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Abstract: Rotifer abundances of an eutrophic tropical reservoir, sampled during one year, were
underestimated by a 68µm mesh size net as compared to a net of 20µm, resulting in differences
in community structure characterization. 
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Tamanho corporal em relação a subestimação de abundância de rotíferos utilizando uma
rede  de  malha  grande  numa represa  tropical. Resumo: Abundancias  de  rotíferos numa
represa eutrófica tropical, amostrada durante o curso de um ano, foram subestimadas usando
uma rede de malha de 68µm quando comparado com uma malha de 20µm, resultando em
diferenças na caracterização da estrutura da comunidade. 
Palavras-chave: largura corporal, zooplâncton, Morisita-Horn.

Although  Orcutt  &  Pace  (1984)  and  James
(1991)  recommended  the  analysis  of  whole,
unfiltered  samples,  quantitative  sampling  of
planktonic rotifers is usually carried out using nets
or  sieves  to  concentrate  the  samples  in  the  field
(May  &  Wallace  2019).  Chick  et  al. (2010)  and
Thomas  et al. (2017) reviewed the use of different
mesh sizes for sampling rotifers. Corroborating the
older literature (Likens & Gilbert 1970, Bottrell  et
al. 1976,  Ejsmont-Karabin  1978),  they  presented
convincing  data  that  use  of  plankton  nets  of  63-
64µm mesh size can severely underestimate rotifer
abundance  as  compared  to  a  mesh  size  of  20µm.
Most  recently,  Rocha  et  al.  (2021)  found  large
degrees  of  underestimation  of  richness  and
abundance of rotifers in tropical rivers when using a
65µm mesh net as compared to one of 20µm. Here, I
present further data indicating such underestimation,
when  comparing  meshes  of  20  and  68µm,  in  a
tropical  eutrophic  reservoir.  Samples  were  taken
over the course of a year, to increase the probability
of finding different taxa in abundance. In addition,
this data set is to be combined with similar data sets
for the years 1999-2001 and 2005-2008, to analyze
zooplankton seasonality in this reservoir.

The  reservoir  is  a  small  (ca  13  hectares),
shallow (ca 2m mean depth)  urban water  body in
Campo  Grande,  Mato  Grosso  do  Sul  (20.503º  S
54.617º W) in Brazil. Two replicate samples, of 4L
in  volume  each,  per  mesh  size  were  taken,  at
approximate monthly intervals during the course of a
year (November 2010 to January 2012), at the same
point  at  the  outlet  of  the  reservoir,  at  mid-depth
using a bottle sampler, and concentrated by passing
through  nylon  monofilament  plankton  nets  with
mesh  sizes  of  20  and  68µm.  The  concentrated
sample  were  fixed  to  a  final  concentration  of  4%
formaldehyde.  Total  water  samples  were  taken on
each  sampling  date  to  aid  in  taxonomic
identification.  In the laboratory,  each fixed sample
was concentrated to approximately 100mL, and five
1mL sub-samples taken with a Stempel pipette and
counted in a Sedgewick-Rafter chamber (Bottrell  et
al. 1976, McCauley 1984, Wetzel & Likens 1991), at
a  magnification  of  x100,  using  a  compound  light
microscope. Abundances (expressed as numbers per
L) for each sample were calculated by multiplying
the  mean  number  of  organisms  of  the  five  sub-
samples by the volume of the concentrated sample
and dividing by 4 (Wetzel  & Likens 1991).  Mean
abundances and standard deviations were calculated 
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Figure 1. Temporal variation from November 2010 to January 2012 in mean abundance (numbers per liter abbreviated
as Nos.L-1on the y-axis) of the total rotifers and the six more abundant taxa encountered in the reservoir, for the two
mesh sizes. Standard deviations of the samples and the Wilcoxon signed rank test W and p values for mesh size are
shown. 

for  each  mesh  size  on  each  sampling  date.
Differences in abundance between samples of each
mesh size were examined by the Wilcoxon signed
rank test,  and taxon richness  and Shannon-Wiener
Diversity Index values (to the natural log base) were

calculated (Hammer et al. 2001). The Morisita-Horn
Index of Community Similarity, comparing the two
mesh sizes, based on taxa absolute abundances, was
calculated empirically for each sampling date (Chao
et  al. 2015).  During  counting,  for  each  taxon,
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measurements were made of total lengths (body, and
spines when present) and widths of the first one or
more individuals encountered in randomly selected
sub-samples  from  (generally)  20µm  mesh  filtered
samples,  during  the  course  of  the  year;  an  ocular
micrometer was used at magnifications of x100 and
(almost  exclusively)  x200.  A  fixed  number  of
organisms to be measured was not established; more
individuals of more abundant  taxa were measured,
while  low  numbers  of  rare  taxa  were  measured,
because  insufficient  numbers  of  the  latter  were
found.  The  illoricate  species  Synchaeta  pectinata
was  measured  from  live  samples  and  relaxed
(uncontracted) individuals in the fixed samples. 

In  the  temporal  analysis,  abundances  in  the
20µm mesh samples  were significantly greater  for
total rotifers, and five of the six more abundant taxa,
with the exception of Filinia opoliensis (Fig. 1). The
Trichocerca taxon  in  the  figure  showed
characteristics  intermediate  between  the  species
pusilla and  mus,  and was thus termed  Trichocerca
pusilla/mus.  Because  of  the  low  abundances
encountered, the remaining taxa found in the present
study (see below) were not analyzed. Taxon richness
was  generally  greater  in  the  20µm mesh samples,
while diversity showed no particular pattern, lower
richness tending to be offset by greater evenness in
the 68µm samples (Fig. 2).  On nine of the twelve
sampling dates, values of the Morisita-Horn Index of
Similarity were considerably less than 1 (complete
similarity)  (Fig.  3),  indicating that  characterization
of community structure was strongly influenced by
sampling with different mesh sizes. 

In  Table  I  are  presented  the  values  of  total
length  (body and spines)  and  width  of  the  rotifer
taxa  encountered  in  the  reservoir  during  the
sampling  period.  The  same  data  are  presented  in
Figure  4  with  the  exception  of  Trichocerca sp.,
Lecane spp.,  Brachionus  havanaensis and  B.
caudatus.  They  were  removed  because  relatively
few measurements were made for the latter taxa (at
least 21 individuals were measured for each taxon
shown  in  Figure  4),  and  to  increase  graphical
readability. Also for the latter purpose, the standard
deviations are not shown in the figure. Five taxa not
listed in the table were encountered in low numbers,
in the fixed and live samples, namely Lepadella sp.
(on four dates in 20µm mesh samples and on one
date in a 68µm mesh sample), Colurella sp. (on two
dates in 20µm mesh samples),  Filinia cf.  brachiata
(on  one  date  in  a  20µm  mesh  sample),  Platyias
quadricornis (on one date in a 68µm mesh sample), 

Figure 2. Temporal changes in rotifer taxon richness (a)
and Shannon-Weiner diversity (in nats) (b),  for the two
mesh sizes. 

Figure 3. Temporal changes in the Morisita-Horn Index of
Similarity (CMH), based on absolute abundances of rotifers,
for the two mesh sizes. 95% Confidence Intervals (based
on 200 bootstrap replications) are shown. 

and  Asplanchna sp.  (on one date in a 68µm mesh
sample). 

Most of the taxa encountered (especially those
with high abundances (Fig. 1)) were of small body
size,  comparable  with  the  sizes  of  the  taxa
encountered by Duncan (1983), Chick  et al. (2010)
and  Rocha  et  al. (2021)  and  considered  by  these
authors  to  be  especially  small.  Eutrophic
environments,  as  in  the  present  study,  tend  to  be
dominated  by  small-bodied  species  (Ejsmont-
Karabin 2012),  although large species  can also be
favoured in such environments (Stemberger &
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Table I. Mean total lengths (body and spines) and widths (µm), with standard deviations, and numbers of individual
lengths measured (n), of the rotifer taxa encountered in the reservoir, generally measured from the 20µm samples. Taxa
are listed in order of increasing length. The taxa shown in Figure 1 are indicated in bold. In the final column are listed
the abbreviations identifying the taxa in Figure 4. 

Taxon Length Width n Abbrev.
Polyarthra sp. 1 67 (±8) 52 (±6) 40 Poly1
Trichocerca pusilla/mus 68 (±11) 40 (±6) 87 Tp/m
Anuraeopsis sp. 73 (±7) 44 (±4) 56 Anur
Lecane spp. 86 (±31) 66 (±24) 20
Pompholyx sp. 87 (±6) 76 (±5) 65 Pomph
Brachionus angularis 98 (±6) 82 (±5) 34 Bang
Polyarthra sp. 2 105 (±13) 70 (±9) 327 Poly2
Hexarthra sp. 128 (±20) 92 (±14) 38 Hex
Trichocerca sp. 134 (±25) 44 (±8) 8
Keratella cochlearis 138 (±12) 51 (±4) 42 Kcoch
Brachionus havanaensis 142 (±17) 57 (±20) 3
Filinia opoliensis 159 (±13) 66 (±9) 74 Fopol
Keratella tropica 169 (±36) 66 (±14) 67 Ktrop
Brachionus mirus 173 (±24) 81 (±11) 60 Bmirus
Brachionus caudatus 229 (±36) 123 (±19) 10
Synchaeta pectinata 253 (±60) 170 (±40) 22 Spect
Kellicottia bostoniensis 279 (±35) 44 (±6) 21 Kbost
Brachionus dorcas 314 (±37) 206 (±24) 29 Bdorc
Brachionus falcatus 319 (±51) 119 (±19) 51 Bfalc

Figure 4. Relationship between mean total lengths (body and spines) and widths (µm) of the rotifer taxa encountered in
the reservoir. The dashed lines indicate the calculated diagonal distances between knots for the two mesh sizes examined.
The abbreviations for the taxa are shown in Table I. The taxa shown in Figure 1 are indicated in bold. 

Gilbert 1985); three large taxa (Brachionus dorcas,
B. falcatus and  Synchaeta pectinata) were recorded
here  (Fig.  4).  Small-bodied  taxa  also  seem  to  be
favoured  in  rivers  and  in  tropical  environments
(Duncan 1983, Chick et al. 2010, Rocha et al. 2021).
All five underestimated taxa (Figures 1 and 4, Table
I) had lengths ≥68µm; thus, mesh size of 68µm does

not signify that organisms of greater than 68µm in
length are retained,  as organisms can pass  through
the mesh in a longitudinal orientation (Pinto Coelho
2004).  Body width  would  be more  important  than
length, in relation to the diagonal distance between
knots of the net meshes (calculated as 96µm for the
68µm mesh and 28µm for the 20µm mesh) (Ejsmont-
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Karabin  1978),  in  determining  retention  efficiency
for dorso-ventrally flattened taxa (Rocha et al. 2021).
For  example,  in  the  present  study,  Keratella
cochlearis was underestimated,  probably due to its
narrow width,  despite having a length greater  than
96µm. For more cylindrical taxa, such as Filinia and
Trichocerca,  body  width  in  relation  to  the  lateral
distance between knots (namely 20 and 68µm) might
be most important.  Filinia, with a diameter close to
68µm,  was  not  underestimated  by  the  latter  mesh
size. Of the nineteen taxa examined, only four had
body  widths  (considerably)  greater  than  96µm
(Brachionus  caudatus,  B.  dorcas,  B.  falcatus and
Synchaeta  pectinata),  and  thus  not  expected  to  be
underestimated by the 68µm mesh net. All taxa had
body widths greater than 28µm and thus expected to
be retained efficiently by the 20µm mesh net. 

Besides  the  importance  of  body  size,  other
aspects  of  taxon  morphology  could  be  important.
The setae of Filinia and arms or protuberances (as in
Hexarthra)  might  increase  retention  efficiency.
Additionally,  distortion/contraction  of  body  shape,
especially of illoricate taxa,  during filtration could
decrease  retention  efficiency,  while  organisms can
adhere to the netting or be destroyed during filtration
and thus not backwashed into the sample (Likens & 
Gilbert  1970,  Ruttner-Kolisko  1977,  Ejsmont-
Karabin 1978, James 1991). 

While the efficiency of zooplankton sampling
is affected by the number and spatial distribution of
samples, type of sampling equipment and methods of
preservation and enumeration (Bottrell  et  al. 1976,
Ruttner-Kolisko 1977, de Bernardi 1984, McCauley
1984, Nie & Vijverberg 1985, James 1991, Wetzel &
Likens 1991, Pinto Coelho 2004, Mack  et al. 2012,
Suthers et al. 2019, Appel et al. 2020), the role of net
mesh  size  must  be  considered  of  baseline
importance. Figure 4 can be considered as a general
indication of sampling efficiency based on body size,
dependent  on  mesh  size,  and  could  perhaps  be
extrapolated to evaluate the efficiency of other mesh
sizes  not  analyzed  here (Rodrıguez  et  al. 2013).  I
emphasize  that  knowledge of  the  body size  of  the
taxa  under  study  is  of  importance  not  only  with
regard to analysing ecosystem structure and function
(Gianuca et al. 2016., Hébert  et al. 2017, Kwong &
Pakhomov 2021), but also when choosing sampling
methodology.  Thus,  for  example,  one  could
recommend total unfiltered samples for small rotifers
(Orcutt & Pace 1984, James 1991), 20µm mesh for
most rotifers and copepod nauplii (Chick et al. 2010,
Thomas  et al. 2017, Rocha  et al. 2021, this study)
and ≥55µm for other crustaceans (James 1991, Chick

et  al. 2010,  Thomas  et  al. 2017).  Waters  with
elevated  concentrations  of  suspended  solids,  as  in
eutrophic systems, might incentivize the use of mesh
sizes  larger  than  20µm,  because  of  clogging
(Ejsmont-Karabin 1978, Shiel  et al. 1982, Evans &
Sell 1985,  Mack  et al. 2012). However, while this
might permit the filtering of larger volumes of water,
and thus sufficient numbers of organisms to obtain
low sample coefficients of variation, I show here that
the  correct  characterization  of  the  community
structure,  skewed toward larger  organisms,  will  be
compromised. 

Ethical statement
The present investigation did not involve the

use of regulated animals and did not require approval
by an ethical Committee

References
Appel, D. S., Gerrish, G. A., Fisher, E. J. & Fritts,

M. W. 2020. Zooplankton sampling in large
riverine systems:  A gear  comparison.  River
Research & Applications, 36: 102-114.

Bottrell,  H.  H.,  Duncan,  A.,  Gliwicz,  Z.  M.,
Grygierek,  E.,  Herzig,  A.,  Hillbricht-
Ilkowska,  A.,  Kurasawa,  H.,  Larsson,  P.  &
Weglenska,  T.  (1976)  A  review  of  some
problems in zooplankton production studies.
Norwegian  Journal  of  Zoology,  24:  419-
456.

Chao, A.,  Ma, K. H., Hsieh, T. C. & Chiu, C. H.
2015.  Online  Program  SpadeR  (Species-
richness Prediction and Diversity Estimation
in R).  Program and User’s Guide published
at
http://chao.stat.nthu.edu.tw/wordpress/softwa
re_download/. 

Chick,  J.  H.,  Levchuk,  A.  P.,  Medley,  K.  A.  &
Havel J. H. 2010. Underestimation of rotifer
abundance  a  much  greater  problem  than
previously  appreciated.  Limnology  &
Oceanography: Methods, 8: 79-87

de Bernardi, R. 1984. Methods for the estimation of
zooplankton  abundance.  Pp  59-86.  In:
Downing,  J.  A.  &  Rigler,  F.  H.  (Eds.).  A
manual on methods for the assessment of
secondary  productivity  in  fresh  waters.
Blackwell  Scientific  Publications,  Oxford,
England, 501 p.

Duncan,  A.  1983.  The  composition,  density  and
distribution of the zooplankton in Parakrama
Samudra.  Pp  85-94.  In: Scheimer,  F.  (Ed.).
Limnology  of  Parakrama  Samudra  -  Sri

Pan-American Journal of Aquatic Sciences (2023), 18(1): 11-17

http://chao.stat.nthu.edu.tw/wordpress/software_download/
http://chao.stat.nthu.edu.tw/wordpress/software_download/


16 K. F. ROCHE

Lanka. Developments  in  Hydrobiology  12,
Junk Publishers, The Hague, Holland, 238 p. 

Ejsmont-Karabin,  J.  1978.  Studies  on  the
usefulness  of  different  mesh-size  plankton
nets  for  thickening  zooplankton.  Ekologia
Polska, 26(3): 479-490. 

Ejsmont-Karabin,  J.  2012.  The  usefulness  of
zooplankton  as  lake  ecosystem  indicators:
rotifer trophic state index. Polish Journal of
Ecology, 60(2): 339–350

Evans,  M.  S.  &  Sell,  D.  1985.  Mesh  size  and
collection characteristics  of  50-cm diameter
conical  plankton  nets.  Hydrobiologia,  122:
97-104.

Gianuca,  A.  T.,  Pantel,  J.  H.  &  De  Meester,  L.
2016.  Disentangling the effect  of  body size
and  phylogenetic  distances  on  zooplankton
top-down control of algae.  Proc. R. Soc. B,
283: 20160487.

Hammer, Ø., Harper, D. A. T. & Ryan, P. D. 2001.
PAST:  Paleontological  Statistics  Software
Package  for  Education  and  Data  Analysis.
Palaeontologia Electronica, 4(1): 9 p.

Hébert, M.-P., Beisner, B. E. & Maranger, R. 2017.
Linking  zooplankton  communities  to
ecosystem functioning: toward an effect-trait
framework.  Journal of Plankton Research,
39(1): 3-12.

James,  M.  R.  1991. Sampling  and  preservation
methods for the quantitative enumeration of
microzooplankton. New Zealand Journal of
Marine and Freshwater Research, 25: 305-
310.

Kwong,  L.  E.  &  Pakhomov,  E.  A.  2021.
Zooplankton  size  spectra  and  production
assessed  by  two  different  nets  in  the
subarctic  Northeast  Pacific.  Journal  of
Plankton Research, 43: 527–545.

Likens,  G.  E.  &  Gilbert,  J.  J.  1970.  Notes  on
quantitative sampling of natural  populations
of  planktonic  rotifers.  Limnology  &
Oceanography, 15(5): 816-820.

Mack, H. R., Conroy, J. D., Blocksom, K. A., Stein,
R. A. & Ludsin, S. A. 2012. A comparative
analysis of  zooplankton field collection and
sample enumeration methods.  Limnology &
Oceanography: Methods, 10: 41-53.

May, L. & Wallace, R. L. 2019. An examination of
long-term  ecological  studies  of  rotifers:
comparability  of  methods  and  results,
insights  into  drivers  of  change  and  future
research  challenges.  Hydrobiologia,  844:
129-147.

McCauley,  E.  1984.  The  estimation  of  the
abundance  and  biomass  of  zooplankton  in
samples. Pp 228-265.  In:  Downing, J.  A. &
Rigler, F. H. (Eds.).  A manual on methods
for  the  assessment  of  secondary
productivity  in  fresh  waters.  Blackwell
Scientific Publications, Oxford, England, 501
p.

Nie, H. W. de & Vijverberg, J. 1985. The accuracy
of population density estimates of copepods
and cladocerans, using data from Tjeukemeer
(the  Netherlands)  as  an  example.
Hydrobiologia, 124: 3-11. 

Orcutt,  J.  D.  Jr.  &  Pace,  M.  L.  1984.  Seasonal
dynamics  of  rotifer  and  crustacean
zooplankton  populations  in  a  eutrophic,
monomictic  lake  with  a  note  on  rotifer
sampling  techniques.  Hydrobiologia,  119:
73-80.

Pinto  Coelho,  R.  M.  2004.  Métodos  de  coleta,
preservação,  contagem  e  determinação  de
biomassa  em  zooplãncton  de  águas
epicontinentais.  Pp 149-166.  In: Bicudo,  C.
E.  de  M.  &  Bicudo,  D.  de  C.  (Eds.).
Amostragem  em  limnologia. RiMa,  São
Carlos, Brazil. 351 p.

Rocha,  M.  A.,  Ribeiro,  S.  M.  M.  S.,  De  Melo
Júnior,  M.,  Da  Silva,  M.  B.  &  De  Castro
Melo, P. A. M. 2021. Has Rotifera richness,
abundance, and biomass been underestimated
in  a  tropical  watershed  basins?  Limnetica,
40(2): 295-307. 

Rodrıguez,  L.  P.,  Granata,  A.,  Guglielmo,  L.,
Minutoli,  R.,  Zagami,  G.  &  Brugnano,  C.
2013. Spring rotifer community structure in
the  Alcantara  River  (Sicily,  Italy),  using
different  mesh  size  nets:  relation  to
environmental  factors.  Annales  de
Limnologie, 49: 287-300.

Ruttner-Kolisko,  A.  1977.  Comparison  of  various
sampling techniques, and results of repeated
sampling of  planktonic  rotifers.  Archiv fur
Hydrobiologie, 8: 13-18.

Shiel, R. J., Walker, K. F. & Williams, W. D. 1982.
Plankton of the Lower River Murray, South
Australia.  Australian  Journal  of  Marine
and Freshwater Research, 33: 301-27.

Stemberger, R. S. & Gilbert, J. J. 1985. Body size,
food concentration, and population growth in
planktonic rotifers. Ecology, 66: 1151-1159.

Suthers, I. M., Rissik, D. & Richardson, A. J. 2019.
Plankton:  A Guide  to  Their Ecology and
Monitoring  for  Water  Quality. CRC

Pan-American Journal of Aquatic Sciences (2023), 18(1): 11-17



Sampling efficiency of net mesh sizes 17

Publishing,  Boca  Raton,  FL,  USA,  2nd

edition, 272 p.
Thomas, S. M., Chick, J. H. & Czesny, S. J. 2017.

Underestimation  of  microzooplankton  is  a
macro problem: One size fits all zooplankton

sampling needs alterations. Journal of Great
Lakes Research, 43: 91-101.

Wetzel, R. G. & Likens, G. E. 1991. Limnological
analyses. Springer-Verlag, New York, USA,
2nd edition, 391 p.

Received:  August 2022
Accepted:  December 2022

Published: April 2023

Pan-American Journal of Aquatic Sciences (2023), 18(1): 11-17


