 
M. aeruginosa, the population of B. angularis 
hardly grew beyond the inoculation density and 
when fed on an exclusive diet of M. aeruginosa, 
the populations of B. angularis completely 
collapsed by the fifth day.

Depending on the treatment and the test rotifer 
species, the peak population abundances of B. 
havanaensis and B. angularis varied from 1-95 
and 1-23 ind./ml, respectively. The presence of a 
competitor or the toxic diet had differential 
effects on the maximal population densities 

achieved by the tested brachionid rotifers. For 
example, for B. havanaensis, the presence of M. 
aeruginosa (in the mixed diet) or the presence of 
competitor (in the absence of cyanobacteria) had 
a similar adverse effect on the peak population 
density. On the other hand, for B. angularis in the 
absence of M. aeruginosa, the presence of a com-
petitor, B. havanaensis, had no adverse effect on 
the peak population densities.

The rates of population increase of B. 
havanaensis and B. angularis in treatments 
containing only N. oculata but without competi-
tion were 0.40 and 0.30 /d, respectively. When 
the mixed diet (Nannochloropsis and Microcyst-
is) was offered as food, the growth rates of B. 
angularis, but not B. havanaensis, became nega-
tive. For either rotifer species, 100 % M. aerugi-
nosa did not permit sustained populations, and 
hence the derivation of growth rates was not 
feasible (Table 1). 

Statistically, the peak population density of B. 
havanaensis was significantly influenced by the 
diet type, competition and their interaction (p < 

Based on the data collected, we derived the 
rate of population increase (r) per day using the 
exponential growth equation: r = (ln Nt – ln N0)/t, 
where N0 = initial rotifer density; Nt = rotifer 
density after time t; and t = time in days. In treat-
ments where a peak of population abundance 
was not evident, the growth rate was calculated 
from the slope between ln N and time (Sibly & 
Hone, 2002) and when growth did not occur, the 
r was not derived.

The peak population density and the rate of 
population increase for each rotifer species were 
statistically treated using two-way ANOVA. For 

multiple comparisons, we used a post hoc 
(Tukey) test (SigmaPlot ver. 12).

RESULTS

Population growth curves of Brachionus 
havanaensis cultured separately and together with 
B. angularis fed Nannochloropsis oculata (100 
%), sonicated Microcystis aeruginosa (100 %) or 
on the mixed diet (1:1 ratio of N. oculata: M. 
aeruginosa) differed depending on the treatment 
(Fig. 1). When cultured on N. oculata, in the 
presence or absence of competition from B. angu-

resist toxic effects of the colonial cyanobacteria 
including Microcystis spp. Though its occurrence 
has been reported in temperate European 
water-bodies (Segers, 2008), it is generally found 
in low abundances (< 50 ind./l). However, during 
the summer 2015, we found very high densities of 
B. havanaensis (> 500 ind./l) but low abundances 
of another brachionid rotifer B. angularis in Lake 
Albufera. The phytoplankton of the lake at that 
time contained blooms of Microcystis aerugino-
sa. Therefore we hypothesized that low abun-
dances of B. angularis were due to the combined 
effect of competitive pressure from B. havanaen-
sis and the toxic effects of M. aeruginosa. 

The aim of the study was, therefore, to test 
which of the two natural forces, competition from 
congeners or toxicity from Microcystis had a 
higher impact on the population growth of B. 
havanaensis and B. angularis.

MATERIAL AND METHODS

Zooplankton samples were collected using a 
plankton net (pore size 50 µm) from Lake 
Albufera by filtering about 50 L of water. The 
phytoplankton, dominated by M. aeruginosa, was 
separately (100 L) collected using a plankton net 
and stored in the dark at 4 °C in a tempera-
ture-controlled chamber. From the live zooplank-
ton samples we isolated a few individuals of 
Brachionus havanaensis and Brachionus angula-
ris using stereomicroscope in the laboratory. 
From these, we established a clonal culture for 
each rotifer starting with a single female. The 
rotifers were fed the green alga Nannochloropsis 
oculata at a density of 0.5 x 106 cells/ml and 
maintained in reconstituted moderately hard 
water (EPA medium). This medium was prepared 
by dissolving 96 mg NaHCO3, 60 mg CaSO4, 60 
mg MgSO4 and 4 mg KCl in one litre of distilled 
water (Weber, 1993). Nannochloropsis oculata 
was axenically batch-cultured in 2 L glass flasks 
using Bold's medium (Borowitzka & Borowitzka, 
1988). When the alga reached the log phase (after 
seven days following inoculation at a density of 
0.1 x 106 cells/ml), it was harvested and concen-
trated by centrifugation at 3000 rpm for 5 min. 
The concentrated alga was rinsed and re-suspend-
ed in a small volume (5 ml) of distilled water. The 

density of the harvested alga was estimated using 
a Neubauer haemocytometer.

For obtaining the sonicated cells of M. aerugi-
nosa, we harvested the floating colonial cyano-
bacteria from the cold-chamber by syphoning 
using a Pasteur pipette. Later, the concentrated 
colonial M. aeruginosa was filtered using differ-
ent meshes to remove large zooplanktonic organ-
isms and smaller phytoplankton cells. The 
remaining cyanobacterial composition showed 
more than 93 % M. aeruginosa which was 
sonicated for four minutes at 20 kHz. Microscop-
ic observations of the sonicated cells revealed 
that more than 90 % of the biomass was in 
single-celled form of M. aeruginosa. The individ-
ual cell size of M. aeruginosa and that of Nanno-
chloropsis oculata was similar (4-5 µm). Howev-
er, we used the biomass equivalent of M. aerugi-
nosa, Nannochloropsis oculata or their mixed 
diet for rotifers in the test jars.

The population growth experiments for both 
rotifer species were conducted simultaneously. 
For the experiments, we used 40 ml glass recipi-
ents as test jars, and each jar contained 30 ml EPA 
medium with one of the chosen diet type and 
combination. In all we used 36 test jars: B. 
havanaensis alone, B. angularis alone and togeth-
er (competition) = 3 x food types N. oculata 
alone, M. aeruginosa alone and their mixed diet = 
3 x 4 replicates for each treatment. Thus, into 
each test jars containing the chosen diet at the 
density of 0.5 x 106 cells/ml, we individually 
introduced one of the two rotifer species at an 
initial density of 1 ind./ml (or both at a ratio of 
1:1). The initial composition of rotifers in the test 
jars consisted of 80 % neonates and 20 % adults. 
The test jars were maintained in a tempera-
ture-controlled chamber set at 22±0.1 °C, pH 
7.0–7.4, and with photoperiod light-dark of 16-8 
hours diffuse fluorescent illumination.

Following initiation of growth experiments, 
after every 24h we counted the number of live 
rotifers in each jar, initially by total count, and as 
the density of the population increased to 50 
ind./ml in some replicates, we used two aliquots 
of 1 ml each. Following quantification of the 
rotifers density, we replaced them into a freshly 
prepared medium with an appropriate algal-cy-
anobacterial composition.

INTRODUCTION

Competition in aquatic ecosystems is an important 
natural process that structures the plankton compo-
sition (Vanni, 1986). Studies on the competitive 
interactions within the zooplanktonic groups are 
usually conducted using large species such as 
cladocerans (Smith & Cooper, 1982), which differ 
from the competitive outcome among the smaller 
sized zooplankton such as rotifers (Gilbert, 1985). 
For example, cladocerans are capable of breaking 
and then feeding on toxic filamentous cyanobacte-
ria which rotifers are incapable of (Sikora & Daw-
idowicz, 2017). Therefore, often due to the 
mechanical limitation of consuming cyanobacte-
ria, rotifers are incapable of competing with 
cladocerans. Even when the toxic cyanobacterial 
colonies are sonicated to single cells and offered as 
a diet to competing rotifers and cladocerans, the 
latter usually dominate due to their higher food 
gathering ability and the mechanical damage (from 
the powerful swimming currents) they inflict to the 
rotifer eggs (MacIsaac & Gilbert, 1989). There-
fore, it becomes evident that when unequally sized 
zooplankton groups compete, the smaller groups 
become competitively inferior especially under 
higher food levels (Sarma et al., 1996).

When two similar sized zooplankton species 
compete for food, the outcome depends on many 
different factors including the relative feeding 
and filtration rates, the magnitude of population 
growth rate and initial densities of the competing 
species (Sarma et al., 1999, Nandini et al., 2007). 
Also, if the medium contains toxic cyanobacteria, 
then the relative tolerances of competing species 
to the toxins are also crucial in deciding the 

outcome (Alva-Martínez et al., 2007). For exam-
ple, when two similar sized rotifers, Brachionus 
havanaensis and Brachionus calyciflorus were 
cultured together on Microcystis mixed with 
green alga at different proportions we observed a 
more adverse effect on B. calyciflorus than on B. 
havanaensis (Alva-Martínez et al., 2009). How-
ever, if the competing species have similar sensi-
tivities to toxins, then the competitive outcome is 
independent of the toxic cyanobacteria. For 
example, Lin et al. (2014) have shown that two 
rotifers of the family Brachionidae, Plationus 
patulus and Brachionus havanaensis had similar 
sensitivities to sonicated cells of a toxic strain of 
Anabaena sp. Both species failed to grow in the 
presences of this cyanobacterium, and thus com-
petition was not influenced by the toxins. There-
fore, although cyanobacterial toxicity influences 
zooplankton growth rates, it is not necessarily the 
deciding biotic factor that determines the compet-
itive outcome among zooplankton species.

Lake Albufera of Valencia is a shallow hyper-
trophic waterbody on the Mediterranean Coast of 
Spain. The plankton of this waterbody has been 
extensively studied over three decades (Vicente 
& Miracle, 1992; Romo et al., 2008). The phyto-
plankton is composed of toxic colonial cyanobac-
teria, mainly Microcystis aeruginosa, while the 
rotifers are dominated by the genus Brachionus. 
Among the species of Brachionus, B. havanaen-
sis is common in American epicontinental waters 
(Segers, 2008). Its natural abundances can be as 
high as 1000 ind./l (Nandini et al., 2016). It has 
the ability to reach extremely high population 
abundances (up to 600 ind./ml, under experimen-
tal conditions (Pavón-Meza et al., 2004) and to 
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higher abundances of B. havanaensis in Lake 
Albufera were not possibly due to its competitive 
superiority over B. angularis but the interference 
of toxicity from M. aeruginosa which favoured B. 
havanaensis. It is important to note that the toxic 
effects of M. aeruginosa on the responses of the 
population level responses of both B. angularis
and B. havanaensis are possibly modulated by the 
presence of the green alga (Paerl, 2018). This is 
evident in mixed diet treatments containing the 
green alga which possibly minimized the adverse 
effects of Microcystis. The fact that both rotifer 
species died within a week when exposed to an 
exclusive diet of M. aeruginosa suggests that this 
strain of cyanobacterium was indeed toxic. This 
is further confirmed from previous studies from 
this waterbody where the microcystin concentra-
tion in the lake was as high as 16 µg/l (Romo et 
al., 2008) and the inclusion of sonicated cells of 
M. aeruginosa in the diet significantly reduced 
the growth rates of the cladocerans (Nandini et 
al., 2017).

The peak population densities (up to 90 
ind./ml) observed here for B. havanaensis are not 
uncommon for this species under laboratory 
conditions. For example, Pavón-Meza et al.
(2004) observed that B. havanaensis is capable of 
reaching extremely high densities (up to 600 
ind./ml) when fed on the green alga Chlorella. 
We were able to grow B. angularis to peak densi-
ties of about 20 ind./ml. Miracle et al. (2014) 
have cultured B. angularis isolated from Lake 
Albufera and fed on different size fractions of 
lake seston (0-15 µm particle size). They 
obtained peak population densities of about 20 
ind./ml of B. angularis, similar to our observa-
tions in this study. The rate of population increase 
is yet another significant parameter often consid-
ered for interpreting the competitive outcome 
among different zooplankton species. For exam-
ple, when Anuraeopsis fissa and B. calyciflorus
were cultured together, the ability of the latter to 
replace the former was higher due to its higher 
population growth rates (r = 1.5 per day) than that 
of A. fissa (r = 0.9 per day) (Sarma et al., 1996). 
In the present work, the r of B. havanaensis
varied from 0.25 to 0.40/d depending on the 
presence or the absence of the competitor. 
Pavón-Meza et al. (2004) reported the r for this 

species in the range of 0.02 to 0.29 per day. For 
the strain of B. havanaensis we used here the r
was slightly higher, but within the range reported 
for Brachionus (0.12 to 3.7 per day, Miracle & 
Serra, 1989). When Nannochloropsis alone was 
used as a diet, the r of B. angularis varied from 
0.23 to 0.30 per day which is within the range 
(0.07 - 0.35 per day) known for this species 
(Walz, 1987).

The present work suggests the possible 
adverse effects of the exotic B. havanaensis on 
locally occurring brachionid rotifers in interact-
ing with cyanobacterial blooms, common in the 
lake Albufera (Vicente & Miracle, 1992). 
Brachionus havanaensis, being pantropical 
(Segers, 2008), may easily colonize temperate 
waterbodies with the future projections of global 
warming (Hays et al., 2005). Increase in tempera-
ture also favours bloom formation in Microcystis. 
Thus, both these factors together may adversely 
impact locally adapted brachionids in freshwater 
ecosystems of temperate regions.

CONCLUSIONS

An increase in global trade and transport has 
increased the mobility of organisms and broken 
down ecological barriers to the transport of 
species around the world. Rotifers, in particular, 
are easily transported and established across the 
world (Duggan, 2010). The ability of B. 
havanaensis to withstand competition and preda-
tion pressure and grow on diets such as cyanobac-
teria indicates that it can be a successful invasive 
species and can survive in regions outside its 
native continent (Koste, 1978). Although origi-
nally reported from the Nearctic and neotropical 
regions, it is now found in Oriental and Palearctic 
regions (Segers, 2008). It has, however been 
suggested that the presence of the same species in 
different parts of the world could be a case of 
cryptic speciation as was the case in Brachionus 
plicatilis (Pociecha et al., 2007) and perhaps B. 
havanaensis is part of a species complex.
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rotifer genera such as Keratella, Polyarthra and 
Anuraeopsis. Though several members of the 
genus Brachionus are commonly reported in this 
waterbody (Oltra et al., 2001), B. havanaensis
was not observed from the extensive zooplankton 
collections carried out during 2010-2011 (Sarma 
et al., 2019) suggesting that this species was 
recently established in the Lake Albufera. 
Brachionus havanaensis is predominantly 
distributed in the Nearctic and Neotropical 
regions. Later, it was introduced into the Palearc-
tic and Oriental regions (Segers, 2008). During 
the summer of 2015, we encountered much 
higher abundances of this species suggesting its 
ability to outcompete other members of 
Brachionus in this waterbody. Field collections 
from Mexican waterbodies too indicate its occur-
rence in relatively higher densities, ca. 1000 ind./l 
during certain months (Nandini et al., 2016). 
There appear to be several factors favouring its 
dominance in different waterbodies: these include 
relatively higher resistance to natural toxins 
including cyanotoxins, higher population growth 
rates (Pavón-Meza et al., 2004, 2008) and non-pre-
ferred prey item for invertebrate predators such as 
larval insects and copepods (Enríquez-García et 
al., 2013).

Alva-Martínez et al. (2009) have shown that 
on a mixed diet consisting of a green alga and 
toxic Microcystis aeruginosa, the population of 
Brachionus calyciflorus crashed with increasing 
proportion of cyanobacteria in the diet, while 
under similar conditions, B. havanaensis showed 
consistently higher growth rates. Also, whether 
grown separately or together with B. calyciflorus, 
B. havanaensis was always numerically more 
abundant than the other competing brachionid 
rotifers regardless of the proportion of Microcyst-
is in the diet. This confirms the resistance of B. 
havanaensis to M. aeruginosa over other 
brachionids. This is similar to our observations in 
this work where in the absence of competition 
when B. havanaensis was cultured on a mixed 
diet of Nannochloropsis and Microcystis, the 
population density was reduced to one-tenth; 
under comparable conditions, the population of 
B. angularis was reduced to one-twentieth. 
González-Pérez et al. (2018) have also docu-
mented that B. havanaensis is more resistant for 

two generations than another rotifer from the 
same family Brachionidae, Plationus patulus, 
when exposed to triclosan, an emerging contami-
nant in freshwater ecosystems. In the presence of 
strong invertebrate predators such as cyclopoids, 
B. havanaensis increases its growth rate than in 
the presence of less rapacious taxa such as turbel-
larians (Nandini et al., 2014). Although adult 
copepods such as Acanthocyclops, consume B. 
havanaensis (García et al., 2011), it is not a 
preferred item for many invertebrate predators 
(Nandini et al., 2003) possibly due to long poste-
rior spines (Garza-Mouriño et al., 2005). In Lake 
Albufera, cyclopoids such as Acanthocyclops 
americanus are important predators that feed on 
rotifers including brachionids. 

Competition for food between two (e.g., 
Sarma et al., 1999) or more (e.g., Fernán-
dez-Araiza et al., 2005) brachionid rotifers has 
received considerable attention since the seminal 
works on Brachionus rubens and B. calyciflorus
by Rothhaupt (1988). These studies have shown 
that both biotic (e.g., food level, inoculation 
density) and abiotic (e.g., salinity, temperature) 
factors as well as species-specific characters 
(e.g., body size, intrinsic rate of population 
increase) influence the competitive outcome. 
Also, the presence of toxic substances, both xeno-
biotic (e.g., pharmaceuticals) and natural (e.g., 
cyanotoxins, salinity) are also known to affect the 
competition between two or more zooplankton 
species (Rebolledo et al., 2018). In the present 
work, the competitive outcome between B. 
havanaensis and B. angularis varied depending 
on the presence or absence of M. aeruginosa. In 
the absence of cyanobacteria, B. angularis had an 
adverse effect on B. havanaensis by reducing its 
population densities by about 90 % and growth 
rates by about 65 %. On the other hand, under 
comparable conditions, B. havanaensis was able 
to affect adversely (by about 20 %) the growth 
rates but not the population abundances of B. 
angularis. However, in the presence of toxic 
Microcystis mixed with Nannochloropsis, the 
population of B. angularis completely crashed (r
being negative) before termination of the experi-
ments, but under similar conditions, B. havanaen-
sis was able to maintain its population with 
positive growth rates. These results suggest that 

0.001 two-way ANOVA). However, for B. angu-
laris, it was only the diet type that had a signifi-
cant effect on the peak population abundances; 
neither the presence of competitor nor the interac-
tion of competitor x diet had any significant 
impact on this parameter (p < 0.05). The rate of 
population increase of both the rotifer species 
was significantly affected (p < 0.01) by the diet 
type and the competition, but the interaction was 
not (p > 0.05, Table 2).

DISCUSSION

The dominance of the typical American plankton-
ic rotifer species, B. havanaensis, in the 
zooplankton of Lake Albufera suggests that it has 
an invasive tendency (Devin & Beisel, 2007). It is 
often found in waterbodies dominated by toxic 
cyanobacteria (Nandini et al., 2005). Zooplank-
ton composition of Lake Albufera over a 
three-decade period indicates the presence of 

laris, B. havanaensis showed an initial lag phase 
of about four days, an exponential phase of about 
seven days and after that the population began to 
decline. With the inclusion of sonicated M. aerug-
inosa in the diet, B. havanaensis had a longer lag 
phase (6 days). On a diet of M. aeruginosa alone, 
B. havanaensis grew until 6 days and then 
declined but on this diet and the presence of the 
competitor the decline began after 3 days. The 
growth curves of B. angularis cultured on a diet of 
N. oculata, alone or in the presence of a competi-
tor were similar. However, with the inclusion of 
M. aeruginosa, the population of B. angularis
hardly grew beyond the inoculation density and 
when fed on an exclusive diet of M. aeruginosa, 
the populations of B. angularis completely 
collapsed by the fifth day.

Depending on the treatment and the test rotifer 
species, the peak population abundances of B. 
havanaensis and B. angularis varied from 1-95 
and 1-23 ind./ml, respectively. The presence of a 
competitor or the toxic diet had differential 
effects on the maximal population densities 

achieved by the tested brachionid rotifers. For 
example, for B. havanaensis, the presence of M. 
aeruginosa (in the mixed diet) or the presence of 
competitor (in the absence of cyanobacteria) had 
a similar adverse effect on the peak population 
density. On the other hand, for B. angularis in the 
absence of M. aeruginosa, the presence of a com-
petitor, B. havanaensis, had no adverse effect on 
the peak population densities.

The rates of population increase of B. 
havanaensis and B. angularis in treatments 
containing only N. oculata but without competi-
tion were 0.40 and 0.30 /d, respectively. When 
the mixed diet (Nannochloropsis and Microcyst-
is) was offered as food, the growth rates of B. 
angularis, but not B. havanaensis, became nega-
tive. For either rotifer species, 100 % M. aerugi-
nosa did not permit sustained populations, and 
hence the derivation of growth rates was not 
feasible (Table 1). 

Statistically, the peak population density of B. 
havanaensis was significantly influenced by the 
diet type, competition and their interaction (p < 

Based on the data collected, we derived the 
rate of population increase (r) per day using the 
exponential growth equation: r = (ln Nt – ln N0)/t, 
where N0 = initial rotifer density; Nt = rotifer 
density after time t; and t = time in days. In treat-
ments where a peak of population abundance 
was not evident, the growth rate was calculated 
from the slope between ln N and time (Sibly & 
Hone, 2002) and when growth did not occur, the 
r was not derived.

The peak population density and the rate of 
population increase for each rotifer species were 
statistically treated using two-way ANOVA. For 

multiple comparisons, we used a post hoc 
(Tukey) test (SigmaPlot ver. 12).

RESULTS

Population growth curves of Brachionus 
havanaensis cultured separately and together with 
B. angularis fed Nannochloropsis oculata (100 
%), sonicated Microcystis aeruginosa (100 %) or 
on the mixed diet (1:1 ratio of N. oculata: M. 
aeruginosa) differed depending on the treatment 
(Fig. 1). When cultured on N. oculata, in the 
presence or absence of competition from B. angu-

resist toxic effects of the colonial cyanobacteria 
including Microcystis spp. Though its occurrence 
has been reported in temperate European 
water-bodies (Segers, 2008), it is generally found 
in low abundances (< 50 ind./l). However, during 
the summer 2015, we found very high densities of 
B. havanaensis (> 500 ind./l) but low abundances 
of another brachionid rotifer B. angularis in Lake 
Albufera. The phytoplankton of the lake at that 
time contained blooms of Microcystis aerugino-
sa. Therefore we hypothesized that low abun-
dances of B. angularis were due to the combined 
effect of competitive pressure from B. havanaen-
sis and the toxic effects of M. aeruginosa. 

The aim of the study was, therefore, to test 
which of the two natural forces, competition from 
congeners or toxicity from Microcystis had a 
higher impact on the population growth of B. 
havanaensis and B. angularis.

MATERIAL AND METHODS

Zooplankton samples were collected using a 
plankton net (pore size 50 µm) from Lake 
Albufera by filtering about 50 L of water. The 
phytoplankton, dominated by M. aeruginosa, was 
separately (100 L) collected using a plankton net 
and stored in the dark at 4 °C in a tempera-
ture-controlled chamber. From the live zooplank-
ton samples we isolated a few individuals of 
Brachionus havanaensis and Brachionus angula-
ris using stereomicroscope in the laboratory. 
From these, we established a clonal culture for 
each rotifer starting with a single female. The 
rotifers were fed the green alga Nannochloropsis 
oculata at a density of 0.5 x 106 cells/ml and 
maintained in reconstituted moderately hard 
water (EPA medium). This medium was prepared 
by dissolving 96 mg NaHCO3, 60 mg CaSO4, 60 
mg MgSO4 and 4 mg KCl in one litre of distilled 
water (Weber, 1993). Nannochloropsis oculata 
was axenically batch-cultured in 2 L glass flasks 
using Bold's medium (Borowitzka & Borowitzka, 
1988). When the alga reached the log phase (after 
seven days following inoculation at a density of 
0.1 x 106 cells/ml), it was harvested and concen-
trated by centrifugation at 3000 rpm for 5 min. 
The concentrated alga was rinsed and re-suspend-
ed in a small volume (5 ml) of distilled water. The 

density of the harvested alga was estimated using 
a Neubauer haemocytometer.

For obtaining the sonicated cells of M. aerugi-
nosa, we harvested the floating colonial cyano-
bacteria from the cold-chamber by syphoning 
using a Pasteur pipette. Later, the concentrated 
colonial M. aeruginosa was filtered using differ-
ent meshes to remove large zooplanktonic organ-
isms and smaller phytoplankton cells. The 
remaining cyanobacterial composition showed 
more than 93 % M. aeruginosa which was 
sonicated for four minutes at 20 kHz. Microscop-
ic observations of the sonicated cells revealed 
that more than 90 % of the biomass was in 
single-celled form of M. aeruginosa. The individ-
ual cell size of M. aeruginosa and that of Nanno-
chloropsis oculata was similar (4-5 µm). Howev-
er, we used the biomass equivalent of M. aerugi-
nosa, Nannochloropsis oculata or their mixed 
diet for rotifers in the test jars.

The population growth experiments for both 
rotifer species were conducted simultaneously. 
For the experiments, we used 40 ml glass recipi-
ents as test jars, and each jar contained 30 ml EPA 
medium with one of the chosen diet type and 
combination. In all we used 36 test jars: B. 
havanaensis alone, B. angularis alone and togeth-
er (competition) = 3 x food types N. oculata
alone, M. aeruginosa alone and their mixed diet = 
3 x 4 replicates for each treatment. Thus, into 
each test jars containing the chosen diet at the 
density of 0.5 x 106 cells/ml, we individually 
introduced one of the two rotifer species at an 
initial density of 1 ind./ml (or both at a ratio of 
1:1). The initial composition of rotifers in the test 
jars consisted of 80 % neonates and 20 % adults. 
The test jars were maintained in a tempera-
ture-controlled chamber set at 22±0.1 °C, pH 
7.0–7.4, and with photoperiod light-dark of 16-8 
hours diffuse fluorescent illumination.

Following initiation of growth experiments, 
after every 24h we counted the number of live 
rotifers in each jar, initially by total count, and as 
the density of the population increased to 50 
ind./ml in some replicates, we used two aliquots 
of 1 ml each. Following quantification of the 
rotifers density, we replaced them into a freshly 
prepared medium with an appropriate algal-cy-
anobacterial composition.

INTRODUCTION

Competition in aquatic ecosystems is an important 
natural process that structures the plankton compo-
sition (Vanni, 1986). Studies on the competitive 
interactions within the zooplanktonic groups are 
usually conducted using large species such as 
cladocerans (Smith & Cooper, 1982), which differ 
from the competitive outcome among the smaller 
sized zooplankton such as rotifers (Gilbert, 1985). 
For example, cladocerans are capable of breaking 
and then feeding on toxic filamentous cyanobacte-
ria which rotifers are incapable of (Sikora & Daw-
idowicz, 2017). Therefore, often due to the 
mechanical limitation of consuming cyanobacte-
ria, rotifers are incapable of competing with 
cladocerans. Even when the toxic cyanobacterial 
colonies are sonicated to single cells and offered as 
a diet to competing rotifers and cladocerans, the 
latter usually dominate due to their higher food 
gathering ability and the mechanical damage (from 
the powerful swimming currents) they inflict to the 
rotifer eggs (MacIsaac & Gilbert, 1989). There-
fore, it becomes evident that when unequally sized 
zooplankton groups compete, the smaller groups 
become competitively inferior especially under 
higher food levels (Sarma et al., 1996).

When two similar sized zooplankton species 
compete for food, the outcome depends on many 
different factors including the relative feeding 
and filtration rates, the magnitude of population 
growth rate and initial densities of the competing 
species (Sarma et al., 1999, Nandini et al., 2007). 
Also, if the medium contains toxic cyanobacteria, 
then the relative tolerances of competing species 
to the toxins are also crucial in deciding the 

outcome (Alva-Martínez et al., 2007). For exam-
ple, when two similar sized rotifers, Brachionus 
havanaensis and Brachionus calyciflorus were 
cultured together on Microcystis mixed with 
green alga at different proportions we observed a 
more adverse effect on B. calyciflorus than on B. 
havanaensis (Alva-Martínez et al., 2009). How-
ever, if the competing species have similar sensi-
tivities to toxins, then the competitive outcome is 
independent of the toxic cyanobacteria. For 
example, Lin et al. (2014) have shown that two 
rotifers of the family Brachionidae, Plationus 
patulus and Brachionus havanaensis had similar 
sensitivities to sonicated cells of a toxic strain of 
Anabaena sp. Both species failed to grow in the 
presences of this cyanobacterium, and thus com-
petition was not influenced by the toxins. There-
fore, although cyanobacterial toxicity influences 
zooplankton growth rates, it is not necessarily the 
deciding biotic factor that determines the compet-
itive outcome among zooplankton species.

Lake Albufera of Valencia is a shallow hyper-
trophic waterbody on the Mediterranean Coast of 
Spain. The plankton of this waterbody has been 
extensively studied over three decades (Vicente 
& Miracle, 1992; Romo et al., 2008). The phyto-
plankton is composed of toxic colonial cyanobac-
teria, mainly Microcystis aeruginosa, while the 
rotifers are dominated by the genus Brachionus. 
Among the species of Brachionus, B. havanaen-
sis is common in American epicontinental waters 
(Segers, 2008). Its natural abundances can be as 
high as 1000 ind./l (Nandini et al., 2016). It has 
the ability to reach extremely high population 
abundances (up to 600 ind./ml, under experimen-
tal conditions (Pavón-Meza et al., 2004) and to 
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