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Abstract: In recent years, trait-based research on plankton has gained interest because of its poten-
tial to uncover general roles in ecology. While trait categories for phytoplankton and crustaceans
have been posited, rotifer trait assessment has lagged behind. Here, we reviewed the literature to
assess traits key to their life histories and provided a data matrix for the 138 valid genera of phylum
Rotifera. We considered seven traits: habitat type, trophi type, presence of lorica and foot, predation
defense attributes, corona type, and feeding traits. While most traits were morphological attributes
and supposedly easy to assess, we were faced with several challenges regarding trait assignment.
Feeding traits were especially difficult to assess for many genera because relevant information was
missing. Our assembled trait matrix provides a foundation that will initiate additional research on
rotifer functional diversity, diminish the misclassification of rotifer genera into trait categories, and
facilitate studies across trophic levels.

Keywords: aquatic ecology; functional ecology; corona; community dynamics; food; guild ratio;
functional groups; rotifer trophi

1. Introduction

In recent years, trait-based research has gained interest because of its promise to pro-
vide generality and predictability of ecological patterns [1] This generality in trait-based
ecology is reached by using traits that allow for an ecological viewpoint beyond species-
specific statements [2]. Traits may be defined at the level of species and can include mor-
phological, physiological, and/or phenological characteristics, which impact individual
fitness [3,4]. The use of traits fosters a better understanding of the forces that drive the
diversity of communities across several scales [2,5-9]. More importantly, such studies can
identify both the loss and recovery of ecosystem resilience [10]. Additionally, tracking the
extent of changes in traits may provide insight into how communities rebound either by
hysteretic or non-hysteretic pathways [10,11] and also may provide information about the
subtle changes indicating a regime shift that ultimately leads to alternative stable states
[12-16].

For plankton, trait-based research is commonly used for phytoplankton with widely
used definitions and trait classifications [9], but for zooplankton, the situation is less ideal.
Trait coverage and its usage differ for crustaceans and rotifers, with the most complete
information available for the former [2,17]. Over a decade ago, Barnett et al. [18] published
their seminal article on crustacean traits. This work, which contained an extensive trait
matrix, has been cited almost 300 times. Litchman et al. [19] further recommended the use
of functional traits in zooplankton studies, but they focused only on crustaceans. Never-
theless, rotifer functional diversity has gained interest in recent years because of its prom-
ise to find general roles [20-22]. While standardized traits for organisms such as plants,
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phytoplankton, and crustaceans exist, studies on rotifer functional diversity have used
different terminologies, trait definitions, and approaches.

In rotifer trait diversity studies, terminology such as bacterivorous, herbivorous, and
partly carnivorous is often used without any reference to existing literature [23]. Missing
information on how traits were attributed is regrettable because it is impossible to rebuild
analyses under the principles of findable, accessible, interoperable, and reusable. Even
though sources for trait assignment are often cited (e.g., Fintelman-Oliveira et al. [24]), the
fact that trait assignment is not shown (either as a table in the study or supplementary
material) impedes constructive discussion of trait categorization. Another extreme pre-
sents the classification of rotifers as purely small herbivores [25] without consideration of
their diverse feeding strategies [26]. For example, despite recognizing the range of trophic
diversity of rotifers, Kakouei et al. [23] did not differentiate rotifers into feeding groups in
statistical analyses on the long-term, zooplankton functional diversity of Lake Miiggelsee
(Berlin, Germany).

In the era of big data [27], the lack of taxonomists [28] hampers trait assignment and
restricts data analyses, thereby limiting the reliability of studies that attempt to evaluate
rotifer community structure. While morphological traits might be easily assessed by roti-
fer guidebooks, assessment of feeding traits is more challenging. Recently Gilbert [26] ob-
served, “basic information on rotifer diets is not readily available to aquatic ecologists and
limnologists.” As a result, the availability of standardized traits is needed to avoid mis-
classifications of rotifer traits. With that assessment in mind, we posit that any open-
source database on rotifer traits facilitates research. Furthermore, we believe that a stand-
ard categorization of rotifer traits will improve our ability to compare studies. Accord-
ingly, the aim of this study is to summarize knowledge of rotifer trait diversity, clarify
existing terminology thereby reducing erroneous rotifer species classification, and pro-
vide a trait matrix for valid genera of phylum Rotifera.

2. Material and Methods

The advanced research engines in Scopus and Web of Science databases (searching
for titles, abstracts, or keywords) were used with “rotifer” AND “trait” AND “functional”
as search criteria. Articles found were checked for their appropriateness. Only studies
with rotifer trait diversity within the aim of the study were considered, articles only refer-
ring in the discussion section to rotifer traits were not considered. Body size is a master
trait because related to rotifer food threshold concentrations [29]. Nevertheless, studies
using only rotifer body size as a trait were also not considered because body length does
not present any inherent problem in trait assignment because it is a measurable property.
Additionally, Web of Science was used to assess bibliometric indices (i.e., the 5-year im-
pact factor (IF) and the category quartile). In cases where the journal was part of more
than one category (e.g., Aquatic Ecology), the highest quartile was reported.

Rotifers consist of the groups Bdelloidea, Monogononta, and Seisonacea [30]. We
compiled a trait matrix for rotifer genera listed in Fontaneto & De Smet [31] (n = 132) plus
a newly described genus (Coronistomus; [32]) and additional ones indicated as valid gen-
era in the Rotifer World Catalogue of Rotifers (Allodicranophorus, Pleurata, Pourriotia,
Pseudoeuchlanis, Pulchritia; [33]). The assembled trait matrix contains the following in-
formation: family, habitat type, trophi type, presence of lorica and foot, predation defense
attributes (e.g., spines, escape swimming; gelatinous case), corona type, feeding mode af-
ter Smith et al. [34], feeding types according to Karabin [35], feeding type, feeding mech-
anism, and ingested particle size after Monakov [36], feeding types after Gilbert [26], and
feeding types after Palazzo et al. [37]. Monakov [36] was originally written in Russian and
is used by Russian researchers [38], but an English translation exists. Feeding traits were
not modified, and we do not warrant their correctness or appropriateness. For feeding
traits, we reported relevant literature in some cases where no missing information on traits
was found (e.g., Asplanchna) to provide readers with additional information.
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We performed hierarchical clustering of genera by morphological traits. For cluster-
ing of our trait matrix, we used the Gower distance provided by package cluster [39]. Val-
idation of clusters (i.e., compact and distinct clusters; package fpc; [40]) was assessed by
the average distance among observations between clusters (should be small) and the sil-
houette coefficient (should be large). We chose between agglomerative and divisive clus-
tering based on cluster performance. In plotting with package ggplot2 [41], we used colors
that can be distinguished by color-blind people (package viridis [42]). All analyses were
performed with R 4.2.2 [43].

3. Results
3.1. Analysis of Articles on Rotifer Functional Diversity

We found 66 articles focusing on rotifer functional traits (Supplementary Table S1).
While the first article was published in 2005, after 2015 the number of articles using rotifer
traits increased (Figure 1A). The two published studies early in 2023 (Supplementary Ta-
ble S1) were indicative of the continuing interest in zooplankton and rotifer functional
diversity. These 66 articles were published in 40 different journals with most having a
reported IF; only four articles were not referenced in the Web of Science database. Most
articles were published in Hydrobiologia (n = 14), followed by Water (n =5), Ecological Indi-
cators (n = 3), and Journal of Plankton Research (n = 3). Most studies were from Brazil (n =
15), followed by China (n = 12), Poland (n = 6), and Argentina, Croatia, and Italy (n = 5)
(Figure 1A). Most articles had a 5-year IF between 2 and 5 (1 = 38; Figure 1B) and were
located in the first (n = 11) or second quartile (1 = 32) of journal categories (Figure 1C).
Among study sites, most were from lakes (n = 32), followed by reservoirs (n = 10), and
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Figure 1. Articles on rotifer functional diversity: (A) Country of environment studied; the countries
with at least three published studies are shown; grey color refers to countries with < 3 published
studies; (B) number of studies binned by IF classes; (C) number of studies binned by the quartile
rank; NA refers to studies with no IF.
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Statistical analyses on rotifer traits fell into four categories: (1) single traits were re-
lated to environmental conditions; (2) all traits were used in multivariate analyses and
calculation of diversity indices; (3) rotifer traits were used in clustering methods to con-
struct functional groups; these functional groups were used in following analyses such as
functional diversity and regression analysis; and (4) rotifer traits were merged with crus-
tacean traits when analyzing zooplankton functional diversity. Most studies used anal-
yses of categories (1) and (2) to analyze environment-trait relationships, while seven arti-
cles adopted strategy (3), and 15 studies adopted strategy (4). Mostly community-
weighted means, functional diversity indices, and/or raw traits were used in statistical
analyses.

While most articles cited other studies to state how rotifer traits were assigned, eight
studies did not cite any source for trait assignment. Among citations for trait assignment,
Obertegger et al. [20] were most often cited (n = 24), followed by Obertegger and Manca
[44] (n = 10), and Karabin [35] (n = 6). Older literature such as Pourriot [45,46] was cited
only once.

Citations and explanations in the text of an article do not implicitly mean that a study
can be repeated. Reconstruction of trait assignment was possible for most studies (n = 36;
Supplementary Table S1) based on tables, figures, or text within the article, while for five
studies the respective information was placed into supplementary material, and for 25
studies trait assignment was not possible to reconstruct. For two articles, errors in rotifer
trait assignment were found. When the guild ratio or feeding guilds according to Ober-
tegger et al. [20], Obertegger and Manca [44], and/or Smith et al. [34] were used (n = 13),
we trustfully believed that traits were correctly assigned, but when size or biomass was
further mixed with traits (e.g., [47,48]), trait assignment was unknown. We found that
when trophi types were combined with size, an unambiguous reconstruction of traits was
impossible. For example, Palazzo et al. [37] established a classification into small, medium,
and large, which was related to absolute size, and Wang et al. [49] used relative size based
on quartiles, but Tavsanoglu and Akbulut [50] did not provide an explanation for how
they assessed size categories. Interestingly, Jannsson et al. [51] assigned to zooplankton,
including rotifers, a complexity trait, probably based on behavioral and morphological
diversity. Furthermore, O’Brien et al. [52] used fuzzy coding for zooplankton, including
rotifer traits. Fuzzy coding is based on a scoring system that describes the affinity of a
specific taxon to a certain trait category [53]. No information on the coding is provided in
O’Brien et al. [52], and therefore its appropriateness cannot be assessed. An interesting
example of aquatic functional diversity is the study of Neury-Ormanni et al. [54] who
assembled a detailed trait matrix based on diverse attributes such as chemical preferences,
life cycle, morphology, life history, physiology, and diet and feeding behavior for the mei-
ofauna, including eight rotifer species.

Judgements on the utility of rotifer traits were mixed, and in the case of merging
rotifer traits with other zooplankton taxa, a judgement was impossible. Of the remaining
studies (n = 48), few studies criticized the performance of rotifer traits in discerning envi-
ronmental differences [55-57].

3.2. Rotifer Trait Matrix

Based on our literature review, we compiled a trait matrix for the 138 rotifer genera
(Supplementary Table S2) reporting family, habitat type, trophi type, presence of lorica
and foot, predation defense attributes, corona type, and feeding traits. We can provide
Supplementary Table S2 only as supplementary material because of its huge size but con-
comitantly this allows for easy access to filtering within traits and integration of data into
analyses. Considering the array of different habitat types that rotifers occupy, we summa-
rized the information into eight categories (Supplementary Table S2), a necessity for sta-
tistical analyses. We submit these categories as a proposal that may be evaluated by other
researchers who may find a better way of classification based on the habitat information
we provided and the composition of the genera they are studying. For example, some
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genera possess species that are free swimming in the juvenile state and sessile as adults
(i.e., families Atrochidae, Collothecidae, and Flosculariidae). Several genera form intra- or
inter-specific colonies or inhabit the colonies of other species, these include Acyclus, Beau-
champia, Collotheca, Cupelopagis, Floscularia, Lacinularia, Lacinularoides, Limnias, Octotrocha,
Pentatrocha, Ptygura, Sinantherina, and Stephanoceros [58]. Sessile taxa sometimes can be
dislodged, either by currents or by the action of towing a net through a bed of hydrophytes.
For the sake of simplicity, we merged these genera into the category of littoral periphytic,
even though four genera (Collotheca, Lacinularia, Ptygura, and Sinanthering) also possess
planktonic species. Similarly, psammic genera were merged into the category of littoral
periphytic. Limnoterrestrial taxa live on mosses, lichens, leaf litter, and soil, but can also
be found in the littoral and psammon. Moreover, in this case, these genera were merged
into the category of littoral periphytic.

Researchers have categorized rotifer trophi into eight basic forms with several tran-
sitions and combinations (e.g., Koste [59]). We reported trophi types according to Koste
[59] and in the case of transitional forms (e.g., Microcodon: virgate, but a transition to mal-
leate; Koste [59]) reported the principal form seen in the genus (i.e., virgate for Microcodon).
The rotifer cuticula can be stiffened to form a lorica or can be soft (illoricate). We
acknowledge that some genera possess a lorica that can be partially stiffened (e.g., Encen-
trum: ‘cuticola mostly soft, only sometimes partially stiffened’ Koste [59]). To avoid the
splitting of genera into many categories with few entries, we considered only two catego-
ries of lorica types (loricate, illoricate), and classified a genus as loricate only when the
whole body is stiff and not only parts of it.

According to Koste [59], Monogonont rotifers show six different corona types
(Asplanchna-, Collotheca-, Conochilus-, Euchlanis-Brachionus-, Hexarthra-, and Notommata-
type) with a few genera not possessing any corona in the adult state (i.e., Atrochus, Acyclus,
Balatro, and Cupelopagis). However, in the general description of Notommatidae, Koste [59]
states that taxa possess a Notommata- or Dicranophorus-type corona, but states that only
the genus Wigrella possesses the Dicranophorus-type corona. Koste and Shiel [60] also de-
scribe six different corona types for Monogononta and attribute to Notommatidae and
Dicranophoridae only the Notommata-type corona. Finally, Fontaneto and De Smet [31]
differentiate seven corona types (the six originally from Koste [59] plus the Dicranophorus-
type) attributing to Notommatidae a Notommata-, Dicranophorus-type, or Asplanchna-type
corona and to Dicranophoridae the Dicranophorus-type corona. For most Dicranophoridae,
Koste [59] states only that the corona is vertically tilted. Thus, a corona type that might
seem to be an easily defined trait turned out to be quite complicated for some taxa. We
took a pragmatic approach and classified corona types of Monogononta according to
Koste and Shiel [60] and cross-checked with Koste [59]. Thus, only in the case of Eosphora,
family Notommatidae, we stated Asplanchna-type corona because Koste [59] describes it
as reduced with few cilia. For Bdelloidea, three corona types have been differentiated [31].
Therefore, we differentiated 10 corona types (i.e., six for Monogononta, three for Bdelloi-
dea, and one for Seisonidae); the newly described genus Coronistomus shows a similar co-
rona as species in the family Philodinavidae [32].

Classification of rotifers into feeding guilds/trophic groups is based on several crite-
ria. Rotifers are often divided into predators and filter feeders (cf. [26]). Rotifer predators
or raptors are defined in several ways: species without any buccal tube and whose mouth
opening leads directly to the mastax [36]; rotifers showing a grasping action and having
access to larger food particles [46]; rotifers actively grasping food (also known as macro-
filter feeders) and Asplanchna [35]; large-bodied rotifers that consume relatively large prey
items individually [34]; and rotifers that feed on a large range of algae, protozoans, and
metazoans [26]. The terminology carnivorous (e.g., Eothinia: [59]; Abrochtha: [61]) refers to
zoophagous rotifers that feed on other animals such as rotifers or oligochaetes. Definitions
regarding non-predatory rotifers are also diverse. In filter-feeding rotifers, mouth size de-
termines the size of particles ingested [46]. Karabin [35] defines microfilter feeders (or
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sedimentators) based on trophi types and identifies several subgroups linked to the par-
ticle size ingested. Smith et al. [34] define microphagous rotifers as rotifers that consume
multiple small prey nearly simultaneously. Gilbert [26], instead of focusing on how spe-
cies gather food, proposes four, broad overlapping categories based on the types and sizes
of food ingested, and rotifers feeding on algae are found in all four categories [26]. Palazzo
et al. [37] discriminate suctors, predators, and filter feeders, but do not give a proper def-
inition for this separation except for a trophi-based classification. In benthic and soil roti-
fers (e.g., Adineta), the terminology of scrapers is applied in contrast to filter feeding [62].
These taxa feed on biofilms [63] and may nevertheless be classified as microfilter feeders.
Monakov [36] pursued a different strategy; he discriminated three types of feeding traits
by (1) how food is captured, (2) by food type ingested, and (3) by particle size. For (1),
Monakov [36] discriminates (i) rotifers whose corona creates strong currents that guide
and concentrate food particles at the mouth opening and have malleate or ramate trophi;
(i) rotifers that actively capture food and have virgate or forcipate trophi; (iii) sessile spe-
cies whose infundibulum encloses food. For (2), Monakov [36] discriminates bacterio-
phages, tryptophages, phytophages, and/or zoophages, and for (3), he discriminates mi-
cro- or macrophages, with a separating threshold around 20 pm.

Several researchers grouped rotifer genera into specific feeding categories with dif-
ferent genus coverage. Neglecting subgroups, all rotifer genera can be assigned to a
trophic group sensu Karabin [35], except those with a forcipate and cardate trophi for
which Karabin [35] did not state a trophic group. Smith et al. [34] classified rotifers into
microphagous and raptorial taxa based on trophi types alone, and because they were de-
fined for all trophi types, except for ramate trophi, they can be applied to any rotifer genus
or species except Bdelloidea. Similarly, Palazzo et al. [37] discriminate trophic groups of
rotifers based on trophi types alone allowing for complete coverage. Karabin [35] classi-
fied 52 genera into trophic groups; Monakov [36] classified 49 genera into feeding mech-
anism types based on four out of nine trophi types; Monakov [36] classified 22 genera into
feeding types; and Gilbert [26] classified 21 genera into feeding-niche categories (Supple-
mentay Table 52). Therefore, all these classifications are not complete for all rotifer genera
except in the case where trophi types were used (Palazzo et al. [37] excluding ramate tro-
phi; Smith et al., 2009).

In comparing feeding traits classifications for Monogononta (Supplementay Table 52),
we did not seek a complete comparison of all possible combinations of comparisons and
focused on the rotifer classification sensu Smith et al. [35] and Monakov [36]. Mi-
crophagous rotifers sensu Smith et al. [34] are equivalent to microfilter feeders sensu Kar-
abin [35], microphages sensu Monakov [36] and microphagous sensu Gilbert [26], and
polyphagous rotifers sensu Gilbert [26] except for three genera (i.e., Epiphanes, Notholca,
and Rhinoglena). Raptorial taxa sensu Smith et al. [34] are equivalent to macrophages sensu
Monakov [36], macrofilter feeders/raptors sensu Karabin (1985), and macrophagous al-
givores sensu Gilbert [26] and macrophagous omnivores/predators sensu Gilbert [26]. Mi-
crophages sensu Monakov [36] are equivalent to microfilter feeders sensu Karabin [35],
microphagous sensu Smith et al. [34], and microphagous sensu Gilbert [26], and polyph-
agous sensu Gilbert [26]. Macrophages sensu Monakov [36] are equivalent to macrofilter
feeders/raptors sensu Karabin [35], raptors sensu Karabin [35] except for 6 out of 16 genera,
raptorials sensu Smith et al. [34] except for 5 out of 22, and macrophagous algivors sensu
Gilbert [26], macrophagous omnivores/predators sensu Gilbert [26] , and polyphagous
rotifers sensu Gilbert [26] (Supplementay Table S2). Therefore, feeding traits classifica-
tions sensu Smith et al. [34] showed vast accordance among classifications while that of
Monakov [36] showed less accordance.

In providing feeding trait information for all rotifer genera, we stuck to classifications
by trophi types [34-36] and by food types [26,36], which required a rigorous literature
search to develop a trait matrix that was as complete as possible. For this aim, we addi-
tionally classified rotifers with malleoramate trophi as rotifers whose corona creates
strong currents that guide and concentrate food particles at the mouth opening. In several
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cases, missing information could be inferred by examining other categories. For example,
Gastropus spp. are macrophagous algivores sensu Gilbert [26] and consequently may be
inferred to be phytophages sensu Monakov (2003). Collothecid rotifers were classified as
raptors even though the terminology ambush predators might better describe their feed-
ing behavior. This is because collothecid rotifers possess an expanded and elongated co-
rona of lobes and cilia lobes that form a fyke-like structure by which mobile prey (both
zoo- or phytoplankton) are guided into an enlarged, funnel-shaped infundibulum [64].
Parasitic species, whether endo- or epibionts, were not classified into feeding niche cate-
gories sensu Gilbert [26], feeding types sensu Monakov [36], and the category “particle
size ingested” sensu Monakov [36].

3.3. Clustering of Morphological Rotifer Traits

Based on indices of cluster performance, we selected divisive clustering to create 10
clusters (Figure 2, Supplementary Material Table S3). Cluster 1 genera (n =21) were almost
all Bdelloidea (except for Ceratotrocha) and Seisonidae. Cluster 2 genera (n = 4) were all
illoricate and possessed uncinate trophi (except for Ceratotrocha). Cluster 3 was the largest
cluster (46 genera from 11 families) and comprised mostly littoral or periphytic genera
with a Notommata-type corona. Cluster 4 genera (n =7) were all endobionts. Cluster 5 gen-
era (n=11) all possessed a Hexarthra-type corona. Cluster 6 genera (n =31) all had malleate
trophi and nearly all possessed a Euchlanis-Brachionus-type corona; the exception was Bry-
ceella. Cluster 7 genera (n = 6) were all loricate lacking an obvious defense. Clusters 8 (n =
2) and 9 genera (n = 4) were quite similar (i.e., illoricate and planktonic or semi-planktonic
genera); the difference in these two was genera with Asplanchna-type corona and no foot
or those with a foot. Cluster 10 genera (1 = 6) were all illoricate, planktonic, or semi-plank-
tonic, and had malleoramate trophi.

Seisonid-type -
Conochilus-type - =
Collotheca-type -

Asplanchna-type - ]
Euchlanis-Brachionus-type - [ ]
Philodina-type - .
Hexarthra—type - ——
Notommata—type - ———]
Adineta-type -
absent in adult state -
Abrochtha-type -

foot no- | ] perC1_00
foot yes-
defence yes- I 0.75
defence no-
loricate -
illoricate - 0.25
fulcrate -
cardate -
incudate -
virgate- | ]
malleate - |
malleoramate - _ _
forcipate -
uncinate - ———]
ramate -_|
planktonic or semi-planktonic- _
endobiont - [ ]
epibiont-
littoral, periphytic - I .
1 2 3 4 5 6 7 8 9 10
Cluster number

Figure 2. Heatmap of percent distribution of morphological traits within clusters 1 to 10 as assem-
bled by hierarchical, divisive clustering. Black horizontal lines separate different traits; within traits,
numbers sum up to 100%.
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4. Discussion

The number of trait-based rotifer studies has increased in recent years, and these
studies indicate the explanatory power of traits to indicate environmental change. An im-
portant issue in trait-based research is the question of which traits to consider [19,56]. For
rotifers, morphological attributes and feeding traits are generally used, while physiologi-
cal and phenological traits are almost never assessed because those features are tempera-
ture dependent and critical information is missing for most species. Morphological traits
are often those that can be easily assessed [21,22], and, in that way, a trait approach is
more indulgent when faced with a coarse taxonomic resolution because many functional
attributes are shared among closely related species. The morphological traits used usually
relate to rotifer life history strategies such as locomotion, predation, feeding, and habitat
preferences. Except for habitat, the traits we summarized are generally functional traits
that are part of an organism’s phenotype in response to environmental factors [65].

The assembled morphological traits and habitat preferences summarize the potential
rotifer niche at the genus level. Habitat preferences are linked to abiotic (e.g., temperature
variability, mixing, and light exposure) and biotic (e.g., food resources, predation expo-
sure, and competition) factors that collectively determine major elements of the rotifer
niche. Therefore, habitat preferences may be considered an overarching trait, while mor-
phological traits address specific aspects of rotifer life. Predation defense is achieved by a
variety of methods including spines, different swimming behaviors that lead to escape,
and gelatinous sheaths [66]. Specifically, loricate species might be better protected against
predation with appendices enhancing protection [67], even though the presence of spines
is subject to phenotypic variability based on predator abundance [68]. The corona is im-
portant for locomotion [59] and perception of prey items [69], and is linked to mastax and
trophi structure [70], both of which influence food types ingested [35]. In our analysis, the
seemingly easy trait of corona type turned out to be quite problematic with unclear de-
scriptions in several sources; this problem urged us to consult Koste [59] the cornerstone
work for aquatic biologists [71]. We acknowledge that the consultation of Koste [59] is
challenging because it is written in German and even with Google Translate, a clear un-
derstanding is sometimes difficult to achieve. On the other hand, assigning taxa to trophi
types was relatively easy because they do not change much within genera and are clearly
described. Moreover, the action of how trophi process food is quite different among trophi
types [72], and it can be speculated that the presence of different trophi types is linked to
food resources. The presence or absence of a foot is also related to lifestyle characteristics;
e.g., planktonic species often do not possess a foot, while sessile species do [31]. To sim-
plify our trait matrix, we did not discriminate between a swimming, creeping, sessile, or
jumping foot [31]. While we considered several traits, certain traits were not. Rotifer bio-
mass or body size is an important trait because it is linked to rotifer food threshold levels
[29]; however, it depends on study-specific measurements, and in case of missing infor-
mation, literature data can be used with the geometric mean as an average estimate for
species or genera. Other traits related to pH tolerance or saprobic valency might not be
useful rotifer traits; the former because most rotifers show a wide tolerance [73] and the
latter because of high intra-genera variation [74].

Our genus-level trait matrix, while providing information on the rotifer niche, may,
in certain cases, be misleading by obscuring species-specific details. For example, within
Epiphanes, both loricate and illoricate species are found, and within the genus Floscularia,
subtle trophi differences are present [75]. Therefore, a species-specific assessment might
be necessary to gain a better trait assessment in certain cases. We took a pragmatic ap-
proach and reported obvious characteristics that are valid for the majority of species
within a genus. While intraspecific trait variation [76] might bias the assessment of a trait
matrix, this aspect is mostly valid for numerical traits such as body mass and size, while
other morphological traits are generally stable through time and space. Therefore, we are
confident that our trait matrix is the best that can be obtained.
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While morphological traits such as corona and trophi types can be interpreted as
proxies for food resources, they cannot indicate any food types or sizes consumed. There-
fore, traits summarizing feeding aspects have been gaining interest. With respect to the
relative ease of assessing morphological traits, assessment of feeding traits requires expert
knowledge and expert judgement. Different authors classified rotifer feeding traits [26,34-
37,46], and different opinions exist on the classification of feeding traits. Wallace et al. [30]
note that the distinction between predatory and herbivory rotifers is not always easy, and
thus they advise considering the way how rotifers process food rather than what they eat.
The feeding guilds sensu Smith et al. [34] and Palazzo et al. [37] followed this advice and
took a pragmatic approach in classifying rotifers into gross feeding guilds based on trophi
structure alone. In contrast, Gilbert [26] suggests that the rotifer food niche is best de-
scribed by its food and rotifer feeding efficiency because there is much overlap in the diets
of rotifers designated as microphagous or raptorial and species can shift between different
food types. We attempted to provide feeding traits for all 138 rotifer genera, but quickly
realized that detailed information on food sources sensu Gilbert [26] is missing for most
genera (79 genera out of 136; Supplementary Table S2). However, applying less detailed
feeding categories (e.g., sensu Monakov, [36]) was also not possible because that infor-
mation was not available for many genera. While for environmental factors such as tem-
perature or salinity, observational data can be used to determine sensible ranges,
knowledge of food sources relies on laboratory experiments or observations of gut con-
tents. This type of information is less common than environmental data, and when this
information is available, it is not without inherent problems. For example, Pourriot [46]
states that the bdelloid Habrotrocha thienemanni is purely bacteriophage, while Ricci [77]
maintained a culture of H. elusa vegeta with algal food; therefore, species might switch to
a less preferred food and survive albeit while only maintaining a low population level or
this is a species-specific difference, impossible to reflect in a genus-based trait matrix. Of-
ten in the case of missing data, statistical imputation methods are used but prove to be
inappropriate in the case of rotifer feeding traits. Fuzzy coding of zooplankton traits [52]
relies on a minimal understanding of rotifer feeding and cannot be applied when no in-
formation is available. Moreover, machine learning cannot be used because feeding guilds
sensu Gilbert [26] or Monakov [36] cannot be inferred from morphological traits based on
an underlying relationship. Only laboratory experiments can clarify whether a certain
food source can sustain a viable population. Therefore, feeding guilds sensu Gilbert [26]
or Monakov [36] can only be applied in statistical analyses when information for all taxa
of the study community is available.

Classification of rotifer feeding guilds is difficult. In addition, for phytoplankton, the
classification into functional groups poses problems leading to erroneous classifications
[78]; therefore, Zhang et al. [79] proposed a method to derive habitat-specific phytoplank-
ton templates. We suggest that rotifers prosper in environments where their feeding tools
(i-e., corona and trophi types) best fit, and therefore, we posit that feeding guilds could be
abandoned in favor of morphological traits. Traits are the basis for any statistical analysis
of trait-based ecology. We suggest that using single traits as dependent variables is a sim-
plistic approach neglecting the multi-dimensionality of the rotifer niche. Multivariate
analyses that consider all traits are to be preferred. A step further in the consideration of
the trait space is the construction of groups based on clustering [80]. The construction of
groups also allows the combination of rotifers with other zooplankton groups. We
grouped rotifer genera based on morphological traits and found a gross separation of
planktonic from littoral genera (clusters 1 to 6 versus clusters 7 to 10). The clustering result
further outlined the combination of traits that are not random, an important point when
creating artificial communities to test for assembly processes [22]. Bryceella clustering with
genera of Brachionus-Euchlanis-type corona forced us to check the trait assignment for this
genus. We acknowledge that this genus has a special corona with cirri with which animals
can move [59].
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Recently, Litchman et al. [81] advised using traits across trophiclevels to gain insights
into general roles, but to do so with rigor requires a complete list of traits. Therefore, such
approaches are rare, and few studies attempt to consider more than just one trophic level.
For example, Colina et al. [82] found group-specific feeding preferences of zooplankton
linked to phytoplankton traits. Lansac-Toha et al. [83] found low levels of cross-taxon
(from algae to zooplankton and fish) congruence of taxonomic and functional beta diver-
sity. Even though not directly related to studies across trophic levels, small bacterivorous
and detritophagous rotifers increase with trophic state [84] indicating a link between algae
and rotifers.

Trait-based ecology advances our understanding of ecological dynamics in a rapidly
changing, human-influenced world [85] and is mentioned among the five future chal-
lenges for plankton diversity [86]. Several topics may be studied by trait-based analysis
such as (1) trophic mismatch [87], (2) natural [88] and artificial [89] stresses from acids, (3)
changes in salinity [90,91], (4) experimental studies of effects of heavy metals [92] and
organics [93,94], (5) effects of ingesting nanoparticle microplastic pollutants [95,96], (6)
combinatorial effects [97-99], and (7) functional homogenization [95]. We hope that our
assembled trait matrix paves the way for more research on rotifer functional diversity,
diminishes the misclassification of rotifer genera into trait categories, and enables studies
across trophic levels. We, furthermore, believe that the open-source matrix on rotifer traits
that we provide here will promote research in the above-cited research areas. Researchers
may refine the data in our matrix with additional information gleaned from the literature
or improve them as new genera are described and/or new characters are recognized. We
also encourage researchers to disclose their trait assignment to allow for constructive dis-
cussion and advancement of rotifer science.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/w15081459/s1, Table S1: List of the 66 inspected studies with
their publication year, studied habitat, country of provenance, journal name, impact factor, quartile
rank, provision of traits, and application of the guild ratio [20-22,24,34,37,38,44,47-52,54—
57,80,83,100-145]; Table S2: Trait assignment for the 138 genera of phylum Rotifera
[31,32,59,60,64,77,146-192]; Table S3: Rotifer genera with their traits and their cluster number as as-
signed by hierarchical, divisive clustering.

Author Contributions: Conceptualization, U.O.; validation, U.O. and R.L.W.; formal analysis, U.O.
and R.L.W. investigation, U.O. and R.L.W.; resources, U.O. and R.L.W.; data curation, U.O.; prepa-
ration of the original draft, U.O.; writing, reviewing, and editing, U.O. and R.L.W.; project admin-
istration, U.O.; funding acquisition, U.O. and R.L.W. All authors have read and agreed to the pub-
lished version of the manuscript.

Funding: This project was funded by FEM (U.O.) and the U.S. National Science Foundation: DEB
2051710 (R.L.W.).

Data availability Statement: Data are available in the Supplemental Document that accompanies
the paper.

Acknowledgments: The authors remain responsible for the accuracy of the analyses. We thank re-
viewers for their time and effort to review our study.

Conflicts of Interest: The authors have no conflict of interest or competing interests. The sponsors
had no role in the design, execution, interpretation, or writing of the study

1.  McGill, B.J.; Enquist, B.; Weiher, E.; Westoby, M. Rebuilding community ecology from functional traits. Trends Ecol. Evol. 2006,
21, 178-185. https://doi.org/10.1016/j.tree.2006.02.002.

2. Pomerleau, C.; Sastri, A.R.; Beisner, B. Evaluation of functional trait diversity for marine zooplankton communities in the North-
east subarctic Pacific Ocean. . Plankton Res. 2015, 37, 712-726. https://doi.org/10.1093/plankt/fbv045.

3.  Dawson, S.K,; Carmona, C.P.; Gonzalez-Sudrez, M.; Jonsson, M.; Chichorro, F.; Mallen-Cooper, M.; Melero, Y.; Moor, H.; Sima-
ika, J.P.; Duthie, A.B. The traits of “trait ecologists”: An analysis of the use of trait and functional trait terminology. Ecol. Evol.
2021, 11, 16434-16445. https://doi.org/10.1002/ece3.8321.



Water 2023, 15, 1459 11 of 17

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Violle, C.; Navas, M.-L.; Vile, D.; Kazakou, E.; Fortunel, C.; Hummel, I.; Garnier, E. Let the concept of trait be functional! Oikos
2007, 116, 882-892. https://doi.org/10.1111/j.2007.0030-1299.15559.x.

Aleixo, L; Norris, D.; Hemerik, L.; Barbosa, A.; Prata, E.; Costa, F.; Poorter, L. Amazonian rainforest tree mortality driven by
climate and functional traits. Nat. Clim. Chang. 2019, 9, 384-388. https://doi.org/10.1038/s41558-019-0458-0.

Mahaut, L.; Fort, F.; Violle, C.; Freschet, G.T.; Spasojevic, M. Multiple facets of diversity effects on plant productivity: Species
richness, functional diversity, species identity and intraspecific competition. Funct. Ecol. 2019, 34, 287-298.
https://doi.org/10.1111/1365-2435.13473.

Senzaki, M.; Barber, J.R.; Phillips, ].N.; Carter, N.H.; Cooper, C.B.; Ditmer, M.A; Fristrup, K.M.; McClure, C.J.W.; Mennitt, D.J.;
Tyrrell, L.P.; et al. Sensory pollutants alter bird phenology and fitness across a continent. Nature 2020, 587, 605-609.
https://doi.org/10.1038/s41586-020-2903-7.

Thakur, M.P; Geisen, S. Trophic Regulations of the Soil Microbiome. Trends Microbiol. 2019, 27, 771-780.
https://doi.org/10.1016/j.tim.2019.04.008.

Trindade, RM.L.; Ribeiro, A.K.N.; Nabout, ].C.; Bortolini, ].C. The global scientific literature on applications and trends in the use of
functional morphological groups in phytoplankton studies. Acta Limnol. Bras. 2021, 33, 12. https://doi.org/10.1590/s2179-975x7220.
Reynolds, C.S. Resilience in aquatic ecosystems—hysteresis, homeostasis, and health. Aquat. Ecosyst. Heal. Manag. 2002, 5, 3-17.
https://doi.org/10.1080/14634980260199927.

Frost, T.M.; Fischer, ].M.; Klug, J.L.; Armnott, S.E.; Montz, P.K. Trajectories of Zooplankton Recovery in the Little Rock Lake
Whole-Lake Acidification Experiment. Ecol. Appl. 2006, 16, 353-367. https://doi.org/10.1890/04-1800.

Bruel, R.; Marchetto, A.; Bernard, A.; Lami, A.; Sabatier, P.; Frossard, V.; Perga, M.-E. Seeking alternative stable states in a deep
lake. Freshw. Biol. 2018, 63, 553-568. https://doi.org/10.1111/fwb.13093.

Baruah, G.; Clements, C.F.; Guillaume, F.; Ozgul, A. When do shifts in trait dynamics precede population declines? Am. Nat.
2019, 193, 633—644. https://doi.org/10.1086/702849.

Shadrin, N.V. The alternative saline lake ecosystem states and adaptive environmental management. J. Oceanol. Limnol. 2018,
36, 2010-2017. https://doi.org/10.1007/s00343-018-7307-2.

Zhao, L.; Wang, M.; Liang, Z.; Zhou. Identification of regime shifts and their potential drivers in the shallow eutrophic Lake
Yilong, Southwest China. Sustainability 2020, 9, 3704. https://doi.org/10.3390/su12093704.

Pace, M.; Carpenter, S.R.; Johnson, R.; Kurtzweil, ].T. Zooplankton provide early warnings of a regime shift in a whole lake
manipulation. Limnol. Oceanogr. 2013, 58, 525-532. https://doi.org/10.4319/10.2013.58.2.0525.

Helenius, L.K,; Leskinen, E.; Lehtonen, H.; Nurminen, L. Spatial patterns of littoral zooplankton assemblages along a salinity
gradient in a brackish sea: A functional diversity perspective. Estuar. Coast. Shelf Sci. 2017, 198, 400-412.
https://doi.org/10.1016/j.ecss.2016.08.031.

Barnett, A.].; Finlay, K.; Beisner, B.E. Functional diversity of crustacean zooplankton communities: Towards a trait-based clas-
sification. Freshw. Biol. 2007, 52, 796-813. https://doi.org/10.1111/j.1365-2427.2007.01733.x.

Litchman, E.; Ohman, M.D.; Kierboe, T. Trait-based approaches to zooplankton communities. . Plankton Res. 2013, 35, 473-484.
https://doi.org/10.1093/plankt/fbt019.

Obertegger, U.; Smith, H.A ; Flaim, G.; Wallace, R.L. Using the guild ratio to characterize pelagic rotifer communities. Hydrobi-
ologia 2011, 662, 157-162. https://doi.org/10.1007/s10750-010-0491-5.

Obertegger, U.; Flaim, G. Community assembly of rotifers based on morphological traits. Hydrobiologia 2015, 753, 31-45.
https://doi.org/10.1007/s10750-015-2191-7.

Obertegger, U.; Flaim, G. Taxonomic and functional diversity of rotifers, what do they tell us about community assembly?
Hydrobiologia 2018, 823, 79-91. https://doi.org/10.1007/s10750-018-3697-6.

Kakouei, K.; Kraemer, B.M.; Adrian, R. Variation in the predictability of lake plankton metric types. Limnol. Oceanogr. 2022, 67,
608-620. https://doi.org/10.1002/Ino.12021.

Fintelman-Oliveira, E.; Kruk, C.; Lacerot, G.; Klippel, G.; Branco, C.W.C. Zooplankton functional groups in tropical reservoirs:
discriminating traits and environmental drivers. Hydrobiologia 2022, 850, 365-384. https://doi.org/10.1007/s10750-022-05074-6.
Ehrlich, E.; Gaedke, U. Coupled changes in traits and biomasses cascading through a tritrophic plankton food web. Limmnol.
Oceanogr. 2020, 65, 2502-2514. https://doi.org/10.1002/Ino.11466.

Gilbert, J.J. Food niches of planktonic rotifers: Diversification and implications. Limnol. Oceanogr. 2022, 67, 2218-2251.
https://doi.org/10.1002/Ino0.12199.

Farley, S.S.; Dawson, A.; Goring, S.J.; Williams, J.W. Situating Ecology as a Big-Data Science: Current Advances, Challenges,
and Solutions. Bioscience 2018, 68, 563-576. https://doi.org/10.1093/biosci/biy068.

Engel, M.S,; Ceriaco, L.M.; Daniel, G.M.; Dellapé; PM; Lobl, I; Marinov, M.; Reis, R.E.; Young, M.T.; Dubois, A.; Agarwal, L; et al.
The taxonomic impediment: A shortage of taxonomists, not the lack of technical approaches. Zool. J. Linn. Soc. 2021, 193, 381-387.
Stemberger, R.S.; Gilbert, ].]. Body Size, Food Concentration, and Population Growth in Planktonic Rotifers. Ecology 1985, 66,
1151-1159. https://doi.org/10.2307/1939167.

Wallace, R.L.; Snell, T.W.; Ricci, C.; Nogrady, T. Rotifera: Volume 1: Biology, Ecology and Systematics, 2nd ed.; Backhuys Publishers:
Leiden, The Netherlands, 2006; p. 299.

Fontaneto, D.; De Smet, W.H. Rotifera. In Handbook of Zoology: Gastrotricha, Cycloneuralia and Gnathifera, Volume 3: Gastrotricha
and Gnathifera; Schmidt-Rhaesa, A., Ed.; De Gruyter: Berlin, Germany, 2015; pp. 217-300.



Water 2023, 15, 1459 12 of 17

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.
60.

Orstan, A. An extraordinary new fluvial bdelloid rotifer, Coronistomus impossibilis gen. nov., sp. nov., with adaptations for tur-
bulent flow (Rotifera: Bdelloidea: Coronistomidae fam. nov.). Zootaxa 2021, 4966, 16-28.

Jersabek, C.D.; Leitner, M.F. The Rotifer World Catalog. World Wide Web Electronic Publication. 2013. Available online:
http://www.rotifera.hausdernatur.at/ (accessed on 1 February 2023).

Smith, H.A.; Ejsmont-Karabin, J.; Hess, T.M.; Wallace, R.L. Paradox of planktonic rotifers: Similar structure but unique trajecto-
ries in communities of the Great Masurian Lakes (Poland). Verh. Int. Ver. Theor. Angew. Limnol. 2009, 30, 951-956.
https://doi.org/10.1080/03680770.2009.11902278.

Karabin, A. Pelagic zooplankton (Rotatoria + Crustacea) variation in the process of lake eutrophication II. Modifying effect of
biotic agents. Ekol. Pol. 1985, 33, 617-644.

Monakov, A.V. Feeding of Freshwater Zooplankton Invertebrates; Kenobi Productions: Ghent, Belgium, 2003; p. 273.

Palazzo, F.; Bomfim, F.F.; Dias, ].D.; Simdes, N.R.; Lansac-Toha, F.A.; Bonecker, C.C. Temporal dynamics of rotifers' feeding
guilds shaped by chlorophyll-a, nitrate, and environmental heterogeneity in subtropical floodplain lakes. Int. Rev. Hydrobiol.
2021, 106, 95-105. https://doi.org/10.1002/iroh.201902037.

Gavrilko, D.E.; Shurganova, G.V.; Kudrin, L.A.; Yakimov, B.N. Identification of Freshwater Zooplankton Functional Groups
Based on the Functional Traits of Species. Biol. Bull. 2021, 48, 1849-1856. https://doi.org/10.1134/s1062359021100095.

Maechler, M.; Rousseeuw, P.; Struyf, A.; Hubert, M.; Hornik, K. cluster: Cluster Analysis Basics and Extensions. R Package Version
2.1.4; The R Project: Vienna, Austria, 2022.

Hennig, C. fpc: Flexible Procedures for Clustering; R Package Version 2.2-10; The R Project: Vienna, Austria, 2023. Available online:
https://CRAN.R-project.org/package=fpc (accessed on 5 March 2023).

Wickham, H. ggplot2: Elegant Graphics for Data Analysis; Springer: New York, NY, USA, 2016. Available online: https://ggplot2-
book.org (accessed on 3 February 2023).

Garnier, S.; Ross, N.; Rudis, R.; Camargo, A.P.; Sciaini, M.; Scherer, C. Rvision — Colorblind-Friendly Color Maps for R; R package
version 0.6.2; The R Project: Vienna, Austria, 2021.

R Core Team. R: A Language and Environment for Statistical Computing. 2022. Available online: https://www.R-project.org/
(accessed on 3 February 2023).

Obertegger, U.; Manca, M. Response of rotifer functional groups to changing trophic state and crustacean community. J. Limmnol.
2011, 70, 231-238. https://doi.org/10.4081/jlimnol.2011.231.

Pourriot, R. Sur la nutrition des Rotiferes a partir des Algues d'eau douce. Hydrobiologia 1957, 9, 50-59.
https://doi.org/10.1007/BF00150059.

Pourriot, R. Food and feeding habits of Rotifera. Arch. Fiir Hydrobiol. 1977, 8, 243-260.

Gu, Y.; Cai, Q.; Tan, L.; Li, B.; Ju, S.; Ye, L. Taxonomic and functional diversity of planktonic rotifers along a phosphorus gradient
in the Three Gorges Reservoir, China. Fresenius Environ. Bull. 2021, 30, 1687-1695.

Gozdziejewska, A.M.; Koszalka, J.; Tandyrak, R.; Grochowska, J.; Parszuto, K. Functional responses of zooplankton communities to
depth, trophic status, and ion content in mine pit lakes. Hydrobiologia 2021, 848, 2699-2719. https://doi.org/10.1007/s10750-021-04590-1.
Wang, Q.; Feng, K.; Du, X; Yuan, J; Liu, J.; Li, Z. Effects of land use and environmental gradients on the taxonomic and func-
tional diversity of rotifer assemblages in lakes along the Yangtze River, China. Ecol. Indic. 2022, 142, 109199.
https://doi.org/10.1016/j.ecolind.2022.109199.

Tavsanoglu, U.N.; Akbulut, N.E. Seasonal dynamics of riverine zooplankton functional groups in Turkey: Kocacay Delta as a
case study. Turk. |. Fish. Aquat. Sci. 2020, 20, 69-77. https://doi.org/10.4194/1303-2712-v20_1_07.

Jansson, A.; Klais-Peets, R.; Griniené, E.; Rubene, G.; Semenova, A.; Lewandowska, A.; Engstrém—@st, J. Functional shifts in
estuarine zooplankton in response to climate variability. Ecol. Evol. 2020, 10, 11591-11606.

O'Brien, D.A.; Gal, G.; Thackeray, S.J.; Matsuzaki, S.S.; Clements, C.F. Planktonic functional diversity changes in synchrony
with lake ecosystem state. Glob. Chang. Biol. 2023, 29, 686—701. https://doi.org/10.1111/gcb.16485.

Chevene, F.; Doleadec, S.; Chessel, D. A fuzzy coding approach for the analysis of long-term ecological data. Freshw. Biol. 1994,
31, 295-309. https://doi.org/10.1111/.1365-2427.1994.tb01742.x.

Neury-Ormanni, J.; Vedrenne, J.; Wagner, M.; Jan, G.; Morin, S. Micro-meiofauna morphofunctional traits linked to trophic
activity. Hydrobiologia 2020, 847, 2725-2736. https://doi.org/10.1007/s10750-019-04120-0.

Kuczynska-Kippen, N.; gpoljar, M.; Zhang, C.; Pronin, M. Zooplankton functional traits as a tool to assess latitudinal variation
in the northern-southern temperate European regions during spring and autumn seasons. Ecol. Indic. 2020, 117, 106629.
Stamenkovié, O.; Stojkovié Piperac, M.; Cerba, D.; Milogevié, D.; Ostoji¢, A.; Pordevié, N.B.; Simi¢, S.B.; Cvijanovi¢, D.; Buzhdy-
gan, O.Y. Taxonomic and functional aspects of diversity and composition of plankton communities in shallow lentic ecosystems
along the human impact and environmental gradients. Aquat. Sci. 2022, 84, 57.

Pothoven, S.A.; Vanderploeg, H.A. Factors affecting rotifer assemblages along a nearshore to offshore transect in southeastern
Lake Michigan. ]. Great Lakes Res. 2022, 48, 1230-1238. https://doi.org/10.1016/j.jglr.2022.08.009.

Wallace, R.L.; Snell, TW.; Walsh, E.J.; Sarma, S.S.S.; Segers, H. Phylum Rotifera. In Thorp and Covich's Freshwater Invertebrates:
Keys to the Palaearctic Fauna; Rogers, D.C., Thorpe, J., Eds.; Academic Press: London, UK, 2019; Volume IV, pp. 219-267.

Koste, W. Rotatoria. Die Réidertiere Mitteleuropas; 2 volumes; Gebriider Borntraeger: Stuttgart, Germany, 1978.

Koste, W.; Shiel, R.J. Rotifera from Australian Inland Waters. II. Epiphanidae and Brachionidae (Rotifera: Monogononta). Inver-
tebr. Taxon. 1987, 7, 949-1021.



Water 2023, 15, 1459 13 of 17

61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.

77.
78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Ricci, C.; Melone, G.; Walsh, E.J. A carnivorous bdelloid rotifer, Abrochtha carnivora n.sp.. Invertebr. Biol. 2001, 120, 136-141.
https://doi.org/10.1111/j.1744-7410.2001.tb00117 ..

Devetter, M. Soil rotifers (Rotifera) of the Kokofinsko protected landscape area. Biologia 2007, 62, 222-224.

Melone, G.; Ricci, C. Rotatory apparatus in Bdelloids. Hydrobiologia 1995, 313, 91-98. https://doi.org/10.1007/BF00025935.
Hochberg, R.; Yang, H.; Hochberg, A.; Walsh, E.]J.; Wallace, R.L. When heads are not homologous: the coronae of larval and
adult  collothecid rotifers  (Rotifera:  Monogononta:  Collothecaceae).  Hydrobiologia 2019, 844, 191-207.
https://doi.org/10.1007/s10750-018-3760-3.

Naeem, S.; Wright, ].P. Disentangling biodiversity effects on ecosystem functioning: Deriving solutions to a seemingly insur-
mountable problem. Ecol. Lett. 2003, 6, 567-579.

Stemberger, R.S.; Gilbert, ].J. Defenses of planktonic rotifers against predators. In Predation: Direct and Indirect Impacts on Aquatic
Communities; Kerfoot, W.C,, Sih, A., Eds.; University Press of New England: Hanover, NH, USA, 1987; pp. 227-239.

Roche, K. Post-encounter vulnerability of some rotifer prey types to predation by the copepod Acanthocyclops robustus. Hy-
drobiologia 1987, 147, 229-233.

Gilbert, J.].; McPeek, M.A. Maternal age and spine development in a rotifer: ecological implications and evolution. Ecology 2013,
94, 2166-2172. https://doi.org/10.1890/13-0768.1.

Salt, G.W. The components of feeding behavior in rotifers. Hydrobiologia 1987, 147, 271-281. https://doi.org/10.1007/bf00025754.
Kutikova, L.A. Parallelism in the evolution of rotifers. Hydrobiologia 1983, 104, 3-7.

Walz, N.; Schoell, K.; Wallace, R.L.; Gilbert, ].J.; Clement, P.; Rougier, C. Walter Koste (1912-2007) In memoriam. Hydrobiologia
2011, 662, 5-9.

Hochberg, R.; Wallace, R.L.; Walsh, E. Soft Bodies, Hard Jaws: An Introduction to the Symposium, with Rotifers as Models of
Jaw Diversity. Integr. Comp. Biol. 2019, 55, 179-192. https://doi.org/10.1093/icb/icv002.

Berzins, B.; Pejler, B. Rotifer occurrence in relation to pH. Hydrobiologia 1987, 147, 107-116. https://doi.org/10.1007/BF00025733.
Sladecek, V. Rotifers as indicators of water quality. Hydrobiologia 1983, 100, 169-201. https://doi.org/10.1007/BF00027429.
Segers, H. Contribution to a revision of Floscularia Cuvier, 1798 (Rotifera: Monogononta): notes on some Neotropical taxa.
Hydrobiologia 1997, 354, 165-175. https://doi.org/10.1023/a:1003166911731.

Bolnick, D.I.; Amarasekare, P.; Aratjo, M.S.; Biirger, R.; Levine, ].M.; Novak, M.; Rudolf, V.H.; Schreiber, S.J.; Urban, M.C.;
Vasseur, D.A. Why intraspecific trait variation matters in community ecology. Trends Ecol. Evol. 2011, 26, 183-192.

Ricci, C. Culturing of some bdelloid rotifers. Hydrobiologia 1984, 112, 45-51. https://doi.org/10.1007/bf00007665.

Padisdk, J.; Crossetti, L.O.; Naselli-Flores, L. Use and misuse in the application of the phytoplankton functional classification: a
critical review with updates. Hydrobiologia 2009, 621, 1-19. https://doi.org/10.1007/s10750-008-9645-0.

Zhang, M,; Lv, X;; Dong, J.; Gao, Y.; Zhang, J.; Li, M.; Gao, X,; Li, X. Multiple habitat templates for phytoplankton indicators
within the functional group system. Hydrobiologia 2023, 850, 5-19. https://doi.org/10.1007/s10750-022-05024-2.

Chaparro, G.; O'Farrell, I.; Hein, T. Multi-scale analysis of functional plankton diversity in floodplain wetlands: Effects of river
regulation. Sci. Total Environ. 2019, 667, 338-347. https://doi.org/10.1016/j.scitotenv.2019.02.147.

Litchman, E.; Edwards, K.F.; Boyd, P.W. Toward trait-based food webs: Universal traits and trait matching in planktonic pred-
ator—prey and host—parasite relationships. Limnol. Oceanogr. 2021, 66, 3857-3872.

Colina, M.; Calliari, D.; Carballo, C.; Kruk, C. A trait-based approach to summarize zooplankton—-phytoplankton interactions in
freshwaters. Hydrobiologia 2016, 767, 221-233. https://doi.org/10.1007/s10750-015-2503-y.

Lansac-Téha, F.M.; Heino, J.; Bini, L.M.; Pelaez, O.; Baumgartner, M.T.; Quirino, B.A.; Pineda, A.; Meira, B.R.; Floréncio, F.M.;
Oliveira, F.R; et al. Cross-Taxon Congruence of Taxonomic and Functional Beta-Diversity Facets Across Spatial and Temporal
Scales. Front. Environ. Sci. 2022, 10, 903074. https://doi.org/10.3389/fenvs.2022.903074.

Ejsmont-Karabin, J. The usefulness of zooplankton as lake ecosystem indicators: Rotifer trophic state index. Pol. J. Ecol. 2012, 60,
339-350.

Kremer, C.T.; Williams, A.K,; Finiguerra, M.; Fong, A.A.; Kellerman, A.; Paver, S.F.; Tolar, B.B.; Toscano, B.]J. Realizing the po-
tential of trait-based aquatic ecology: New tools and collaborative approaches. Limnol. Oceanogr. 2017, 62, 253-271.

Chust, G.; Vogt, M.; Benedetti, F.; Nakov, T.; Villéger, S.; Aubert, A.; Vallina, S.M.; Righetti, D.; Not, F.; Biard, T. Mare Incognitum:
A glimpse into future plankton diversity and ecology research. Front. Mar. Sci. 2017, 4, 68.

Winder, M.; Schindler, D.E. Climate change uncouples trophic interactions in an aquatic ecosystem. Ecology 2004, 85, 2100-2106.
https://doi.org/10.1890/04-0151.

Weithoff, G. On the ecology of the rotifer Cephalodella hoodi from an extremely acidic lake. Freshw. Biol. 2005, 50, 1464-1473.
https://doi.org/10.1111/j.1365-2427.2005.01423.x.

Gonzalez, M.J.; Frost, T M. Comparisons of laboratory bioassays and a whole-lake experiment: Rotifer responses to experi-
mental acidification. Ecol. Appl. 1994, 4, 69-80. https://doi.org/10.2307/1942116.

Halse, S.A.; Shiel, R.J.; Williams, W.D. Aquatic invertebrates of Lake Gregory, northwestern Australia, in relation to salinity and
ionic composition. Hydrobiologia 1998, 381, 15-29. https://doi.org/10.1023/A:1003263105122.

Tiffany, M.A.; Swan, B.K.; Watts, ] M.; Hurlbert, S.H. Metazooplankton dynamics in the Salton Sea, California, 1997-1999. Hy-
drobiologia 2002, 473, 103-120. https://doi.org/10.1007/978-94-017-3459-2_8.

Snell, T.W.; Johnston, R.K.; Matthews, A.B.; Park, N.; Berry, S.; Brashear, J. Using Proales similis (Rotifera) for toxicity assessment
in marine waters. Environ. Toxicol. 2019, 34, 634—-644. https://doi.org/10.1002/tox.22729.



Water 2023, 15, 1459 14 of 17

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Han, J.; Won, E.J.; Hwang, U.K,; Kim, I.C.; Yim, ].H.; Lee, J.S. Triclosan (TCS) and Triclocarban (TCC) cause lifespan reduction
and reproductive impairment through oxidative stress-mediated expression of the defensome in the monogonont rotifer (Bra-
chionus koreanus). Comp. Biochem. Physiol. C Toxicol. Pharmacol. 2016, 185, 131-137. https://doi.org/10.1016/j.cbpc.2016.04.002.
Rivera-Davila, O.L.; Sdnchez-Martinez, G.; Rico-Martinez, R. Toxicity tests, bioaccumulation and residuality of pyrethroid in-
secticides commonly used to control conifer bark beetles in Mexico. Ecotoxicology 2022, 31, 782-796.
https://doi.org/10.1007/s10646-022-02546-2.

Su, G.; Xu, J.; Akasaka, M.; Molinos, ]J.G.; Shin-ichiro, S.M. Human impacts on functional and taxonomic homogenization of
plateau fish assemblages in Yunnan, China. Glob. Ecol. Conserv. 2015, 4, 470-478.

Sui, Y.; Wang, S.; Mohsen, M.; Zhang, L.; Shen, M.; Liu, Z.; Nguyen, H.; Zhang, S.; Li, K.; Lv, L.; et al. The combined effect of
plastic particles size and concentration on rotifers” (Brachionus plicatilis) performance. J. Ocean. Univ. China 2022, 21, 509-519.
https://doi.org/10.1007/s11802-022-4937-y.

Arnold, W.R,; Diamond, R.L.; Smith, D.S. The effects of salinity, pH, and dissolved organic matter on acute copper toxicity to
the rotifer, Brachionus plicatilis (“L” strain). Arch. Environ. Contam. Toxicol. 2010, 59, 225-234.

Kim, J.; Haque, N.; Lee, S; Lee, D.-H.; Rhee, ].-S. Exposure to Environmentally Relevant Concentrations of Polystyrene Microplastics
Increases Hexavalent Chromium Toxicity in Aquatic Animals. Toxics 2022, 10, 563. https://doi.org/10.3390/toxics10100563.
Rios-Arana, ].V.; Gardea-Torresday, J.L.; Webb, R.; Walsh, E.J. Heat Shock Protein 60 (HSP60) Response of Plationus patulus
(Rotifera: Monogononta) to Combined Exposures of Arsenic and Heavy Metals. Hydrobiologia 2005, 546, 577-585.
https://doi.org/10.1007/s10750-005-4308-x.

Angeler, D.G.; Goedkoop, W. Biological responses to liming in boreal lakes: An assessment using plankton, macroinvertebrate
and fish communities. . Appl. Ecol. 2010, 47, 478-486.

Arcifa, M.S.; de Souza, B.B.; de Morais-Junior, C.S.; Bruno, C.G.C. Functional groups of rotifers and an exotic species in a tropical
shallow lake. Sci. Rep. 2020, 10, 14698.

Arias, M.].; Vaschetto, P.A.; Marchese, M.; Regaldo, L.; Gagneten, A.M. Benthic Macroinvertebrates and Zooplankton Commu-
nities as Ecological Indicators in Urban Wetlands of Argentina. Sustainability 2022, 14, 4045.

Arruda, G.d.A,; Diniz, L.P.; Almeida, V.L.D.S.; Neumann-Leitao, S.; de Melo Junior, M. Rotifer community structure in fish-
farming systems associated with a Neotropical semiarid reservoir in north-eastern Brazil. Aquac. Res. 2017, 48, 4910-4922.
Bertani, I.; Ferrari, I.; Rossetti, G. Role of intra-community biotic interactions in structuring riverine zooplankton under low-
flow, summer conditions. J. Plankton Res. 2012, 34, 308-320.

Braghin, L.d.S.M.; Almeida, B.D.A.; Amaral, D.C.; Canella, T.F.; Gimenez, B.C.G.; Bonecker, C.C. Effects of dams decrease zoo-
plankton functional B-diversity in river-associated lakes. Freshw. Biol. 2018, 63, 721-730.

Brown, P.D.; Schroder, T.; Rios-Arana, J.V.; Rico-Martinez, R.; Silva-Briano, M.; Wallace, R.L.; Walsh, E.]J. Patterns of rotifer di-
versity in the Chihuahuan desert. Diversity 2020, 12, 393.

Chen, Q.; Sun, X,; Yu, H.X. Relationship between environmental factors and metazooplankton community structure from
Zhalong national nature reserve in Heilong Jiang province, NorthEastern China. Appl. Ecol. Environ. Res. 2021, 19, 2843-2858.
Chen, X.; Huang, K.; Zhang, J.; Huang, Q.; Liu, P.; Han, B. Spring community structure of pelagic rotifers in (sub)tropical res-
ervoirs of China: Taxonomic and functional trait-based analysis. ] Lake Sci. 2021, 33, 1490-1499.
https://doi.org/10.18307/2021.0517.

Coelho, P.N.; Henry, R. Is the littoral zone taxonomically and functionally more diverse? Investigating the rotifer community
of a tropical shallow lake. Limnology 2022, 23, 429-440. https://doi.org/10.1007/s10201-022-00697-z.

de Paggi, S.B.J.; Devercelli, M.; Molina, F.R. Zooplankton and their driving factors in a large subtropical river during low water
periods. Fundam. Appl. Limnol. Schweiz. Verl. 2014, 184, 125-139.

Deosti, S.; de Fatima Bomfim, F.; Lansac-Toha, F.M.; Quirino, B.A.; Bonecker, C.C.; Lansac-T6ha, F.A. Zooplankton taxonomic
and functional structure is determined by macrophytes and fish predation in a Neotropical river. Hydrobiologia 2021, 848, 1475—
1490.

Duré, G.A.V.; Simdes, N.R.; Braghin, L.D.S.M.; Ribeiro, SSM.M.S. Effect of eutrophication on the functional diversity of zoo-
plankton in shallow ponds in Northeast Brazil. ]. Plankton Res. 2021, 43, 894-907.

Espinosa-Rodriguez, C.A.; Sarma, S.S.S.; Nandini, S. Zooplankton community changes in relation to different macrophyte spe-
cies: Effects of Egeria densa removal. Ecohydrol. Hydrobiol. 2021, 21, 153-163.

Frau, D.; Gutierrez, M.F.; Molina, F.R.; de Mello, E.T. Drivers assessment of zooplankton grazing on phytoplankton under dif-
ferent scenarios of fish predation and turbidity in an in situ mesocosm experiment. Hydrobiologia 2021, 848, 485-498.

Gadelha, E.S.; Dunck, B.; SimoeS, N.R,; Paes, E.T.; Akama, A. High taxonomic turnover and functional homogenization of rotifer
communities in an amazonian river. An. Acad. Bras. Ciéncias 2023, 94, €20201894. https://doi.org/10.1590/0001-3765202220201894.
Galir Balki¢, A.; Ternjej, I; Spoljar, M. Hydrology driven changes in the rotifer trophic structure and implications for food web
interactions. Ecohydrology 2018, 11, e1917.

Galir Balki¢, A.G. The importance of environmental differences in the structuring of rotifer functional diversity. J. Limnol. 2019,
78, 284-295. https://doi.org/10.4081/jlimnol.2019.1903.

Gozdziejewska, A.M.; Gwozdzik, M.; Kulesza, S.; Bramowicz, M.; Koszatka, J. Effects of suspended micro-and nanoscale parti-
cles on zooplankton functional diversity of drainage system reservoirs at an open-pit mine. Sci. Rep. 2019, 9, 16113.

Gutierrez, M.F.; Simoes, N.R.; Frau, D.; Saigo, M.; Licursi, M. Responses of stream zooplankton diversity metrics to eutrophica-
tion and temporal environmental variability in agricultural catchments. Environ. Monit. Assess. 2020, 192, 1-17.



Water 2023, 15, 1459 15 of 17

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

Gutierrez, M.E.; Epele, L.B.; Mayora, G.; Aquino, D.; Mora, C.; Quintana, R.; Mesa, L. Hydro-climatic changes promote shifts in
zooplankton composition and diversity in wetlands of the Lower Paranda River Delta. Hydrobiologia 2022, 849, 3463-3480.
Gutierrez, M.F.; Tavsanoglu, U.N,; Vidal, N;; Yu, J.; de Mello, F.T.; Cakiroglu, A.L; He, H.; Liu, Z.; Jeppesen, E. Salinity shapes
zooplankton communities and functional diversity and has complex effects on size structure in lakes. Hydrobiologia 2018, 813,
237-255.

Iskin, U.; Filiz, N.; Cao, Y.; Neif, EM.; Oglﬁ, B.; Lauridsen, T.L.; Davidson, T.A.; Sendergaard, M.; Tavsanoglu, UN,; Beklioglu,
M. Impact of nutrients, temperatures, and a heat wave on zooplankton community structure: An experimental approach. Water
2020, 12, 3416.

Josué, LI; Sodré, E.O.; Setubal, R.B.; Cardoso, S.J.; Roland, F.; Figueiredo-Barros, M.P.; Bozelli, R.L. Zooplankton functional
diversity as an indicator of a long-term aquatic restoration in an Amazonian lake. Restor. Ecol. 2021, 29, e13365.

Krzton,, W.; Kosiba, J.; Wilk-Wozniak, E. Features that matter: Studying how phytoplankton drives zooplankton community
functional traits. Hydrobiologia 2022, 849, 2647-2662. https://doi.org/10.1007/s10750-022-04863-3.

Krzton, W.; Kosiba, J. Variations in zooplankton functional groups density in freshwater ecosystems exposed to cyanobacterial
blooms. Sci. Total Environ. 2020, 730, 139044.

Labuce, A.; Ikauniece, A.; Jurgensone, I.; Aigars, ]J. Environmental Impacts on Zooplankton Functional Diversity in Brackish
Semi-Enclosed Gulf. Water 2021, 13, 1881.

Lokko, K,; Virro, T. The structure of psammic rotifer communities in two boreal lakes with different trophic conditions: Lake
Vortsjarv and Lake Saadjarv (Estonia). Oceanol. Hydrobiol. Stud. 2014, 43, 49-55.

Lokko, K.; Virro, T.; Kotta, J. Seasonal variability in the structure and functional diversity of psammic rotifer communities: Role
of environmental parameters. Hydrobiologia 2017, 96, 287-307.

Moi, D.A.; Romero, G.Q.; Jeppesen, E.; Kratina, P.; Alves, D.C.; Antiqueira, P.A.; de Mello, F.T.; Figueiredo, B.R.; Bonecker, C.C,;
Pires, A.P. Regime shifts in a shallow lake over 12 years: Consequences for taxonomic and functional diversities, and ecosystem
multifunctionality. ]. Anim. Ecol. 2022, 91, 551-565.

Moreira, FW.A; Leite, M.G.P.; Fujaco, M.A.G.; Mendonga, F.P.C.; Campos, L.P.; Eskinazi-Sant’Anna, E.M. Assessing the im-
pacts of mining activities on zooplankton functional diversity. Acta Limnol. Bras. 2016, 28, e7. https://doi.org/10.1590/52179-
975X0816.

Mwagona, P.C.; Chengxue, M.; Hongxian, Y. Seasonal dynamics of Zooplankton functional groups in relation to environmental
variables in Xiquanyan Reservoir, Northeast China. Ann. De Limnol.-Int. ]. Limnol. 2018, 54, 33.

Oh, H.-J,; Jeong, H.-G.; Nam, G.-S.; Oda, Y.; Dai, W.; Lee, E.-H.; Kong, D.; Hwang, S.-J.; Chang, K.-H. Comparison of taxon-
based and trophi-based response patterns of rotifer community to water quality: Applicability of the rotifer functional group as
an indicator of water quality. Anim. Cells Syst. 2017, 21, 133-140.

Pinel-Alloul, B.; Chemli, A ; Taranu, Z.E.; Bertolo, A. Using the Diversity, Taxonomic and Functional Attributes of a Zooplankton
Community to Determine Lake Environmental Typology in the Natural Southern Boreal Lakes (Québec, Canada). Water 2022,
14, 578.

Porcel, S.; Chaparro, G.; Marinone, M.C.; Saad, J.F.; Lancelotti, J.; Izaguirre, L. The role of environmental, geographical, morpho-
metric and spatial variables on plankton communities in lakes of the arid Patagonian plateaus. J. Plankton Res. 2020, 42, 173-187.
Qian, F.-P.; Wen, X.-L.; Xi, Y.-L. Seasonal variations of rotifer communities in three climatic zones: Effects of environmental
parameters on changes of functional groups. Limnology 2022, 23, 165-180. https://doi.org/10.1007/s10201-021-00681-z.

Ribeiro, B.I.O.; Braghin, L.D.5.M.; Lansac-Téha, F.M.; Bomfim, F.F.; Almeida, B.A.; Bonecker, C.C.; Lansac-Toha, F.A. Environ-
mental heterogeneity increases dissimilarity in zooplankton functional traits along a large Neotropical river. Hydrobiologia 2022,
849, 3135-3147. https://doi.org/10.1007/s10750-022-04917-6.

Rios-Arana, J.V.; del Carmen Agiiero-Reyes, L.; Wallace, R.L.; Walsh, E.J. Limnological characteristics and rotifer community
composition of Northern Mexico Chihuahuan Desert Springs. J. Arid Environ. 2019, 160, 32-41.

époljar, M.; Habdjja, I.; Primc-Habdija, B.; Sipos, L. Impact of environmental variables and food availability on rotifer assem-
blage in the karstic barrage Lake Visovac (Krka River, Croatia). Int. Rev. Hydrobiol. 2005, 90, 555-579.

Sun, X.; Chai, F.Y.; Mwagona, P.C.; Shabani, LE.; Hou, W.J; Li, X.Y.; Ma, C.X; Pan, H.F,; Li, S.; Yu, H.X. Seasonal variations of
zooplankton functional groups and relationship with environmental factors in a eutrophic reservoir from cold region. Appl. Ecol.
Environ. Res. 2019, 17, 7727-7740.

Tasevska, O.; époljar, M.; Guseska, D.; Kostoski, G.; Patcheva, S.; Sarafiloska, E.V. Zooplankton in ancient and oligotrophic Lake
Ohrid (Europe) in association with environmental variables. Croat. ]. Fish. 2017, 75, 95-103.

Tian, X,; Yuan, Y.; Zou, Y.; Qin, L.; Zhu, X,; Zhu, Y.; Zhao, Y.; Jiang, M.; Jiang, M. Cyanobacterial Blooms Increase Functional
Diversity of Metazooplankton in a Shallow Eutrophic Lake. Water 2023, 15, 953.

Virro, T.; Haberman, J.; Haldna, M.; Blank, K. Diversity and structure of the winter rotifer assemblage in a shallow eutrophic
northern temperate Lake Vortsjarv. Aquat. Ecol. 2009, 43, 755-764.

Wang, H.; Huo, T.; Du, X,; Wang, L.; Song, D.; Huang, X.; Zhao, C. Zooplankton community and its environmental driving
factors in Ulungur Lake, China. J. Freshw. Ecol. 2022, 37, 387—-403.

Wu, L; Ji, L.; Chen, X.; Ni, J.; Zhang, Y.; Geng, M. Distribution of Zooplankton Functional Groups in the Chaohu Lake Basin,
China. Water 2022, 14, 2106.

Zhao, K.; Wang, L.; You, Q.; Zhang, J.; Pang, W.; Wang, Q. Impact of cyanobacterial bloom intensity on plankton ecosystem
functioning measured by eukaryotic phytoplankton and zooplankton indicators. Ecol. Indic. 2022, 140, 109028.



Water 2023, 15, 1459 16 of 17

146.
147.

148.

149.

150.

151.

152.

153.

154.

155.
156.

157.

158.
159.

160.

161.

162.

163.

164.
165.

166.

167.
168.

169.

170.

171.

172.

173.

174.

175.

Berzins, B. Some rotifers from Cambodia. Hydrobiologia 1973, 41, 453-459. https://doi.org/10.1007/BF00016466.

Bevington, D.J.; White, C.; Wallace, R.L. Predatory behavior of Cupelopagis vorax (Rotifera; Collothecacea; Atrochidae) on pro-
tozoan prey. Hydrobiologia 1993, 313, 213-217. https://doi.org/10.1007/BF00025953.

Castro, J.; Castro, G.; Castro, A.E.; Ramirez, ]. Laboratory controlled production of Lepadella sp. (Bory of St. Vincent, 1826),
using three different microalgae and their combination, enriched with yeast. Int. . Fish. Aquat. Stud. 2018, 6, 372-376.

De Smet, W.H. Rotifera. Volume 4: The Proalidae (Monogononta). In Guides to the Identification of the Microinvertebrates of the
Continental Waters of the World; No. 9; SPB Academic Publishing: Amsterdam, The Netherlands, 1996.

De Smet, W.H. Rotifera. Volume 5: The Dicranophoridae (Monogononta) and The Ituridae (Monogononta) (GUIDES # 12); SPB Aca-
demic Publishing: Amsterdam, The Netherlands, 1997.

Harring, H.K.; Myers, F.J. The rotifera fauna of Wisconsin. IV. Dicranophorinae. Trans. Wis. Acad. Sci. Arts Lett. 1928, 23, 667—
808.

De Smet, W.H. Paradicranophorus sinus sp. nov. (Dicranophoridae, Monogononta) a new rotifer from Belgium, with remarks
on some other species of the genus Paradicranophorus Wiszniewski, 1929 and description of Donneria gen. nov. Belg. |. Zool.
2003, 133, 181-188.

De Smet, W.H. Asciaporrectidae, a new family of Rotifera (Monogononta: Ploima) with description of Asciaporrecta arcellicola
gen. et sp. nov. and A. difflugicola gen. et sp. nov. inhabiting shells of testate amoebae (Protozoa). Zootaxa 2006, 1339, 31-49.
De Smet, W.H. Cotylegaleatidae, a new family of Ploima (Rotifera: Monogononta), for Cotylegaleata perplexa gen. et sp. nov.,
from freshwater benthos of Belgium. Zootaxa 2007, 1425, 35-43.

De Smet, W.H. Rotifera from the Mediterranean Sea, with description of ten new species. Zootaxa 2015, 4028, 151-196.

De Smet, W.H.; Bozkurt, A. Cotylegaleata iskenderunensis n. sp., the second known species of the rotifer family Cotylegaleati-
dae (Monogononta: Ploima). Zootaxa 2016, 4193, 177-183. https://doi.org/ 10.11646/zootaxa.4193.1.9. PMID: 27988709.
Dhanapathi, M.V.S5.S.S. New species of rotifer from India belonging to the family Brachionidae. Zool. ]. Linn. Soc. 1978, 62, 305
308.

Donner, J. Ordnung Bdelloidea (Rotatoria, Ridertiere); Akademie-Verlag: Berlin, Germany, 1965.

Edmondson, W.T. Rotifera. In Freshwater Biology, 2nd ed.; Habrotrochidae-Type —Corona of Small Trochi, Gut a Syncytial Mass
of Food Vacuoles; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 1959; p. 484.

Espinosa-Rodriguez, C.A.; Sarma, S.S.S.; Nandini, S.; Wallacer, R.L. Substratum selection and feeding responses influence the
demography of the sessile rotifer Cupelopagis vorax (Collothecacea: Atrochidae). Int. Rev. Hydrobiol. 2021, 106, 18-28.
https://doi.org/10.1002/iroh.202002051.

Flesch, F.; Berger, P.; Robles-Vargas, D.; Santos-Medrano, G.E.; Rico-Martinez, R. Characterization and determination of the
toxicological risk of Biochar using invertebrate toxicity tests in the State of Aguascalientes, México. Appl. Sci. 2019, 9, 1706.
https://doi.org/10.3390/app9081706.

Ganf, G.G,; Shiel, R.]J.; Merrick, C.J. Parasitism: The possible cause of the collapse of a Volvox population in Mount Bold Reser-
voir, South Australia. Aust. ]. Mar. Freshw. Res. 1983, 34, 489-494.

Gilbert, ].J. Selective cannibalism in the rotifer Asplanchna sieboldii: Contact recognition of morphotype and clone. Proc. Natl.
Acad. Sci. USA 1976, 73, 3233-3237. https://doi.org/10.1073/pnas.73.9.3233;

Edmondson, W.T. Freshwater Biology, 2nd ed.; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 1959; p 482.

Gulati, R.D.; Ejsmont-Karabin, J.; Rooth, J.; Siewertsen, K. A laboratory study of feeding and assimilation in Euchlanis dilatata
lucksiana. Hydrobiologia 1987, 186—187, 346-354. https://doi.org/10.1007/BF00048931;

King, CE. Food, age, and the dynamics of a laboratory population of rotifers. Ecology 1967, 48, 111-128.
https://doi.org/10.2307/1933423.

Harring, H.K.; Myers, F.J. The rotifer fauna of Wisconsin. Trans. Wis. Acad. Sci. Arts Lett. 1922, 20, 553-662; (Habitat: p. 610).
Harring, H.K.; Myers, F.J. The rotifer fauna of Wisconsin II— A revision of the notommatid rotifers exclusive of Dicranophorinae.
Trans. Wis. Acad. Sci. Arts Lett. 1924, 21, 415-549.

Hochberg, R.; O’'Brien, S.; Puleo, A. Behavior, metamorphosis, and muscular organization of the predatory rotifer Acyclus in-
quietus (Rotifera, Monogononta). Invertebr. Biol. 2010, 129, 210-219. https://doi.org/10.1111/j.1744-7410.2010.00202.x.

Jennings, H.S. A list of the Rotatoria of the Great Lakes and of some of the inland lakes of Michigan. Bull. Mich. Fish Commisson
1894, 3, 1-34.

Jersabek, C.D. Encentrum (Parencentrum) walterkostei n. sp., a new dicranophorid rotifer (Rotatoria: Monogononta) from the
high alpine zone of the Central Alps (Austria). Hydrobiologia 1994, 281, 51-66. https://doi.org/10.1007/BF00006555.

Koste, W.; Shiel, R.J. Rotifera from Australian inland waters. VII. Notommatidae (Rotifera: Monogononta). Trans. R. Soc. South
Aust. 1991, 115, 111-159;.

Harring, H.K. A list of the Rotatoria of Washington and vicinity, with descroptions of a new genus and ten new species. Proc.
United States Natl. Nuseum 1913, 46, 387—-405.

Leasi, F.; Neves, R.C.; Worsaae, K.; Serensen, M.V. Musculature of Seison nebaliae Grube, 1861 and Paraseison annulatus (Claus,
1876) revealed with CLSM: A comparative study of the gnathiferan key taxon Seisonacea (Rotifera). Zoomorphology 2012, 131,
185-195. https://doi.org/10.1007/s00435-012-0155-2.

Luo, Y.; Segers, H. On Pulchritia new genus, with a reappraisal of the genera of Trichotriidae (Rotifera, Monogononta). Zookeys
2013, 342, 1-12. https://doi.org/10.3897/zookeys.342.5948.



Water 2023, 15, 1459 17 of 17

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.
192.

Madhu, K.; Madhu, R.; Mohandas, M.P.; Vijayan, M.T. Isolation, identification and culture of the marine rotifer Colurella adri-
atica Ehrenberg, 1831 (Family: Lepadellidae) from Andaman & Nicobar Islands: A promising live feed for larval rearing of high
value shellfishes and finfishes. ]. Mar. Biol. Assoc. India 2016, 58, 5-12. https://doi.org/10.6024/jmbai.2016.58.1.1875-01.

Nandini, S.; Sarma, S.S.S. Life history characteristics of Asplanchnopus multiceps (Rotifera) fed rotifer and cladoceran Prey.
Hydrobiologia 2005, 546, 491-501.

Nogrady, T.; Segers, H. Rotifera. Volume 6: Asplanchnidae, Gastropodidae, Lindiidae, Microcodidae, Synchaetidae, Trocho-
sphaeridae and Filinia. In Guides to the Identification of the Microinvertebrates of the Continental Waters of the World; No. 18; SPB
Academic Publishers: Amsterdam, The Netherlands, 2002.

Nandini, S.; Sarma, S.S.S. Population growth, demography and competition studies on Dipleuchlanis propatula (Gosse, 1886)
(Rotifera: Euchlanidae). Aquat. Ecol. 2021, 55, 1305-1316. https://doi.org/0.1007/s10452-021-09883-0.

Nogrady, T.; Pourriot, R. Rotifera. Volume 3: The Notommatidae and The Scaridiidae. In Guides to the Identification of the Mi-
croinvertebrates of the Continental Waters of the World; No. 8.; SPB Academic Publishers: Amsterdam, The Netherlands, 1995.
Ooms-Wilms, A.L. Are bacteria an important food source for rotifers in eutrophic lakes? J. Plankton Res. 1997, 19, 1125-1141.
https://doi.org/10.1093/plankt/19.8.1125.

Pejler, B.; Berzins, B. On the ecology of Cephalodella. Hydrobiologia 1993, 259, 125-128. https://doi.org/10.1007/BF00008378.
Pourriot, R. Rechérches sur l'ecologie des Rotiféres. Vie Et Milieu 1965, 21, 1-224.

Ricci, C.; Melone, G. Key to the identification of the genera of bdelloid rotifers. Hydrobiologia 2000, 418, 73-80.
https://doi.org/10.1023/A:1003840216827.

Ricci, C; Melone, G. The Philodinavidae (Rotifera Bdelloidea): A special family. Hydrobiologia 1998, 385, 77-85.
https://doi.org/10.1023/A:1003458611180.

Sharma, S.S.S. Zooplankton diversity: Freshwater planktonic and semi-planktonic Rotifera. Water Qual. Assess. Biomonit. Zoo-
plankton Divers. 2001, 2001, 190-215.

Sarma, S.5.S.; Lara Resendiz, R.A.R.A.; Nandini, S. Morphometric and demographic responses of brachionid prey (Brachionus
calyciflorus Pallas and Plationus macracanthus (Daday) in the presence of different densities of the predator Asplanchna
brightwellii (Rotifera: Asplanchnidae. Hydrobiologia 2011, 662, 179-187. https://doi.org/10.1007/s10750-010-0494-2.

Scholl, K.; Dozsa-Farkas, K. A new record of an interesting parasitic rotifer Balatro calvus CLAPAREDE, 1867 in Hungary. Opusc.
Zool. 2006, 35, 85-87.

Segers, H.; Shiel, R.]. Diversity of cryptic Metazoa in Australian freshwaters: A new genus and two new species of sessile rotifer
(Rotifera, Monogononta, Gnesiotrocha, Flosculariidae. Zootaxa 2008, 1750, 19-31.

Van Damme, K.; Segers, H. Anomopus telphusae Piovanelli, 1903, an epizoic bdelloid (Rotifera: Bdelloidea) on the Socotran
endemic crab Socotrapotamon socotrensis (Hilgendorf, 1883). Fauna Saudi Arab. 2004, 20, 169-175.

Wallace, R.L. Coloniality in the phylum Rotifera. Hydrobiologia 1987, 147, 141-155. https://doi.org/10.1007/978-94-009-4059-8_20.
Wallace, R.L.; Starkweather, P.L. Clearance rates of sessile rotifers: In vitro determinations. Hydrobiologia 1985, 121, 139-144.
https://doi.org/10.1007/BF00008716.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



