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Empirical evidence does not fully support the universal nature of the positive interspe-
cific abundance—distribution relationship. We have earlier documented a negative rela-
tionship for butterfly species in Finland, but recently our view was again challenged
using a small subset of Finnish butterflies as apparent evidence. Here we scrutinize the
critique and identify some general conceptual challenges in analyses of interspecific
abundance—distribution relationships. We identify the common problem that the abun-
dance—distribution studies include only a small subset of species, and thus reveal only
sample characteristics, not overall patterns in complete assemblages. Small subsets
of species are also unlikely to have sufficient power to reveal nonlinear relationships.
Second, varying definitions of abundance, especially the practice of using a single
point estimate to describe average density, further spur the empirical evidence for the
abundance—distribution relationship. To get theoretically relevant results abundance
and distribution must be defined and operationalised consistently; otherwise macr-
oecology will reduce to simple documentation of ambiguous patterns and aid little in
understanding the biological world.

Introduction

A positive relationship between species abun-
dance and distribution appears to be the prevail-
ing paradigm in contemporary macroecology,
and, indeed, it is often believed to be general
enough to be considered a universal pattern in
ecology (Blackburn ef al. 2006). However, what

is curious about this universal generalization is
that when empirical evidence is scrutinized it
reveals that nearly one-third of the studies report
non-significant or negative patterns (Black-
burn et al. 2006, see also Gaston & Lawton
1990, Cowley et al. 2001, Pdivinen et al. 2005).
Indeed, the leading authors in the field have con-
cluded that the relationship at hand appears to
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vary considerably across assemblages, from sig-
nificant positive to significant negative and to all
shades in between (Blackburn et al. 2006). Thus,
for us it appears that the empirical evidence for
the positive abundance—distribution relationship
is slightly short of making it to be as universal as
it is often believed to be.

Recently, our view that the relationship
between species abundance and distribution
in Finnish butterflies may be negative or even
nonlinear (Pdivinen et al. 2005, Komonen et
al. 2009) was yet again challenged (Selonen
& Helos 2010; for the previous challenge see
Blackburn and Gaston 2009). In their chal-
lenge, Selonen and Helos (2010) first criticize
our use of the large-scale butterfly monitor-
ing data (NAFI) and raise several hypothetical
problems that these data may have. Second, they
aim at disproving the negative abundance—dis-
tribution relationship for Finnish butterflies by
demonstrating a positive relationship for a set of
15 butterfly species for which mark-recapture
based density data was available. Here, we first
scrutinize their critique and then point out a few
general conceptual pitfalls in the empirical stud-
ies of abundance—distribution relationships.

Scrutiny of the critique

We tend to agree with Selonen and Helos (2010),
as we did with Blackburn and Gaston (2009),
in that one should be careful when using Atlas
data, or census data such as NAFI, and to this
end, we have repeatedly pointed out the potential
problems in the data (Kotiaho et al. 2005, Mat-
tila et al. 2008, Komonen et al. 2009). Neverthe-
less, Selonen and Helos (2010) make sweep-
ing claims about the behaviour of voluntary
lepidopterists biasing the data: “For example,
voluntary lepidopterists often are interested in
observing rare species with known occurrence
sites, thus making rare species overabundant
in the database.” Then they continue with a
number of other hypothetical problems support-
ing the bias and end up with a conclusion: “...
for rare species the number of observation days
is likely to be low, as the known occurrence sites
of the [rare species] are often visited only on one
or a few days. Consequently, it is questionable

whether dividing the mean local abundance by
the number of observation days [...] treated the
density of common and rare species similarly”.
The critique is basically that there is a bias in
our density estimates caused by the bias in the
number of observation days in relation to rare
and common species. In effect, this is just a
restatement of the issue already raised by Black-
burn and Gaston (2009). If Selonen and Helos
(2010) had carefully studied our response to
the original critique (Kotiaho et al. 2009) they
should have noticed that there is no evidence of
such bias in the data. However, the proof of lack
of sampling bias in Kotiaho et al. (2009) was in a
bit complicated form, and thus below we provide
evidence from two further analyses that there is
no bias in the observation day data in relation to
the rarity of the species.

We hypothesize that if there is a bias such
that the voluntary lepidopterists would prefer-
entially visit the sites where rare species occur,
we should find a signature of this in the obser-
vation date data in relation to the rarity of the
species (small distribution or red-list status).
The observation data we have used for the 95
resident butterfly species in Finland in the previ-
ous publications (Komonen et al. 2004, Kotiaho
et al. 2005, Piivinen et al. 2005, Komonen et al.
2009, Kotiaho et al. 2009) is simply massive:
total number of observation days is 1 977 436.
For each species this translates to a mean and
median of 20 815 and 12 713 observation days,
respectively, and the range is from 53 to 50 595
observation days. The abundance data do not fall
much short of these figures: total number of indi-
viduals observed is 1 437 453 with mean and
median number of individual per species being
15 131 and 3443, respectively, and ranging from
47 to 149 426 individuals per species. With such
data, any bias how ever minute in terms of the
voluntary lepidopterists preferentially focusing
on rare species should be easily observable.

To test our hypothesis, we conducted two
analyses with different criteria for the “rare” spe-
cies. First criterion was the distribution, i.e. the
number of 10 km X 10 km grid cells occupied by
the species. If the bias suggested by Selonen and
Helos (2010) exists, rare species (species with
small distribution) should face greater sampling
effort than common species (species with large
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distribution). Second criterion was the red-listed
status (Rassi et al. 2001). If the bias exists, the
rare species (red-listed species; n = 23) should
face greater sampling effort than the common
species (species not in the red list; n = 72). For
each species, the number of observation days
in all grid cells occupied by the species (includ-
ing observation days when the species was not
observed) was divided by the number of grid
cells occupied by the species. This measure of
sampling effort had no significant relationship
with the rarity of species, measured as the distri-
bution (Spearman r = -0.03, n = 95, p = 0.777)
or as the red-list status (Mann-Whitney U = 905,
n  =95,p=0.504). Thus, as far as the data goes
there is no evidence that voluntary lepidopterists
would be preferentially visiting the grid cells
where rare species occur, making the criticism of
Selonen and Helos (2010) unsubstantiated.

Selonen and Helos (2010) continue their crit-
icism with two further statements. First, they
state that “the high-density locations of common
species are likely to be under sampled as com-
pared with those of rare species”. This statement
is entirely relying on the assumption that there
actually are such high-density locations for the
common species. Although this might be the
case, Selonen and Helos (2010) provide no evi-
dence for it. The second statement serves as the
grand finale of their paper: “Our results support
the conclusion that a positive distribution—abun-
dance relationship in butterflies (Cowley et al.
2001) is as general a trend as it was before the
work by Pdivinen et al. (2005) and Komonen et
al. (2009).” However, Selonen and Helos (2010)
present only the “positive” side of the coin and
dismiss the “negative” one, because already in
the abstract Cowley et al. (2001) conclude that
“Species’ national densities in Britain were posi-
tively correlated with their European distribu-
tion size, but significantly negatively correlated
with their global range sizes”.

In general, we welcome the attempts to pro-
vide critique of our work, and some of the
problems that Selonen and Helos (2010) identify
may be real. What we find astounding in their
critique, however, is that all their claims about
the interests of the voluntary lepidopterists par-
ticipating in NAFI are based on no data. We
insist that to pass as rigorous scientific critique,

the critique must be based on solid foundation
of empirical or theoretical evidence, or on argu-
mentation pointing out a fundamental flaw in the
logic underlying the criticized study.

Conceptual pitfalls in empirical
estimation of abundance-
distribution relationships

Apart from criticizing and attempting to dismiss
our work, Selonen and Helos (2010) aimed to
prove that for Finnish butterflies the abundance—
distribution relationship is in fact positive and
thus in line with the universal nature of this pat-
tern. Unfortunately, neither the arguments nor the
analyses by Selonen and Helos (2010) resolve the
underlying problems in empirical abundance—
distribution relationships; they merely repeat the
problems present in many of the extant studies
(see below).

Analyses based on incomplete
assemblages are misleading

Many abundance—distribution studies include
only a small non-random sample of species
in a given region and thus reveal only sample
characteristics, not general or universal pat-
terns. For example, Selonen and Helos (2010)
include only 15 species, representing ca. 16%
of the butterfly assemblage in Finland. Thus,
the title of their paper “Positive interspecific
abundance—distribution relationship in Finnish
butterflies” is clearly misleading. One simply
cannot extrapolate — ecologically or statisti-
cally — from a (small) non-random sample of
species to entire species assemblage. Even if the
sample is random in terms of the sites available,
the problem is that the species encountered are
not a random sample of all species in the entire
assemblage; rather the species are included as a
function of their commonness (in other words,
a random sample of sites is not the same as a
random sample of species). We have specifi-
cally pointed out that when species are included
into the sample in proportion to their common-
ness, only after ca. 70% of the species in an
assemblage are included, the relationship turns
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from positive to non-significant or even nega-
tive (Komonen et al. 2009; see also Cowley et
al.2001).

If only a small subset of species in the
assemblage is included, the selection criteria of
the species becomes of paramount importance.
For example, in Selonen and Helos’ (2010) data
60% of the species were threatened, whereas
the true percentage of threatened Finnish but-
terflies is around 24%; Hughes (2000) included
only the butterfly Family Lycaenidae; whereas
Gutiérrez and Menéndez (1997) classified cara-
bid beetle species in three groups according to
their wing size and distribution, and then ana-
lysed the abundance—distribution relationships
separately for these groups. To be fair, also we
have done demarcations by studying butterflies
and excluding other Lepidoptera. All such sub-
jective demarcations, although often justifiable
for practical reasons, may have little biological
rationale and may lead to publication bias sup-
porting the prevailing paradigm (Kuhn 1996,
Simmons et al. 1999).

Furthermore, with the near complete assem-
blage of the Finnish butterflies, we have pin-
pointed an intriguing possibility that rather than
being universally positive or negative, the true
relationship between abundance and distribution
may in fact be nonlinear comprising both nega-
tive and positive zones across the rarity of the
species (Komonen et al. 2009). Unfortunately,
small subsets of species, such as Selonen and
Helos’ (2010), are unlikely to have the power
to reveal such nonlinear relationships. Thus, we
urge that studies attempting to address macr-
oecological questions should clearly distinguish
the inferences based on a small sample of spe-
cies and inferences based on the near-complete
assemblages.

Point estimates do not reveal average
density

Abundance and distribution are concepts, which
can be defined in many ways and in many scales
(Blackburn et al. 2006). The most natural way to
define abundance is population density, i.e. the
number of individuals per unit of area. In mac-
roecological context, the question is: do wide-

spread species have a higher population density
on average than species with more restricted
distribution. Although we welcome the approach
by Selonen and Helos (2010) in that they aim at
obtaining scientifically rigorous data on species
abundances based on mark-recapture studies,
their data do not represent average abundance,
but rather a point estimate of the abundance at
only one site or in one metapopulation (see also
Gaston & Lawton 1990). Given the high pro-
file of the abundance—distribution relationship in
macroecology, it is perhaps surprising that there
are very few studies (with the notable exception
of birds; Gaston & Blackburn 2000), that have
reliably documented average abundance in this
context. If there is variance in the abundance
of the species across the sites where they occur
(which almost inevitable is the case), a single
point estimate of the abundance may very well
be largely misleading.

The problem with a single point estimate can
be neatly illustrated with the data of Selonen and
Helos (2010: table 1). They provide two density
estimates for a common species Aphantopus
hyperanthus (574 and 1925 individuals per ha).
Assuming that also many other species are likely
to have similar over three-fold differences in
point estimates of density (and probably even
much more if more estimates are available),
but only one site happened to be studied using
mark-recapture, it becomes obvious that the
positive relationship obtained by Selonen and
Helos (2010) is likely to be very unstable. In
their table 1, Selonen and Helos (2010) provide
two density estimates also for the rare Parnas-
sius mnemosyne (143 and 274 individuals per
ha). What is noteworthy is that these estimates
come from the exactly same metapopulation and
as such are not independent density estimates
— yet they are very different. Closer look of the
studies reveals that the lower estimate was based
on a few-day pilot study (Viliméki et al. 2000),
while the higher density estimate was obtained
over the entire flight period (Viliméki & Itdmies
2003). Density estimates based on markedly
different sampling efforts should not be directly
averaged at all.

Given that point estimates tend to be highly
variable, it is perhaps no longer surprising that
the density estimates in our data (uncorrected
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or corrected for observation days) and those
provided by Selonen and Helos (2010) do not
correspond to each other (Spearman r = 0.12, n
=15,p=0.666 and r =-0.23,n =15, p =0.405,
respectively). Because Selonen and Helos (2010)
only speculate regarding the average abundance
of species over larger areas based on a sample
size of one (or two at best) for each species,
their contribution to the abundance—distribution
debate is limited. We do agree that in order to
make progress in studies of interspecific abun-
dance—distribution relationships one needs reli-
able abundance estimates. Mark-release—recap-
ture approach is one potential solution, although
the method is challenging to conduct over large
areas and for many species.

Conclusions

The positive relationship between species abun-
dance and distribution is a dogma. It is relatively
easy to obtain positive relationships by using
varying definitions and operationalisations of
abundance and distribution (of course, the logic
applies to the negative relationships as well).
However, to obtain theoretically relevant results
these concepts must be defined and operational-
ised consistently, or the results based on differ-
ent definitions and operationalisations must be
investigated and reported. The requirement for
consistent definitions is not semantics, but should
be the norm in all science. This is because all
concepts inherently influence our understanding
of biotic phenomena and ecological processes
(Mayr 1997, Pigliucci 2009). One could argue
that because the positive relationships do exist,
despite varying definitions and operationalisa-
tions, it is robust and truly universal in nature.
However, we contend that exactly because of the
ambiguity in the underlying concepts, the true
nature of the abundance—distribution relationship
remains unresolved. Our concern is that if we
want to advance the Science of macroecology,
we must pay more attention to the definitions
and operationalisations of abundance and distri-
bution. If we do not, macroecology will reduce
to simple documentation of ambiguous patterns
and aid little our understanding of the ecological
processes taking place in the biological world.
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