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INTRODUCTION

Rotifers are a relatively small group of invertebrates

consisting of about 2000 named species of unseg-

mented, bilaterally symmetrical pseudocoelomates

(Wallace & Snell, 1991; Wallace et al., 2006; Segers,

2007). They account for a large proportion of zoo-

plankton diversity in freshwater and brackish envi-

ronments, inhabiting practically any body of water,

from a trickle on the rocks to ponds, streams, marsh-

es and salt lakes (Pejler, 1995). Because of their small

size (40 Ìm-2 mm), rotifers constitute only a relative-

ly minor part (about 2.5%) of zooplankton biomass,

but they are significant in continental aquatic sys-

tems. Their importance lies in their exceptionally high

reproductive rates, which are faster than these of any

metazoan (Bennett & Boraas, 1989). Because of their

high reproductive rates they occasionally numerical-

ly dominate zooplankton communities (Wallace &

Smith, 2009). Moreover, they have the ability to popu-

late vacant niches rapidly and are quite efficient gra-

zers, making primary production (phytoplankton and

bacteria) available to secondary consumers (e.g.

other zooplankton species, fish fry). Their role in the

production cycle is of considerable importance (Stark-

weather, 1987; Armengol et al., 2001; Wallace & Smith,

2009). 

Despite their minute size, female rotifers are ana-

tomically complex (Wallace & Snell, 1991). Rotifer

males are dwarf and have simplified anatomy with re-

duced functions (Epp & Lewis, 1979; Ricci & Melo-

ne, 1998). The development is eutelic (i.e. constant

cell number after ontogenetic development) and

growth to final size is accomplished by mere stretch-

ing of existing cells. Rotifers are characterized by two

distinct features: a corona (a ciliated region at the an-

terior end), used for locomotion (i.e. swimming) and

food gathering, and a specialized pharynx, the mas-

tax, which serves as a jaw (Ruttner-Kolisko, 1974;

Nogrady et al., 1993).

The phylum Rotifera contains three classes. The

largest class – monogononts (more than 1500 spe-

cies)– reproduces by cyclical parthenogenesis, a life

cycle which combines asexual and sexual reproduc-
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tion (Fig. 1). Typically, a rotifer population grows

parthenogenetically (asexual proliferation), whereby

a repeated number of generations of amictic (asexu-

al) females produce mitotically diploid eggs. These

eggs hatch into genetically identical amictic female

offpsring. Following certain environmental cues, such

as population density and photoperiod (Carmona et
al., 1993; Gilbert, 2004; Snell et al., 2006), amictic fe-

males produce mictic (sexual) female individuals as

some fraction of their offspring. Mictic females mei-

otically give rise to haploid eggs. These eggs, if not

fertilized, develop into haploid males. The latter can

inseminate other mictic females, whose fertilized eggs

will develop into diploid encysted embryos (resting

eggs), which undergo diapause. Once produced, rest-

ing eggs sink and settle in the sediment. Resting eggs

are resistant to harsh environmental conditions, such

as drying or freezing, and may be dispersed over wide

areas by the wind, water or migrating animals (Gil-

bert, 1974; Schröder, 2005). After an obligatory dor-

mant period, and taken that conditions become fa-

vourable, resting eggs hatch into amictic females that

enter into the asexual phase of the life cycle (Ruttner-

Kolisko, 1974; Nogrady et al., 1993; Wallace et al.,
2006). A fraction of the diapausing eggs do not hatch

when the conditions are favorable, which results in a

pool of diapausing eggs in the sediment, the so-called

‘egg bank’ (Marcus et al., 1994; Hairston, 1996).

Cyclical parthenogenesis combines the advantages

of rapid multiplication, when conditions are favoura-

ble to exploit resources (parthenogenesis), with long-

term survival through resting egg production, when

conditions deteriorate (sexual reproduction). Parthe-

nogenesis eliminates the problem of mating encoun-

ters and the cost of producing males, allowing an ase-

xual population to grow faster than a sexual one – in-

trinsic growth rate difference being dependent on the

level of sexuality (Serra & Snell, 2009; Stelzer, 2011).
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FIG. 1. Schematic representation of cyclical parthenogenesis in the rotifer Brachionus plicatilis.



Cyclical parthenogenesis serves to produce clones

best adapted to prevailing conditions. These clones

are theoretically capable of successfully exploiting the

existing habitat. In that respect, population growth is

not limited by initial sparseness and a single indivi-

dual is theoretically capable of colonizing a new habi-

tat (Gerritsen, 1980). Sexual reproduction on the other

hand, produces genetic variation in offspring through

the mechanism of sexual recombination. This results

in higher rates of adaptation and inhibits the accu-

mulation of deleterious mutations (e.g. West et al.,
1999). Moreover, the linkage between dormancy and

sex allows long-term survival of rotifer populations

(Carmona et al., 2009; Serra & Snell, 2009). Sexual

reproduction, through the production of resting eggs,

offers environmental escape in space and time (Pour-

riot & Snell, 1983; Serra et al., 2004). 

One of the best known monogonont rotifers is

Brachionus plicatilis (Müller, 1786). This rotifer has

been extensively studied, owing to its use in aquacul-

ture (Lubzens, 1987). Once considered a pest (“mizu-

kawari” – Hirata, 1980), it now forms an indispens-

able element of hatcheries, where it is offered as first

feed to fish larvae. 

Brachionus plicatilis has been classified as an r-

strategist (Walker, 1981; Miracle et al., 1988), due to

its small size, rapid growth and low C-value (i.e. DNA

content), which has been estimated between 55 and

407 Mbp (Stelzer et al., 2011). DNA content is highly

correlated in eukaryotes with cell and nuclear volu-

me, cell cycle length and minimum generation time

(Cavalier-Smith, 1978). Based on the above, smaller

genomes will result in more rapid mitotic division and

cell cycles, conferring faster growth rates and earlier

age at first reproduction. Such rapid development will

eventually enhance the likelihood of contribution to

the gene pool of the next generation when the envi-

ronment is ephemeral (Wyngaard et al., 2005). 

According to the above, B. plicatilis is capable of

quick colonization of a habitat, once appropriate con-

ditions arise. It is a strategist of ephemeral or other-

wise fluctuating habitats, such as temporary saline la-

kes and brackish coastal lagoons that often dry during

the summer months (Ruttner-Kolisko, 1974; Walker,

1981; GỐmez et al., 1995). The occurrence of B. pli-
catilis in extreme environments points towards its re-

markable tolerance to abiotic conditions (Epp &

Winston, 1977; Walker, 1981; Esparcia et al., 1989). It

has been detected in all continents with the exception

of the Antarctic (Segers, 2007). The widespread dis-

tribution of B. plicatilis suggests an efficient means of

dispersal via resting eggs (Walker, 1981; GỐmez et al.,
2002). 

In most of the recent literature, B. plicatilis was

thought to be a single species, cosmopolitan and gene-

ralist. However, its revised taxonomical status has re-

vealed an under-determined ancient cryptic species

complex, comprising of at least 14 species / lineages

(Gomez et al., 2002; Suatoni et al., 2006). Such ‘hid-

den’ diversity is expected to revolutionize the study of

this taxa. For this reason, molecular tools, aiming to

facilitate the identification of the species complex, are

investigated (Papakostas et al., 2005, 2006a; Dooms et
al., 2007; Vasileiadou et al., 2009). It has already been

shown that the different species/ lineages have a more

restricted distribution and ecological range of toler-

ance than the complex as a whole (Ciros-Perez et al.,
2001; Ortells et al., 2003). In nature, they have been

shown to either coexist and/or succeed one another

along the seasonal cycle (Serra et al., 1998; Ortells et
al., 2003; Montero-Pau et al., 2011). However, in a-

quaculture farms only a small fraction of the B. plica-
tilis genetic diversity is being exploited (Papakostas et
al., 2006b, 2009). 

In nature, B. plicatilis feeds mainly on phytoplank-

ton, although organic detritus and bacteria can also

represent alternative feeding sources (Pourriot, 1977;

Starkweather, 1980; Arndt, 1993). In hatcheries, B.
plicatilis is also able to grow on formulated diets, pre-

pared to fulfil the specific dietary requirements of fish

larvae (Lubzens et al., 2001). 

Apart from aquaculture, B. plicatilis has been also

used in basic research as a model organism. This is

due to a number of characteristics, listed in Table 1.

Population dynamics studies using the life-table ap-

proach have been numerous (Korstad et al., 1989;

Schmid-Araya, 1991; Serra et al., 1994; Yoshinaga et
al., 2000). Rotifers were among the first organisms to

be used in studies of biological aging (King, 1969;

Enesco, 1993). It has been recently argued that B. pli-
catilis could be potentially rewarding for aging re-

search (Austad, 2009). Brachionus plicatilis has been

studied in terms of its biochemistry, morphology, phy-

siology, as well as the molecular basis of aging (Lu-

ciani et al., 1983; Carmona et al., 1989; Yoshinaga et
al., 2003). Owing to its dual mode of reproduction, B.
plicatilis has been used as a bio-model regarding the

evolutionary significance of sex (e.g. Aparici et al.,
2002; Serra et al., 2004; Carmona et al., 2009). Its wi-

despread distribution has facilitated studies on cryp-

tic speciation (GỐmez & Snell, 1996; Serra et al.,
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TABLE 1. Characteristics of the rotifer Brachionus plicatilis that make it an attractive candidate as a tool in numerous re-

search fields. References are for the listed characteristics

Characteristic

Ubiquity in aquatic systems

High growth rate compared to

other zooplankters

High ingestion rate

Adequate size for: 

ñ feeding fish larvae

ñ culture in small (Ìl) volumes

Important role in energy flow and

nutrient cycling

Ease of culture

Short generation time

Ability to grow on a variety of

food sources (phytoplankton, bac-

teria, inert food)

Use as a “living capsule”, transfer-

ring administered substances to

recipient organism (predator)

Complex life cycle combining

asexual and sexual reproduction,

allowing for genetically identical

individuals (clones) as well as the

possibility of storage in the form

of cysts, which can be readily

available when needed

Resting egg production

Eutely

Transparency of body

Well-studied biology

Field

Cryptic speciation, Molecular phy-

logenetics, Ecotoxicology

Aquaculture, Basic biological re-

search

Aquaculture, Ecotoxicology

Aquaculture, Basic biological re-

search, Ecotoxicology

Ecology

Aquaculture, Basic biological re-

search, Ecotoxicology

Aquaculture, Basic biological re-

search, Ecotoxicology

Aquaculture, Basic biological re-

search

Aquaculture

Basic biological research, Evolu-

tionary ecology

Aquaculture, Ecology, Evolution-

ary ecology

Biology of development and aging

Biology of development and aging

All fields

References

Koste & Shiel (1980), Miracle &

Vicente (1983), Arndt (1988),

Green & Mengestou (1991),

Timms (1993), Turner (1993), Eg-

borge (1994), Modenutti (1998),

Zakaria et al. (2007)

Allan (1976)

Navarro (1999)

Lubzens et al. (2001)

Starkweather (1987), Armengol et
al. (2001), Wallace & Smith (2009)

Hoff & Snell (1987)

Korstad et al. (1989), Yoshinaga et
al. (2003)

Starkweather (1980), Lubzens et
al. (2001)

Lubzens et al. (2001)

Nogrady et al. (1993), Wallace &

Snell (1991)

Pourriot & Snell (1983)

Nogrady et al. (1993), Wallace

(2002)

Wallace (2002)

Ricci et al. (2000)



1997) and molecular phylogenetics (GỐmez et al.,
2002; Suatoni et al., 2006; Mills et al., 2007). Basic

knowledge on genomics is just emerging (Suga et al.,
2007, 2008; Montero-Pau & GỐmez, 2011). Rotifers

have been also considered as good indicators in eco-

toxicology (Sládeček, 1983); standard methods have

been developed, that are rapid, sensitive, reliable, of

good repeatability and cost-effectiveness (Snell &

Persoone, 1989; Ferrando & Andrew-Moliner, 1992;

Moffat & Snell, 1995; Snell & Janssen, 1995; Del-

Valls et al., 1996, 1997).

Recently, it has been proposed that B. plicatilis
could be also used as model organism in evolutionary

developmental biology (evo-devo) (Boell & Bucher,

2008). This particular field aims at reconstructing

evolutionary relationships between animals going

back to the origins of bilateral symmetry. The phylo-

genetic position of rotifers lies within the Lophotro-

chozoans, which belong to the protostome branch of

Bilateria (Dunn et al., 2008). Most protostome model

systems belong to the Ecdysozoa branch, whereas Lo-

photrochozoans are underrepresented. In addition,

there is overrepresentation of segmented versus non-

segmented taxa (Boell & Bucher, 2008). Brachionus
plicatilis could therefore represent a suitable non-seg-

mented model organism, belonging to the Lopho-

trochozoans, for comparative analysis of gene expres-

sion. 

It therefore becomes obvious that the rotifer B.
plicatilis is a very useful, but still unexplored tool for

numerous applications. Some of these are explored

below.

POTENTIAL APPLICATIONS 

USING THE ROTIFER 

BRACHIONUS PLICATILIS

Environmental management of eutrophication

Although the definition of eutrophication is still on

debate (Andersen et al., 2006), Nixon (1995) gave a

rather straightforward description: ‘an increase in the

rate of supply of organic matter to an ecosystem’. Eu-

trophication has been considered one of the major

threats to the health of marine ecosystems (e.g. Smith

et al., 2006). It is related to the input mainly of nitro-

gen and phosphorus and results in an increased growth

of algae, with direct consequences on water quality.

The latter have been well known and documented

(Cloern, 2001).

The control of algal growth in lakes can be at-

tained by bio-manipulation of food webs through pro-

cesses such as zooplankton grazing (top-down con-

trol) of algal biomass (Moss et al., 1994; Beklioglu,

1999; Schindler, 2006). To affect a dense phytoplank-

ton bloom significantly, a given organism must satis-

fy several requirements: it must be abundant, it must

coincide with algae both in space and time and it

must be able to feed on them efficiently (Calbet, 2008).

Rotifers have short developmental time, high filtra-

tion rate and can quickly reach high densities. In

comparison to other organisms, they are particularly

capable of locating and exploiting food patches until

depletion (Ignoffo et al., 2005). These characteristics

make B. plicatilis a potentially successful candidate in

the control of phytoplankton growth (eutrophication)

in brackish and marine coastal ecosystems. Rotifers

in general are considered good indicators of eutroph-

ication (Sládeček, 1983; Park & Marshall, 2000; Tur-

ton & McAndrews, 2006; Zakaria et al., 2007) and B.
plicatilis in particular shows increased abundance when

conditions become eutrophic in nature (Arndt, 1988;

Gaudy et al., 1995; Haberman & Sudzuki, 1998; Za-

karia et al., 2007). Therefore, introduction of rotifers

into waters containing high concentrations of algae

may increase grazing pressure, resulting in a reduc-

tion of abnormally high levels of phytoplankton.

In the specific case of Harmful Algal Blooms

(HABs), rotifer short developmental times also con-

tribute to the appearance of resistant clones, able to

successfully graze upon such organisms (Calbet et al.,
2003). Brachionus plicatilis is able to feed on a variety

of phytoplankton species, including blue-green algae

(Snell et al., 1983). However, as demonstrated by Bu-

skey & Hyatt (1995), Turner & Tester (1997), Kim et
al. (2000) and Wang et al. (2005), such interactions

can be situation-specific. The dinoflagellate Karenia
mikimotoi and the raphidophyte Heterosigma akashi-
wo were both toxic to the rotifer B. plicatilis, which

showed distinct morphological changes and reduced

swimming speed upon contact (Xie et al., 2008; Zou

et al., 2010). On the other hand, successful biocontrol

by this rotifer was observed with the estuarine dino-

flagellate Pfiesteria piscicida and the dinoflagellate

Alexandrium tamarense (Mallin et al., 1995; Xie et al.,
2008). Nevertheless, it has not been tested yet whe-

ther the toxin remains viable in the gut of the rotifer

after consumption, leading to bioaccumulation (Mal-

lin et al., 1995). The rotifer B. plicatilis can be there-

fore used as a sensitive indicator and possibly, as a bi-

ological control tool in HABs, depending on species. 
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Environmental management of cholera

Eutrophication and harmful algal blooms may also

provide a reservoir for water-borne diseases, such as

cholera (Epstein, 1993). Vibrio cholerae, organism re-

sponsible for this disease, shows enhanced survival

and persistence when associated to algae and/or co-

pepods, relative to the surrounding water. The latter

organisms provide protection and nutrition to V. cho-
lerae, especially under unfavorable conditions (Hei-

delberg et al., 2002; Lipp et al., 2002). Therefore, in-

creased algal growth where V. cholera is present will

facilitate spread of cholera. Brachionus plicatilis could

prove useful in limiting the environmental dispersion

of the disease. Vibrio cholerae is naturally present in

warm, brackish waters (Lipp et al., 2002), where B.
plicatilis is also encountered. Indeed, Brachionus spe-

cies have been detected in areas where cholera is en-

demic (Tamplin et al., 1990). Freshwater rotifers have

been shown to ingest protozoan parasites that are

widely distributed in the aquatic environment (Fayer

et al., 2000; Trout et al., 2002; Nowosad et al., 2007).

It is not known whether B. plicatilis is also capable of

retaining V. cholerae, although bacterivory by this ro-

tifer is considered to be substantial (Turner & Tester,

1992). Still, indirect containment of V. cholerae through

consumption of phytoplankton could be an alternati-

ve strategy.

Environmental management of pollution

In the wider context of disturbance, pollution repre-

sents another field where rotifers could play a role. A

suitable indicator species should have certain attribu-

tes: it should be easily cultured in a small volume of

water, preferably without the occurrence of sexual

reproduction. In addition, the organism must react

clearly and death must be unequivocal (Sládeček,

1983). Rotifers fulfill the abovementioned require-

ments. In nature, they are considered good indicators

of water quality (Sládeček, 1983; Saksena, 1987). Bra-
chionus plicatilis in particular has been used in eco-

toxicological studies in the lab (Snell & Janssen, 1995),

as well as indicator species in the field (Sharma, 1983).

To go a step further, from detection to control,

organisms can be used to actually degrade or convert

environmental contaminants to innocuous end produ-

cts, a process known as bioremediation (Thassitou &

Arvanitoyannis, 2001). Algae and/or plants have been

used to successfully clean up hazardous waste (Gekel-

er et al., 1988; Ahner et al., 1995; Hitchcock et al.,
2003; Yoshida et al., 2009). However, concerns arise

as to the potential adverse effects of breakdown/

transformation products resulting from such process-

es (Hitchcock et al., 2003). In order to assess the im-

pact of phytoremediation products to higher trophic

levels, rotifers have been employed (Moreno-Garri-

do et al., 1999; Hitchcock et al., 2003; Rioboo et al.,
2007). In general, phytoremediation end products

had a negative influence of varying magnitude on ro-

tifers most of the times. Recovery was observed when

rotifers were returned to toxicant-free media (Rioboo

et al., 2007) or supplied with high food concentrations

(Luna-Andrade et al., 2002). Although algae have

been shown to be more resistant to toxicants than ro-

tifers (Luna-Andrade et al., 2002), observed changes

are not necessarily conclusive. For example, B. pli-
catilis shows high tolerance to i) insecticides (Serrano

et al., 1986; Snell & Persoone, 1989; Ferrando & An-

dreu-Moliner, 1991), ii) certain heavy metals (Per-

soone et al., 1989; Snell & Persoone, 1989; Snell et al.,
1991) and iii) petroleum compounds (Snell et al.,
1991; Ferrando & Andreu-Moliner, 1992). Under con-

ditions of ample food and reduced competition, bio-

merediation using rotifers can be further reinforced

to give optimal results (see Yasuno et al., 1993).

Environmental management of petroleum compounds

The tolerance of rotifers to petroleum compounds

could prove useful in the control of oil spills, espe-

cially in enclosed habitats, which are more prone than

the open ocean, due to reduced dilution capacity. Oil

spills usually cause an upsurge of microbial and plant

biomass, later to be followed by small zooplankton,

particularly rotifers (Johansson et al., 1980; Daven-

port et al., 1982; Linden et al., 1987). Brachionus pli-
catilis has been shown to actively accumulate hydro-

carbons; whether it is able to metabolize them has not

been tested yet, but remains a possibility (Echeverria,

1980; Wolfe et al., 1998). Perhaps more worrying than

episodic oil spills are the consequences arising from

the continuous presence of oil products, such as tar

balls, blobs of semi-solid oil, which are commonly en-

countered in enclosed seas associated with oil ex-

ploitation (Red Sea, Arabian Gulf, Mediterranean

Sea) (Morris, 1974; Davenport et al., 1982; Hanna,

1983; Holdway, 1986; Price & Nelson-Smith, 1986).

These balls are usually neutrally buoyant, may remain

in the water column for long periods and eventually

wash ashore coating shoreline sediment (Eagle et al.,
1979; Sen Gupta et al., 1993). Zooplankton is able to

graze upon particulate tar balls, providing in this way
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a mechanism of rapid sedimentation to greater depths

through faecal pellets (Sleeter & Butler, 1982). Ro-

tifers, in particular, owing to their high ingestion rate,

could prove useful in the abatement of tar balls. 

Wastewater treatment

Wastewater treatment is another area where rotifers

could play a leading role. Different systems are used

worldwide for the treatment of wastewater, such as

activated sludge, trickling filters and waste stabiliza-

tion ponds. Each of these systems operates on the

same fundamental biochemical principles (bacteria

are primarily used in pollutant removal) and differs

on the method of oxygen transfer (activated sludge

utilizes compressed air, trickling filters obtain their

oxygen by diffusion from the air and ponds use algae)

and source of wastes (activated sludge and trickling

filters are used in industrial wastes, whereas waste

ponds are used for domestic and agro-industrial wa-

stewaters) (McKinney, 1957; Patil et al., 1993; Roche,

1995; El-Deeb Ghazy et al., 2008). Freshwater rotifers

are encountered in activated sludge systems (Poole,

1984) and waste stabilization ponds (Patil et al., 1993;

Roche, 1995) and are (in a different way) instrumen-

tal in the functioning of both systems. 

In the case of activated sludge systems, rotifers

can consume filamentous bacteria that create foam-

ing and bulking, as well as sludge particles themsel-

ves. In that way, they improve the settling properties

and clarity of sludge, as well as reduce biomass pro-

duction. Disposal of excess sludge is considered a ma-

jor bottleneck of wastewater treatment and rotifers

could therefore prove to be an economical and sustai-

nable solution to this problem (Lee & Welander, 1996;

Lapinski & Tunnacliffe, 2003; Fialkowska & Pajdak-

Stos, 2008). On the other hand, in waste stabilization

ponds, freshwater rotifers play an important role in

the purification of wastewater through the consump-

tion of dispersed or coagulated bacteria, organic mat-

ter and phytoplankton (Patil et al., 1993; Zhao &

Wang, 1996). It has been proposed that, owing to the

use of both algae and rotifers in aquaculture, the lat-

ter two organisms could be produced using waste-

water. This could become a low-cost alternative to ex-

pensive phytoplankton and rotifer culture and a way

to recycle nutrients. However, nutritional adequacy,

organic overloading and presence of pathogens will

have to be investigated (Uhlmann, 1980; Groeneweg

& Schluter, 1981; Roche, 1995; Cauchie et al., 2000;

Sarma et al., 2003). 

Tracking climate change

Climate change is now recognized as one of the ma-

jor environmental problems facing the earth. The

burning of fossil fuels and deforestation have caused

an increase in the concentrations of heat-trapping

“greenhouse gases”, such as carbon dioxide (CO2)

and methane (CH4) in the atmosphere, resulting in

global warming (Chapin et al., 2000). Over the past

100 years, the Earth’s climate is warmed by approxi-

mately 0.6ÆC (Walther et al., 2002). These changes

are expected to trigger phenomena like sea level rise,

more frequent and intense extreme weather events

and ocean acidification, to mention a few. There is

growing evidence that climate change will contribute

to shifts in the geographic range of species, altera-

tions in the timing of important life-history events,

disruption of food webs (McCarthy, 2001; Root et al.,
2003; Richardson, 2008), even accelerated species

losses (Wrona et al., 2006). However, large uncer-

tainties remain in projecting species and system-spe-

cific responses. In addition, other stresses, in particu-

lar habitat destruction, but also increased susceptibil-

ity to pathogens and pests, could further exacerbate

the effects of climate change on organisms (Harvell et
al., 1999; McCarthy, 2001; Root et al., 2003).

Marine pelagic communities are said to be affect-

ed to a greater extent, compared to terrestrial com-

munities, because of the temperature influence on

water column stability (Edwards & Richardson, 2004;

Richardson, 2008) and the important role of the o-

cean in the uptake of anthropogenic CO
2 (Hays et al.,

2005; Fabry et al., 2008). Plankton in particular is con-

sidered a good indicator of climate change (Hays et
al., 2005; Richardson, 2008): (1) it is sensitive to tem-

perature changes as it is composed of ectothermic or-

ganisms, (2) it is not commercially exploited, (3) it is

short-lived, so past populations do not exert an influ-

ence on present ones, (4) it is free floating, so it can

show changes in its distribution in response to climate

change and (5) it is more sensitive than environmen-

tal variables themselves, as it can amplify subtle per-

turbations. It is therefore important to test the pro-

jected effects of global warming using a test organism

from the plankton community. Copepods have been

extensively studied, owing to their importance in the

open ocean (Richardson, 2008). However, the open

ocean, due to its size and permanence, has the capac-

ity to dampen out to a certain extent climatic fluctua-

tions. Ephemeral and extreme habitats are instead

more vulnerable to perturbations (Gaudy et al., 1995)
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and should be more sensitive to climate change. They

could provide an early indication of the biological im-

pact of shifting climate. The importance of such habi-

tats also lies in their ecological value, as they are con-

sidered biodiversity hotspots (Walsh et al., 2008; An-

geler et al., 2010). Brachionus plicatilis is an inhabitant

of such habitats and could therefore serve as an indi-

cator r-type organism of climate change. 

Can B. plicatilis track the effects of climate chan-

ge? Climate change is mainly manifested by a rise in

temperature, a decrease in pH, as a consequence of

acidification (Fabry et al., 2008) and drying of ephe-

meral habitats. Temperature has a direct effect on or-

ganisms. Rotifers are ectothermic organisms, so their

metabolism is directly exposed to the temperature of

their environment (Stelzer, 1998). Consequently, tem-

perature is the most important factor shaping the

population dynamics of rotifers (Galkovskaja, 1987;

Arndt, 1988; Miracle & Serra, 1989; Gaudy et al.,
1995). This is manifested by the seasonal component

that characterizes the occurrence of B. plicatilis in na-

ture (Walker, 1981; Miracle et al., 1987; Arndt, 1988;

Haberman & Sudzuki, 1998; Modenutti, 1998; Jelli-

son et al., 2001; Zakaria et al., 2007), which is expect-

ed to be affected by climate change. On the other

hand, temperature affects critical life cycle events

such as hatching of resting eggs (Pourriot & Snell,

1983), with direct consequences on the structuring of

food webs. It has been shown that differential hatch-

ing of resting eggs due to rising temperatures result-

ed in a selective advantage of rotifers over cladoce-

rans in freshwater ecosystems (Winder & Schindler,

2004; Dupuis & Hann, 2009). Therefore, B. plicatilis
offers the opportunity to study the direct as well as

the indirect effects of changing temperature. 

Low pH values adversely affect survival, longevi-

ty, reproduction, Na+ flux, growth rate, feeding and

respiration in zooplankton (Locke, 1991). Freshwater

rotifers have been shown to dominate zooplankton

communities in highly acidic lakes, due to their broad

pH tolerance (Berzins & Pejler, 1987; Frost et al.,
1998; Deneke, 2000). Brachionus plicatilis in particu-

lar has not received much attention as to its pH tol-

erance, although reported values cover the near neu-

tral-alkaline range (6.5-9.8) (Walker, 1981; Turner,

1993; Haberman & Sudzuki, 1998; Modenutti, 1998;

Ortells et al., 2000). Brachionus plicatilis is an inhabi-

tant of alkaline environments, so there is no available

information as to how this species will respond to

acidification. In the absence of field data, tolerance of

B. plicatilis to low pH could be experimentally mea-

sured, using indices such as swimming speed, respira-

tion and filtering rate (Epp & Winston, 1978; Locke,

1991). 

Laboratory-derived data can be used to explain

observed distributions, but predictions cannot be

solely based on physiological rates. Other factors

should be taken into account, namely the overall cha-

racteristics of the changing environment or habitat

that the organism has moved to (Feder, 2010). It is

therefore crucial to follow B. plicatilis distribution in

the field and to compare it with past records, in order

to be able to discern the influence of climate change.

Being a well-studied species, it is possible to find

long-term studies on the distribution of B. plicatilis
(Sharma, 1983; De Ridder, 1987). However, due to

its recently revised taxonomic status, some data on

past distributions could correspond to other species

of the complex. To go further back in time, the rest-

ing egg bank can provide a snapshot from the past

(Montero-Pau et al., 2011). 

Resting egg banks are formed and replenished

every time a population appears in the water column

and completes one “growing cycle”, usually on a year-

ly basis. The B. plicatilis is an ancient species complex

(Gómez et al., 2002; Derry et al., 2003; Suatoni et al.,
2006), and, over the years, its occurrence has left its

mark in the sediments (Pourriot & Snell, 1983; Gó-
mez & Carvalho, 2000; Ortells et al., 2000; García-

Roger et al., 2006a). Hatching of resting eggs is feasi-

ble after the lapse of considerable time spans (Mar-

cus et al., 1994; Kotani et al., 2001; García-Roger et
al., 2006b). So, the accumulated biotic diversity stored

in resting egg banks, can serve as an indication of past

populations/climates, which can be compared to pre-

sent ones (Montero-Pau et al., 2011). 

Last but not least, is the threat of extinction, stem-

ming from potential drying of ephemeral habitats,

like the ones B. plicatilis inhabits. Although resting

egg banks have the capacity to buffer transient envi-

ronmental perturbations (Hairston, 1996; Serra et al.,
2004), permanent changes cannot be overcome. A ro-

tifer population experiencing three catastrophic cra-

shes per year is certain to go extinct within 100 years

(Snell & Serra, 2000). In addition, sexual reproduc-

tion, which ensures resting egg production and long-

term survival, could be more susceptible to environ-

mental change than parthenogenesis, due to its in-

creased complexity. Sexual reproduction needs a lon-

ger time to complete, is more resource-demanding

and is more sensitive to external influences (Snell &

Boyer, 1988; Snell & Carmona, 1995; Serra et al.,
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2004), in part due to its reliance on chemical commu-

nication (Snell et al., 2006). 

Transfer of useful substances

The rotifer B. plicatilis is a high-value, but nutrition-

ally inadequate, prey for fish larvae, due to its lack of

essential HUFAs (Highly Unsaturated Fatty Acids).

This is why enrichment protocols have been devised

that allow the transfer of required substances, mainly

HUFAs, to fish larvae (Rainuzzo et al., 1994a; Ro-

driguez et al., 1998; Castell et al., 2003). Transfer of

HUFAs via rotifers has been shown to improve growth,

survival and total length in gilthead seabream larvae

(Rodriguez et al., 1994, 1998), pigmentation in turbot

larvae (Rainuzzo et al., 1994b), survival and incidence

of deformities in milkfish (Gapasin & Duray, 2001),

size and survival in yellowtail flounder (Copeman et
al., 2002), among others. The transfer of vitamins and

therapeutics has been also realized (Verpraet et al.,
1992; Merchie et al., 1995; Fernandez et al., 2008;

Roiha et al., 2011). Vitamin C significantly improved

stress resistance in European sea bass, whereas vita-

min A has been implicated in gilthead sea bream ske-

letogenesis. In accordance with the present use of ro-

tifers in aquaculture, B. plicatilis can be used as a

‘transfer capsule’ of desirable substances to target or-

ganisms.

Interest has also turned towards the possible in-

fluence of bacteria on disease resistance. Techniques

have been developed that allow the transfer of bene-

ficial bacteria (probiotics), as well as immunostimu-

lants, to fish larvae, through the rotifer B. plicatilis
(Skjermo & Vadstein, 1999; Makridis et al., 2000;

Martínez-Díaz et al., 2003; Pintado et al., 2010). For

example, probiotics have been shown to improve sur-

vival rate in turbot larvae challenged with Vibrio
(53% survival rate versus 8% for the control group

without probiotics as reported by Gatesoupe, 1994)

(Planas et al., 2006), survival (13-105% higher com-

pared to control) and specific growth rate (2-9%

higher compared to control) in gilthead sea bream

larvae and fry (Carnevali et al., 2004; Suzer et al.,
2008), body weight (81% with respect to control) and

tolerance to captive rearing conditions in European

sea bass juveniles (Carnevali et al., 2006). A promis-

ing area of developing research focuses on axenic ro-

tifers (gnotobiotic), which can be used as an experi-

mental in vivo system for the study of host-microbe

interactions, nutritional functions in aquatic food

chains, even evaluation of new treatments of disease

control (Tinh et al., 2006, 2007; Marques et al., 2006).

The abovementioned techniques that have been de-

veloped for aquaculture could also find applications

in other fields. In this procedure, the rotifer B. pli-
catilis could play a leading role. 

CONCLUSIONS

As proposed in the present paper, the rotifer Brachio-
nus plicatilis could serve a number of possible appli-

cations. This is why initiatives should be taken as to

the study, buffering capacity and preservation of this

species complex already having many applications

(aquaculture, water quality indicator, model organ-

ism in basic research). The creation of a rotifer bank

(i.e. ex situ storage of rotifers and/or their resting eggs)

could serve such a purpose.

The proposed rotifer bank would constitute of ro-

tifer strains originating from the field and mass pro-

duction (hatcheries). These rotifer strains would be

characterized as to their taxonomic status and bio-

logical characteristics. All this information could be

used in favor of mass production: hatcheries could be

supplied with rotifers that best fit their needs. In this

way, the rotifer bank would improve the operation

and production of hatcheries. On a second level, it

would contribute to the conservation of biodiversity

and serve the advancement of science. Numerous ap-

plications are waiting to be realized in the future.

REFERENCES

Allan JD, 1976. Life history patterns in zooplankton. Ame-
rican Naturalist, 110: 165-180.

Andersen JH, Schlüter L, ^rtebjerg G, 2006. Coastal eu-

trophication: recent developments in definitions and

implications for monitoring strategies. Journal of Plank-
ton Research, 28: 621-628.

Angeler DG, Alvarez-Cobelas M, Sanchez-Carrillo S, 2010.

Evaluating environmental conditions of a temporary

pond complex using rotifer emergence from dry soils.

Ecological Indicators, 10: 545-549.

Ahner BA, Kong S, Morel FMM, 1995. Phytochelatin pro-

duction in marine algae. 1. An interspecies comparison.

Limnology and Oceanography, 40: 649-657.

Aparici E, Carmona MJ, Serra M, 2002. Evidence for an

even sex allocation in haplodiploid cyclical partheno-

gens. Journal of Evolutionary Biology, 15: 65-73.

Armengol X, Boronat L, Camacho A, Wurtsbaugh WA,

2001. Grazing by a dominant rotifer Conochilus unicor-
nis Rousselet in a mountain lake: in situ measurements

with synthetic microspheres. Hydrobiologia, 446/447:

107-114.

Venetia Kostopoulou et al. — Brachionus plicatilis: an emerging bio-tool for numerous applications 105



Arndt H, 1988. Dynamics and production of a natural po-

pulation of Brachionus plicatilis (Rotatoria, Monogono-

nta) in a eutrophicated inner coastal water of the Bal-

tic. Kieler Meeresforschungen Sonderheft, 6: 147-153.

Arndt H, 1993. Rotifers as predators on components of the

microbial web (bacteria, heterotrophic flagellates, cili-

ates) – a review. Hydrobiologia, 255/256: 231-246.

Austad SN, 2009. Is there a role for new invertebrate mod-

els for aging research? Journal of Gerontology: Biologi-
cal Sciences, 64A: 192-194.

Beklioglu M, 1999. A review on the control of eutrophica-

tion in deep and shallow lakes. Turkish Journal of Zoolo-
gy, 23: 327-336.

Bennett WN, Boraas ME, 1989. A demographic profile of

the fastest growing metazoan: a strain of Brachionus ca-
lyciflorus (Rotifera). Oikos, 55: 365-369.

Berzins B, Pejler B, 1987. Rotifer occurrence in relation to

pH. Hydrobiologia, 147: 107-116. 

Boell LA, Bucher G, 2008. Whole-mount in situ hybridiza-

tion in the rotifer Brachionus plicatilis representing a

basal branch of lophotrochozoans. Development Genes
and Evolution, 218: 445-451.

Buskey EJ, Hyatt CJ, 1995. Effects of the Texas (USA)

‘brown tide’ alga on planktonic grazers. Marine Ecology
Progress Series, 126: 285-292.

Calbet A, 2008. The trophic roles of microzooplankton in

marine systems. ICES Journal of Marine Science, 65:

325-331.

Calbet A, Vaqué D, Felipe J, Vila M, Montserrat Sala M,

Alcaraz M, Estrada M, 2003. Relative grazing impact of

microzooplankton and mesozooplankton on a bloom of

the toxic dinoflagellate Alexandrium minutum. Marine
Ecology Progress Series, 259: 303-309.

Carmona MJ, Serra M, Miracle MR, 1989. Protein patterns

in rotifers: the timing of aging. Hydrobiologia, 186/187:

325-330. 

Carmona MJ, Serra M, Miracle MR, 1993. Relationships

between mixis in Brachionus plicatilis and precondition-

ing of culture medium by crowding. Hydrobiologia, 256/

257: 145-152. 

Carmona MJ, Dimas-Flores N, García-Roger EM, Serra

M, 2009. Selection of low investment in sex in a cycli-

cally parthenogenetic rotifer. Journal of Evolutionary Bi-
ology, 22: 1975-1983. 

Carnevali O, Zamponi MC, Sulpizio R, Rollo A, Nardi M,

Orpianesi C, Silvi S, Caggiano M, Polzonetti AM, Cre-

sci A, 2004. Administration of probiotic strain to im-

prove sea bream wellness during development. Aqua-
culture International, 12: 377-386. 

Carnevali O, de Vivo L, Sulpizio R, Gioacchini G, Olivot-

to I, Silvi S, Cresci A, 2006. Growth improvement by

probiotic in European sea bass juveniles (Dicentrarchus
labrax, L.), with particular attention to IGF-1, myo-

statin and cortisol gene expression. Aquaculture, 258:

430-438.

Castell J, Blair T, Neil S, Howes K, Mercer S, Reid J,

Young-Lai W, Gullison B, Dhert P, Sorgeloos P, 2003.

The effect of different HUFA enrichment emulsions on

the nutritional value of rotifers (Brachionus plicatilis)

fed to larval haddock (Melanogrammus aeglefinus). A-
quaculture International, 11: 109-117.

Cauchie H-M, Hoffmann L, Thomé J-P, 2000. Metazoo-

plankton dynamics and secondary production of Daph-
nia magna (Crustacea) in an aerated waste stabilization

pond. Journal of Plankton Research, 22: 2263-2287.

Cavalier-Smith T, 1978. Nuclear volume control by nucle-

oskeletal DNA, selection of cell volume and cell growth

rate, and the solution of the DNA C-value paradox.

Journal of Cell Science, 34: 247-278.

Chapin FS III, Zavaleta ES, Eviner VT, Naylor RL, Vi-

tousek PM, Reynolds HL, Hooper DU, Lavorel S, Sala

OE, Hobbie SE, et al., 2000. Consequences of changing

biodiversity. Nature, 405: 234-242. 
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