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ABSTRACT
Has Rotifers richness, abundance, and biomass been underestimated in a tropical watershed basins?

Suitable sampling methods must be used to accurately characterize Rotifera assemblages. The present study tested the efficien-
cy of plankton net mesh size in Rotifera studies based on the assemblage parameters of richness, abundance, and biomass.
Samples were taken in the Cachoeira River Basin (CRB), Brazil, using plankton nets with two different meshes (20 and 65 pm).
A total of 69 Rotifera species were recorded, distributed among 10 families and 17 genera. We recorded 16 exclusive species
in the 20 pum mesh net, representing 23.2 % of Rotifera richness. There were significant differences in the richness, abundance,
and biomass captured by the two meshes. The abundances of all individual taxa where higher with the 20 pm mesh net, a pattern
repeated for their frequencies of occurrence. That pattern was not observed for biomass, however, as the biomasses of eight
species were greater using the 65 pm mesh net than the 20 pm mesh. The analysis of indicator species (IndVal) selected seven
species as indicators of the 20 um mesh. Smaller rotifers were underestimated in terms of all parameters analyzed (richness,
abundance, and biomass) when the 65 pym mesh was used.
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RESUMO
Riqueza, abundincia e biomassa de Rotifera podem ter sido subestimados em uma bacia hidrogrdfica tropical?

Meétodos de amostragem adequados devem ser utilizados para caracterizar com precisdo as assembleias de Rotifera. O presen-
te estudo testou a eficiéncia do tamanho da malha de rede de plancton nos estudos de Rotifera com base nos pardametros de
riqueza, abunddncia e biomassa da assembleia. As amostras foram coletadas na Bacia do Rio Cachoeira (BRC), Brasil,
utilizando redes de plancton com duas malhas diferentes (20 e 65 um). Foram registradas 69 espécies de Rotifera, distribuidas
em 10 familias e 17 géneros. Registramos 16 espécies exclusivas na malha de 20 um, representando 23.2 % da riqueza de
Rotifera. Houve diferencgas significativas na riqueza, abunddncia e biomassa capturadas pelas duas malhas. A abunddncia de
todos os taxons individuais foi maior com a malha de 20 um, um padrdo repetido por suas frequéncias de ocorréncia. Esse
padrdo ndo foi observado para a biomassa, no entanto, como as biomassas de oito espécies foram maiores usando a malha de
65 um do que a malha de 20 um. A andlise das espécies indicadoras (IndVal) selecionou sete espécies como indicadores da
malha de 20 um. Rotiferos menores foram subestimados em termos de todos os parametros analisados (viqueza, abundancia e
biomassa) quando a malha de 65 um foi utilizada.

Palavras chave: zoopldncton, Rotifera, biodiversidade de agua doce, rede de plancton, malha de 65 um


https://orcid.org/0000-0002-6185-8663

296
INTRODUCTION

Rotifera are cosmopolitan microorganisms that
preferentially occur in continental aquatic ecosys-
tems (Segers, 2007; Wultken & Ahlrichs, 2012)
and comprise a significant fraction of all freshwa-
ter zooplankton (Martinez et al., 2000; Wen et al.,
2011). Rotifers play essential roles in ecosystems
energy transfer, nutrient regeneration, and trans-
port. The phylum Rotifera comprises more than
2000 described species (see Segers, 2007; Serra et
al., 2019), with Brazil standing out for having the
largest global inventory (Aoyagui & Bonecker,
2004), 84 genera and 625 valid species (Garraffo-
ni & Lourengo, 2012).

Although small in size, Rotifera contribute
much of the freshwater aquatic zooplankton
biomass and productivity (Esteves, 2011). They
are often the dominant metazoans of river
zooplankton and may seasonally dominate other
freshwater ecosystems (Thorp et al., 1994). Roti-
fers usually show high abundance and richness in
tropical lakes (Martinez et al., 2000; Wen et al.,
2011) and can dominate planktonic assemblages
with more than 70 % of the total biomass (e.g.,
Hardy et al., 1984).

Most studies of tropical Rotifera assemblages
have focused on the spatial and temporal variabil-
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ity of species compositions, richness, and diversi-
ty (Martinez et al., 2000; Lucinda et al., 2004;
Almeida et al., 2006; Serafim-Janior et al., 2010),
biomass (Ulloa, 2004; Bonecker et al., 2012), and
secondary productivity (Casanova et al., 2009).
Other studies have focused on the influence of
abiotic factors (Almeida et al., 2006; Negreiros,
2010; Bessa et al., 2011) and anthropic impacts
(Bonecker et al., 2009). Most of those studies
have used plankton nets with mesh sizes between
63 and 80 pm.

A complete inventory of species and reliable
quantitative data are needed to describe the struc-
tures and functions of zooplankton communities
(Karjalainen et al., 1996). Some studies have
shown that mesh sizes > 63 um, normally used for
specific studies with crustaceans or involving all
zooplankton assemblage, underestimate Rotifera
abundance (Likens & Gilbert, 1970; Bottrell ef al.,
1976; Ejsmont-Karabin, 1978). Those authors
recommended a mesh size < 35 um for quantita-
tive analyses, as microcrustaceans (Cladocera and
Copepoda) show size variations superior to those
found in the Rotifera group. Rotifers range in size
from 50 to 2000 pum (Fontaneto, 2008), while
Cladocera range from 200 to 3000 pm
(Elmoor-Loureiro, 1998), and Copepoda generally
from 1000 to 2000 um (Likens, 2010). Sampling
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Figure 1. Location of the Cachoeira River Basin and sampling points. The main rivers (Colonia, Salgado and Cachoeira) are highlighted.
Localizagao da bacia do rio Cachoeira e pontos de amostragem. Os principais rios (Colonia, Salgado e Cachoeira) sao destacados.
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techniques have been a major problem in studies
involving Rotifera assemblages, and the use of
inadequately mesh sizes can significantly influ-
ence survey results, making it difficult to conclude
whether any given result is a natural feature of the
population or is related to the sampling methodol-
ogy used (Likens & Gilbert, 1970).

The zooplankton in tropical environments are
represented by smaller species as compared to
temperate regions. High temperatures can cause
increases in zooplankton metabolism, sexual
maturation, and reproduction, thus generating
relatively smaller individuals (Kobayashi, 1997).

A study undertaken in a sub-tropical river that
compared Rotifera assemblages using different
size meshes, demonstrated that the roles of Rotif-
era in aquatic trophic webs and ecosystem
processes are often underestimated (Chick et al.,
2010). Those authors observed that the use of a
63 um plankton net could underestimate the
abundance and biomass of Rotifera by two to
three orders of magnitude — values considerably
higher than suggested by previous studies (Lik-
ens & Gilbert, 1970; Bottrell et al., 1976;
Ejsmont-Karabin, 1978).

Although several studies have highlighted the
use of smaller net meshes for ecological studies of
Rotifera assemblages, none of them consider
tropical environments, which are known to have
smaller species. Our study therefore investigated
whether the mesh sizes of plankton nets would
alter the results of a Rotifera richness, abundance,
and biomass surveys in a tropical basin, and possi-
ble consequences for ecological interpretations.

METHODS
Study site

The Cachoeira River Basin (CRB) is located in
southern Bahia State, Brazil (14° 42'/ 15° 20' S,
39° 01' / 40° 091' W) (Fig.1). It has a drainage
area of approximately 4600 km2 (Bahia, 2001),
and is the largest in the Eastern Hydrographic
Basin (EHB) along the southern coast of Bahia
(Lucio et al., 2012).

The CRB begins at the headwaters of the
Colonia River (at 800 m a.s.l.) high in the Cordi-
llera Ouricana (Itororé municipality), and reaches
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the sea near the city of Ilhéus. The Cachoeira
River is formed by the confluence of the Salgado
and Colonia rivers, and flows through the cities of
Itapé, Itabuna, and Ilhéus. The average regional
temperature there is 24.6 °C, with a mean annual
rainfall rate of 1500 mm in Itabuna and 2000 mm
in Ilhéus (Lima et al., 2010).

The water resources in the CRB are strongly
influenced by pasture lands that have largely
replaced the original vegetation in the Colonia
and Salgado river basins, and by the growing
urbanization of the cities of Itabuna and Ilhéus
(De Paula et al., 2012).

Sampling Strategy

Plankton samples were harvested during the day
during four collection excursions: C1 (Novem-
ber/2014), C2 (January/2015), C3 (March/2015),
and C4 (May/2015). Samples were collected at
three points in each of three rivers within the
CRB: the Colonia (P1, P2 and P3), Salgado (P4,
P5 and P6), and Cachoeira (P7, P8 and P9) rivers
(Fig.1). At each point, samples (in triplicate)
were collected in the littoral zone and in the
limnetic region, in order to capture the represen-
tativeness of each river section. Thus, during
each campaign, 27 samples were collected
(except during C3, when point 4 in the Salgado
river was totally dry).

As the depths of those rivers were less than
1.5 m, sampling by towing plankton nets would
not be adequate, as noted by Riccardi (2010).
The samples were therefore obtained by filtering
400 L of sub-surface water at each point, with the
aid of graduated pail. This volume was estab-
lished in a previous campaign as the stabilization
volume of the species rarefaction curve, as
suggested by Omori and Ikeda (1984) for calcu-
lating adequate sample sizes. The river water
was filtered through a double-mesh system with
a 65 pm mesh followed by a 20 um mesh, that
was designed to allow comparisons of mesh size
efficiencies and to reduce the effects of mesh
clogging by suspended matter (common in those
environments). After filtration, the retained
material in each mesh was washed with filtered
river water, and fixed in a 4 % formaldehyde
solution buffered with Hexamethylenetetramine,
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in 200 mL polyethylene bottles. Due to the type
of sample fixation, only Monogononta rotifers
were analyzed.

Laboratory Procedures and Data Treatment

For qualitative analysis of the Rotifera, the
collected material was screened in Sedg-
wick-Rafter type chambers with the aid of an
optical microscope, and the individuals found
were separated in glycerin for better visualization
and manipulation. When necessary, a 75 %
hypochlorite solution was used for trophos
extraction and the specimens stained with Bengal
rose to improve visualization.

The abundances (Ind/L) of the organisms in
ecach sample were calculated using Sedge-
wick-Rafter chambers from three sub-samples
obtained using a Hensen-Stempell type pipette
(2.5 mL) by examination under an optical micro-
scope (Bottrell et al., 1976). In cases where the
subsamples contain less than 50 individuals,
additional subsamples were analyzed; nonethe-
less, occasionally only one individual of a given
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species was found. It should be stressed that the
"20 um sample" represents the sum of the Rotif-
era retained in both mesh types (65 and 20 um)
in the double-mesh system. That concept was
used for all analyses and for all comparisons
between meshes.

Biomass was estimated for all of the species in
the rivers in all four sampling periods, and was
calculated as the product of abundance (Ind/L)
times individual dry weight (ug DW). The carbon
content was considered to be 48 % of the dry
weight (Andersen & Hessen, 1991), so that
biomass values are expressed as ugC Ind-L-1.

The individual dry weights of the Rotifera
species were calculated based on their biovol-
umes, using equations based on their geometric
shapes (Table 1) (Ruttner-Kolisco, 1977). For
those analyses, the lengths, widths, and heights of
30 individuals of each species per sample were
measured (or the total number of individuals
observed among species that did not attain that
minimum abundance). The biovolume was
converted to wet weight, assuming that 106 pm3
equals 1 pg wet weight (Bottrell et al., 1976), and

Table 1. Geometric forms and mathematical equations used to determine the biovolumes of Rotifera taxa, adapted from Ruttner-Ko-
lisko (1977), also observing the modifications suggested by Neumann-Leitdo (1994). a-length; b-width; c-height. Formas geométricas
e equagbes matematicas utilizadas para determinar o biovolume dos taxons de Rotifera, adaptado de Ruttner-Kolisko (1977),
observando também a aplicagao feita por Neumann-Leitdo (1994). a-comprimento; b-largura; c-altura.

Taxa Form geometric Equation
Anuraeopsis Truncated trilateral pyramid (2*G*h)/2, where h= a and G= b*c/2
Brachionus General Ellipsoid (4*m*r*r2#3)/3, where 2r'= a, 2r’=b and 2r’=c
Cephalodella Cylindrical r’*n*h, where r’= a*b/4 and h= c/2
Colurella Conical Cylindrical r**w*h+r’*n*h/3, where h=a/2 and r=b/2
Dipleuchnis Ellipsoid Middle 2*u¥r!*r2%3/3 where 2r'=a, 2r’=b and r’=c
Euchlanis Ellipsoid Middle 2#mrl*r2#e3/3, where 2r'=a, 2r’>=b and r’=c
Filinia Ellipsoid revolution 4*mxrl*2%3/3 where 2r’= a, 2r'-2r’=b=c
Hexarthra Cone r>*n*h/3, where h=a, 2r=b=c
Keratella Parallelepiped r?*1*h/6, where h=a, 2r=b
Lecane Ellipsoid Middle 2*mrrl*r2*3/3 where 2r'= a, 2r>=b and 2r’=c
Lepadella Ellipsoid Middle 2*u¥rl*r2%3/3, where 2r'= a, 2r>=b and 2r’=c
Monomata Ellipsoid Middle 2*u¥r!*r2%3/3 where 2r'=a, 2r’=b and r’=c
Platyias General Ellipsoid 4*urrl*r2%03/3  where 2r'= a, 2r>=b and 2r’=c
Polyarthra Parallelepiped a*b*c
Squatinella Conical Cylindrical ?*u*h+r>*n*h/3, where h=a/2, r=b/2
Testudinella Cylindrical r?*n*h, where r’=a*b/4, ¢/2=h
Trichocerca Conical Cylindrical r>*m*h+r2*n*h/3, where h=a/2, r=b/2
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that dry weight corresponds to 10 % of the wet
weight (Pace & Orcutt, 1981).

Due to the lack of formula for biovolume in the
literature, the calculations for the genera Colurella
and Squatinella were based on the equation
proposed for Trichocerca; the genera Dipleuch-
lanis and Monommata were based on Euchlanis,
which has a similar geometric form (Table 1).

Specific bibliographies were used to elucidate
questionable species' nomenclatures, and those
not identified are indicated in the list of species
occurrences (Segers, 2007) (Table S1, see supple-
mentary information, available at http://www.
limnetica.net/es/limnetica).

Data analysis

The frequency of occurrence (FO) of a species
was defined as the percentage of samples in
which that specific species occurred in relation to
the total sample.

The data was tested for normality using the
Kolmogorov-Smirnov test. When parametric data
were processed, they were compared by the t-test.
When using non-parametric data, the Mann-Whit-
ney test was used. Those tests were used to com-
pare abundance, biomass, and richness between

Lecanidae
Brachionidae
Trichocercidae
Filiniidae
Lepadellidae

2= .
'E‘ Euchlanidae
% Hexarthridae
Notommatidae
Synchaetidae

Testudinellidae

o
o
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the mesh sizes (20 and 65 pm). All analyses were
performed using SigmaPlot 11 software.

Indicator species (IndVal) analysis (Dufrene
& Legendre, 1977) was used to identify charac-
teristic species under different conditions. This
index considers both the relative abundance of a
species (specificity) and its frequency of occur-
rence (fidelity) in a defined group. In this study,
since the 20 um samples represent the sum of the
rotifers retained in the two meshes, this analysis
was only used to identify species characteristic of
the 20 pm mesh. The statistical significance of
indicator species values was evaluated using the
Monte Carlo test (1000 permutations). IndVal
values were calculated using R software 2.14.1
(R Core Team, 2011), through the labdsv package
(Roberts, 2015).

In all the analyses, values of p < 0.05 were
considered significant.

RESULTS

We recorded a total of 69 Rotifera species, distrib-
uted in 10 families and 17 genera. Sixteen taxa
were captured exclusively by the 20 pm mesh
(Table S1, see supplementary information, availa-
ble at http://www.limnetica.net/es/limnetica),

65um ®m20 pum
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Richness (N° of species)

Figure 2. Numbers of Rotifera species per family in the 20 um and 65 pm mesh nets, in the Cachoeira River Basin. Niimero de
espécies de Rotifera por familia nas redes de 20 um e 65 um, na Bacia do Rio Cachoeira.
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representing 23.2 % of the Rotifera richness in
this study. Lecane bulla (88.56 %) and Polyarthra
dolichoptera (83.33 %) were the most frequent in
the 20 um samples, and Lecane bulla (80.56 %) in
the 65 um samples (Table S1).

Keratella americana, Hexarthra intermedia
braziliensis, Trichocerca pussila, Lepadella
patella patella, Lecane lunaris lunaris, Colurella
salina, Lecane quadridendata, Colurella obtusa
obtusa, Polyarthra dolichoptera, and Lecane
furcata occurred in both mesh sizes, but showed
frequencies of occurrence at least three times
higher in the 20 um mesh; K. americana showed
a frequency of occurrence eight times higher in
the 20 um mesh. All the taxa showed higher
frequencies of occurrence in the 20 um mesh,
indicating its higher efficiency.

Seven species were selected as indicators of
the 20 um mesh: P. dolichoptera, IndVal(%)
81.52, p = 0.001; T. pussila, IndVal(%) 63.93,
p =0.001; L. patella patella, IndVal(%) 45.77,
p =0.001; C. obtusa obtusa, IndVal(%) 33.08,
p =0.010; L. lunaris lunaris, IndVal(%) 27.66,
p = 0.030; K. americana, IndVal(%) 45.50,
p =0.001; Anuraeopsis fissa, IndVal(%) 31.43,
p=0.001).

Rotifera richness in 20 um mesh (69 species)
was greater than in 65 pm mesh (53 species)
(t-test, t = 637; p=<0.001). The most representa-
tive families were Lecanidae (27 species),
Brachionidae (17 species), and Trichocercidae (7
species). Although the richness of those families
was higher in the 20 pm mesh, they were repre-
sented in both meshes. Notommatidae was exclu-
sive to the 20 um mesh, while Euchlanidae, Filin-
iidae, Hexarthridae, Lepadellidae, Synchaetidae,
and Testudinellidae demonstrated the same
richness in both meshes (Fig. 2).

The mean lengths of rotifers ranged from 68.3
+ 9.8 to 210.3 £ 49.6 um throughout the study
(Table S1). Species exclusive to the 20 pm mesh,
belonging to the family Lecanidae and Brachioni-
dae generally presented average lengths < 100 pm
(Table S1).

Abundance

The average abundance of Rotifera in the 20 um
mesh (11.95 = 11.20 Ind/L) was 2.5 times greater
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Figure 3. Abundance (Ind/L) (A) and mean biomass (pgC
Ind-L-1) (B) of the Rotifera assemblages in the 20 um and 65 p
m mesh nets, in the Cachoeira River Basin. * indicates signifi-
cant differences (p < 0.05). Abundancia (Ind/L) (4) e biomassa
meédia (ugC Ind-L-1 ) (B) das assembleias de Rotifera nas redes
de 20 um e 65 pum, na Bacia do Rio Cachoeira. * indica diferen-
¢as significativas (p < 0.05).

than in the 65 pm mesh (4.80 + 8.25 Ind/L)
(M-W, U= 333.50; p = 0.001) (Fig. 3). The most
abundant species in the 20 pm mesh were: P,
dolichoptera, Brachionus urceolaris urceolaris,
Brachionus angularis angularis, and Filinia
terminalis. The most abundant species in the 65 pm
mesh were: B. urceolaris urceolaris, F. termina-
lis, Brachionus calyciflorus, and Brachionus
caudatus f- majusculares (Table S1).

The abundances of all individual taxa were
always greater in the 20 pm mesh, emphasizing
the importance of using a small mesh for collect-
ing all species (even the most abundant species in
the 65 um mesh).

Biomass

The mean biomass of Rotifera in the 20 um
mesh was significantly higher (0.12 £0.15 pgC
Ind-L-1) than in the 65 um mesh (0.08 = 0.14 n
gC-Ind-L-1) (M-W, U = 412.5; p = 0.0183)
(Fig. 3). F longiseta showed the highest
biomass value in the 20 um mesh, followed by
Brachionus quadridentatus quadridentatus; the
reverse was observed in the 65 pm mesh. Only
eight species had higher biomasses in the 65 p
m mesh (Table S1), highlighting that for most
species the effects of size exceed those of
species densities when considering biomass.
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Figure 4. Contribution of the 20 wum mesh captures (dark bar) to total abundance (Ind/L) (A) and total biomass (ugC lnd~L'1) (B) of
the Rotifera assemblage. Contribui¢do das capturas de malha de 20 um (barra escura) para a abundancia total (Ind/L) (A) e biomassa

total (ugC Ind-L-1 ) (B) da assembleia de Rotifera.

Contribution of the 20 pm mesh to abundance
and total biomass

The abundances of the Rotifera collected in the
20 um mesh represented (on the average) 60.5 %
of total abundance and 71.4 % of the total
biomass sampled. Considering those results, the
exclusive use of the 65 pm mesh would represent
a reduction of up to 50 % in the abundance
estimates in 68.6 % of the samples (24 samples);
for biomass, reductions would be perceived in
97.1 % of the samples (34 samples). It should be
noted that in 12 samples (34.3 % of the total) the
abundance of Rotifera in the 20 pm mesh reached
values higher than 80 % of the total; that same
pattern was observed in 9 samples for biomass
(25.7 % of the total) (Fig. 4).

DISCUSSION

The use of different mesh sizes resulted in impor-
tant differences in terms of estimates of the

ecological attributes analyzed (richness, abun-
dance, and biomass), evidencing that the 65 um
mesh underestimated Rotifera assemblages.
Those results confirm data available in the litera-
ture (Chick et al., 2010), which indicate that for
better characterizations of Rotifera assemblage
structures, plankton nets with meshes < 35 pum
should be used.

In the present study, a number of species
would not have been recovered if only the largest
mesh size (65 um) was used, consequently under-
estimating Rotifera richness and contributing to
inaccurate interpretations of local diversity. The
species exclusive to the 20 um mesh were repre-
sented by planktonic and non-planktonic species
that had been sampled in other studies using a
reduced mesh size (35 um). Keratella cochlearis,
Lecane pyriformis, Cephalodella gibba, Tricho-
cerca bicristata, Trichocerca elongata, Lecane
ludwigii, and Lecane hamata were observed in a
tropical river (Lucinda ef al., 2004), while A. fissa,
C. gibba, K. cochlearis, L. hamata, and T. pussila
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were collected in a temperate climate river
(Kobayashi et al., 1998). Some of those species
(A. fissa, K. cochlearis, L. hamata, L. ludwigii,
and T. elongata), however, were also sampled in
studies using a larger mesh size (70 um) in a
floodplain river (Bonecker et al., 2005), indicating
the great variability in the sizes of individuals of
different species, or the effects of clogging when
filtering large volumes of water. In the present
study, there were no clogging effects due to the
double-mesh filtration system used.

A significant advantage of this double-mesh
system is that it minimizes clogging in the smaller
mesh and improves filtration efficiency. This does
not occur when towing a 20 pum plankton net,
however, as large cells can form a fine network
inside the net and reduce its filtering efficiency
and, in other cases, also trapping smaller cells that
would otherwise pass through it.

The frequency of occurrence results in the two
different meshes shown that the use of a 65 um
mesh was inefficient at sampling the entire Rotif-
era assemblage, while the 20 um mesh permitted
the sampling of smaller species. The IndVal
results showed that the indicator species were
those having reduced lengths (< 100 pm), such as
A. fissa, with an average length of 76 pm (Tab. 2),
evidencing the importance of using a 20 pum mesh
to better evaluate ecological processes.

The families Lecanidac and Brachionidae
have been observed in freshwater environments,
mostly in tropical rivers (Lansac-Toha, 1997;
Aoyogui & Bonecker, 2004), and significantly
contribute to the richness of species sampled
within different sized meshes. A 68 um mesh net
used in a study of a tropical river showed those
families as having the largest numbers of species
(Maia-Barbosa et al., 2014), with an even greater
richness of those same families being seen when
using a 20 pm mesh net. The exclusive species
belonging to the family Lecanidae captured in the
20 um mesh showed mean lengths < 100 pum
(except the species Lecane ludwigii, which had an
average length of 118 pum) but an average width
of 70 pm (which contributed to its passage
through the 65 pm mesh). The species Lecane
minuta and Lecane monostyla were sampled in
both meshes even though they have lengths of 70
um; their occurrences in the 65 pm mesh was
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certainly exceptional, as only one individual of
each species was encountered.

The Brachionidae family was the second most
representative in the present study. The species of
that family exclusive to the 20 pm mesh were A.
fissa and K. cochlearis, with average body lengths
< 100 um and average widths < 70 um. Although
other species show those same size variations,
they were sampled in both meshes, due to wide
variations in individual lengths, such as B. angula-
ris angularis (min = 60 pum; max = 260 um), K.
americana (min = 60 pm; max = 160 um), and
Keratella tropica (min = 80 um; max = 130).

In general, most of the species exclusive to the
20 um mesh had mean lengths < 100 um, except
for L. ludwigii, Squatinella mutica mutica, C.
gibba, Trichocerca tenuidens, T. bicristata, and
T. elongata, which had widths ranging from 30 to
80 um. The narrow widths of those organisms
allowed them to pass through the 65 pum mesh
but become retained in the 20 pm mesh. In addi-
tion to their width values (which would contrib-
ute to their passage through the 65 um mesh), the
occurrence of C. gibba in the 20 um mesh may
also reflect length variations in those organisms
(min = 90; max = 140).

Rotifers can show great variations in relation
to their lengths and widths, and are also able to
bend and contract as a result of pressure waves
during filtration, so that individuals can often
pass through a mesh with openings smaller than
their body size — depending on their position and
their reactions to touching the net (Bicudo &
Bicudo, 2004).

The mean lengths of the different genera of
Rotifera in the present study were close to those
observed in rivers in sub-tropical regions (except
for the genus Tricocherca, whose average lengths
were almost two times as large as that seen in the
present study) (Chick et al, 2010). In another
study undertaken in a reservoir (Ducan, 1984),
representatives of the genus Tricocherca were
reported to have average lengths similar to those
found in the present study. Although the two
studies were undertaken in different environments,
they were both performed in the tropical region,
suggesting that high temperatures may have select-
ed for reduced sizes of the species of that genus.
Tricocherca species are known to show wide
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variations in their lengths, with 7. bicristata in the
present study being twice the size of 7. pussila.

The Notommatidae family was exclusively
encountered in the 20 um mesh net. That family
has been little-studied in tropical aquatic environ-
ments, mainly due to taxonomic difficulties
(Aoyagui & Bonecker, 2004). It was represented
in the present study by the species C. gibba and
Monommata actices. Some authors studying
Rotifera in temperate and tropical region rivers
have observed that this family was represented
only by C. gibba in 35 pm mesh samples
(Kobayashi et al., 1998; Lucinda et al., 2004). In
other studies, in different tropical aquatic envi-
ronments, the species M. actices was collected
using a net mesh of 30 um (Meas & Sor, 2014).
The Notommatidae family has been identified in
some studies with mesh sizes greater than 55 um,
but represented by species different from those
found in the present study (Casanova et al., 2009;
Lansac-To6ha et al., 2009).

If we had used only a net mesh of 65 um in the
present study, only 39.47 % of the local abun-
dance would had been revealed, a significant
underestimation of the real assemblage composi-
tion (Fig. 4a). Those results corroborate studies
that reported 65 um mesh nets as underestimating
Rotifera assemblages (Likens & Gilbert, 1970;
Bottrell et al., 1976; Ejmont-Karabin, 1978).
Those authors concluded that Rotifera abundance
in meshes > 63 um can vary from 28 % to 66 % of
the abundance determined with meshes < 35 pm.
Those who results confirm the observation (Pace
etal., 1992; Thorp & Mantovani, 2005) that river
zooplankton assemblages are mainly composed
of small species, and that zooplankton growing in
higher temperatures environments are generally
smaller than those growing at lower tempera-
tures, due to the shorter generation times of the
former (Gillooly et al., 2000). Thus, there is clear
need to use smaller mesh sizes in tropical regions
to avoid distorted results and inaccurate ecologi-
cal interpretations.

Similarly, the total estimated biomass for the
CRB if only the 65 um mesh had been used,
would only represent 28 % of the true Rotifera
biomass, evidencing the ecological importance of
small organisms that are often neglected in tropi-
cal studies.

Implications for ecological studies in tropical
rivers

The compositions of zooplankton assemblages in
tropical environments are greatly affected by preda-
tors (Zaret, 1975). Another factor that appears to
contribute to the dominance of small Rotifera in
tropical rivers is resource availability. High
productivity environments allow the development
of organisms having reduced sizes (Masson et al.,
2004), with the size variations of zooplanktonic
organisms being directly related to physical,
chemical, and biotic factors.

The presence of large populations of small
organisms must presumably be associated with
their high efficiency in assimilating even smaller
organisms, such as bacteria, nanophytoplankton,
and small planktonic protozoans (Bonecker et
al., 2012).

However, to evaluate that hypothesis, addi-
tional studies will be needed that address parame-
ters of Rotifera predation and the availability of
appropriately sized resources in the region.

There are many sampling methods available
for the quantitative analysis of zooplankton,
although plankton nets are most commonly used
(Sameoto et al., 2000). Among the problems that
influence efficient plankton sampling are the
escape of zooplankton through the mesh net, and
clogging. The main problem facing the use of
small-mesh plankton nets are their filtering
efficiencies (Tranter & Heron, 1967; Smith et al.,
1968) due to clogging of the mesh pores (Favore-
to et al., 2009). Studies of Rotifera assemblages
in eutrophic lakes have shown that the apertures
of small meshes rapidly become clogged and
their filtration efficiencies are reduced (Likens &
Gilbert, 1970). The use of a graduated bucket and
a double-mesh filtration setup in the present study
was well-adapted to local water depths and avoid-
ed the problem of clogging.

Likens & Gilbert (1970) pointed out that the
use of small mesh size nets (< 35 pum) can still
adequately sample various populations of
zooplankton even when it is necessary to filter
large volumes of water in the field. Although we
did not evaluate the functionality of 35 to 37 um
meshes, species such as 4. fissa, C. obtusa, C.
salina, K. americana, K. tropica, L. imbricata, P.
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dolycoptera, T. fusiforme, and T. pussila would
be largely lost if a 35 um mesh was used, the 20
um mesh would, however, trap them efficiently
as their minimum lengths/widths are proximately
40 um. According to Milroy (2015), mesh open-
ings must be equivalent to at least 75 % of the
sizes of the individuals to be captured in order to
be able to efficiently collect them, so that the use
of a 35 um mesh is only suitable for individuals
larger than 50 pm.

CONCLUSION

It is clear that the use of inadequate sampling
methodologies would contribute to the misinter-
pretation of Rotifera assemblages in aquatic
ecology studies. The 65 pm mesh used in our
study would not have sampled smaller species,
resulting in gross underestimates of the main
ecological attributes of the Rotifera assemblages
(richness, abundance, and biomass).

Even though no comparison were made to
towed plankton net samples, our results suggest
that the 20 um mesh collected by a double-mesh
filtration setup is quite efficient and represents an
available option for that kind of environment in
terms of avoiding mesh clogging. Future studies
comparing these two methods (double-mesh
system and plankton net) should reinforce that
observation.
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