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Diversity and abundance of planktonic ciliated protists: How
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ABSTRACT. Planktonic freshwater organisms, such as ciliates, play an important role in the transfer of
matter and energy and, therefore, in the functioning of aquatic ecosystems. Due to their small size, the
analysis of these communities is usually carried out using optical microscopy and various techniques.
However, there are many challenges regarding this group, such as the difficulty in identifying them and the
lack of experienced personnel for counting these organisms. Therefore, the aim of this study was to compare
possible discrepancies in the results of organism counts, taking into account that these results may be
influenced by the individual carrying out the sampling. To this end, the differences in the analyses of
richness and abundance performed by four (4) analyzers and their respective ratings of the fixed samples
were compared. The hypothesis was that more experienced analyzers would record higher values of species
richness and density scores than those with less experience. The results obtained were consistent with the
initial hypotheses and showed that two of the more experienced analyzers were associated with higher
values for the attributes analyzed.
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Introduction

Planktonic organisms represent a fundamental component of aquatic ecosystems, among which ciliated
protists play a significant role in the transfer of matter and energy within aquatic environments (Oliveira et
al., 2024). These microorganisms exhibit high population growth rates, present substantial consumption of
phytoplanktonic and bacterioplanktonic production, and serve as an important resource for higher trophic
levels in the pelagic food web (Progénio et al., 2024).

Ecological studies on ciliated protists face challenges due to their small size (ElImoor-Loureiro et al., 2023),
some of them shared with studies on other groups of microorganisms, whether prokaryotic or eukaryotic.
Several techniques, such as counting in Utermohl chambers using fixed samples, have been employed,
displaying advantages and limitations. The appropriate selection of these methods, considering the ciliate
group and research objectives, is essential for success (Shah & Ahmed, 2024). For instance, the use of the
Utermohl chamber allows high-magnification counts under an inverted microscope via cell sedimentation
and enables analysis in projects involving a large number of samples. However, sedimentation time, the need
to fix organisms and debris in the sample can hinder analysis (Freibott et al., 2014).

Additionally, beyond the intrinsic difficulties of ciliate-specific techniques, the lack of trained specialists for
identifying them poses a challenge to research development in this field. This often leads to observation errors and
misidentifications of ciliated protists, typically due to the observer's lack of experience (Foissner, 1994; Regali-
Seleghim et al., 2011). Training in the identification and counting of ciliate protists requires both morphological
knowledge and practical experience with microscopic techniques. Direct microscopy by a trained experimenter
provides accurate abundance measurements for single-species or complex communities and is unrivalled in terms
of registering specific qualitative behaviors and morphology for species identification (Altermatt et al., 2015).

Regarding the need for experienced analysts in protist biodiversity surveys, Culverhouse et al. (2003)
demonstrated that less experienced analysts struggle to categorize specimens from species with significant
morphological variation. In the same study, the authors noted that experts (who routinely engage in species
analysis) are expected to achieve identification accuracy rates ranging from 84 to 95%. Thus, this study aimed
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to evaluate the impact of analyzer experience on the results of identifying and counting planktonic ciliates,
particularly considering the methodological challenges associated with the small size of these organisms.

The central hypothesis was that differences in community attributes between observers with greater or
lesser experience would be significant (where the analyzers with greater experience would record a higher
number of species and densities), as all observers had some level of expertise in group diversity, microscope
use, and analysis protocols. Methodologically, the study compared the richness and density of planktonic
ciliates recorded by four observers: two more experienced (Al and A2) and two less experienced (A3 and A4)
in analyzing fixed samples.

Material and methods

In order to conduct the experiment, 40 liters of water were collected from a fishing pond in the city of
Maringa, state of Parand, Brazil. After two days of acclimation in an aquarium to stabilize the environment,
the water was homogenized and three 2-liter samples were taken as analytical replicates. The water from each
replicate was concentrated to 100 mL by filtration through a 10-micrometer plankton net and fixed using the
Sherr & Sherr (1993) methodology, which combines alkaline Lugol solution, formaldehyde buffered with
calcium borate, and sodium thiosulfate. To facilitate cell observation, the samples were stained with Rose
Bengal dye and quantified using the Utermohl methodology. Analyses were performed in 3 mL sedimentation
chambers under an inverted microscope, with the chamber analyzed in full, and organisms identified to the
lowest possible taxonomic level. In total, 12 samples were obtained, considering the three replicates, each
one analyzed by the four observers.

The four observers were classified into two experience groups based on their training time and practice in
identifying ciliate protists. The more experienced observers (Al and A2) had over 4 years of formal training
in ciliate taxonomy and counting, including supervised sample analysis. The less experienced observers (A3
and A4) had approximately 1 year of training, with limited exposure to different taxonomic groups and less
independent practice.

The existence of significant differences in the results obtained by the different observers was tested using
an unpaired t-test. To compare whether differences existed between individual observers, a paired t-test was
performed. Additionally, we compared the impact of including less experienced observers (here, we
considered the results obtained by ‘All Analyzers’) on the outcomes that would have been achieved had only
the more experienced observers participated in the analyses. Statistical analyses and graphs were executed
using the R Core Team (2024) software and the RStudio platform, employing the vegan and ggplot2 packages.

Results

The results obtained by all analyzers revealed the identification of 26 species across five orders, with
Hymenostomata and Oligotrichida being the most species-rich, each represented by eight species. A paired t-test
demonstrated significant differences between the analyzers for both community richness and density (p < 0.001;
Figures 1A and 1B). The comparison between individual analyzers revealed significant differences in density
between Al and A4 (t = 5.572, df = 2, p = 0.030), in both richness and density between A2 and A3 (t = 10.390, df = 2,
p=0.009 and t = 8.022, df = 2, p = 0.015, respectively), and marginally significant differences in richness (t = 3.211,
df = 2, p = 0.084) and significant differences in density (t =-2.218, df = 2, p = 0.014) between A2 and A4.

Regarding the impact of including all analyzers on the results obtained by the more experienced analyzers,
some differences were observed for species richness and density (Figure 1C and 1D). For ‘All Analyzers,’ as
expected, greater variability in the data was observed, particularly for density, indicating that the inclusion
of less experienced analyzers can introduce substantial variability to the results. To further assess the impact
of less experienced analyzers, we evaluated the percentage differences in the mean results compared to those
obtained if only the more experienced analyzers had participated. These results indicated an average loss of
15.78% in species richness and a 34.57% loss in the total density of planktonic ciliates.

Considering the observed loss in both richness and density, we sought to determine whether this loss was
specifically associated with any particular taxonomic group of recorded ciliates. Clear differences were
observed across the different taxonomic groups regarding community attributes among the analyzers, with
certain taxonomic groups being underrepresented in the results obtained by specific analyzers. For instance,
individuals from the order Gymnostomatida were observed exclusively by some analyzers, and a reduction in
both richness and density of Scuticociliates was noted among the less experienced analyzers (Figure 2).
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Figure 1. Variation of the richness (A) and density (B) of the ciliate community between different Analyzers. Comparison of richness
(C) and density (D) of planktonic ciliates between the most experienced analyzers (Al and A2) and the group composed of all analyzers
(All Analyzers). A = Analyzers (one to four). The central line in graphics denotes the median values.
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Figure 2. Contribution of taxonomic groups to the richness (A) and density (B) of ciliated protists between analyzers. Scuticociliate* is
part of the order Hymenostomata, but in this study, this group was separated in order to observe the variation of these smaller protists
between the analyzers. A = Analyzers (one to four).

Discussion

The more experienced analyzers (Al and A2) recorded higher species richness and density compared to
the less experienced ones (A3 and A4). Although all analyzers have practice in ciliated protist analysis, the
precision of observations may vary due to biases associated with the analyzers, often related to ‘human error’
(Elphick, 2008). These errors include mistakes in organism identification and counting failures, such as
duplication or underestimation of individual numbers (Elphick, 2008), and possibly underestimation of
species richness. This discrepancy suggests that some cells are observed by certain analyzers but not by
others, even though this experiment employed staining techniques to facilitate organism visualization.

In studies of planktonic ciliated protists, specific biases can influence the counting process and
exacerbate human error, thereby affecting results. For example, the difficulty in visualizing and
identifying small species, such as Scuticoliates from the order Hymenostomata, can significantly impact
outcomes (Li et al., 2024). This challenge appears to have been the primary driver of reduced richness
and density in this study when comparing more and less experienced analyzers. Conversely, the
Oligotrichida group of protists has pronounced body and ciliary features (Liu et al., 2019) and is typically
present in high densities in the plankton of freshwater environments, making them easier to detect and
identify in samples (Grattepanche et al., 2014).

Regarding the observation of specific ciliate protist orders, the failure to detect organisms from the
Gymnostomatida group supports the 'human error' phenomenon discussed by Elphick (2008). Gymnostomatid
protists are known to inhabit diverse environments, including anoxic sites (Schwarz & Frenzel, 2003) and
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mammalian rumen (Ellof & Howen, 1980). Furthermore, these protists are typically larger in size due to their
high predatory capacity (DeLong & Vasseur, 2012), making them relatively easier to observe in samples - a
pattern that was not reflected in observations by certain analyzers.

Additionally, methodological issues, such as the use of fixatives, can alter the shape and structure of
fragile-celled organisms, complicating their identification as their original morphology is lost (Kotyk et al.,
2023). Consistent with the findings of Weisse & Montagnes (2022), our study highlights the need to increase
the number of specialists with continued training in the identification and counting of freshwater protists.
This would ensure greater accuracy in understanding their real diversity and density, and consequently, their
role in aquatic ecosystem functioning. Furthermore, other solutions can be proposed, such as integrating
morphological approaches with molecular techniques to complement analyses and ensure a more accurate
assessment of biodiversity (Abraham et al., 2024), especially when organism morphology is compromised.

In addition, other ways of analyzing samples must be considered, such as in vivo analyses, which make it
possible to better estimate the abundance and richness of species (Foissner, 1991). This counting method is
important for better observation of organism structures, as it preserves the original size and shape of the
organisms (Pfister et al. 1999). Moreover, in in vivo counts, all analyzers, with greater or lesser experience,
can participate simultaneously in the analysis of each sample, sharing identifications and doubts, minimizing
analyzer error. These errors linked to the less experienced analyzers are, in this way, compensated for by the
analysis of those more experienced in the sample. With fixed samples, each analyzer looks at a different
sample, contributing to differences in the recording of species and their abundance estimates and, therefore,
compromising the project results (Lindstrom et al., 2002).

Conclusion

The results showed that the experience of the analyzers significantly influenced the accuracy of the
analysis of the ciliated protist community. The more experienced analyzers recorded higher species richness
and density compared to the less experienced, with losses in richness and density. This difference seems to
be related to the difficulty in observing and identifying smaller ciliate groups. Considering that in vivo analyses
allow the participation of several observers (with different levels of experience) in the analysis of each sample,
minimizing errors associated with the observer, our results also suggest that in vivo analyses should be
prioritized, aiming for a better estimate of the diversity and abundance of planktonic ciliates.

These findings highlight the relevance of continued training to minimize analytical biases and point to
the need to integrate morphological and molecular approaches to improve the accuracy and reliability of the
data. Such measures are essential to expand knowledge about the diversity of planktonic ciliated protists.

Acknowledgements

We thank the Protozooplankton Laboratory, for its support and teaching, and the Center for Research in
Limnology, Ichthyology, and Aquaculture (NUPELIA) of the Universidade Estadual de Maringd, which provided
all the support and infrastructure necessary for the study.

References

Abraham, J. S., Somasundaram, S., Maurya, S., Sood, U., Lal, R., Toteja, R., & Makhija, S. (2024). Insights
into freshwater ciliate diversity through high throughput DNA metabarcoding. FEMS Microbes, 5,
xtae003. https://doi.org/10.1093/femsmc/xtae003

Altermatt, F., Fronhofer, E. A., Garnier, A., Giometto, A., Hammes, F., Klecka, J., ... Petchey, O. L. (2015). Big
answers from small worlds: A user's guide for protist microcosms as a model system in ecology and
evolution. Methods in Ecology and Evolution, 6(2), 218—-231. https://doi.org/10.1111/2041-210X.12312

Culverhouse, P. F., Williams, R., Reguera, B., Herry, V., & Gonzalez-Gil, S. (2003). Do experts make
mistakes? A comparison of human and machine identification of dinoflagellates. Marine Ecology Progress
Series, 247, 17-25. https://doi.org/10.3354/meps247017

DeLong, J. P., & Vasseur, D. A. (2012). Size-density scaling in protists and the links between consumer-

resource interaction parameters. Journal of Animal Ecology, 81(6), 1193-1201.
https://doi.org/10.1111/j.1365-2656.2012.02013.x

Acta Scientiarum. Biological Sciences, v. 47, e75276, 2025



Protist attributes affected by analyzers Page 5 of 5

Elphick, C. S. (2008). How you count counts: The importance of methods research in applied ecology. Journal
of Applied Ecology, 45(5), 1313-1320. https://doi.org/10.1111/j.1365-2664.2008.01545.x

Foissner, W. (1991). Basic light and scanning electron microscopic methods for taxonomic studies of ciliated
protozoa. European Journal of Protistology, 27(4), 313—330. https://doi.org/10.1016/S0932-4739(11)80248-8

Foissner, W. (1994). Progress in taxonomy of planktonic freshwater ciliates. Marine Microbial Food Webs,
8(1-2), 9-35.

Freibott, A., Linacre, L., Landry, & Michael R. (2014). A slide preparation technique for light microscopy
analysis of ciliates preserved in acid Lugol's fixative. Limnology and Oceanography: Methods, 12(1), 54-62.
https://doi.org/10.4319/lom.2014.12.54

Grattepanche, . D., Santoferrara, L. F., Andrade, J., Oliverio, A. M., McManus, G. B., & Katz, L. A. (2014).
Distribution and diversity of oligotrich and choreotrich ciliates assessed by morphology and DGGE in
temperate coastal waters. Aquatic Microbial Ecology, 71(3), 211-221. https://doi.org/10.3354/ame01675

Kotyk, M., Bourland, W. A., Sovi$, M., Méndez-Sanchez, D., Skaloud, P., Kotykova Varadinov, Z., &
Cepicka, I. (2023). Morphology matters: Congruence of morphology and phylogeny in the integrative
taxonomy of Clevelandellidae (Ciliophora: Armophorea) with description of six new species. Zoological
Journal of the Linnean Society, zlad154. https://doi.org/10.1093/zoolinnean/zlad 154

Li, T., Liu, M., Zhang, J., Al-Rasheid, K. A., Chen, Z., Song, W., & Wang, Z. (2024). Diversity in freshwater
scuticociliates (Alveolata, Ciliophora, Scuticociliatia): Two new species isolated from a wetland in
northern China, focusing on their morphology, taxonomy, and molecular phylogeny, with establishment
of a new family Glauconematidae fam. nov. Water Biology and Security, 100275.
https://doi.org/10.1016/j.watbs.2024.100275

Lindstrom, E. S., Weisse, T., & Stadler, P. (2002). Enumeration of small ciliates in culture by flow cytometry
and nucleic acid staining. Journal of Microbiological Methods, 49(2), 173-182.
https://doi.org/10.1016/S0167-7012(01)00366-9

Liu, W., Zhang, K., Chen, C., Li, ., Tan, Y., Warren, A., & Song, W. (2019). Overview of the biodiversity and
geographic distribution of aloricate oligotrich ciliates (Protozoa, Ciliophora, Spirotrichea) in coastal
waters of southern China. Systematics and Biodiversity, 17(8), 787-800.
https://doi.org/10.1080/14772000.2019.1691081

Oliveira, F. R., Lansac-Toha, F. M., Meira, B. R., Progénio, M., & Velho, L. F. M. (2024). Influence of
ecological multiparameters on facets of B-diversity of freshwater plankton ciliates. Microbial Ecology,
87(1), 10. https://doi.org/10.1007/s00248-023-02312-9

Pfister, G., Sonntag, B., & Posch, T. (1999). Comparison of a direct live count and an improved quantitative
protargol stain (QPS) in determining abundance and cell volumes of pelagic freshwater protozoa. Aquatic
Microbial Ecology, 18(1), 95-103. https://doi.org/10.3354/ame018095

Progénio, M., Rosa, J., Oliveira, F. R., Meira, B. R., Santana, L. O., & Machado Velho, L. F. (2024). Dormant
ciliate community from the dry sediment of a temporary lake in a Neotropical floodplain. Tropical
Ecology, 1-10. https://doi.org/10.1007/s42965-024-00349-6

Regali-Seleghim, M. H., Godinho, M. J. L., & Matsumura-Tundisi, T. (2011). Checklist dos ‘protozodrios’ de
dgua doce do Estado de Sao Paulo, Brasil. Biota Neotropica, 11, 389-426. https://doi.org/10.1590/S1676-
06032011000500014

Schwarz, M. J., & Frenzel, P. (2003). Population dynamics and ecology of ciliates (Protozoa, Ciliophora) in
an anoxic rice field soil. Biology and Fertility of Soils, 38, 245-252. https://doi.org/10.1007/s00374-003-
0644-z

Weisse, T., & Montagnes, D. J. S. (2022). Ecology of planktonic ciliates in a changing world: Concepts,
methods, and challenges. Journal of Eukaryotic Microbiology, 69(5), e12879.
https://doi.org/10.1111/jeu.12879

Acta Scientiarum. Biological Sciences, v. 47, €75276, 2025



