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Abstract: Chironomidae is a common family in freshwaters, often occurring at high densities, which
hinders the processing of large samples, given that time and labor are usually limited. The present study
aims at evaluating the extent of the error related with the subsampling of Chironomidae from a larger
sample with regard to the size of the individuals between a sample and the subsample. A total of 9195
chironomids were collected from three sites in an intermittent stream. Samples were taken using a D-
shaped net (250 um) on eight occasions. Individuals from each sample were homogenized in a gridded
Petri dish and coordinates from lines and columns were randomly drawn. Individuals from the assigned
coordinates were selected until 100 individuals or 10% of the sample were chosen. Comparisons were
made between the proportion of larger (>5mm) and smaller individuals (<5mm) between the samples
and subsamples, and it was established the correlation between the size of the error and the size of the
sample, using the rank coefficient of Spearman. The highest error observed was 12.7%, meaning that the
difference in larger individuals between the sample and subsample reached that value. However on six of
the eight samples the error was below 3%. Spearman correlation showed no significance between the error
observed and the size of the sample (p=0.38, p=0.35), meaning that larger samples will not yield larger
error associated with the size of the individuals. The present study indicates that the subsampling
technique used is capable of drawing a random subset of individuals from a sample of chironomids with
regard to their size. This technique can be used in ecological or biomonitoring studies in order to reduce
sample processing time without creating a bias in the analysis.
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Resumo: Chironomidae é uma familia comum em aguas doces, frequentemente ocorrendo em altas
densidades, o que dificulta o processamento de amostras para estudos ecologicos, dado que o tempo e
recursos sao geralmente limitados. O presente estudo tem como objetivo avaliar a dimensao do erro
relacionado com a subamostragem de Chironomidae em relagio ao tamanho de individuos entre a
amostra e a subamostra. Um total de 9195 quironomideos foi coletado de trés sitios em um rio
intermitente. As amostras foram tomadas usando uma rede tipo D (250 um) em oito ocasides. Os
individuos de cada amostra foram homogeneizados em uma placa de Petri quadriculada e as coordenadas
de linhas e colunas foram sorteadas. Individuos das coordenadas atribuidas foram selecionados até que
100 individuos ou 10% da amostra fossem escolhidos. Comparagdes foram feitas entre a proporgdo de
individuos grandes (> 5mm) e pequenos (<5mm) entre amostras e subamostras e foi estabelecida a
correlagdo entre o tamanho do erro e o tamanho da amostra, utilizando o coeficiente por rank de
Spearman. A maior diferenga de individuos grandes entre amostra e subamostra (erro) foi de 12,7%. No
entanto, em seis das oito amostras o erro foi inferior a 3%. Correlagio de Spearman ndo mostrou
significancia entre o erro observado e o tamanho da amostra (p = 0,38; p = 0,35), o que significa que
amostras maiores ndo produziram maior erro relacionado com o tamanho dos individuos. O presente
estudo indica que a técnica de subamostragem utilizada ¢ capaz de extrair um subconjunto aleatorio de
tamanho de individuos a partir de uma amostra de Chironomidae. Essa técnica pode ser usada em
estudos ecologicos ou de biomonitoramento a fim de reduzir o tempo de processamento das amostras
sem criar um viés na analise.
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Introduction

The Chironomidae family is a common taxon in fresh-
waters, frequently occurring in high densities and richness in
several aquatic environments including Brazilian semi-arid
streams (Trivinho-Strixino 2011, Rocha et al. 2012, Carvalho
et al. 2013). These organisms are important colonizers of the
sediment and aquatic vegetation, contributing with the break-
down of organic matter. They have a wide range of survival
mechanisms, being either physiological/morphological or beha-
vioral, which enables their existence in unfavorable conditions
of temperature, pH, salinity and dissolved oxygen (Weber
1980). These characteristics make the Chironomidae family an
important indicator for the environmental conditions, being
used as a tool in biomonitoring studies (Rosenberg 1998).

The identification of their aquatic larval stage is made
through the preparation of semipermanent slides for the
observation of characters mostly in their head (Trivinho-
Strixino 2011). Only then, individuals can be counted and the
data used for ecological studies of community structure (Farias
et al. 2012). This process is both labor and time-consuming,
which often makes the counting of all individuals an unrealistic
demand for laboratory work. Even though this has been argued
to be the most appropriate approach to studies with benthic
invertebrates (Baker & Huggins 2005), resource limitation and
individuals numbers reaching the thousands often demand the
subsampling of larger samples (Courtemanch 1996, Baker &
Huggins 2005, Anderson & Ferrington 2012 ).

The basic advantages of subsampling is the reduction in
effort on counting and identifying individuals which enables
processing a greater number of samples. The latter is especially
important in intermittent streams, because they require to
incorporate both temporal and spatial natural variation.
Furthermore, in unequal sample sizes, subsampling may be
used as a way of correcting for the sample size and at the same
time understand a larger portion of the variation in the
community (Sebastien et al. 1988, King & Richardson 2002,
Baker & Huggins 2005, Bouchard & Ferrington 2011).

Associated with unequal sample sizes, chironomids them-
selves present diverse morphotypes (Trivinho-Strixino 2011)
leading to different individuals sizes. Subsampling techniques
applied to individuals after sorting can create bias in the
subsample since larger individuals or morphotypes will tend to
be more readily picked than smaller ones. To enable unbiased
randomization, individuals must be numbered and these
numbers randomly drawn. In large samples with thousands of
organisms this is unfeasible. Therefore we propose an
alternative method where one spreads individuals in a gridded
Petri dish and randomly draw coordinates (lines and columns)
in order to sort individuals. Since larger individuals will occupy
more squares in the grid, and thus have a greater chance of
being selected, a test for the size of this bias is necessary.
Therefore, the present study (1) quantifies the existence and
proportion of the error related with chironomid size between a
sample and its subsample and (2) determines if this error
increases in larger samples.

Material and Methods

Chironomids were collected from three different sites on the
Ipanema River, an intermittent river in semi-arid Brazil. Two
sites were collected three times (April, July and October 2007)
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and one site was collected twice (April and July 2007) (Table 1).
At each sampling, the sediment was taken using a D-shaped net
(40 cm wide and 250 um mesh). Since water flow was nil or low,
the net was dragged for 40 cm at a depth of 2.5 cm (representing
a volume of 40 x 40 x 2.5 cm). The depth of the sample was
approximate, based on a measuring rod attached to the frame
of the net. Three drags were performed for each sampling
occasion and these were later pooled together and are
henceforth referred to as a ‘“sample”. Thus, a total of 8§
samples were used in the present study. Samples were fixed in
4% formalin in the field and taken to the laboratory where they
were preserved in 70% alcohol. Since sampling in the present
study was performed at different sites and occasions, the
number of individuals varied for each sample (see Table 1).
This natural variation was used to test for the correlation
between the size of the error and the size of the sample.

At the laboratory, all Chironomidae on each sample were
sorted and counted before proceeding to subsampling.
Subsampling was adapted from the fixed fraction and fixed
count methods (Baker & Huggins 2005). The chironomid of a
sample was homogenized on a gridded Petri dish with each
square measuring 1x1 mm. Each column and line of the grid
was numbered and then line and column numbers were
randomly drawn. Individuals from the assigned 1 mm?
coordinates were selected. This process was repeated until
approximately 10% of the individuals of the sample were
chosen; these represent a subsample. Samples with less than
1000 individuals had approximately 100 individuals randomly
sorted. We refer to this technique as an a posteriori
subsampling. That is, not taking a subsample of the sediment
collected and then identifying all chironomids in that sub-
sample, but instead, sorting all chironomids from the sample
and then taking a subsample of the individuals for identifica-
tion.

Comparisons were made between the proportion of larger
(>5mm) and smaller individuals (<5mm) between the samples
and subsamples. These size classes were based on preliminary
analysis to identify larger larvae morphotypes (e.g. Chironomus,
Dicrotendipes, Coelotanypus and Ablabesmyia) in comparison
with smaller ones (e.g. Lauterborniella and Saetheria) for the
study area.

It was established the correlation between the size of the
error (difference in proportion of larger individuals between
sample and subsample) and the size of the sample, using the
rank coefficient of Spearman (2=0.05) (Sheridan & Lyndall
2001).

Results and Discussion

A total of 9195 individuals were collected from the eight
study sites (Table 1). The highest difference in larger individuals
between the sample and the subsample was 12.7% (Site 1 April).
However, on six of the eight samples this error was below 3%.
The lowest variation was observed at the Site 3 in October,
where 1.3% of the chironomids in the sample were larger than
Smm and this value for the subsample was 1.8%, showing a
difference of only 0.5%. Spearman correlation showed no
significance between the error observed and the size of the
sample (p=0.38, p=0.35), meaning that larger samples will not
yield larger error associated with the size of the individuals.

Ideally, subsampling should reduce laboratory work and
yield nonbiased and representative data, in order to reliably
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Table 1. Proportional difference in individuals between the sample and subsample (%) for larger (=5mm) and smaller (<5mm) Chironomidae in

three sites from an intermittent river of semi-arid Brazil.

Sample size

Difference in individuals
between the sample and

Subsample size

Sites < 5mm > 5mm <5mm >5mm subsample (%)
Site 1 April

N 986 53 134 29

% 94.9 5.1 82.2 17.8 12.7
Site 1 July

N 518 59 120 15

% 89.8 10.2 88.9 11.1 0.9
Site 1 October

N 1476 63 359 27

% 95.9 4.1 93.0 7.0 2.9
Site 2 April

N 584 26 110 7

% 95.7 4.3 94.0 6.0 1.7
Site 2 July

N 614 16 66 3

% 97.5 2.5 95.7 4.3 1.8
Site 3 April

N 2486 54 259 23

% 97.9 2.1 91.8 8.2 6.1
Site 3 July

N 766 4 84 1

% 99.5 0.5 98.8 1.2 0.7
Site 3 October

N 1470 20 162 3

% 98.7 1.3 98.2 1.8 0.5

represent the community being studied (Wrona et al. 1982,
Barbour & Gerritsen 1996). In the present study, we tested
mostly the error related to chironomid size, from the sample to
the subsample. We assume that an a posteriori subsampling
would have as major drawback the tendency to select larger
more easily viewed individuals, resulting from the fact that they
occupy a larger area than smaller individuals. A clear
advantage, however, is that the researcher has the number of
the individuals sorted from the sample and can “return” to that
if subsampling produce spurious results. More importantly, the
total N of the sample is available for the researcher which in
itself is an important information on the efficacy of the data
generated by the subsampling procedure. In smaller samples,
say up to 1000 individuals, all individuals may be counted and
identified, but in larger samples (see Carvalho et al. 2013 and
the present study), subsampling a proportion of the total
number will increase overall sampling effort but also efficiency
of the subsample as number of individuals increase. This is
shown in the present study by the low difference in chironomid
size between the sample and the subsample and by the lack of
correlation between chironomid size related error and the size
of the sample.

We showed in the present study that the subsampling
technique used is capable of drawing a randomized subset of
individuals from a sample of chironomids. This indicates that
the technique tested for a posteriori sorting of individuals from
a sample has the same probability of collecting larger or smaller
individuals when compared with the original method of
collection (in this case the D-shaped net). That means that
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larger individuals (or morphotypes) are not overestimated in
relation to smaller ones, and that this is achieved regardless of
the number of individuals in a sample.

Not surprisingly, in recent years a growing number of
research groups have been implementing subsampling methods
in their collection protocols (Carter & Resh 2001, McCord et al.
2007, Petkovska & Urbanic 2010, Anderson & Ferrington 2012).
However, it is important to ensure that such subsampling
methods are representative of the sample and the study area, and
that they are being interpreted bearing in mind the limitations of
the subsampling technique (Farias et al. 2012, Ligeiro et al.
2012). In the Brazilian semi-arid streams, larger morphotypes are
represented mostly by Chironomus, Dicrotendipes and
Clinotanypus (e.g. Farias et al. 2012, Rocha et al. 2012).
Nonetheless, other systems report other types of chironomids
and consequently different larger morphotypes, such as
Cryptochironomus, Axarus and Alotanypus (e.g. Stenert et al.
2012, Floss et al. 2012, Molozzi et al. 2011). Thus, even though
the technique used in this study is of general application, it is
important to perform pilot studies before the actual sampling
and subsampling in order to understand the composition of the
chironomid fauna and adjust the cut off value between large and
small morphotypes in accordance with the local fauna.

We suggest the utilization of a posteriori subsampling in the
laboratory in studies with large sample sizes collected from
spatially and/or temporally variable aquatic systems, but
emphasize the need for assessing the degree of randomness in
the subsampling technique used and estimation of the error
involved.
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