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Abstract  Authors have attributed the statement “All 
science is either physics or stamp collecting” to the 
Physicist, Ernest Rutherford. Putting this sarcastic 
quip aside, we know that scientific disciplines come 
of age when they can generate testable, repeatable, 
and falsifiable hypotheses; yet disciplines begin, and 
continue, by simply collecting observational infor-
mation. It is clear, even with a casual assessment of 
all 16 International Rotifer Symposia, as well as the 
extensive literature published since our first con-
gress, that rotifer research has moved beyond describ-
ing species, making lists of their occurrences, and 
describing changes in their population dynamics. In 
spite of the excellent progress that has been made in 
rotiferology we believe more remains to be done. In 

this review we nominate 10 fields in rotifer research 
that we believe will advance understanding of rotif-
eran biology; these include the following topics: (1) 
neurobiological connectomes, (2) genomic architec-
ture and control systems, (3) physiology, (4) life his-
tory, including sexuality, development, and aging, (5) 
ecological responses to stresses, (6) biogeography 
and distribution of cryptic species, (7) analysis of 
rotiferan morphospace, (8) rotifer evolution within 
Gnathifera including Acanthocephala, (9) educational 
opportunities for beginning students, and (10) foster-
ing international collaboration.

Keywords  Biogeography · Ecology · Evolution · 
Genetics · Morphology · Physiology

Introduction

All science is either physics or stamp collect-
ing—physicist, E. Rutherford (Johnson, 2007; 
Gonzalez-Gualda et al., 2021).

Before  scientific disciplines come of age, they col-
lect information (observational data); thus, to Ruther-
ford’s perspective they would appear to be little 
more than stamp collecting. But gathering additional 
information  is absolutely necessary, and once a cer-
tain amount is accumulated, it is possible for scien-
tists to begin generating rigorous testable, repeatable, 
and falsifiable hypotheses. That is how all disciplines 
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start, including physics, and, of course, they all con-
tinue gathering data in that manner. We offer four 
well-known examples to illustrate this point. (1) It 
can be said that evolutionary biology began its real 
maturation when Darwin and Wallace, and before 
them von Humboldt, collected enormous amounts of 
data on the forms and biogeography of life (Schrodt 
et  al., 2019). (2) Understanding cosmology and the 
expanding universe was not possible until the mean-
ing of the redshift in light from stars and galaxies, 
gravitational waves, and the background radiation 
at ~ 2.73 K was understood (Fraknoi et al., 2018). (3) 
Mapping the ocean floor initiated a profound shift in 
our perception of the structure of the earth’s crust and 
mountain building, which led to the theory of plate 
tectonics (Hazen, 2010). (4) A compelling construct 
that explained the Cretaceous-Paleogene mass extinc-
tion of Mesozoic life could only become established 
after the Chicxulub structure was identified and elu-
cidated (Goderis et al., 2021). Each of these examples 
was essential and afforded a tipping point—a para-
digm shift—within their discipline from which sig-
nificant advances were made (Kuhn, 1970).

Here we are concerned with rotifers (L. rota, 
wheel, L. ferra, to bear) —the ‘wheeled animal-
cules’—and how their studies may provide insights 
into the ecology and evolution of life (Wallace et al., 
2006). There are several reasons to study rotifers. 
While the following are important examples, we rec-
ognize that they are not an exhaustive accounting. (1) 
As grazers, rotifers play significant roles in energy 
flow and biomass, especially in freshwater food webs. 
(2) Rotifers display a wide variety of reproductive 
strategies across their ecological and phylogenetic 
spectra. The marine epizoic seisonids are obligately 
sexual; most marine and freshwater monogononts 
are cyclical parthenogens (but some populations/spe-
cies have apparently become totally asexual through 
the loss of sex); and bdelloids are entirely asexual. 
The evolution of these different reproductive strate-
gies remains poorly known, but bdelloid  asexually 
appears to be linked to horizontal gene transfer. (3) 
Dormancy and resistance to prolonged desiccation 
is seen in both bdelloids and monogononts; study of 
that phenomenon has ecological, as well as impor-
tant, potentially practical importance (i.e., develop-
ing preservation techniques for cells or organs). (4) 
Some rotifers (e.g., Asplanchna, Brachionus) undergo 
transgenerational changes in body shape induced 

by environmental factors in the F1 generation. (5) 
Recently a few species have been demonstrated to 
release interesting biomolecules that may have impor-
tant health implications. (6) Rotifers are small and 
easily and inexpensively cultured; this makes them 
ideal models for a variety of studies, including aging, 
ecotoxicology, phylogeny, and population dynamics. 
Moreover, they are natural food for larvae of inver-
tebrates and vertebrates, making them important in 
commercial aquaculture.

Within this panoply of topics, rotifer research has 
progressed to the point that it is no longer exclusively 
rotifer-centric; to a greater extent investigators are 
crossing disciplinary boundaries to include compari-
sons to other aquatic taxa, as well as using techniques 
and topics gleaned from other fields. Indeed, matu-
ration of rotiferology is easily seen by inspection of 
publications from all 16 meetings of the IRS, as well 
as numerous other venues. Rotifer biology has come a 
long way from describing new species, documenting 
their anatomy, making lists of their occurrences, and 
describing the changes in their population dynamics. 
Undeniably, so much has been published over the past 
few decades that it is impossible to appraise the entire 
scope of rotifer research; and clearly many unre-
solved, controversial issues remain to be explored. It 
is obvious that more remains to be done. Here we 
review 10 grand challenges that we believe warrant 
greater attention from rotiferologists. Nevertheless, 
we recognize that this brief compendium is by no 
means exhaustive, either in scope of what we cover or 
in what we excluded due to lack of space. All the top-
ics we advance are amenable to being developed into 
testable hypotheses with appropriate technologies.

Neurobiological connectomes

An understanding of the design of an inver-
tebrate nervous system may shed light on the 

construction of nervous systems in general—D. 
Kennedy (1971).

With advances in imaging and genetics, it is 
now possible to map the connectomes of inverte-
brates: i.e., determine the structural connectivity of 
an  entire nervous system, thereby creating  a   map 
of all the  neurons. The next step would be to asso-
ciate neurological pathways to specific  behaviors. 
This has been advanced for many species including 
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Caenorhabditis elegans (Maupas, 1900) (Sohn et al., 
2011; Bentley et al., 2016). Yet there are advantages 
to using rotifers in the study of connectomes. They 
often occur in large numbers in natural habitats; many 
species are easily cultured (Wallace et  al., 2006); 
they are considered eutelic (Hyman 1951) [but com-
pare (Ricci & Covino, 2005)]; neural topology is 
relatively conservative (Kotikova et al., 2005; Hoch-
berg, 2007; Leasi et  al., 2009; Hochberg & Hoch-
berg, 2015; Gasiorowski et al., 2019) and the cerebral 
ganglion is simple and innervation is uncomplicated 
(Clement et  al., 1983; Hochberg, 2009). Moreover, 
rotifers exhibit a wide behavioral repertoire that may 
be examined for phenotypic correlations with neurol-
ogy; these include egg laying and guarding, mating, 
substrate selection, food preferences, and swimming 
(Wallace, 1980; Clement et al., 1983; Clément, 1987; 
Mimouni et  al., 1993; Joanidopoulos & Marwan, 
1998; Snell et al., 2007; Gilbert, 2019).

Challenges

Early studies provided interesting insights into 
the rotifer nervous system. Hyman (p. cit.: pp 99) 
reported the work of Martini (1912) who recorded 
the number of nerve cells in Epiphanes senta (Mül-
ler, 1773): i.e., brain (n = 183) and peripheral nerv-
ous system (PNS) (n = 63), for a total of 246 cells in 
the nervous system (NS). Therefore, with ~ 950 total 
cells we estimate that in E. senta the connectome 
comprises ~ 26% of all cells, with the brain consist-
ing of ~ 19% and the PNS ~ 7%. Moving on from 
these early descriptive studies, rotiferologists have 
taken advantage of new developments in immuno-
cytochemistry and imaging (CLSM) to substantially 
improve our understanding of the rotiferan NS. Yet 
data still are limited to relatively few species and do 
not reveal substantial insights into connectome diver-
sity across the phylum. Thus, several questions about 
rotiferan neurobiology remain unanswered; these 
include the following. (1) What is the significance 
(i.e., functional, systematic) of the different neural 
patterns observed in cerebral ganglia (Kotikova et al., 
2005)? (2) Are there functional centers in the rotifer 
brain? (3) How many types of neural circuits (motifs) 
are present in the connectome? (4) Can the connec-
tome circuitry be linked to specific behaviors? (5) Do 
female (amictic, mictic) and male connectomes dif-
fer (Gasiorowski et  al., 2019)? (6) Do connectomes 

change during metamorphosis of indirectly devel-
oping species (Hochberg & Hochberg, 2015; Preza 
et al., 2020)? (7) Is there a correlation between con-
nectome and life history strategy (benthic, planktonic, 
sessile, parasitic)? (8) How does the rotiferan connec-
tome compare to that of other gnathiferans: microg-
nathozoans (Bekkouche & Worsaae, 2016), gnathos-
tomulids (Gąsiorowski et al., 2017), and chaetognaths 
(Fröbius & Funch, 2017)?

Opportunities

As noted above, research has supplied information 
on some aspects of the NS of several rotifer species, 
but use of these techniques needs to be expanded 
and new techniques need to be incorporated. These 
include the following: (1) application of chemi-
cal agonists and antagonists (Mekdara et  al., 2022) 
combined with histochemical techniques to locate 
neurological components of behavior (Pérez-Legaspi 
et  al., 2014); (2) use of precision laser ablations of 
NS components (Chung & Mazur, 2009); (3) employ-
ing patch clamps to monitor NS activity in cells of 
at least ~ 10  µm (Annecchino & Schultz, 2018); (4) 
use of more neurotransmitter antibodies to map phe-
notype expression; (5) employ correlative light and 
electron microscopy (CLEM) to collate serial images 
of the nervous system and map its neurocircuitry 
(Kolotuev et  al., 2012); and (6) computer-assisted 
imaging (Gasiorowski et al., 2019; Preza et al., 2020) 
and modeling of connections.

We know a good deal about rotifer behavior 
including studies of mate-recognition (Snell & Rico-
Martinez, 1996; Snell & Stelzer, 2005; Gribble & 
Mark Welch 2012), including mate guarding behavior 
in Epiphanes senta (Müller, 1773) (Schröder, 2003; 
Schröder & Walsh, 2010), surveillance behavior and 
predatory attack in Cupelopagis vorax (Leidy, 1857) 
(Bevington et  al., 1995; Espinosa‐Rodríguez et  al., 
2021), feeding preferences in several species (Gilbert 
& Starkweather, 1977, 1978; Clément et  al., 1980), 
avoidance of predators (Gilbert, 1985, 1987; Kirk & 
Gilbert 1988), oviposition (Walsh, 1989), phototactic 
responses (Colangeli et  al., 2019), mechanorecep-
tion (Joanidopoulos & Marwan, 1998), and attach-
ment behaviors, either by adults (Gilbert 2019) or 
larvae of sessile rotifers (Wallace, 1978; Wallace & 
Edmondson, 1986). With this information, we posit 
that it is possible to develop connectome maps and 
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then compare them across a diverse array of taxa 
(Leasi et  al., 2009; Gasiorowski et  al., 2019; Preza 
et  al., 2020). Thus, with sufficient information on 
the connectomes of selected species, rotiferologists 
should be able to develop a schematic model of the 
rotiferan neuronal workspace; then building on those 
models, develop algorithms that infer specific behav-
iors, which could be tested (Clément & Wurdak, 
1991; Luo, 2021). In this way we can advance our 
understanding of simple nervous systems in general, 
and potentially how they relate to phylogeny, traits, 
and life history strategies. We suspect that unfore-
seen neurological properties will emerge from such 
studies.

Genomic architectures and control systems

The maintenance of favorable combinations of 
traits is essential for the evolution of sex deter-

mination, mating systems, local adaptation, and 
speciation—(Gutierrez-Valencia et al., 2021).

The study of rotifer genomes is still in its infancy, 
but our appreciation for rotifer genetics goes back to 
the first IRS. At that meeting our understanding of 
rotifers was simple and assumed to be stably linked 
to the reproductive strategies of the three major taxa 
(noted above). Since then, our knowledge of the ties 
between sexuality and genetics has advanced rapidly 
and changed some of our earlier views (Mauer et al., 
2021). For example, recent genetic research on bdel-
loids has provided insights into polyploidy and yet 
also questioned the modes of genetic exchange in 
these obligate parthenogens (Flot et  al., 2013; Serra 
et  al., 2018; Lainea et  al., 2020; Vakhrusheva et  al., 
2020); we now have evidence for recombination 
between homologous chromosomes (Simion et  al., 
2021). Moreover, the importance of horizontal gene 
flow in bdelloids is now well recognized (Gladyshev 
et al., 2008; Boschetti et al., 2012; Eyres et al., 2015; 
Debortoli et al., 2016; Nowell et al., 2018). Monogon-
onts are largely cyclically parthenogenetic, yet how 
genetics (as well as epigenetics) play a role the switch 
from asexuality to sexuality remains a significant 
question. Still, inroads into how genetics may affect 
reproductive isolation are being made (Jezkova et al., 
2022b). For many species of monogononts evidence 
of sex still has not been documented (Serra et  al., 

2018). While information deposited in online reposi-
tories such as GenBank is improving, it is still incom-
plete. For example, to our knowledge, sequences for 
Ploima currently account for only ~ 60% of families 
and ~ 40% of genera, and these cover a limited number 
of genetic markers (< 5). Also, what we know about 
rotifer phylogenetics mainly comes from a small suite 
of genes (18S rRNA, 28S rRNA, COI, ITS).

Challenges

Current status of our understanding of rotifer genetics 
and genomics leaves several areas with unanswered 
questions. (1) Comprising two genera with only four 
described species, seisonids offer the challenge of 
collecting sufficient study material (Mauer et  al., 
2021). For example, have particular gene families 
changed with the adherence to a strictly sexual life-
style relative to other bdelloids and monogononts? 
(2) Research indicates presence of viral and fungal 
genetic elements in bdelloids: alienomics (Simion 
et al., 2021; Vakhrusheva et al., 2020). How did these 
elements become established? Are they present in 
seisonids and monogononts and, if so, how do they 
differ and what function do these elements play? 
(3) Does the genomic architecture of rotifers con-
tain supergenes and, if so, how do they compare to 
those present in other organisms and can knowledge 
of their genomic architecture shed light on the evolu-
tion of Rotifera (sensu lato) (Gutierrez-Valencia et al., 
2021)? (4) Allele sharing has been reported in the 
bdelloid Macrotrachela quadricornifera Milne, 1886 
thereby suggesting “a cross and sexual reproduction” 
(Signorovitch et  al., 2015). We need to determine 
how widespread this phenomenon is in this putatively 
asexual taxon. (5) Are there similarities in the genetic 
controls of sex regulation, anhydrobiosis, diapause, 
and aging in bdelloids and cyclical parthenogenetic 
monogononts (Gribble & Mark Welch, 2017). (6) 
How are lesions in DNA repaired so that bdelloid 
chromosomes are faithful restored (Terwagne et  al., 
2022)? (7) Is the genetic basis for induction of pred-
ator-induced defense structures the same across taxo-
nomic lines within rotifers and outside of the phylum: 
e.g., ciliated protozoa (Fyda et al., 2005)? (8) Given 
that acanthocephalans are considered to be closely 
related to or actually specialized rotifers, collectively 
termed the Syndermata (García-Varela & Nadler 
2006; Sielaff et al., 2015; Gazi et al., 2016) , how do 
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their genetic signatures different from rotifers (sensu 
stricto)?

Opportunities

Clearly, if we are to understand rotifer genetics and 
genomics, researchers will need to survey the com-
plete genomes of a wide array of taxa across all of 
Syndermata (= Rotifera, sensu lato). Recent advance-
ments in established technologies have reduced the 
number of animals needed to get adequate results 
(Kang et  al., 2020). Thus, successful application of 
technologies such as single-cell genetic sequencing 
and RNALater® will be an enormous advancement 
(Gawad et  al., 2016; Hernández-Rosas et  al., 2017). 
Many next-generation sequencing approaches for 
whole-genome or whole-transcriptome sequencing 
are designed for higher quantities of starting mate-
rial that may require pooling animals. Nonetheless, 
advanced approaches for long-read sequencing to 
facilitate genome assembly and mapping of non-
model organisms, coupled with increasing efforts to 
reduce input requirements (e.g., single-cell sequenc-
ing), provide avenues to address some such chal-
lenges (Saviano et  al., 2020). Furthermore, ability 
to generate clonal populations (bdelloids, amictic 
monogononts) presents a unique opportunity to use 
clonal lineages as replicates. Clonality coupled with 
the short generation times of many species provides 
a promising foundation for experimental evolution 
studies to investigate adaptation to different envi-
ronments or conditions. Tools such as interference 
RNA and newer approaches like CRISPR-Cas ena-
ble functional investigation of the roles of genes (Li 
et al., 2019). Future work combining high-throughput 
molecular approaches (proteomics, metabolomics, 
next- and third-generation sequencing) can facilitate 
systems biology perspectives.

Physiology

For such a large number of problems there will 
be some animal of choice or a few such animals 
on which it can be most conveniently studied—

A. Krogh (1929).

As a group, Rotifera (sensu lato) may come closest 
of any animal taxon to match the qualities expressed 

by Krogh, both in terms interesting physiological 
characteristics and advantages of use in studies (Wal-
lace et  al., 2015). These characteristics and advan-
tages include the following. (1) Rotifers exhibit a 
wide tolerance for variation in pH, oxygen, and ionic 
concentrations, and to both organic and inorganic 
pollutants; (2) they procure nutrition as herbivores, 
predators, scavengers and parasites (e.g., of algae and 
oligochaetes); (3) as rotifers (senso lato), acantho-
cephalans are parasites of arthropods and vertebrates. 
Finally, (4) culture techniques that are both easy and 
inexpensive have been established for a range of spe-
cies that exhibit varied life history features.

Challenges

There is an embarrassment of topics of rotifer physi-
ology that have not been fully explored. We nominate 
the following short list of outstanding questions for 
additional research. (1) How is homeostasis main-
tained in extremophiles, especially under stressful 
conditions such as low pH (Weithoff et  al., 2019), 
high saline conditions (Fontaneto et  al., 2006), and 
waters with high levels of heavy metals (Garza-León 
et al., 2021), organic pollutants (Vanjare et al., 2010), 
and materials from anthropogenic sources (Shin and 
Jeong 2022; Shin et al., 2022)? (2) By what specific 
processes are xerosomes (Nowell et  al., 2018) and 
diapausing monogonont embryos (Jones et al., 2012) 
able to withstand desiccation and extreme ionizing 
radiation (Simion et al., 2021); are they the same? (3) 
What controls development and hatching of amictic 
and resting embryos (Denekamp et  al., 2010, 2011, 
Schröder et al., 2007; Rozema et al., 2019; Yin et al., 
2021)? (4) How does digestion physiology vary 
among taxa (Lindemann & Kleinow 2000; Linde-
mann et  al., 2001). (5) Can we develop a lipidomic 
and metabolomic profile for rotifers and investigate it 
with regard to their normal and stressful conditions, 
as well as under culture conditions of caloric restric-
tion (Snell et al., 2015; Lee et al., 2019)? (6) How do 
higher temperatures and elevated nutrient levels affect 
the level of polyunsaturated fatty acids (PUFAs) and 
how will changes influence rotifer physiology (Kim 
et  al., 2014) and nutritional value (Coutinho et  al., 
2020; Schalicke et  al., 2020), and thus, ultimately 
altering trophic dynamics (Strandberg et  al., 2022)? 
(7) Is there a pattern to the rotifer microbiome based 
on their trophic state (diet) (Turgay et al., 2020) and, 
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if so, what role does it play in such features as diges-
tion and stress tolerance (Eckert et al., 2021, 2022)? 
(8) How do rotifers produce and release bioactive 
metabolites (Stirewalt & Lewis, 1981; Gao, et  al., 
2019; Datki et  al., 2021; Datki & Sinka 2022) and 
unpalatability chemicals (Felix et  al., 1995; Walsh 
et al., 2006; Wallace et al., 2023)? (9) How does colo-
niality affect growth, respiration, and behavior (Wal-
lace, 1987; Garcia, 2004)? (10) What are the dynam-
ics of infection by viruses, fungi, and sporozoans 
(Wallace et al., 2015)? (11) How do parasitic rotifers 
evade immune responses from their host (Rees, 
1960)?

Opportunities

Several research teams are making good progress in 
investigating the questions noted above, but applying 
emerging techniques will no doubt yield additional 
insights. For example, polymeric nanoparticles can be 
used as chemical delivery systems to bring bioactive 
materials into rotifers, thereby bypassing the crude 
methods of culturing or bathing animals in solutions 
of the target chemical (Begines et al., 2020). Despite 
challenges of the glycocalyx on the cell surface (D. 
Light, pers. commun.), it may be possible to perform 
patch clamps (see above) on rotifer organs to study 
ion channel physiology in tissues. The study of cel-
lular senescence (e.g., cessation of cell division) may 
be possible using immunohistochemistry (Gonzalez-
Gualda et al., 2021).

Life history, including sexuality, development, 
and aging

Ex ovo omnia (Everything from an egg)—W. 
Harvey (Slack, 1999).

Indeed, it all starts with the egg—actually an 
embryo—and then what happens? In most rotifers 
there is minimal further development after hatching 
except for increase in body size (Fontaneto & Melone, 
2005); it is only in the sessile taxa where juveniles 
(larvae) do not resemble the adult (Hochberg et  al., 
2019). Once the adult state is achieved, reproduction 
begins, but across the phylum reproduction is compli-
cated (Wallace et  al., 2015); and it may or may not 
include sexuality as commonly considered (Serra & 

Snell, 2009). Aging proceeds at different rates among 
taxa and can be modified by diet or culture conditions 
(Snell et al., 2012; Snell, 2014). Each of these aspects 
of rotifer biology need to be considered through the 
lens of the life history of the species. Unfortunately, 
their study has not kept pace with advancements in 
other fields. The nature of their unique reproductive 
modes challenges application of traditional concepts 
such as biological species.

Challenges

Once again there is much to be learned, but the fol-
lowing questions are worthy of our consideration. (1) 
How is the mictic switch initiated in monogononts so 
that male embryos are produced rather than female 
embryos (Serra & Carmona, 1993; Gilbert, 2003; 
Schröder & Gilbert, 2004; Schröder et  al., 2007; 
Serra et al., 2011, 2004; Smith & Snell, 2012; Snell, 
2011, 2017; Snell et al., 2011)? (2) How is the switch 
from producing amictic, subitaneous embryos to pro-
ducing amictic, diapausing embryos (polyphenism) in 
Synchaeta pectinata Ehrenberg, 1832 regulated inter-
nally (Gilbert & Schreiber, 1998)? (3) How does the 
loss of sex arise and once lost, is the loss permanent 
(Serra & Snell, 2009; Pajdak-Stós et  al., 2014)? (4) 
How does embryonic development proceed across 
the phylum (Gilbert, 1989; Castellanos Paez et  al., 
1998; Boschetti et al., 2005) and how are non-genetic 
polymorphisms (e.g., polyphenisms, such as spines 
and body wall outgrowths) initiated (Riggs & Gil-
bert, 1972; Gilbert, 2016)? (5) How does coloniality 
affect growth and development: e.g., in Sinantherina 
socialis (Linnaeus, 1758) (Garcia, 2004)? (6) In some 
species trophi size and shape change after hatching, 
but not in others: how is that controlled (Fontaneto 
& Melone, 2005)? (7) Several questions on lifespan 
should be examined: do geographical strains vary in 
lifespan; how important are allelopathic effects from 
hydrophytes (Viveros-Legorreta et  al., 2022); what 
drugs are capable of extending lifespan; what is the 
relationship between the rotifer microbiome and lifes-
pan (Turgay et al., 2020; Eckert et al., 2021;) what is 
the optimal schedule of fasting to produce lifespan 
extension (Gribble & Mark Welch 2017; Snell et al., 
2015; Viveros-Legorreta et al., 2020)? (8) Additional 
research also is needed to confirm some unusual 
behaviors that have recently been described in Bra-
chionus calyciflorus Pallas, 1766: linear swimming 
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aggregation (Cheng et  al., 2021) and floating 
response to avoid predation by Asplanchna (Zhang 
et al., 2021a).

Opportunities

The study of development requires study of a 
diverse array of taxa. However, because their amic-
tic embryos are in near developmental lock step, both 
Lacinularia flosculosa (Müller, 1773) and S.  socia-
lis are good candidates for developmental studies 
(Champ & Pourriot, 1977; Wallace, 1980).

When compared to the abundance of studies in 
other microscopic taxa with similar life histories 
(e.g., Artemia, Daphnia), it is evident that rotifer-
ologists have much work to do. Even beyond micro-
crustaceans, there is a world of life history and aging 
research in many other taxa (including vertebrates) 
that can have applications to rotifers, including stud-
ies of senescence (Gonzalez-Gualda et  al., 2021). 
Answers to the questions posed above may have 
applications both in using rotifers as ecological sen-
tinels, and for addressing, themes with applications 
across organisms such as the relation between diet, 
longevity, and reproduction.

Ecological responses to stresses

All nature is linked together by invisible 
bonds—G.P. Marsh (1864)

Studying how rotifer populations respond through 
time to changes in prevailing conditions provides 
insight into ecological processes governing commu-
nity development (Kuczyńska-Kippen & Basińska, 
2014; May & Wallace, 2019). Such research gives 
context to understanding how communities respond 
to periodic natural changes. But while these inves-
tigations have remained a substantial focus in roti-
fer research, ecological research has expanded to 
include studies where natural communities have been 
impacted by anthropogenic stressors, chiefly climate 
change (Obertegger & Flaim, 2021). In lakes the 
array of topics includes trophic mismatch (Winder 
& Schindler, 2004), and natural (Weithof, 2005) and 
artificial (Gonzalez & Frost, 1994) stresses from 
acid or changes in salinity (Halse et  al., 1998; Tif-
fany et  al., 2002). In experimental work topics have 

included studies of temperature tolerance (Saucedo-
Ríos et al., 2017) and effects of heavy metals (Garza-
León et  al., 2021), organics (Arnold et  al., 2010; 
Han et  al., 2016; Rivera-Davila et  al., 2022), and 
nanoparticle microplastics (Shin & Jeong, 2022; Sui 
et  al., 2022), as well as combinatorial effects (Kim 
et al., 2022; Ríos-Arana et al., 2005). Exploration of 
these topics also should include the study of psammic 
(interstitial) habitats in lakes (Ejsmont-Karabin & 
Karpowicz, 2021), humic waters (bogs) (Bielańska-
Grajner et  al., 2017; Ejsmont-Karabin et  al., 2020), 
and marine systems (Fontaneto et  al., 2006), as 
well as terrestrial (Devetter et  al., 2017) and bog 
soils (Błędzki & Ellison, 2002). Thus, understand-
ing rotifer responses to stress have advanced along 
two avenues of investigations: long-term field stud-
ies and experiments assessing effects of toxic agents 
(Kang et al., 2020). Also, the recent call for the use 
of multi-omics in assessing aquatic ecotoxicology 
should prove useful (Nam et  al., 2022). In general, 
ecotoxicological studies have done much to advance 
our understanding of the physiological responses of 
rotifers to toxic agents (Park et al., 2020, 2022; Shin 
& Jeong, 2022). One important knowledge gap that 
has not been fully explored is that responses to toxins 
may vary among species (Rico-Martínez et al., 2016; 
Pérez-Legaspi & Rico-Martínez, 2001). Yet, with this 
information we may be better able to identify field 
sites at risk from specific toxins or their combinations 
(Escher et al., 2020).

Challenges

While costly and difficult to maintain, more long-
term field studies on rotifer population dynamics and 
community structure are needed (May & Wallace, 
2019; Powers et al., 2022). Questions that require our 
immediate attention include the following. (1) How 
do seasonal changes in various waterbodies influence 
food web networks (e.g.,  intraguild predation and 
the microbial loop)? Variations in waterbodies could 
include size differences, permanent v. temporary 
basins, and habitats that range from ultra-oligotrophic 
to hypereutrophic conditions (Obertegger et  al., 
2011). (2) How often do compensatory dynamics in 
rotifers occur and, in those events, how many spe-
cies can be deemed to be fungible (i.e., performing 
similar ecological functions) (Fischer et al., 2001)? Is 
fungibility located within the same taxonomic units 
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(e.g., families and genera) (Vinebrooke et al., 2003)? 
Does fungibility correlate with phenotypic traits such 
as trophi structure or life history strategies such as 
reproductive strategy (cyclical parthenogenesis; per-
manent asexuality; etc.) (Obertegger et  al., 2011)? 
(3) When a perturbation to a habitat is followed by 
a return to starting conditions, do rotifer populations 
follow hysteretic or non-hysteretic patterns in com-
munity composition (Frost et  al., 2006)? Attention 
should be given to changes exhibiting non-canonical 
trophic cascading (Reissig et al., 2004).

Opportunities

The use of aquaculture offers promising alternatives 
avoid the difficulties and costs associated with long-
term ecological studies of natural habitats. This rich 
discipline has already provided an immense contribu-
tion to our understanding of rotifer biology including 
food requirements, population growth, and dormancy 
of resting eggs under a wide variety of conditions 
(Lubzens et  al., 1989, 1993; García-Roger et  al., 
2019; Rozema et al., 2019). Thus, utilizing the well-
established methodologies of aquaculture a variety of 
ecological questions can be addressed. While small 
systems have been used (e.g., 2  L systems; Lem-
men et al., (2021)), we suggest using a multifactorial 
design with larger volumes (≥ 1000 L), which would 
presumably mimic natural systems more reliably 
(Zhang et al., 2021b). An area for improvement is to 
increase the diversity of rotifer taxa used in aquacul-
ture to expand findings and benefits beyond the cur-
rent handful of species (mostly Brachionus).

Network graph analysis may be a valuable way to 
analyze changes in community structure, specifically 
details of interspecific relationships across a wide 
array of habitats (Gozdziejewska & Kruk, 2022). 
These concepts may be investigated using 3-D food 
web imaging (Yoon et  al., 2005), application of the 
Minimum Microbial Food Web model (Prowe et al., 
2022), and using computer program that calculates 
indices of diet variation based on network theory 
(Araújo et  al., 2008). Studying effects of stress on 
community dynamics by manipulating edaphic condi-
tions in micro- and mesocosms will likely prove use-
ful (Sanderson et  al., 2009). Such studies have been 
done in which vessels are seeded with a community 
comprising various species (Dickerson & Robinson, 
1985; Robinson & Dickerson, 1987). This concept 

could be extended into benthic experiments using a 
series of small vessels with sterile glass beads of dif-
ferent sizes set in an R x C factorial design in which 
physical and chemical conditions are varied. Unfor-
tunately, these kinds of experiments use destruc-
tive sampling and are labor intensive. However, they 
could be made less labor intensive using automated 
systems that process images and use visual recog-
nition programs to identify the species (Orenstein 
et al., 2022). Thus, in the type of systems we describe 
above, it might be possible to use a pump that gently 
removes fluid from the microcosm, passes it through 
and automated visualization system, and then returns 
it to the vessel. This would eliminate destructive 
sampling and decrease time to assess community 
constituents.

Biogeography and distribution of cryptic species

“Alles is overal: maar het milieu selecteert” 
(Everything is everywhere: but the environment 

selects) —Baas Becking (de Wit and Bouvier, 
2006)

Rotifers have fascinated microscopists since they 
were first described in the late 17th Century (Wal-
lace et al., 2006). Much research since then has been 
devoted to species descriptions and recording their 
presence in specific habitats. This was necessary and 
valuable; it still is. The results of early research led 
Rousselet (1909) to the conclusion that rotifers have 
no biogeography, but are distributed everywhere (i.e., 
cosmopolitanism). However, if they do have a bio-
geography then we ought to see, within their genetic 
systems, evidence of isolation by distance (IBD) and, 
if not, evidence supporting the Baas Becking hypoth-
esis (BBH, noted above) should be evident (Liang 
et al., 2021). These hypotheses present a binary situ-
ation, but emerging science offers a different model 
(Artois et  al., 2011). Over time, any species will 
disperse everywhere and depending on the local 
conditions upon arrival it may survive to colonize 
a habitat  (Rivas et  al., 2018). Then with each pass-
ing generation the population will evolve becoming 
more closely adapted to the habitat (i.e., vicariance) 
(De Meester et al., 2016; Brown et al., 2022). If mor-
phological changes do not keep pace with genetic 
changes that lead to incipient reproductive isolation, 
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the result will be cryptic species (Jezkova et  al., 
2022a). Yet as habitats change due to forces small and 
large (e.g., climate change), evolutionary pressures 
may not be constant, and the endpoint of habitat colo-
nization may more closely resemble an evolutionary 
waltz than a static situation.

Challenges

There are several issues to be resolved regarding roti-
fer distribution. (1) Rotifers may disperse by anemo-
chory, hydrochory, and zoochory, but on a global 
scale we do not know the relative importance of each 
(Brown et  al., 2022). Moreover, the relative impor-
tance of each of these dispersal agents vary globally: 
anemochory may dominate in aridlands, hydrochory 
in flowing water and where flooding is prevalent, and 
zoochory in habitats frequented by migrating water-
fowl. (2) Also, we do not understand how quickly 
vicariance will allow a colonist to become perma-
nently established and whether or nor not models 
focusing solely on one method of dispersal are suffi-
cient to explain cryptic speciation (Mills et al., 2017). 
(3) Most biogeographical research focuses on easily 
accessed habitats: i.e., lakes, ponds, and rivers. Thus, 
study of poorly know habitats not usually included in 
surveys may provide additional insights; these would 
include cryoconite holes (Grøngaard et al., 1999), ice 
fields (Shain et al., 2016), and shallow pools that can 
form in alpine fellfields, desert playas (Rivas Jr. et al., 
2019), rock pools (Schröder et  al., 2007), aerobic 
sewage systems (Nogrady, 1982), subterranean waters 
(Pejler, 1995), and artificial container habitats such 
as birdbaths (Örstan 2022). (4) We also need to know 
more about differences in life history characteristics 
within cryptic species complexes (Zhang et al., 2019).

Opportunities

Sampling techniques adopted from the study of wind-
driven dust have been used to successfully study 
rotifers and other biota travelling via anemochory 
(Fontaneto, 2019; Rivas Jr. et al., 2019). Hydrochory 
is well-documented from a variety of biogeographic 
realms (Segers et al., 2004; Bertani et al., 2010; Mar-
tins et  al., 2020), but most studies sample from a 
few permanent stations. We suggest that Lagrangian 
sampling (Scherwass et  al., 2010) be used and that 
besides examining community composition, data on 

both morphometrics and genetic composition be col-
lected. Zoochory has been implicated in rotifer dis-
persal by elephants (Vanschoenwinkel et  al., 2011), 
wild boar (Vanschoenwinkel et  al., 2008), birds (de 
Morais Jr. et  al., 2019), and fishes (Battauz et  al., 
2015), but in our estimation, it is an understudied dis-
persal mechanism. Assessing the relative contribution 
of these dispersal mechanisms in varied of habitats 
worldwide cannot easily be addressed by individual 
researchers, or even those comprising a specific labo-
ratory. Thus, more collaborative work by researchers 
from across the globe is needed: e.g., (Cakil et  al., 
2021). We believe that purpose-driven, coalitions 
among many laboratories could develop specific pro-
jects (see also Challenges #9 and 10).

Analysis of rotiferan morphospace

The variation and diversity of shapes in nature 
is a central focus of both evolutionary and 

developmental biologists—Moulton and Gori-
ely (2020)

Rotifers exhibit an extraordinary array of shapes 
and appended features (Wallace et  al., 2015). How-
ever, our understanding of this diversity is incom-
plete; we need to take steps to “explore the inter-
section of geometric morphometrics and functional 
morphology” (Cooke & Terhune, 2015). One way to 
do that is to evaluate rotiferan structures using anthro-
pogenic analogs. Here we suggest three topics whose 
study could improve our understanding of rotifer 
diversity by examining their mechanics. These topics 
are (1) jointed appendages as lever-arm systems, (2) 
trophi as class-3 levers, and (3) body shape of loricate 
species. Analyzing the first two of these involves the 
mechanics of complex lever-arm systems, while that 
of the third necessitates understanding of the architec-
tural basis of durable buildings. These are only three 
traits that have a functional significance to rotifers; 
other should be explored. Analytical approaches like 
machine learning may improve understanding of 
rotiferan morphospace (Orenstein et al., 2022).

Challenge: jointed lever‑arm appendages.

Several types of articulating elements are seen in 
rotifers. These include (1) the spines in Brachionus 
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that act as foils fending off predators (Gilbert, 1967), 
(2) the arms and paddles that in Hexarthra and Pol-
yarthra permit rapid jumps to escape predators 
(Allen, 1968; Gilbert 1985; Hochberg & Ablak Gur-
buz, 2008), and (3) a long foot with toes in Scaridium 
(Segers, 1995). Mechanically these systems are prob-
ably all class-3 lever arms; effort moving the lever-
arm is applied between the fulcrum and the load. 
The first two examples (spines and arms/paddles) 
are 1-bar lever-arm systems; the third is a 3-bar sys-
tem. While we understand something of the dynam-
ics of the first two, little is known of the mechanics 
of rotifers possessing a long foot with toes (i.e., spe-
cies in Beauchampiella, Cephalodella, Monommata, 
Scaridium, and Trichocerca). While these 3-bar lever 
arms are at least 4–5 orders of magnitude smaller 
those of human invention, they may be studied using 
appropriate mechanical equations.

Opportunities

Comprehending the musculature of rotifers will aid in 
our understanding of rotiferan behaviors (Hochberg & 
Litvaitis, 2000; Hochberg et al., 2010) and their evo-
lutionary ground pattern (Sørensen, 2005; Riemann 
et al., 2008; Leasi & Ricci, 2010), as well as the evo-
lution within taxonomic groups including, for exam-
ple, Proalidae (Wilts et  al., 2009; Wilts & Ahlrichs, 
2010) and Scaridiidae (Segers, 1996).

Challenge: mechanics of trophi.

Interest in the structure and function of rotifer trophi 
has led to insights into a variety of topics including 
community structure (Obertegger et al., 2011), feed-
ing dynamics (Salt et al., 1978), identification of spe-
cies (Obertegger et  al., 2006), ontogeny (De Smet 
& Segers, 2017), and phylogeny (Wilts et al., 2010). 
However, a relatively unexplored topic is mechanics 
of trophi movement. Rotifer trophi resemble forceps 
(Wallace et  al., 2006). In their simplest form, such 
as the incudate trophi of Asplanchna, the mechanical 
system is that of a class-3 lever: the effort is applied 
between the load and the fulcrum. However, trophi 
can be much more complex, such as cardate trophi 
of Lindiidae (Nogrady & Segers, 2002) and forci-
pate trophi in the Dicranophoridae (e.g., Encentrum, 
Dicranophorus, Paradicranophorus, and Wierze-
jskiella) (De Smet &d Pourriot, 1997). Also, while 

the trophi of most species are symmetrical, some spe-
cies exhibit asymmetry in one or more elements; this 
can range from moderately asymmetrical in Cepha-
lodella changdensis Wei, Jersabek & Yang,  2020 
to pronounced asymmetry, as in Trichocerca kostei 
Segers, 1993. With nine major parts, the mechanics 
of rotifer trophi will be more difficult to understand 
than the jaws of vertebrates. In the latter, functional 
divergence appears to follow a constrained, level 
model (Singleton, 2004). Nevertheless, Finite Ele-
ment Analysis, a tool used in musculoskeletal biome-
chanics of vertebrates, may be helpful in exploring 
functionality in rotifer trophi (Nanova et al., 2017).

Opportunities

It may be possible to atomize the elements of even 
complex trophi and then analyze their movements 
separately, ultimately reconstructing mechanics 
of the entire structure. Such studies would rely on 
the rich literature of the jaws of modern and extinct 
invertebrates and vertebrates and, of course, for-
ceps, scissors, and certain types of catapults (Wroe 
et  al., 2008). Because the size differences between 
trophi and both artificial and natural systems is > 5 
orders of magnitude, and viscosity of their media is 
drastically different, we need to know whether the 
mechanics of rotifer jaws function in the same way 
as these analogs. While analysis of the musculature 
of rotifer trophi will be difficult, it may be possible 
to better understand their dietary preferences as Fer-
rara et al., (2011) have done for certain sharks. Using 
advanced technologies, it seems likely that measure-
ments can be obtained of their ability to resist wear 
by determining values of Hardness, i.e., resistance to 
surface deformation (H), or Scratch Hardness (Hs) 
and/or Young’s Modulus, i.e., structural elasticity (E) 
(Vogel 1988). These metrics, as well as analysis of 
bite force performance, across trophi type may pro-
vide insight into rotifer food preferences.

Challenge: Rotiferan lorica form.

Defensive mechanisms in rotifers against predators 
are well-known; these include behavioral (jumps in 
Hexarthra and Polyarthra), morphological (perma-
nent and inducible spines in Brachionus and Kera-
tella) and increased lorica thickness in Brachio-
nus (Yin et  al., 2017), and chemical (Sinantherina) 
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strategies. However, many loricate species have 
unique morphologies that resemble buildings. For 
example, most Keratella have architectural features 
called facet patterns that resemble, and appears to 
function as, geodesic domes. Species of Lecane, 
Lepadella, Notholca, and Ploesoma have archi-
tectures composed of elongate ridges and elevated 
domes are seen in Dipleuchlanis, Euchlanis, and Tri-
pleuchlanis. While Kusztby et al., (2023) explored the 
architecture of the facet patterns in Keratella, clearly 
much more remains to be investigated about the adap-
tive forms in rotifers.

Opportunities

An analysis of these architectural features could 
employ physical models, software applications such 
as SkyCiv© (skyciv.com) (Carigliano and Comino, 
2020) and/or rigorous mathematical analyses (Bar-
bieri et al., 2016; Lanzoni & Tarantino, 2020). Inves-
tigations of these features may lead to novel biomi-
metic advances.

Rotifer evolution within Gnathifera 
including Acanthocephala

Nothing in biology makes sense except in the 
light of evolution—T. Dobzhansky (1973)

Understanding rotifer evolution has improved 
over early attempts, but in spite of recent significant 
efforts, we still have not worked out the details of 
their phylogeny and there has yet to be a clear con-
sensus of the evolution of the major clades (Bininda-
Emonds, 2021; Mauer et al., 2021), nor why the dis-
tribution of morphospecies within rotiferan genera 
shows a strong hollow curve (Beres et al., 2005).

Challenges

The questions that we need to explore appear legion 
and range widely in scope. Following is a list of some 
outstanding issues. (1) We do not understand the 
relationship of rotifers to the rest of the jawed micro-
metazoans (the Gnathifera), nor do we understand 

the evolution leading to the parasitic specialization 
of Acanthocephala within Rotifera (sensu lato) (Clé-
ment, 1980; Garey et al., 1998; Melone et al., 1998; 
Near et al., 1998; Bininda-Emonds, 2021). (2) We do 
not understand how rotiferan life styles are controlled 
and whether specific traits evolve in a coordinate fash-
ion. (3) What are the evolutionary drivers and under-
lying genetic mechanisms that led to bdelloid rotifers 
losing capacity for archetypal sexual reproduction? 
(4) What were the evolutionary drivers that led to 
males with reduced size, including non-feeding dwarf 
males, in monogononts? (5) What selection pressures 
led to the sessile life style? (6) How did coloniality 
evolve once and then diversify or did in evolve mul-
tiple times across the phylum? (7) Is amphoterism 
(a female monogonont produces both diploid eggs 
by mitosis and haploid eggs by meiosis) ancestral or 
derived within the Rotifera?

With better appreciation of the topics posited 
above we can approach more specific questions 
about the phylum: these include the following. (1) 
Why have we not been able to resolve the phylogeny 
of many families (Sørensen, 2002; Sørensen & Gir-
ibet, 2006)? (2) How did the Ploima and Gnesiotro-
cha diversify? (3) Can we resolve the relationship 
between the Conochilidae and Ptygura and Collothe-
cidae v. Flosculariidae (Meksuwan et al., 2015)? (4) 
What features of rotifer genomes promote adaptation 
and speciation and what does it reveal about the archi-
tecture of animal genomes in general? Regardless of 
how these questions are approached we need to be 
cognizant that selection happens to the entire animal 
as it lives in its multidimensional world (White et al., 
2022) and that no phenotype can be optimized for all 
tasks: i.e., Pareto optimality (Szekely et  al., 2015; 
Tendler et al., 2015).

Opportunities

The use of total evidence —morphological and 
molecular—has been and undoubtedly will continue 
to be the best research strategy (Funch et  al., 2005; 
Sørensen & Giribet, 2006; Wilke et al., 2020). How-
ever, for that to be productive we need information 
on more genera in more families within all Rotifera 
(sensu lato).
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Educational opportunities for beginning students

“Le hazard ne favorise que les esprits pre-
pares” (Chance only favors prepared minds) 

—L. Pasteur (1854).

Pasteur had great insight when he noted that keen 
observations are made by people who, being thor-
oughly prepared by their education and experiences, 
are better equipped to see what remains hidden to oth-
ers. As scientists we ask: who prepares those minds 
and how is that preparation best accomplished?

Challenges

It is obvious to even the most casual observer that a 
simple search on the Internet using the search term 
“rotifer” yields a number of ‘hits’ that is truly astound-
ing. These hits include posts from Wikipedia, ency-
clopedias, dictionaries, and other educational venues, 
personal websites, advertisements for sundry products 
(including books, resting eggs, rotifer food, and toys), 
images (both line art and photomicrographs), and vid-
eos. Some of the art has been copied from proprietary 
publications with minor modifications. While some 
of the images range from poor to adequate in quality, 
others are excellent. Unfortunately, many of the taxa 
depicted are not identified. There are also a several 
Internet sites that provide informative text, although a 
few that we have reviewed use outdated terminology 
or incorrect taxonomy. We believe that this sort of 
‘citizen science education’ is, on the whole, a positive 
phenomenon. This is especially important because it 
is the easiest and least expensive way for many begin-
ning students to gain knowledge. However, there are 
troubling issues with the Internet as an educational 
medium. (1) It is a forum with no significant correc-
tive filter to challenge errors, nor is that process easy. 
(2) Some sites are not kept up to date and there is a no 
consistent educational platform covering general roti-
fer biology. (3) In many cases specialized knowledge 
is required to initiate even a basic search; existence of 
these microscopic metazoans is far less well-known 
than that of more visible charismatic megafauna. Yet, 
in this chaos there is opportunity for us to advance the 
study of rotifers.

Opportunities

Many years ago, Henri Dumont and his colleagues 
ran extensive workshops on the taxonomy of fresh-
water zooplankton (including rotifers), but to our 
knowledge these intensive introductory practicums 
have not been offer for nearly 30  years. However, 
some laboratories have endeavored to fill this void. 
For example, (1) short courses that focus on a variety 
of topics in aquatic ecology including rotifers have 
been held at the Universidad Nacional Autónoma de 
México in Mexico City, (2) intensive studies have 
been run on specialize topics such as a workshop on 
the Brachionus plicatilis Müller, 1786 species com-
plex (Wallace et  al., 2014), and (3) workshops also 
have been held at each of the IRS meetings (Wal-
lace et  al., 2013). However, these educational ven-
ues often do not meet the criteria of being easy to 
attend and low cost. However, operating introductory 
practicums are difficult. They would have to be held 
in a convenient place and external funding would be 
needed for them to be successful. But another educa-
tional opportunity already exists. Since late in 2021, 
an electronic venue—the Virtual Rotifer Collabo-
ratorium© (VRC)—has been offered to students of 
rotifers worldwide online. While the attendance has 
been modest (15–30), VRC meeting show promise as 
a potential alternative educational platform. As of this 
writing > 12 VRC meetings have been held covering a 
variety of advanced topics including: predatory-prey 
relationships, community development, and biochem-
istry (see announcements in Rotifer News: URL noted 
below). Finally, we advocate that researchers record 
their careers and that of their colleagues in a conveni-
ent place to provide records for historians to chronicle 
our history (Wallace et al., 2006).

Fostering international collaboration

[People] work together, I told him from the 
heart, Whether they work together or apart—R. 

Frost (1915)

Just as the Internet can be employed to educate the 
next-generation of rotiferologists, it also should be 
used with more effect to advance rotifer research on 
a global scale by making fruitful connections among 
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independent researchers and groups. As noted above, 
we envision improved data sharing, better analysis 
of complex datasets, and ultimately more collabo-
rative publication. Of course, alliances have been 
made throughout the history of scientific research 
and certainly partnerships have been becoming more 
common among rotiferologists. Now the Internet 
permits rapid and direct contact, but the question is: 
how can we make data sharing advantageous to all 
researchers?

Challenges

We acknowledge three serious impediments to data 
sharing. (1) Since the start of the scientific revolution, 
reputation and career advancement has been linked 
to publication. Thus, sharing data exposes research-
ers to potentially losing priority in publication; this 
could make researchers reluctant to share their data 
without tangible recompense. (2) Some funding agen-
cies require that when the research they fund is pub-
lished, it is to be made available electronically as an 
open access version. Yet, this requirement is not uni-
form, nor is it always required that the dataset used 
be provided. Also, because the process of bringing 
a manuscript to publication is costly, many journals 
require a fee for open access, including access to sup-
plemental datasets. This cost is beyond the capacity 
for many researchers. (3) The format in which the 
data are stored must meet the basic requirements of 
being easy to locate on the Internet and accessible by 
older generation computers.

Opportunities

What can be done? First, we should not underesti-
mate the power of collaboration, especially when it 
includes interdisciplinary research. To expedite those 
elements of our scholarship we need to work towards 
establishing a research ‘commons.’ That is, a venue 
where data may be easily and openly shared. It may 
be possible to model this by emulating three models 
that already function in that regard. (1) Rotifer News 
began in the mid-1970s in print form as a newslet-
ter. After many years it ceased printing, but it was 
restarted on-line form (https://​sitios.​iztac​ala.​unam.​
mx/​rotif​ernews/). (NB: Rotifer News also provides a 
list of recent publications on rotifers, short biogra-
phies, and brief synopses of research.) (2) A similar 

model is The Rotifer World Catalog (http://​rotif​era.​
hausd​ernat​ur.​at) (Jersabek and Leitner, 2013). (3) One 
organization that provides a more extensive model is 
the Global Lake Ecological Observatory Network 
(GLEON), a grass roots organization that encourages 
data sharing about inland waters (https://​gleon.​org). 
We do not suggest that these are the only methods of 
database archiving and sharing data (e.g., GenBank, 
FlyBase, WormBase). However, they do provide tan-
gible models from which others may develop. Also 
new strategies for data mining should be created. 
A recent development that will aid in the searching 
genetic databases for rotifers is RotiferMiner, which 
was developed at the University of Texas El Paso and 
presented at the International Rotifer Symposium 
XVI.

 Conclusions

We have joined the caravan, you might say, 
at a certain point; we will travel as far as we 

can, but we cannot in a lifetime see all that we 
would like to see or learn all that we hunger to 

know—(L. Eiseley 1957)

Rotiferology began with the observations of van 
Leeuwenhoek and Harris late in the seventeenth cen-
tury (Harris, 1695; Dobell, 1958; Ratcliff, 2000) and 
since then, study of rotifers has been instructive for 
the biological sciences in many ways, as we have 
reviewed here. Indeed, what we have collectively wit-
nessed since the first congress in 1976 has been excit-
ing and we predict even greater insights being pro-
duced in the coming years. However, it is clear that 
rotiferology has not yet reached the zenith. To do so 
the discipline must move beyond a focus on species 
in the B. calyciflorus and B. plicatilis species com-
plexes—the so-called white mice of rotiferologists. 
While their study has been instrumental in advanc-
ing our understanding of the phylum and, no doubt, 
will continue to do so, the diversity of rotifer biology 
should summon a wider research agenda. Thus, work 
on other species should be privileged. Indeed, the 
past few IRS illustrate that expansion. Thus, we sug-
gest that the taxonomic scope of the species studied 
be expanded, more novel environments be explored, 
and that scientific questions be undertaken with a 
wider interdisciplinary curiosity.

https://sitios.iztacala.unam.mx/rotifernews/
https://sitios.iztacala.unam.mx/rotifernews/
http://rotifera.hausdernatur.at
http://rotifera.hausdernatur.at
https://gleon.org
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We regret that however inclusive we attempted to 
be in this review, due to space limitation, we could 
not provide exhaustive coverage of several topics, 
thus, some topics are underserved in our review. 
However, recognizing that rotiferology continuously 
build upon itself, and each new discovery may herald 
new hypotheses to test, we conclude that the future of 
rotifer research is bright: many opportunities remain 
to be explored.

Acknowledgements  We acknowledge with great respect our 
mentors, numerous colleagues, and students who have chal-
lenged us to think about rotifer biology in novel ways. We 
thank Dr. E. Lubzens for her comments on the topic of roti-
fer development and Drs. B.E. Sisson, H.A. Uyhelji, and two 
anonymous reviewers who read and improved this manuscript. 
This project was funded by the National Science Foundation 
(DEB 2051684 [RH], DEB 2051704 [EJW], DEB 2051710 
[RLW] and the Ripon College SOAR program [RLW].

References

Allen, A. A., 1968. Morphology of the planktonic rotifer Poly-
athra vulgaris. Transactions of the American Microscop-
ical Society 87(1): 60–69. https://​doi.​org/​10.​2307/​32243​
38.

Annecchino, L. A. & S. R. Schultz, 2018. Progress in automat-
ing patch clamp cellular physiology. Brain and Neurosci-
ence Advances 2: 1–16. https://​doi.​org/​10.​1177/​23982​
12818​776561.

Araújo, M. S., P. R. S. Guimaraes Jr. & R., A. Pinheiro, P. Gui-
marães, S. F. D. Reis & D. I. Bolnick, 2008. Network 
analysis reveals contrasting effects of intraspecific com-
petition on individual vs population diets. Ecology 89(7): 
1981–1993. https://​doi.​org/​10.​1890/​07-​0630.1.

Arnold, W. R., R. L. Diamond & D. S. Smith, 2010. The effects 
of salinity, pH, and dissolved organic matter on acute 
copper toxicity to the rotifer, Brachionus plicatilis (“L” 
strain). Archives of Environmental Contamination and 
Toxicology 59(2): 225–234.

Artois, T., D. Fontaneto, W. D. Hummon, S. J. McInnes, M. A. 
Todaro, M. V. Sørensen & A. Zullini, 2011. Ubiquity of 
microscopic animals? Evidence from the morphological 
approach in species identification. In Fontaneto, D. (ed), 
Biogeography of Microscopic Organisms: Is Everything 
Small Everywhere? Cambridge University Press, Cam-
bridge: 244–283.

Barbieri, N., R. D. Machado, L. S. V. Barbieri, K. F. Lima 
& D. Rossot, 2016. Dynamic behavior of the geodesic 
dome joints. International Journal of Computer Applica-
tions 140(6): 40–44.

Battauz, Y. S., S. B. José de Paggi & J. C. Paggi, 2015. 
Endozoochory by an ilyophagous fish in the Paraná 
River floodplain: a window for zooplankton dispersal. 

Hydrobiologia 755(1): 161–171. https://​doi.​org/​10.​1007/​
s10750-​015-​2230-4.

Begines, B., T. Ortiz, M. Perez-Aranda, G. Martinez, M. Mer-
inero, F. Arguelles-Arias & A. Alcudia, 2020. Polymeric 
nanoparticles for drug delivery: Recent developments 
and future prospects. Nanomaterials. https://​doi.​org/​10.​
3390/​nano1​00714​03.

Bekkouche, N. & K. Worsaae, 2016. Nervous system and cil-
iary structures of Micrognathozoa (Gnathifera): evolu-
tionary insight from an early branch in Spiralia. Royal 
Society Open Science 3(10): 160289. https://​doi.​org/​
10.​1098/​rsos.​160289.

Bentley, B., R. Branicky, C. L. Barnes, Y. L. Chew, E. Yem-
ini, E. T. Bullmore, P. E. Vértes & W. R. Schafer, 2016. 
The multilayer connectome of Caenorhabditis elegans. 
PLoS Computational Biology 12(12): 1005283. https://​
doi.​org/​10.​1371/​journ​al.​pcbi.​10052​83.

Beres, K. A., R. L. Wallace & H. H. Segers, 2005. Rotifers 
and Hubbell’s unified neutral theory of biodiversity 
and biogeography. Natural Resource Modeling 18(3): 
363–367. https://​doi.​org/​10.​1111/j.​1939-​7445.​2005.​
tb001​63.x.

Bertani, I., H. Segers & G. Rossetti, 2010. Biodiversity down 
by the flow: new records of monogonont rotifers for Italy 
found in the Po River. Journal of Limnology 69(2): 321–
328. https://​doi.​org/​10.​3274/​JL11-​70-2-​N3.

Bevington, D., C. White & R. L. Wallace, 1995. Predatory 
behaviors of Cupelopagis vorax (Rotifera, Collothecacea; 
Atrochidae) on protozoan prey. Hydrobiologia 313(314): 
213–217. https://​doi.​org/​10.​1007/​BF000​25953.

Bielańska-Grajner, I., T. Mieczan & A. Cieplok, 2017. Ecology 
of moss-dwelling rotifers in a raised bog: Differentiation 
of rotifer communities in microhabitats. Biologia 72(2): 
175–183. https://​doi.​org/​10.​1515/​biolog-​2017-​0014.

Bininda-Emonds, O. R. P., 2021. 18S rRNA variability maps 
reveal three highly divergent, conserved motifs within 
Rotifera. BMC Ecology and Evolution 21(1): 118. 
https://​doi.​org/​10.​1186/​s12862-​021-​01845-2.

Błędzki, L. A. & A. M. Ellison, 2002. Nutrient regeneration by 
rotifers in New England (US) bogs. Verhandlungen Inter-
nationale Vereinigung Limnologie 28: 1328–1331.

Boschetti, C., A. Carr, A. Crisp, I. Eyres, Y. Wang-Koh, E. 
Lubzens, T. G. Barraclough, G. Micklem & A. Tunna-
cliffe, 2012. Biochemical diversification through for-
eign gene expression in bdelloid rotifers. PLoS Genetics 
8(11): e1003035.

Boschetti, C., C. Ricci, C. Sotgia & U. Fascio, 2005. The devel-
opment of a bdelloid egg: a contribution after 100 years. 
Hydrobiologia 546: 323–331.

Brown, P. D., T. Schröder, J. V. Rios-Arana, R. Rico-Mar-
tinez, M. Silva-Briano, R. L. Wallace & E. J. Walsh, 
2022. Processes contributing to rotifer community 
assembly in shallow, temporary aridland waters. Hyd-
robiologia 849: 3719–3735. https://​doi.​org/​10.​1007/​
s10750-​022-​04842-8.

Cakil, Z. V., G. Garlasché, N. Iakovenko, A. Di Cesare, 
E. M. Eckert, R. Guidetti, L. Hamdan, K. Janko, D. 
Lukashanets, L. Rebecchi, S. Schiaparelli, T. Sforzi, E. 
Š Kašparová, A. Velasco-Castrillón, E. J. Walsh & D. 
Fontaneto, 2021. Comparative phylogeography reveals 
consistently shallow genetic diversity in a mitochondrial 

https://doi.org/10.2307/3224338
https://doi.org/10.2307/3224338
https://doi.org/10.1177/2398212818776561
https://doi.org/10.1177/2398212818776561
https://doi.org/10.1890/07-0630.1
https://doi.org/10.1007/s10750-015-2230-4
https://doi.org/10.1007/s10750-015-2230-4
https://doi.org/10.3390/nano10071403
https://doi.org/10.3390/nano10071403
https://doi.org/10.1098/rsos.160289
https://doi.org/10.1098/rsos.160289
https://doi.org/10.1371/journal.pcbi.1005283
https://doi.org/10.1371/journal.pcbi.1005283
https://doi.org/10.1111/j.1939-7445.2005.tb00163.x
https://doi.org/10.1111/j.1939-7445.2005.tb00163.x
https://doi.org/10.3274/JL11-70-2-N3
https://doi.org/10.1007/BF00025953
https://doi.org/10.1515/biolog-2017-0014
https://doi.org/10.1186/s12862-021-01845-2
https://doi.org/10.1007/s10750-022-04842-8
https://doi.org/10.1007/s10750-022-04842-8


Hydrobiologia	

1 3
Vol.: (0123456789)

marker in Antarctic bdelloid rotifers. Journal of Bioge-
ography 48(7): 1797–1809. https://​doi.​org/​10.​1111/​jbi.​
14116.

Carigliano, S. & P. Comino, 2020. SkyCiv Cloud Engineer-
ing Software. https://​skyciv.​com/​struc​tural-​softw​are/​edn. 
SkyCiv Engineering.

Castellanos Paez, M. E., H. Kurokura & S. Kasahara, 1998. 
Embryonic development of amictic eggs of a rotifer Bra-
chionus plicatilis. Journal of the Faculty of Applied Bio-
logical Science 27: 93–99.

Champ, P. & R. Pourriot, 1977. Particularities biologiques et 
ecologiques du Rotifere Sinantherina socialis (Linne). 
Hydrobiologia 55(1): 55–64. https://​doi.​org/​10.​1007/​
BF000​34805.

Cheng, S. H., H. Y. Zhang, M. Y. Zhu, L. M. Zhou, G. H. Yi, 
X. W. He, J. Y. Wu, J. L. Sui, H. Wu, S. J. Yan & Y. X. 
Zhang, 2021. Observations of linear aggregation behav-
ior in rotifers (Brachionus calyciflorus). PLoS ONE 
16(8): 0256387. https://​doi.​org/​10.​1371/​journ​al.​pone.​
02563​87.​g001.

Chung, S. H. & E. Mazur, 2009. Femtosecond laser ablation 
of neurons in C. elegans for behavioral studies. Applied 
Physics A 96(2): 335–341. https://​doi.​org/​10.​1007/​
s00339-​009-​5201-7.

Clément, P., 1980. Phylogenetic relationships of rotifers, as 
derived from photoreceptor morphology and other ultras-
tructural analyses. Hydrobiologia 73: 93–117. https://​doi.​
org/​10.​1007/​BF000​19432.

Clément, P., 1987. Movements in rotifers: correlations of ultra-
structure and behavior. Hydrobiologia 147: 339–359.

Clément, P., J. Amsellem, A.-M. Cornillac, A. Luciani & 
C. Ricci, 1980. An ultrastructural approach to feeding 
behavior in Philodina roseola and Brachionus calyciflo-
rus (rotifers). Hydrobiologia 73: 127–131. https://​doi.​
org/​10.​1007/​BF000​19437.

Clément, P. & E. Wurdak, 1991. Rotifera. In Harrison, F. W. 
& E. E. Ruppert (eds), Microscopic Anatomy of Inver-
tebrates, Vol. 4. Wiley-Liss Inc, New York: 219–297. 
Aschelminthes.

Clement, P., E. Wurdak & J. Amsellem, 1983. Behavior and 
ultrastructure of sensory organs in rotifers. Hydrobio-
logia 104: 89–130. https://​doi.​org/​10.​1007/​BF000​45957.

Colangeli, P., U. E. Schlägel, U. Obertegger, J. S. Petermann, 
R. Tiedemann & G. Weithoff, 2019. Negative phototactic 
response to UVR in three cosmopolitan rotifers: a video 
analysis approach. Hydrobiologia 844: 43–54. https://​doi.​
org/​10.​1007/​s10750-​018-​3801-y.

Cooke, S. B. & C. E. Terhune, 2015. Form, function, and geo-
metric morphometrics. The Anatomical Record 298(1): 
5–28. https://​doi.​org/​10.​1002/​ar.​23065.

Coutinho, P., M. Ferreira, I. Freire & A. Otero, 2020. Enriching 
rotifers with “Premium” microalgae: Rhodomonas lens. 
Marine Biotechnology 22(1): 118–129. https://​doi.​org/​
10.​1007/​s10126-​019-​09936-4.

Datki, Z., E. Acs, E. Balazs, T. Sovany, I. Csoka, K. Zsuga, 
J. Kalman & Z. Galik-Olah, 2021. Exogenic production 
of bioactive filamentous biopolymer by monogonant 
rotifers. Ecotoxicology and Environmental Safety 208: 
111666. https://​doi.​org/​10.​1016/j.​ecoenv.​2020.​111666.

Datki, Z. & R. Sinka, 2022. Translational biomedicine-ori-
ented exploratory research on bioactive rotifer-specific 

biopolymers. Advances in Clinical and Experimental 
Medicine 31(9): 931–935. https://​doi.​org/​10.​17219/​
acem/​152430.

De Meester, L., J. Vanoverbeke, L. J. Kilsdonk & M. C. Urban, 
2016. Evolving perspectives on monopolization and pri-
ority effects. Trends in Ecology & Evolution 31(2): 136–
146. https://​doi.​org/​10.​1016/j.​tree.​2015.​12.​009.

de Morais Jr., C. S., M. de Melo Jr., T. Gonçalves-Souza & 
R. M. de Lyra-Neves, 2019. Zoochory of zooplankton: 
seasonality and bird morphological diversity can influ-
ence metacommunity dynamics of temporary ponds. 
Journal of Plankton Research 41(4): 465–477. https://​
doi.​org/​10.​1093/​plankt/​fbz028.

De Smet, W. H. & R. Pourriot, 1997. Rotifera: The Dicrano-
phoridae (Monogononta) and: The Ituridae (Monogon-
onta), SPB Academic Publishing, Amsterdam.

De Smet, W. H. & H. Segers, 2017. Ontogeny of the jaws of 
monogonont rotifers: the malleate trophi of Rhinoglena 
and Proalides (Ploima, Epiphanidae). Invertebrate 
Biology 136(4): 422–440. https://​doi.​org/​10.​1111/​ivb.​
12196.

de Wit, R. & T. Bouvier, 2006. ‘Everything is everywhere, but, 
the environment selects’; what did Baas Becking and 
Beijerinck really say? Environmental Microbiology 8(4): 
755–758. https://​doi.​org/​10.​1111/j.​1462-​2920.​2006.​
01017.x.

Debortoli, N., X. Li, I. Eyres, D. Fontaneto, B. Hespeels, C. 
Q. Tang, J. F. Flot & K. Van Doninck, 2016. Genetic 
exchange among bdelloid rotifers is more likely due 
to horizontal gene transfer than to meiotic sex. Current 
Biology 26(6): 723–732. https://​doi.​org/​10.​1016/j.​cub.​
2016.​01.​031.

Denekamp, N. Y., R. Reinhardt, M. W. Albrecht, M. Drun-
gowski, M. Kube & E. Lubzens, 2011. The expres-
sion pattern of dormancy-associated genes in multiple 
life-history stages in the rotifer Brachionus plicatilis. 
Hydrobiologia 662(1): 51–63. https://​doi.​org/​10.​1007/​
s10750-​010-​0518-y.

Denekamp, N. Y., R. Reinhardt, M. Kube & E. Lubzens, 2010. 
Late embryogenesis abundant (LEA) proteins in nondes-
iccated, encysted, and diapausing embryos of rotifers. 
Biology of Reproduction 82(4): 714–724. https://​doi.​org/​
10.​1095/​biolr​eprod.​109.​081091.

Devetter, M., L. Hanel, K. Rehakova & J. Dolezal, 2017. 
Diversity and feeding strategies of soil microfauna along 
elevation gradients in Himalayan cold deserts. PLoS 
ONE 12(11): 0187646. https://​doi.​org/​10.​1371/​journ​al.​
pone.​01876​46.

Dickerson, J. E., Jr. & J. V. Robinson, 1985. Microcosms as 
islands: A test of the Macarthur-Wilson equilibrium the-
ory. Ecology 66(3): 966–980.

Dobell, C., 1958. Antony van Leeuwenhoek and his ‘Little 
Animals’: Being Some Account of the Father or Protozo-
ology & Bacteriology and His Multifarious Discoveries 
in These Disciplines, Russell and Russell Inc, New York, 
N.Y.

Eckert, E. M. & N. Anicic, 2021. Freshwater zooplankton 
microbiota composition is highly flexible and strongly 
influenced by the environment. Molecular Ecology 
30(6): 1545–1558. https://​doi.​org/​10.​1111/​mec.​15815.

https://doi.org/10.1111/jbi.14116
https://doi.org/10.1111/jbi.14116
https://skyciv.com/structural-software/edn
https://doi.org/10.1007/BF00034805
https://doi.org/10.1007/BF00034805
https://doi.org/10.1371/journal.pone.0256387.g001
https://doi.org/10.1371/journal.pone.0256387.g001
https://doi.org/10.1007/s00339-009-5201-7
https://doi.org/10.1007/s00339-009-5201-7
https://doi.org/10.1007/BF00019432
https://doi.org/10.1007/BF00019432
https://doi.org/10.1007/BF00019437
https://doi.org/10.1007/BF00019437
https://doi.org/10.1007/BF00045957
https://doi.org/10.1007/s10750-018-3801-y
https://doi.org/10.1007/s10750-018-3801-y
https://doi.org/10.1002/ar.23065
https://doi.org/10.1007/s10126-019-09936-4
https://doi.org/10.1007/s10126-019-09936-4
https://doi.org/10.1016/j.ecoenv.2020.111666
https://doi.org/10.17219/acem/152430
https://doi.org/10.17219/acem/152430
https://doi.org/10.1016/j.tree.2015.12.009
https://doi.org/10.1093/plankt/fbz028
https://doi.org/10.1093/plankt/fbz028
https://doi.org/10.1111/ivb.12196
https://doi.org/10.1111/ivb.12196
https://doi.org/10.1111/j.1462-2920.2006.01017.x
https://doi.org/10.1111/j.1462-2920.2006.01017.x
https://doi.org/10.1016/j.cub.2016.01.031
https://doi.org/10.1016/j.cub.2016.01.031
https://doi.org/10.1007/s10750-010-0518-y
https://doi.org/10.1007/s10750-010-0518-y
https://doi.org/10.1095/biolreprod.109.081091
https://doi.org/10.1095/biolreprod.109.081091
https://doi.org/10.1371/journal.pone.0187646
https://doi.org/10.1371/journal.pone.0187646
https://doi.org/10.1111/mec.15815


	 Hydrobiologia

1 3
Vol:. (1234567890)

Eckert, E. M., T. Cancellario, P. L. E. Bodelier, S. A. J. 
Declerck, L. Diwen, S. Samad, M. Winder, L. Zhou & 
D. Fontaneto, 2022. A combination of host ecology and 
habitat but not evolutionary history explains differences 
in the microbiomes associated with rotifers. Hydro-
biologia. Aquatic Microbiomes: https://​doi.​org/​10.​1007/​
s10750-​022-​04958-x.

Ejsmont-Karabin, J., K. Kalinowska & M. Karpowicz, 2020. 
Structure of ciliate, rotifer, and crustacean communi-
ties in lake systems of northeastern Poland. Polish River 
Basins and Lakes – Part II. The Handbook of Environ-
mental Chemistry, 77–101.

Ejsmont-Karabin, J. & M. Karpowicz, 2021. Rotifera in lake 
subhabitats. Aquatic Ecology 55: 1285–1296. https://​doi.​
org/​10.​1007/​s10452-​020-​09818-1.

Escher, B. I., H. M. Stapleton & E. L. Schymanski, 2020. 
Tracking complex mixtures of chemicals in our changing 
environment. Science 367: 388–392. https://​doi.​org/​10.​
1126/​scien​ce.​aay66​36.

Espinosa-Rodríguez, C. A., S. S. S. Sarma, S. Nandini & R. 
L. Wallace, 2021. Substratum selection and feeding 
responses influence the demography of the sessile rotifer 
Cupelopagis vorax (Collothecacea: Atrochidae). Interna-
tional Review of Hydrobiology 106(1): 18–28. https://​
doi.​org/​10.​1002/​iroh.​20200​2051.

Eyres, I., C. Boschetti, A. Crisp, T. P. Smith, D. Fontaneto, 
A. Tunnacliffe & T. G. Barraclough, 2015. Horizon-
tal gene transfer in bdelloid rotifers is ancient, ongoing 
and more frequent in species from desiccating habi-
tats. BMC Biology 13: 1–17. https://​doi.​org/​10.​1186/​
s12915-​015-​0202-9.

Felix, A., M. E. Stevens & R. L. Wallace, 1995. Unpalatability 
of a colonial rotifer, Sinantherina socialis, to small zoo-
planktivorous fishes. Invertebrate Biology 114: 139–144. 
https://​doi.​org/​10.​2307/​32268​85.

Ferrara, T. L., P. Clausen, D. R. Huber, C. R. McHenry, V. Ped-
demors & S. Wroe, 2011. Mechanics of biting in great 
white and sandtiger sharks. Journal of Biomechanics 
44(3): 430–435. https://​doi.​org/​10.​1016/j.​jbiom​ech.​2010.​
09.​028.

Fischer, J. M., T. M. Frost & A. R. Ives, 2001. Compensa-
tory dynamics in zooplankton community responses to 
acidification: measurement and mechanisms. Ecological 
Applications 11(4): 1060–1072.

Flot, J. F., B. Hespeels, X. Li, B. Noel, I. Arkhipova, E. G. 
Danchin, A. Hejnol, B. Henrissat, R. Koszul, J. M. Aury, 
V. Barbe, R. M. Barthelemy, J. Bast, G. A. Bazykin, 
O. Chabrol, A. Couloux, M. Da Rocha, C. Da Silva, E. 
Gladyshev, P. Gouret, O. Hallatschek, B. Hecox-Lea, K. 
Labadie, B. Lejeune, O. Piskurek, J. Poulain, F. Rodri-
guez, J. F. Ryan, O. A. Vakhrusheva, E. Wajnberg, B. 
Wirth, I. Yushenova, M. Kellis, A. S. Kondrashov, D. B. 
Mark Welch, P. Pontarotti, J. Weissenbach, P. Wincker, 
O. Jaillon & K. Van Doninck, 2013. Genomic evidence 
for ameiotic evolution in the bdelloid rotifer Adineta 
vaga. Nature 500: 453–547. https://​doi.​org/​10.​1038/​natur​
e12326.

Fontaneto, D., 2019. Long-distance passive dispersal in micro-
scopic aquatic animals. Movement Ecology 7(1): 10. 
https://​doi.​org/​10.​1186/​s40462-​019-​0155-7.

Fontaneto, D., W. H. De Smet & C. Ricci, 2006. Rotifers in 
saltwater environments, re-evaluation of an inconspicu-
ous taxon. Journal of the Marine Biological Association 
of the United Kingdom 86: 623–656. https://​doi.​org/​10.​
1017/​S0025​31540​60135​31.

Fontaneto, D. & G. Melone, 2005. Do rotifer jaws grow after 
hatching? Hydrobiologia 546: 213–221.

Fraknoi, A., D. Morrison & S. C. Wolff, 2018. Astronomy 
(OpenStax). Rice University. Houston, TX, USA. eText-
book. https://​opens​tax.​org/​detai​ls/​books/​astro​nomy. p. 
1206. Accessed: 30 Sep 2019

Fröbius, A. C. & P. Funch, 2017. Rotiferan Hox genes give 
new insights into the evolution of metazoan bodyplans. 
Nature Communications 8(1): 1–10. https://​doi.​org/​10.​
1038/​s41467-​017-​00020-w.

Frost, T. M., J. M. Fischer, J. L. Klug, S. E. Arnott & P. K. 
Montz, 2006. Trajectories of zooplankton recovery in the 
Little Rock Lake whole-lake acidification experiment. 
Ecological Applications 16(1): 353–367. https://​doi.​org/​
10.​1890/​04-​1800.

Funch, P., M. V. Sørensen & M. Obst, 2005. On the phylo-
genetic position of Rotifera—have we come any fur-
ther? Hydrobiologia 546: 11–28. https://​doi.​org/​10.​
1007/1-​4020-​4408-9_2.

Fyda, J., A. Warren & J. Wolinńska, 2005. An investigation of 
predator-induced defence responses in ciliated protozoa. 
Journal of Natural History 39(18): 1431–1442. https://​
doi.​org/​10.​1080/​00222​93040​00043​96.

Gao, J., N. Yang, F. A. Lewis, P. Yau, J. J. Collins 3rd., J. V. 
Sweedler & P. A. Newmark, 2019. A rotifer-derived 
paralytic compound prevents transmission of schisto-
somiasis to a mammalian host. PLoS Biology 17(10): 
e3000485. https://​doi.​org/​10.​1371/​journ​al.​pbio.​30004​85.

Garcia, M. A., 2004. The asexual life history of the colonial 
rotifer, Sinantherina socialis (Linnaeus), Department of 
Biology and Evolutionary Biology. Yale University. New 
Haven:, 129.

García-Roger, E. M., E. Lubzens, D. Fontaneto & M. Serra, 
2019. Facing adversity: dormant embryos in rotifers. The 
Biological Bulletin 237(2): 119144. https://​doi.​org/​10.​
1086/​705701.

García-Varela, M. & S. A. Nadler, 2006. Phylogenetic relation-
ships among Syndermata inferred from nuclear and mito-
chondrial gene sequences. Molecular Phylogenetics and 
Evolution 40(1): 61–72. https://​doi.​org/​10.​1016/j.​ympev.​
2006.​02.​010.

Garey, J. R., A. Schmidt-Rhaesa, T. J. Near & S. A. Nadler, 
1998. The evolutionary relationships of rotifers and acan-
thocephalans. Hydrobiologia 387(388): 83–91. https://​
doi.​org/​10.​1023/A:​10170​60902​909.

Garza-León, C. V., C. A. Fernández-Flores, M. A. Arzate-
Cárdenas, I. Rubio-Franchini & R. Rico-Martínez, 2021. 
Differential effects on the toxicity and bioconcentra-
tion of hexavalent and trivalent chromium on the rotifer 
Lecane papuana (Rotifera: Monogononta). Preprint. 
doi:https://​doi.​org/​10.​21203/​rs.3.​rs-​270218/​v1.

Gąsiorowski, L., N. Bekkouche & K. Worsaae, 2017. Morphol-
ogy and evolution of the nervous system in Gnathos-
tomulida (Gnathifera, Spiralia). Organisms Diversity 
& Evolution 17(2): 447–475. https://​doi.​org/​10.​1007/​
s13127-​017-​0324-8.

https://doi.org/10.1007/s10750-022-04958-x
https://doi.org/10.1007/s10750-022-04958-x
https://doi.org/10.1007/s10452-020-09818-1
https://doi.org/10.1007/s10452-020-09818-1
https://doi.org/10.1126/science.aay6636
https://doi.org/10.1126/science.aay6636
https://doi.org/10.1002/iroh.202002051
https://doi.org/10.1002/iroh.202002051
https://doi.org/10.1186/s12915-015-0202-9
https://doi.org/10.1186/s12915-015-0202-9
https://doi.org/10.2307/3226885
https://doi.org/10.1016/j.jbiomech.2010.09.028
https://doi.org/10.1016/j.jbiomech.2010.09.028
https://doi.org/10.1038/nature12326
https://doi.org/10.1038/nature12326
https://doi.org/10.1186/s40462-019-0155-7
https://doi.org/10.1017/S0025315406013531
https://doi.org/10.1017/S0025315406013531
https://openstax.org/details/books/astronomy
https://doi.org/10.1038/s41467-017-00020-w
https://doi.org/10.1038/s41467-017-00020-w
https://doi.org/10.1890/04-1800
https://doi.org/10.1890/04-1800
https://doi.org/10.1007/1-4020-4408-9_2
https://doi.org/10.1007/1-4020-4408-9_2
https://doi.org/10.1080/00222930400004396
https://doi.org/10.1080/00222930400004396
https://doi.org/10.1371/journal.pbio.3000485
https://doi.org/10.1086/705701
https://doi.org/10.1086/705701
https://doi.org/10.1016/j.ympev.2006.02.010
https://doi.org/10.1016/j.ympev.2006.02.010
https://doi.org/10.1023/A:1017060902909
https://doi.org/10.1023/A:1017060902909
https://doi.org/10.21203/rs.3.rs-270218/v1
https://doi.org/10.1007/s13127-017-0324-8
https://doi.org/10.1007/s13127-017-0324-8


Hydrobiologia	

1 3
Vol.: (0123456789)

Gasiorowski, L., A. Furu & A. Hejnol, 2019. Morphology of 
the nervous system of monogonont rotifer Epiphanes 
senta with a focus on sexual dimorphism between feed-
ing females and dwarf males. Frontiers in Zoology 16: 
33. https://​doi.​org/​10.​1186/​s12983-​019-​0334-9.

Gawad, C., W. Koh & S. R. Quake, 2016. Single-cell genome 
sequencing: current state of the science. Nature Reviews 
Genetetics 17(3): 175–188. https://​doi.​org/​10.​1038/​nrg.​
2015.​16.

Gazi, M., J. Kim, M. García-Varela, C. Park, D. T. J. Little-
wood & J.-K. Park, 2016. Mitogenomic phylogeny of 
Acanthocephala reveals novel Class relationships. Zoo-
logica Scripta 45(4): 437–454. https://​doi.​org/​10.​1111/​
zsc.​12160.

Gilbert, J. J., 1967. Asplanchna and postero-lateral spine pro-
duction in Brachionus calyciflorus. Archiv Für Hydrobi-
ologie 64(1): 1–62.

Gilbert, J. J., 1985. Escape response of the rotifer Polyarthra: 
a high-speed cinematographic analysis. Oecologia 66: 
322–331. https://​doi.​org/​10.​1007/​BF003​78293.

Gilbert, J. J., 1987. The Polyarthra escape response: Defense 
against interference from Daphnia. Hydrobiologia 147: 
235–238. https://​doi.​org/​10.​1007/​BF000​25748.

Gilbert, J. J., 1989. Rotifera. In Adiyodi, K. G. & R. G. Adiyodi 
(eds), Reproductive Biology of Invertebrates Vol IV Part 
A Fertilization, Development, and Parental Care, vol. IV. 
Oxford and IBH Publishing Co., New Delhi: 179–199.

Gilbert, J. J., 2003. Specificity of crowding response that 
induces sexuality in the rotifer Brachionus. Limnology 
and Oceanography 48(3): 1297–1303. https://​doi.​org/​10.​
4319/​lo.​2003.​48.3.​1297.

Gilbert, J. J., 2016. Non-genetic polymorphisms in rotifers: 
environmental and endogenous controls, development, 
and features for predictable or unpredictable environ-
ments. Biological Reviews. https://​doi.​org/​10.​1111/​brv.​
12264.

Gilbert, J. J., 2019. Attachment behavior in the rotifer Brachio-
nus rubens: induction by Asplanchna and effect on sex-
ual reproduction. Hydrobiologia 844: 9–20. https://​doi.​
org/​10.​1007/​s10750-​018-​3805-7.

Gilbert, J. J. & D. K. Schreiber, 1998. Asexual diapause 
induced by food limitation in the rotifer Synchaeta pecti-
nata. Ecology 79(4): 1371–1381.

Gilbert, J. J. & P. L. Starkweather, 1977. Feeding in the roti-
fer Brachionus calyciflorus I. Regulatory Mechanisms. 
Oecologia 28: 125–131.

Gilbert, J. J. & P. L. Starkweather, 1978. Feeding in the rotifer 
Brachionus calyciflorus III: Direct observations on the 
effects of food type, food density, change in food type, 
and starvation on the incidence of pseudotrochal screen-
ing. Internationale Vereinigung Für Theoretische Und 
Angewandte Limnologie 20(4): 2382–2388. https://​doi.​
org/​10.​1080/​03680​770.​1977.​11896​883.

Gladyshev, E. A., M. Meselson & I. R. Arkhipova, 2008. Mas-
sive horizontal gene transfer in bdelloid rotifers. Science 
320: 1210–1213. https://​doi.​org/​10.​1126/​scien​ce.​11564​
07.

Goderis, S., H. Sato, L. Ferrière, B. Schmitz, D. Burney, P. 
Kaskes, J. Vellekoop, A. Wittmann, T. Schulz, S. M. 
Chernonozhkin & P. Claeys, 2021. Globally distributed 
iridium layer preserved within the Chicxulub impact 

structure. Science Advances 7(9): 3647. https://​doi.​org/​
10.​1126/​sciadv.​abe36​47.

Gonzalez, M. J. & T. M. Frost, 1994. Comparisons of labo-
ratory bioassays and a whole-lake experiment: Roti-
fer responses to experimental acidification. Ecological 
Applications 4(1): 69–80.

Gonzalez-Gualda, E., A. G. Baker, L. Fruk & D. Munoz-Espin, 
2021. A guide to assessing cellular senescence in  vitro 
and in  vivo. FEBS J 288(1): 56–80. https://​doi.​org/​10.​
1111/​febs.​15570.

Gozdziejewska, A. M. & M. Kruk, 2022. Zooplankton network 
conditioned by turbidity gradient in small anthropogenic 
reservoirs. Scientific Reports 12(1): 3938. https://​doi.​org/​
10.​1038/​s41598-​022-​08045-y.

Gribble, K. E. & D. B. Mark Welch, 2012. The mate recog-
nition protein gene mediates reproductive isolation and 
speciation in the Brachionus plicatilis cryptic species 
complex. BMC Evolutionary Biology 12(1): 134. https://​
doi.​org/​10.​1186/​1471-​2148-​12-​134.

Gribble, K. E. & D. B. Mark Welch, 2017. Genome-wide tran-
scriptomics of aging in the rotifer Brachionus manjava-
cas, an emerging model system. BMC Genomics 18(1): 
217. https://​doi.​org/​10.​1186/​s12864-​017-​3540-x.

Grøngaard, A., P. J. A. Pugh & S. J. McInnes, 1999. Tardi-
grades, and other cryoconite biota, on the Greenland Ice 
Sheet. Zoologischer Anzeiger 238: 211–214.

Gutierrez-Valencia, J., P. W. Hughes, E. L. Berdan & T. Slotte, 
2021. The genomic architecture and evolutionary fates of 
supergenes. Genome Biology and Evolution 13(5): 057. 
https://​doi.​org/​10.​1093/​gbe/​evab0​57.

Halse, S. A., R. J. Shiel & W. D. Williams, 1998. Aquatic 
invertebrates of Lake Gregory, northwestern Australia, in 
relation to salinity and ionic composition. Hydrobiologia 
381: 15–29.

Han, J., E. J. Won, U. K. Hwang, I. C. Kim, J. H. Yim & J. 
S. Lee, 2016. Triclosan (TCS) and Triclocarban (TCC) 
cause lifespan reduction and reproductive impairment 
through oxidative stress-mediated expression of the 
defensome in the monogonont rotifer (Brachionus kore-
anus). Comparative Biochemistry and Physiology Part C 
185–186: 131–137. https://​doi.​org/​10.​1016/j.​cbpc.​2016.​
04.​002.

Harris, J., 1695. Some microscopical observations of vast num-
bers of Animalcula seen in water by John Harris, M. A. 
Kector of Wincheksea in Sussex, and F. R. S. Philosophi-
cal Transactions 19(220): 254–259. https://​doi.​org/​10.​
1098/​rstl.​1695.​0036.

Hazen, R. M., 2010. How old is Earth, and how do we know? 
Evolution 3(2): 198–205. https://​doi.​org/​10.​1007/​
s12052-​010-​0226-0.

Hernández-Rosas, A., M. E. Meave del Castillo, J. Díaz-Larrea 
& F. Rodríguez, 2017. Single-cell PCR amplification of 
thecate dinoflagellates: a case study of Tripos (Dinophy-
ceae). Journal of Applied Phycology 30(2): 1117–1124. 
https://​doi.​org/​10.​1007/​s10811-​017-​1269-1.

Hochberg, A. & R. Hochberg, 2015. Serotonin immunoreactiv-
ity in the nervous system of the free-swimming larvae 
and sessile adult females of Stephanoceros fimbriatus 
(Rotifera: Gnesiotrocha). Invertebrate Biology 134(4): 
261–270. https://​doi.​org/​10.​1111/​ivb.​12102.

https://doi.org/10.1186/s12983-019-0334-9
https://doi.org/10.1038/nrg.2015.16
https://doi.org/10.1038/nrg.2015.16
https://doi.org/10.1111/zsc.12160
https://doi.org/10.1111/zsc.12160
https://doi.org/10.1007/BF00378293
https://doi.org/10.1007/BF00025748
https://doi.org/10.4319/lo.2003.48.3.1297
https://doi.org/10.4319/lo.2003.48.3.1297
https://doi.org/10.1111/brv.12264
https://doi.org/10.1111/brv.12264
https://doi.org/10.1007/s10750-018-3805-7
https://doi.org/10.1007/s10750-018-3805-7
https://doi.org/10.1080/03680770.1977.11896883
https://doi.org/10.1080/03680770.1977.11896883
https://doi.org/10.1126/science.1156407
https://doi.org/10.1126/science.1156407
https://doi.org/10.1126/sciadv.abe3647
https://doi.org/10.1126/sciadv.abe3647
https://doi.org/10.1111/febs.15570
https://doi.org/10.1111/febs.15570
https://doi.org/10.1038/s41598-022-08045-y
https://doi.org/10.1038/s41598-022-08045-y
https://doi.org/10.1186/1471-2148-12-134
https://doi.org/10.1186/1471-2148-12-134
https://doi.org/10.1186/s12864-017-3540-x
https://doi.org/10.1093/gbe/evab057
https://doi.org/10.1016/j.cbpc.2016.04.002
https://doi.org/10.1016/j.cbpc.2016.04.002
https://doi.org/10.1098/rstl.1695.0036
https://doi.org/10.1098/rstl.1695.0036
https://doi.org/10.1007/s12052-010-0226-0
https://doi.org/10.1007/s12052-010-0226-0
https://doi.org/10.1007/s10811-017-1269-1
https://doi.org/10.1111/ivb.12102


	 Hydrobiologia

1 3
Vol:. (1234567890)

Hochberg, R., 2007. Topology of the nervous system of Noto-
mmata copeus (Rotifera: Monogononta) revealed with 
anti-FMRFamide, -SCPb, and -serotonin (5-HT) immu-
nohistochemistry. Invertebrate Biology 126(3): 247–256. 
https://​doi.​org/​10.​1111/j.​1744-​7410.​2007.​00094.x.

Hochberg, R., 2009. Three-dimensional reconstruction and 
neural map of the serotonergic brain of Asplanchna 
brightwellii (Rotifera, Monogononta). Journal of Mor-
phology 270: 430–441.

Hochberg, R. & O. Ablak Gurbuz, 2008. Comparative mor-
phology of the somatic musculature in species of Hex-
arthra and Polyarthra (Rotifera, Monogononta): Its 
function in appendage movement and escape behavior. 
Zoologischer Anzeiger 247(3): 233–248. https://​doi.​org/​
10.​1016/j.​jcz.​2008.​01.​002.

Hochberg, R. & M. K. Litvaitis, 2000. Functional morphology 
of the muscles in Philodina sp. (Rotifera: Bdelloidea). 
Hydrobiologia 432: 57–64. https://​doi.​org/​10.​1023/A:​
10040​03509​017.

Hochberg, R., S. O’Brien & A. Puleo, 2010. Behavior, meta-
morphosis, and muscular organization of the preda-
tory rotifer Acyclus inquietus (Rotifera, Monogononta). 
Invertebrate Biology 129(3): 210–219. https://​doi.​org/​10.​
1111/j.​1744-​7410.​2010.​00202.x.

Hochberg, R., H. Yang, A. Hochberg, E. J. Walsh & R. L. Wal-
lace, 2019. When heads are not homologous: the coro-
nae of larval and adult collothecid rotifers (Rotifera: 
Monogononta: Collothecaceae). Hydrobiologia 844(1): 
191–207. https://​doi.​org/​10.​1007/​s10750-​018-​3760-​3​.

Hyman, L. H., 1951. The Invertebrates: Acanthocephala, 
Aschelminthes, and Entoprocta: The Pseudocoelomate 
Bilatera, Vol. 3. McGraw-Hill, New York.

Jersabek, C. D. & M. F. Leitner, 2013. The Rotifer World 
Catalog. World Wide Web Electronic Publication. 
http://​www.​rotif​era.​hausd​ernat​ur.​at/​Speci​es/​Index/​222. 
Accessed 14 December 2022.

Jezkova, I., R. Ortells, J. Montero-Pau & M. Serra, 2022a. 
Insight into incipient reproductive isolation in diverg-
ing populations of Brachionus plicatilis rotifer. Hydro-
biologia 849(15): 3299–3311. https://​doi.​org/​10.​1007/​
s10750-​022-​04927-4.

Jezkova, I., M. Serra, R. Ortells & J. Montero, 2022b. Genetic 
variability of the mating recognition gene in populations 
of Brachionus plicatilis. Diversity 14(3): 155. https://​doi.​
org/​10.​3390/​d1403​0155.

Joanidopoulos, K. D. & W. Marwan, 1998. Specific behavio-
ral responses triggered by identified mechanosensory 
receptor cells in the typical field of the giant rotifer 
Asplanchna sieboldi. Journal of Experimental Biology 
201: 169–177.

Johnson, K., 2007. Natural history as stamp collecting: a brief 
history. Archives of Natural History 34(2): 244–258.

Jones, B. L., D. M. Schneider & T. W. Snell, 2012. Thermosta-
ble proteins in the diapausing eggs of Brachionus manja-
vacas (Rotifera). Comparative Biochemistry and Physiol-
ogy Part A 162: 193–199. https://​doi.​org/​10.​1016/j.​cbpa.​
2012.​02.​020.

Kang, H.-M., M.-S. Kim, B.-S. Choi, D.-H. Kim, H.-J. Kim, 
U.-K. Hwang, A. Hagiwara & J.-S. Lee, 2020. The 
genome of the marine monogonont rotifer Brachio-
nus rotundiformis and insight into species-specific 

detoxification components in Brachionus spp. Compara-
tive Biochemistry and Physiology Part D 36: 100714. 
https://​doi.​org/​10.​1016/j.​cbd.​2020.​100714.

Kim, H.-J., C. Sawada, J.-S. Rhee, J.-S. Lee, K. Suga & A. 
Hagiwara, 2014. Nutritional effects on the visual system 
of the rotifer Brachionus plicatilis sensu stricto (Rotifera: 
Monogononta). Journal of Experimental Marine Biology 
and Ecology 460: 177–183. https://​doi.​org/​10.​1016/j.​
jembe.​2014.​07.​005.

Kim, J., M. N. Haque, S. Lee, D. H. Lee & J. S. Rhee, 2022. 
Exposure to environmentally relevant concentrations of 
polystyrene microplastics increases hexavalent chromium 
toxicity in aquatic animals. Toxics 10(10): 563. https://​
doi.​org/​10.​3390/​toxic​s1010​0563.

Kirk, K. L. & J. J. Gilbert, 1988. Escape behavior of Polyarthra 
in response to artificial flow stimuli. Bulletin of Marine 
Science 43(3): 551–560.

Kolotuev, I., D. J. Bumbarger, M. Labouesse & Y. Schwab, 
2012. Targeted Ultramicrotomy: A Valuable Tool for 
Correlated Light and Electron Microscopy of Small 
Model Organisms Methods in Cell Biology, Academic 
Press, Cambridge:

Kotikova, E. A., O. I. Raikova, M. Reuter & M. K. S. Gustafs-
son, 2005. Rotifer nervous system visualized by FMRFa-
mide and 5-HT immunocytochemistry and confocal laser 
scanning microscopy. Hydrobiologia 546(1): 239–248. 
https://​doi.​org/​10.​1007/​s10750-​005-​4203-5.

Kuczyńska-Kippen, N. & A. Basińska, 2014. Habitat as the 
most important influencing factor for the rotifer commu-
nity structure at landscape level. International Review of 
Hydrobiology 99(1–2): 58–64. https://​doi.​org/​10.​1002/​
iroh.​20130​1704.

Kuhn, T. S., 1970. The structure of scientific revolutions. Foun-
dations of the Unity of Science: Vols. I and II, 2 edn. The 
University of Chicago Press, Chicago.

Kusztby, S., W. Januszkiewicz, E. J. Walsh, R. Hochberg & R. 
L. Wallace, 2023. Does “form follow function” in the 
rotiferan genus Keratella? Hydrobiologia. https://​doi.​org/​
10.​1007/​s10750-​023-​05192-9.

Lainea, V. N., T. Sacktonb & M. Meselson, 2020. Sexual repro-
duction in bdelloid rotifers. Genetics 220(2): 221. https://​
doi.​org/​10.​1093/​genet​ics/​iyab2​21.

Lanzoni, L. & A. M. Tarantino, 2020. Mechanics of high-flex-
ible beams under live loads. Journal of Elasticity 140(1): 
95–120. https://​doi.​org/​10.​1007/​s10659-​019-​09759-3.

Leasi, F., R. Pennati & C. Ricci, 2009. First description of the 
serotonergic nervous system in a bdelloid rotifer: Mac-
rotrachela quadricornifera Milne 1886 (Philodinidae). 
Zoologischer Anzeiger 248(1): 47–55. https://​doi.​org/​10.​
1016/j.​jcz.​2008.​10.​002.

Leasi, F. & C. Ricci, 2010. Musculature of two bdelloid 
rotifers, Adineta ricciae and Macrotrachela quadricornif-
era: organization in a functional and evolutionary per-
spective. Journal of Zoological Systematics and Evolu-
tionary Research 48(1): 33–39.

Lee, M.-C., J. C. Park, D.-S. Yoon, H. Choi, K.-H. Shin, H.-J. 
Kim, A. Hagiwara & J.-S. Lee, 2019. Lipid metabolism 
modulation by five different food types in the monogon-
ont marine rotifer Brachionus koreanus. Aquaculture 
503: 596601. https://​doi.​org/​10.​1016/j.​aquac​ulture.​2018.​
12.​043.

https://doi.org/10.1111/j.1744-7410.2007.00094.x
https://doi.org/10.1016/j.jcz.2008.01.002
https://doi.org/10.1016/j.jcz.2008.01.002
https://doi.org/10.1023/A:1004003509017
https://doi.org/10.1023/A:1004003509017
https://doi.org/10.1111/j.1744-7410.2010.00202.x
https://doi.org/10.1111/j.1744-7410.2010.00202.x
https://doi.org/10.1007/s10750-018-3760-3​
http://www.rotifera.hausdernatur.at/Species/Index/222
https://doi.org/10.1007/s10750-022-04927-4
https://doi.org/10.1007/s10750-022-04927-4
https://doi.org/10.3390/d14030155
https://doi.org/10.3390/d14030155
https://doi.org/10.1016/j.cbpa.2012.02.020
https://doi.org/10.1016/j.cbpa.2012.02.020
https://doi.org/10.1016/j.cbd.2020.100714
https://doi.org/10.1016/j.jembe.2014.07.005
https://doi.org/10.1016/j.jembe.2014.07.005
https://doi.org/10.3390/toxics10100563
https://doi.org/10.3390/toxics10100563
https://doi.org/10.1007/s10750-005-4203-5
https://doi.org/10.1002/iroh.201301704
https://doi.org/10.1002/iroh.201301704
https://doi.org/10.1007/s10750-023-05192-9
https://doi.org/10.1007/s10750-023-05192-9
https://doi.org/10.1093/genetics/iyab221
https://doi.org/10.1093/genetics/iyab221
https://doi.org/10.1007/s10659-019-09759-3
https://doi.org/10.1016/j.jcz.2008.10.002
https://doi.org/10.1016/j.jcz.2008.10.002
https://doi.org/10.1016/j.aquaculture.2018.12.043
https://doi.org/10.1016/j.aquaculture.2018.12.043


Hydrobiologia	

1 3
Vol.: (0123456789)

Lemmen, K. D., K. J. F. Verhoeven & S. A. J. Declerck, 2021. 
Experimental evidence of rapid heritable adaptation in 
the absence of initial standing genetic variation. Func-
tional Ecology 36(1): 226–238. https://​doi.​org/​10.​1111/​
1365-​2435.​13943.

Li, Y., S. Li, J. Wang & G. Liu, 2019. CRISPR/Cas systems 
towards next-generation biosensing. Trends in Biotech-
nology 37(7): 730–743. https://​doi.​org/​10.​1016/j.​tibte​ch.​
2018.​12.​005.

Liang, D., G. B. McManus, Q. Wang, X. Sun, Z. Liu, S. Lin 
& Y. Yang, 2021. Genetics differentiation and phyloge-
ography of rotifer Polyarthra dolichoptera and P vulgaris 
populations between Southeastern China and eastern 
North America: High intercontinental differences. Ecol-
ogy and Evolution 12(5): e8912. https://​doi.​org/​10.​1002/​
ece3.​8912.

Lindemann, N., L. Discher & W. Kleinow, 2001. Use of micro-
particulate markers in examination of rotifer physiology: 
results and prospects. Hydrobiologia 446(447): 57–61.

Lindemann, N. & W. Kleinow, 2000. A study of rotifer feeding 
and digestive processes using erythrocytes as micropar-
ticulate markers. Hydrobiologia 435: 27–41. https://​doi.​
org/​10.​1023/A:​10040​29304​590.

Lubzens, E., A. Tandler & G. Minkoff, 1989. Rotifers as food 
in aquaculture. Hydrobiologia 186(1): 387–400. https://​
doi.​org/​10.​1007/​bf000​48937.

Lubzens, E., Y. Wax, G. Minkoff & F. Adler, 1993. A model 
evaluating the contribution of environmental factors to 
the production of resing eggs in the rotifer Brachionus 
plicatilis. Hydrobiologia 255(256): 127–138.

Luo, L., 2021. Architectures of neuronal circuits. Science 
373(6559): 7285. https://​doi.​org/​10.​1126/​scien​ce.​abg72​
85.

Martins, B. A., P. N. Coelho, M. G. Nogueira & G. Perbiche-
Neves, 2020. Composition and richness of monogonont 
rotifers from La Plata River Basin. South America Biota 
Neotropica 20(4): 20201001. https://​doi.​org/​10.​1590/​
1676-​0611-​bn-​2020-​1001.

Mauer, K. M., H. Schmidt, M. Dittrich, A. C. Frobius, S. L. 
Hellmann, H. Zischler, T. Hankeln & H. Herlyn, 2021. 
Genomics and transcriptomics of epizoic Seisonidea 
(Rotifera, syn Syndermata) reveal strain formation 
and gradual gene loss with growing ties to the host. 
BMC Genomics 22(1): 604. https://​doi.​org/​10.​1186/​
s12864-​021-​07857-y.

May, L. & R. L. Wallace, 2019. An examination of long-term 
ecological studies of rotifers: comparability of methods 
and results, insights into drivers of change and future 
research challenges. Hydrobiologia 844: 129–147. 
https://​doi.​org/​10.​1007/​s10750-​019-​04059-2.

Mekdara, P. J., S. Tirmizi, M. A. B. Schwalbe & E. D. Tytell, 
2022. Comparison of aminoglycoside antibiotics and 
cobalt chloride for ablation of the lateral line system in 
giant danios. Integrative Organismal Biology 4(1): 012. 
https://​doi.​org/​10.​1093/​iob/​obac0​12.

Meksuwan, P., P. Pholpunthin & H. H. Segers, 2015. Molecu-
lar phylogeny confirms Conochilidae as ingroup of Flos-
culariidae (Rotifera, Gnesiotrocha). Zoologica Scripta 
44(5): 562–573. https://​doi.​org/​10.​1111/​zsc.​12114.

Melone, G., C. Ricci, H. Segers & R. L. Wallace, 1998. Phy-
logenetic relationships of phylum Rotifer with emphasis 

on the familes of Bdelloidea. Hydrobiologia 387(388): 
101–107. https://​doi.​org/​10.​1023/A:​10170​57619​574.

Mills, S., J. A. Alcántara-Rodríguez, J. Ciros-Pérez, A. Gómez, 
A. Hagiwara, K. H. Galindo, C. D. Jersabek, R. Male-
kzadeh-Viayeh, F. Leasi, J.-S. Lee, D. B. Mark Welch, 
S. Papakostas, S. Riss, H. Segers, M. Serra, R. Shiel, 
R. Smolak, T. W. Snell, C.-P. Stelzer, C. Q. Tang, R. L. 
Wallace, D. Fontaneto & E. J. Walsh, 2017. Fifteen spe-
cies in one: deciphering the Brachionus plicatilis species 
complex (Rotifera, Monogononta) through DNA tax-
onomy. Hydrobiologia 796(1): 39–58. https://​doi.​org/​10.​
1007/​s10750-​016-​2725-7.

Mimouni, P., A. Luciani & P. Clement, 1993. How females 
of the rotifer Asplanchna brightwelli swim in darkness 
and light: an automated tracking study. Hydrobiologia 
255(256): 101–108.

Nam, S.-E., D.-Y. Bae, J.-S. Ki, C.-Y. Ahn & J. S. Rhee, 2022. 
The importance of multi-omics approaches for the health 
assessment of freshwater ecosystems. Molecular & Cel-
lular Toxicology 19(1): 3–11. https://​doi.​org/​10.​1007/​
s13273-​022-​00286-2.

Nanova, O., M. Prôa, L. C. Fitton, A. Evteev & P. O’Higgins, 
2017. Comparison of cranial performance between main-
land and two island subspecies of the Arctic fox Vulpes 
lagopus (Carnivora: Canidae) during simulated biting. 
Biological Journal of the Linnean Society 20: 1–13. 
https://​doi.​org/​10.​1093/​bioli​nnean/​blx029.

Near, T. J., J. R. Garey & S. A. Nadler, 1998. Phylogenetic 
Relationships of the Acanthocephala Inferred from 18S 
Ribosomal DNA Sequences. Molecular Phylogenetics 
and Evolution 10(3): 287–298.

Nogrady, T., 1982. Correlation of rotifer associations in a chain 
of lakes fed by reclaimed sewage. Hydrobiologia 89: 
277–284. https://​doi.​org/​10.​1007/​BF000​05715.

Nogrady, T. & H. Segers (eds), 2002. Rotifera: Volume 6: 
Asplanchnidae, Gastropodidae, Lindiidae, Microcodidae, 
Synchaetidae, Trochosphaeridae and Filinia. SPB Aca-
demic Publishers, The Hague.

Nowell, R. W., P. Almeida, C. G. Wilson, T. P. Smith, D. Fon-
taneto, A. Crisp, G. Micklem, A. Tunnacliffe, C. Bos-
chetti & T. G. Barraclough, 2018. Comparative genom-
ics of bdelloid rotifers: Insights from desiccating and 
nondesiccating species. PLoS Biology 16(4): 2004830. 
https://​doi.​org/​10.​1371/​journ​al.​pbio.​20048​30.

Obertegger, U., M. G. Braioni, G. Arrighetti & G. Flaim, 2006. 
Trophi morphology and its usefulness for identification 
of formalin-preserved species of Synchaeta Ehrenberg, 
1832 (Rotifera: Monogononta: Synchaetidae). Zoolo-
gischer Anzeiger 245(2): 109–120. https://​doi.​org/​10.​
1016/j.​jcz.​2006.​05.​005.

Obertegger, U. & G. Flaim, 2021. A 40-year perspective of 
an alpine lake: is everything the same? Limnologica 91: 
125929. https://​doi.​org/​10.​1016/j.​limno.​2021.​125929.

Obertegger, U., H. A. Smith, G. Flaim & R. L. Wallace, 2011. 
Using the guild ratio to characterize pelagic rotifer com-
munities. Hydrobiologia 662(1): 157–162. https://​doi.​
org/​10.​1007/​s10750-​010-​0491-5.

Orenstein, E. C., S. D. Ayata, F. Maps, É. C. Becker, F. Bene-
detti, T. Biard, T. de Garidel-Thoron, J. S. Ellen, F. Fer-
rario, S. L. C. Giering, T. Guy-Haim, L. Hoebeke, M. H. 
Iversen, T. Kiørboe, J. F. Lalonde, A. Lana, M. Laviale, 

https://doi.org/10.1111/1365-2435.13943
https://doi.org/10.1111/1365-2435.13943
https://doi.org/10.1016/j.tibtech.2018.12.005
https://doi.org/10.1016/j.tibtech.2018.12.005
https://doi.org/10.1002/ece3.8912
https://doi.org/10.1002/ece3.8912
https://doi.org/10.1023/A:1004029304590
https://doi.org/10.1023/A:1004029304590
https://doi.org/10.1007/bf00048937
https://doi.org/10.1007/bf00048937
https://doi.org/10.1126/science.abg7285
https://doi.org/10.1126/science.abg7285
https://doi.org/10.1590/1676-0611-bn-2020-1001
https://doi.org/10.1590/1676-0611-bn-2020-1001
https://doi.org/10.1186/s12864-021-07857-y
https://doi.org/10.1186/s12864-021-07857-y
https://doi.org/10.1007/s10750-019-04059-2
https://doi.org/10.1093/iob/obac012
https://doi.org/10.1111/zsc.12114
https://doi.org/10.1023/A:1017057619574
https://doi.org/10.1007/s10750-016-2725-7
https://doi.org/10.1007/s10750-016-2725-7
https://doi.org/10.1007/s13273-022-00286-2
https://doi.org/10.1007/s13273-022-00286-2
https://doi.org/10.1093/biolinnean/blx029
https://doi.org/10.1007/BF00005715
https://doi.org/10.1371/journal.pbio.2004830
https://doi.org/10.1016/j.jcz.2006.05.005
https://doi.org/10.1016/j.jcz.2006.05.005
https://doi.org/10.1016/j.limno.2021.125929
https://doi.org/10.1007/s10750-010-0491-5
https://doi.org/10.1007/s10750-010-0491-5


	 Hydrobiologia

1 3
Vol:. (1234567890)

F. Lombard, T. Lorimer, S. Martini, A. Meyer, K. O. 
Möller, B. Niehoff, M. D. Ohman, C. Pradalier, J. B. 
Romagnan, S. M. Schröder, V. Sonnet, H. M. Sosik, L. 
S. Stemmann, M. Stock, T. Terbiyik-Kurt, N. Valcárcel-
Pérez, L. Vilgrain, G. Wacquet, A. M. Waite & J. O. Iris-
son, 2022. Machine learning techniques to characterize 
functional traits of plankton from image data. Limnology 
and Oceanography 67(8): 1647–1669. https://​doi.​org/​10.​
1002/​lno.​12101.

Örstan, A., 2022. The monster in the garden: a new carnivo-
rous bdelloid rotifer from a birdbath. Quekett Journal of 
Microscopy 44: 179–187.

Pajdak-Stós, A., E. Fiałkowska, W. Kocerba-Soroka, M. Sobc-
zyk & J. Fyda, 2014. Why is sex so rare in Lecane iner-
mis (Rotifera: Monogononta) in wastewater treatment 
plants? Invertebrate Biology 133(2): 128–135. https://​
doi.​org/​10.​1111/​ivb.​12056.

Park, J. C., D.-H. Kim, Y. Lee, M.-C. Lee, T. K. Kim, J. H. 
Yim & J.-S. Lee, 2020. Genome-wide identification and 
structural analysis of heat shock protein gene families in 
the marine rotifer Brachionus spp.: Potential application 
in molecular ecotoxicology. Comparative Biochemistry 
and Physiology Part D 36: 100749. https://​doi.​org/​10.​
1016/j.​cbd.​2020.​100749.

Park, J. J. C., D. H. Kim, M. S. Kim, A. E. D. H. Sayed, A. 
Hagiwara, U. K. Hwang, H. G. Park & J. S. Lee, 2022. 
Comparative genome analysis of the monogonont marine 
rotifer Brachionus manjavacas Australian strain: Poten-
tial application for ecotoxicology and environmental 
genomics. Marine Pollution Bulletin 180: 113752.

Pejler, B., 1995. Relation to habitat in rotifers. Hydrobiologia 
313(314): 267–278. https://​doi.​org/​10.​1007/​978-​94-​009-​
1583-1_​35.

Pérez-Legaspi, I. A., A. L. Guerrero-Barrera, I. J. Galván-Men-
doza, J. L. Quintanar & R. Rico-Martínez, 2014. Cholin-
ergic neuromuscular junctions in Brachionus calyciflorus 
and Lecane quadridentata (Rotifera: Monogononta). 
Journal of Coastal Life Medicine 2(5): 376–381. https://​
doi.​org/​10.​12980/​jclm.2.​20141​4j3.

Pérez-Legaspi, I. A. & R. Rico-Martínez, 2001. Acute toxic-
ity tests on three species of the genus Lecane (Rotifera: 
Monogononta). Hydrobiologia 446(447): 375–381.

Powers, S. M., S. C. Fradkin, W. Baccus, C. Archambault, J. 
R. Boetsch, M. R. Brousil, R. Lofgren, A. Rawhouser & 
S. E. Hampton, 2022. Summer ecosystem structure in 
mountain lakes linked to interannual variability of lake 
ice, snowpack, and landscape attributes. Limnology and 
Oceanography 67(9): 2073–2087. https://​doi.​org/​10.​
1002/​lno.​12188.

Preza, E., E. J. Walsh & R. Hochberg, 2020. Remodeling of 
the nervous system of the indirectly developing roti-
fer Cupelopagis vorax (Gnesiotrocha, Collothecaceae). 
Invertebrate Biology 139(4): 12301. https://​doi.​org/​10.​
1111/​ivb.​12301.

Prowe, A. E. F., B. Su, J. C. Nejstgaard & M. Schartau, 2022. 
Food web structure and intraguild predation affect eco-
system functioning in an established plankton model. 
Limnology and Oceanography 67(4): 843–855. https://​
doi.​org/​10.​1002/​lno.​12039.

Ratcliff, M. J., 2000. Wonders, logic, and microscopy in the 
eighteenth century: a history of the rotifer. Science in 

Context 13(1): 93–119. https://​doi.​org/​10.​1017/​S0269​
88970​000373.

Rees, B., 1960. Albertia vermicularis (Rotifera) parasitic in the 
earthworm Allolobophora caliginosa. Parasitology 50: 
61–65.

Reissig, M., B. Modenutti, E. Balseiro & C. Queimaliños, 
2004. The role of the predaceous copepod Parabroteas 
sarsi in the pelagic food web of a large deep Andean 
lake. Hydrobiologia 524: 67–77.

Ricci, C. & C. Covino, 2005. Anhydrobiosis of Adineta ric-
ciae: costs and benefits. Hydrobiologia 546: 307–314.

Rico-Martínez, R., M. A. Arzate-Cárdenas, D. Robles-Vargas, 
I. A. Pérez-Legaspi, J. Alvarado-Flores & G. E. Santos-
Medrano, 2016. Rotifers as models in toxicity screening 
of chemicals and environmental samples. In Larramendy, 
M. L. & S. Soloneski (eds), Invertebrates-Experimental 
Models in Toxicity Screening. Intech, Rijeka, Croatia.

Riemann, O., P. Martínez Arbizu & A. Kieneke, 2008. Organi-
sation of body musculature in Encentrum mucronatum 
Wulfert, 1936, Dicranophorus forcipatus (OF Müller, 
1786) and in the ground pattern of Ploima (Rotifera: 
Monogononta). Zoologischer Anzeiger 247(2): 133–145. 
https://​doi.​org/​10.​1016/j.​jcz.​2007.​09.​004.

Riggs, L. A. & J. J. Gilbert, 1972. The labile period for 
a-tocopherol– Induced mictic female and body wall out-
growth responses in embryos of the rotifer Asphanchna 
sieboldi. International Review of Hydrobiology 57(5): 
675–683.

Ríos-Arana, J. V., J. L. Gardea-Torresday, R. Webb & E. J. 
Walsh, 2005. Heat shock protein 60 (HSP60) response 
of Plationus patulus (Rotifera: Mononogononta) to 
combined exposure of arsenic and heavy metals. Hyd-
robiologia 546: 577–585. https://​doi.​org/​10.​1007/​
s10750-​005-​4308-x.

Rivas, J. A., Jr., J. Mohl, R. S. Van Pelt, M.-Y. Leung, R. L. 
Wallace, T. E. Gill & E. J. Walsh, 2018. Evidence for 
regional aeolian transport of freshwater biota in an arid 
region. Limnology and Oceanography Letters 3: 320–
330. https://​doi.​org/​10.​1002/​lol2.​10072.

Rivas, J. A., Jr., T. Schröder, T. E. Gill, R. L. Wallace & E. 
J. Walsh, 2019. Anemochory of diapausing stages of 
microinvertebrates in North American drylands. Fresh-
water Biology 64: 1303–1314. https://​doi.​org/​10.​1111/​
fwb.​13306.

Rivera-Davila, O. L., G. Sanchez-Martinez & R. Rico-Mar-
tinez, 2022. Toxicity tests, bioaccumulation and residual-
ity of pyrethroid insecticides commonly used to control 
conifer bark beetles in Mexico. Ecotoxicology 31(5): 
782–796. https://​doi.​org/​10.​1007/​s10646-​022-​02546-2.

Robinson, J. F. & J. E. Dickerson, 1987. Does invasion 
sequence affect community structure? Ecology 68(3): 
587–595. https://​doi.​org/​10.​2307/​19384​64.

Rousselet, C. F., 1909. On the geographic distribution of the 
Rotifera. Journal of the Quekett Microscopical Club 
Series 2(10): 465–470.

Rozema, E., S. Kierszniowska, O. Almog-Gabai, E. G. Wil-
son, Y. H. Choi, R. Verpoorte, R. Hamo, V. Chalifa-
Caspi, Y. G. Assaraf & E. Lubzens, 2019. Metabolomics 
reveals novel insight on dormancy of aquatic invertebrate 
encysted embryos. Scientific Reports 9(1): 8878. https://​
doi.​org/​10.​1038/​s41598-​019-​45061-x.

https://doi.org/10.1002/lno.12101
https://doi.org/10.1002/lno.12101
https://doi.org/10.1111/ivb.12056
https://doi.org/10.1111/ivb.12056
https://doi.org/10.1016/j.cbd.2020.100749
https://doi.org/10.1016/j.cbd.2020.100749
https://doi.org/10.1007/978-94-009-1583-1_35
https://doi.org/10.1007/978-94-009-1583-1_35
https://doi.org/10.12980/jclm.2.201414j3
https://doi.org/10.12980/jclm.2.201414j3
https://doi.org/10.1002/lno.12188
https://doi.org/10.1002/lno.12188
https://doi.org/10.1111/ivb.12301
https://doi.org/10.1111/ivb.12301
https://doi.org/10.1002/lno.12039
https://doi.org/10.1002/lno.12039
https://doi.org/10.1017/S026988970000373
https://doi.org/10.1017/S026988970000373
https://doi.org/10.1016/j.jcz.2007.09.004
https://doi.org/10.1007/s10750-005-4308-x
https://doi.org/10.1007/s10750-005-4308-x
https://doi.org/10.1002/lol2.10072
https://doi.org/10.1111/fwb.13306
https://doi.org/10.1111/fwb.13306
https://doi.org/10.1007/s10646-022-02546-2
https://doi.org/10.2307/1938464
https://doi.org/10.1038/s41598-019-45061-x
https://doi.org/10.1038/s41598-019-45061-x


Hydrobiologia	

1 3
Vol.: (0123456789)

Salt, G. W., G. F. Sabbadini & M. L. Commins, 1978. Trophi 
morphology relative to food habits in six species of 
rotifers (Asplanchnidae). Transactions of the American 
Microscopical Society 97: 469–485. https://​doi.​org/​10.​
2307/​32261​64.

Sanderson, H., B. Laird, R. Brain, C. J. Wilson & K. R. Solo-
mon, 2009. Detectability of fifteen aquatic micro/meso-
cosms. Ecotoxicology 18(7): 838–845. https://​doi.​org/​10.​
1007/​s10646-​009-​0327-0.

Saucedo-Ríos, S., G. E. Santos-Medrano & R. Rico-Martínez, 
2017. Life table analysis reveals variation in thermal tol-
erance among three species of the Lecane genus (Rotif-
era: Monogononta). International Journal of Limnology 
53: 253–259. https://​doi.​org/​10.​1051/​limn/​20170​09.

Saviano, A., N. C. Henderson & T. F. Baumert, 2020. Single-
cell genomics and spatial transcriptomics: discovery of 
novel cell states and cellular interactions in liver physi-
ology and disease biology. Journal of Hepatology 73(5): 
1219–1230. https://​doi.​org/​10.​1016/j.​jhep.​2020.​06.​004.

Schalicke, S., S. Heim, D. Martin-Creuzburg & A. Wacker, 
2020. Inter- and intraspecific differences in rotifer fatty 
acid composition during acclimation to low-quality 
food. Philosophical Transactions of the Royal Society B 
375(1804): 20190644. https://​doi.​org/​10.​1098/​rstb.​2019.​
0644.

Scherwass, A., T. Bergfeld, A. Schöl, M. Weitere & H. Arndt, 
2010. Changes in the plankton community along the 
length of the River Rhine: Lagrangian sampling during 
a spring situation. Journal of Plankton Research 32(4): 
491–502. https://​doi.​org/​10.​1093/​plankt/​fbp149.

Schröder, T., 2003. Precopulatory mate guarding and mating 
behaviour in the rotifer Epiphanes senta (Monogononta: 
Rotifera). Proceedings of the Royal Society of London 
B 270(1527): 1965–1970. https://​doi.​org/​10.​1098/​rspb.​
2003.​2466.

Schröder, T. & J. J. Gilbert, 2004. Transgenerational plasticity 
for sexual reproduction and diapause in the life cycle of 
monogonont rotifers: intraclonal, intraspecific and inter-
specific variation in the response to crowding. Functional 
Ecology 18: 458–466.

Schröder, T., S. Howard, L. Arroyo & E. J. Walsh, 2007. Sex-
ual reproduction and diapause of Hexarthra sp. (Rotif-
era) in short-lived Chihuahuan Desert ponds. Freshwater 
Biology 52: 1033–1042. https://​doi.​org/​10.​1111/j.​1365-​
2427.​2007.​01751.x.

Schröder, T. & E. J. Walsh, 2010. Genetic differentiation, 
behavioural reproductive isolation and mixis cues in 
three sibling species of monogonont rotifers. Freshwater 
Biology 55(12): 2570–2584. https://​doi.​org/​10.​1111/j.​
1365-​2427.​2010.​02487.x.

Schrodt, F., M. J. Santos, J. J. Bailey & R. Field, 2019. Chal-
lenges and opportunities for biogeography—What can 
we still learn from von Humboldt? Journal of Biogeogra-
phy 46(8): 1631–1642. https://​doi.​org/​10.​1111/​jbi.​13616.

Segers, H., 1996. Scaridium elongatum n. sp., a new monogon-
ont rotifer from Brazil. Belgium Journal of Zoology 
126(1): 57–63.

Segers, H., W. Kotethip & L. Sanoamuang, 2004. Biodiversity 
of freshwater microfauna in the floodplain of the River 
Mun, Northeast Thailand: the Rotifera monogononta. 

Hydrobiologia 515: 1–9. https://​doi.​org/​10.​1023/B:​
HYDR.​00000​27299.​17844.​61.

Segers, H. H., 1995. A reappraisal of the Scaridiidae (Rotifera, 
Monogononta). Zoologica Scripta 24(2): 91–100. https://​
doi.​org/​10.​1111/j.​1463-​6409.​1995.​tb003​94.x.

Serra, M. & M. J. Carmona, 1993. Mixis strategies and resting 
egg production of rotifers living in temporally-varying 
habitats. Hydrobiologia 255(256): 117–126.

Serra, M., H. A. Smith, J. S. Weitz & T. W. Snell, 2011. 
Analysing threshold effects in the sexual dynamics of 
cyclically parthenogenetic rotifer populations. Hyd-
robiologia 662(1): 121–130. https://​doi.​org/​10.​1007/​
s10750-​010-​0517-z.

Serra, M., T. Snell & R. L. Wallace, 2018. Reproduc-
tion, overview by phylogeny: Rotifera. Encyclopedia 
of Reproduction, Vol. 6. Academic Press, Elsevier: 
513–521.

Serra, M. & T. W. Snell, 2009. Sex loss in monogonont 
rotifers. In Schön, I., K. Martens & P. van Dijk (eds), 
Lost Sex: The Evolutionary Biology of Parthenogen-
esis Springer, Dordrecht: 281–294.

Serra, M., T. W. Snell & C. E. King, 2004. The timing of sex 
in cyclically parthenogenetic rotifers. In Moya, A. & E. 
Font (eds), Evolution From Molecules to Ecosystems 
Oxford University Press, Oxford: 135–146.

Shain, D. H., K. Halldórsdóttir, F. Pálsson, G. Aðalgeirs-
dóttir, A. Gunnarsson, Þ Jónsson, S. A. Lang, H. S. 
Pálsson, S. Steinþórssson & E. Arnason, 2016. Colo-
nization of maritime glacier ice by bdelloid Rotifera. 
Molecular Phylogenetics and Evolution 98: 280–287. 
https://​doi.​org/​10.​1016/j.​ympev.​2016.​02.​020.

Shin, H. & C.-B. Jeong, 2022. Metabolism deficiency and 
oxidative stress induced by plastic particles in the roti-
fer Brachionus plicatilis: Common and distinct pheno-
typic and transcriptomic responses to nano- and micro-
plastics. Marine Pollution Bulletin 182: 113981.

Shin, H., V. Sukumaran, I.-C. Yeo, K.-Y. Shim, S. Lee, H.-K. 
Choi, S. Y. Ha, M. Kim, J.-H. Jung, J.-S. Lee & C.-B. 
Jeong, 2022. Phenotypic toxicity, oxidative response, 
and transcriptomic deregulation of the rotifer Brachio-
nus plicatilis exposed to a toxic cocktail of tire-wear 
particle leachate. Journal of Hazardous Materials 
438: 129417. https://​doi.​org/​10.​1016/j.​jhazm​at.​2022.​
129417.

Sielaff, M., H. Schmidt, T. H. Struck, D. Rosenkranz, D. B. 
Mark Welch, T. Hankeln & H. Herlyn, 2015. Phylog-
eny of Syndermata (syn. Rotifera): Mitochondrial gene 
order verifies epizoic Seisonidea as sister to endopara-
sitic Acanthocephala within monophyletic Hemirotif-
era. Molecular Phylogenetics and Evolution 96: 79–92. 
https://​doi.​org/​10.​1016/j.​ympev.​2015.​11.​017.

Signorovitch, A., J. Hur, E. Gladyshev & M. Meselson, 2015. 
Allele sharing and evidence for sexuality in a mito-
chondrial clade of bdelloid rotifers. Genetics 200(2): 
581–590. https://​doi.​org/​10.​1534/​genet​ics.​115.​176719.

Simion, P., J. Narayan, A. Houtain, A. Derzelle, L. Baudry, 
E. Nicolas, R. Arora, M. Cariou, C. Cruaud, F. Gaud-
ray, C. Gilbert, N. Guiglielmoni, B. Hespeels, D. K. 
L. Kozlowski, K. Labadie, A. Limasset, M. Llirós, M. 
Marbouty, M. Terwagne, J. Virgo, R. Cordaux, E. G. 
J. Danchin, B. Hallet, R. Koszul, T. Lenormand, J.-F. 

https://doi.org/10.2307/3226164
https://doi.org/10.2307/3226164
https://doi.org/10.1007/s10646-009-0327-0
https://doi.org/10.1007/s10646-009-0327-0
https://doi.org/10.1051/limn/2017009
https://doi.org/10.1016/j.jhep.2020.06.004
https://doi.org/10.1098/rstb.2019.0644
https://doi.org/10.1098/rstb.2019.0644
https://doi.org/10.1093/plankt/fbp149
https://doi.org/10.1098/rspb.2003.2466
https://doi.org/10.1098/rspb.2003.2466
https://doi.org/10.1111/j.1365-2427.2007.01751.x
https://doi.org/10.1111/j.1365-2427.2007.01751.x
https://doi.org/10.1111/j.1365-2427.2010.02487.x
https://doi.org/10.1111/j.1365-2427.2010.02487.x
https://doi.org/10.1111/jbi.13616
https://doi.org/10.1023/B:HYDR.0000027299.17844.61
https://doi.org/10.1023/B:HYDR.0000027299.17844.61
https://doi.org/10.1111/j.1463-6409.1995.tb00394.x
https://doi.org/10.1111/j.1463-6409.1995.tb00394.x
https://doi.org/10.1007/s10750-010-0517-z
https://doi.org/10.1007/s10750-010-0517-z
https://doi.org/10.1016/j.ympev.2016.02.020
https://doi.org/10.1016/j.jhazmat.2022.129417
https://doi.org/10.1016/j.jhazmat.2022.129417
https://doi.org/10.1016/j.ympev.2015.11.017
https://doi.org/10.1534/genetics.115.176719


	 Hydrobiologia

1 3
Vol:. (1234567890)

Flot & K. Van Doninck, 2021. Chromosome-level 
genome assembly reveals homologous chromosomes 
and recombination in asexual rotifer Adineta vaga. Sci-
ence Advances 7(41): 4216. https://​doi.​org/​10.​1126/​
sciadv.​abg42​16.

Singleton, M., 2004. Geometric morphometric analysis of 
functional divergence in mangabey facial form. Journal 
of Anthropological Sciences 82: 27–44.

Slack, J. M. W., 1999. Egg & Ego: An Almost True Story 
of Life in the Biology Lab, Springer-Verlag, New York.

Smith, H. A. & T. W. Snell, 2012. Rapid evolution of sex 
frequency and dormancy as hydroperiod adaptations. 
Journal of Evolutionary Biology 25: 2501–2510. 
https://​doi.​org/​10.​1111/j.​1420-​9101.​2012.​02614.x.

Snell, T. W., 2011. A review of the molecular mechanisms of 
monogonont rotifer reproduction. Hydrobiologia 662: 
89–97. https://​doi.​org/​10.​1007/​s10750-​010-​0483-5.

Snell, T. W., 2014. Rotifers as models for the biology of aging. 
International Review of Hydrobiology 99(1–2): 84–95. 
https://​doi.​org/​10.​1002/​iroh.​20130​1707.

Snell, T. W., 2017. Analysis of proteins in conditioned medium 
that trigger monogonont rotifer mictic reproduction. 
Hydrobiologia 796(1): 245–253. https://​doi.​org/​10.​1007/​
s10750-​016-​2936-y.

Snell, T. W., A. M. Fields & R. K. Johnston, 2012. Antioxidants 
can extend lifespan of Brachionus manjavacas (Rotifera), 
but only in a few combinations. Biogerontology 13(3): 
261–275. https://​doi.​org/​10.​1007/​s10522-​012-​9371-x.

Snell, T. W., R. K. Johnston, K. E. Gribble & D. B. Mark 
Welch, 2015. Rotifers as experimental tools for investi-
gating aging. Invertebrate Reprduction & Development 
59(1): 5–10. https://​doi.​org/​10.​1080/​07924​259.​2014.​
925516.

Snell, T. W., J. Kim, E. Zelaya & R. Resop, 2007. Mate choice 
and sexual conflict in Brachionus plicatilis (Rotifera). 
Hydrobiologia 593: 151–157. https://​doi.​org/​10.​1007/​
s10750-​007-​9065-6.

Snell, T. W. & R. Rico-Martinez, 1996. Characteristics of the 
mate-recognition pheromone in Brachionus plicatilis 
(Rotifera). Marine and Freshwater Behaviour and Physi-
ology 27(2–3): 143–151. https://​doi.​org/​10.​1080/​10236​
24960​93789​60.

Snell, T. W., T. L. Shearer & H. A. Smith, 2011. Exposure to 
dsRNA elicits RNA interference in Brachionus manja-
vacas (Rotifera). Marine Biotechnology 13(2): 264–274. 
https://​doi.​org/​10.​1007/​s10126-​010-​9295-x.

Snell, T. W. & C.-P. Stelzer, 2005. Removal of surface glyco-
proteins and transfer among Brachionus species. Hyd-
robiologia 546(1): 267–274. https://​doi.​org/​10.​1007/​
s10750-​005-​4207-1.

Sohn, Y., M. K. Choi, Y. Y. Ahn, J. Lee & J. Jeong, 2011. 
Topological cluster analysis reveals the systemic organi-
zation of the Caenorhabditis elegans connectome. PLoS 
Computational Biology 7(5): 1001139. https://​doi.​org/​
10.​1371/​journ​al.​pcbi.​10011​39.

Sørensen, M. V., 2002. On the evolution and morphology of 
the rotiferan trophi, with a cladistic analysis of Rotif-
era. Journal of Zoological Systematics and Evolutionary 
Research 40: 129–154. https://​doi.​org/​10.​1046/j.​1439-​
0469.​2002.​00188.x.

Sørensen, M. V., 2005. Musculature in three species of Proales 
(Monogononta, Rotifera) stained with phalloidin-labeled 
fluorescent dye. Zoomorphology 124(1): 47–55.

Sørensen, M. V. & G. Giribet, 2006. A modern approach to 
rotiferan phylogeny: combining morphological and 
molecular data. Molecular Phylogenetics and Evolution 
40(2): 585–608. https://​doi.​org/​10.​1016/j.​ympev.​2006.​
04.​001.

Stirewalt, M. & F. A. Lewis, 1981. Schistosoma mansoni: effect 
of rotifers on cercarial output, motility and infectivity. 
International Journal of Parasitology 11(4): 301–308. 
https://​doi.​org/​10.​1016/​0020-​7519(81)​90040-0.

Strandberg, U., M. Hiltunen, J. Syvaranta, E. E. Levi, T. A. 
Davidson, E. Jeppesen & M. T. Brett, 2022. Combined 
effects of eutrophication and warming on polyunsatu-
rated fatty acids in complex phytoplankton commu-
nities: A mesocosm experiment. Science of the Total 
Environment 843: 157001.

Sui, Y., S. Wang, M. Mohsen & A. MORE, 2022. The com-
bined effect of plastic particles size and concentration 
on rotifers’ (Brachionus plicatilis) performance. Jour-
nal of Ocean University of China 21: 509–519. https://​
doi.​org/​10.​1007/​s11802-​022-​4937-y.

Szekely, P., Y. Korem, U. Moran, A. Mayo & U. Alon, 2015. 
The mass-longevity triangle: Pareto Optimality and 
the geometry of life-history trait space. PLoS Compu-
tational Biology 11(10): 1004524. https://​doi.​org/​10.​
1371/​journ​al.​pcbi.​10045​24.

Tendler, A., A. Mayo & U. Alon, 2015. Evolutionary trade-
offs, Pareto optimality and the morphology of ammo-
nite shells. BMC Systems Biology 9: 12. https://​doi.​
org/​10.​1186/​s12918-​015-​0149-z.

Terwagne, M., E. Nicolas, B. Hespeels, L. Herter, J. Virgo, 
C. Demazy, A.-C. Heuskin, B. Hallet & K. Van Don-
inck, 2022. DNA repair during nonreductional meiosis 
in the asexual rotifer Adineta vaga. Science Advances 
8(48): 8829. https://​doi.​org/​10.​1126/​sciadv.​adc88​29.

Tiffany, M. A., B. K. Swan, J. M. Watts & S. H. Hurlbert, 
2002. Metazooplankton dynamics in the Salton Sea, 
California, 1997–1999. Hydrobiologia 473(1–3): 
103–120.

Turgay, E., T. M. Steinum, K. M. Eryalcin, R. E. Yardimci & S. 
Karatas, 2020. The influence of diet on the microbiota of 
live-feed rotifers (Brachionus plicatilis) used in commer-
cial fish larviculture. FEMS Microbiol Letters 367(2): 
020. https://​doi.​org/​10.​1093/​femsle/​fnaa0​20.

Vakhrusheva, O. A., E. A. Mnatsakanova, Y. R. Galimov, T. 
V. Neretina, E. S. Gerasimov, S. A. Naumenko, S. G. 
Ozerova, A. O. Zalevsky, I. A. Yushenova, F. Rodriguez, 
I. R. Arkhipova, A. A. Penin, M. D. Logacheva, G. A. 
Bazykin & A. S. Kondrashov, 2020. Genomic signatures 
of recombination in a natural population of the bdelloid 
rotifer Adineta vaga. Nature Communications 11(1): 
6421. https://​doi.​org/​10.​1038/​s41467-​020-​19614-y.

Vanjare, A. I., S. M. Padhye & K. Pai, 2010. Zooplankton from 
a polluted river, Mula (India), with record of Brachionus 
rubens (Ehrenberg, 1838) epizoic on Moina macrocopa 
(Straus, 1820). Opuscula Zoologica (budapest) 41(1): 
89–92.

Vanschoenwinkel, B., A. Waterkeyn, T. Nhiwatiwa, T. O. M. 
Pinceel, E. Spooren, A. Geerts, B. Clegg & L. U. C. 

https://doi.org/10.1126/sciadv.abg4216
https://doi.org/10.1126/sciadv.abg4216
https://doi.org/10.1111/j.1420-9101.2012.02614.x
https://doi.org/10.1007/s10750-010-0483-5
https://doi.org/10.1002/iroh.201301707
https://doi.org/10.1007/s10750-016-2936-y
https://doi.org/10.1007/s10750-016-2936-y
https://doi.org/10.1007/s10522-012-9371-x
https://doi.org/10.1080/07924259.2014.925516
https://doi.org/10.1080/07924259.2014.925516
https://doi.org/10.1007/s10750-007-9065-6
https://doi.org/10.1007/s10750-007-9065-6
https://doi.org/10.1080/10236249609378960
https://doi.org/10.1080/10236249609378960
https://doi.org/10.1007/s10126-010-9295-x
https://doi.org/10.1007/s10750-005-4207-1
https://doi.org/10.1007/s10750-005-4207-1
https://doi.org/10.1371/journal.pcbi.1001139
https://doi.org/10.1371/journal.pcbi.1001139
https://doi.org/10.1046/j.1439-0469.2002.00188.x
https://doi.org/10.1046/j.1439-0469.2002.00188.x
https://doi.org/10.1016/j.ympev.2006.04.001
https://doi.org/10.1016/j.ympev.2006.04.001
https://doi.org/10.1016/0020-7519(81)90040-0
https://doi.org/10.1007/s11802-022-4937-y
https://doi.org/10.1007/s11802-022-4937-y
https://doi.org/10.1371/journal.pcbi.1004524
https://doi.org/10.1371/journal.pcbi.1004524
https://doi.org/10.1186/s12918-015-0149-z
https://doi.org/10.1186/s12918-015-0149-z
https://doi.org/10.1126/sciadv.adc8829
https://doi.org/10.1093/femsle/fnaa020
https://doi.org/10.1038/s41467-020-19614-y


Hydrobiologia	

1 3
Vol.: (0123456789)

Brendonck, 2011. Passive external transport of freshwa-
ter invertebrates by elephant and other mud-wallowing 
mammals in an African savannah habitat. Freshwater 
Biology 56(8): 1606–1619. https://​doi.​org/​10.​1111/j.​
1365-​2427.​2011.​02600.x.

Vanschoenwinkel, B., A. Waterkeyn, T. Vandecaetsbeek, O. 
Pineau, P. Grillas & L. Brendonck, 2008. Zooplankton 
dispersal by large terrestrial mammals: a case study on 
wild boar (Sus scrofa) in southern France. Freshwater 
Biology 53: 2264–2273.

Vinebrooke, R. D., D. W. Schindler, D. L. Findlay, M. A. 
Turner, M. Patterson & K. H. Mills, 2003. Trophic 
dependence of ecosystem resistance and species compen-
sation in Experimentally Acidified Lake 302S (Canada). 
Ecosystems 6: 101–113.

Viveros-Legorreta, J. L., S. S. S. Sarma, M. E. Castellanos 
Páez & S. Nandini, 2020. Allelopathic effects from the 
macrophyte Myriophyllum aquaticum on the popula-
tion growth and demography of Brachionus havanaensis 
(Rotifera). Allelopathy Journal. https://​doi.​org/​10.​26651/​
allelo.​j/​2020-​50-2-​1285.

Viveros-Legorreta, J. L., S. S. S. Sarma, M. E. Castellanos-
Páez & S. Nandini, 2022. Seasonal dynamics of phenolic 
substances from the macrophyte Myriophyllum aquati-
cum and their allelopathic effects on the growth and 
reproduction of Plationus patulus (Rotifera: Brachioni-
dae). Hydrobiologia 849(17–18): 3843–3858. https://​doi.​
org/​10.​1007/​s10750-​022-​04963-0.

Vogel, S., 1988. Life’s Devices: The Physical World of Ani-
mals and Plants, Princeton University Press, Princeton.

Wallace, R., J. Ciros-Pérez, D. Fontaneto, S. Mills, H. Segers, 
R. Shiel & E. Walsh, 2014. Cryptic speciation in Bra-
chionus plicatilis: A workshop to describe species within 
the complex. Silnews 65: 15–16.

Wallace, R. L., 1978. Substrate selection by larvae of the ses-
sile rotifer Ptygura beauchampi. Ecology 59(2): 221–
227. https://​doi.​org/​10.​2307/​19363​66.

Wallace, R. L., 1980. Ecology of sessile rotifers. Hydrobiologia 
73: 181–193. https://​doi.​org/​10.​1007/​978-​94-​009-​9209-
2_​31.

Wallace, R. L., 1987. Coloniality in the phylum Rotifera. Hyd-
robiologia 147: 141–155. https://​doi.​org/​10.​1007/​978-​
94-​009-​4059-8_​20.

Wallace, R. L., K. M. Dash, T. Q. Araujo, E. J. Walsh, S. Das 
& R. Hochberg, 2023. Ultrastructural characterization of 
the putative defensive glands (warts) in the sessile, colo-
nial rotifer Sinantherina socialis (Gnesiotrocha; Floscu-
lariidae). Zoologischer Anzeiger 304: 10–20. https://​doi.​
org/​10.​1016/j.​jcz.​2023.​03.​001.

Wallace, R. L. & W. T. Edmondson, 1986. Mechanism and 
adaptive significance of substrate selection by a sessile 
rotifer. Ecology 67(2): 314–323. https://​doi.​org/​10.​2307/​
19385​75.

Wallace, R. L., S. Sarma & S. Nandini, 2013. A commentary 
on the XIIIth International Rotifer Symposium (Shillong, 
2012). Aquatic Biosystems 9(1): 13. https://​doi.​org/​10.​
1186/​2046-​9063-9-​13.

Wallace, R. L., T. W. Snell, C. Ricci & T. Nogrady, 2006. 
Rotifera: Volume 1: Biology, Ecology and Systematics 
(2nd edition). Backhuys Publishers, Leiden.

Wallace, R. L., T. W. Snell & H. A. Smith, 2015. Phylum 
Rotifera. In Thorp, J. H. & D. C. Rogers (eds), Thorp 
and Covich’s Freshwater Invertebrates, vol. I. Elsevier, 
Waltham: 225–271. Ecology and General Biology.

Walsh, E. J., 1989. Oviposition behavior of the littoral rotifer 
Euchlanis dilatata. Hydrobiologia 187(1): 157–161. 
https://​doi.​org/​10.​1007/​BF000​48908.

Walsh, E. J., M. Salazar, J. Remirez, O. Moldes & R. L. Wal-
lace, 2006. Predation by invertebrate predators on the 
colonial rotifer Sinantherina socialis. Invertebrate Biol-
ogy 125: 325–335. https://​doi.​org/​10.​1111/j.​1744-​7410.​
2006.​00064.x.

Weithoff, G., 2005. On the ecology of the rotifer Cephalodella 
hoodi from an extremely acidic lake. Freshwater Biol-
ogy 50: 1464–1473. https://​doi.​org/​10.​1111/j.​1365-​2427.​
2005.​01423.x.

Weithoff, G., C. Neumann, J. Seiferth & T. Weisse, 2019. Liv-
ing on the edge: reproduction, dispersal potential, mater-
nal effects and local adaptation in aquatic, extremophilic 
invertebrates. Aquatic Sciences 81(3): 1–9. https://​doi.​
org/​10.​1007/​s00027-​019-​0638-z.

White, N. J., A. P. Beckerman, R. R. Snook, M. A. Brockhurst, 
R. K. Butlin & I. Eyres, 2022. Experimental evolution of 
local adaptation under unidimensional and multidimen-
sional selection. Current Biology 32: 1–9. https://​doi.​org/​
10.​1016/j.​cub.​2022.​01.​048.

Wilke, T., W. H. Ahlrichs & O. R. P. Bininda-Emonds, 2020. 
The evolution of Synchaetidae (Rotifera: Monogononta) 
with a focus on Synchaeta: An integrative approach 
combining molecular and morphological data. Journal 
of Zoological Systematics and Evolutionary Research 
58(4): 823–857. https://​doi.​org/​10.​1111/​jzs.​12378.

Wilts, E. F. & W. H. Ahlrichs, 2010. Proales tillyensis sp.n. 
(Monogononta: Proalidae), a new rotifer species from 
North-West Germany, with reconstruction of its somatic 
musculature. Invertebrate Zoology 7(1): 29–46.

Wilts, E. F., W. H. Ahlrichs & P. Martínez Arbizu, 2009. The 
somatic musculature of Bryceella stylata (Milne, 1886) 
(Rotifera: Proalidae) as revealed by confocal laser scan-
ning microscopy with additional new data on its trophi 
and overall morphology. Zoologischer Anzeiger 248(3): 
161–175. https://​doi.​org/​10.​1016/j.​jcz.​2009.​08.​001.

Wilts, E. F., D. Wulfken & W. H. Ahlrichs, 2010. Combin-
ing confocal laser scanning and transmission electron 
microscopy for revealing the mastax musculature in Bry-
ceella stylata (Milne, 1886) (Rotifera: Monogononta). 
Zoologischer Anzeiger 248: 285–298. https://​doi.​org/​10.​
1016/j.​jcz.​2009.​11.​002.

Winder, M. & D. E. Schindler, 2004. Climate change uncou-
ples trophic interactions in an aquatic ecosystem. Ecol-
ogy 85(8): 2100–2106.

Wroe, S., D. R. Huber, M. Lowry, C. McHenry, K. Moreno, P. 
Clausen, T. L. Ferrara, E. Cunningham, M. N. Dean & A. 
P. Summers, 2008. Three-dimensional computer analy-
sis of white shark jaw mechanics: how hard can a great 
white bite? Journal of Zoology 276(4): 336–342. https://​
doi.​org/​10.​1111/j.​1469-​7998.​2008.​00494.x.

Yin, X., W. Jin, Y. Zhou, P. Wang & W. Zhao, 2017. Hidden 
defensive morphology in rotifers: benefits, costs, and fit-
ness consequences. Scientific Reports 7(1): 4488. https://​
doi.​org/​10.​1038/​s41598-​017-​04809-z.

https://doi.org/10.1111/j.1365-2427.2011.02600.x
https://doi.org/10.1111/j.1365-2427.2011.02600.x
https://doi.org/10.26651/allelo.j/2020-50-2-1285
https://doi.org/10.26651/allelo.j/2020-50-2-1285
https://doi.org/10.1007/s10750-022-04963-0
https://doi.org/10.1007/s10750-022-04963-0
https://doi.org/10.2307/1936366
https://doi.org/10.1007/978-94-009-9209-2_31
https://doi.org/10.1007/978-94-009-9209-2_31
https://doi.org/10.1007/978-94-009-4059-8_20
https://doi.org/10.1007/978-94-009-4059-8_20
https://doi.org/10.1016/j.jcz.2023.03.001
https://doi.org/10.1016/j.jcz.2023.03.001
https://doi.org/10.2307/1938575
https://doi.org/10.2307/1938575
https://doi.org/10.1186/2046-9063-9-13
https://doi.org/10.1186/2046-9063-9-13
https://doi.org/10.1007/BF00048908
https://doi.org/10.1111/j.1744-7410.2006.00064.x
https://doi.org/10.1111/j.1744-7410.2006.00064.x
https://doi.org/10.1111/j.1365-2427.2005.01423.x
https://doi.org/10.1111/j.1365-2427.2005.01423.x
https://doi.org/10.1007/s00027-019-0638-z
https://doi.org/10.1007/s00027-019-0638-z
https://doi.org/10.1016/j.cub.2022.01.048
https://doi.org/10.1016/j.cub.2022.01.048
https://doi.org/10.1111/jzs.12378
https://doi.org/10.1016/j.jcz.2009.08.001
https://doi.org/10.1016/j.jcz.2009.11.002
https://doi.org/10.1016/j.jcz.2009.11.002
https://doi.org/10.1111/j.1469-7998.2008.00494.x
https://doi.org/10.1111/j.1469-7998.2008.00494.x
https://doi.org/10.1038/s41598-017-04809-z
https://doi.org/10.1038/s41598-017-04809-z


	 Hydrobiologia

1 3
Vol:. (1234567890)

Yin, X., Y. Zhao, S. Tian & X. Li, 2021. Dormant plasticity 
of rotifer diapausing eggs in response to predator kair-
omones. Biology Letters 17(11): 20210422. https://​doi.​
org/​10.​1098/​rsbl.​2021.​0422.

Yoon, I., S. Yoon, R. Williams, N. Martinez & J. Dunne, 2005. 
Interactive 3D visualization of highly connected ecologi-
cal networks on the WWW. 20th ACM Symposium on 
Applied Computing (SAC 2005). Multimedia and Visu-
alization Section 15: 1207–1217.

Zhang, H., Y. He, L. He, H. Yao & J. Xu, 2021a. Behavioural 
response of Brachionus calyciflorus to the predator 
Asplanchna sieboldii. Freshwater Biology 66(3): 562–
569. https://​doi.​org/​10.​1111/​fwb.​13660.

Zhang, H., P. Zhang, H. Wang, J. Garcia Molinos, L. A. Hans-
son, L. He, M. Zhang & J. Xu, 2021b. Synergistic effects 
of warming and eutrophication alert zooplankton preda-
tor-prey interactions along the benthic-pelagic interface. 
Global Change Biology 27(22): 5907–5919. https://​doi.​
org/​10.​1111/​gcb.​15838.

Zhang, W., K. D. Lemmen, L. Zhou, S. Papakostas & S. A. J. 
Declerck, 2019. Patterns of differentiation in the life his-
tory and demography of four recently described species 
of the Brachionus calyciflorus cryptic species complex. 
Freshwater Biology 64(11): 1994–2005. https://​doi.​org/​
10.​1111/​fwb.​13388.

Publisher’s Note  Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

Springer Nature or its licensor (e.g. a society or other partner) 
holds exclusive rights to this article under a publishing 
agreement with the author(s) or other rightsholder(s); author 
self-archiving of the accepted manuscript version of this article 
is solely governed by the terms of such publishing agreement 
and applicable law.

https://doi.org/10.1098/rsbl.2021.0422
https://doi.org/10.1098/rsbl.2021.0422
https://doi.org/10.1111/fwb.13660
https://doi.org/10.1111/gcb.15838
https://doi.org/10.1111/gcb.15838
https://doi.org/10.1111/fwb.13388
https://doi.org/10.1111/fwb.13388

	The undiscovered country: ten grand challenges in rotifer biology
	Abstract 
	Introduction
	Neurobiological connectomes
	Challenges
	Opportunities

	Genomic architectures and control systems
	Challenges
	Opportunities

	Physiology
	Challenges
	Opportunities

	Life history, including sexuality, development, and aging
	Challenges
	Opportunities

	Ecological responses to stresses
	Challenges
	Opportunities

	Biogeography and distribution of cryptic species
	Challenges
	Opportunities

	Analysis of rotiferan morphospace
	Challenge: jointed lever-arm appendages.
	Opportunities
	Challenge: mechanics of trophi.
	Opportunities
	Challenge: Rotiferan lorica form.
	Opportunities

	Rotifer evolution within Gnathifera including Acanthocephala
	Challenges
	Opportunities

	Educational opportunities for beginning students
	Challenges
	Opportunities

	Fostering international collaboration
	Challenges
	Opportunities

	 Conclusions
	Acknowledgements 
	References


