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Abstract

Species abundance data in 12 large data sets, holding 10 x 10% to 125 x 10° individuals in 350 to 10 x 10> samples, were
studied. Samples and subsets, for instance the summarized data of samples over years, and whole sets were analysed. Two
methods of the binning of data, assigning abundance values to classes for histograms, have been applied in the past: bins of
equal size and bins of exponentially increasing size (‘octaves’). A hump in a histogram with exponential bins does not represent
a mode of primary, non-transformed abundance values, but of log transformed abundance values. A proper interpretation of
the hump is given. Moreover, the extrapolation to the left of a histogram with exponential bins, below an abundance of unity,
lifting a ‘veil’, hiding species present in the community but absent from the sample, is rejected. The literature is confusing at
these points and, as a result, prevents a proper view on the species abundance distribution. Applying bins of equal size, modal
values equalled or approached unity. The number of singletons increased with sample size in some data sets but decreased in
others. However, singletons remain present in large samples, subsets or sets, in agreement with the results on modal values. The
relatively high number of singletons in small samples is no artefact of undersampling. The mode at unity, that is at the left end
of the species abundance distribution, independent of scale (sample, subset or set), is an important statistical property of the
species abundance distribution. Our results may have implications for theory development in community ecology: the selection
and/or development of an accurate species abundance model, and, connected to this, the formulation of improved assembly
rules, and the selection and/or development of more precise species richness estimators.

Zusammenfassung

Wir untersuchten die Abundanz von Arten in 12 grofen Datensitzen, die 10 x 103 bis 125 x 10° Individuen in 350 bis
10 x 10° Proben enthielten. Die Einzelproben und Teildatensitze, z.B. iiber Jahre hinweg aufsummierte Einzelproben, und
ganze Datensitze wurden analysiert. Zwei Methoden der Klassifizierung von Daten wurden bislang angewendet, um Abundanz-
werte fiir Histogramme zu gruppieren: Klassen mit konstantem Umfang und Klassen mit exponentiell zunehmender Grofle
(“octaves”). Der Buckel in einem Histogramm von exponentiellen Klassen entspricht nicht dem Modalwert der primiren,
untransformierten Abundanzwerte, sondern der log-transformierten Abundanzwerte. Eine korrekte Interpretation des Buckels
wird gegeben. Dariiber hinaus wird die Extrapolation auf der linken Seite eines Histogramms mit exponentiellen Klassen auf
Abundanzwerte kleiner als eins, womit der “Schleier”, der Arten, die in der Gemeinschaft, nicht aber in der Probe enthalten sind,
geliiftet wiirde, abgelehnt. Die Literatur ist an diesen Punkten nicht einheitlich und verhindert dadurch eine angemessene Be-
trachtung von Arten-Abundanz-Verteilungen. Wenn Klassen von gleichem Umfang gebildet wurden, betrugen die Modalwerte
eins oder nahezu eins. Die Anzahl der mit einem Individuum vertretenen Arten stieg mit der Probengdfle bei manchen
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Datensitzen, und fiel bei anderen. Dennoch bleiben Ein-Individuum-Arten in groen Proben prisent, was mit den Ergebnis-
sen zu den Modalwerten iibereinstimmt. Die relativ hohe Zahl von Ein-Individuum-Arten in kleinen Proben ist kein Artefakt
unzureichender Beprobung. Der Modalwert von eins, d.h. am linken Ende der Arten-Abundanz-Verteilung, ist -unabhingig
von der Skala (Einzelprobe, Teildatensatz, Datensatz) eine wichtige statistische Eigenschaft der Arten-Abundanz-Verteilung.
Unsere Ergebnisse konnten Konsequenzen fiir die Theoriebildung in der Gemeinschaftsokologie haben, fiir die Auswahl
und/oder Entwicklung eines genauen Arten-Abundanz-Models und, damit verbunden, die Formulierung verbesserter Regeln
zur Gemeinschaftsbildung sowie die Auswahl und/oder Entwicklung von genaueren Schitzverfahren fiir den Artenreichtum.
© 2012 Gesellschaft fiir Okologie. Published by Elsevier GmbH. All rights reserved.
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Introduction

Rarity intrigues people, making them want to cherish and
protect the rare organisms. In public opinion, proper ecosys-
tem functioning depends on there being the full range of
species, that ‘stability’ and species richness are ‘good’ and
that rare species need protection. However, it is plausible
that rare species take part in ecosystem functioning only rel-
ative to their rarity, and actually play a limited role, i.e. are
‘redundant’ (Gaston 1994).

Most communities have many rare species and only a
few common ones (Magurran 2004; Gaston 1994; Gaston
& Blackburn 2000). Reviewing species abundance distribu-
tions, McGill et al. (2007) wrote: When plotted as a histogram
of number or percent of species on the y-axis vs. abundance
on an arithmetic x-axis, the classic hyperbolic, ‘lazy J-curve’
or ‘hollow curve’ is produced, indicating a few very abundant
species and many rare species.” A histogram showing a hol-
low curve indicates that the lowest possible abundance, unity,
is the most frequent one. The data show no central tendency
and neither the (geometric) mean nor the median are suitable
to estimate the location of the distribution.

A non-arithmetic x-axis is often used for species abun-
dance distributions, where bin-sizes for abundance values
increase exponentially with a factor of 2 (‘octaves’, Preston
1948), or 10. Such binning can result in hump-shaped his-
tograms, where the hump indicates a modal value at some
intermediate abundance value, and, additionally, may suggest
a lognormal distribution (McGill et al. 2007). Although the
abundance values are formally not transformed, any direct
conclusions on the location and the shape of the distribu-
tion refer to log transformed values. Fitting lognormals to
the mentioned hump-shaped distributions makes it tempting
to extrapolate the number of species to abundance values
smaller than unity. This possibility has been taken as an indi-
cation for the existence of species present in the community,
but absent from the sample, as if they were ‘veiled off’ due
to undersampling (Preston 1948, also discussed by McGill
et al. 2007). Aspects of exponential bins, log transforma-
tion and the lognormal distribution for species abundance
data, that can lead to misinterpretation and/or confusion,
have been treated before (Dennis & Patil 1988; Blackwood
1992; Williamson & Gaston, 2005; Nekola, Sizling, Boyer,
& Storch, 2008). The notion of ‘missing species’ and that

rarity is (partly) due to undersampling, survives (Magurran
& Henderson 2003; McGill 2003; Coddington, Agnarsson,
Miller, Kuntner, & Hormiga 2009).

The study of singletons (= species represented by a single
individual only) is interesting if modal values equal unity.
Then, the number of singleton species equals the number of
species at the mode. Novotny and Basset (2000) studied quite
a large data set and noted: “The number of ... singletons in
a sample ... was increasing with the expansion of sampling
.... Increase in the number of singletons was slower than
that in the total number of species .... As a consequence,
the proportion of singletons was decreasing . . . with increas-
ing sample size...”. They maintained that the presence of
rare species is not a sampling artefact. Williamson and Gas-
ton (2005) commented on the ‘dominance of singletons’ and
found this generally to be true, but “that (it) is not true if the
collections (data sets) are large enough”. They suggest that
“the dominance of singletons will be lost . . . between 100 000
and 1000000 individuals” (we quote their appealing termi-
nology but add that they mean the dominance of singletons
in histograms, not in communities).

The definition of a community is problematic. A com-
munity is inhomogeneous and cannot be delimited in units
of space and/or time (Gleason 1926; Barkman 1989; Rick-
lefs 2008). Obviously, this problem affects the concept of a
sample of a community. Our understanding is that a sample
does not refer to randomly distributed individuals of different
species but rather to the community, sampled at a particular
place and time. In statistical terms, species are not ‘missing’,
and small samples should not be ignored merely because of
their size. In this study, we addressed ‘rarity’ by analysing
modal values and numbers of singletons in several large data
sets, one, managed by the second author, on mushrooms in a
Swiss forest plot, and other data sets that were easily avail-
able, like some mentioned in Magurran et al. (2010, see also
the supplementary material), and on a website managed by
White (2011). Data sets were selected on availability and
size, that they held multiple samples, but without prejudice
to the outcome of any analysis. All sets provide opportuni-
ties to distinguish subsets of samples, for instance samples
for specific years. Subsets or complete sets can be obtained by
summing up the abundances of species present in the respec-
tive constituent samples. In the rest of this paper we will
use the terms subset and set for short, for what actually are
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Table 1. Characteristics of the data sets: total numbers of individuals, n, number of species, S, and numbers of samples and subsets.

Data set n S Samples Subsets
Mushrooms 108,014 408 3731 28
Fish 143,420 83 357 31
Crustaceans 1,045,302 16 348 30
Trees 206,513 295 512 32
Seedlings 289,010 254 915 24
Rodents 32,638 30 6261 26
Winter annuals 415,749 56 3781 13
Winter perennials 10,289 45 2848 14
Summer annuals 365,059 53 4565 14
Summer perennials 24,318 55 3751 14
Ants 30,360 42 8822 12
Birds 125,031,124 217 - -

summarized subsets and summarized sets. Characteristics of
the data sets are given in Table 1. Modal values and single-
tons were analysed at different scales, in samples, subsets and
sets.

Very similar metrical patterns appear to exist in very
different communities, like acommon species abundance dis-
tribution (Magurran 2004; McGill et al. 2007), but until now
it has not been clear whether this includes mushroom com-
munities. We started with an interest in the species abundance
distribution of mushrooms. Because of the confusion related
to log transformation, binning rules and modes, we also con-
sidered modal values, number of singletons and rarity. The
ultimate purpose of our study is to show the impact of rare
species on the location of the species abundance distribution,
at the left of the abundance axis (at unity), independent of the
scale of the data considered.

Materials and methods

Twelve data sets were studied: a data set on mushrooms
[1], the property of the Swiss Federal Research Institute WSL
and managed by the second author. It contains data of a study
in a Swiss forest. Five plots, each divided in three subplots
were studied for 28 years on a weekly basis (Egli, Ayer, &
Chatelain 1997; Straatsma, Ayer, & Egli 2001; Egli, Peter,
Buser, Stahel, & Ayer 2006). Subsets (see below) consisted
of samples for specific years. A data set on fish [2] and
crustaceans [3], the property of Pisces Conservation Ltd and
managed by Henderson (2011) (see also Henderson & Bird
2010). It contains ongoing catches since 1981 until present
from monthly samplings at high tide at noon of sea water
in the Bristol Channel, UK. As indicated, we split the set
in two, one for fish and one for crustaceans. Subsets were
made for years. A data set on tropical rain forest trees [4],
from the Smithsonian Tropical Research Institute, Center
for Tropical Forest Science, managed by Hubbell, Condit,
and Foster (2005); (see also Condit et al., 1996). The data
set contains information on all individuals with dbh > 10 mm
(diameter at breast height), spatial coordinates included, of a

500 m x 1000 m plot on Barro Colorado Island in the Panama
Canal. Using the spatial coordinates, the set can be split.
We applied a grid of 512 squares of 31.25m x 31.25m and
a grid of 32 squares of 125m x 125m in such a way that
16 small squares nested into one larger square, these larger
squares to be used as subsets. A data set on weed seedlings
[5], not protected by intellectual property rights, established
during ‘Farm Scale Evaluations’ of four arable, conventional
or genetically modified herbicide-tolerant crops at 250 sites
scattered around the UK, managed by the Centre for Ecology
& Hydrology (2004, see also Firbank et al., 2003). Subsets
were made for 24 combinations of crop, treatment and time.
Data sets on six different desert communities of rodents [6],
winter annuals [7], winter perennials [8], summer annuals
[9], summer perennials [10] and ant colonies [11] in the
Chihuahuan desert, near Portal, Arizona, U.S.A. Twenty-
four experimental plots were studied, each subdivided in 49
‘stakes’ for rodents and ant colonies, and in 16 ‘quadrats’ for
annual and perennial plants. Rodents and ant colonies were
studied on a monthly basis for 26 and 12 years, respectively.
Plants were studied in the spring and in the fall for 14 years
(Ernest, Valone, & Brown 2009, see also Brown, Whitham,
Ernest, & Gehring 2001). The primary data on rodents rep-
resent catches by traps. In only 64 out of 32,571 cases more
than a single animal was caught (2 animals in 62 cases, 3 in
one case and 4 in one case). Apparently the traps were meant
to catch single individuals only and the primary samples are
‘dominated’” by singleton species almost by definition. We
avoided to work with self-evident data and integrated the data
of all the ‘stakes’ of a plot at a specific time as the samples
for our analysis. Subsets were made for years. A data set on
British breeding birds [12], treated by Williamson and Gas-
ton (2005), is a special case. It contains a very high number
of individuals (approximately 125 x 10°, representing 217
species (Stone et al., 1997, as given in Appendix 3 of Gaston
& Blackburn 2000). However, in the form presented it does
not consist of samples and/or subsets and it cannot be stud-
ied for scale effects. We give some comments to the bird data
setin Appendix G to illustrate that definition and/or delimita-
tion(s), as well as the accuracy of identification and counting,
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are decisive for the quality of a data set. The comments were
easy to conceive for the bird data and similar comments may
apply to other data sets. Not all conceivable temporal, spatial
and experimental combinations resulted in actual data in sets
1-11. Reasons were technical or administrative mistakes, a
lack of resources, or, for ephemeral communities, the absence
of organisms of interest. For data handling and analysis we
primarily used ‘Excel’.

Record, sample, subset, set

We call the smallest unit of a sample arecord, consisting of
a number of individuals tagged for species and sample, and,
eventually, samples tagged for location, time and treatment. A
simple spreadsheet table of records consists of three columns
for sample, species and abundance. Record tables serve as
input for a cross-table showing the number of individuals of
each species in each sample: a species x sample table. Record
tables can also be used to pool data for samples that belong to
a specific subset, for instance, the samples of a specific year.
The abundances of species over the samples of the subset are
summed and a second order record table is obtained, a table
with records of subsets. Similar to samples, this table serves
as input for a species x subset table.

Frequency analysis

For demonstrative purposes, we counted the number of
species falling into abundance bins of exponentially increas-
ing size. Like Preston (1948), we use exponents to the base
2 for bin boundaries. If integers of logy transformed abun-
dances were the basis for binning, values of 0, 1, 2 and so on,
were to be used. Re-transformed, one gets 20, 21, 22 and so
on, that equal 1, 2, 4 and so on. We take the latter values as
upper bin boundaries, whereas Preston was not fully conse-
quent for the first two bins and further assigned species with
abundance values equalling bin boundaries half to the lower
bin and half to the higher bin. This method of assignment is
very labourious and Excel’s ‘FREQUENCY” function does
not provide for this. Preston used the term ‘octaves’ for bins
and this term became common in ecological work. Because
of the issues with binning, and applying values to bins, we do
not use the term ‘octave’ but ‘exponential bin’ instead. For
histograms with a reasonable range of bins, with reasonable
numbers of species fitting the bins, quite species rich sets are
required. Only the data for whole sets fulfil this requirement.

Frequencies were also analysed at the scale of samples and
subsets. Of particular interest is the question if modes are
higher at the larger scale of subsets than at the scale of sam-
ples. We focus directly on any difference between the groups
of samples and of subsets. Each record for samples occurs
exactly once in a species x sample table and the same holds
for records for subsets in a species x subset table; records
share the scale of samples or of subsets. This makes records
useful for an overview of abundance frequencies of samples

and of subsets, applying bins of equal size, and for the iden-
tification of their modes. In individual samples and subsets,
mathematical constraints affect the presence and the values
of modes, in particular in small samples. We give examples of
constraints and present results on modal values of individual
samples and subsets in Appendix E.

Singletons

Singletons were counted with Excel’s ‘COUNTIF’ func-
tion. First the numbers of samples and subsets with singletons
were counted and the median numbers of singletons over all
samples and over all subsets were determined. It is of inter-
est to question if numbers of singletons are related to sample
and/or subset size. There is a mathematical constraint: if the
total abundance of a sample equals 7, there can be n species,
all represented by one individual and, hence, there can be n
singletons. However, n — 1 singletons is impossible. The pos-
sible difference between the number of singletons in samples
and in subsets was analysed with the Mann—Whitney-U test.

Results
Binning

The effect of different binning methods for the mushroom
data set is illustrated in Fig. 1. The frequency pattern, apply-
ing bins of equal size, is of the classical ‘hollow’ type. When
exponential bins are used, a more-or-less bell-shaped pattern
is obtained. These patterns are well known and occur in some
of the other data sets as well (see Appendices A and B). A
bell-shaped pattern can perhaps be taken as an indication of
a lognormal distribution of abundance values, with a mode,
representing the location of the distribution, somewhere in
between of the extremes. However, we take the bell-shaped
pattern at most as an indication for a normal distribution of
logy transformed abundances. Its mode indicates the loca-
tion of the distribution of log, transformed abundances, not of
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Fig. 1. Histograms of species abundances of the mushroom set. Left
panel with bins of equal size of unity up to the abundance value of
105 and right panel with exponential bins to the base 2 for the whole
range of abundance values.
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Table 2. The effect of exponential binning on bin range, the number
of specific abundance values hit and the number of involved species
of the mushroom set.

G. Straatsma, S. Egli / Basic and Applied Ecology xxx (2012) xxx—Xxxx 5
3 10000 | .
g L.
- % 1000 | .
Bin Upper abundance Number of Number of c - $
value values hit species % 100 L ..$ i
0 1 1 36 g X
1 2 1 34 B 101 W, . .
2 4 2 38 a i R
3 8 4 49 1 o =
4 16 8 41 10 1000 100000
5 32 15 51
6 64 21 34
7 128 31 37
8 256 32 35
9 512 20 20
10 1024 13 13
11 2048 8 8
12 4096 5 5
13 8192 6 6
14 16,384 1 1

primary abundances (the mode of the primary variable equals
exp(t — 02), where  and o are the mean and standard devi-
ation of the variable’s natural logarithm; Shimizu & Crow
1988).

Why do the different binning methods lead to frequency
distributions that, intuitively, show conflicting modes? Using
exponential bins, the range of available abundance values
increases with bin number. Not each value is actually met
by a species, not all abundance values are ‘hit’. We analysed
available and hit values and present results for the mushroom
set in Table 2 and for the other sets in Appendix C. How
to read Table 2? In bin number 1, just a single abundance
value, unity, is present. This single value is hit by 36 species.
In bin number 10 (range 257-512), a total of 256 values are
available. Of these values, 20 are hit, and, since an equal
number of species fall into bin 10, each hit abundance value
is hit by a single species only. Even if abundance values are
hit by a single species only, the total number of hit values
can result in a relatively high number of species in a bin if
this bin holds a relatively large range of abundance values. A
relatively high number of species in a bin does not necessarily
indicate that a specific abundance value is frequently hit. In
the data sets of mushrooms, fish, trees and seedlings, the
ratio of number of species to abundance values actually hit
is higher than unity at low bin sizes and decreases to unity at
higher sizes. In the other data sets such a decreasing pattern
is almost absent. The ratios of species to values are almost
unity at low bin sizes already; almost all species in these sets
have a different abundance.

Mode

When frequencies of species abundances are determined
for bins of equal size, at a bin size of unity, modal values show

Abundance value

Fig. 2. Distance between abundance values in the mushroom data
set.

variation among sets (Table 3A). Some sets show multiple
modes. These modes occurred at the abundances of 1 and 2
for winter annuals, of 1 and 3 for winter perennials, of 2 and
39 for summer annuals and of 3, 6 and 39 for ants. Multiple
modes and modes at higher abundance values tended to have
a smaller size. When frequencies are determined for bins of
equal size of 10, the modes occur at the first bin for all data
sets (Table 3B). Plots of the ‘distance’ between subsequently
hit abundance values against abundance value (Fig. 2 and
Appendix D) indicate that ‘distance’ gradually increases with
abundance. This pattern implies that modes will appear at the
left bin at an appropriate equal bin size even if all species
differ in abundance, that all hit abundance values are hit just
once.

At the scale of samples and subsets with bins of equal
size, species represented by one individual form the mode.
Frequency declines gradually with bins. Frequencies are pre-
sented for abundance values one to five in Table 4. None
of the abundance values above five shows a frequency
higher than that at five, except for the subsets for rodents
where a frequency of 19 occurs for the abundance value of
seven.

Singletons

In the mushroom and seedling data sets, the numbers of
singletons are higher in subsets than in samples and higher
in the set than in the subsets (Table 5). In the fish data set,
numbers of singletons are higher in subsets than in samples;
the number in the set hardly surpasses the numbers in the
subsets. In the tree data set, the samples show the highest
numbers of singletons; they are not surpassed by the num-
bers in subsets or in the set. All data sets with less than 60
species show one or just a few singletons in either samples,
subsets or sets. These findings are illustrated in Fig. 3, show-
ing plots of the numbers of singletons against the numbers of
species.
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Fig. 3. Plots of the number of singleton species against sample, subset and set size. Arithmetic scales for y- and x-axis are used rather than
exponential scales, to include the number of zero singletons. A unified scale ratio of 1:10 is used for ease of comparison among sets.

Discussion
Binning

More or less bell-shaped patterns occur in histograms of
species abundances using exponential bins for mushrooms
(Fig. 1, right panel), trees and birds (Appendix B). This is
the consequence of underlying patterns for the ranges of
abundance values in bins, abundance values that are hit by
species and the number of species that hit specific abundances
(Table 2 and Appendix C). The position of the peak of a bell-
shape does not represent the mode of the species abundance
distribution. Exponential binning implies log transformation
of abundance values when the distribution of the binned

values is considered. Preston (1948) mentioned ‘plotting on
a logarithmic base’ and applied letter codes for his ‘octaves’
but avoided the use of log transformed values. This may
have been appropriate at a time when easy log transforma-
tion by computer was impossible, but it lacked consequence.
Preston’s use of ‘octaves’ threw, apparently, dust in the
eyes of followers who, probably, felt comfortable with non-
transformation, avoiding its consequences for interpretation.
We hope that our treatment illustrates the confusion caused
by the usage of ‘octaves’, in fact by log transformation. We
also hope that our treatment, as an addition to the work
of Nekola et al. (2008), contributes to the termination of
exponential binning in the analysis of species abundance

distributions.
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Mode

Modes at unity are the rule at the scale of samples and
subsets (Table 4) but this rule is less clear at the scale of
sets (Table 3A). Nevertheless modes of sets occur clearly at
the first bin if larger equal bin sizes are applied (Table 3B).
Except for the sets of mushrooms, fish, trees and seedling, the
sets hold species that almost all differ in abundance (given
the data similar to Table 2 in Appendix C on ‘number of
hit values’ and ‘number of species’). All sets show a gradu-
ally increasing ‘distance’ between hit abundance values with
abundance (Fig. 2 and Appendix C). This pattern implies that
modes will appear at the left bin at an appropriate equal bin
size.

A mode does not necessarily indicate the position of the
distribution, for instance in case of a mixed, bimodal distribu-
tion with a second, minor mode. The results of the frequency
analysis of abundances of records for samples and subsets
(Table 4) do not indicate the presence of minor modes.

In the literature, a mode, even multiple modes, are reported
when exponential binning is applied but we consider them
artefacts.

Singletons

Since modal values tend to equal unity, there tend to be
more singletons than species in any other abundance class.
However, the number of singletons may be more or less dis-
tinct from the numbers in other classes; singletons may be
more or less ‘dominating’” (Williamson & Gaston 2005). The
relation between the number of singletons and the numbers of
species in samples, subsets and sets, varies (Fig. 3). The data
sets on mushrooms, fish and seedlings show an increase in the
number of singletons with increasing total species number.
The data sets on crustaceans, trees, winter annuals and ants
show a decrease. A decrease is also strongly suggested by the
results presented by Novotny and Basset (2000: Fig. 6) and
Coddington et al. (2009: Fig. 5). We suggest that increase or
decrease are related to the increase of species richness with
the number of individuals over samples, subsets and the set
in species-individual plots (Appendix F). The plots show dif-
ferences in curvature that may indicate differences in species
saturation. When the number of individuals increases beyond
some point of saturation the chance for an additional indivi-
dual to be a new species, a singleton, becomes low. Moreover,
if it is an individual of a rare species it may belong to a yet
singleton species that now loses its status.

Conclusions and implications

Our main conclusion is that the modal values of samples,
subsets and sets equal or approach unity and that unity repre-
sents the location of the species abundance distribution on the
abundance axis, at all scales. This formalizes the generally

shared notion of the ‘hollow curve’ for species abundance
distributions (McGill et al. 2007). Our second conclusion is
in agreement with Novotny and Basset (2000) who wrote:
“rare species cannot be excluded from community studies
as an artefact. .. they should be targeted as an interesting
biological phenomenon, albeit one difficult to study”.

Our conclusions have implications for community ecol-
ogy. The mode at unity implies that the distribution has no
true central tendency. Neither arithmetic or geometric means
nor the median are proper estimates for the location of the
species abundance distribution. We suggest that an ordinary
measure of variation like the variance will have little mean-
ing as its calculation requires a mean value. This would
imply that it is not useful for a preliminary characterization
of species-abundance distributions to take the variance of
log transformed abundance values, as has been done in the
literature. We hope that our results and their implications con-
tribute to the selection or development of an accurate species
abundance model and assembly rule. We suppose that an
accurate species richness estimator can be derived from a
proper species abundance model. Anyway, our results indi-
cate thatrare species are not a sampling artefact which implies
that richness estimators should properly deal with data onrare
species (see also Ugland & Gray 2004; Coddington et al.
2009; Reichert et al., 2010). The existence of relatively many
singletons and other relatively rare species in large data sets or
communities is perhaps counterintuitive. Such species may
be very susceptible to local extinction. However, dispersal
from the ‘meta-community’ and re-establishment may com-
pensate for local extinction.
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20  A. Histograms of species abundances using binsuzfl eige of unity (expansion of the left panel @f F

21 2 inthe main text).
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B. Histograms of species abundances using expohbintga(expansion of the right panel of Fig 2 il th

main text).
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26  C. The effect of exponential bins on bin range,rthmber of specific abundance values hit (a) anchtimeber of species involved (b) (expansion
27  of Table 2 in the main text).

28
Mushrooms Fish Crustaceans Trees Seedlings Rodents Winter Winter Summer Summer Ants Birds
annuals perennials annuals perennials
Bin Upper value a b a b a b a b a b a b a b a b a b a b a b a b
0 1 1 36 1 9 1 1 1 17 1 29 1 1 1 3 1 4 1 1 1 2 1 1 1 1
1 2 1 34 1 6 1 2 1 12 1 23 1 1 1 3 0 0 1 2 1 2 0 0 1 2
2 4 2 38 2 7 0 0 2 11 2 23 0 0 1 2 2 5 1 1 1 3 2 3 2 5
3 8 4 49 4 9 0 0 4 20 4 22 2 2 2 2 2 3 2 2 4 5 1 2 3 4
4 16 8 41 4 6 0 0 7 18 8 24 3 3 1 1 5 6 3 3 4 4 4 4 3 3
5 32 15 51 6 7 0 0 11 21 11 20 1 1 5 6 2 2 3 3 7 9 0 0 4 4
6 64 21 34 5 6 4 4 20 30 19 25 4 5 2 2 3 4 4 5 3 3 1 2 5 6
7 128 31 37 9 9 1 1 33 42 10 11 2 2 3 3 6 6 6 6 4 4 5 5 7 7
8 256 32 35 4 4 1 1 25 29 8 10 2 2 2 2 5 5 3 3 4 4 5 5 7 7
9 512 20 20 3 3 0 0 29 29 15 15 1 1 4 4 6 6 5 5 10 11 6 6 7 7
10 1,024 13 13 3 3 0 0 24 24 12 12 2 2 9 9 2 2 5 5 4 4 5 5 11 11
11 2,048 8 8 4 4 1 1 20 20 11 11 3 3 6 6 1 1 4 4 2 2 4 4 12 12
12 4,096 5 5 5 5 1 1 13 13 15 15 6 6 3 3 1 1 2 2 1 1 3 3 9 9
13 8,192 6 6 2 2 0 0 5 5 7 7 0 0 4 4 3 3 0 0 2 2 10 10
14 16,384 1 1 1 1 1 1 2 2 6 6 1 1 1 1 5 5 1 1 7 10
15 32,768 0 0 0 0 2 2 0 0 3 3 1 1 14 18
16 65,536 2 2 1 1 0 0 1 1 0 0 15 16
17 131,072 1 1 1 1 0 0 1 1 9 15
18 262,144 1 1 1 1 1 1 11 13
19 524,288 0 0 15 22
20 1,048,576 1 1 6 7
21 2,097,152 13 13
22 4,194,304 6 7
23 8,388,608 4 4
29 24 16,777,216 4 4
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E. Modes of samples and subsets.

Mathematical constraints

1) Some samples of some data sets were very smitlljust a single species present. We did nat tak
their abundance values as modes. Multiple modeas edoen at least two different abundance values are
hit by an equal, maximal, number of species ofrapga. We did not accept these abundance values as
modes either. Since Excel's ‘MODE’ function does give a warning when there are multiple modes,
and SPSS does, modal values were determined uBi®§.S

2) A high modal value is impossible at a low tatamber of individuals in the sample. To be more
precise: a modal abundance value occurs at leas, tthus the maximum modal value possible equals
half the total number of individuals. There areanttestraints, related to the combinations of abnods
possible at a given total abundance.

Mode and sample or subset size

Of particular interest is the question if modalued are related with sample and/or subset size. Two
parameters qualify for size, the total number dividuals and the number of species. Unfortunately,
these parameters and the mode are interdependkobaelation analyses will be difficult to integbr
Alternatively, any difference between modal valoésamples and of subsets, having a larger size tha
samples by definition, can be determined. This dae with the nonparametric Mann-Whitney-U test,
in SPSS.

Modal size

A mode can be very distinct or it can be an abucelaalue with a frequency just a little higher than
others. Like the mode, the size of the mode isaaattieristic of the species abundance distribufion.
distinct mode may indicate that there are relagifelv different abundance values and a mode wittwa
size may indicate the opposite and that the actodal value may be a chance event rather thanlgxact
representing the position of the species abunddist&bution. A possible relation between modalueal
and modal size over samples was investigated vpiga®nan’s parameter free rank correlation analysis,
in SPSS.

The numbers of samples and subsets with modal valeee counted, thus excluding samples with a
single species only and samples with multiple moliesdian modal values were determined. To provide
for some information on the variation of modal \edufrequency analyses were performed.

The mostly negative correlation of mode and mode €fable E1) indicates that higher modes are less
distinct than lower modes. The modal values abaity in subsets and sets are not very distinctcamd
be considered ‘outliers’.
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Table E1. Modes in samples, subsets and sets. @reetthe number of unimodal samples and subsets,
and their median modal values, the results of $paais rank correlation analysis of modal value and
modal size over samples, the results of Mann-Whithéests for comparison of modal values of samples
and subsets (+ : modal values in samples haveheh@yerage rank than in subsets; - : reversed
situation), and, finally, the modes and their siakthe sets.

Mushrooms Fish Crustaceans Trees Seedlings  Rodents Winter Winter Summer Summer Ants
annuals perennials annuals perennials
Samples
n 3,731 357 348 512 915 6,261 3,781 2,848 4,565 3,751 8,822
Single mode 1,555 317 149 512 714 2,990 2,038 562 1,752 1,119 6,545
present, n
Median mode 1 1 1 1 1 1 1 1 1 1 1
Spearman's rank correlation betw een mode and size of mode
re -0.13 -0.32 -0.23 -0.06 -0.29 - -0.25 -0.13 -0.24 -0.14 -0.19
p <0.001 <0.001 0.005 0.184 <0.001 - <0.001 0.001 <0.001 <0.001 <0.001
Subsets
n 28 31 30 32 24 26 13 14 14 14 12
Single mode 28 30 7 30 22 16 7 12 8 13 6
present, n
Median mode 1 1 5 1 1 1.5 3 1 1 1 9.5
Comparison of modes of samples and of subsets in Mann-Whitney U test
+ + - - + - - - - + -
p 0.06 0.07 0.08 0.03 0.28 0.001 0.02 0.12 0.25 0.65 <0.001
Set
Mode 1 1 2 1 1 43 mult mult mult 3 mult
S involved 36 9 2 17 29 2 3 4 2 3 2
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Table E2. Frequencies of modal values in sampldsabsets in the different data sets.

Modal Mushrooms Fish Crustaceans Trees Seedlings  Rodents Winter Winter Summer Summer Ants
value annuals perennials annuals perennials
Number of samples
1 1,224 269 99 510 543 2,378 1,479 501 1,322 989 6,032
2 219 37 17 2 121 480 300 45 251 102 444
3 55 5 14 0 33 104 108 13 87 17 55
4 23 1 5 0 7 17 51 2 34 5 8
5 12 2 2 0 1 7 31 0 26 3 5
Rest 22 3 12 0 9 4 69 1 32 3 1
Number of subsets
1 26 29 3 29 19 8 3 9 5 12 0
2 2 1 0 0 2 3 0 2 0 1 1
3 0 0 0 1 0 2 1 1 2 0 0
4 0 0 0 0 0 0 0 0 0 0 0
5 0 0 3 0 1 0 1 0 1 0 1
Rest 0 0 1 0 0 3 2 0 0 0 4

What all sets share is the strong positive skethetistribution of modal values, with a ‘mode ofdes’

equal to unity (Table E2, showing the distributiatshe sample scale). The modal values of sulbsets

significantly higher than of samples for trees,eid, winter annuals and ants in Mann-Whitney ltstes

(Table E1). This result is not necessarily in cadiction with the result that modal values of relsoior

samples and for subsets equal unity (Table 4) lzaitihe ‘mode of modes’ equals, or tends to, unity

subsets too. The differences may be the simpldt refstihe mathematical constraint, that higher moda

values can only occur in larger samples and/oredalf{see above).
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G. Bird data set.

According to Gaston & Blackburn (2000), and quiteviitably, the data are population estimates rather
than exact counts. This is reflected in the da@imally four digits, accompanied with some powkr o
10. For the 217 species, 186 different abundaniceesare given, in the range of 1 to 14.2, i@plying
that some species share specific abundance v&loemstance, the abundance values 110 000, 320 000
and 400 000 are each shared by three specieséetyisinlikely that such abundance values are gxact
shared. These details are relevant because, degemihe binning method applied, such abundance
values can result in (small) spikes in histogranas are artefactual rather than real. Another isstige
completeness of the data set. Gaston & Blackbu@QRprovide information about the criteria that
species had to meet to be selected for the datAmearently only 217 species passed this selecliba
website of BOU, the British Ornithologist’ Uniontqvides a British list with 573 species in categlry
9in B and 10 in C, totalling 592 species (Categsr$pecies recorded in an apparently natural stiate
least once since 1 January 1950. Category B: Spemierded in an apparently natural state at teast
between 1 January 1800 and 31 December 1949, betrizd been recorded subsequently. Category C:
Species that, although introduced, now derive fioenresulting self-sustaining populations). Not
included in the list are 15 species in categor2®h species exclusively belonging to E and a yet
unknown number of species in F (Category D: Speabiaswould otherwise appear in Category A except
that there is reasonable doubt that they haveaanred in a natural state. Category E: Specmwded
as introductions, human-assisted transporteesapess from captivity, and whose breeding populatio
(if any) are thought not to be self-sustaining.€gaty F (list being compiled): Records of bird spsc
recorded before 1800). These details are relevarsuse they can be considered an indication for
arbitrary in- or exclusion of specific species, &dbias in the list with ‘only’ 217 species inded of
possibly more than 800 considered. We assumedhaspecies in particular fail to meet the selectio
criteria and consequently are underrepresentdteiddta set [for quite another data set on Briiistis

see Baker, Stroud, Aebischer, Cranswick, Gregogy. 2006].

Baker, H., Stroud, D.A., Aebischer, N.J., CranswielA., Gregory, R.D., McSorley, C.A., Noble, D.G.
& Rehfisch, M.M. 2006. Population estimates of bind Great Britain and the United Kingdom.
British Birds, 99, 25-44.
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