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Abstract: Biodiversity records are of great importance, especially in light of the biodiversity crisis.
Here, we present a study on the diversity of rotifers in Bolivia based on an extensive investigation of
the literature published so far. Through this approach and an analysis of samples from 207 water
bodies of the country, we updated the checklist of reported species. This study revealed a total of
195 species of rotifers previously reported; we identified 153 species in our samples, with 84 of them
being reported for the first time in Bolivia. Thus, a total of 279 species are known at present in this
country. Our findings suggest that Bolivia has a rich and diverse rotifer community, with many
species likely to be unique to the region.

Keywords: South America; zooplankton; rotifers; neotropics

1. Introduction

Rotifers are a group of microscopic aquatic invertebrates that are known for their
unique morphology and their role in freshwater ecosystems. They play an important role
in aquatic food webs as primary consumers of algae and bacteria, contributing to nutrient
recirculation through the microbial loop [1,2], and as a food source for many aquatic
invertebrates and fish [3]. Rotifers are found in a wide range of aquatic environments,
including lakes, rivers, ponds, and wetlands, and they are known for their ability to tolerate
a wide range of environmental conditions, including high levels of pollution and low
oxygen levels [4,5].

Despite their ecological significance, the diversity and distribution of rotifers in many
regions of the world, including South America, remain poorly understood. It is known that
South America has a rotifer fauna with over 500 species recorded in the region [6]; these
species probably have a high level of endemicity [7], and there is a predominance of the
Bdelloidea and Monogononta classes. Bolivia has a high geomorphological diversity and an
extreme altitudinal gradient (varying from 300 to 6000 m a.s.l.), including the Amazonian
rainforest, Chacoan dry forest, and Andean mountains. This is mostly reflected by the three
biggest basins of the country: the Amazon basin, the La Plata basin, and the Altiplano
basin. The latter of which exhibits a high biodiversity and hosts numerous endemic species,
both in terrestrial and aquatic systems [8,9]. Given all these considerations, Bolivia is also
expected to harbor a high diversity of rotifers.
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The morphospecies richness of rotifers in Bolivia reported to date is relatively low
compared to neighboring countries such as Brazil and Argentina, which have been reported
to host over 400 [6] and over 300 [6,10,11] rotifer species, respectively. However, the low
Bolivian diversity may be due to the limited research that has been carried out so far on
rotifers in Bolivia rather than an actual lack of species diversity. For invertebrates, which
constitute most of the Earth’s biodiversity yet remain underrepresented in conservation
efforts, checklists provide the foundational data necessary for assessing ecosystem health
and guiding preservation strategies. By systematically cataloging species, it is possible to
identify trends, detect declines, and prioritize conservation actions, ultimately helping to
mitigate the biodiversity crisis and preserve often overlooked but important invertebrates
such as rotifers.

This study reports the results of over two decades of unpublished limnological studies
conducted in Bolivian territory and a comprehensive review of existing references on rotifer
diversity in Bolivia. With this checklist, we are significantly increasing the number of
reported rotifer species for Bolivia and contributing to this research area in South America.

2. Materials and Methods

To update the checklist of rotifer species in Bolivia, we conducted a comprehensive
study of research published in English, French, and Spanish on rotifers in the country.
The literature was searched by using keywords (rotifer AND Bolivia OR rotatoria AND
Bolivia, zooplankton AND Bolivia) on multiple databases, including Web of Science, Google
Scholar, and Scopus, as well as local libraries, and we gathered data from such sources
and other online databases, such as the Global Biodiversity Information Facility (GBIF). A
hand search, an intensive search of tables book contents, and a search of the reference lists
of articles complemented our initial search. We included all studies that reported rotifers
from freshwater habitats in Bolivia and compiled a list of all reported species to date.

Additionally, herein, we provide results from an analysis of samples from 207 water
bodies in Bolivia (S1; Figure 1). These samples were collected during the last two decades
(2005 to date). Zooplankton samples were collected and curated by the Unit of Limnology
and Aquatic Resources (ULRA) at the Universidad Mayor de San Simón. The samples were
collected in the limnetic zone of lakes and ponds, filtrated through a 50 µm mesh plankton
net, and preserved in a 4% aqueous formalin solution. Taxonomic identification was car-
ried out for both the two major groups of rotifers—Subclass Monogononta and Subclass
Bdelloidea—using an Olympus CX30 optical microscope, following proper identification
keys [12–18]. For identification, trophi of representative organisms of each sample were
extracted by adding a sodium hypochlorite solution to dissolve the mastax’s soft tissues. To
ensure the accuracy of our species identifications, we reassessed our specimens by compar-
ing their photographs (when available) with the most recent taxonomic resources [19–22].
From the resulting list of our observations, we excluded organisms that could not be iden-
tified at least to the genus level (except for Bdelloids), but we maintained all aff. and cf.
species. Identification challenges arose due to a lack of appropriate keys and preservation
issues (mostly with soft-lorica rotifers such as Bdelloidea). Valid species names, authorship,
and spelling were verified and updated using the Rotifer World Catalog [23,24] according
to the recent List of Available Names (LAN) of the International Commission on Zoological
Nomenclature for rotifer species [23–26].

To present an overview of the sampling effort within Bolivia, a hydrological map of
Bolivia, including all sampling points (both our own and those from the existing literature
when geographical coordinates were provided) was made using ArcGIS 10.8.2, and it is
shown below.

Finally, as the map suggested that the sampling effort was representative enough in
the Altiplano basin, we constructed a species accumulation curve and extracted a Chao2
index [27] to determine if the samples captured a representative proportion of the total
number of rotifer species present in the basin above using R-Project v4.3.1.
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3. Results
3.1. Literature Review

The literature search resulted in us retrieving eight journal articles [28–35] and three
book chapters [18,36,37] that included a list of rotifer species or mentioned one or a few
in their contents. Based on them, we compiled a list of 194 species belonging to 53 genera
and 23 families of rotifers (Table 1, S1). The most frequently reported genera were Lecane
(28 spp.), Lepadella (21 spp.), and Brachionus (12 spp.).

Table 1. Number of rotifer species in the families recorded in Bolivia according to the literature and
the observations of the present study.

Subclass Family References
1965–2009

Own
Observations Total Spp.

Not
Identified/Not

Included
Morphospecies

New Additions

Bdelloidea Habrotrochidae 1 0 1 0 0
NI * 1 1 1 9 0
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Table 1. Cont.

Subclass Family References
1965–2009

Own
Observations Total Spp.

Not
Identified/Not

Included
Morphospecies

New Additions

Monogononta Asplanchnidae 3 2 3 6 0
Brachionidae 21 38 51 8 30
Collothecidae 1 0 1 0 0
Conochilidae 2 1 2 1 0
Dicranophoridae 8 1 9 0 1
Epiphanidae 2 5 7 0 5
Euchlanidae 6 0 6 0 0
Flosculariidae 6 1 7 0 1
Gastropodidae 4 1 4 6 0
Hexarthridae 3 3 3 12 0
Lecanidae 28 28 43 13 15
Lepadellidae 27 20 28 19 1
Mytilinidae 7 6 12 1 5
Notommatidae 19 6 19 12 0
Philodinidae 7 0 7 0 0
Proalidae 1 0 1 0 0
Scaridiidae 1 1 2 0 1
Synchaetidae 10 4 10 5 0
Testudinellidae 7 5 11 1 4
Trichocercidae 19 18 36 1 17
Trichotriidae 3 4 5 2 2
Trochosphaeridae 8 8 10 6 2

TOTAL 192 153 279 102 84

* not identified.

3.2. Sample Analysis

The analyses of the ULRA collection samples resulted in the identification of 153 species
(Table 1, S2) from 33 genera and 19 families of rotifers, with 84 species being reported for the
first time in Bolivia. Our results increased the reported rotifer species richness of the country
by 44%. The rotifer families with the highest number of new additions were Brachionidae
(30 new additions), Trichocercidae (17 new additions), and Lecanidae (15 new additions; see
Table 1). Many taxa were excluded from the list (102) as they were identified only at the genus
level and were compiled in one entry per genus (Table 1).

The map of all sampling points (Figure 1) shows that two of Bolivia’s three principal
basins (the Amazon and La Plata basins) are severely undersampled, indicating that there
are potentially more rotifer species in this basin that have yet to be documented. On
the other hand, the species accumulation curve for the Altiplano basin started to level
off, although no clear plateau was observed (Figure 2). To evaluate the adequacy of our
sampling effort, for the Altiplano basin, we conducted a Chao2 analysis that provided an
estimate of the total species richness, including both the observed species and those that are
likely present but not detected in the samples. In our study, the Chao2 value (estimated total
number of rotifer species in the Altiplano) was 116, while the observed number of species
in this region was 106. This suggests that our sampling effort has captured a substantial
and representative portion of the rotifer diversity of the Altiplano basin.



Diversity 2024, 16, 589 5 of 8
Diversity 2024, 16, x FOR PEER REVIEW 5 of 8 
 

 

 
Figure 2. Accumulation curve of species from Altiplano basin. 

4. Discussion 
At present, Bolivian rotifer fauna remain poorly studied. Our compilation of previous 

studies reports over 200 rotifer species, and with the species added due to the ULRA col-
lection samples, we are now at almost 300 recorded species for Bolivia. Still, as observed 
in Figure 1, the sampling areas in Bolivia are patchy, and the Amazon and La Plata basins 
are severely undersampled. Although published records have mainly focused on the low-
land rivers and streams of the Amazon basin [29,30,32,36,37], this basin remains less 
known in terms of rotifer fauna, especially when considering the number of sampling 
points per area ratio. Lowland Amazonian rivers are known for their associated floodplain 
ecosystem, increasing their available habitat and rotifer niches. As such, it is plausible that 
rotifer diversity in this area is underestimated, as suggested by other authors [10], consid-
ering that 102 morphospecies (almost a third of the total species of Bolivia) were reported 
in only one Amazonian lake by Segers, Ferrufino, and de Meester [29]. 

Also, we should note that we only considered records made on Bolivian territory; 
therefore, any references from neighboring countries, such as Brazil (Amazonian basin) 
or Argentina (La Plata basin), where we share aquatic systems as geographical bounda-
ries, were not included here. Several rotifer species may have been reported for these nat-
ural boundaries, which is also valid for Bolivia. 

On the other hand, while few species were previously reported for the high-altitude 
Andes [31,33–35], our collection samples were focused on this region. Given that the area 
of the Altiplano basin is the smallest, the sampling effort is greater than that of the other 
two basins (see Figure 2), and the species record is expected to be more conclusive here, 
which is partially shown by the species accumulation curve made for this basin. Addition-
ally, due to the natural low precipitation in this area [31,32], most of the scarce waterbod-
ies to the south are saline-based, and rotifer diversity is either low or non-existent under 
high-salinity conditions [38]. Again, this makes us hypothesize that the sampling effort is 
sufficient for the Altiplano basin, and research efforts regarding rotifer diversity should 
be focused on the Amazon basin and, especially, the La Plata basin. 

In our study, only 69 species that were mentioned earlier by other authors were found 
in the ULRA sample collection. The discrepancy between the number of rotifer species 
identified in our study and those reported in the existing literature can be attributed to 
several factors. Our research primarily focused on sampling sites in the Altiplano and An-
dean regions, whereas much of the existing literature focuses on the Amazonian region of 
Bolivia, known for its higher biodiversity. The absence of sampling in the Amazonian re-
gion likely contributed to the lower number of species recorded in our study. Addition-
ally, differences in sampling effort and methodology may have played a role. Some earlier 
studies conducted long-term monitoring across different seasons, increasing the likeli-
hood of detecting a wider range of species. Environmental changes over time may have 
also influenced species distributions, potentially leading to the absence of some species 
previously recorded. Lastly, taxonomic revisions and careful verification of species 

Figure 2. Accumulation curve of species from Altiplano basin.

4. Discussion

At present, Bolivian rotifer fauna remain poorly studied. Our compilation of previous
studies reports over 200 rotifer species, and with the species added due to the ULRA
collection samples, we are now at almost 300 recorded species for Bolivia. Still, as observed
in Figure 1, the sampling areas in Bolivia are patchy, and the Amazon and La Plata basins
are severely undersampled. Although published records have mainly focused on the
lowland rivers and streams of the Amazon basin [29,30,32,36,37], this basin remains less
known in terms of rotifer fauna, especially when considering the number of sampling
points per area ratio. Lowland Amazonian rivers are known for their associated floodplain
ecosystem, increasing their available habitat and rotifer niches. As such, it is plausible
that rotifer diversity in this area is underestimated, as suggested by other authors [10],
considering that 102 morphospecies (almost a third of the total species of Bolivia) were
reported in only one Amazonian lake by Segers, Ferrufino, and de Meester [29].

Also, we should note that we only considered records made on Bolivian territory;
therefore, any references from neighboring countries, such as Brazil (Amazonian basin) or
Argentina (La Plata basin), where we share aquatic systems as geographical boundaries,
were not included here. Several rotifer species may have been reported for these natural
boundaries, which is also valid for Bolivia.

On the other hand, while few species were previously reported for the high-altitude
Andes [31,33–35], our collection samples were focused on this region. Given that the area of
the Altiplano basin is the smallest, the sampling effort is greater than that of the other two
basins (see Figure 2), and the species record is expected to be more conclusive here, which
is partially shown by the species accumulation curve made for this basin. Additionally, due
to the natural low precipitation in this area [31,32], most of the scarce waterbodies to the
south are saline-based, and rotifer diversity is either low or non-existent under high-salinity
conditions [38]. Again, this makes us hypothesize that the sampling effort is sufficient for
the Altiplano basin, and research efforts regarding rotifer diversity should be focused on
the Amazon basin and, especially, the La Plata basin.

In our study, only 69 species that were mentioned earlier by other authors were found
in the ULRA sample collection. The discrepancy between the number of rotifer species
identified in our study and those reported in the existing literature can be attributed
to several factors. Our research primarily focused on sampling sites in the Altiplano
and Andean regions, whereas much of the existing literature focuses on the Amazonian
region of Bolivia, known for its higher biodiversity. The absence of sampling in the
Amazonian region likely contributed to the lower number of species recorded in our
study. Additionally, differences in sampling effort and methodology may have played
a role. Some earlier studies conducted long-term monitoring across different seasons,
increasing the likelihood of detecting a wider range of species. Environmental changes
over time may have also influenced species distributions, potentially leading to the absence
of some species previously recorded. Lastly, taxonomic revisions and careful verification of
species identifications against the latest literature may have resulted in some species being
synonymized or reclassified, contributing to the observed discrepancies in species counts.
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With this study, the total reported rotifer species for Bolivia increases to 279. This
is similar to the records for nearby countries with more extensive territorial areas, such
as Argentina (approximately 300 species [6,11,39]), and is close to the numbers of Brazil
(467 species [6,11,40]), suggesting that Bolivia harbors a rich and diverse rotifer community,
with many species yet to be recorded for the country. Due to limitations regarding access to
proper taxonomic keys for Bolivia/South America, 68 registries from our own collections
are reported as affinis (aff) or confer (cf). If we consider all those entries as misidentifications
from the original species, several of those entries may be new species or at least sub-species
not previously reported for Bolivia. Similar issues could apply to the 102 entries recorded
as morphospecies (sp1, sp2, etc.). Still, such species were not included in our final count to
focus on reporting new additions, with numbers being on the conservative side. At present,
we have no means to prove either notion; however, given the considerable altitudinal
gradient (more than 4500 m) and the lack of accessibility and geographical isolation of
many of the sampled places, we are inclined to believe that the number of species is closer
to the upper limits than the lower ones and that there is a high probability of the existence
of new, endemic species not yet reported, as has happened before, for example, in the
Andean aquatic systems (e.g., Segers, Meneses, and Del Castillo [28]).

The taxonomy of rotifers in South America is complex and constantly evolving. Numer-
ous species in the region have not been thoroughly described, and debates persist regarding
the taxonomic status of several common species. Recent advancements in molecular tech-
niques, such as DNA barcoding and metabarcoding, have provided valuable in-sights into
these taxonomic ambiguities, facilitating more precise species identification and diversity
assessments [41]. Although the application of molecular and metabarcoding analyses in
Bolivia has been limited, the potential for generating extensive datasets that are currently
underrepresented in global databases is significant. This situation highlights the pressing need
for taxonomic research within the country, which holds profound eco-logical, evolutionary,
and societal implications. Enhanced taxonomic efforts are essential not only for understanding
the ecological roles of rotifer species and informing conservation strategies but also for the
effective ecological management of natural and recreational areas.

The diverse ecological landscapes of Bolivia, including the high-altitude Andean
lakes and the rich Amazon basin, offer exceptional opportunities to study not only rotifer
diversity but also rotifers’ adaptation and evolution under varied environmental pressures.
To achieve a comprehensive understanding of rotifer ecology and distribution in Bolivia,
further extensive sampling, particularly in the undersampled Amazon and La Plata basins,
is imperative. The integration of contemporary taxonomic and molecular methodologies
is expected to uncover numerous additional species. Establishing standardized sampling
protocols and developing a national database for rotifer records would greatly facilitate
future research efforts.

South America hosts some of the world’s most varied water resources, featuring the
largest river (the Amazon), the longest mountain range (the Andes), and the driest region
(the Atacama Desert) on the planet. But the conservation status of rotifers in South America
is largely unknown. Many freshwater ecosystems in this region are increasingly threatened
by various forms of pollution, habitat destruction, and climate change, along with other
pressures [42], which could have severe implications for the region’s rotifer fauna. Future
studies will be crucial for informing conservation and management efforts in freshwater
ecosystems, as rotifers play essential roles in nutrient cycling [1,2] and are important
prey for other aquatic organisms [3]. The destruction of inland water habitats due to
deforestation, mining, and agricultural activities may significantly impact the biodiversity
of rotifers and other organisms. Therefore, the conservation of these ecosystems and their
biodiversity should be a priority for the sustainable development of Bolivia and the broader
region of South America.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/d16090589/s1, S1: List of species of rotifers reported in Bolivia.
Numbers in the column of occurrence correspond to the name cited in the original publication. S2:

https://www.mdpi.com/article/10.3390/d16090589/s1
https://www.mdpi.com/article/10.3390/d16090589/s1
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List of species of Rotifers observed in samples of the Unit of Limnology and Aquatic Resources from
Bolivia territory.
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