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Here we report some statistical properties of a sample of 92 680 flies collected in Hungarian
pastures between 2002 and 2005. We applied descriptive statistical methods, incl. species ac-
cumulation curves to describe the relationship between species number and sample effort. Al-
though these curves show an essential slowing down of the increase in the number of fly spe-
cies, they do not appear to have reached saturation. We discuss the importance of the
specification of the sampling effort. To analyse variability conditions of the species structure
of the sub-collections, we applied the normalised version of the ‘expected species shared’
parametric similarity indices. We applied these indices with significantly different parameter
values. As known, the parameter influences the sensitivity to changes in small species abun-
dances. The similarity between sub-collections is lower for sub-collections originate from dif-
ferent collection years. With a higher index parameter value the index indicates larger vari-
ability in the species structure of the sub-collections. Ignoring advanced ecological reasoning,
we offer reference data regarding quantitative traits of other diptera statistics.
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INTRODUCTION

Statistical data and analyses on large samples of dipterans are sporadic.
NOVOTNY et al. (2005) and CLARKE et al. (2004) performed analyses of species
accumulation curves of tephritid flies, but based on presence-absence relations.
Formerly we analysed the species diversity of drosophilids collected on ap-
ple-baits (IZSÁK & PAPP 1994) and in brook valleys (IZSÁK & PAPP 1995), species
number estimations and species abundance distribution relating to Diptera col-
lected on sheep-run droppings (PAPP et al. 1997) and similarity conditions of those
samples (PAPP & IZSÁK 1999). As for the distribution of fly species abundances,
LAURENCE (1955) found a poor fit of both the lognormal and logseries distribu-
tions in cow pat fly collections of the Limosina species, probably as a consequence
of low total abundances and because the flies were captured during a single year
only. ARGEMÍ et al.(1999) reported a poor fit of log-series distribution to abun-
dances in a collection of Drosophilidae.
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In the present publication we report on the one hand data on species accumu-
lation curves (SACs) relating to a large sample of dipterans from cow pats in Hun-
garian pastures between 2002 and 2005. In the multi-species community the spe-
cies populations were living in the same area and habitat and in the same time pe-
riod (see e.g. MAGURRAN 2004); in addition, the relations between the co-occur-
ring species can be neglected (cf. PAPP 1971); that is, in our multi-species
community the relationship between species can be considered neutral. Although
this condition does not assure that the community itself is neutral, and does not
play a role in the discussion of the results, it may play a role in further consider-
ations. Faunistic results yielded by the collections have already been published
elsewhere (PAPP 2007). We do not go into advanced ecological discussion regard-
ing the finding about the SACs. At the same time the elementary traits of these
curves and the sample variability (see below) can serve as valuable faunistic and
methodological data when evaluating similar faunistic works.

SACs may inform on the relationship between sampling effort and number of
registered species. According to the type of the sampling effort, there are two kinds
of the accumulation curves (COLWELL et al. 2004). Sample-based SACs show the
dynamics of the increase of species number in the sample by increasing the sam-
pling effort, taking the latter in a strict sense. In this case, sampling effort can be
identified by the length of observation time or the size of the sample area; specifi-
cally the number of sample quadrates or the number of the groups of tens (see be-
low). Another possibility is to construct an individual-based SAC in which case
one identifies the unit sampling effort with adding a fix number of new individuals
to the sample. Motivated by the possibility to predict the total (including the un-
known) number of species in the community, several SAC models have been pub-
lished (SCHEINER 2003, COLWELL et al. 2004). NOVOTNY et al. (2005) presented a
sample-based SAC related to fruit fly (Diptera: Tephritidae) collections with sam-
ple effort quantified as the weight of the fruits; furthermore, they also calculated
individual-based SAC. CLARKE et al. (2004) also provided examples of SACs ap-
plied to fruit fly communities. PETERSEN & MEIER (2003) estimated species-rich-
ness by analysing large sample of Diptera, collection sizes were tallied from the
pinned collections preserved in museums.

Here we construct SACs to characterise the increase of the species number
by adding new sub-samples to the collection. Postulating the homogeneity of the
population in time and space, the curves can be taken for quasi individual-based
SACs. At all, in the present case the SACs should be considered sample based. The
published SACs make possible to compare the richness parameter of the present
collection and other collections at different sample sizes.
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To get information about the variability of the species structure of some
sub-collections we carried out similarity studies. Concretely, we applied two mea-
sures to investigate the difference in the species structure of sub-collections origi-
nating from the same and from different years. Another aim was to detect and dem-
onstrate in the present collection of Diptera the larger structural difference be-
tween sub-collections originating from different annual years. We presumed that
the effect of the role of collection year factor is more clearly expressed when using
a similarity/dissimilarity measure more sensitive to changes in the small species
frequencies (those of the rare species). All these can one relate to similar findings
on other insect collections. We think that both the properties of the SACs and the
similarity traits can one recognise only from concrete Diptera statistics even if ad-
vanced theories are known on these issues in general.

MATERIALS AND METHODS

Flies were collected between 2002 and 2005 on cow pats in pastures near Nagyiván (Új-kút
and Mérges-kút, in a distance of less than 5 km from each other), a village located in the Hortobágy
National Park (HNP) in Hungary. These fields have been grazed continuously through the past de-
cades; a period sufficiently long for all potential fly species to invade this area and reach a relative
stability. Taking into account our and others’ previous experience with diurnal and seasonal varia-
tions of population densities (ARGEMÍ et al. 1999, ARGEMÍ et al. 2000), we collected flies from the
middle of July to the middle of August between 10 and 16 hours. The cow pats were dropped ca.
12–24 hours before the collection of flies. The combination of samples collected through some weeks
compensates the fluctuations and successional changes within a few days or weeks. Further on, a
combination of within a year samples can reduce variations due to large-scale meteorological and
similar yearly changes. For details on the sampling device and sampling method see PAPP (2007). We
must stress also here, that the individual adult fly samples are not results of estimations but counting.
The rough data are available at http://www.nhmus.hu/~lpapp. The annual numbers of individuals and
species are summarised in Table 1.

We identified a total of 92,680 individuals representing 106 species, indicating a considerably
species-rich community. According to our previous studies, the species pool of fly species inhabiting
the pasture of HNP may consist of 270–280 species belonging to 26 dipterous families (PAPP 1992).
The species Coproica lugubris was super-dominant in all collections. The fly community represents
a single guild, as the species concerned are characteristic of the cow pats. We did not separate species
with dung eating larvae from those having predatory larvae. Similarly, species that have larvae devel-
oping in habitats other than cow pats were not excluded, provided that the adults occur on cow pats
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Table 1. Basic data of the collections.

2002 2003 2004 2005 2003–2004 2003–2005

Total of individuals 1,146 21,009 29,525 41,000 50,534 91,534

Species 37 80 80 83 99 105

Elementary samples 15 400 300 300 700 1,000



frequently. For types of insect specificity to habitat patches and food resources see e.g. NOVOTNÝ and
BASSET (2000).

In order to gain sufficiently detailed data, we registered the species and their frequencies in
small sub-collections. These are the so-called ‘elementary samples’. These are meant to be the sets of
individuals captured on a single day and single cow pat or, in a few cases, two small pats. The number
of elementary samples in the collections is given in Table 1. Elementary samples were arranged ran-
domly within a year. The series of the elementary samples taken between 2003 and 2005 were ran-
domly combined to form 100 ‘groups of ten’. All these samples consist of ten elementary samples.
These groups of ten were used in the further analysis. We have to acknowledge that the number of in-
dividuals in the elementary groups and consequently also in the groups of ten differed considerably.

SACs were constructed separately for the years 2003, 2004, 2005, and for the 2003–2005 sam-
ples combined. The separate treatment of samples makes possible to explore the variability of find-
ings. On the other hand, through the combination of the samples we gained an approximately total
scenery of the occurring flies. The unit increase in sampling effort was the addition of a new group of
ten to the sample. Presuming that the groups of ten in a particular year contain roughly similar num-
ber of individuals, the sample-based sampling effort corresponds to a kind of quasi individual-based
sampling effort. However, when choosing another annual year, the mean number of individuals in the
samples of ten may differ markedly.

To make the SACs of different years comparable, we applied a simple method. Let us denote
the number of groups of ten and consequently the first co-ordinate of the endpoint of SAC in case of
collection A by gA. Let us denote the number of groups of ten in collection B by gB. (This latter coin-
cides with the first coordinate, gB of the endpoint of the SAC belonging to B.) Then, the first trans-
formed co-ordinate g’A of the endpoint of the SAC belonging to B should be defined by the equation
nB / g’B = nA / gA, that is g’B = nB / (nA / gA), where nA and nB is the number of individuals in A and B.
The interval (0,g’B) will be divided into approximately g’B equal sized intervals, the endpoint of each
being a first co-ordinate of a point of the transformed SAC belonging to collection B. Taking the 2003
curve for the basis, we obtained the curves applying this procedure in Fig. 3. Using a similar proce-
dure one can obtain a transformed SAC belonging to the 2003–2005 collection.

The choice between time-based, area-based or individual-based SAC depends on the ap-
proach. It is noteworthy that some relations, such as the intersection of the curves depend on this
transformation.

To reveal similarity characteristics, we combined the first 50 randomly arranged elementary
samples, the second 50 elementary samples and so on, gaining finally a total of 20 combined samples,
each containing a randomised set of 50 elementary samples. These were the ‘groups of 50’. We stud-
ied the similarities among these groups (see below). The applied parametric similarity indices
NESS(m) with possible parameters m = 1,2, … are members of the normalised ESS(m) index family.
The formula of the latter index family, denoting also the populations concerned is

ESS m A B p piA
m

i
iB

m( , , ) ( ( ) )( ( ) )= − −∑ 1 1 1 1 ,

where piA and piB is the occurrence probability of the ith species in population A and B.
The normalising factor is (ESS(m,A,A) + ESS(m,B,B)) / 2. The ESS(m) (expected species

shared) index expresses the expected number of common species in two random sets of m individuals
selected randomly and with replacement from each of the two collections to be compared (SMITH &
GRASSLE 1977, SMITH 1989). NESS(1) is identical to the Morisita index. A larger m makes the index
more sensitive to abundance differences in the range of small abundances. Jackknifed estimates
J(NESS(m)) were computed by a subroutine in the program DIVERSI2.2 (IZSÁK 2005), freely avail-
able from the first author. The estimation formula allows all positive integer m parameters not ex-
ceeding the half size of the smaller collection. We used NESS similarity indices previously by
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analyses on Diptera collections (PAPP & IZSÁK 1999). For investigating between-site similarity of
fruit fly faunas we used NESS(20) index (see WOLDA 1996).

RESULTS AND DISCUSSION

Species accumulation

Sample-based SACs for three collection years are shown in Figure 1. One
can establish significant differences among the SACs in the three years. Due to the
lower density of individuals, the 2003 curve is less steep as compared to the other
ones. Characteristically, the 2003 and 2004 curves are intersecting.

One can observe an essential slowing down of the increase in species number
after the accumulation of about 15 groups of ten. That is, in the studied years a fur-
ther increase in collection size would have not resulted in an essential widening of
the species set already known.
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Fig. 1. Sample-based species accumulation curves without normalisation



The SAC representing the 2003–2005 collections combined is shown in Fig-
ure 2. The first part of this curve is identical with the 2003 curve, see Figure 1,
however, this curve demonstrates a rather continuous increase of species with fur-
ther increase of the sampling effort. It is noteworthy that arriving at the first group
of ten in 2004 and 2005, respectively, the increase in species number did not gain
new impetus. At the same time, regarding the final part of the curve, the increase in
the number of species does not seem to come to an end in a reasonable time.

In Figure 3 the quasi individual-based SACs are shown. By inspecting these
transformed curves, we may make some observations. The SACs belonging to col-
lection 2003 and 2005 are in a long run very similar.

Despite the normalisation of the sampling effort, after a period the SAC of
2004 indicates a relatively slower increase in the number of species. Moreover, the
characteristic crossing of the SACs of 2003 and 2004 is missing with the trans-
formed SACs due to the considerably steeper increase of the 2003 curve in this
case.

Similarity of collections

In Figure 4 similarities between the first and kth group of 50, k = 1,2,…, 20
measured by the J(NESS(1)) and J(NESS(100)) index are plotted against k. It
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Fig. 2. Sample-based curve for 2003–2005. Two points, corresponding to species numbers after add-
ing the first group of ten to the sample in 2004 and 2005 are denoted by empty symbol



should be noted that similarity is in a sense the opposite of variability. Note that k is
a dummy variable. This means that taking into account the random arrangement of
the elementary samples in a single year the serial number k of the groups of 50 in a
fix year is of no importance. Then, k informs only on the origin of the second group
from any of the 2003, 2004, 2005 collections. This is determined essentially by the
relations k ≤ 8, 9 ≤ k ≤ 14, 15 ≤ k. The results show that a significant decrease of
NESS(100) similarity can be observed when the ‘first’ group of 50 in 2003 is com-
pared with a group originating from the 2004 collection. A further decrease in sim-
ilarity can be detected by comparing the ‘first’ group with those from 2005. It is in-
structive that the frequently used NESS(1) index, which measures almost exclu-
sively abundance differences of the dominant and subdominant species, does not
indicate a significant change in the structural similarity.

Finally, we compared the neighbouring groups of 50. We compared the first
group of 50 with the second one, and in general, the kth group of 50 with the (k + 1)th
one, k = 1,2, …, 19. The computed similarity values are plotted against k in Figure 5.
Taking into account that groups of 50 in a year form a random series of possible
groups of 50, one can expect that structural similarity decreases only when any of
the groups of 50 in a certain year is compared to any one group from the next year.
This condition is fulfilled for k = 8 and k = 14.
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The 8th similarity value expresses the similarity between the ‘last’ sample of
50 in 2003 and the ‘first’ one in 2004. The 14th similarity value expresses the simi-
larity between the ‘last’ sample of 50 in 2004 and the ‘first’ one in 2005. Indeed,
both similarity values are relatively small. This can be observed principally with
the NESS(100) index. The small similarity between the ‘first’ and ‘second’ group
of 50 in 2004 (see the similarity at k = 9) is an exception. According to the results
the parametric NESS indices are applicable to analyse the similarity between ento-
mological collections in more details.

In summary, we collected flies from a multi-species fly community in the pe-
riod 2002–2005 in Hungary. To obtain some basic statistical information on the
collections, we constructed SACs and performed similarity studies on sub-collec-
tions. We established a considerable variation of SACs in years 2003, 2004 and
2005. The SAC belonging to the largest combined sample suggests that the in-
crease in the number of species does not cease even if the collection size is as large
as 92 680 individuals. Moreover, we detected the differences in the SACs both us-
ing the original unit-based and quasi individual-based SACs. The applied paramet-
ric similarity indices indicate a smaller similarity of sub-collections originating
from different years. This applies primarily to the similarity index NESS(100), that
is considerably sensitive to small changes in rare species abundances.
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