
Introduction

Obtaining an adequate sample of ecological commu-
nities is the first step towards interpreting spatial and
temporal variability of community organization (Bady
et al. 2005). From a statistical point of view, the ade-
quateness of a sample can be characterized by its accu-
racy and precision. Accuracy is the nearness of a mea-
surement to the actual value of the variable being mea-
sured, while precision refers to the closeness to each
other of repeated measurements of the same quality
(Zar 1999). In most cases, we do not know the actual
value of the variable studied, thus accuracy cannot be
measured. In contrast, precision can be expressed by
comparing repeated measurements of the same quality.
It is the basic idea in the development of the term
sample representativeness (Cao et al. 2002a, 2002b), a
term used to describe how well a sample represents the
community. In order to measure representativeness,
two samples are collected from the same community
and a measure of the similarity (or autosimilarity Cao
et al. 2003) determined. If the similarity between the

samples is high, the samples give a good representa-
tion of the community (i.e. with great precision),
whilst a low index value refers to inadequate sample
representativeness.

Several factors might influence the representative-
ness of a sample however (e.g. Statzner et al. 1998).
For example, inclusion or exclusion of rare species
(Gaston 1994) into analyses is a permanent question
for community ecology and bioassessment. Some au-
thors advocate the use of rare species in community
analyses (Cao et al. 1998, 2001, Nijboer & Schmidt-
Kloiber 2004) whilst others argue against it (Marchant
1999, 2002). Although the question of including or ex-
cluding rare species is largely dependent on the ana-
lyses, most researchers share the view that inclusion of
rare species causes large sampling error (Bradley &
Ormerod 2002) and decreases precision (Ostermiller
& Hawkins 2004), in evaluating community structure
of stream macroinvertebrates.

Most researchers consider physical habitat as the
major determinant of faunal organization in running
waters (Allan 1995, Giller & Malmqvist 1998) and
thus, examine community organization within and
among levels of a nested habitat hierarchy (Minshall
1988, Li et al. 2001, Wright & Li 2002, Weigel et al.
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2003, Townsend et al. 2003, 2004). In this paper, we
followed the suggestion of Noda (2004), and used the
term scale, as the physical dimension of the sample
(for instance, the total sampled area) and the term le-
vel, as the spatial range of the study. Thus, we conside-
red microhabitat, pool/riffle, reach, segment, and
stream system as different levels of a habitat hierarchy
(Frissell et al. 1986). Since the level of riffle-pool is
generally considered as a building block of the upper
levels of habitat hierarchy (e.g. reach, catchment or
ecoregion (Weigel et al. 2003, Sandin & Johnson 2004,
Verdonschot & Nijboer 2004)), obtaining an adequate
sample from a riffle has fundamental importance to in-
terpreting the community organization of stream ma-
croinvertebrates at upper levels of spatial habitat hie-
rarchy (Boyero 2003, Hering et al. 2004). Although
studies on sample representativeness do exist at the
reach level (Cao et al. 2002a, b; 2003), according to
our knowledge, nobody has examined which size of
sample adequately represents the riffle macroinverte-
brate community.

In the present study we examined how the represen-
tativeness of a caddisfly assemblage varied with in-
creasing sampling effort (i.e. increasing sample size)
in a riffle using the recently developed similarity-based
approach of Cao et al. (2002a). We also tested how
sampling representativeness varies with the inclusion,
or exclusion of rare species. Caddisflies were selected
as study organisms as they form an abundant and spe-
cies-rich group in the macroinvertebrate communities
of headwater streams (Allan 1995, Giller & Malmqvist
1998) and taxonomic keys for species-level identifica-
tion (Waringer & Graf 1997) are available. The answer
of these questions is of basic importance to the design
of ecological studies examining the aquatic fauna of
streams at the riffle or upper levels of spatial habitat
hierarchy.

Material and Methods

Study area and field sampling
The study was carried out in the Bernecei stream, a

second order stream in the Börzsöny Mountains, Hun-
gary (see Fig 1 in Eros & Grossman 2005). The stream
meanders through an oak-hornbeam woodland (Quer-
co-Carpinetum) with riparian vegetation dominated by
alder (Alnus glutinosa). The canopy provides extensive
shading and leaves little light for instream primary pro-
duction. Hence, matter production was predominantly
based on allochthonous leaf litter from the surrounding
riparian vegetation. The stream has a well-developed

riffle-pool morphology with cobble and gravel as the
dominant substratum, and is representative of the natu-
ral submountane streams of the Carpathian region in
Central Europe (Eros et al. 2003, Schmera & Eros
2004).

Based upon previous studies (Schmera 2004,
Schmera & Eros 2004), a riffle (length 13 m, average
width 4.1 m) was selected in the stream (47°58’03” N,
18°55’02” E, 188 m a.s.l.). The water depth within the
riffle varied between 3 and 8 cm. The dominant sub-
strate was cobbles (70%) with gravel (25%) (Giller &
Malmqvist 1998) and the diameter of the particles va-
ried between 4 and 8 cm. Caddisfly larvae were collec-
ted on 18 May 2004 using a standardized Surber sam-
pler (area: 0.09 m2, mesh size: 0.5 mm). Although the
riffle was well shaded, there was not any significant
accumulation of coarse particulate organic matter that
would have favoured the aggregation of shredders
(Hildrew et al. 1991, Murphy et al. 1998, Dobson
1999, Muotka & Laasonen 2002). Consequently, the
riffle was considered to present a relative homoge-
neous environment for stream dwelling caddisflies.
Before sampling, the riffle was mapped and the posi-
tion of each of the 62 Surber samples was chosen ran-
domly. Sampling began downstream to avoid distur-
bance to the upstream sector of the riffle. To dislodge
caddisflies from the substrate and allow the stream-
flow to carry them into the Surber net, the substrate wi-
thin the quadrat frame of the Surber sampler was agi-
tated by hand to a depth of about 5 cm, followed by ca-
reful examination of all cobble and gravel clasts. Each
sample was preserved separately in 5% formalin, la-
belled and returned to the laboratory for examination.
Caddisflies were identified using Waringer & Graf
(1997).

Data processing and statistical analyses
Initially each Surber sample was regarded as a

sample unit. These were then pooled to generate in-
creasing sample size (Cao et al. 2002a). Accordingly, a
sample can be characterized by its sample size (i.e.
number of sample units pooled or more generally by
the pooled sample area in square meters). Sample re-
presentativeness was expressed as the similarity bet-
ween two samples. High similarity means adequate re-
presentativeness, while low index value an inadequate
one. We used two commonly used similarity indices
(Cao et al. 2002b, Podani 2000), the Jaccard index
(JC) and the Bray-Curtis index (BC).
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where a is the number of species present in both
samples, b is the number of species present only in the
first sample, c is the number of species present only in
the second sample; xji is the abundance of species j in
sample i, and xkj is the abundance of the species j in
sample k. JC was used to examine similarity in species
composition using presence/absence data, whilst BC
uses abundance data. BC was used with raw abundan-
ce and log(x+1) transformed abundance data (hereafter
called as raw abundance and transformed abundance
data).

Altogether 31 sample sizes were examined (from
0.09 m2 = 1 sample unit to 2.79 m2 =31 sample units
pooled). An even number of sample units were drawn
randomly from the total 62 sample units (nx2, where n
is the number of sample units pooled from 1 to 31).
The first n sample units were pooled to create a new
sample, the other n units were then used to form ano-
ther new sample so that the pair of new samples shared
no sample units. Both indices (JC and BC) were then
calculated for the pair of new samples. This process
was repeated 1000 times to obtain mean JC and mean
BC for each level of sample size and for each data set.
In addition, the indices were calculated by including
and excluding rare species (number of
occurrence/abundance equal or less than 5 using spe-
cies lists/abundances). The similarity values generated
in the resulting matrix were compared with a hypothe-
tical value of 1 (100% similarity) or perfect represen-
tativeness. Comparison was performed using a p value.
The p value expresses the proportion of the similarity
index values that were equal to the hypothesised simi-
larity value (Manly 1991). The similarity index was
deemed significant if the p-value was equal or less than
0.05. 

Results

Altogether 716 individuals belonging to 13 species
were identified (Table 1). The number of species
among sample units varied between 0 (only in a single
sample unit) and 6 (mean M = 2.677, standard devia-
tion SD = 1.211), whilst the number of individuals ran-
ged between 0 and 52 (M = 11.548, SD = 11.707). Ex-
cluding rare species resulted in analyses using 6 spe-
cies (presence/absence data) or 8 species (abundance
data) only.

In general, curves showed a better representativeness
at larger sample sizes forming typical accumulation
curves (Fig. 1, 2 and 3). In case of presence/absence
data (Fig. 1), a mean similarity of 0.391 and 0.441 was

observed at the smallest sample size (1 Surber sample,
0.09 m2) if rare species were included or excluded, res-
pectively. At the largest sample size (31 Surber
sample, 2.79 m2), the mean similarity values were
0.719 and 0.998, respectively. Representativeness of
presence/absence data without rare species was always
higher than that including rare species (Fig. 1). We ob-
served perfect representativeness (100% similarity at p
= 0.05) only when rare species were excluded and at
large sample sizes (25-31 Surber samples, 2.25 m2-
2.79 m2).

In case of transformed abundance data (Fig. 2), a
mean similarity of 0.422 and 0.439 was observed at the
smallest sample size (1 Surber sample), rare species
included or excluded, respectively. At the largest
sample size (31 Surber samples), the mean similarity
values were 0.854 and 0.901. In case of raw abundan-
ce data (Fig. 3), a mean similarity of 0.320 and 0.334
at 0.09 m2 sample size (1 Surber sample), rare species
included or excluded, respectively was observed. At
the largest sample size, the mean similarity values we-
re 0.827 and 0.836, respectively. Consequently, in
contrast to presence/absence data the curves based on
raw or transformed abundance data did not reach the
asymptote (i.e. perfect representativeness was not ob-
served). The mean similarity values were generally of
similar characteristics, independently of whether rare
species were included or excluded in the analysis. Ho-
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wever, analysis based on transformed abundance data
was more sensitive to inclusion-exclusion of rare spe-
cies than analysis based on raw abundance data (Fig. 2,
3).

Comparison of the presence/absence, transformed
abundance and raw abundance curves was rather pro-
blematic because of their different sensitivity to spe-
cies abundance. At the smallest sample size (0.09 m2)
the mean similarity of samples based on presence/ab-
sence data was higher compared to the mean similarity
values based on transformed and raw abundance data.
In contrast, at larger sample sizes (more than 1 Surber
sample, >0.09 m2) the mean similarity value of
samples, excluding rare species and based on presence
absence data, was the highest; this being followed by
the values of the data sets based on transformed and
raw abundance data and by values based on presen-
ce/absence data, that included rare species.

Discussion

Representative sampling is fundamental for the un-
biased understanding of the spatial and temporal pat-
terns of aquatic faunal organization. In the present stu-
dy we examined how sample size and rare species in-
fluence representativeness of our samples and drew
two fundamental conclusions. First, our study illustra-
ted that in- or exclusion of rare species strongly in-
fluenced representativeness of the samples. Rare spe-
cies might have high conservation importance (Schme-
ra 2003, Schmera & Kiss 2004) and often represent
“Red List” species (Nógrádi & Uherkovich 1999).
Moreover, rare species might be keystone species with

disproportionately important roles in influencing com-
munity structure and the flow of energy and nutrients
through the community (Palmer et al. 1997, Creed &
Reed 2004), thus providing valuable conservation
tools and, therefore – according to our view - justify a
somewhat lowered precision in applied studies. Se-
cond, our results showed that sample representative-
ness was strongly depended upon the size of the
sample. The results of this study support those of
Statzner (1981), who found that several-hundred
sample units should be taken in a relatively homoge-
neous stream reach to evaluate the density of indivi-
dual species. These results call attention to the applica-
tion of more intensive sampling regimes in studying
and/or assessing macroinvertebrate assemblages. For
example, sample sizes used in macroinvertebrate stu-
dies of riffles (0.2 – 0.4 m2 total area sampled; see e.g.
Boyero 2003, Heino et al. 2004, Schmera & Eros
2004) may be insufficient to determine similarities or
differences, since it is hard to decide at such a small
sample size whether differences are real or artificial
(i.e. caused by sampling error).

Although our study did not aim to evaluate the
sample size for detecting perturbation-induced impact
(i.e. to separate natural communities from impaired
ones), the natural spatial variability we observed (high
sample size is needed to reach an acceptable level of
sample representativeness, Figs. 1, 2 and 3) predicts
relative large sample sizes for impact detection. If this
assumption would receive support in the future, as at
temperate lake macroinvertebrate communities (John-
son 1998), then sample sizes used in stream bioassess-
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Fig. 1. The relationship between sample size and similarity of
samples based on presence/absence data (Jaccard index, full
squares: rare species excluded, open squares: rare species included,
asterisks show non-significant differences from 1 at p=0.05)

Fig. 2. The relationship between sample size and similarity of
samples based on transformed abundance data (log(x+1) transfor-
mation, Bray-Curtis index, full squares: rare species excluded, open
squares: rare species included)



ment protocols should carefully re-considered.
Although riffle-level variability in assemblage struc-

ture can contribute substantially to reach level variabi-
lity (Downes et al. 2000), the contribution of the diffe-
rent levels of habitat hierarchy to the variability of ma-
croinvertebrate assemblages is rather controversial
(Hawkins et al. 2000, Townsend et al. 2003). Never-
theless, for the proper interpretation of macroinverte-
brate organization at a level of habitat hierarchy it is
important to note that the non-explained variability
caused by error/residuals falls between 20-85% (Li et
al. 2001, Boyero 2003, Heino et al. 2004), and can ap-
proach 100% (Boyero & Bailey 2001). It means, that
in most cases, the majority of the variance of commu-
nity structural properties of stream macroinvertebrate
cannot be explained. In addition, this is also the case,
when categorical data are used for stream assessments,
including functional feeding groups (Heino et al.
2004) or biotic indices (e.g. the EPT index, Boyero
2003). Obviously, all of these uncertainties might be
caused by the unsuitable sample sizes used and the pat-
chy distribution of macroinvertebrates in streams
(Townsend 1989, Lake 2000).

It is important to note that several factors restrict the
generalization of our conclusions. First, Surber
samples deal with the topmost 5 cm of the substrate
only. Consequently our species list might increase by
applying another sampling technique (Waringer 1987,
Weigelhofer & Waringer 2003). Second, although
conclusions drawn from this study are based on the
examination of caddisflies, this group shows a consi-
derable variability in assemblage structure amongst

different aquatic habitats (Dohet 2002), and play a si-
gnificant role in the dynamics of macroinvertebrate as-
semblages (Cardinale et al. 2001). In contrast, other
studies suggest that different macroinvertebrate groups
use more or less different habitats (Statzner et al.
1997), which may result in that sample size found to be
relatively representative for assessing caddisfly assem-
blages is underestimated for the whole macroinverte-
brate community. Third, only a single riffle was stu-
died and macroinvertebrates show considerable varia-
bility among riffles (Downes et al 2000, Li et al. 2001,
Boyero 2003, Heino et al. 2004). Nevertheless, the in-
fluence of rare species and sample size should have si-
milar in tendency at other localities.

In summary, this study demonstrated that represen-
tativeness of a caddisfly assemblage along a riffle sho-
wed strong dependence upon the sample size: as
sample size increased, the representativeness impro-
ved. Inclusion or exclusion of rare species influenced
representativeness however, the effect of rare species
strongly depended on the assemblage metric used. 
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